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ANTI-NOTCH1 ANTIBODIES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of and priority to U.S. provisional patent
application serial numbers 61/361,312, filed July 2, 2010, and 61/497,289, filed June 15, 2011;

the entire contents of each of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The field of the invention is molecular biology, immunology and oncology. More

particularly, the field i s antibodies that bind human Notch1.

BACKGROUND

[0003] Notch pathway signaling isinvolved in numerous cellular processes, including cell
fate determination, differentiation, proliferation, apoptosis, migration and angiogenesis. In
mammals, there are four Notch proteins (sometimes called "Notch receptors"), designated
Notch1-Notch4. All four Notch proteins have asimilar domain structure, which includes an
extracellular domain, anegative regulatory (NRR) domain, a single-pass transmembrane
domain, and an intracellular domain. The extracellular domain contains a series of EGF-like
repeats that are involved in ligand binding. During maturation, the Notch polypeptide is
cleaved by afurin-like protease. This cleavage divides the Notch protein into two subunits that
are held together by the NRR. In the absence of ligand binding, the NRR domain functions to
keep the Notch protein in aprotease-resistant conformation. The intracellular domain isa
transcription factor called Notch intracellular domain (NICD), which isreleased upon
proteolytic cleavage by gamma secretase, in response to binding of the Notch protein by a
ligand. In mammals, the Notch ligands are Delta-like and Jagged. When the NICD is released,
it travels to the nucleus, where it activates transcription of the Notch-responsive genes, HESI,
HES5, NRARP, Deltex] and c-MYC. For reviews of Notch-related biology, see, e.g., Bray,
2006, NATUREREVIEWS 7:678-689; Kopan et al., 2009, CELL 137:216-233.

[0004] While Notch proteins play crucial roles in normal development, dysregulation of the

Notch proteins is associated with various types of cancer, including T-cell acute lymphatic
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leukemia/lymphoma (T-All), breast cancer, colon cancer, ovarian cancer and lung cancer. See,
e.g., Miele et al, 2006, CURRENT CANCER DRUG TARGETS 6:313-323. Accordingly, one
therapeutic approach for the treatment of cancer isinhibition of Notch pathway signaling.
Inhibition of Notch pathway signaling has been achieved using monoclonal antibodies (Wu et
al, 2010, NATURE 464:1052-1057; Aste-Amezaga et al, 2010, PLOS ONE 5:1-13 €9094).

[0005] Naturally-occurring antibodies are multimeric proteins that contain four polypeptide
chains (FIG. 1). Two of the polypeptide chains are called immunoglobulin heavy chains (H
chains), and two of the polypeptide chains are called immunoglobulin light chains (L chains).
The immunoglobulin heavy and light chains are connected by an interchain disulfide bond.

The immunoglobulin heavy chains are connected by interchain disulfide bonds. A light chain
consists of one variable region (V in FIG. 1) and one constant region (C, inFIG. 1). The
heavy chain consists of one variable region (V, in FIG. 1) and at least three constant regions

(CHi, CH, and CH5in FIG. 1). The variable regions determine the specificity of the antibody.

[0006] Each variable region contains three hypervariable regions known as
complementarity determining regions (CDRs) flanked by four relatively conserved regions
known as framework regions (FRs). The three CDRs, referred to as CDR,, CDR,, and CDR,,
contribute to the antibody binding specificity. Naturally occurring antibodies have been used
as starting material for engineered antibodies, such as chimeric antibodies and humanized

antibodies.

[0007] Thereisaneed for improved antibodies that neutralize the biological activity of
human Notch 1 and that can be used as therapeutic agents to treat human patients.

SUMMARY OF THE INVENTION

[0008] The invention isbased on the discovery of afamily of antibodies that specifically
bind human Notchi1. Antibodies disclosed herein contain Notch 1 binding sites based on the
CDRs of the anti-Notch 1 antibodies described herein. The disclosed antibodies prevent or
inhibit activation of human Notch1. They do so by inhibiting Notch 1 from binding to Notch
ligands, i.e., Jagl, Jag2, DLLI, and DLL4. The disclosed antibodies can be used to inhibit the
proliferation of tumor cells in vitro and/or in vivo. When administered to a human cancer

patient, the antibodies inhibit or reduce tumor growth in the human patient.
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[0009] These and other aspects and advantages of the invention are illustrated by the
following figures, detailed description and claims. Asused herein, "including” means without

limitation, and examples cited are non-limiting.
DESCRIPTION OF THE DRAWINGS

[0010] The invention can be more completely understood with reference to the following

drawings.

[0011] FIG. 1 (prior art) isaschematic representation of atypical naturally-occurring
antibody.

[0012] FIG. 2 isaseguence alignment showing the amino acid sequence of the complete
immunoglobulin heavy chain variable region of the antibodies designated 2G10, 2E6, 2A11

and 2D11. The amino acid sequences for each antibody are aligned against one another, and
Complementary Determining Sequences (CDR) (Kabat definition), CDR,, CDR,, and CDR,

are identified in boxes. The unboxed sequences represent framework (FR) sequences.

[0013] FIG. 3 isasequence aignment showing the CDR,, CDR,, and CDR, sequences
(Kabat definition) for each of the variable region sequences shownin FIG. 2.

[0014] FIG. 4 isaseguence alignment showing the amino acid sequence of the complete
immunoglobulin light chain variable region of antibodies 2G10, 2E6, 2A11and 2D11. The
amino acid sequences for each antibody are aligned against one another, and CDR,, CDR,, and
CDR; sequences (Kabat definition) are identified in boxes. The unboxed sequences represent
framework (FR) sequences.

[0015] FIG. 5isasequence aignment showing the CDR,, CDR,, and CDR, sequences
(Kabat definition) for each of the variable region sequences shownin FIG. 4.

[0016] FIG. 6 isahistogram summarizing results of an experiment to determine specificity
of antibody binding to human Notch1on the surface of CHO-FlpIn-Notchl cells. Antibodies
2G10, 2E6 (aso referred to herein as antibody 2E06), 2A1 1, and 2D1 1 are shown from left to
right.

[0017] FIG. 7A isahistogram summarizing results from a Notch 1-specific reporter assay
showing that antibody 2E6 (also referred to herein as antibody 2E06) inhibits Notch 1-
dependent reporter gene expression in the presence of Jagl. The Notch 1- specific (NI-specific)
control inhibitor isan anti-Notchl polyclonal antibody (AF1057, R&D Systems). The Notch2-
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specific (N2-specific) control inhibitor isan anti-Notch2 polyclonal antibody (AF1190, R&D
Systems). The Notch3- specific (N3-specific) control inhibitor isan anti-Notch3 polyclonal
antibody (AF1559, R&D Systems).

[0018] FIG. 7B isahistogram summarizing results from a Notch2- specific reporter assay
showing that antibody 2E6 does not inhibit Notch2-dependent reporter gene expression in the
presence of Jagl. The Notch 1-specific (NI -specific) control inhibitor isan anti-Notch 1
polyclonal antibody (AF1057, R&D Systems). The Notch2- specific (N2-specific) control
inhibitor is an anti-Notch2 polyclonal antibody (AF1190, R&D Systems). The Notch3- specific
(N3-specific) control inhibitor isan anti-Notch3 polyclonal antibody (AF1559, R&D Systems).

[0019] FIG. 7C isahistogram summarizing results from a Notch3- specific reporter assay
showing that antibody 2E6 does not inhibit Notch3-dependent reporter gene expression in the
presence of Jagl. The Notch 1-specific (NI -specific) control inhibitor isan anti-Notch 1
polyclonal antibody (AF1057, R&D Systems). The Notch2- specific (N2-specific) control
inhibitor is an anti-Notch2 polyclonal antibody (AF1 190, R&D Systems). The Notch3- specific
(N3-specific) control inhibitor isan anti-Notch3 polyclonal antibody (AF1559, R&D Systems).

[0020] FIG. 8A isahistogram summarizing results of Notch 1-specific reporter assays
showing that antibody 2E6 inhibits Notch 1-dependent reporter gene expression induced by the
ligands Jagl, Jag2, DLL1 and DLL4. Reporter activity in the absence of any activating ligand
(Fc + mlgG) was defined as 100% inhibition, and activity in the presence of ligand and treated
with mouse 1gG (Ligand alone + migG) was defined as 0% inhibition.

