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(57) Abstract: The present invention relates to a pharmaceutical combination which comprises (a) a phosphatidylinositol 3-kinase
inhibitor or pharmaceutically acceptable salt thereof, and (b) a Her3 antagonist, for simultaneous, separate or sequential administra-
tion for the treatment of breast cancer brain metastases; a method of treating a subject having a breast cancer brain metastases com-
prising administration of said combination to a subject in need thereof; use of such combination for the treatment of breast cancer
brain metastases; and a commercial package comprising such combination.



Treatment of breast cancer brain metastases

Field of the Invention

The present invention relates to a pharmaceutical combination which comprises (a) a

phosphatidylinositol 3-kinase inhibitor or pharmaceutically acceptable salt thereof, and (b) a Her3

antagonist, for simultaneous, separate or sequential administration for the treatment of metastatic breast

cancer in the brain (referred to herein as breast cancer brain metastases).

Background

Major progress has been achieved in developing and optimizing HER2-targeted therapies for

breast cancer. Examples of FDA-approved drugs with significant clinical efficacy for metastatic disease

include the anti-HER2 antibody trastuzumab, the dual EGFR-HER2 kinase inhibitor lapatinib, the anti-

HER2-HER3 dimerization inhibitor pertuzumab, and the antibody-drug conjugate T-DM1 (Krop, I.E., et

al. Lancet Oncol (2014); Slamon, D.J., et al. The New Englandjournal of medicine 344, 783-792 (2001)).

Clinical data reveal an increased incidence of brain metastases (BM) after adjuvant trastuzumab therapy

(Olson, E.M., et al. Annals of oncology : official journal of the European Society for Medical Oncology /

ESMO 24, 1526-1533 (2013). This incidence is high as 50% in patients with advanced disease.

Established BM often exhibit resistance to trastuzumab, a phenomenon which has been mostly attributed

to inadequate penetration of the antibody through the blood-brain barrier (BBB) (Lampson, L.A. mAbs 3,

153-160 (2011). However, despite adequate drug delivery, the efficacy of small molecules on BM is also

very limited and can only be marginally increased through the addition of further therapeutic modalities

(Lin, N.U., et al. Journal of clinical oncology 26, 1993-1999 (2008); Lin, N.U., et al. Clinical cancer

research : an official journal of the American Association for Cancer Research 15, 1452-1459 (2009);

Bachelot, T., et al. The lancet oncology 14, 64-71 (2013)). Brain metastases is a devastating progression

of breast cancer. Treatment options are limited, and the same anti-HER2 therapies that slow growth

systemically do not typically control brain metastases. Thus, there is a need to identify a drug(s) that can

be useful for treating breast cancer brain metastases.

Summary of the Invention

Breast cancer brain metastases is the result of metastatic breast cancer in the brain. The present

invention is based on the surprising finding that a combination of a phosphatidylinositol 3-kinase

inhibitor and a Her3 antagonist can be used to treat breast cancer brain metastases.



In one aspect, the present invention pertains to a pharmaceutical combination comprising (a) a

phosphatidylinositol 3-kinase inhibitor selected from the group consisting of a compound of formula (I)

wherein

wherein W is CR or N, wherein

R is selected from the group consisting of:

( 1 ) hydrogen,

(2) cyano,

(3) halogen,

(4) methyl,

5) trifluoromethyl,

(6) sulfonamide;

Ri is selected from the group consisting of:

( 1 ) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) substituted and unsubstituted alkyl,



(6) substituted and unsubstituted alkenyl,

(7) substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -CORia,

(13) -C0 R la,

(14) -CONR laRlb,

(15) -NRlaR lb,

(16) -NRiaCORib,

(17) -NRlaS0 R lb,

(18) -OCORia,

(21) -SORia,

(23) -S0 2NRlaRib wherein

Ria, and R¾ are independently selected from the group consisting of:

(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,



(e) substituted and unsubstituted heterocyclyl, and

(f) substituted and unsubstituted cycloalkyl;

R2 is selected from the group consisting of:

(1) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) hydroxy,

(6) amino,

(7) substituted and unsubstituted alkyl,

(8) -COR2a, and

(9) -NR2aCOR2b, wherein

R2a, and R are independently selected from the group consisting

(a) hydrogen, and

(b) substituted or unsubstituted alkyl;

R3 is selected from the group consisting of:

(1) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) substituted and unsubstituted alkyl,

(6) substituted and unsubstituted alkenyl,



(7) substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -COR3a,

(14) -NR3aR3b

(13) -NR3aCOR3b,

(15) -NR3aS0 R3b,

(16) -OR3a,

(17) -SR3a,

(18) -SOR3a,

(19) -S0 2R3a, wherein

R3 , and R3b are independently selected from the group consisting

(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and

(f) substituted and unsubstituted cycloalkyl; and

R is selected from the group consisting of

(1) hydrogen, and



(2) halogen.

or a pharmaceutically acceptable salt thereof and (b) a Her3 antagonist such as a Her3 antibody

or fragment thereof, wherein the antibody or fragment recognizes a conformational epitope of a HER3

receptor comprising amino acid residues 265-277, and 315 within domain 2 and amino acid residues 571,

582-584, 596-597, 600-602, and 609-615 within domain 4 of the HER3 receptor of SEQ ID NO: 1, and

wherein the antibody or fragment thereof blocks both ligand -dependent and ligand -independent signal

transduction, for simultaneous, separate or sequential administration for the treatment of breast cancer

brain metastases.

In one embodiment, the compound of formula (I) is 5-(2,6-di-morpholin-4-yl-pyrimidin-4-yl)-4-

trifluoromethyl-pyridin-2-ylamine or its hydrochloride salt.

In another embodiment, the Her3 antibody or fragment comprises a heavy chain variable region

and a light chain variable region as shown in Table 1 below. In another embodiment, the Her3 antibody

or fragment comprises a heavy chain variable region CDR1 of SEQ ID NO: 128; CDR2 of SEQ ID NO:

129; CDR3 of SEQ ID NO: 130; and a light chain variable region CDR1 of SEQ ID NO: 131; CDR2 of

SEQ ID NO: 132; and CDR3 of SEQ ID NO: 133. In another example, the HER3 antagonist can be

MOR10703, the sequence of which is shown in Table 1 below.

In another embodiment, the pharmaceutical combination of the invention includes 5-(2,6-di-

morpholin-4-yl-pyrimidin-4-yl)-4-trifluoromethyl-pyridin-2-ylamine or its hydrochloride salt and an

antibody or fragment thereof that recognizes a conformational epitope of a HER3 receptor comprising

amino acid residues 265-277, and 315 within domain 2 and amino acid residues 571, 582-584, 596-597,

600-602, and 609-615 within domain 4 of the HER3 receptor of SEQ ID NO: 1, and wherein the antibody

or fragment thereof blocks both ligand -dependent and ligand-independent signal transduction.

In another embodiment, the pharmaceutical combination of the invention includes 5-(2,6-di-

morpholin-4-yl-pyrimidin-4-yl)-4-trifluoromethyl-pyridin-2-ylamine or its hydrochloride salt and an Her3

antibody or fragment comprising a heavy chain variable region CDR1 of SEQ ID NO: 128; CDR2 of

SEQ ID NO: 129; CDR3 of SEQ ID NO: 130; and a light chain variable region CDR1 of SEQ ID NO:

131; CDR2 of SEQ ID NO: 132; and CDR3 of SEQ ID NO: 133.

In another aspect, the present invention relates to the use of a pharmaceutical combination

comprising (a) a phosphatidylinositol 3-kinase selected from the group consisting of a compound of

formula (I) or pharmaceutically acceptable salt thereof, and (b) a Her3 antagonist such as a Her3 antibody



or fragment thereof, for the treatment of breast cancer brain metastases and/or for the preparation of a

medicament for the treatment of a breast cancer brain metastases.

In one embodiment, the breast cancer brain metastases is a HER2-positive breast cancer brain

metastases.

In another aspect, the present invention pertains to a method of treating breast cancer brain

metastases comprising administering (a) a phosphatidylinositol 3-kinase inhibitor is selected from the

group consisting of a compound of formula (I)

wherein

wherein W is CR or N, wherein

R is selected from the group consisting

( 1 ) hydrogen,

(2) cyano,

(3) halogen,

(4) methyl,

5) trifluoromethyl,

(6) sulfonamide;

Ri is selected from the group consisting

( 1 ) hydrogen,



(2) cyano,

(3) nitro,

(4) halogen,

(5) substituted and unsubstituted alkyl,

(6) substituted and unsubstituted alkenyl,

(7) substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -CORia,

(13) -C0 R la,

(14) -CONR laRlb,

(15) -NRlaR lb,

(16) -NRiaCORib,

(17) -NRlaS0 R lb,

(18) -OCORia,

(21) -SORia,

(23) -S0 2NRlaRib wherein

Ria, and R¾ are independently selected from the group consisting of:



(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and

(f) substituted and unsubstituted cycloalkyl;

R2 is selected from the group consisting of:

(1) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) hydroxy,

(6) amino,

(7) substituted and unsubstituted alkyl,

(8) -COR2a, and

(9) -NR2aCOR2b, wherein

R2a, and R are independently selected from the group consisting

(a) hydrogen, and

(b) substituted or unsubstituted alkyl;

R3 is selected from the group consisting of:

(1) hydrogen,

(2) cyano,



(3) nitro,

(4) halogen,

(5) substituted and unsubstituted alkyl,

(6) substituted and unsubstituted alkenyl,

(7) substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -COR3a,

(14) -NR3aR3b

(13) -NR3aCOR3b,

(15) -NR3aS0 R3b,

(16) -OR3a,

(17) -SR3a,

(18) -SOR3a,

(19) -S0 2R3a, wherein

R3 , and R3b are independently selected from the group consisting of:

(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,



(e) substituted and unsubstituted heterocyclyl, and

(f) substituted and unsubstituted cycloalkyl; and

R is selected from the group consisting of

(1) hydrogen, and

(2) halogen.

or a pharmaceutically acceptable salt thereof and (b) a Her3 antibody or fragment thereof,

wherein the antibody or fragment recognizes a conformational epitope of a HER3 receptor comprising

amino acid residues 265-277, and 315 within domain 2 and amino acid residues 571, 582-584, 596-597,

600-602, and 609-615 within domain 4 of the HER3 receptor of SEQ ID NO: 1, and wherein the antibody

or fragment thereof blocks both ligand -dependent and ligand -independent signal transduction. In one

embodiment, the phosphatidylinositol 3-kinase inhibitor is 5-(2,6-di-morpholin-4-yl-pyrimidin-4-yl)-4-

trifluoromethyl-pyridin-2-ylamine or its hydrochloride salt and the Her3 antibody or fragment comprises

a heavy chain variable region CDR1 of SEQ ID NO: 128; CDR2 of SEQ ID NO: 129; and CDR3 of SEQ

ID NO: 130; and a light chain variable region CDR1 of SEQ ID NO: 131; CDR2 of SEQ ID NO: 132;

and CDR3 of SEQ ID NO: 133. In another example, the HER3 antibody can be any antibody shown in

Table 1 such as MORI 0703, the sequence of which is shown in Table 1 below. The combination can be

administered simultaneous, separate or sequential.

In yet another aspect, the present invention pertains to a method of treating breast cancer brain

metastases comprising administering (a) a phosphatidylinositol 3-kinase inhibitor is 5-(2,6-di-morpholin-

4-yl-pyrimidin-4-yl)-4-trifluoromethyl-pyridin-2-ylamine or or a pharmaceutically acceptable salt thereof

and (b) an Her3 antibody or fragment thereof, wherein the antibody or fragment recognizes a

conformational epitope of a HER3 receptor comprising amino acid residues 265-277, and 315 within

domain 2 and amino acid residues 571, 582-584, 596-597, 600-602, and 609-615 within domain 4 of the

HER3 receptor of SEQ ID NO: 1, and wherein the antibody or fragment thereof blocks both ligand-

dependent and ligand-independent signal transduction. In one embodiment, the phosphatidylinositol 3-

kinase inhibitor is 5-(2,6-di-morpholin-4-yl-pyrimidin-4-yl)-4-trifluoromethyl-pyridin-2-ylamine or its

hydrochloride salt and the Her3 antibody or fragment comprises a heavy chain variable region CDR1 of

SEQ ID NO: 128; CDR2 of SEQ ID NO: 129; CDR3 of SEQ ID NO: 130; and a light chain variable

region CDR1 of SEQ ID NO: 131; CDR2 of SEQ ID NO: 132; and CDR3 of SEQ ID NO: 133. In

another example, the HER3 antibody is MORI 0703, the sequence of which is shown in Table 1 below.



In another aspect, the present invention provides a commercial package comprising as therapeutic

agents of (a) a phosphatidylinositol 3-kinase inhibitor selected from the group consisting of a compound

of formula (I) or pharmaceutically acceptable salt thereof, and (b) a Her3 antagonist such as antibody or

fragment thereof, together with instructions for the simultaneous, separate or sequential administration

thereof in the treatment of a breast cancer brain metastases. The HER3 antagonist useful in the invention

can be an antibody or fragment thereof that recognizes a conformational epitope of a HER3 receptor

comprising amino acid residues 265-277, and 315 within domain 2 and amino acid residues 571, 582-584,

596-597, 600-602, and 609-615 within domain 4 of the HER3 receptor of SEQ ID NO: 1, and wherein the

antibody or fragment thereof blocks both ligand -dependent and ligand-independent signal

transduction. In one example, the HER3 antagonist comprises a heavy chain variable region CDR1 of

SEQ ID NO: 128; CDR2 of SEQ ID NO: 129; CDR3 of SEQ ID NO: 130; and a light chain variable

region CDR1 of SEQ ID NO: 131; CDR2 of SEQ ID NO: 132; and CDR3 of SEQ ID NO: 133. In

another example, the HER3 antagonist can be MOR10703, the sequence of which is shown in Table 1

below.

Detailed Description of the Figures

Fig. 1 shows a differential response of BT474-Gluc tumors growing in the MFP (FiglA) and BT474-Gluc

tumors growing in the brain (Fig IB) despite similar target inhibition and drug penetration.

Fig. 2 shows a tumor growth curve (2A) and survival analysis (2B) of BT474-Gluc brain tumors

untreated or treated with COMPOUND A, MOR10703, or COMPOUND A and MORI 0703.

Fig. 3 shows a tumor growth curve (3A) and survival analysis (3B) of MDA-MB-361-Gluc brain tumors

untreated or treated with COMPOUND A, MOR10703, or COMPOUND A and MOR10703.

Detailed Description

Brain metastases is a devastating progression of breast cancer. Currently treatment options are

limited. The present invention is based on the finding that the lack of response to HER2 pathway

inhibition in the brain is not due to impaired drug delivery and exposure but that HER3 is hyperactivated

by the brain microenvironment and that therapeutic targeting of this pathway overcomes the resistance of

HER2-positive breast cancer brain metastases to PI3K inhibition and significantly improves survival.

The present invention pertains to a pharmaceutical combination comprising (a) a

phosphatidylinositol 3-kinase, e.g., comprising a compound of formula (I) or a pharmaceutically



for use in the treatment of breast cancer brain metastases. In one embodiment, brain metastases from

breast cancer can be from a Her2 positive breast cancer. In another embodiment, brain metastases from

breast cancer can be from a Her2 positive breast cancer which has also been determined to have one more

PIK3CA mutations, e.g., in exon 1, 2, 5, 7, 9 or 20 (e.g., in exon 9 E545K or exon 20 H1047R). The

HER3 antagonist can be an antibody or fragment thereof that recognizes a conformational epitope of a

HER3 receptor comprising amino acid residues 265-277, and 315 within domain 2 and amino acid

residues 571, 582-584, 596-597, 600-602, and 609-615 within domain 4 of the HER3 receptor of SEQ ID

NO: 1, and wherein the antibody or fragment thereof blocks both ligand-dependent and ligand-

independent signal transduction. Specifically the HER3 antagonist comprises a heavy chain variable

region CDR1 of SEQ ID NO: 128; CDR2 of SEQ ID NO: 129; CDR3 of SEQ ID NO: 130; and a light

chain variable region CDR1 of SEQ ID NO: 131; CDR2 of SEQ ID NO: 132; and CDR3 of SEQ ID NO:

133. In one example, the HER3 antagonist can be MOR10703, the sequence of which is shown in Table

1 below.

The general terms used herein are defined with the following meanings, unless explicitly stated

otherwise:

The terms "comprising" and "including" are used herein in their open-ended and non-limiting

sense unless otherwise noted.

The terms "a" and "an" and "the" and similar references in the context of describing the invention

(especially in the context of the following claims) are to be construed to cover both the singular and the

plural, unless otherwise indicated herein or clearly contradicted by context. Where the plural form is used

for compounds, salts, and the like, this is taken to mean also a single compound, salt, or the like.

The term "combination" or "pharmaceutical combination" is defined herein to refer to either a

fixed combination in one dosage unit form, a non-fixed combination or a kit of parts for the combined

administration where the phosphatidylinositol 3-kinase inhibitor and the Her3 antagonist may be

administered independently at the same time or separately within time intervals that allow that the

therapeutic agents show a cooperative, e.g., synergistic, effect.

The term "non-fixed combination" means that the therapeutic agents, e.g. the phosphatidylinositol

3-kinase inhibitor and the Her3 antagonist or pharmaceutically acceptable salt thereof, are both

administered to a patient as separate entities or dosage forms either simultaneously, concurrently or

sequentially with no specific time limits, wherein such administration provides therapeutically effective

levels of the compounds in the body of the subject, e.g., a mammal or human, in need thereof. For



example, in one embodiment, PI3k inhibitor is administered daily and the Her3 antagonist is administered

weekly.

The term "kit of parts" refers to the therapeutic agents (a) and (b) as defined above that are dosed

independently or by use of different fixed combinations with distinguished amounts of the therapeutic

agents (a) and (b), i.e., simultaneously or at different time points. The parts of the kit of parts can then

e.g., be administered simultaneously or chronologically staggered, that is at different time points and with

equal or different time intervals for any part of the kit of parts. The ratio of the total amounts of the

therapeutic agent (a) to the therapeutic agent (b) to be administered in the combined preparation can be

varied, e.g., in order to cope with the needs of a patient sub-population to be treated or the needs of the

single patient.

The term "a phosphatidylinositol 3-kinase inhibitor" or "PI3K inhibitor" is defined herein to refer

to a compound which targets, decreases or inhibits phosphatidylinositol 3-kinase. Phosphatidylinositol 3-

kinase activity has been shown to increase in response to a number of hormonal and growth factor stimuli,

including insulin, platelet-derived growth factor, insulin-like growth factor, epidermal growth factor,

colony-stimulating factor, and hepatocyte growth factor, and has been implicated in processes related to

cellular growth and transformation.

The term "Her3 antagonist" is defined herein to refer to an inhibitor which targets, decreases, or

inhibitor activity of Her3 .

The term "HER3" or "HER3 receptor" also known as "ErbB3" as used herein refers to mammalia

HER3 protein and refers to mammalia HER3 gene. The preferred HER3 protein is huma HER3 protein

present in the cell membrane of a cell. The huma HER3 gene is described in U.S. Pat. No. 5,480,968 and

Plowman et al., (1990) Proc. Natl. Acad. Sci. USA, 87:4905-4909. Huma HER3 is well known and

defined in Accession No. NP 001973 (human), and represented below as SEQ ID NO: 1.