[0021] FIG. 8B isahistogram summarizing results of Notch 1-specific reporter assays
showing that antibody 2A1 1inhibits Notch 1-dependent reporter gene expression induced by
the ligands Jagl, Jag2, DLL1 and DLL4. Reporter activity in the absence of any activating
ligand (Fc + mlgG) was defined as 100% inhibition, and activity in the presence of ligand and
treated with mouse 1gG (Ligand alone + migG) was defined as 0% inhibition.

[0022] FIG. 8C isahistogram summarizing results of Notch 1-specific reporter assays
showing that antibody 2D1 1inhibits Notch 1-dependent reporter gene expression induced by
the ligands Jagl, Jag2, DLL1 and DLL4. Reporter activity in the absence of any activating
ligand (Fc + mlgG) was defined as 100% inhibition, and activity in the presence of ligand and
treated with mouse 1gG (Ligand alone + migG) was defined as 0% inhibition.
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[0023] FIG. 9A isahistogram showing the effect of DBZ (dibenzazipine; agamma
secretase inhibitor dosed at 10 pMol/kg once daily) and antibody 2E6 (dosed at 40, 100, or 150
mg/kg (abbreviated "mpk") three times per week) on thymocyte population in mice.

[0024] FIG. 9B isagraph showing mouse body weight over time, for mice treated with
DBZ or antibody 2E6. This shows that DBZ at 30 umoi/kg (A) or 10 umoi/kg (=) induces
weight loss in mice in 4 days and 17 days, respectively. By contrast, 40 mg/kg (abbreviated as
mpk) (*), 100 mg/kg (-), or 150 mg/kg (+) of antibody 2E6 does not induce weight loss in

mice (vehicle, (¢) and murine 1gG (x)).

[0025] FIG. 10 isahistogram summarizing data from an experiment to assess the effects of
antibody 2E6 on functional angiogenesis in vivo induced by bFGF, with hemoglobin content

serving as a surrogate indicator of functional angiogenesis.

[0026] FIG. 11 isahistogram summarizing data from an experiment to assess the effects of
antibody 2E6 on functional angiogenesis in vivo induced by human cancer cell lines (pancreatic
cancer (SW1990) cells, breast cancer (MDA-MB-231 cells), and human lung cancer (Calu-6)

cells), with hemoglobin content serving as a surrogate indicator of functional angiogenesis.

[0027] FIG. 12 isaschematic diagram showing the amino acid sequences of the complete
immunoglobulin heavy chain variable region of 2E6 (SEQ ID NO: 12) and the complete
humanized heavy chain variable regions denoted as Hu2E6 Hvl (SEQ ID NO: 103),
Hu2E6_Hvl T57A (SEQ ID NO: 105), HU2E6_Hv2 (SEQ ID NO: 107), and HU2E6_Hv2
T57A (SEQ ID NO: 109). The amino acid sequences for each heavy chain variable region are
aligned against one another, and Complementary Determining Sequences (CDR) (Kabat
definition), CDR,, CDR,, and CDR,_ areidentified in boxes. The unboxed sequences represent

framework (FR) sequences.

[0028] FIG. 13 isaschematic diagram showing the CDR,, CDR,, and CDR, sequences
(Kabat definition) for each of the variable region sequences shown in FIG. 12.

[0029] FIG. 14 isaschematic diagram showing the amino acid sequences of the complete
light chain variable region of 2E6 (SEQ ID NO: 14) and the complete humanized light chain
variable regions denoted as HU2E6_Kvl (SEQ ID NO: 111) and HU2E6 Kv2 (SEQ ID NO:

113). The amino acid sequences for each light chain variable region are aligned against one
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another, and CDR,, CDR,, and CDR sequences (Kabat definition) are identified in boxes. The

unboxed sequences represent framework (FR) sequences.

[0030] FIG. 15 isasequence alignment showing the CDR,, CDR,, and CDR, sequences
(Kabat definition) for each of the variable region sequences shown in FIG. 14.

[0031] Fig. 16 isagraph summarizing results from aNotch- 1 specific reporter assay
showing inhibition of DLL4-induced Notch- 1 dependent reporter gene expression by antibodies
MUu2E6 (w=), HU2E6-62 (A), A2-NRR1 (T), and amurine IgG control (-). Reporter activity in
the absence of any activating ligand (Fc + mlgG) was defined as 100% inhibition, and activity
in the presence of ligand and treated with mouse 1gG (Ligand alone + migG) was defined as
0% inhibition.

[0032] Fig. 17A isahistogram summarizing results from a Notch- 1 specific reporter assay
showing that antibody Hu2E6-62 inhibits Notch- 1 dependent reporter gene expression in the
presence of DLL4. Fig. 17B are histograms demonstrating inhibition of endogenous Notch 1-
target genes by the HU2E6-62 antibody.

[0033] Fig. 18 isahistogram showing the effect of the HU2E6-62 antibody dosed at 20
mg/kg (abbreviated "mpk") three times per week on thymocyte population in mice.

[0034] Fig. 19A isagraph showing mouse body weight over time, for mice treated with the
antibodies HU2E6-62 (=), A2-NRR1 (A) and ahuman 1gG (4)control. Fig. 19B are
photographs showing alcian blue staining of small intestine sections after treatment with
antibodies HU2E6-62, A2-NRR1 and ahuman 1gG control.

[0035] Fig. 20 isahistogram summarizing data from an experiment to assess the effects of
antibody HU2E6-62 on functional angiogenesis in vivo induced by bFGF, with hemoglobin

content serving as a surrogate indicator for functional angiogenesis.

[0036] Fig. 21 isahistogram summarizing data from an experiment to assess the effects of
antibody HU2E6-62 on functional angiogenesis in vivo induced by the human lung cancer cell
line Calu-6, with hemoglobin content serving as a surrogate indicator of functional

angiogenesis.
DETAILED DESCRIPTION

[0037] The antibodies of the invention are based on the antigen binding sites of certain

monoclonal antibodies that have been selected on the basis of binding and neutralizing the
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activity of human Notch1. The antibodies contain immunoglobulin variable region CDR
sequences that define abinding site for human Notch1.

[0038] Because of the neutralizing activity of these antibodies, they are useful for inhibiting
the growth and/or proliferation of certain cancer cells and tumors. The antibodies can be
engineered to minimize or eliminate an immune response when administered to a human

patient. Various features and aspects of the invention are discussed in more detail below.

[0039] Asused herein, unless otherwise indicated, the term "antibody” means an intact
antibody (e.g., an intact monoclona antibody) or antigen-binding fragment of an antibody (e.g.,
an antigen-binding fragment of amonoclonal antibody), including an intact antibody or
antigen-binding fragment that has been modified, engineered or chemically conjugated.
Examples of antibodies that have been modified or engineered are chimeric antibodies,
humanized antibodies, and multispecific antibodies (e.g., bispecific antibodies). Examples of
antigen-binding fragments include Fab, Fab', F(ab’) ,, Fv, single chain antibodies (eg., scFv),
minibodies, and diabodies. An antibody conjugated to atoxin moiety is an example of a
chemically conjugated antibody.

I. Antibodies that Bind Human Notchl

[0040] Asdisclosed herein, the antibodies may comprise: (a) an immunoglobulin heavy
chain variable region comprising the structure CDRHI-CDRH ,-CDRH3 and (b) an

immunoglobulin light chain variable region comprising the structure CDR | -CDR | ,-CDR | 5,
wherein the heavy chain variable region and the light chain variable region together define a

single binding site for binding human Notchl.

[0041] In some embodiments, the antibody comprises: (a) an immunoglobulin heavy chain
variable region comprising the structure CDR ,i-CDR ;,-CDR ;3 and (b) an immunoglobulin
light chain variable region, wherein the heavy chain variable region and the light chain variable
region together define a single binding site for binding human Notchl. A CDRHI comprises an
amino acid sequence selected from the group consisting of SEQ ID NO: 5 (2G10), SEQ ID
NO: 38 (2G10), SEQ ID NO: 15 (2E6), SEQ ID NO: 40 (2E6), SEQ ID NO: 25 (2A11), SEQ
ID NO: 42 (2A11), SEQ ID NO: 32 (2D11), and SEQ ID NO: 44 (2D11); aCDR ,,, comprises
an amino acid sequence selected from the group consisting SEQ ID NO: 6 (2G10), SEQ ID
NO: 16 (2E6), SEQ ID NO: 26 (2A11), SEQ ID NO: 33 (2D11), SEQ ID NO: 94

(HU2E6_Hvl T57A), SEQ ID NO: 95 (Hu2E6_Hv2), and SEQ ID NO: 96 (HU2E6 Hv2
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T57A); and a CDRH 5 comprises an amino acid sequence selected from the group consisting of
SEQ ID NO: 7 (2G10), SEQ ID NO: 17 (2E6), SEQ ID NO: 27 (2A11), and SEQ ID NO: 34
(2D11). Throughout the specification aparticular SEQ ID NO. isfollowed in parentheses by
the antibody that was the origin of that sequence. For example, "SEQ ID NO: 5 (2G10)"
means that SEQ ID NO: 5 comes from antibody 2G10.

[0042] In some embodiments, the antibody comprises an immunoglobulin heavy chain
variable region comprising aCDR,,i comprising the amino acid sequence of SEQ ID NO: 5
(2G10) or SEQ ID NO: 38 (2G10), aCDR,,, comprising the amino acid sequence of SEQ ID
NO: 6 (2G10), and aCDR,,, comprising the amino acid sequence of SEQ ID NO: 7 (2G10).

[0043] In some embodiments, the antibody comprises an immunoglobulin heavy chain
variable region comprising aCDR i comprising the amino acid sequence of SEQ ID NO: 15
(2E6) or SEQ ID NO: 40 (2E6), aCDR ,, comprising the amino acid sequence of SEQ ID NO:
16 (2E6), and a CDRH ;comprising the amino acid sequence of SEQ ID NO: 17 (2E6).

[0044] In some embodiments, the antibody comprises an immunoglobulin heavy chain
variable region comprising aCDR,,i comprising the amino acid sequence of SEQ ID NO: 25
(2A11) or SEQ ID NO: 42 (2A11), aCDR,,, comprising the amino acid sequence of SEQ 1D
NO: 26 (2A1l1), and aCDR,,comprising the amino acid sequence of SEQ ID NO: 27 (2A11).

[0045] In some embodiments, the antibody comprises an immunoglobulin heavy chain
variable region comprising aCDR,,i comprising the amino acid sequence of SEQ ID NO: 32
(2D11) or SEQ ID NO: 44 (2D11), aCDR,,, comprising the amino acid sequence of SEQ 1D
NO: 33 (2D11), and aCDR,,comprising the amino acid sequence of SEQ ID NO: 34 (2D11).

[0046] In some embodiments, the antibody comprises an immunoglobulin heavy chain
variable region comprising aCDR,,i comprising the amino acid sequence of SEQ ID NO: 15
(2E6), aCDR,,, comprising the amino acid sequence of SEQ ID NO: 94 (HU2E6_Hvl T57A),
SEQ ID NO: 95 (HU2E6_Hv2), or SEQ ID NO: 96 (Hu2E6_Hv2 T57A), and aCDR,,,
comprising the amino acid sequence of SEQ ID NO: 17 (2E6).

[0047] In some embodiments, the antibody comprises an immunoglobulin heavy chain
variable region comprising aCDR i comprising the amino acid sequence of SEQ ID NO: 15
(2E6), aCDR ,, comprising the amino acid sequence of SEQ ID NO: 94 (Hu2E6_Hvl T57A),
and a CDRH 5 comprising the amino acid sequence of SEQ ID NO: 17 (2EG6).



10

15

20

25

30

WO 2012/003472 PCT/US2011/042843

-9.

[0048] Preferably, the CDR 1, CDR ,, and CDR 5 sequences are interposed between
human or humanized immunoglobulin FRs. The antibody can be an intact antibody or an
antigen-binding antibody fragment.

[0049] In other embodiments, the antibody comprises (a) an immunoglobulin light chain
variable region comprising the structure CDR | I-CDR | ,-CDR | 5, and (b) an immunoglobulin
heavy chain variable region, wherein the 1gG light chain variable region and the 1gG heavy
chain variable region together define a single binding site for binding human Notch1. A

CDR | , comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 8
(2G10), SEQ ID NO: 18 (2E6, 2A11), SEQ ID NO: 35 (2D11), and SEQ ID NO: 99
(HU2E6_Kvl, HUu2E6_Kv2); aCDR , comprises an amino acid sequence selected from the
group consisting of SEQ ID NO: 9 (2G10), SEQ ID NO: 19 (2E6, 2A11), SEQ ID NO: 36
(2D11), SEQ ID NO: 100 (Hu2E6_Kvl), and SEQ ID NO: 101 (Hu2E6_Kv2); and aCDR |,
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 10
(2G10), SEQ ID NO: 20 (2E6, 2A11), and SEQ ID NO: 37 (2D11).

[0050] In one embodiment, the antibody comprises an immunoglobulin light chain variable
region comprising a CDR | ; comprising the amino acid sequence of SEQ ID NO: 8 (2G10); a
CDR 1, comprising the amino acid sequence of SEQ ID NO: 9 (2G10); and aCDR |4
comprising the amino acid sequence of SEQ ID NO: 10 (2G10).

[0051] In one embodiment, the antibody comprises an immunoglobulin light chain variable
region comprising a CDR | ; comprising the amino acid sequence of SEQ ID NO: 18 (2ES6,
2A11); aCDR , comprising the amino acid sequence of SEQ ID NO: 19 (2E6, 2A11); and a
CDR  ;comprising the amino acid sequence of SEQ ID NO: 20 (2E6, 2A11).

[0052] In one embodiment, the antibody comprises an immunoglobulin light chain variable
region comprising a CDR | ; comprising the amino acid sequence of SEQ ID NO: 35 (2D11); a
CDR 1, comprising the amino acid sequence of SEQ 1D NO: 36 (2D11); and aCDR |,
comprising the amino acid sequence of SEQ ID NO: 37 (2D11).

[0053] In one embodiment, the antibody comprises an immunoglobulin light chain variable
region comprising a CDR | ; comprising the amino acid sequence of SEQ ID NO: 99
(HU2E6_Kvl, Hu2E6_Kv2), aCDR |, comprising the amino acid sequence of SEQ ID NO:
100 (Hu2E6_Kvl) or SEQ ID NO: 101 (Hu2E6_Kv2), and aCDR | ; comprising the amino
acid sequence of SEQ ID NO: 20 (2E6).
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[0054] In one embodiment, the antibody comprises an immunoglobulin light chain variable
region comprising aCDR , comprising the amino acid sequence of SEQ 1D NO: 99
(HU2E6_Kvl, HUu2E6_Kv2), aCDR,, comprising the amino acid sequence of SEQ ID NO:
100 (Hu2E6_Kvl), and aCDR , comprising the amino acid sequence of SEQ 1D NO: 20
(2E6).

[0055] In one embodiment, the antibody comprises an immunoglobulin light chain variable
region comprising aCDR, , comprising the amino acid sequence of SEQ 1D NO: 99
(HU2E6_Kvl, Hu2E6_Kv2), aCDR, , comprising the amino acid sequence of SEQ ID NO:
101 (HU2E6_Kv2), and aCDR 5 comprising the amino acid sequence of SEQ 1D NO: 20
(2E6).

[0056]  Preferably, the CDR ., CDR
human or humanized immunoglobulin FRs. The antibody can be an intact antibody or an

and CDR, , sequences are interposed between

L1’ L2’

antigen-binding antibody fragment.

[0057] In some embodiments, the antibody comprises: (a) an immunoglobulin heavy chain
variable region comprising the structure CDR ,,i-CDR ,,-CDR ;5 and (b) an immunoglobulin
light chain variable region comprising the structure CDR | ;-CDR | ,-CDR | 5, Wherein the heavy
chain variable region and the light chain variable region together define a single binding site for
binding human Notch1. The CDR 41 isan amino acid sequence selected from the group
consisting of SEQ ID NO: 5 (2G10), SEQ ID NO: 38 (2G10), SEQ ID NO: 15 (2E6), SEQ ID
NO: 40 (2E6), SEQ ID NO: 25 (2A11), SEQ ID NO: 42 (2A11), SEQ ID NO: 32 (2D11), and
SEQ ID NO: 44 (2D11); the CDR , is an amino acid sequence selected from the group
consisting SEQ 1D NO: 6 (2G10), SEQ ID NO: 16 (2E6), SEQ ID NO: 26 (2A11), SEQ ID
NO: 33 (2D11), SEQ ID NO: 94 (Hu2E6_Hvl T57A), SEQ ID NO: 95 (HU2E6_Hv2), and
SEQ ID NO: 96 (Hu2E6_Hv2 T57A); and the CDR ;5 isan amino acid sequence selected from
the group consisting of SEQ ID NO: 7 (2G10), SEQ ID NO: 17 (2E6), SEQ ID NO: 27 (2A11),
and SEQ ID NO: 34 (2D11). The CDR I isan amino acid sequence selected from the group
consisting of SEQ 1D NO: 8 (2G10), SEQ ID NO: 18 (2E6, 2A11), SEQ ID NO: 35 (2D11),
and SEQ ID NO: 99 (Hu2E6_Kvl, Hu2E6_Kv2); the CDR |, isan amino acid sequence
selected from the group consisting of SEQ ID NO:9 (2G10), SEQ ID NO: 19 (2E6, 2A11),
SEQ ID NO: 36 (2D11), SEQ ID NO: 100 (Hu2E6_Kvl), and SEQ ID NO: 101
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(HU2E6_Kv2); andthe CDR . isan amino acid sequence selected from the group consisting of
SEQ ID NO: 10 (2G10), SEQ ID NO: 20 (2E6, 2A11), and SEQ ID NO: 37 (2D11).