The term "HER3 ligand" as used herein refers to polypeptides which bind and activate HER3 .

Examples of HER3 ligands include, but are not limited to neuregulin 1 (NRG) and neuregulin 2,

betacellulin, heparin-binding epidermal growth factor, and epiregulin. The term includes biologically

active fragments and/or variants of a naturally occurring polypeptide.

The phrase "HER3 activity" or "HER3 activation" as used herein refers to an increase in

oligomerization (e.g. an increase in HER3 containing complexes), HER3 phosphorylation, conformational

rearrangements (for example those induced by ligands), and HER3 mediated downstream signaling.



The term "ligand-dependent signaling" as used herein refers to the activation of HER (e.g.,

HER3) via ligand. HER3 activation is evidenced by increased oligomerization (e.g. heterodimerization)

and/ or HER3 phosphorylation such that downstream signaling pathways (e.g. PI3K) are activated. The

antibody or fragment thereof can statistically significantly reduce the amount of phosphorylated HER3 in

a stimulated cell exposed to the antigen binding protein (e.g., an antibody) relative to an untreated

(control) cell, as measured using the assays described in the Examples. The cell which expresses HER3

can be a naturally occurring cell line (e.g. MCF7) or can be recombinantly produced by introducing

nucleic acids encoding HER3 protein into a host cell. Cell stimulation can occur either via the exogenous

addition of an activating HER3 ligand or by the endogenous expression of an activating ligand.

The term "ligand-independent signaling" as used herein refers to cellular HER3 activity (e.g

phosphorylation) in the absence of a requirement for ligand binding. For example, ligand-independent

HER3 activation can be a result of HER2 overexpression or activating mutations in HER3 heterodimer

partners such as EGFR and HER2. The antibody or fragment thereof can statistically significantly reduce

the amount of phosphorylated HER3 in a cell exposed to the antigen binding protein (e.g., an antibody)

relative to an untreated (control) cell. The cell which expresses HER3 can be a naturally occurring cell

line (e.g. SK-Br-3) or can be recombinantly produced by introducing nucleic acids encoding HER3

protein into a host cell.

The term "blocks" as used herein refers to stopping or preventing an interaction or a process, e.g.,

stopping ligand-dependent or ligand-independent signaling.

The term "antibody" as used herein refers to whole antibodies that interact with (e.g., by binding,

steric hindrance, stabilizing/destabilizing, spatial distribution) a HER3 epitope and inhibit signal

transduction. A naturally occurring "antibody" is a glycoprotein comprising at least two heavy (H) chains

and two light (L) chains inter-connected by disulfide bonds. Each heavy chain is comprised of a heavy

chain variable region (abbreviated herein as VH) and a heavy chain constant region. The heavy chain

constant region is comprised of three domains, CHI, CH2 and CH3. Each light chain is comprised of a

light chain variable region (abbreviated herein as VL) and a light chain constant region. The light chain

constant region is comprised of one domain, CL. The VH and VL regions can be further subdivided into

regions of hypervariability, termed complementarity determining regions (CDR), interspersed with

regions that are more conserved, termed framework regions (FR). Each VH and VL is composed of three

CDRs and four FRs arranged from amino-terminus to carboxy-terminus in the following order: FR1,

CDR1, FR2, CDR2, FR3, CDR3, FR4. The variable regions of the heavy and light chains contain a

binding domain that interacts with an antigen. The constant regions of the antibodies may mediate the



binding of the immunoglobulin to host tissues or factors, including various cells of the immune system

(e.g., effector cells) and the first component (Clq) of the classical complement system. The term

"antibody" includes for example, monoclonal antibodies, human antibodies, humanized antibodies,

camelised antibodies, chimeric antibodies, single-chain Fvs (scFv), disulfide-linked Fvs (sdFv), Fab

fragments, F (ab ) fragments, and anti-idiotypic (anti-Id) antibodies (including, e.g., anti-Id antibodies to

antibodies of the invention), and epitope-binding fragments of any of the above. The antibodies can be of

any isotype (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgGl, IgG2, IgG3, IgG4, IgAl and IgA2)

or subclass.

Both the light and heavy chains are divided into regions of structural and functional homology.

The terms "constant" and "variable" are used functionally. In this regard, it will be appreciated that the

variable domains of both the light (VL) and heavy (VH) chain portions determine antigen recognition and

specificity. Conversely, the constant domains of the light chain (CL) and the heavy chain (CHI, CH2 or

CH3) confer important biological properties such as secretion, transplacental mobility, Fc receptor

binding, complement binding, and the like. By convention the numbering of the constant region domains

increases as they become more distal from the antigen binding site or amino-terminus of the antibody.

The N-terminus is a variable region and at the C-terminus is a constant region; the CH3 and CL domains

actually comprise the carboxy -terminus of the heavy and light chain, respectively.

The phrase "antibody fragment", as used herein, refers to one or more portions of an antibody that

retain the ability to specifically interact with (e.g., by binding, steric hindrance, stabilizing/destabilizing,

spatial distribution) a HER3 epitope and inhibit signal transduction. Examples of binding fragments

include, but are not limited to, a Fab fragment, a monovalent fragment consisting of the VL, VH, CL and

CHI domains; a F(ab)2 fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide

bridge at the hinge region; a Fd fragment consisting of the VH and CHI domains; a Fv fragment

consisting of the VL and VH domains of a single arm of an antibody; a dAb fragment (Ward et al., (1989)

Nature 341:544-546), which consists of a VH domain; and an isolated complementarity determining

region (CDR). Furthermore, although the two domains of the Fv fragment, VL and VH, are coded for by

separate genes, they can be joined, using recombinant methods, by a synthetic linker that enables them to

be made as a single protein chain in which the VL and VH regions pair to form monovalent molecules

(known as single chain Fv (scFv); see e.g., Bird et al., (1988) Science 242:423-426; and Huston et al.,

(1988) Proc. Natl. Acad. Sci. 85:5879-5883). Such single chain antibodies are also intended to be

encompassed within the term "antibody fragment". These antibody fragments are obtained using



conventional techniques known to those of skill in the art, and the fragments are screened for utility in the

same manner as are intact antibodies.

The phrase "specifically (or selectively) binds" to an antibody (e.g., a HER3 binding antibody)

refers to a binding reaction that is determinative of the presence of a cognate antigen (e.g., a huma HER3)

in a heterogeneous population of proteins and other biologies. In addition to the equilibrium constant

(KA) noted above, a HER3 binding antibody of the invention typically also has a dissociation rate

constant (KD) (koff/kon) of less than 5xlO-2M, less than 10-2M, less than 5xlO-3M, less than 10-3M,

less than 5xlO-4M, less than 10-4M, less than 5xl0-5M, less than 10-5M, less than 5xlO-6M, less than

10-6M, less than 5xlO-7M, less than 10-7M, less than 5xl0-8M, less than 10-8M, less than 5xlO-9M, less

than 10-9M, less than 5xl0-10M, less than 10-lOM, less than 5x10-1 1M, less than 10-1 1M, less than

5xlO-12M, less than 10-12M, less than 5xlO-13M, less than 10-13M, less than 5xlO-14M, less than 10-

14M, less than 5xl0-15M, or less than 10-15M or lower, and binds to HER3 with an affinity that is at

least two-fold greater than its affinity for binding to a non-specific antigen (e.g., HSA). In one

embodiment, the antibody or fragment thereof has dissociation constant (Kd) of less than 3000 pM, less

than 2500 pM, less than 2000 pM, less than 1500 pM, less than 1000 pM, less than 750 pM, less than 500

pM, less than 250 pM, less than 200 pM, less than 150 pM, less than 100 pM, less than 75 pM, less than

10 pM, less than 1 pM as assessed using a method described herein or known to one of skill in the art

(e.g., a BIAcore assay, ELISA, FACS, SET) (Biacore International AB, Uppsala, Sweden). The term

"Kassoc" or "Ka", as used herein, refers to the association rate of a particular antibody-antigen

interaction, whereas the term "Kdis" or "Kd," as used herein, refers to the dissociation rate of a particular

antibody-antigen interaction. The term "KD", as used herein, refers to the dissociation constant, which is

obtained from the ratio of Kd to Ka (i.e. Kd/Ka) and is expressed as a molar concentration (M). KD

values for antibodies can be determined using methods well established in the art. A method for

determining the KD of an antibody is by using surface plasmon resonance, or using a biosensor system

such as a Biacore® system.

The phrase "antagonist" as used herein refers to an antibody that binds with HER3 and

neutralizes the biological activity of HER3 signaling, e.g., reduces, decreases and/or inhibits HER3

induced signaling activity, e.g., in a phospho-HER3 or phospho-Akt assay. Accordingly, an antibody

that "inhibits" one or more of these HER3 functional properties (e.g., biochemical, immunochemical,

cellular, physiological or other biological activities, or the like) as determined according to methodologies

known to the art and described herein, will be understood to relate to a statistically significant decrease in

the particular activity relative to that seen in the absence of the antibody (e.g., or when a control antibody



of irrelevant specificity is present). An antibody that inhibits HER3 activity effects such a statistically

significant decrease by at least 10% of the measured parameter, by at least 50%, 80% or 90%, and in

certain embodiments an antibody of the invention may inhibit greater than 95%, 98% or 99% of HER3

functional activity as evidenced by a reduction in the level of cellular HER3 phosphorylation. Non-

limiting examples of HER3 antagonists include antibodies or fragments thereof that bind to a

conformational epitope of a HER3 receptor comprising amino acid residues within domain 2 and domain

4 of HER3 . This binding of the antibodies or fragments thereof with domain 2 and domain 4 stabilizes

the HER3 receptor in an inactive or closed conformation such that HER3 activation is inhibited. Such

antibodies block both ligand-dependent (e.g. neuregulin) and ligand-independent HER3 signaling

pathways.

The phrase "isolated antibody" refers to an antibody that is substantially free of other antibodies

having different antigenic specificities (e.g., an isolated antibody that specifically binds HER3 is

substantially free of antibodies that specifically bind antigens other tha HER3). An isolated antibody that

specifically binds HER3 may, however, have cross-reactivity to other antigens. Moreover, an isolated

antibody may be substantially free of other cellular material and/or chemicals.

The term "pharmaceutical composition" is defined herein to refer to a mixture or solution

containing at least one therapeutic agent to be administered to a subject, e.g., a mammal or human, in

order to treat a particular disease or condition affecting the subject thereof.

The term "pharmaceutically acceptable" is defined herein to refer to those compounds, materials,

compositions and/or dosage forms, which are, within the scope of sound medical judgment, suitable for

contact with the tissues a subject, e.g., a mammal or human, without excessive toxicity, irritation allergic

response and other problem complications commensurate with a reasonable benefit / risk ratio.

The term "treating" or "treatment" as used herein comprises a treatment relieving, reducing or

alleviating at least one symptom in a subject or effecting a delay of progression of a disease. For

example, treatment can be the diminishment of one or several symptoms of a disorder or complete

eradication of a disorder, such as cancer. Within the meaning of the present invention, the term "treat"

also denotes to arrest, delay the onset (i.e., the period prior to clinical manifestation of a disease) and/or

reduce the risk of developing or worsening a disease.

The term "jointly therapeutically active" or "joint therapeutic effect" as used herein means that

the therapeutic agents may be given separately (in a chronologically staggered manner, especially a

sequence-specific manner) in such time intervals that they prefer, in the warm-blooded animal, especially



human, to be treated, still show a (preferably synergistic) interaction (joint therapeutic effect). Whether

this is the case can, inter alia, be determined by following the blood levels, showing that both therapeutic

agents are present in the blood of the human to be treated at least during certain time intervals.

The term "pharmaceutically effective amount" or "clinically effective amount" of a

pharmaceutical combination of therapeutic agents is an amount sufficient to provide an observable

improvement over the baseline clinically observable signs and symptoms of the breast cancer brain

metastases treated with the combination.

The term "synergistic effect" as used herein refers to action of two therapeutic agents such as, for

example, (a) a compound of formula (I) or a pharmaceutically acceptable salt thereof, and a Her3

antagonist producing an effect, for example, slowing the symptomatic progression of a breast cancer brain

metastases or symptoms thereof, which is greater than the simple addition of the effects of each

therapeutic agent administered by themselves. A synergistic effect can be calculated, for example, using

suitable methods such as the Sigmoid-Emax equation (Holford, N . H . G. and Scheiner, L. B., Clin.

Pharmacokinet. 6 : 429-453 (1981)), the equation of Loewe additivity (Loewe, S. and Muischnek, H.,

Arch. Exp. Pathol Pharmacol. 114: 313-326 (1926)) and the median-effect equation (Chou, T. C. and

Talalay, P., Adv. Enzyme Regul. 22: 27-55 (1984)). Each equation referred to above can be applied to

experimental data to generate a corresponding graph to aid in assessing the effects of the drug

combination. The corresponding graphs associated with the equations referred to above are the

concentration-effect curve, isobologram curve and combination index curve, respectively.

The term "subject" or "patient" as used herein includes animals, which are capable of suffering

from or afflicted with a breast cancer brain metastases. Examples of subjects include mammals, e.g.,

humans, dogs, cows, horses, pigs, sheep, goats, cats, mice, rabbits, rats and transgenic non-human

animals. In the preferred embodiment, the subject is a human, e.g., a human suffering from, at risk of

suffering from, or potentially capable of suffering from a breast cancer brain metastases.

The term about" or "approximately" shall have the meaning of within 10%, more preferably

within 5%, of a given value or range.

HER3 antagonists

Any HER3 antagonist can be used. In one embodiment, the invention includes an antibody or fragment

thereof is as described in WO2012022814, which publication is hereby incorporated into the present

: τ T



presently disclosed method includes an antibody or fragment thereof which recognizes a specific

conformational state of HER3 such that the antibody or fragment thereof prevents HER3 from interacting

with a co-receptor (including, but not limited to, HER1, HER2 and HER4). In some embodiments, the

antibody or fragment thereof prevents HER3 from interacting with a co-receptor by stabilizing the HER3

receptor in an inactive or closed state. In one embodiment, the antibody or fragment thereof stabilizes the

HER3 receptor by binding to amino acid residues within domain 2 and domain 4 of HER3. In this

inactive state, the dimerization loop located within domain 2 is not exposed and therefore unavailable for

dimerization with other co-receptors (including, but not limited to, HER1, HER2 and HER4). In one

example, the antibody recognizes a conformational epitope of a HER3 receptor, wherein the

conformational epitope comprises amino acid residues within domain 2 and domain 4 of the HER3

receptor, and wherein the antibody or fragment thereof blocks both ligand-dependent and ligand-

independent signal transduction. The conformational epitope comprises amino acid residues 265-277, 315

(of domain 2), 571, 582-584, 596-597, 600-602, 609-615 (of domain 4), or a subset thereof. In one

example, the VH of the antibody or fragment thereof binds to at least one of the following HER3

residues: Asn266, Lys267, Leu268, Thr269, Gln271, Glu273, Pro274, Asn275, Pro276, His277, Asn315,

Asp571, Pro583, His584, Ala596, Lys597. In another example, the VL of the antibody or fragment

thereof binds to at least one of the following HER3 residues: Tyr265, Lys267, Leu268, Phe270, Gly582,

Pro583, Lys597, Ile600, Lys602, Glu609, Arg611, Pro612, Cys613, His614, Glu615. The isolated

antibody or fragment thereof can be a monoclonal antibody, a polyclonal antibody, a chimeric antibody, a

humanized antibody, and a synthetic antibody.

In another example, the isolated antibody or fragment thereof can recognize a conformational epitope of a

HER3 receptor, wherein the conformational epitope comprises amino acid residues within domain 2 and

domain 4 of the HER3 receptor, and wherein the antibody or fragment thereof inhibits phosphorylation of

HER3 as assessed by HER3 ligand-dependent phosphorylation assay (e.g., an assay uses stimulated

MCF7 cells in the presence of neuregulin (NRG)). In this example, the antibody or fragment thereof to a

HER3 receptor can have a dissociation (KO) of at least lxlO 7 M-l, 108 M-l, 109 M-l, 1010 M-l, 1011 M-

1, 1012 M-l, or 10 13 M-l.

In another example, the isolated antibody or fragment thereof can bind to the same conformational

epitope as an antibody described in Table 1.

In some embodiments, the antibody or fragment thereof binds to human HER3 protein having a

conformational epitope comprising (i) HER3 amino acid residues 265-277 and 315 (of domain 2) and (ii)



HER3 amino acid residues 571, 582-584, 596-597, 600-602, 609-615 (of domain 4) of SEQ ID NO: 1, or

a subset thereof. In some embodiments, the antibody or fragment thereof binds to amino acids within or

overlapping amino acid residues 265-277 and 315 (of domain 2) and (ii) HER3 amino acid residues 571,

582-584, 596-597, 600-602, 609-6 15 (of domain 4) of SEQ ID NO: 1. In some embodiments, the

antibody or fragment thereof binds to amino acids within (and/or amino acid sequences consisting of)

amino acids 265-277 and 315 (of domain 2) and (ii) HER3 amino acid residues 571, 582-584, 596-597,

600-602, 609-615 (of domain 4) of SEQ ID NO: 1, or a subset thereof. In some embodiments, the

antibody or fragment thereof binds to the conformational epitope such that it restricts the mobility of

domain 2 and domain 4, stabilizing it in an inactive or closed conformation. The failure to form the

active conformation results in failure to activate signal transduction. In some embodiments, the antibody

or fragment thereof binds to the conformational epitope such that it occludes the dimerization loop within

domain 2, thereby rendering it unavailable for receptor-receptor interaction. The failure to form homo- or

heterodimers results in failure to activate signal transduction. The present invention can utilize HER3

antibodies that recognize a conformational epitope of HER3 such that they block both ligand-dependent

and ligand-independent HER3 signal transduction pathways. Such a class of antibodies are disclosed in

Table 1.

The present invention provides antibodies that specifically bind a HER3 protein (e.g., human and/or

cynomologus HER3), said antibodies comprising a VH domain having an amino acid sequence of SEQ

ID NO: 15, 33, 51, 69, 87, 105, 123, 141, 159, 177, 195, 213, 23 1, 249, 267, 285, 303, 321, 339, 357, and

375. The present invention provides antibodies that specifically bind a HER3 protein (e.g., human and/or

cynomologus HER3), said antibodies comprising a VL domain having an amino acid sequence of SEQ ID

NO: 14, 32, 50, 68, 86, 104, 122, 140, 158, 176, 194, 212, 230, 248, 266, 284, 302, 320, 338, 356, and

374. The present invention also provides antibodies that specifically bind to a HER3 protein (e.g., human

and/or cynomologus HER3), said antibodies comprising a VH CDR having an amino acid sequence of

any one of the VH CDRs listed in Table 1, infra. In particular, the invention provides antibodies that

specifically bind to a HER3 protein (e.g., human and/or cynomologus HER3), said antibodies comprising

(or alternatively, consisting of) one, two, three, four, five or more VH CDRs having an amino acid

sequence of any of the VH CDRs listed in Table 1, infra.

Other antibodies of the invention include amino acids that have been mutated, yet have at least 60, 70, 80,

90, 95, or 98 percent identity in the CDR regions with the CDR regions depicted in the sequences

described in Table 1. In some embodiments, it includes mutant amino acid sequences wherein no more

than 1, 2, 3, 4 or 5 amino acids have been mutated in the CDR regions when compared with the CDR



regions depicted in the sequence described Table 1, while still maintaining their specificity for the

original antibody's epitope

Other antibodies of the invention include amino acids that have been mutated, yet have at least 60, 70, 80,

90, 95, or 98 percent identity in the framework regions with the framework regions depicted in the

sequences described in Table 1. In some embodiments, it includes mutant amino acid sequences wherein

no more than 1, 2, 3, 4, 5, 6, or 7 amino acids have been mutated in the framework regions when

compared with the framework regions depicted in the sequence described Table 1, while still maintaining

their specificity for the original antibody's epitope. The present invention also provides nucleic acid

sequences that encode VH, VL, the full length heavy chain, and the full length light chain of the

antibodies that specifically bind to a HER3 protein (e.g., human and/or cynomologus HER3).

The HER3 antibodies of the invention useful in the methods of the invention can bind to the

conformational epitope of HER3 comprising amino acid residues from domain 2 and domain 4 of HER3.

Table 1: Examples of HER3 Antibodies useful in the methods of the Present Invention

SEQ ID Ab region
NUMBER
MOR09823
SEQ ID NO: 2 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 3 HCDR2 VTGAVGRTYYPDSVKG
(Kabat)
SEQ ID NO: 4 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 5 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 6 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 7 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 8 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 9 HCDR2 GAVGR
(Chothia)
SEQ ID NO: 10 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 11 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 12 LCDR2 GAS
(Chothia)



SEQ ID NO: LCDR3 YSSFPT
(Chothia) 13

SEQ ID NO: 14 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYC
QQYSSFPTTFGQ
GTKVEIK

SEQ ID NO: 15 VH QVQLVESGGGLVQPGGSLPvLSCAASGFTFSSYAMSW
VPvQAPGKGLEWVSV
TGAVGRTYYPDSVKGRFTISRDNSKNTLYLQMNSLR
AEDTAVYYCARWGD
EGFDIWGQGTLVTVSS

SEQ ID NO: 16 DNA VL GATATCCAGATGACCCAGAGCCCGTCTAGCCTGAG
CGCGAGCGTGGGTGATCGTGTGACCATTACCTGCA
GAGCGAGCCAGGGTATTTCTAATTGGCTGGCTTGG
TACCAGCAGAAACCAGGTAAAGCACCGAAACTATT
AATTTATGGTGCTTCTTCTTTGCAAAGCGGGGTCCC
GTCCCGTTTTAGCGGCTCTGGATCCGGCACTGATTT
TACCCTGACCATTAGCAGCCTGCAACCTGAAGACT
TTGCGGTTTATTATTGCCAGCAGTATTCTTCTTTTC
CTACTACCTTTGGCCAGGGTACGAAAGTTGAAATT
AAA

SEQ ID NO: 17 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGT
GCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGG
CCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCT
GGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGG
GTGAGCGTTACTGGTGCTGTTGGTCGTACTTATTAT
CCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGT
GATAATTCGAAAAACACCCTGTATCTGCAAATGAA
CAGCCTGCGTGCGGAAGATACGGCCGTGTATTATT
GCGCGCGTTGGGGTGATGAGGGTTTTGATATTTGG
GGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ ID NO: 18 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYC
QQYSSFPTTFGQ
GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKV
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQG
LSSPVTKSFNRGEC

SEQ ID NO: 19 Heavy IgGl QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSV
TGAVGRTYYPDSVKGRFTISRDNSKNTLYLQMNSLR
AEDTAVYYCARWGD
EGFDIWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGT
AALGCLVKDYFP
EPVTVSWN SGALTSGVHTFPAVLQSSGLYSLSSVVTV
PSSSLGTOTYICN



VNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGP
SVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHN
AKTKPREEQYNSTYR
VVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTL
PPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR09824
SEQ ID NO: 20 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 2 1 HCDR2 VISAWGHVKYYADSVKG
(Kabat)
SEQ ID NO: 22 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 23 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 24 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 25 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 26 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 27 HCDR2 SAWGHV
(Chothia)
SEQ ID NO: 28 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 29 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 30 LCDR2 GAS
(Chothia)
SEQ ID NO: 3 1 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 32 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYC
QQYSSFPTTFGQ
GTKVEIK

SEQ ID NO: 33 VH QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSV
ISAWGHVKYYADSVKGRFTISRDNSKNTLYLQMNSL
RAEDTAVYYCARWG
DEGFDIWGQGTLVTVS S

SEQ ID NO: 34 DNA VL GATATCCAGATGACCCAGAGCCCGTCTAGCCTGAG
CGCGAGCGTGGGTGATCGTGTGACCATTACCTGCA
GAGCGAGCCAGGGTATTTCTAATTGGCTGGCTTGG



AATTTATGGTGCTTCTTCTTTGCAAAGCGGGGTCCC
GTCCCGTTTTAGCGGCTCTGGATCCGGCACTGATTT
TACCCTGACCATTAGCAGCCTGCAACCTGAAGACT
TTGCGGTTTATTATTGCCAGCAGTATTCTTCTTTTC
CTACTACCTTTGGCCAGGGTACGAAAGTTGAAATT
AAA

SEQ ID NO: 35 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGT
GCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGG
CCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCT
GGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGG
GTGAGCGTTATTTCTGCTTGGGGTCATGTTAAGTAT
TATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCA
CGTGATAATTCGAAAAACACCCTGTATCTGCAAAT
GAACAGCCTGCGTGCGGAAGATACGGCCGTGTATT
ATTGCGCGCGTTGGGGTGATGAGGGTTTTGATATT
TGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ ID NO: 36 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYC
QQYSSFPTTFGQ
GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKV
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQG
LSSPVTKSFNRGEC

SEQ ID NO: 37 Heavy IgGl QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSV
ISAWGHVKYYADSVKGRFTISRDNSKNTLYLQMNSL
RAEDTAVYYCARWG
DEGFDIWGQGTLVTVSSASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTQTYIC
NVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

MOR09825
SEQ ID NO: 38 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 39 HCDR2 AINSQGKSTYYADSVKG
(Kabat)
SEO ID NO: 40 HCDR3 WGDEGFDI



(Kabat)
SEQ ID NO: 41 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 42 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 43 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 44 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 45 HCDR2 NSQGKS
(Chothia)
SEQ ID NO: 46 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 47 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 48 LCDR2 GAS
(Chothia)
SEQ ID NO: 49 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 50 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYC
QQYSSFPTTFGQ
GTKVEIK

SEQ ID NO: 51 VH QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSA
INSQGKSTYYADSVKGRFTISRDNSKNTLYLQMNSLR
AEDTAVYYCARWG
DEGFDIWGQGTLVTVS S

SEQ ID NO: 52 DNA VL GATATCCAGATGACCCAGAGCCCGTCTAGCCTGAG
CGCGAGCGTGGGTGATCGTGTGACCATTACCTGCA
GAGCGAGCCAGGGTATTTCTAATTGGCTGGCTTGG
TACCAGCAGAAACCAGGTAAAGCACCGAAACTATT
AATTTATGGTGCTTCTTCTTTGCAAAGCGGGGTCCC
GTCCCGTTTTAGCGGCTCTGGATCCGGCACTGATTT
TACCCTGACCATTAGCAGCCTGCAACCTGAAGACT
TTGCGGTTTATTATTGCCAGCAGTATTCTTCTTTTC
CTACTACCTTTGGCCAGGGTACGAAAGTTGAAATT
AAA

SEQ ID NO: 53 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGT
GCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGG
CCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCT
GGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGG
GTGAGCGCTATTAATTCTCAGGGTAAGTCTACTTAT
TATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCA
CGTGATAATTCGAAAAACACCCTGTATCTGCAAAT
GAACAGCCTGCGTGCGGAAGATACGGCCGTGTATT
ATTGCGCGCGTTGGGGTGATGAGGGTTTTGATATT

Λ Λ r.r.rΛ Λ Γ Ύ Ύ Λ Γ Ύ Γ Λ



SEQ ID NO: 54 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYC
QQYSSFPTTFGQ
GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKV
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQG
LSSPVTKSFNRGEC

SEQ ID NO: 55 Heavy IgGl QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSA
INSQGKSTYYADSVKGRFTISRDNSKNTLYLQMNSLR
AEDTAVYYCARWG
DEGFDIWGQGTLVTVSSASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTQTYIC
NVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

MOR09974
SEQ ID NO: 56 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 57 HCDR2 VINPSGNFTNYADSVKG
(Kabat)
SEQ ID NO: 58 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 59 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 60 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 6 1 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 62 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 63 HCDR2 NPSGNF
(Chothia)
SEQ ID NO: 64 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 65 LCDR1 SQGISNW
(Chothia)

Τ T



(Chothia)
SEQ ID NO: 67 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 68 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYC
QQYSSFPTTFGQ
GTKVEIK

SEQ ID NO: 69 VH QVQLVESGGGLVQPGGSLPvLSCAASGFTFSSYAMSW
VPvQAPGKGLEWVSV
INPSGNFTNYADSVKGRFTISRDNSKNTLYLQMNSLR
AEDTAVYYCARWG
DEGFDIWGQGTLVTVS S

SEQ ID NO: 70 DNA VL GATATCCAGATGACCCAGAGCCCGTCTAGCCTGAG
CGCGAGCGTGGGTGATCGTGTGACCATTACCTGCA
GAGCGAGCCAGGGTATTTCTAATTGGCTGGCTTGG
TACCAGCAGAAACCAGGTAAAGCACCGAAACTATT
AATTTATGGTGCTTCTTCTTTGCAAAGCGGGGTCCC
GTCCCGTTTTAGCGGCTCTGGATCCGGCACTGATTT
TACCCTGACCATTAGCAGCCTGCAACCTGAAGACT
TTGCGGTTTATTATTGCCAGCAGTATTCTTCTTTTC
CTACTACCTTTGGCCAGGGTACGAAAGTTGAAATT
AAA

SEQ ID NO: 7 1 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGT
GCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGG
CCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCT
GGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGG
GTGAGCGTTATTAATCCTTCTGGTAATTTTACTAAT
TATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCA
CGTGATAATTCGAAAAACACCCTGTATCTGCAAAT
GAACAGCCTGCGTGCGGAAGATACGGCCGTGTATT
ATTGCGCGCGTTGGGGTGATGAGGGTTTTGATATT
TGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ ID NO: 72 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYC
QQYSSFPTTFGQ
GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKV
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQG
LSSPVTKSFNRGEC

SEQ ID NO: 73 Heavy IgGl QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSV
INPSGNFTNYADSVKGRFTISRDNSKNTLYLQMNSLR
AEDTAVYYCARWG
DEGFDIWGQGTLVTVSSASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVT



VPSSSLGTQTYIC
NVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

MOR10452
SEQ ID NO: 74 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 75 HCDR2 NTSPIGYTYYAGSVKG
(Kabat)
SEQ ID NO: 76 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 77 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 78 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 79 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 80 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 8 1 HCDR2 SPIGY
(Chothia)
SEQ ID NO: 82 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 83 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 84 LCDR2 GAS
(Chothia)
SEQ ID NO: 85 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 86 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYC
QQYSSFPTTFGQ
GTKVEIK

SEQ ID NO: 87 VH QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSN
TSPIGYTYYAGSVKGRFTISRDNSKNTLYLQMNSLRA
EDTAVYYCARWGD
EGFDIWGQGTLVTVSS

SEQ ID NO: 88 DNA VL GATATCCAGATGACCCAGAGCCCGTCTAGCCTGAG
CGCGAGCGTGGGTGATCGTGTGACCATTACCTGCA



TACCAGCAGAAACCAGGTAAAGCACCGAAACTATT
AATTTATGGTGCTTCTTCTTTGCAAAGCGGGGTCCC
GTCCCGTTTTAGCGGCTCTGGATCCGGCACTGATTT
TACCCTGACCATTAGCAGCCTGCAACCTGAAGACT
TTGCGGTTTATTATTGCCAGCAGTATTCTTCTTTTC
CTACTACCTTTGGCCAGGGTACGAAAGTTGAAATT
AAA

SEQ ID NO: 89 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGT
GCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGG
CCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCT
GGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGG
GTGAGCAATACTTCTCCTATTGGTTATACTTATTAT
GCTGGTTCTGTTAAGGGTCGTTTTACCATTTCACGT
GATAATTCGAAAAACACCCTGTATCTGCAAATGAA
CAGCCTGCGTGCGGAAGATACGGCCGTGTATTATT
GCGCGCGTTGGGGTGATGAGGGTTTTGATATTTGG
GGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ ID NO: 90 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYC
QQYSSFPTTFGQ
GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKV
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQG
LSSPVTKSFNRGEA

SEQ ID NO: 9 1 Heavy Chain QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
(only VH and VRQAPGKGLEWVSN
CHI domains) TSPIGYTYYAGSVKGRFTISRDNSKNTLYLQMNSLRA

EDTAVYYCARWGD
EGFDIWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGT
AALGCLVKDYFP
EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTV
PSSSLGTQTYICN
VNHKPSNTKVDKKVEPKS

MOR10701
SEQ ID NO: 92 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 93 HCDR2 VTGAVGRSTYYPDSVKG
(Kabat)
SEQ ID NO: 94 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 95 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 96 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 97 LCDR3 QQYSSFPTT
(Kabat)
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(Chothia)
SEQ ID NO: 99 HCDR2 GAVGRS
(Chothia)
SEQ ID NO: 100 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 101 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 102 LCDR2 GAS
(Chothia)
SEQ ID NO: 103 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 104 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYC
QQYSSFPTTFGQ
GTKVEIK

SEQ ID NO: 105 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSV
TGAVGRSTYYPDSVKGRFTISRDNSKNTLYLQMNSL
RAEDTAVYYCARWG
DEGFDIWGQGTLVTVS S

SEQ ID NO: 106 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 107 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGTGACAGGCGCCGTGGGCAGAAGCAC
CTACTACCCCGACAGCGTGAAGGGCCGGTTCACCA
TCAGCCGGGACAACAGCAAGAACACCCTGTACCTG
CAGATGAACAGCCTGCGGGCCGAGGACACCGCCG
TGTACTACTGTGCCAGATGGGGCGACGAGGGCTTC
GACATCTGGGGCCAGGGCACCCTGGTCACCGTCAG
CTCA

SEQ ID NO: 108 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYC
QQYSSFPTTFGQ
GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKV
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KHKVYACEVTHQG
LSSPVTKSFNRGEC

SEQ ID NO: 109 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSV
TGAVGRSTYYPDSVKGRFTISRDNSKNTLYLQMNSL
RAEDTAVYYCARWG
DEGFDIWGQGTLVTVSSASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTQTYIC
NVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

MOR10702
SEQ ID NO: 110 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 111 HCDR2 VISAWGHVKYYADSVKG
(Kabat)
SEQ ID NO: 112 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 113 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 114 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 115 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 116 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 117 HCDR2 SAWGHV
(Chothia)
SEQ ID NO: 118 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 119 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 120 LCDR2 GAS
(Chothia)
SEQ ID NO: 121 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 122 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYC



GTKVEIK
SEQ ID NO: 123 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW

VRQAPGKGLEWVSV
ISAWGHVKYYADSVKGRFTISRDNSKNTLYLQMNSL
RAEDTAVYYCARWG
DEGFDIWGQGTLVTVSS

SEQ ID NO: 124 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 125 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGTGATCAGCGCCTGGGGCCACGTGAAG
TACTACGCCGACAGCGTGAAGGGCCGGTTCACCAT
CAGCCGGGACAACAGCAAGAACACCCTGTACCTGC
AGATGAACAGCCTGCGGGCCGAGGACACCGCCGT
GTACTACTGTGCCAGATGGGGCGACGAGGGCTTCG
ACATCTGGGGCCAGGGCACCCTGGTCACCGTCAGC
TCA

SEQ ID NO: 126 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYC
QQYSSFPTTFGQ
GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKV
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQG
LSSPVTKSFNRGEC

SEQ ID NO: 127 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSV
ISAWGHVKYYADSVKGRFTISRDNSKNTLYLQMNSL
RAEDTAVYYCARWG
DEGFDIWGQGTLVTVSSASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTQTYIC
NVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI



SKAKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

MOR10703
SEQ ID NO: 128 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 129 HCDR2 AINSQGKSTYYADSVKG
(Kabat)
SEQ ID NO: 130 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 131 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 132 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 133 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 134 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 135 HCDR2 NSQGKS
(Chothia)
SEQ ID NO: 136 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 137 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 138 LCDR2 GAS
(Chothia)
SEQ ID NO: 139 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 140 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYC
QQYSSFPTTFGQ
GTKVEIK

SEQ ID NO: 141 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSA
INSQGKSTYYADSVKGRFTISRDNSKNTLYLQMNSLR
AEDTAVYYCARWG
DEGFDIWGQGTLVTVS S

SEQ ID NO: 142 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA



TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 143 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGCCATCAACAGCCAGGGCAAGAGCAC
CTACTACGCCGACAGCGTGAAGGGCCGGTTCACCA
TCAGCCGGGACAACAGCAAGAACACCCTGTACCTG
CAGATGAACAGCCTGCGGGCCGAGGACACCGCCG
TGTACTACTGTGCCAGATGGGGCGACGAGGGCTTC
GACATCTGGGGCCAGGGCACCCTGGTCACCGTCAG
CTCA

SEQ ID NO: 144 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYG
ASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYC
QQYSSFPTTFGQ
GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKV
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQG
LSSPVTKSFNRGEC

SEQ ID NO: 145 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSA
INSQGKSTYYADSVKGRFTISRDNSKNTLYLQMNSLR
AEDTAVYYCARWG
DEGFDIWGQGTLVTVSSASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT
VPSSSLGTQTYIC
NVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

MOR10703
N52S
SEQ ID NO: 146 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 147 HCDR2 AISSQGKSTYYADSVKG
(Kabat)
SEQ ID NO: 148 HCDR3 WGDEGFDI
(Kabat)
S TD NO- 149 L DR1 RASOGTSNWLA



(Kabat)
SEQ ID NO: 150 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 151 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 152 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 153 HCDR2 SSQGKS
(Chothia)
SEQ ID NO: 154 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 155 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 156 LCDR2 GAS
(Chothia)
SEQ ID NO: 157 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 158 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 159 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAISSQGKSTYYADSVKGRFTISRD
NSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIWG
QGTLVTVSS

SEQ ID NO: 160 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 161 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGCCATCAGCAGCCAGGGCAAGAGCAC
CTACTACGCCGACAGCGTGAAGGGCCGGTTCACCA
TCAGCCGGGACAACAGCAAGAACACCCTGTACCTG
CAGATGAACAGCCTGCGGGCCGAGGACACCGCCG
TGTACTACTGTGCCAGATGGGGCGACGAGGGCTTC
GACATCTGGGGCCAGGGCACCCTGGTCACCGTCAG
CTCA

SEQ ID NO: 162 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
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VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 163 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAISSQGKSTYYADSVKGRFTISRD
NSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIWG
QGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS
CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR10703
N52G
SEQ ID NO: 164 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 165 HCDR2 AIGSQGKSTYYADSVKG
(Kabat)
SEQ ID NO: 166 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 167 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 168 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 169 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 170 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 171 HCDR2 GSQGKS
(Chothia)
SEQ ID NO: 172 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 173 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 174 LCDR2 GAS
(Chothia)
SEQ ID NO: 175 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 176 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 177 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAIGSQGKSTYYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW



GQGTLVTVSS

SEQ ID NO: 178 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 179 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGCCATCGGCAGCCAGGGCAAGAGCAC
CTACTACGCCGACAGCGTGAAGGGCCGGTTCACCA
TCAGCCGGGACAACAGCAAGAACACCCTGTACCTG
CAGATGAACAGCCTGCGGGCCGAGGACACCGCCG
TGTACTACTGTGCCAGATGGGGCGACGAGGGCTTC
GACATCTGGGGCCAGGGCACCCTGGTCACCGTCAG
CTCA

SEQ ID NO: 180 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 181 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAIGSQGKSTYYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR10703
N52S_S52aN
SEQ ID NO: 182 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 183 HCDR2 AISNQGKSTYYADSVKG



SEQ ID NO: 184 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 185 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 186 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 187 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 188 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 189 HCDR2 SNQGKS
(Chothia)
SEQ ID NO: 190 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 191 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 192 LCDR2 GAS
(Chothia)
SEQ ID NO: 193 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 194 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 195 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAISNQGKSTYYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSS

SEQ ID NO: 196 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 197 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGCCATCAGCAACCAGGGCAAGAGCAC
CTACTACGCCGACAGCGTGAAGGGCCGGTTCACCA
TCAGCCGGGACAACAGCAAGAACACCCTGTACCTG
CAGATGAACAGCCTGCGGGCCGAGGACACCGCCG
TGTACTACTGTGCCAGATGGGGCGACGAGGGCTTC
GACATCTGGGGCCAGGGCACCCTGGTCACCGTCAG



CTCA
SEQ ID NO: 198 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 199 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAISNQGKSTYYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR10703
A50V_N52S
SEQ ID NO: 200 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 201 HCDR2 VISSQGKSTYYADSVKG
(Kabat)
SEQ ID NO: 202 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 203 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 204 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 205 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 206 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 207 HCDR2 SSQGKS
(Chothia)
SEQ ID NO: 208 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 209 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 210 LCDR2 GAS
(Chothia)
SEQ ID NO: 211 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 212 VL DIQMTOSPSSLSASVGDRVTITCRASQGISNWLAWYO



QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 213 VH EVQLLESGGGLVQPGGSLPvLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVISSQGKSTYYADSVKGRFTISRD
NSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIWG
QGTLVTVSS

SEQ ID NO: 214 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 215 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGTCATCAGCAGCCAGGGCAAGAGCACC
TACTACGCCGACAGCGTGAAGGGCCGGTTCACCAT
CAGCCGGGACAACAGCAAGAACACCCTGTACCTGC
AGATGAACAGCCTGCGGGCCGAGGACACCGCCGT
GTACTACTGTGCCAGATGGGGCGACGAGGGCTTCG
ACATCTGGGGCCAGGGCACCCTGGTCACCGTCAGC
TCA

SEQ ID NO: 216 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 217 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVISSQGKSTYYADSVKGRFTISRD
NSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIWG
QGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS
CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK



MOR10703
A50V_N52G
SEQ ID NO: 218 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 219 HCDR2 VIGSQGKSTYYADSVKG
(Kabat)
SEQ ID NO: 220 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 221 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 222 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 223 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 224 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 225 HCDR2 GSQGKS
(Chothia)
SEQ ID NO: 226 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 227 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 228 LCDR2 GAS
(Chothia)
SEQ ID NO: 229 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 230 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 231 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVIGSQGKSTYYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSS

SEQ ID NO: 232 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 233 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT



GGGTGTCCGTCATCGGCAGCCAGGGCAAGAGCACC
TACTACGCCGACAGCGTGAAGGGCCGGTTCACCAT
CAGCCGGGACAACAGCAAGAACACCCTGTACCTGC
AGATGAACAGCCTGCGGGCCGAGGACACCGCCGT
GTACTACTGTGCCAGATGGGGCGACGAGGGCTTCG
ACATCTGGGGCCAGGGCACCCTGGTCACCGTCAGC
TCA

SEQ ID NO: 234 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 235 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVIGSQGKSTYYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR10703
S52aA
SEQ ID NO: 236 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 237 HCDR2 AINAQGKSTYYADSVKG
(Kabat)
SEQ ID NO: 238 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 239 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 240 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 241 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 242 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 243 HCDR2 NAQGKS
(Chothia)
SEQ ID NO: 244 HCDR3 WGDEGFDI
(Chothia)



SEQ ID NO: 245 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 246 LCDR2 GAS
(Chothia)
SEQ ID NO: 247 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 248 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 249 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAINAQGKSTYYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSS

SEQ ID NO: 250 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 251 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGCCATCAACGCCCAGGGCAAGAGCACC
TACTACGCCGACAGCGTGAAGGGCCGGTTCACCAT
CAGCCGGGACAACAGCAAGAACACCCTGTACCTGC
AGATGAACAGCCTGCGGGCCGAGGACACCGCCGT
GTACTACTGTGCCAGATGGGGCGACGAGGGCTTCG
ACATCTGGGGCCAGGGCACCCTGGTCACCGTCAGC
TCA

SEQ ID NO: 252 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 253 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAINAQGKSTYYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK



SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR10703
S52aT
SEQ ID NO: 254 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 255 HCDR2 AINTQGKSTYYADSVKG
(Kabat)
SEQ ID NO: 256 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 257 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 258 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 259 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 260 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 261 HCDR2 NTQGKS
(Chothia)
SEQ ID NO: 262 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 263 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 264 LCDR2 GAS
(Chothia)
SEQ ID NO: 265 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 266 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 267 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAINTQGKSTYYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSS

SEQ ID NO: 268 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC



TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 269 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGCCATCAACACCCAGGGCAAGAGCACC
TACTACGCCGACAGCGTGAAGGGCCGGTTCACCAT
CAGCCGGGACAACAGCAAGAACACCCTGTACCTGC
AGATGAACAGCCTGCGGGCCGAGGACACCGCCGT
GTACTACTGTGCCAGATGGGGCGACGAGGGCTTCG
ACATCTGGGGCCAGGGCACCCTGGTCACCGTCAGC
TCA

SEQ ID NO: 270 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 271 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSAINTQGKSTYYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR10701 R55S
SEQ ID NO: 272 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 273 HCDR2 VTGAVGSSTYYPDSVKG
(Kabat)
SEQ ID NO: 274 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 275 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 276 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 277 LCDR3 QQYSSFPTT
(Kabat)



SEQ ID NO: 278 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 279 HCDR2 GAVGSS
(Chothia)
SEQ ID NO: 280 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 281 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 282 LCDR2 GAS
(Chothia)
SEQ ID NO: 283 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 284 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 285 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVTGAVGSSTYYPDSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSS

SEQ ID NO: 286 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 287 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGTGACAGGCGCCGTGGGCAGCAGCACC
TACTACCCCGACAGCGTGAAGGGCCGGTTCACCAT
CAGCCGGGACAACAGCAAGAACACCCTGTACCTGC
AGATGAACAGCCTGCGGGCCGAGGACACCGCCGT
GTACTACTGTGCCAGATGGGGCGACGAGGGCTTCG
ACATCTGGGGCCAGGGCACCCTGGTCACCGTCAGC
TCA

SEQ ID NO: 288 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC



SEQ ID NO: 289 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVTGAVGSSTYYPDSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR10701
R55G
SEQ ID NO: 290 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 291 HCDR2 VTGAVGGSTYYPDSVKG
(Kabat)
SEQ ID NO: 292 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 293 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 294 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 295 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 296 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 297 HCDR2 GAVGGS
(Chothia)
SEQ ID NO: 298 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 299 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 300 LCDR2 GAS
(Chothia)
SEQ ID NO: 301 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 302 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 303 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVTGAVGGSTYYPDSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSS



SEQ ID NO: 304 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 305 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGTGACAGGCGCCGTGGGCGGAAGCAC
CTACTACCCCGACAGCGTGAAGGGCCGGTTCACCA
TCAGCCGGGACAACAGCAAGAACACCCTGTACCTG
CAGATGAACAGCCTGCGGGCCGAGGACACCGCCG
TGTACTACTGTGCCAGATGGGGCGACGAGGGCTTC
GACATCTGGGGCCAGGGCACCCTGGTCACCGTCAG
CTCA

SEQ ID NO: 306 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 307 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVTGAVGGSTYYPDSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR10701
R55K
SEQ ID NO: 308 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 309 HCDR2 VTGAVGKSTYYPDSVKG
(Kabat)
SEQ ID NO: 310 HCDR3 WGDEGFDI



(Kabat)
SEQ ID NO: 311 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 312 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 313 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 314 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 315 HCDR2 GAVGKS
(Chothia)
SEQ ID NO: 316 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 317 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 318 LCDR2 GAS
(Chothia)
SEQ ID NO: 319 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 320 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 321 VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVTGAVGKSTYYPDSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSS

SEQ ID NO: 322 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 323 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGTGACAGGCGCCGTGGGCAAAAGCAC
CTACTACCCCGACAGCGTGAAGGGCCGGTTCACCA
TCAGCCGGGACAACAGCAAGAACACCCTGTACCTG
CAGATGAACAGCCTGCGGGCCGAGGACACCGCCG
TGTACTACTGTGCCAGATGGGGCGACGAGGGCTTC
GACATCTGGGGCCAGGGCACCCTGGTCACCGTCAG
CTCA



SEQ ID NO: 324 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 325 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVTGAVGKSTYYPDSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR10701
deletion S56
SEQ ID NO: 326 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 327 HCDR2 VTGAVGRTYYPDSVKG
(Kabat)
SEQ ID NO: 328 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 329 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 330 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 331 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 332 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 333 HCDR2 GAVGRT
(Chothia)
SEQ ID NO: 334 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 335 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 336 LCDR2 GAS
(Chothia)
SEQ ID NO: 337 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 338 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI



SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 339 VH EVQLLESGGGLVQPGGSLPvLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVTGAVGPvTYYPDSVKGRFTISPvD
NSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIWG
QGTLVTVSS

SEQ ID NO: 340 DNA VL GATATCCAGATGACCCAGAGCCCCAGCAGCCTGAG
CGCCAGCGTGGGCGACAGAGTGACCATCACCTGTC
GGGCCAGCCAGGGCATCAGCAACTGGCTGGCCTGG
TATCAGCAGAAGCCCGGCAAGGCCCCCAAGCTGCT
GATCTACGGCGCCAGCTCCCTGCAGAGCGGCGTGC
CAAGCAGATTCAGCGGCAGCGGCTCCGGCACCGAC
TTCACCCTGACCATCAGCAGCCTGCAGCCCGAGGA
CTTCGCCACCTACTACTGCCAGCAGTACAGCAGCT
TCCCCACCACCTTCGGCCAGGGCACCAAGGTGGAA
ATCAAG

SEQ ID NO: 341 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGAGGCCTGG
TGCAGCCTGGCGGCAGCCTGAGACTGTCTTGCGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGAG
CTGGGTCCGCCAGGCCCCTGGCAAGGGACTGGAAT
GGGTGTCCGTGACAGGCGCCGTGGGCAGAACCTAC
TACCCCGACAGCGTGAAGGGCCGGTTCACCATCAG
CCGGGACAACAGCAAGAACACCCTGTACCTGCAG
ATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTA
CTACTGTGCCAGATGGGGCGACGAGGGCTTCGACA
TCTGGGGCCAGGGCACCCTGGTCACCGTCAGCTCA

SEQ ID NO: 342 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 343 Heavy IgGl EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVTGAVGRTYYPDSVKGRFTISRD
NSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIWG
QGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS
CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR12609



SEQ ID NO: 344 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 345 HCDR2 VINGLGYTTFYADSVKG
(Kabat)
SEQ ID NO: 346 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 347 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 348 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 349 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 350 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 351 HCDR2 NGLGYT
(Chothia)
SEQ ID NO: 352 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 353 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 354 LCDR2 GAS
(Chothia)
SEQ ID NO: 355 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 356 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFAVYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 357 VH QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVINGLGYTTFYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSS

SEQ ID NO: 358 DNA VL GATATCCAGATGACCCAGAGCCCGTCTAGCCTGAG
CGCGAGCGTGGGTGATCGTGTGACCATTACCTGCA
GAGCGAGCCAGGGTATTTCTAATTGGCTGGCTTGG
TACCAGCAGAAACCAGGTAAAGCACCGAAACTATT
AATTTATGGTGCTTCTTCTTTGCAAAGCGGGGTCCC
GTCCCGTTTTAGCGGCTCTGGATCCGGCACTGATTT
TACCCTGACCATTAGCAGCCTGCAACCTGAAGACT
TTGCGGTTTATTATTGCCAGCAGTATTCTTCTTTTC
CTACTACCTTTGGCCAGGGTACGAAAGTTGAAATT
AAA

SEQ ID NO: 359 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGT
GCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGG
CCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCT
GGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGG
GTGAGCGTTATTAATGGTCTTGGTTATACTACTTTT
TATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCA



CGTGATAATTCGAAAAACACCCTGTATCTGCAAAT
GAACAGCCTGCGTGCGGAAGATACGGCCGTGTATT
ATTGCGCGCGTTGGGGTGATGAGGGTTTTGATATT
TGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ ID NO: 360 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFAVYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 361 Heavy IgGl QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSVINGLGYTTFYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGC
LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

MOR12610
SEQ ID NO: 362 HCDR1 SYAMS
(Kabat)
SEQ ID NO: 363 HCDR2 GTGPYGGTYYPDSVKG
(Kabat)
SEQ ID NO: 364 HCDR3 WGDEGFDI
(Kabat)
SEQ ID NO: 365 LCDR1 RASQGISNWLA
(Kabat)
SEQ ID NO: 366 LCDR2 GASSLQS
(Kabat)
SEQ ID NO: 367 LCDR3 QQYSSFPTT
(Kabat)
SEQ ID NO: 368 HCDR1 GFTFSSY
(Chothia)
SEQ ID NO: 369 HCDR2 GPYGG
(Chothia)
SEQ ID NO: 370 HCDR3 WGDEGFDI
(Chothia)
SEQ ID NO: 371 LCDR1 SQGISNW
(Chothia)
SEQ ID NO: 372 LCDR2 GAS
(Chothia)



SEQ ID NO: 373 LCDR3 YSSFPT
(Chothia)
SEQ ID NO: 374 VL DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ

QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFAVYYCQQYSSFPTTFGQGTKVEIK

SEQ ID NO: 375 VH QVQLVESGGGLVQPGGSLPvLSCAASGFTFSSYAMSW
VPvQAPGKGLEWVSGTGPYGGTYYPDSVKGRFTISPvD
NSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIWG
QGTLVTVSS

SEQ ID NO: 376 DNA VL GATATCCAGATGACCCAGAGCCCGTCTAGCCTGAG
CGCGAGCGTGGGTGATCGTGTGACCATTACCTGCA
GAGCGAGCCAGGGTATTTCTAATTGGCTGGCTTGG
TACCAGCAGAAACCAGGTAAAGCACCGAAACTATT
AATTTATGGTGCTTCTTCTTTGCAAAGCGGGGTCCC
GTCCCGTTTTAGCGGCTCTGGATCCGGCACTGATTT
TACCCTGACCATTAGCAGCCTGCAACCTGAAGACT
TTGCGGTTTATTATTGCCAGCAGTATTCTTCTTTTC
CTACTACCTTTGGCCAGGGTACGAAAGTTGAAATT
AAA

SEQ ID NO: 377 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGT
GCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGG
CCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCT
GGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGG
GTGAGCGGTACTGGTCCTTATGGTGGTACTTATTAT
CCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGT
GATAATTCGAAAAACACCCTGTATCTGCAAATGAA
CAGCCTGCGTGCGGAAGATACGGCCGTGTATTATT
GCGCGCGTTGGGGTGATGAGGGTTTTGATATTTGG
GGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ ID NO: 378 Light Kappa DIQMTQSPSSLSASVGDRVTITCRASQGISNWLAWYQ
QKPGKAPKLLIYGASSLQSGVPSRFSGSGSGTDFTLTI
SSLQPEDFAVYYCQQYSSFPTTFGQGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 379 Heavy IgGl QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSW
VRQAPGKGLEWVSGTGPYGGTYYPDSVKGRFTISRD
NSKNTLYLQMNSLRAEDTAVYYCARWGDEGFDIWG
QGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS
CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD



TQKSLSLSPGK

Other antibodies of the invention include those where the amino acids or nucleic acids encoding the

amino acids have been mutated, yet have at least 60, 70, 80, 90, 95, 96, 97, 98, and 99 percent identity to

the sequences described in Table 1. In some embodiments, it include mutant amino acid sequences

wherein no more than 1, 2, 3, 4 or 5 amino acids have been mutated in the variable regions when

compared with the variable regions depicted in the sequence described in Table 1, while retaining

substantially the same therapeutic activity.

Since each of these antibodies or fragments thereof can bind to HER3, the VH, VL, full length

light chain, and full length heavy chain sequences (amino acid sequences and the nucleotide sequences

encoding the amino acid sequences) can be "mixed and matched" to create other HER3 -binding

antibodies of the invention. Such "mixed and matched" HER3 -binding antibodies can be tested using the

binding assays known in the art (e.g., ELISAs, and other assays described WO20120228 14, which is

incorporated herein in its entirety by reference. When these chains are mixed and matched, a VH

sequence from a particular VH/VL pairing should be replaced with a structurally similar VH sequence.

Likewise a full length heavy chain sequence from a particular full length heavy chain / full length light

chain pairing should be replaced with a structurally similar full length heavy chain sequence. Likewise, a

VL sequence from a particular VH/VL pairing should be replaced with a structurally similar VL

sequence. Likewise a full length light chain sequence from a particular full length heavy chain / full

length light chain pairing should be replaced with a structurally similar full length light chain sequence.

Accordingly, in one aspect, the invention provides an isolated monoclonal antibody or fragment thereof

having: a heavy chain variable region comprising an amino acid sequence selected from the group

consisting of SEQ ID NO: 15, 33, 51, 69, 87, 105, 123, 141, 159, 177, 195, 213, 23 1, 249, 267, 285, 303,

321 , 339, 357, and 375 ; and a light chain variable region comprising an amino acid sequence selected

from the group consisting of SEQ ID NOs: 14, 32, 50, 68, 86, 104, 122, 140, 158, 176, 194, 2 12, 230,

248, 266, 284, 302, 320, 338, 356, and 374; wherein the antibody specifically binds to HER3 (e.g., human

and/or cynomologus).

In another aspect, the present invention provides HER3 -binding antibodies that comprise the

heavy chain and light chain CDRls, CDR2s and CDR3s as described in Table 1, or combinations thereof.