[0058] In some embodiments, the antibody comprises an immunoglobulin heavy chain
variable region selected from the group consisting of SEQ ID NO: 2 (2G10), SEQ ID NO: 12
(2E6), SEQ ID NO: 22 (2A11), SEQ ID NO: 29 (2D11), SEQ ID NO: 103 (Hu2E6_Hvl),

SEQ ID NO: 105 (Hu2E6_Hvl T57A), SEQ ID NO: 107 (Hu2E6_Hv2), and SEQ ID NO:

109 (Hu2E6_Hv2 T57A), and an immunoglobulin light chain variable region selected from the
group consisting of SEQ ID NO: 4 (2G10), SEQ ID NO: 14 (2E6), SEQ ID NO: 24 (2A11),
SEQ ID NO: 31 (2D11), SEQ ID NO: 111 (Hu2E6_Kvl), and SEQ ID NO: 113
(HU2E6_Kv2).

[0059] In another embodiment, the antibody comprises an immunoglobulin heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 2 (2G10), and an
immunoglobulin light chain variable region comprising the amino acid sequence of SEQ ID
NO: 4 (2G10).

[0060] In another embodiment, the antibody comprises an immunoglobulin heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 12 (2E6), and an
immunoglobulin light chain variable region comprising the amino acid sequence of SEQ ID
NO: 14 (2E6).

[0061] In another embodiment, the antibody comprises an immunoglobulin heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 22 (2A11), and an
immunoglobulin light chain variable region comprising the amino acid sequence of SEQ ID
NO: 24 (2A11).

[0062] In another embodiment, the antibody comprises an immunoglobulin heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 29 (2D11), and an
immunoglobulin light chain variable region comprising the amino acid sequence of SEQ ID
NO: 31 (2D11).

[0063] In another embodiment, the antibody comprises an immunoglobulin heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 105 (HU2E6_Hvl T57A),
and an immunoglobulin light chain variable region comprising the amino acid sequence of SEQ
ID NO: 111 (Hu2E6_Kvl).
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[0064] In another embodiment, the antibody comprises an immunoglobulin heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 105 (HU2E6 _Hvl T57A),
and an immunoglobulin light chain variable region comprising the amino acid sequence of SEQ
ID NO: 113 (Hu2E6_KVv2).

[0065] In other embodiments, the antibody comprises (i) an immunoglobulin heavy chain
selected from the group consisting of SEQ ID NO: 69 (2G10), SEQ ID NO: 73 (2E6), SEQ ID
NO: 77 (2A11), SEQ ID NO: 81 (2D11), SEQ ID NO: 120 (2E6 Chimeric Heavy 1gGl), SEQ
ID NO: 124 (Hu2E6_Hvl 1gGl), SEQ ID NO: 126 (Hu2E6_Hvl T57A 1gGl), SEQ ID NO:
128 (HU2E6_Hv2 1gGl), and SEQ ID NO: 130 (HU2E6_Hv2 T57A 1gGl), and (ii) an
immunoglobulin light chain selected from the group consisting of SEQ ID NO: 71 (2G10),
SEQ ID NO: 75 (2E6), SEQ ID NO: 79 (2A11), SEQ ID NO: 83 (2D11), SEQ ID NO: 122
(2E6 Chimeric Kappa), SEQ ID NO: 132 (Hu2E6_Kvl Kappa), and SEQ ID NO: 134
(HU2E6_Kv2 Kappa).

[0066] In another embodiment, the antibody comprises an immunoglobulin heavy chain
comprising the amino acid sequence of SEQ ID NO: 69 (2G10), and an immunoglobulin light
chain comprising the amino acid sequence of SEQ ID NO: 71 (2G10).

[0067] In some embodiments, the antibody comprises an immunoglobulin heavy chain
comprising the amino acid sequence of SEQ ID NO: 73 (2E6), and an immunoglobulin light
chain comprising the amino acid sequence of SEQ ID NO: 75 (2E6).

[0068] In some embodiments, the antibody comprises an immunoglobulin heavy chain
comprising the amino acid sequence of SEQ ID NO: 77 (2A11), and an immunoglobulin light
chain comprising the amino acid sequence of SEQ ID NO: 79 (2A11).

[0069] In some embodiments, the antibody comprises an immunoglobulin heavy chain
comprising the amino acid sequence of SEQ ID NO: 81 (2D11), and an immunoglobulin light
chain comprising the amino acid sequence of SEQ ID NO: 83 (2D11).

[0070] In some embodiments, the antibody comprises an immunoglobulin heavy chain
comprising the amino acid sequence of SEQ ID NO: 126 (Hu2E6 Hvl T57A IgGl), and an
immunoglobulin light chain comprising the amino acid sequence of SEQ ID NO: 132
(Hu2E6_Kvl Kappa).
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[0071] In some embodiments, the antibody comprises an immunoglobulin heavy chain
comprising the amino acid sequence of SEQ ID NO: 126 (HU2E6_Hvl T57A 1gGl), and an
immunoglobulin light chain comprising the amino acid sequence of SEQ ID NO: 134
(HU2E6_Kv2 Kappa).

[0072] In certain embodiments, an isolated antibody comprises an immunoglobulin heavy
chain variable region comprising an amino acid sequence that is at least 80%, 85%, 90%, 95%,
98%, or 99% identical to the entire variable region or the framework region sequence of SEQ
ID NO: 2 (2G10), SEQ ID NO: 12 (2E6), SEQ ID NO: 22 (2A11), SEQ ID NO: 29 (2D11),
SEQ ID NO: 103 (Hu2E6_Hvl), SEQ ID NO: 105 (Hu2E6_Hvl T57A), SEQ ID NO: 107
(HU2E6_Hv2), or SEQ ID NO: 109 (HU2E6_Hv2 T57A).

[0073] In certain embodiments, an isolated antibody comprises an immunoglobulin light
chain variable region comprising an amino acid sequence that is at least 80%, 85%, 90%, 95%,
98%, or 99% identical to the entire variable region or the framework region sequence of SEQ
ID NO: 4 (2G10), SEQ ID NO: 14 (2E6), SEQ ID NO: 24 (2A11), SEQ ID NO: 31 (2D11),
SEQ ID NO: 111 (Hu2E6_Kvl), or SEQ ID NO: 113 (HU2E6 _Kv2).