The amino acid sequences of the VH CDRl s of the antibodies are shown in SEQ ID NOs: 2, 8, 20, 26,

38, 44, 56, 62, 74, 80, 92, 98, 110, 116, 128, 134, 146, 152, 164, 170, 182, 188, 200, 206, 2 18, 224, 236,

242, 254, 260, 272, 278, 290, 296, 308, 3 14, 326, 332, 344, 350, 362, and 368. The amino acid sequences



of the VH CDR2s of the antibodies and are shown in SEQ ID NOs: 3, 9, 21, 27, 39, 45, 57, 63, 75, 81, 93,

99, 111, 117, 129, 135, 147, 153, 165, 171, 183, 189, 201, 207, 219, 225, 237, 243, 255, 261, 273, 279,

291, 297, 309, 315, 327, 333, 345, 351, 363, and 369. The amino acid sequences of the VH CDR3s of the

antibodies are shown in SEQ ID NOs: 4, 10, 22, 28, 40, 46, 58, 64, 76, 82, 94, 100, 112, 118, 130, 136,

148, 154, 166, 172, 184, 190, 202, 208, 220, 226, 238, 244, 256, 262, 274, 280, 292, 298, 310, 316, 328,

334, 346, 352, 364, and 370. The amino acid sequences of the VL CDRls of the antibodies are shown in

SEQ ID NOs: 5, 11, 23, 29, 41, 47, 59, 65, 77, 83, 95, 101, 113, 119, 131, 137, 149, 155, 167, 173, 185,

191, 203, 209, 221, 227, 239, 245, 257, 263, 275, 281, 293, 299, 311, 317, 329, 335, 347, 353, 365, and

371. The amino acid sequences of the VL CDR2s of the antibodies are shown in SEQ ID NOs: 6, 12, 24,

30, 42, 48, 60, 66, 78, 84, 96, 102, 114, 120, 132, 138, 150, 156, 168, 174, 186, 192, 204, 210, 222, 228,

240, 246, 258, 264, 276, 282, 294, 300, 312, 318, 330, 336, 348, 354, 366, and 372. The amino acid

sequences of the VL CDR3s of the antibodies are shown in SEQ ID NOs: 7, 13, 25, 31, 43, 49, 61, 67, 79,

85, 97, 103, 115, 121, 133, 139, 151, 157, 169, 175, 187, 193, 205, 211, 223, 229, 241, 247, 259, 265,

277, 283, 295, 301, 313, 319, 331, 337, 349, 355, 367, and 373. The CDR regions are delineated using

the Kabat system (Kabat et al, (1991) Sequences of Proteins of Immunological Interest, Fifth Edition,

U.S. Department of Health and Human Services, NIH Publication No. 91-3242; Chothia et al, (1987) J .

Mol. Biol. 196:901-917; Chothia et al, (1989) Nature 342: 877-883; and Al-Lazikani et al, (1997) J .

Mol. Biol. 273, 927-948).

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDR1 of SEQ ID NO: 2; a CDR2 of SEQ ID NO: 3; a CDR3 of SEQ ID NO: 4; a light chain

variable region CDR1 of SEQ ID NO: 5; a CDR2 of SEQ ID NO: 6; and a CDR3 of SEQ ID NO: 7 .

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDR1 of SEQ ID NO: 20; a CDR2 of SEQ ID NO: 21; a CDR3 of SEQ ID NO: 22; a light chain

variable region CDR1 of SEQ ID NO: 23; a CDR2 of SEQ ID NO: 24; and a CDR3 of SEQ ID NO: 25.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDR1 of SEQ ID NO: 38; a CDR2 of SEQ ID NO: 39; a CDR3 of SEQ ID NO: 40; a light chain

variable region CDR1 of SEQ ID NO: 41; a CDR2 of SEQ ID NO: 42; and a CDR3 of SEQ ID NO: 43.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDR1 of SEQ ID NO: 56; a CDR2 of SEQ ID NO: 57; a CDR3 of SEQ ID NO: 58; a light chain

variable region CDR1 of SEQ ID NO: 59; a CDR2 of SEQ ID NO: 60; and a CDR3 of SEQ ID NO: 61.



In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 74; a CDR2 of SEQ ID NO: 75; a CDR3 of SEQ ID NO: 76; a light chain

variable region CDRl of SEQ ID NO: 77; a CDR2 of SEQ ID NO: 78; and a CDR3 of SEQ ID NO: 79.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 92; a CDR2 of SEQ ID NO: 93; a CDR3 of SEQ ID NO: 94; a light chain

variable region CDRl of SEQ ID NO: 95; a CDR2 of SEQ ID NO: 96; and a CDR3 of SEQ ID NO: 97.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 110; a CDR2 of SEQ ID NO: 111; a CDR3 of SEQ ID NO: 112; a light

chain variable region CDRl of SEQ ID NO: 113; a CDR2 of SEQ ID NO: 114; and a CDR3 of SEQ ID

NO: 115.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 128; a CDR2 of SEQ ID NO: 129; a CDR3 of SEQ ID NO: 130; a light

chain variable region CDRl of SEQ ID NO: 131; a CDR2 of SEQ ID NO: 132; and a CDR3 of SEQ ID

NO: 133.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 146; a CDR2 of SEQ ID NO: 147; a CDR3 of SEQ ID NO: 148; a light

chain variable region CDRl of SEQ ID NO: 149; a CDR2 of SEQ ID NO: 150; and a CDR3 of SEQ ID

NO: 151.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 164; a CDR2 of SEQ ID NO: 165; a CDR3 of SEQ ID NO: 166; a light

chain variable region CDRl of SEQ ID NO: 167; a CDR2 of SEQ ID NO: 168; and a CDR3 of SEQ ID

NO: 169.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 182; a CDR2 of SEQ ID NO: 183; a CDR3 of SEQ ID NO: 184; a light

chain variable region CDRl of SEQ ID NO: 185; a CDR2 of SEQ ID NO: 186; and a CDR3 of SEQ ID

NO: 187.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 200; a CDR2 of SEQ ID NO: 201; a CDR3 of SEQ ID NO: 202; a light



chain variable region CDRl of SEQ ID NO: 203; a CDR2 of SEQ ID NO: 204; and a CDR3 of SEQ ID

NO: 205.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 218; a CDR2 of SEQ ID NO: 219; a CDR3 of SEQ ID NO: 220; a light

chain variable region CDRl of SEQ ID NO: 221; a CDR2 of SEQ ID NO: 222; and a CDR3 of SEQ ID

NO: 223.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 236; a CDR2 of SEQ ID NO: 237; a CDR3 of SEQ ID NO: 238; a light

chain variable region CDRl of SEQ ID NO: 239; a CDR2 of SEQ ID NO: 240; and a CDR3 of SEQ ID

NO: 241.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 254; a CDR2 of SEQ ID NO: 255; a CDR3 of SEQ ID NO: 256; a light

chain variable region CDRl of SEQ ID NO: 257; a CDR2 of SEQ ID NO: 258; and a CDR3 of SEQ ID

NO: 259.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 272; a CDR2 of SEQ ID NO: 273; a CDR3 of SEQ ID NO: 274; a light

chain variable region CDRl of SEQ ID NO: 275; a CDR2 of SEQ ID NO: 276; and a CDR3 of SEQ ID

NO: 277.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 290; a CDR2 of SEQ ID NO: 291; a CDR3 of SEQ ID NO: 292; a light

chain variable region CDRl of SEQ ID NO: 293; a CDR2 of SEQ ID NO: 294; and a CDR3 of SEQ ID

NO: 295.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 308; a CDR2 of SEQ ID NO: 309; a CDR3 of SEQ ID NO: 3 10; a light

chain variable region CDRl of SEQ ID NO: 311; a CDR2 of SEQ ID NO: 3 12; and a CDR3 of SEQ ID

NO: 313.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDRl of SEQ ID NO: 326; a CDR2 of SEQ ID NO: 327; a CDR3 of SEQ ID NO: 328; a light



chain variable region CDR1 of SEQ ID NO: 329; a CDR2 of SEQ ID NO: 330; and a CDR3 of SEQ ID

NO: 331.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDR1 of SEQ ID NO: 344; a CDR2 of SEQ ID NO: 345; a CDR3 of SEQ ID NO: 346; a light

chain variable region CDR1 of SEQ ID NO: 347; a CDR2 of SEQ ID NO: 348; and a CDR3 of SEQ ID

NO: 349.

In a specific embodiment, an antibody that binds to HER3 comprises a heavy chain variable

region CDR1 of SEQ ID NO: 362; a CDR2 of SEQ ID NO: 363; a CDR3 of SEQ ID NO: 364; a light

chain variable region CDR1 of SEQ ID NO: 365; a CDR2 of SEQ ID NO: 366; and a CDR3 of SEQ ID

NO: 367.

In a specific embodiment, an antibody that binds to HER3 comprises a VH of SEQ ID NO. 15

and VL of SEQ ID NO: 14. In a specific embodiment, an antibody that binds to HER3 comprises a VH

of SEQ ID NO: 33 and VL of SEQ ID NO: 32. In a specific embodiment, an antibody that binds to HER3

comprises a VH of SEQ ID NO: 5 1 and VL of SEQ ID NO: 50. In a specific embodiment, an antibody

that binds to HER3 comprises a SEQ ID NO: 69 and VL of SEQ ID NO: 68. In a specific embodiment, an

antibody that binds to HER3 comprises a VH of SEQ ID NO: 87 and VL of SEQ ID NO: 86. In a

specific embodiment, an antibody that binds to HER3 comprises a VH of SEQ ID NO: 105 and VL of

SEQ ID NO: 104. In a specific embodiment, an antibody that binds to HER3 comprises a VH of SEQ ID

NO: 123 and VL of SEQ ID NO: 122. In a specific embodiment, an antibody that binds to HER3

comprises a VH of SEQ ID NO: 141 and VL of SEQ ID NO: 140. In a specific embodiment, an antibody

that binds to HER3 comprises a VH of SEQ ID NO: 159 and VL of SEQ ID NO: 158. In a specific

embodiment, an antibody that binds to HER3 comprises a VH of SEQ ID NO: 177 and VL of SEQ ID

NO: 176. In a specific embodiment, an antibody that binds to HER3 comprises a VH of SEQ ID NO:

195 and VL of SEQ ID NO: 194. In a specific embodiment, an antibody that binds to HER3 comprises a

VH of SEQ ID NO: 213 and VL of SEQ ID NO: 212. In a specific embodiment, an antibody that binds to

HER3 comprises a VH of SEQ ID NO: 23 1 and VL of SEQ ID NO: 230. In a specific embodiment, an

antibody that binds to HER3 comprises a VH of SEQ ID NO: 249 and VL of SEQ ID NO: 248. In a

specific embodiment, an antibody that binds to HER3 comprises a VH of SEQ ID NO: 267 and VL of

SEQ ID NO: 266. In a specific embodiment, an antibody that binds to HER3 comprises a VH of SEQ ID

NO: 285 and VL of SEQ ID NO: 284. In a specific embodiment, an antibody that binds to HER3

comprises a VH of SEQ ID NO: 303 and VL of SEQ ID NO: 302. In a specific embodiment, an antibody



that binds to HER3 comprises a VH of SEQ ID NO: 321 and VL of SEQ ID NO: 320. In a specific

embodiment, an antibody that binds to HER3 comprises a VH of SEQ ID NO: 339 and VL of SEQ ID

NO: 338. In a specific embodiment, an antibody that binds to HER3 comprises a VH of SEQ ID NO: 357

and VL of SEQ ID NO: 356. In a specific embodiment, an antibody that binds to HER3 comprises a VH

of SEQ ID NO: 375 and VL of SEQ ID NO: 374.

As used herein, a human antibody comprises heavy or light chain variable regions or full length

heavy or light chains that are "the product of or "derived from" a particular germline sequence if the

variable regions or full length chains of the antibody are obtained from a system that uses human

germline immunoglobulin genes. Such systems include immunizing a transgenic mouse carrying human

immunoglobulin genes with the antigen of interest or screening a human immunoglobulin gene library

displayed on phage with the antigen of interest. A human antibody that is "the product of or "derived

from" a human germline immunoglobulin sequence can be identified as such by comparing the amino

acid sequence of the human antibody to the amino acid sequences of human germline immunoglobulins

and selecting the human germline immunoglobulin sequence that is closest in sequence (i.e., greatest %

identity) to the sequence of the human antibody. A human antibody that is "the product of or "derived

from" a particular human germline immunoglobulin sequence may contain amino acid differences as

compared to the germline sequence, due to, for example, naturally occurring somatic mutations or

intentional introduction of site-directed mutations. However, in the VH or VL framework regions, a

selected human antibody typically is at least 90% identical in amino acids sequence to an amino acid

sequence encoded by a human germline immunoglobulin gene and contains amino acid residues that

identify the human antibody as being human when compared to the germline immunoglobulin amino acid

sequences of other species (e.g. , murine germline sequences). In certain cases, a human antibody may be

at least 60%, 70%, 80%, 90%, or at least 95%, or even at least 96%, 97%, 98%, or 99% identical in amino

acid sequence to the amino acid sequence encoded by the germline immunoglobulin gene. Typically, a

recombinant human antibody will display no more than 10 amino acid differences from the amino acid

sequence encoded by the human germline immunoglobulin gene in the VH or VL framework regions. In

certain cases, the human antibody may display no more than 5, or even no more than 4, 3, 2, or 1 amino

acid difference from the amino acid sequence encoded by the germline immunoglobulin gene. Different

germlined versions using the VH and VL germline sequences for a representative number of HER3

antibodies is shown in WO20120228 14, which is incorporated herein in its entirety by reference.

The antibodies disclosed herein can be derivatives of single chain antibodies, diabodies, domain

antibodies, nanobodies, and unibodies. In yet another embodiment, the present invention provides an



antibody or fragment thereof comprising amino acid sequences that are homologous to the sequences

described in Table 1, and said antibody binds to a HER3 protein (e.g., human and/or cynomologus

HER3), and retains the desired functional properties of those antibodies described in Table 1.

For example, the invention provides an isolated monoclonal antibody (or a functional fragment

thereof) comprising a heavy chain variable region and a light chain variable region, wherein the heavy

chain variable region comprises an amino acid sequence that is at least 80%, at least 90%, or at least 95%

identical to an amino acid sequence selected from the group consisting of SEQ ID NOs: 15, 33, 51, 69,

87, 105, 123, 141 , 159, 177, 195, 213, 23 1, 249, 267, 285, 303, 321, 339, 357, and 375; the light chain

variable region comprises an amino acid sequence that is at least 80%, at least 90%, or at least 95%

identical to an amino acid sequence selected from the group consisting of SEQ ID NOs: 14, 32, 50, 68,

86, 104, 122, 140, 158, 176, 194, 212, 230, 248, 266, 284, 302, 320, 33 8, 356, and 374; the antibody

binds to HER3 (e.g., human and/or cynomologus HER3) and neutralizes the signaling activity of HER3,

which can be measured in a phosphorylation assay or other measure of HER signaling (e.g., phospo-

HER3 assays, phospho-Akt assays, cell proliferation, and ligand blocking assays as described in

WO20 120228 14). Also includes within the scope of the invention are variable heavy and light chain

parental nucleotide sequences; and full length heavy and light chain sequences optimized for expression

in a mammalian cell. Other antibodies of the invention include amino acids or nucleic acids that have

been mutated, yet have at least 60, 70, 80, 90, 95, or 98% percent identity to the sequences described

above. In some embodiments, it include mutant amino acid sequences wherein no more than 1, 2, 3, 4 or 5

amino acids have been mutated by amino acid deletion, insertion or substitution in the variable regions

when compared with the variable regions depicted in the sequence described above.

In other embodiments, the VH and/or VL amino acid sequences may be 50%, 60%, 70%, 80%,

90%, 95%, 96%, 97%, 98% or 99% identical to the sequences set forth in Table 1. In other embodiments,

the VH and/or VL amino acid sequences may be identical except an amino acid substitution in no more

than 1,2,3,4 or 5 amino acid position. An antibody having VH and VL regions having high (i. e., 80% or

greater) identity to the VH and VL regions of the antibodies described in Table 1 can be obtained by

mutagenesis (e.g., site-directed or PCR-mediated mutagenesis), followed by testing of the encoded altered

antibody for retained function using the functional assays described herein.

In other embodiments, the variable regions of heavy chain and/or light chain nucleotide

sequences may be 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% or 99% identical to the sequences set

forth above.



In certain embodiments, an antibody of the invention has a heavy chain variable region

comprising CDRl, CDR2, and CDR3 sequences and a light chain variable region comprising CDRl,

CDR2, and CDR3 sequences, wherein one or more of these CDR sequences have specified amino acid

sequences based on the antibodies described herein or conservative modifications thereof, and wherein

the antibodies retain the desired functional properties of the HER3 -binding antibodies of the invention.

Accordingly, the invention provides an isolated HER3 monoclonal antibody, or a fragment

thereof, consisting of a heavy chain variable region comprising CDRl, CDR2, and CDR3 sequences and a

light chain variable region comprising CDRl, CDR2, and CDR3 sequences, wherein: the heavy chain

variable region CDRl amino acid sequences are selected from the group consisting of SEQ ID NOs: 2, 8,

20, 26, 38, 44, 56, 62, 74, 80, 92, 98, 110, 116, 128, 134, 146, 152, 164, 170, 182, 188, 200, 206, 218,

224, 236, 242, 254, 260, 272, 278, 290, 296, 308, 314, 326, 332, 344, 350, 362, and 368, and conservative

modifications thereof; the heavy chain variable region CDR2 amino acid sequences are selected from the

group consisting of SEQ ID NOs: 3, 9, 21, 27, 39, 45, 57, 63, 75, 81, 93, 99, 111, 117, 129, 135, 147, 153,

165, 171, 183, 189, 201, 207, 219, 225, 237, 243, 255, 261, 273, 279, 291, 297, 309, 315, 327, 333, 345,

351, 363, and 369 and conservative modifications thereof; the heavy chain variable region CDR3 amino

acid sequences are selected from the group consisting of SEQ ID NOs: 4, 10, 22, 28, 40, 46, 58, 64, 76,

82, 94, 100, 112, 118, 130, 136, 148, 154, 166, 172, 184, 190, 202, 208, 220, 226, 238, 244, 256, 262,

274, 280, 292, 298, 310, 316, 328, 334, 346, 352, 364, and 370 and conservative modifications thereof;

the light chain variable regions CDRl amino acid sequences are selected from the group consisting of

SEQ ID NOs: 5, 11, 23, 29, 41, 47, 59, 65, 77, 83, 95, 101, 113, 119, 131, 137, 149, 155, 167, 173, 185,

191, 203, 209, 221, 227, 239, 245, 257, 263, 275, 281, 293, 299, 311, 317, 329, 335, 347, 353, 365, and

371 and conservative modifications thereof; the light chain variable regions CDR2 amino acid sequences

are selected from the group consisting of SEQ ID NOs: 6, 12, 24, 30, 42, 48, 60, 66, 78, 84, 96, 102, 114,

120, 132, 138, 150, 156, 168, 174, 186, 192, 204, 210, 222, 228, 240, 246, 258, 264, 276, 282, 294, 300,

312, 318, 330, 336, 348, 354, 366, and 372, and conservative modifications thereof; the light chain

variable regions of CDR3 amino acid sequences are selected from the group consisting of SEQ ID NOs:

7, 13, 25, 31, 43, 49, 61, 67, 79, 85, 97, 103, 115, 121, 133, 139, 151, 157, 169, 175, 187, 193, 205, 211,

223, 229, 241, 247, 259, 265, 277, 283, 295, 301, 313, 319, 331, 337, 349, 355, 367, and 373, and

conservative modifications thereof; the antibody or fragment thereof specifically binds to HER3, and

neutralizes HER3 activity by inhibiting a HER signaling pathway, which can be measured in a

phosphorylation assay or other measure of HER signaling (e.g., phospo-HER3 assays, phospho-Akt

assays, cell proliferation, and ligand blocking assays as described in WO2012022814).