[0074] Homology or identity may be determined in various ways that are within the skill in
the art, for instance, using publicly available computer software such asBLAST, BLAST-2,
ALIGN or Megalign (DNASTAR) software. BLAST (Basic Local Alignment Search Tool)
analysis using the algorithm employed by the programs blastp, blastn, blastx, tblastn and tblastx
(Karlin et al, (1990) PROC. NATL. ACAD. SCI. USA 87, 2264-2268; Altschul, (1993) J.MOL.
EVOL. 36, 290-300; Altschul et al, (1997) NUCLEIC ACIDSRES. 25, 3389-3402, incorporated by
reference) are tailored for sequence similarity searching. The approach used by the BLAST
program isto first consider similar segments between a query sequence and a database
sequence, then to evaluate the statistical significance of al matches that are identified and
finally to summarize only those matches which satisfy apreselected threshold of significance.
For adiscussion of basic issues in similarity searching of sequence databases see Altschul et

al, (1994) NATUREGENETICS 6, 119- 129 which isfully incorporated by reference. Those
skilled in the art can determine appropriate parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over the full length of the sequences being
compared. The search parameters for histogram, descriptions, alignments, expect (i.e., the

statistical significance threshold for reporting matches against database sequences), cutoff,
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matrix and filter are at the default settings. The default scoring matrix used by blastp, blastx,
tblastn, and tblastx isthe BLOSUMG62 matrix (Henikoff et al, (1992) PROC. NATL.ACAD. SCI.
USA 89, 10915-10919, fully incorporated by reference). Four blastn parameters may be
adjusted as follows: Q=10 (gap creation penalty); R=10 (gap extension penalty); wink=I
(generates word hits at every wink.sup.th position along the query); and gapw=16 (sets the
window width within which gapped alignments are generated). The equivalent Blastp
parameter settings may be Q=9; R=2; wink=l; and gapw=32. Searches may also be conducted
using the NCBI (National Center for Biotechnology Information) BLAST Advanced Option
parameter (e.g.: -G, Cost to open gap [Integer]: default = 5for nucleotides/ 11for proteins; -E,
Cost to extend gap [Integer]: default = 2 for nucleotides/ 1for proteins; -g, Penalty for
nucleotide mismatch [Integer]: default = -3; -r, reward for nucleotide match [Integer]: default =
1; -e, expect value [Red]: default = 10; -W, wordsize [Integer]: default = 11for nucleotides/ 28
for megablast/ 3 for proteins; -y, Dropoff (X) for blast extensions in bits: default = 20 for
blastn/ 7 for others; -X, X dropoff value for gapped alignment (in bits): default = 15 for al
programs, not applicable to blastn; and -Z, final X dropoff value for gapped alignment (in bits):
50 for blastn, 25 for others). ClustalW for pairwise protein aignments may also be used
(default parameters may include, e.g., Blosum62 matrix and Gap Opening Penalty = 10 and
Gap Extension Penalty = 0.1). A Bestfit comparison between sequences, available in the GCG
package version 10.0, uses DNA parameters GAP=50 (gap creation penalty) and LEN=3 (gap
extension penalty) and the equivalent settings in protein comparisons are GAP=8 and LEN=2.

[0075] In each of the foregoing embodiments, it is contemplated herein that
immunoglobulin heavy chain variable region sequences and/or light chain variable region
sequences that together bind human Notchl may contain amino acid aterations (e.g., a least 1,
2,3,4,5,0r 10 amino acid substitutions, deletions, or additions) in the framework regions of

the heavy and/or light chain variable regions.

[0076] In certain embodiments, an isolated antibody binds human Notchl with aKp of 100
nM, 50 nM, 20 nM, 15 nM, 12 nM, 10 nM, 9 nM, 8 nM, 7 nM, 6 nM, 5nM, 4 nM, 3 nM, 2
nM, 1nM or lower. Unless otherwise specified, K values are determined by surface plasmon

resonance methods under the conditions described in Examples 3 and 14.

[0077] Antibody HU2E6-62 binds human Notchl with aKy of 10 nM, 9nM, 8nM, 7 nM, 5

nM, 4 nM, 2 nM, 1nM or lower as measured by surface plasmon resonance methods under the
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conditions described in Examples 3 and 14. In an exemplary embodiment, antibody HU2E6-62
binds human Notch 1with aK of 8 nM or lower as measured by surface plasmon resonance
methods at 37°C under the conditions described in Examples 3 and 14.

[0078] Antibody HU2E6-74 binds human Notchl with aK of 10 nM, 9nM, 8nM, 7 nM, 5
nM, 4 nM, 2nM, 1nM or lower as measured by surface plasmon resonance methods under the
conditions described in Examples 3 and 14. In an exemplary embodiment, antibody HU2E6-74
binds human Notchl with aK of 8 nM or lower as measured by surface plasmon resonance
methods at 37°C under the conditions described in Examples 3 and 14.

Il1. Antibody Production

[0079] Methods for producing antibodies of the invention are known in the art. For
example, DNA molecules encoding light chain variable regions and/or heavy chain variable
regions can be chemically synthesized using the sequence information provided herein.
Synthetic DNA molecules can be ligated to other appropriate nucleotide sequences, including,
e.g., constant region coding sequences, and expression control sequences, to produce
conventional gene expression constructs encoding the desired antibody. Production of defined
gene constructs iswithin routine skill in the art. Alternatively, the sequences provided herein
can be cloned out of hybridomas by conventional hybridization techniques or polymerase chain
reaction (PCR) techniques, using synthetic nucleic acid probes whose sequences are based on
sequence information provided herein, or prior art sequence information regarding genes

encoding the heavy and light chains of murine antibodies in hybridoma cells.

[0080] Nucleic acids encoding desired antibodies can be incorporated (ligated) into
expression vectors, which can be introduced into host cells through conventional transfection or
transformation techniques. Exemplary host cells are E. coli cells, Chinese hamster ovary
(CHO) cells, HelLa cells, baby hamster kidney (BHK) cells, monkey kidney cells (COS),
human hepatocellular carcinoma cells (e.g., Hep G2), and myeloma cells that do not otherwise
produce IgG protein. Transformed host cells can be grown under conditions that permit the
host cells to express the genes that encode the immunoglobulin light and/or heavy chain

variable regions.

[0081] Specific expression and purification conditions will vary depending upon the
expression system employed. For example, if ageneisto be expressed in E. coli, it isfirst

cloned into an expression vector by positioning the engineered gene downstream from a
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suitable bacterial promoter, eg., Trp or Tac, and aprokaryotic signal sequence. The expressed
secreted protein accumulates in refractile or inclusion bodies, and can be harvested after
disruption of the cells by French press or sonication. The refractile bodies then are solubilized,

and the proteins refolded and cleaved by methods known in the art.

[0082] If the engineered gene isto be expressed in eukayotic host cells, eg., CHO cells, it
isfirst inserted into an expression vector containing a suitable eukaryotic promoter, a secretion
signal, 1gG enhancers, and various introns. This expression vector optionally contains
sequences encoding all or part of a constant region, enabling an entire, or apart of, aheavy or
light chain to be expressed. The gene construct can be introduced into eukaryotic host cells
using conventional techniques. The host cells express v L or vV H fragments, VL-VH
heterodimers, VH-V or VL-VH single chain polypeptides, complete heavy or light
immunoglobulin chains, or portions thereof, each of which may be attached to amoiety having
another function (e.g., cytotoxicity). In some embodiments, ahost cell istransfected with a
single vector expressing a polypeptide expressing an entire, or part of, aheavy chain (eg., a
heavy chain variable region) or alight chain (eg., alight chain variable region). In other
embodiments, ahost cell istransfected with a single vector encoding (a) apolypeptide
comprising aheavy chain variable region and apolypeptide comprising alight chain variable
region, or (b) an entire immunoglobulin heavy chain and an entire immunoglobulin light chain.
In still other embodiments, ahost cell is co-transfected with more than one expression vector
(e.g., one expression vector encoding a polypeptide comprising an entire, or part of, aheavy
chain or heavy chain variable region, and another expression vector encoding apolypeptide

comprising an entire, or part of, alight chain or light chain variable region).

[0083] A polypeptide comprising an immunoglobulin heavy chain variable region or light
chain variable region can be produced by growing ahost cell transfected with an expression
vector encoding such variable region, under conditions that permit expression of the
polypeptide. Following expression, the polypeptide can be harvested and purified using
techniques well known in the art, e.g.,, affinity tags such as glutathione-S-transferase (GST) and
histidine tags.

[0084] A monoclona antibody that binds human Notch 1, or an antigen-binding fragment of
the antibody, can be produced by growing ahost cell transfected with: (a) an expression vector

that encodes a complete or partial immunoglobulin heavy chain, and a separate expression
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vector that encodes a complete or partial immunoglobulin light chain; or (b) a single expression
vector that encodes both chains (e.g., complete or partial heavy and light chains), under
conditions that permit expression of both chains. The intact antibody (or antigen-binding
fragment of the antibody) can be harvested and purified using techniques well known in the art,
eg., Protein A, Protein G, affinity tags such as glutathione-S-transferase (GST) and histidine
tags. Itiswithin ordinary skill in the art to express the heavy chain and the light chain from a

single expression vector or from two Separate expression Vectors.

I11. Antibody M odifications

[0085] Methods for reducing or eliminating the antigenicity of antibodies and antibody
fragments are known in the art. When the antibodies are to be administered to a human, the
antibodies preferably are "humanized" to reduce or eliminate antigenicity in humans.
Preferably, the humanized antibodies have the same, or substantially the same, affinity for the

antigen as the non-humanized mouse antibody from which it was derived.

[0086] In one humanization approach, chimeric proteins are created in which mouse
immunoglobulin constant regions are replaced with human immunoglobulin constant regions.
See, e.g., Morrison et al, 1984, PROC. NAT. ACAD. SCI. 81:685 1-6855, Neuberger et al, 1984,
NATURE 312:604-608; U.S. Patent Nos. 6,893,625 (Robinson); 5,500,362 (Robinson); and
4,8 16,567 (Cabilly).

[0087] In an approach known as CDR grafting, the CDRs of the light and heavy chain
variable regions are grafted into frameworks from another species. For example, murine CDRs
can be grafted into human FRs. In some embodiments of the invention, the CDRs of the light
and heavy chain variable regions of an anti-Notch 1 antibody are grafted into human FRs or
consensus human FRs. To create consensus human FRs, FRs from several human heavy chain
or light chain amino acid sequences are aligned to identify aconsensus amino acid sequence.
CDR grafting isdescribed in U.S. Patent Nos. 7,022,500 (Queen); 6,982,321 (Winter);
6,180,370 (Queen); 6,054,297 (Carter); 5,693,762 (Queen); 5,859,205 (Adair); 5,693,76 1
(Queen); 5,565,332 (Hoogenboom); 5,585,089 (Queen); 5,530, 101 (Queen); Jones et al. (1986)
NATURE 321 : 522-525; Riechmann et al. (1988) NATURE 332: 323-327, Verhoeyen et al.
(1988) SCIENCE 239: 1534- 1536; and Winter (1998) FEBS LETT 430: 92-94.

[0088] In an approach caled "SUPERHUMANIZATION™," human CDR sequences are

chosen from human germline genes, based on the structural similarity of the human CDRs to
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those of the mouse antibody to be humanized. See, e.g., U.S. Patent No. 6,881,557 (Foote);
and Tan et al., 2002, J. IMMUNOL 169:1119-1125.

[0089] Other methods to reduce immunogenicity include "reshaping,”

"hyperchimerization,” and "veneering/resurfacing.”" See, e.g., Vaswami et a/.,1998, ANNALS OF
ALLERGY,ASTHMA, & IMMUNOL. 81:105; Roguska €t al., 1996, PROT. ENGINEER 9:895-904;
and U.S. Patent No. 6,072,035 (Hardman). In the veneering/resurfacing approach, the surface
accessible amino acid residues in the murine antibody are replaced by amino acid residues
more frequently found at the same positions in ahuman antibody. This type of antibody
resurfacing isdescribed, e.g., in U.S. Patent No. 5,639,641 (Pedersen).

[0090] Another approach for converting amouse antibody into aform suitable for medical
use in humans isknown as ACTIVMAB™ technology (Vaccinex, Inc., Rochester, NY), which
involves avaccinia virus-based vector to express antibodies in mammalian cells. High levels
of combinatorial diversity of 1gG heavy and light chains are said to be produced. See, e.g.,
U.S. Patent Nos. 6,706,477 (Zauderer); 6,800,442 (Zauderer); and 6,872,518 (Zauderer).

[0091] Another approach for converting amouse antibody into aform suitable for use in
humans istechnology practiced commercially by KaloBios Pharmaceuticals, Inc. (Palo Alto,
CA). This technology involves the use of aproprietary human "acceptor” library to produce an

"epitope focused" library for antibody selection.

[0092] Another approach for modifying a mouse antibody into aform suitable for medical
use in humans isHUMAN ENGINEERING™ technology, which ispracticed commercially by
XOMA (US) LLC. See, eg., PCT Publication No. WO 93/11794 and U.S. Patent Nos.
5,766,886 (Studnicka); 5,770,196 (Studnicka); 5,821,123 (Studnicka); and 5,869,619
(Studnicka).

[0093] Any suitable approach, including any of the above approaches, can be used to

reduce or eliminate human immunogenicity of an antibody of the invention.

[0094] The antibody can be conjugated to an effector moiety such as a small molecule toxin
or aradionuclide using standard in vitro conjugation chemistries. |f the effector moiety isa
polypeptide, the antibody can be chemically conjugated to the effector orjoined to the effector

as afusion protein. Construction of fusion proteins iswithin ordinary skill in the art.
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1V. Use of Antibodies

[0095] Antibodies disclosed herein can be used to treat various forms of cancer, e.g., breast,
ovarian, prostate, cervical, colorectal, lung, pancreatic, gastric, and head and neck cancers. The
cancer cells are exposed to atherapeutically effective amount of the antibody so asto inhibit or
reduce proliferation of the cancer cells. In some embodiments, the antibodies inhibit cancer
cell proliferation by at least 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, 99% or 100%.

[0096] In some embodiments, the disclosed antibodies (e.g., 2E6, 2G10, 2A11, 2D11,
Hu2E6) may inhibit or reduce proliferation of atumor cell by inhibiting binding of human
Notchl to aligand, eg., Jagl, Jag2, DLL1, and DLL4. The antibodies (e.g., 2E6, 2G10, 2A11,
2D1 1, HU2E6) can also be used in therapy. The disclosed antibodies (e.g., 2E6, 2G10, 2A11,
2D1 1, HU2E6) can be used in amethod to inhibit tumor growth in amammal (e.g., ahuman
patient). The method comprises administering to the mammal atherapeutically effective

amount of the antibody.

[0097] In certain embodiments, antibody HU2E6-62 isused in therapy. For example,
antibody HU2E6-62 can be used for inhibiting or reducing proliferation of atumor cell.
Antibody HU2E6-62 can aso be used for inhibiting or reducing tumor growth in amammal.

[0098] In other embodiments, antibody HU2E6-74 isused in therapy. For example,
antibody HU2E6-74 can be used for inhibiting or reducing proliferation of atumor cell.
Antibody HU2E6-74 can aso be used for inhibiting or reducing tumor growth in amammal.

[0099] Cancers associated with Notchl overexpression and/or activation include breast
cancer, ovarian cancer, prostate cancer, cervical cancer, lung cancer, brain cancers (e.g.,
glioblastoma, astrocytoma, neuroblastoma), melanomas, gastrointestinal cancers (e.g.,
colorectal, pancreatic, and gastric), head and neck cancer, and hematopoietic cell cancers, (e.g.,
multiple myeloma, leukemia, e.g., precursor T acute lymphoblastic leukemia (T-ALL),
precursor B acute lymphaoblastic leukemia (B-ALL) and B-cell chronic lymphoblastic leukemia
(B-CLL)).

[00100] Asused herein, "treat", "treating" and "treatment” mean the treatment of a disease
inamammal, eg., inahuman. Thisincludes: (@) inhibiting the disease, i.e., arresting its
development; and (b) relieving the disease, i.e., causing regression of the disease state; and (c)

curing the disease.
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[00101] Generaly, atherapeuticaly effective amount of active component isin the range of
0.1 mg/kg to 100 mg/kg, e.g., 1 mg/kg to 100 mg/kg, 1 mg/kg to 10 mg/kg. The amount
administered will depend on variables such asthe type and extent of disease or indication to be
treated, the overall health of the patient, the in vivo potency of the antibody, the pharmaceutical
formulation, and the route of administration. The initial dosage can be increased beyond the
upper level in order to rapidly achieve the desired blood-level or tissue-level. Alternatively, the
initial dosage can be smaller than the optimum, and the daily dosage may be progressively
increased during the course of treatment. Human dosage can be optimized, e.g., in a
conventional Phase | dose escalation study designed to run from 0.5 mg/kg to 20 mg/kg.
Dosing frequency can vary, depending on factors such as route of administration, dosage
amount and the disease being treated. Exemplary dosing frequencies are once per day, once
per week and once every two weeks. A preferred route of administration is parenteral, e.g.,
intravenous infusion. Formulation of monoclonal antibody-based drugs iswithin ordinary skill
in the art. In some embodiments, amonoclonal antibody islyophilized and reconstituted in
buffered saline at the time of administration.

[00102]  For therapeutic use, an antibody preferably is combined with a pharmaceutically
acceptable carrier. Asused herein, "pharmaceutically acceptable carrier” means buffers,
carriers, and excipients suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with areasonable benefit/risk ratio. The carrier(s) should be "acceptable" in the
sense of being compatible with the other ingredients of the formulations and not deleterious to
the recipient. Pharmaceutically acceptable carriers include buffers, solvents, dispersion media,
coatings, isotonic and absorption delaying agents, and the like, that are compatible with
pharmaceutical administration. The use of such media and agents for pharmaceuticaly active

substances is known in the art.