In another example, the isolated antibody or fragment thereof that cross-competes with an

antibody described in Table 1. The antibodies can comprises a VH selected from the group consisting of

SEQ ID NO: 15, SEQ ID NO: 33, SEQ ID NO: 51, SEQ ID NO: 69, SEQ ID NO: 87, SEQ ID NO: 105,

SEQ ID NO: 123, SEQ ID NO: 141, SEQ ID NO: 159, SEQ ID NO: 177, SEQ ID NO: 195, SEQ ID NO:

213, SEQ ID NO: 231, SEQ ID NO: 249, SEQ ID NO: 267, SEQ ID NO: 285, SEQ ID NO: 303, SEQ ID

NO: 321, SEQ ID NO: 339, SEQ ID NO: 357, and SEQ ID NO: 375; and a VL selected from the group

consisting of SEQ ID NO: 14, SEQ ID NO: 32, SEQ ID NO: 50, SEQ ID NO: 68, SEQ ID NO: 86, SEQ

ID NO: 104, SEQ ID NO: 122, SEQ ID NO: 140, SEQ ID NO: 158, SEQ ID NO: 176, SEQ ID NO: 194,

SEQ ID NO: 212, SEQ ID NO: 230, SEQ ID NO: 248, SEQ ID NO: 266, SEQ ID NO: 284, SEQ ID NO:

302, SEQ ID NO: 320, SEQ ID NO: 338, SEQ ID NO: 356, and SEQ ID NO: 374 or an amino acid

sequence with 97-99 percent identity thereof.

In another example, the isolated antibody or fragment thereof comprises a heavy chain variable

region CDRl selected from the group consisting of SEQ ID NO: 2, 20, 38, 56, 74, 92, 110, 128, 146, 164,

182, 200, 218, 236, 254, 272, 290, 308, 326, 344, and 362; CDR2 selected from the group consisting of

SEQ ID NO: 3, 21, 39, 57, 75, 93, 111, 129, 147, 165, 183, 201, 219, 237, 255, 273, 291, 309, 327, 345,

and 363; CDR3 selected from the group consisting of SEQ ID NO: 4, 22, 40, 58, 76, 94, 112, 130, 148,

166, 184, 202, 220, 238, 256, 274, 292, 310, 328, 346, and 364; a light chain variable region CDRl

selected from the group consisting of SEQ ID NO: 5, 23, 41, 59, 77, 95, 113, 131, 149, 167, 185, 203,

221, 239, 257, 275, 293, 311, 329, 347, and 365; CDR2 selected from the group consisting of SEQ ID

NO: 6, 24, 42, 60, 78, 96, 114, 132, 150, 166, 186, 204, 222, 240, 258, 276, 294, 312, 330, 348, and 366;

and CDR3 selected from the group consisting of SEQ ID NO: 7, 25, 43, 61, 79, 97, 115, 133, 151, 169,

187, 205, 223, 241, 259, 277, 295, 313, 331, 349, and 367.

In a specific example, the isolated antibody or fragment thereof, comprises a heavy chain variable

region CDRl of SEQ ID NO: 128; CDR2 of SEQ ID NO: 129; CDR3 of SEQ ID NO: 130; a light chain

variable region CDRl of SEQ ID NO: 131; CDR2 of SEQ ID NO: 132; and CDR3 of SEQ ID NO: 133.

The antibodies used in the invention can be fragment of an antibody that binds to HER3 selected

from the group consisting of; Fab, F(ab2)', F(ab)2', scFv, VHH, VH, VL, dAbs.

The present invention also includes antibodies that interacts with (e.g., by binding, steric

hindrance, stabilizing/destabilizing, spatial distribution) the same epitope as do the HER3-binding

antibodies described in Table 1.



The present invention provides fully human antibodies that specifically bind to a HER3 protein

(e.g., human and/or cynomologus/ mouse/rat HER3). Compared to the chimeric or humanized antibodies,

the human HER3 -binding antibodies of the invention have further reduced antigenicity when

administered to human subjects.

The human HER3 -binding antibodies can be generated using methods that are known in the art.

For example, the humaneering technology used to converting non-human antibodies into engineered

human antibodies. U.S. Patent Publication No. 20050008625 describes an in vivo method for replacing a

nonhuman antibody variable region with a human variable region in an antibody while maintaining the

same or providing better binding characteristics compared to that of the nonhuman antibody.

In another aspect, the present invention features biparatopic, bispecific or multispecific molecules

comprising a HER3-binding antibody, or a fragment thereof, of the invention. An antibody of the

invention, or fragments thereof, can be derivatized or linked to another functional molecule, e.g., another

peptide or protein (e.g., another antibody or ligand for a receptor) to generate a bispecific molecule that

binds to at least two different binding sites or target molecules. The antibody of the invention may in fact

be derivatized or linked to more than one other functional molecule to generate biparatopic or multi-

specific molecules that bind to more than two different binding sites and/or target molecules; such

biparatopic or multi-specific molecules. To create a bispecific molecule of the invention, an antibody of

the invention can be functionally linked (e.g., by chemical coupling, genetic fusion, non-covalent

association or otherwise) to one or more other binding molecules, such as another antibody, antibody

fragment, peptide or binding mimetic, such that a bispecific molecule results.

PI3K inhibitors

PI3 kinase inhibitors can include, but are not limited to, 4-[2-(lH-Indazol-4-yl)-6-[[4-

(methylsulfonyl)piperazin-l -yl]methyl]thieno[3,2-d]pyrimidin-4-yl]morpholine (also known as GDC

094 1 and described in PCT Publication Nos. WO 09/036082 and WO 09/055730), 2-Methyl-2-[4-[3-

methyl-2-oxo-8-(quinolin-3-yl)-2,3-dihydroimidazo[4,5-c]quinolin-l-yl]phenyl]propionitrile (also known

as BEZ 235 or NVP-BEZ 235, and described in PCT Publication No. WO 06/122806), BKM120 and (S)-

Pyrrolidine- 1,2-dicarboxylic acid 2-amide 1-({4-methyl-5 -[2-(2,2,2-trifluoro- 1,1-dimethyl-ethyl)-pyridin-

4-yl]-thiazol-2-yl}-amide) (also known as BYL719).

In one example, combinations of the present invention include a PI3K inhibitor selected from the

rour consistine of a comr ound of formula (I).



wherein

wherein W is CR or N, wherein

Rw is selected from the group consisting of:

( 1 ) hydrogen,

(2) cyano,

(3) halogen,

(4) methyl,

5) trifluoromethyl,

(6) sulfonamide;

Ri is selected from the group consisting of:

( 1 ) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) substituted and unsubstituted alkyl,

(6) substituted and unsubstituted alkenyl.



(7) substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -CORia,

(13) -C0 R la,

(14) -CONR laRlb,

(15) -NRlaR lb,

(16) -NRiaCORib,

(17) -NRlaS0 R lb,

(18) -OCORia,

(21) -SORia,

(23) -S0 2NRlaRib wherein

Ria, and R¾ are independently selected from the group consisting of:

(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and



(f) substituted and unsubstituted cycloalkyl;

R2 is selected from the group consisting of:

(1) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) hydroxy,

(6) amino,

(7) substituted and unsubstituted alkyl,

(8) -COR2a, and

(9) -NR2aCOR2b, wherein

R2a, and R are independently selected from the group consisting

(a) hydrogen, and

(b) substituted or unsubstituted alkyl;

R3 is selected from the group consisting of:

(1) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) substituted and unsubstituted alkyl,

(6) substituted and unsubstituted alkenyl,

(7) substituted and unsubstituted alkynyl,



(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -COR3a,

(14) -NR3aR3b

(13) -NR3aCOR3b,

(15) -NR3aS0 R3b,

(16) -OR3a,

(17) -SR3a,

(18) -SOR3a,

(19) -S0 2R3 , wherein

R3 , and R3b are independently selected from the group consisting

(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and

(f) substituted and unsubstituted cycloalkyl; and

R is selected from the group consisting of

(1) hydrogen, and

(2) halogen.



or a pharmaceutically acceptable salt thereof.

The radicals and symbols as used in the definition of a compound of formula (I) have meanings

as disclosed in WO07/084786 which publication is hereby incorporated into the present application by

reference in its entirety.

The PI3K inhibitor compound of formula (I) may be present in the combination in the form of the

free base or a pharmaceutically acceptable salt thereof. Suitable salts of the compound of formula (I)

include but are not limited to the following: acetate, adipate, alginate, citrate, aspartate, benzoate,

benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate,

cyclopentanepropionate, dodecylsulfate, ethanesulfonate, glucoheptanoate, glycerophosphate, hemi-

sulfate, heptanoate, hexanoate, fumarate, hydrochloride, hydrobromide, hydroiodide, 2

hydroxyethanesulfonate, lactate, maleate, methanesulfonate, nicotinate, 2 naphth-alenesulfonate, oxalate,

pamoate, pectinate, persulfate, 3 phenylproionate, picrate, pivalate, propionate, succinate, sulfate, tartrate,

thiocyanate, p toluenesulfonate, and undecanoate. Also, the basic nitrogen-containing groups can be

quatemized with such agents as alkyl halides, such as methyl, ethyl, propyl, and butyl chloride, bromides,

and iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl, and diamyl sulfates, long chain halides such

as decyl, lauryl, myristyl, and stearyl chlorides, bromides and iodides, aralkyl halides like benzyl and

phenethyl bromides, and others.

Suitable salts of the compound of formula (I) further include, but are not limited to, cations based

on the alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium, magnesium,

aluminum salts and the like, as well as nontoxic ammonium, quaternary ammonium, and amine cations,

including, but not limited to ammonium, tetramethylammonium, tetraethylammonium, methylamine,

dimethylamine, trimethylamine, triethylamine, ethylamine, and the like. Other representative organic

amines useful for the formation of base addition salts include diethylamine, ethylenediamine,

ethanolamine, diethanolamine, piperazine, pyridine, picoline, triethanolamine and the like, and basic

amino acids such as arginine, lysine and ornithine.

A preferred compound of formula (I) for use in the combination of the present invention is the

PI3K inhibitor 5-(2,6-di-morpholin-4-yl-pyrimidin-4-yl)-4-trifluoromethyl-pyridin-2-ylamine (also

known as BKM120) or its hydrochloride salt. The synthesis of this compound is described in WO

2007/084786 as Example 10, the contents of which are incorporated herein by reference.

Use of the Combination and Administration



In accordance with the present invention, the combination of a HER3 antagonist and a PI3K

inhibitor may be used for the treatment of a breast cancer brain metastases in a subject in need thereof by

administering to the subject a pharmaceutical combination comprising (a) an effective amount of a

phosphatidylinositol 3-kinase, e.g., selected from the group consisting of a compound of formula (I), and

(b) an effective amount of a Her3 antagonist. Preferably, these therapeutic agents are administered at

therapeutically effective dosages which, when combined, provide a jointly beneficial effect, e.g.,

synergistic or improved anti-proliferative effect, e.g., with regard to the delay of progression of breast

cancer brain metastases or with regard to a change in tumor volume, as compared to either monotherapy.

The administration may be separate, simultaneous or sequential. In one embodiment, the breast cancer is

Her2 positive and has been determined to have one more PIK3CA mutations in exon 1, 2, 5, 7, 9 or 20

(e.g., in exon 9 E545K or exon 20 H1047R).

In one aspect, the present invention relates to a method for treating a breast cancer brain

metastases comprising administering to subject in need thereof a combination of (a) a

phosphatidylinositol 3-kinase selected from the group consisting of a compound of formula (I) or

pharmaceutically acceptable salt thereof, and (b) a Her3 antibody or fragment thereof as described above

in a quantity which is therapeutically effective against breast cancer brain metastases. In one

embodiment, the breast cancer is Her2 positive. In another embodiment, the breast cancer is Her2

positive and has been determined to have one more PIK3CA mutations, e.g., in exon 1, 2, 5, 7, 9 or 20

(e.g., in exon 9 E545K or exon 20 H1047R).

In one aspect, the present invention relates to use of the combination of (a) a phosphatidylinositol

3-kinase selected from the group consisting of a compound of formula (I) or pharmaceutically acceptable

salt thereof, and (b) a Her3 antibody or fragment thereof as described above for the preparation of a

medicament for treating a breast cancer brain metastases. In one embodiment, the breast cancer is Her2

positive. In another embodiment, the breast cancer is Her2 positive and has been determined to have one

more PIK3CA mutations, e.g., in exon 1, 2, 5, 7, 9 or 20 (e.g., in exon 9 E545K or exon 20 H1047R).

A patient having breast cancer brain metastases, may be separately, simultaneously or

sequentially administered a combination comprising (a) a phosphatidylinositol 3-kinase inhibitor selected

from the group consisting of a compound of formula (I) or pharmaceutically acceptable salt thereof, and

(b) a Her3 antagonist as described herein for the treatment of said breast cancer brain metastases in

accordance with the present invention.

The administration of a phosphatidylinositol 3-kinase inhibitor and a Her3 antagonist may result
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therapeutic agents of the combination, e.g, a synergistic therapeutic effect, e.g. with regard to alleviating,

delaying progression of or inhibiting the symptoms, but also in further surprising beneficial effects, e.g.

fewer side-effects, an improved quality of life or a decreased morbidity, compared with a monotherapy

applying only one of the pharmaceutically therapeutic agents used in the combination of the invention. In

one embodiment, the progression of brain metastases is reduced.

A further benefit is that lower doses of the therapeutic agents of phosphatidylinositol 3-kinase

inhibitor and a Her3 antagonist can be used, for example, that the dosages need not only often be smaller,

but are also applied less frequently, or can be used in order to diminish the incidence of side-effects

observed with one of the therapeutic agents alone. This is in accordance with the desires and

requirements of the patients to be treated.

It can be shown by established test models that phosphatidylinositol 3-kinase inhibitor and a Her3

antagonist results in the beneficial effects described herein before. The person skilled in the art is fully

enabled to select a relevant test model to prove such beneficial effects. The pharmacological activity of a

phosphatidylinositol 3-kinase inhibitor and a Her3 antagonist may, for example, be demonstrated in a

clinical study or in an in-vitro test procedure as essentially described hereinafter.

The optimal dosage of each therapeutic agent for treatment of breast cancer brain metastases can

be determined empirically for each individual using known methods and will depend upon a variety of

factors, including, though not limited to, the degree of advancement of the disease; the age, body weight,

general health, gender and diet of the individual; the time and route of administration; and other

medications the individual is taking. Optimal dosages may be established using routine testing and

procedures that are well known in the art.

The amount of each therapeutic agent that may be combined with the carrier materials to produce

a single dosage form will vary depending upon the individual treated and the particular mode of

administration. In some embodiments the unit dosage forms containing the combination of agents as

described herein will contain the amounts of each agent of the combination that are typically administered

when the agents are administered alone.

Frequency of dosage may vary depending on the compound used and the particular condition to

be treated. In general, the use of the minimum dosage that is sufficient to provide effective therapy is

preferred. Patients may generally be monitored for therapeutic effectiveness using assays suitable for the

condition being treated, which will be familiar to those of ordinary skill in the art.



The optimum ratios, individual and combined dosages, and concentrations of the drug compounds

that yield efficacy without toxicity are based on the kinetics of the therapeutic agents' availability to

target sites, and are determined using methods known to those of skill in the art.

Formulations of therapeutic and diagnostic agents can be prepared by mixing with

physiologically acceptable carriers, excipients, or stabilizers in the form of, e.g., lyophilized powders,

slurries, aqueous solutions, lotions, or suspensions (see, e.g., Hardman et al, (2001) Goodman and

Gilman's The Pharmacological Basis of Therapeutics, McGraw-Hill, New York, N.Y.; Gennaro (2000)

Remington: The Science and Practice of Pharmacy, Lippincott, Williams, and Wilkins, New York, N.Y.;

Avis, et al. (eds.) (1993) Pharmaceutical Dosage Forms: Parenteral Medications, Marcel Dekker, NY;

Lieberman, et al. (eds.) (1990) Pharmaceutical Dosage Forms: Tablets, Marcel Dekker, NY; Lieberman,

et al. (eds.) (1990) Pharmaceutical Dosage Forms: Disperse Systems, Marcel Dekker, NY; Weiner and

Kotkoskie (2000) Excipient Toxicity and Safety, Marcel Dekker, Inc., New York, N.Y.).

Selecting an administration regimen for a therapeutic depends on several factors, including the

serum or tissue turnover rate of the entity, the level of symptoms, the immunogenicity of the entity, and

the accessibility of the target cells in the biological matrix. In certain embodiments, an administration

regimen maximizes the amount of therapeutic delivered to the patient consistent with an acceptable level

of side effects. Accordingly, the amount of biologic delivered depends in part on the particular entity and

the severity of the condition being treated. Guidance in selecting appropriate doses of antibodies,

cytokines, and small molecules are available (see, e.g., Wawrzynczak (1996) Antibody Therapy, Bios

Scientific Pub. Ltd, Oxfordshire, UK; Kresina (ed.) (1991) Monoclonal Antibodies, Cytokines and

Arthritis, Marcel Dekker, New York, N.Y.; Bach (ed.) (1993) Monoclonal Antibodies and Peptide

Therapy in Autoimmune Diseases, Marcel Dekker, New York, N.Y.; Baert et al., (2003) New Engl. J .

Med. 348:601-608; Milgrom et al, (1999) New Engl. J . Med. 341:1966-1973; Slamon et al, (2001)New

Engl. J . Med. 344:783-792; Beniaminovitz et al, (2000) New Engl. J . Med. 342:613-619; Ghosh et al,

(2003) New Engl. J . Med. 348:24-32; Lipsky et al, (2000) New Engl. J . Med. 343:1594-1602).

Combinations comprising Her3 antibodies or fragments thereof of the invention can be provided

separately or simultaneously with the PI3K inhibitor, and the compositions comprising the antibody can

be provided by continuous infusion, or by doses at intervals of, e.g., one day, one week, or 1-7 times per

week. Doses may be provided intravenously, subcutaneously, topically, orally, nasally, rectally,

intramuscular, intracerebrally, or by inhalation. A specific dose protocol is one involving the maximal

dose or dose frequency that avoids significant undesirable side effects. A total weekly dose may be at
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least 100 µg/kg, at least 0.2 mg/kg, at least 1.0 mg/kg, at least 2.0 mg/kg, at least 10 mg/kg, at least 25

mg/kg, or at least 50 mg/kg (see, e.g., Yang et al, (2003) New Engl. J . Med. 349:427-434; Herold et al,

(2002) New Engl. J . Med. 346:1692-1698; Liu et al, (1999) J . Neurol. Neurosurg. Psych. 67:451-456;

Portielji et al, (2003) Cancer Immunol. Immunother. 52:133-144). The desired dose of antibodies or

fragments thereof is about the same as for an antibody or polypeptide, on a moles/kg body weight basis.

The desired plasma concentration of the antibodies or fragments thereof is about, on a moles/kg body

weight basis. The dose may be at least 15 µg at least 20 µg, at least 25 µg, at least 30 µg, at least 35 µg, at

least 40 µg, at least 45 µg, at least 50 µg, at least 55 µg, at least 60 µg, at least 65 µg, at least 70 µg, at

least 75 µg, at least 80 µg, at least 85 µg, at least 90 µg, at least 95 µg, or at least 100 µg . The doses

administered to a subject may number at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12, or more.

For antibodies or fragments thereof the invention, the dosage administered to a patient may be

0.0001 mg/kg to 100 mg/kg of the patient's body weight. The dosage may be between 0.0001 mg/kg and

20 mg/kg, 0.0001 mg/kg and 10 mg/kg, 0.0001 mg/kg and 5 mg/kg, 0.0001 and 2 mg/kg, 0.0001 and 1

mg/kg, 0.0001 mg/kg and 0.75 mg/kg, 0.0001 mg/kg and 0.5 mg/kg, 0.0001 mg/kg to 0.25 mg/kg, 0.0001

to 0.15 mg/kg, 0.0001 to 0.10 mg/kg, 0.001 to 0.5 mg/kg, 0.01 to 0.25 mg/kg or 0.01 to 0.10 mg/kg of the

patient's body weight. In one example, doses may be delivered based on weight, e.g., 3 mg/kg, 10 mg/kg,

15 mg/kg, 20 mg/kg, 30 mg/kg, 40, mg/kg, 50 mg/kg, 60 mg/kg, 70 mg/kg, 80 mg/kg, 90 mg/kg, 100

mg/kg or as a fixed amount, e.g., 75 mg, 150 mg, 300 mg, 500 mg, 700mg lOOOmg.

Unit dose of the antibodies or fragments thereof the invention may be 0.1 mg to 20 mg, 0.1 mg to

15 mg, 0.1 mg to 12 mg, 0.1 mg to 10 mg, 0.1 mg to 8 mg, 0.1 mg to 7 mg, 0.1 mg to 5 mg, 0.1 to 2.5 mg,

0.25 mg to 20 mg, 0.25 to 15 mg, 0.25 to 12 mg, 0.25 to 10 mg, 0.25 to 8 mg, 0.25 mg to 7 m g, 0.25 mg

to 5 mg, 0.5 mg to 2.5 mg, 1 mg to 20 mg, 1 mg to 15 mg, 1 mg to 12 mg, 1 mg to 10 mg, 1 mg to 8 mg,

1 mg to 7 mg, 1 mg to 5 mg, or 1 mg to 2.5 mg.

The dosage of the antibodies or fragments thereof the invention may achieve a serum titer of at

least 0.1 µg/ml, at least 0.5 µg/ml, at least 1 µg/ml, at least 2 µg/ml, at least 5 µg/ml, at least 6 µg/ml, at

least 10 µg/ml, at least 15 µg/ml, at least 20 µg/ml, at least 25 µg/ml, at least 50 µg/ml, at least 100

µg/ml, at least 125 µg/ml, at least 150 µg/ml, at least 175 µg/ml, at least 200 µg/ml, at least 225 µg/ml, at

least 250 µg/ml, at least 275 µg/ml, at least 300 µg/ml, at least 325 µg/ml, at least 350 µg/ml, at least 375

µg/ml, or at least 400 µg/ml in a subject. Alternatively, the dosage of the antibodies or fragments thereof

the invention may achieve a serum titer of at least 0 .1 µg/ml, at least 0.5 µg/ml, at least 1 µg/ml, at least,
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least 25 µ ηι 1, at least 50 µ ηι 1, at least 100 µ ηι 1, at least 125 µ ηι 1, at least 150 µ ηι 1, at least 175

µ /ηι ΐ , at least 200 µ ηι 1, at least 225 µ ηι 1, at least 250 µ ηι 1, at least 275 µ ηι 1, at least 300 µ ηι 1, at

least 325 µ ηι 1, at least 350 µ ηι 1, at least 375 µ ηι 1, or at least 400 µ /ηι ΐ in the subject.

Doses of antibodies or fragments thereof the invention may be repeated and the administrations

may be separated by at least 1 day, 2 days, 3 days, 5 days, 7 days, 10 days, 15 days, 2 1 days, 30 days, 45

days, 2 months, 75 days, 3 months, or at least 6 months.

In one embodiment, the Her3 antagonist of the combination is administered every 5-14 days at a

dosage of between 20mg/ml-40mg/ml. In one embodiment, the Her3 antagonist MORI 0703 of the

combination is administered every 7 days at a dosage of 20mg/ml. In one embodiment, the Her3

antagonist MORI 0703 of the combination is administered every 7 days at a dosage of 20mg/ml +/-

lOmg/ml. In one embodiment, the Her3 antagonist MORI 0703 of the combination is administered every

14 days at a dosage of 20mg/ml +/- lOmg/ml. In one embodiment, the Her3 antagonist MOR10703 of the

combination is administered every 2 1 days at a dosage of 20mg/ml +/- lOmg/ml.

The PI3K inhibitor of the combination is preferably administered daily at a dose in the range of

from about 0.001 to 1000 mg/kg body weight daily and more preferred from 1.0 to 30 mg/kg body

weight. In one embodiment, the dosage compound of formula I, is in the range of about 10 mg to about

2000 mg per person per day. In one example, 1.0 to 30 mg/kg body weight. In one preferred

embodiment, the dosage of compound of formula (I) is in the range of about 60 mg/day to about 120

mg/day, especially if the warm-blooded animal is an adult human. Preferably, the dosage of compound of

formula (I) is in the range of about 60 mg/day to about 100 mg/day for an adult human. The Compound

of formula (I) may be administered orally to an adult human once daily continuously (each day) or

intermittently (e.g, 5 out of 7 days) in a suitable dosage. For example, the phosphatidylinositol 3-kinase

inhibitor of 5-(2,6-di-morpholin-4-yl-pyrimidin-4-yl)-4-trifluoromethyl-pyridin-2-ylamine or its

hydrochloride salt is administered between 60 mg/day to about 120 mg/day, e.g., 100 mg.ml and the

dosage of MORI 0703 is administered every 5-14 days at a dosage of between 20mg/ml-40mg/ml. In

another example, the phosphatidylinositol 3-kinase inhibitor of 5-(2,6-di-morpholin-4-yl-pyrimidin-4-yl)-

4-trifluoromethyl-pyridin-2-ylamine or its hydrochloride salt is administered between 60 mg/day to about

120 mg/day, e.g., 100 mg.ml and the dosage of MOR10703 is administered every 14-30 days, e.g., 21-28

days at a dosage of between 20mg/ml-40mg/ml. In another example, the phosphatidylinositol 3-kinase

inhibitor of 5-(2,6-di-morpholin-4-yl-pyrimidin-4-yl)-4-trifluoromethyl-pyridin-2-ylamine or its

hydrochloride salt is administered between 60 mg/day to about 120 mg/day, e.g., 100 mg.ml and the



dosage of MOR10703 is administered every 7-28 days, e.g., every 2 1 days at a dosage of between

20mg/ml-40mg/ml.

An effective amount for a particular patient may vary depending on factors such as the condition

being treated, the overall health of the patient, the method route and dose of administration and the

severity of side affects (see, e.g., Maynard et al., (1996) A Handbook of SOPs for Good Clinical Practice,

Interpharm Press, Boca Raton, Fla.; Dent (2001) Good Laboratory and Good Clinical Practice, Urch

Publ., London, UK).

The route of administration of the PI3K and/or the Her3 antagonist of the combination may be by,

e.g., topical or cutaneous application, injection or infusion by intravenous, intraperitoneal, intracerebral,

intramuscular, intraocular, intraarterial, intracerebrospinal, intralesional, or by sustained release systems

or an implant (see, e.g., Sidman et al., (1983) Biopolymers 22:547-556; Langer et al., (1981) J . Biomed.

Mater. Res. 15:167-277; Langer (1982) Chem. Tech. 12:98-105; Epstein et al, (1985) Proc. Natl. Acad.

Sci. USA 82:3688-3692; Hwang et al, (1980) Proc. Natl. Acad. Sci. USA 77:4030-4034; U.S. Pat. Nos.

6,350,466 and 6,316,024). Where necessary, the composition may also include a solubilizing agent and a

local anesthetic such as lidocaine to ease pain at the site of the injection. In addition, pulmonary

administration can also be employed, e.g., by use of an inhaler or nebulizer, and formulation with an

aerosolizing agent. See, e.g., U.S. Pat. Nos. 6,019,968, 5,985,320, 5,985,309, 5,934,272, 5,874,064,

5,855,913, 5,290,540, and 4,880,078; and PCT Publication Nos. WO 92/19244, WO 97/32572, WO

97/44013, WO 98/31346, and WO 99/66903, each of which is incorporated herein by reference their

entirety.

A composition of the present invention may also be administered via one or more routes of

administration using one or more of a variety of methods known in the art. Parenteral routes of

administration may be used for example by injection or infusion. Parenteral administration may represent

modes of administration other than enteral and topical administration, usually by injection, and includes,

without limitation, intravenous, intramuscular, intraarterial, intrathecal, intracapsular, intraorbital,

intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular,

subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and infusion. Alternatively, a

composition of the invention can be administered via a non-parenteral route, such as a topical, epidermal

or mucosal route of administration, for example, intranasally, orally, vaginally, rectally, sublingually or

topically.



Methods for co-administration or treatment with a PDKinase inhibitor such as a compound of

formula (I) are known in the art (see, e.g., Hardman et al, (eds.) (2001) Goodman and Gilman's The

Pharmacological Basis of Therapeutics, lO.sup.th ed., McGraw-Hill, New York, N.Y.; Poole and Peterson

(eds.) (2001) Pharmacotherapeutics for Advanced Practice:A Practical Approach, Lippincott, Williams &

Wilkins, Phila., Pa.; Chabner and Longo (eds.) (2001) Cancer Chemotherapy and Biotherapy, Lippincott,

Williams & Wilkins, Phila., Pa.).

PI3K inhibitors can be administered in combination with the antibodies or fragments thereof

described herein and may be administered less than 5 minutes apart, less than 30 minutes apart, 1 hour

apart, at about 1 hour apart, at about 1 to about 2 hours apart, at about 2 hours to about 3 hours apart, at

about 3 hours to about 4 hours apart, at about 4 hours to about 5 hours apart, at about 5 hours to about 6

hours apart, at about 6 hours to about 7 hours apart, at about 7 hours to about 8 hours apart, at about 8

hours to about 9 hours apart, at about 9 hours to about 10 hours apart, at about 10 hours to about 11 hours

apart, at about 11 hours to about 12 hours apart, at about 12 hours to 18 hours apart, 18 hours to 24 hours

apart, 24 hours to 36 hours apart, 36 hours to 48 hours apart, 48 hours to 52 hours apart, 52 hours to 60

hours apart, 60 hours to 72 hours apart, 72 hours to 84 hours apart, 84 hours to 96 hours apart, or 96 hours

to 120 hours apart from the antibodies or fragments thereof the invention. The two or more therapies may

be administered within one same patient visit.

The HER3 antagonists and the PI3K inhibitors may be cyclically administered. Cycling therapy

involves the administration of a first therapy (e.g., a first prophylactic or therapeutic agent) for a period of

time, followed by the administration of a second therapy (e.g., a second prophylactic or therapeutic agent)

for a period of time, optionally, followed by the administration of a third therapy (e.g., prophylactic or

therapeutic agent) for a period of time and so forth, and repeating this sequential administration, i.e., the

cycle in order to reduce the development of resistance to one of the therapies, to avoid or reduce the side

effects of one of the therapies, and/or to improve the efficacy of the therapies.

In certain embodiments, the antibodies or fragments thereof the invention can be formulated to

ensure proper distribution in vivo. For example, the blood-brain barrier (BBB) excludes many highly

hydrophilic compounds. To ensure that the therapeutic compounds of the invention cross the BBB (if

desired), they can be formulated, for example, in liposomes. For methods of manufacturing liposomes,

see, e.g., U.S. Pat. Nos. 4,522,811; 5,374,548; and 5,399,331. The liposomes may comprise one or more

moieties which are selectively transported into specific cells or organs, thus enhance targeted drug

delivery (see, e.g., Ranade, (1989) J . Clin. Pharmacol. 29:685). Exemplary targeting moieties include



folate or biotin (see, e.g., U.S. Pat. No. 5,416,016 to Low et al); mannosides (Umezawa et al., (1988)

Biochem. Biophys. Res. Commun. 153:1038); antibodies (Bloeman etal, (1995) FEBS Lett. 357:140;

Owais et al., (1995) Antimicrob. Agents Chemother. 39:180); surfactant protein A receptor (Briscoe et

al, (1995) Am. J . Physiol. 1233:134); p 120 (Schreier etal, (1994) J . Biol. Chem. 269:9090); see also K .

Keinanen; M . L. Laukkanen (1994) FEBS Lett. 346:123; J . J . Killion; I . J . Fidler (1994) Immunomethods

4:273.

The invention provides for the administration of HER3 antagonists in combination with a PI3K

inhibitor. The therapies of the combination therapies of the present invention can be administered

concomitantly or sequentially to a subject. The therapy of the combination therapies of the present

invention can also be cyclically administered. Cycling therapy involves the administration of a first

therapy (e.g., a first prophylactic or therapeutic agent) for a period of time, followed by the administration

of a second therapy (e.g., a second prophylactic or therapeutic agent) for a period of time and repeating

this sequential administration, i.e., the cycle, in order to reduce the development of resistance to one of

the therapies (e.g., agents) to avoid or reduce the side effects of one of the therapies (e.g., agents), and/or

to improve, the efficacy of the therapies.

The combination therapies of HER3 antagonists with PI3K inhibitors can be administered to a

subject concurrently. The term "concurrently" is not limited to the administration of therapies (e.g.,

prophylactic or therapeutic agents) at exactly the same time, but rather it is meant that a pharmaceutical

composition comprising antibodies or fragments thereof the invention are administered to a subject in a

sequence and within a time interval such that the antibodies of the invention can act together with the

PI3K inhibitors to provide an increased benefit than if they were administered otherwise. For example,

each therapy may be administered to a subject at the same time or sequentially in any order at different

points in time; however, if not administered at the same time, they should be administered sufficiently

close in time so as to provide the desired therapeutic or prophylactic effect. Each therapy can be

administered to a subject separately, in any appropriate form and by any suitable route. In various

embodiments, the therapies (e.g., prophylactic or therapeutic agents) are administered to a subject less

than 15 minutes, less than 30 minutes, less than 1 hour apart, at about 1 hour apart, at about 1 hour to

about 2 hours apart, at about 2 hours to about 3 hours apart, at about 3 hours to about 4 hours apart, at

about 4 hours to about 5 hours apart, at about 5 hours to about 6 hours apart, at about 6 hours to about 7

hours apart, at about 7 hours to about 8 hours apart, at about 8 hours to about 9 hours apart, at about 9

hours to about 10 hours apart, at about 10 hours to about 11 hours apart, at about 11 hours to about 12

hours apart, 24 hours apart, 48 hours apart, 72 hours apart, or 1 week apart. In other embodiments, two or



more therapies (e.g., prophylactic or therapeutic agents) are administered to a within the same patient

visit.

The combination therapies can be administered to a subject in the same pharmaceutical

composition. Alternatively, the combination therapies can be administered concurrently to a subject in

separate pharmaceutical compositions. The therapeutic agents may be administered to a subject by the

same or different routes of administration.

The invention having been fully described, it is further illustrated by the following examples and

claims, which are illustrative and are not meant to be further limiting.

EXAMPLES

Example 1: Example 1: Differential response of HER2-positive breast cancer to PI3K inhibition

when growing in the MFP or brain

5-(2,6-di-morpholin-4-yl-pyrimidin-4-yl)-4-trifluoromethyl-pyridin-2-ylamine (referred to herein as

"COMPOUND A") is a potent and specific pan-Class I PI3K inhibitor with activity against breast cancer

cells bearing Z R2-amplification as well as oncogenic PI3K catalytic subunit alpha (PIK3CA) mutations.

We compared the efficacy of COMPOUND A on identical human HER2-positive breast cancer cells

growing in the MFP or in the brain parenchyma of nude mice. The three breast cancer cell lines examined

included Z R2-amplified BT474, Z R2-amplified and PIK3CA mutant (E545K) MDA-MB-361, and

PIK3CA mutant (H1047R) T-47D cell lines. While COMPOUND A led to regression of HER2- or PI3K-

driven breast tumors growing in the MFP, established brain metastatic lesions were resistant to treatment

(Fig. 1A and IB). Tumor tissue collected two hours after the final dose of COMPOUND A showed a

comparable level of p-AKT inhibition in BM compared with MFP tumors. In addition to the level of

inhibition, we observed a similar time course of p-AKT inhibition after short-term COMPOUND A

treatment in BM or MFP tumors. Furthermore, the concentration of COMPOUND A in breast tumors

growing at both sites, as well as in the plasma of these mice was identical. Taken together, these data

show that the dramatic difference in growth sensitivity to PI3K inhibition is not simply due to a

compromised pharmacokinetic/pharmacodynamic profile of COMPOUND A in brain tumors.

Example 2 : HER2-positive breast cancer cells require constant influence from the brain

microenvironment for resistance.



We began our investigation into the resistance of breast cancer BM to PI3K inhibition by asking if breast

cancer cells require constant influence from the brain microenvironment. We isolated breast cancer cells

after dissociation of a brain metastatic tumor (termed BT474-Gluc-BR). After cultured for a week in

vitro, the vast majority of viable cells were cancer cells, as identified by GFP. These "brain

microenvironment-exposed" breast cancer cells were similarly sensitive to COMPOUND A in vitro as

parental cells. This data suggests that the brain microenvironment does not induce a permanent change to

breast cancer cells, nor is there preferential growth of COMPOUND A-resistant clones in the brain.

Instead, breast cancer cells must receive continuous support from the brain microenvironment in order to

maintain resistance.

Example 3 : MFP and brain tumors have an equivalent growth rate.

We first hypothesized the brain microenvironment induces breast cancer cells to be more

proliferative, thus reducing the ability to slow their growth with targeted agents. While it takes fewer

breast cancer cells to form a tumor in the brain parenchyma compared with the MFP, once a tumor is

established the growth rate of cancer cells within the two microenvironments is identical.

Example 4 : ErbB family members are hyperphosphorylated and overexpressed in breast tumors

growing in the brain parenchyma compared to the MFP, and in human brain metastases.

We hypothesized secreted factors from the host brain parenchyma could activate receptors on the

surface of cancer cells to mediate resistance to PI3K inhibition. Therefore, we performed a phospho-

receptor protein array to investigate the difference in phosphorylation status of a number of growth factor

receptors between MFP and brain tumors. The array displayed clear hyperactivation of the ErbB family

members EGFR and HER3 in BT474-Gluc brain tumors. Western blotting confirmed increased

phosphorylated and total HER3 in both BT474-Gluc and T-47D-Gluc brain tumors, compared with their

MFP counterparts. While BT474-Gluc brain tumors display increased phosphorylated and total EGFR, T-

47D-Gluc brain tumors show much less compared to MFP tumors. MDA-MB-361-Gluc brain tumors

show increased total EGFR, but undetectable levels of phosphorylated protein, as well as a slight increase

in total, but not phosphorylated, HER3. Our findings led us to focus on HER3 as the regulator of

resistance in our breast cancer BM model. Consistent with an increase in HER3 protein, human HER3

mRNA expression is higher in BT474-Gluc tumors growing in the brain. Finally, immunohistochemical



analysis of matched human primary breast cancer and BM depicted increased HER3 protein in 63% (5 of

8) of brain metastatic lesions compare to 13% ( 1 of 8) of primary cancer.