[00103] Pharmaceutical compositions containing antibodies disclosed herein can be
presented in adosage unit form and can be prepared by any suitable method. A pharmaceutical
composition should be formulated to be compatible with its intended route of administration.
Examples of routes of administration are intravenous (1V), intradermal, inhalation, transdermal,
topical, transmucosal, and rectal administration. A preferred route of administration for
monoclonal antibodies is 1V infusion. Useful formulations can be prepared by methods well

known in the pharmaceutical art. For example, see Remington's Pharmaceutical Sciences, 18th
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ed. (Mack Publishing Company, 1990). Formulation components suitable for parenteral
administration include a sterile diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agents such asbenzyl acohol or methyl parabens; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as EDTA; buffers such as acetates, citrates or phosphates; and

agents for the adjustment of tonicity such as sodium chloride or dextrose.

[0100] For intravenous administration, suitable carriers include physiological saline,
bacteriostatic water, Cremophor ELTM (BASF, Parsippany, NJ) or phosphate buffered saline
(PBS). The carrier should be stable under the conditions of manufacture and storage, and
should be preserved against microorganisms. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene

glycol, and liquid polyetheylene glycol), and suitable mixtures thereof.

[0101] Pharmaceutical formulations preferably are sterile. Sterilization can be
accomplished by any suitable method, e.g., filtration through sterile filtration membranes.
Where the composition islyophilized, filter sterilization can be conducted prior to or following

lyophilization and reconstitution.
EXAMPLES

[0102] The following Examples are merely illustrative and are not intended to limit the

scope or content of the invention in any way.
Example 1: Production of Anti-hNotchl Monoclonal Antibodies

[0103] Immunizations, fusions, and primary screens were conducted at Maine
Biotechnology Services Inc. following the Repetitive Immunization Multiple Sites (RIMMYS)
protocol. Five AJmice and five Balb/c mice were immunized with aconcatemeric protein
containing 4 repeats of amino acids 413-488 of human Notchl linked by two non-Notchl

amino acids, i.e., alanine and glycine (AG linker) or glutamine and phenylalanine (QF linker).
Subsequent boosts alternated between concatemers containing the AG linker and the QF linker.
Two AJmice and 2 Balb/c mice having sera displaying high binding to immunogen by Enzyme
Linked Immunosorbent Assay (ELISA) were chosen for subsequent fusion. Spleens and
lymph nodes from the selected mice were harvested. B cells were harvested and fused with a

myeloma line. Fusion products from AJ mice and Balb/c mice were serially diluted in forty 96-
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well plates to near clonality. A total of 10,560 supernatants from the cell fusions were screened
for binding to human Notchl on the surface of CHO cells, using aMesoscale
electrochemiluminescence assay (MSD). Three hundred supernatants that bound human

Notchl in this assay were identified from each of the AJ and Balb/c fusions. These 600 fusion
products were further characterized by in vitro biochemical and cell-based assays, as discussed
below. A panel of hybridomas was selected, the hybridomas were subcloned, and monoclonal
hybridomas were expanded. Hybridoma cell lines were transferred to BioXCell (West
Lebanon, NH) for antibody expression and purification by affinity chromatography on Protein

G resin under standard conditions.
Example 2: Antibody Sequence Analysis

[0104] The light chain isotype and heavy chain isotype of each monoclonal antibody in
Example 1was determined using the 1soStrip™ Mouse Monoclonal Antibody |sotyping Kit
according to the kit vendor's instructions (Roche Applied Science, Indianapolis, IN). All
antibodies were found to be kappa light chain and 1gGl or 1gG2b heavy chain.

[0105] The heavy and light chain variable regions of the mouse monoclonal antibodies
were sequenced using 5' RACE (Rapid Amplification of cDNA Ends). Tota RNA was
extracted from each monoclonal hybridoma cell line using the RNeasy® Miniprep kit according
to the vendor's instructions (Qiagen, Vaencia, CA). Full-length first strand cDNA containing
5' ends was generated using either the GeneRacer™ Kit (Invitrogen, Carlsbad, California) or
SMARTer™ RACE cDNA Amplification Kit (Clontech, Mountain View, CA) according to the

kit vendor's instructions, using random primers for 5 RACE.

[0106] The variable regions of the kappa and heavy (IgGlor 1gG2b) chains were amplified
by PCR, using KOD Hot Start Polymerase (EMD Chemicals, Gibbstown, NJ), Expand High
Fidelity PCR System (Roche Applied Science), or Advantage 2 Polymerase Mix (Clontech,
Mountain View, CA) according to the vendor's instructions. For amplification of 5 cDNA
ends in conjunction with the GeneRacer™ Kit, the GeneRacer™ 5' Primer, 5'
cgactggagcacgaggacactga 3' (SEQ ID NO: 84) (Invitrogen) was used asa5' primer. For
amplification of 5' cDNA ends in conjunction with the SMARTer™ RACE cDNA
Amplification Kit, the Universal Primer Mix A primer (Clontech), amix of
5'CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 3 (SEQID
NO: 85) and 5' CTAATACGACTCACTATAGGGC 3' (SEQ ID NO: 86), was used asab'
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primer. Heavy chain variable regions were amplified using the above 5' primers and a3' 1gGl
constant region specific primer, either 5 TATGCAAGGCTTACAACCACA 3' (SEQ ID NO:
87) or 5 GCCAGTGGATAGACAGATGGGGGTGTCG 3' (SEQ ID NO: 88). 1gG2b
seguences were amplified with 5° GGCCAGTGGATAGACTGATGGGGGTGTTGT 3' (SEQ
ID NO: 89). Kappa chain variable regions were amplified with the above 5' primers and a 3'
kappa constant region specific primer, either 5' CTCATTCCTGTTGAAGCTCTTGACAAT 3
(SEQ ID NO: 90) or 5 CGACTGAGGCACCTCCAGATGTT 3' (SEQ ID NO: 91).

[0107]
using the Qiaquick® Gel Purification kit, according to the kit vendor's instructions (Qiagen).
The PCR products were subsequently cloned into the pCR®4Blunt plasmid or pCR2. | ®TOPO
plasmid using the Zero Blunt® TOPO® PCR Cloning Kit or the TOPO® TA Cloning Kit,

respectively, according to the kit vendor's instructions (Invitrogen) and transformed into DH5-

Individual PCR products were isolated by agarose gel electrophoresis and purified

a bacteria (Invitrogen), using standard molecular biology techniques. Plasmid DNA isolated
from transformed bacteria clones was sequenced using M | 3 Forward
(5GTAAAACGACGGCCAGT 3) (SEQ ID NO: 92) and M13 Reverse primers (5'
CAGGAAACAGCTATGACC 3) (SEQ ID NO: 93) by Beckman Genomics (Danvers, MA),
using standard dideoxy DNA sequencing methods to identify the sequence of the variable
region sequences. The sequences were analyzed using Vector NTI software (Invitrogen) and
the IMGT/V-Quest web server (imgt.cines.fr) to identify and confirm variable region

sequences.

[0108] The nucleic acid sequences encoding and the protein sequences defining variable
regions of the murine monoclonal antibodies are summarized below (amino terminal signal
peptide sequences are not shown). CDR sequences (Kabat definition) are shownin

bold/underlined in the amino acid sequences.