Example 5 : Neuregulins induce resistance of breast cancer cells to PI3K inhibition and are more

expressed in the murine brain compared with MFP.

In an unbiased analysis of 220 growth factors, NRG-1 and -2 were the most potent inducers of

resistance to COMPOUND A in the three HER2-positive breast cancer cell lines tested.

Since HER3 is the major receptor for NRG, we hypothesized NRG is signaling through HER3 to

induce resistance. Therefore, we tested the ability of HER3 inhibition to overcome NRG-induced PI3K or

HER2 inhibition in vitro. To target HER3 we employed MORI 0375 an antibody that induces a

conformational change and locks HER3 in an inactive state. NRGl-induced breast cancer PI3K inhibitor

resistance was overcome through the addition of MORI 0703. These data show that the NRG-HER3 axis,

hyperactivated in COMPOUND A-resistant breast cancer BM, drive resistance of breast cancer cells to

PI3K inhibition in vitro. Together, these findings suggest that NRG, constitutively produced by the brain

microenvironment, induces HER2-positive breast cancer brain metastatic resistance to PI3K inhibition

through HER3 activation.

Example 6 : HER3 inhibition overcomes the brain microenvironment-mediated resistance of breast

tumors to PI3K or HER2 inhibition.

We tested the ability of the HER3 inhibitor MORI 0703 alone or in combination with COMPOUND A, to

slow the growth of BT474-Gluc brain tumors BM (Fig. 2A-B). MORI 0703 monotherapy did not

significantly slow the growth of breast cancer in the brain parenchyma. However, the combination of

HER3 inhibition with COMPOUND A significantly slowed the growth of breast cancer BM. The tumor

growth delay with the combination therapies led to a 2.5 or 2-fold increase in survival, compared with the

COMPOUND A monotherapy group, in BT474-Gluc or MDA-MB-361-Gluc brain tumors, respectively

(3A-B).

Conclusion: Our findings show that a pathway known to mediate resistance of extracranial HER2-

positive disease is hyperactivated a priori in the brain microenvironment, and leads to de novo resistance.

Until this report, there is to date no published data on a possible role of NRG-1 in breast cancer brain



metastases. While NRG-1 has been described as a mediator of PI3K -inhibitor resistance in breast cancer

cells growing in vitro, we describe its role within an organ in vivo where expression levels are naturally

occurring. We reveal translational evidence for NRG-1 in promoting therapy resistance of breast cancer

BM, and, furthermore, propose treatment options to overcome NRG-1 activity and improve the

therapeutic efficacy in the brain microenvironment by using a Her3 antagonist such as described herein.

The treatments of the invention can now be used to metastatic breast cancer in the brain.

Example 7 : METHODS SUMMARY

Cell Lines, Infections, and Culture. BT474, MDA-MB-361, and T-47D cells were transduced with an

expression cassette encoding Glue and GFP separated by an internal ribosomal entry site, using a

lentiviral vector. GFP-positive cells were sorted with a FACSAria cell sorter (BD Biosciences). BT474-

Gluc and T-47D-Gluc cells were maintained in RPMI 1640 supplemented with 10% (vol/vol) FBS

(Atlanta Biologies). MDA-MB-361 -Glue were maintained in DMEM/F12 supplemented with 10%

(vol/vol) FBS.

Mammary Fat Pad and Brain Metastatic Xenografts. Female nude mice (8-9 wk of age) were

ovariectomized and implanted with a 0.36-mg or 0.72-mg 17P-estradiol pellet (Innovative Research of

America) the day before implantation of tumor cells. Pellets were replaced at expiration date, either 60 or

90 days. For the mammary fat pad model, 5 x 106 BT474-Gluc cells were suspended in a 50-µΙ mixture

of PBS and Matrigel Matrix High Concentration (BD Biosciences) at a 1:1 ratio before injection. For

injection into the brain, the head of the mouse was fixed with a stereotactic apparatus and the skull over

the left hemisphere of the brain was exposed via skin incision. Using a high-speed air-turbine drill

(CH4201S; Champion Dental Products) with a burr tip size of 0.5 mm in diameter, three sides of a square

(~2.5 mm in length, each side) were drilled through the skull until a bone flap became loose. Using blunt

tweezers, the bone flap was pulled back, exposing the brain parenchyma. 100,000 cancer cells, diluted in

1 µΐ PBS, were stereotactically injected into the left frontal lobe of the mice. The bone flap was then

placed back into position in the skull and sealed using histocompatible cyanoacrylate glue, and the skin

atop the skull was sutured closed. All animal procedures were performed according to the guidelines of

the Public Health Service Policy on Human Care of Laboratory Animals and in accordance with a



protocol approved by the Institutional Animal Care and Use Committee of Massachusetts General

Hospital.

Cranial Window, Ultrasound imaging, and Tumor Volume Calculation. Cranial windows were

implanted into nude mice. To assess tumor volume, in vivo imaging was performed through a cranial

window using a small animal ultrasonography device (Vevo 2100, FujiFilm VisualSonics Inc.).

Tumor Size Monitoring and Survival Analysis. Tumor size was measured twice a week by measuring

the activity of secreted Glue in the blood. Measurement of blood Glue was performed as described

previously 53. Briefly, blood was drawn from a slight nick in a tail vein of the mouse. 13 µ of blood was

collected and mixed with 3 µ of 50 mM EDTA, and was then stored at -80 °C. Blood was transferred to

an opaque 96-well plate, and Glue activity was measured using coelenterazine (CTZ; Nanolight) as a

substrate and a plate luminometer (Centra XS LB960; Berthold Technologies). The luminometer was set

to inject 100 ϋ of 50 µg/mL CTZ in PBS automatically, and photon counts were acquired for 1 s . For

survival analysis, mice were euthanized when they lost more than 20% body weight or exhibited signs of

prolonged distress or neurological impairment.

Reagents and Treatments. COMPOUND A was administered at either 30 or 50 mg/kg once a day via

oral gavage (p.o.). MORI 0703 was administered at 25 mg/kg every two days via intraperitoneal injection

(i.p.). Both COMPOUND A and MOR10703 were obtained from Novartis. Trastuzumab (Genentech) and

pertuzumab (Genetech) were administered at 15 mg/kg once a week via i.p. Both trastuzumab and

pertuzumab were obtained from the Massachusetts General Hospital pharmacy. Neratinib was

administered at 20 mg/kg once a day via p.o., and purchased from LC laboratories. Recombinant NRGi

was obtained from R&D Systems.

COMPOUND A concentration measurement. Tumor samples were collected, weighed and lysed in

Lysing Matrix D tube (MP Biomedicals) in RIPA buffer (Cell Signaling Technologies (CST)) at fixed

weight/volume ratio. The samples were centrifuged at 13,000 rpm and 4 °C in Micro centrifuge for 10

min. Supernatant was collected from the lysate and stored at -80 °C. The COMPOUND A concentration



in tumor lysate was analyzed by LC-MS/MS at Inventiv Health Clinical Lab, Inc. It was then normalized

by tumor weight-lysis buffer ratio to yield COMPOUND A exposure (ng/mL) in tumor tissue.

Isolation of cancer cells from brain metastatic tumor tissue. Tumor tissue was minced with scissors

and a scalpel in RPMI media, and incubated in RPMI + 10% FBS + 1% penicillin/streptomycin (P/S)

with 1 mg/mL collagenase/dispase enzyme mix (Roche) at 37 °C, shaking for 1 h . Tissue was then

centrifuged at 1500 rpm for 5 m, and supernatant removed. Tissue was resuspended in RPMI + 10% FBS

+ 1% P/S, and pipetted well to dissociate clumps. Further, the mixture was pipetted through a 70 m filter

before plating. Media was refreshed the following day.

Quantitative Real Time-Polymerase Chain Reaction. RNA was extracted using the RNEasy Mini Kit

(Qiagen), using the manufacturer's protocol with optional on-column DNA digestion. cDNA was

synthesized by employing the iScript Supermix RT system (BioRad). RT-PCR reactions were performed

with the following primers: HER3, forward GCCAAGGGCCCAATCTACAA (SEQ ID NO: 380) and

reverse TGTCAGATGGGTTTTGCCGA (SEQ ID NO: 381); HER2 forward

AGCCGCGAGCACCCAAGT (SEQ ID NO: 382) and reverse TTGGTGGGCAGGTAGGTGAGTT

(SEQ ID NO: 383); GFAP forward GAGAGAAAGGTTGAATCGCTGGA (SEQ ID NO: 384) and

reverse CGGGACGCAGCGTCTGTG (SEQ ID NO: 385); Ibal forward

GTCCTTGAAGCGAATGCTGG (SEQ ID NO: 386) and reverse CATTCTCAAGATGGCAGATC

(SEQ ID NO: 387); Actin forward AGAAAATCTGGCACCACACC (SEQ ID NO: 388)and reverse

CTCCTTAATGTCACGCACG (SEQ ID NO: 389); NRG-1 forward GGTGATCGCTGCCAAAACTA

(SEQ ID NO: 390) and reverse GAGTGATGGGCTGTGGAAGT (SEQ ID NO: 391); NRG-2 forward

GGTAATCCCCAGCCTTCCTA (SEQ ID NO: 392) and reverse GGTTGATGCCCTCGATGTAG (SEQ

ID NO: 393).

Resistance analysis of secreted growth factors. A collection of cDNA constructs representing secreted

and single pass transmembrane proteins was identified (as described previously described 56) and

purchased from Invitrogen Ultimate ORF collection. (The library is maintained by DMP BioArchive.)

pCDNA-DEST40 (Invitrogen) was the plasmid vector for all clones, and all clone inserts were confirmed

by full sequencing. For this study a collection of 338 cDNA constructs, representing 220 unique secreted

and single pass transmembrane proteins, was used to identify rescued ligands in the present of each

compound treatment - each cDNA construct was reverse-transfected using HEK293T/17. After 3 days of

incubation, secreted proteins were then transferred to studied cell lines followed with the addition of



compounds for 96h incubation. CellTiter-Glo assay was then used for conducting end-point read out.

Following plate to plate normalization of the raw CTG reading for triplicates, the rescue % value for each

secreted protein was calculated using the following formula: Rescue % = [Median (drug + supe) -

Median (drug)] / [Median (DMSO) - Median (drug)]. The statistical probability score of the Rescue %

value was also calculated: p-value = Chidist [Z(drug+supef, I], where Z(drug+supe) = [Median

(drug+supe) - Median (drug)]/Std(drug+supe), where drug+ upe stands for the individual sample that

were treated with individual supernatant that was expected to contain one unique secreted protein. Data

points were then plotted using SpotFire software. Secreted proteins that had a rescue of >20% with P-

value < 0.05 were labeled in each scatter plot.

In Vitro Cell Growth Assays. The xCELLigence system (Acea Biosciences Inc.) was used to assess the

cell index of T-47D, BT474 and MDA-MB-361 cells. xCELLigence measures electrical impedance

across micro-electrodes integrated at the bottom of tissue culture E-plates to provide quantitative

information about the biological status of cells, including cell number, morphology and viability. One day

before drug addition, cells were seeded in 96-well E-plates at a density of 6000-10000 cells per well in 90

µΐ growth media. Cells were monitored every 15 m for a period of up to 24 h via the incorporated sensor

electrode arrays of the E-Plate 96. After 24 h incubation E-plates were removed, and MORI 0703 ( 100

nM) was added first and incubated for 1 h followed by NRG1 (10 ng) and/or COMPOUND A ( 1 µΜ ) .

Each treatment was tested in triplicate. Electric impedance was measured in 1 h intervals after addition of

drug until the end of the experiment. Cell index value, which is a dimensionless parameter derived as a

relative change in measured electrical impedance to represent numbers of attached cells, was calculated

from the electric impedance and plotted using the RTCA software provided by the vendor. At the end of

the experiment, cell growth and/or viability was determined by measuring cellular ATP content using the

CellTiter-Glo Luminescent Cell Viability Assay (Promega; Madison, WI) according to the manufacturer's

protocol.

Statistical Analysis. Data are expressed as the mean ± SEM unless otherwise noted. The principal

statistical test was a one-way ANOVA, and Tukey's posttest was used to compare all pairs of columns. A

t test (two-tailed with unequal variance) was used when only two variables were present in the analysis.

Significant differences in tumor growth were accomplished by determining the time it took (in days) to

reach a specific blood Glue activity. The survival curves were estimated using the Kaplan-Meier method,



and the median survival day was used when determining statistical difference. Statistical significance is

defined throughout the main text and figure legends. GraphPad Prism was used for all statistical analysis.



A pharmaceutical combination comprising (a) a compound of formula (I),

wherein

wherein W is CR or N, wherein

R is selected from the group consisting of:

( 1 ) hydrogen,

(2) cyano,

(3) halogen,

(4) methyl,

5) trifluoromethyl,

(6) sulfonamide;

Ri is selected from the group consisting of:

( 1 ) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,



(5) substituted and unsubstituted alkyl,

(6) substituted and unsubstituted alkenyl,

(7) substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -CORia,

(13) -C0 R la,

(14) -CONR laRlb,

(15) -NRlaR lb,

(16) -NRiaCORib,

(17) -NRlaS0 R lb,

(18) -OCORia,

(21) -SORia,

(23) -S0 2NRlaRib wherein

Ria, and R¾ are independently selected from the group consisting of:

(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,



(d) substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and

(f) substituted and unsubstituted cycloalkyl;

R2 is selected from the group consisting of:

(1) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) hydroxy,

(6) amino,

(7) substituted and unsubstituted alkyl,

(8) -COR2a, and

(9) -NR2aCOR2b, wherein

R2a, and R are independently selected from the group consisting

(a) hydrogen, and

(b) substituted or unsubstituted alkyl;

R3 is selected from the group consisting of:

(1) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) substituted and unsubstituted alkyl,



(6) substituted and unsubstituted alkenyl,

(7) substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -COR3a,

(14) -NR3aR3b

(13) -NR3aCOR3b,

(15) -NR3aS0 R3b,

(16) -OR3a,

(17) -SR3a,

(18) -SOR3a,

(19) -S0 2R3a, wherein

R3 , and R3b are independently selected from the group consisting

(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and

(f) substituted and unsubstituted cycloalkyl; and

R is selected from the group consisting of



(1) hydrogen, and

(2) halogen.

or a pharmaceutically acceptable salt thereof, and (b) a Her3 antagonist that recognizes a

conformational epitope of a HER3 receptor comprising amino acid residues 265-277, and 315

within domain 2 and amino acid residues 571, 582-584, 596-597, 600-602, and 609-615 within

domain 4 of the HER3 receptor of SEQ ID NO: 1, and wherein the antibody or fragment thereof

blocks both ligand-dependent and ligand-independent signal transduction, for simultaneous,

separate or sequential administration for use in the treatment of a breast cancer brain metastases.

The pharmaceutical combination according to claim 1, wherein the compound of formula (I) is 5-

(2,6-di-morpholin-4-yl-pyrimidin-4-yl)-4-trifluoromethyl-pyridin-2-ylamine, or a

pharmaceutically acceptable salt thereof.

The pharmaceutical combination according to claim 1, wherein the Her3 antagonist comprises a

heavy chain variable region comprising CDR1 of SEQ ID NO: 128; CDR2 of SEQ ID NO: 129;

and CDR3 of SEQ ID NO: 130; and a light chain variable region comprising CDR1 of SEQ ID

NO: 131; CDR2 of SEQ ID NO: 132; and CDR3 of SEQ ID NO: 133.

Use of the combination according to claim 1 for the preparation of a medicament for treating a

breast cancer brain metastases.

A method of treating a breast cancer brain metastases which comprises administering to a subject

in need thereof a quantity of a jointly therapeutically effective pharmaceutical combination

comprising (a) a compound of formula (I),



wherein

wherein W is CR or N, wherein

R is selected from the group consisting of:

( 1 ) hydrogen,

(2) cyano,

(3) halogen,

(4) methyl,

5) trifluoromethyl,

(6) sulfonamide;

Ri is selected from the group consisting of:

( 1 ) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) substituted and unsubstituted alkyl,

(6) substituted and unsubstituted alkenyl,

(7) substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -CORia,



(13) -C0 Rla,

(14) -CONRlaRlb,

(15) -NRlaR lb,

(16) -NRiaCORib,

(17) -NRlaS0 R lb,

(18) -OCORla,

(21) -SORia,

(23) -S0 2NRl Rib wherein

Ri , and R¾ are independently selected from the group consisting

(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and

(f) substituted and unsubstituted cycloalkyl;

R2 is selected from the group consisting of:

(1) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,



(5) hydroxy,

(6) amino,

(7) substituted and unsubstituted alkyl,

(8) -COR2a, and

(9) -NR2aCOR2b, wherein

R2a, and R are independently selected from the group consisting

(a) hydrogen, and

(b) substituted or unsubstituted alkyl;

R3 is selected from the group consisting of:

(1) hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) substituted and unsubstituted alkyl,

(6) substituted and unsubstituted alkenyl,

(7) substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -COR3a,

(14) -NR3aR3b



(13) -NR3aCOR3b,

(15) -NR3aS0 R3b,

(16) -OR3a,

(17) -SR3a,

(18) -SOR3a,

(19) -S0 2R3 , wherein

R3 , and R3b are independently selected from the group consisting of:

(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and

(f) substituted and unsubstituted cycloalkyl; and

R is selected from the group consisting of

(1) hydrogen, and

(2) halogen.

or a pharmaceutically acceptable salt thereof, and (b) a Her3 antagonist that recognizes a

conformational epitope of a HER3 receptor comprising amino acid residues 265-277, and 315

within domain 2 and amino acid residues 571, 582-584, 596-597, 600-602, and 609-615 within

domain 4 of the HER3 receptor of SEQ ID NO: 1.

6 . The method of claim 5, wherein the Her3 antagonist comprises a heavy chain variable region

comprising CDRl of SEQ ID NO: 128; CDR2 of SEQ ID NO: 129; and CDR3 of SEQ ID NO:

130; and a light chain variable region comprising CDRl of SEQ ID NO: 131; CDR2 of SEQ ID

NO: 132; and CDR3 of SEQ ID NO: 133.



7 . The method of claim 5, wherein the compound of formula (I) is 5-(2,6-di-morpholin-4-yl-

pyrimidin-4-yl)-4-trifluoromethyl-pyridin-2-ylamine, or a pharmaceutically acceptable salt

thereof.

8 . The method of any of claims 5-7, wherein the Her3 antagonist is administered every 7-28

days at a dosage of between 20mg/ml-40mg/ml and the compound of formula (I) or its

pharmaceutically acceptable salts administered daily at a dose in the range of from about

60 mg/day to about 120 mg/day.

9 . The method of any of claims 5-7, wherein the pharmaceutical combination is administered

simultaneously, separately or sequentially.

10. A commercial package comprising a pharmaceutical combination according to claims 1 to 3

together with instructions for the simultaneous, separate or sequential administration thereof in

the treatment of a breast cancer brain metastases.
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