[0109]
ID NO: 1)

Nucleic Acid Sequence of Heavy Chain Variable Region of Antibody 2G10 (SEQ

1

61
121
181
241
301

gat gt gcagc
tcctgtactg
ccagagaagg
gcagacacaa
ct gcaaat ga

gggt acttcg

t ggt ggagt ¢
cctctggatt
ggct ggagt g
t gaagggeeg
cgagt ct aag
at gt ct gggg

t gggggagt c
cactttcagt

ggt cgcat ac
attcaccatc
gt ct gaggac
cgcagggacc

ttagtgcagc
agctttggaa
attagtagtg
t ccagagaca
acggccat at
acggt caccg

ct ggagggtc

t gcact gggt
gcagt aaaac

at cccaagaa
attactgtgc
tctcctca

ccggaaact c
t cgt caggct
cat ct act at
caccctgttc
aagat cct ac
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Protein Sequence of Heavy Chain Variable Region of Antibody 2G10 (SEQ ID NO:

2)

1

dvqgl vesggv

| vqpggsr k

61 adtmkgrfti srdnpkntlf

[0111]

sctasgftfs sfgmhwrqa pekgl eway_ 1SSQsKtiyy
tai yycarsy_ Qyf dvwgagt

| gnt sl rsed

tvtvss

Nucleic Acid Sequence Encoding Kappa Chain Variable Region of Antibody 2G10

(SEQ ID NO: 3)

1

61
121
181
241
301

[0112]

gacatt gt ga
gt cacctgca
ggacaatctc
cgcttcacag
gaagact t gg
gt caccaagc

t gacccagtc
aggccagt ca
ct aaagt gct
gcagt ggat ¢
cagagtattt
t ggaaat caa

tcaaaaattc
gaat gt gggt
gatttactcg
t gggacagat
ct gt cagcaa
a

at gt ccacat
act aat gt gg
gcat cct acc
ttcactctca
t acgacagct

cagt aggaga
cctggtatca
ggt acagt gg
ccat cgccaa
at cct cggac

cagggt cagc
acagaaacca
agt ccct gat
t gt gcagt ct
gttcggt gga

Protein Sequence of Kappa Chain Variable Region of Antibody 2G10 (SEQ ID NO:

4)

1

[0113]

di vt gsqkf

mst svgdrvs vickasgnvg tnvawyqgkp ggspkvliys asyrysgvpd
61 rftgsgsgtd ftltianvgs edlaeyfcqcj ydsyprt fgg vtkleik

Nucleic Acid Sequence Encoding Heavy Chain Variable Region of Antibody 2E6

(SEQ ID NO: 11)

gaggt t cagc
t cct gcaagg
cct ggacagg
aat cagaagt
at ggcact ca
tacaactttg

t ccagcagtc
cttctggcta
gt ct ggaat g
t caagggcaa
gcagcct aac

act act gggg

t ggggct gag
cacctttacc
gat t ggcgct
ggccaagctg
aaat gaggac
ccaaggcacc

ct ggcaagac
agct act gga
gtttatccta
actgctgtca
t ct gcggt ct
act ct cacag

ctggggcttc

t gcact gggt
gaaacaat ga

cat ccgccag
attactgtct
tctcctca

agt gaagat g
aaaacagagg
tactacttac
cact gcct ac
ttattttaac

Protein Sequence of Heavy Chain Variable Region of Antibody 2E6 (SEQ ID NO:

1 evgl ggsgae | arpgasvkm sckasgytft sywrhwkqgr pgqglemﬁgg_vygrnndﬂy
tavtsastay nalssltned savyyclyf ynf dy wyqgt

61 NgKfkg kak

1

61

121

181

241

301
[0114]

12)

[0115]

tltvss

Nucleic Acid Sequence Encoding Kappa Chain Variable Region of Antibody 2E6

(SEQ ID NO: 13)

1

61
121
181
241
301

caaattgttc
at gacct gca
tcctccccca
ttcagt ggca
gat gct gcca
accaagct gg

tcacccagtc
gt gccagctc
gact cct gat
gt gggt ct gg
cttattactg
aaat aaaa

tccagcaatc
aagt gt aagt
ttat gacaca
gacctcttac
ccagcagt gg

atgtctgett
t acat gcact
t ccaacct gg
tctctcacaa
agt agttacc

ct ccagggga
ggt accagca
cttct ggagt
t cat ccgaat
cgtacacgtt

gaaggt cacc
gaagccagga
ccct gt gcac
ggaggct gaa
€ggagggggg
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14)

1

61 fsgsgsgtsy sltiirmeae daatyycqgw_ ssypyt

[0117]

gi vl tgspa

nsaspgekvt

nt csasssvs

Protein Sequence of Kappa Chain Variable Region of Antibody 2E6 (SEQ ID NO:

ymhwyqgkpg ssprlliydt snl asgvpvh
fgagq tkleik

Nucleic Acid Sequence Encoding Heavy Chain Variable Region of Antibody 2A11

(SEQ ID NO: 21)

1
61
121
181
241
301
361

caggtt cagc
t cct gcaagg
cct ggaaagg
aat gggaaat
at gcaact ca
t ccat ct act
acagt ct cct

t gcagcagt c
cttctggcta
gtcttgagtg
t caagggcaa
gcagcct gac
at ggt aacca
ca

t ggacct gag
tgcat t cagt
gat t ggacgg
ggccacactg
at ct gaggac
cggggact ac

ct ggt gaagc
agct cct gga
atttatcctg
act gcagaca
t ct gcggt ct
tttgactact

ct ggggcectc
t gaact gggt
gagat ggaga
aat cctccag
acttctgtgc

ggggccaagg

agt gaagat t
gaagcagagg
tact aact ac
cacagcct ac
aagat cgggc
caccactctc

Protein Sequence Defining Heavy Chain Variable Region of Antibody 2A1 1 (SEQ

[0118]
ID NO: 22)
1 gvgl qgsgpe
61 ngkfkgkatl
121 tvss
[0119]

| vkpgasvk
t adkssst ay

sckasgyafs sswmwkgr pgkgl ewi gr iypgdgdtny

ngyl ssl t sed

savyfcarsg_

si yygnhgdy

fdy wgqqttl

Nucleic Acid Sequence Encoding Kappa Chain Variable Region of Antibody 2A1 1

(SEQ ID NO: 23)

1
61
121
181
241
301

[0120]

caaattgttc
at gacct gca
tcctccccca
ttcagt ggca
gat gct gcca
accaagct gg

tcacccagtc
gt gccagctc
gact cct gat
gt gggt ct gg
cttattactg
aaat aaaa

tccagcaatc
aagt gt aagt
ttat gacaca
gacctcttac
ccagcagt gg

atgtctgcett
t acat gcact
t ccaacct gg
tctctcacaa
agt agttacc

ct ccagggga
ggt accagca
cttctggagt
t cat ccgaat
cgtacacgtt

24)

1

gi vl tgspa

nsaspgekvt

gaaggt cacc
gaagccagga
ccct gt gcac
ggaggct gaa
€ggagggggg

Protein Sequence of Kappa Chain Variable Region of Antibody 2A1 1 (SEQ ID NO:

mt csasssvs ynhwyqgkpg ssprlliydt snl asgvpvh

61 fsgsgsgtsy sltiirneae daatyycqgqw ssypyt fggg tkleik

[0121]

Nucleic Acid Sequence Encoding Heavy Chain Variable Region of Antibody 2D1 1

(SEQ ID NO: 28)

1
61
121
181
241
301

gaggt t cagc
t cct gcaagg
cct ggacagg
aat cagaagt
at ggagct ca
gattaccttg

t ccagcagtc
cttctggcta
gt ct ggaat g
t caagggcaa
gcagcct aac

act act gggg

t ggggct gag
cacctttacc
gat t ggcgct
ggccaaactg
aaat gaggac
ccaaggcacc

ct ggcaagac
aggt act gga
atttatcctg
act gcagtca
t ct gcggt ct
act ct cacag

ctggggcttc
t gcact gggt
gaaat agt ga
cat ccgccag
attact gt at
tctcctca

agt gaagat g
aaaacagagg
tactacctac
cact gcct ac
at acccct at
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[0122] Protein Sequence Defining Heavy Chain Variable Region of Antibody 2D1 1 (SEQ
ID NO: 29)

1 evqgl qgsgae | arpgasvkm sckasgytft rywmhwvkagr pgqgl ewi ga iypgnsdtty
61 ngkfkgkakl tavtsastay nelssltned savyyciypy dyldywgqgt tltvss

[0123] Nucleic Acid Sequence Encoding Kappa Chain Variable Region of Antibody 2D1 1
(SEQ ID NO: 30)

1 caaattgttc tcacccagtc tccagcaatc atgtctgcat ctccagggga gaaggtcacc
61 atgacctgca gtgccagctc aagtttaagt tacatgcact ggtaccagca gaagccaggce
121 acctccccca aaagatgggt ttatgacaca tccaaactgg cttctggagt ccctgetcge
181 ttcagtggca gtgggtctgg gacctcttat tctctcacaa tcagcagcat ggaggctgaa
241 gatgctgcca cttattactg ccatcagcgg agtagttacc cgtacacgtt cggagggggg
301 accaagctgg aaat aaaa

[0124] Protein Sequence Defining Kappa Chain Variable Region of Antibody 2D1 1 (SEQ
ID NO: 31)

1 givltgspai nsaspgekvt mtcsasssls ymhwyqgkpg tspkrwydt sklasgvpar
61 fsgsgsgtsy sltissnmeae daatyychgr ssypyt fggg tkleik

[0125] The amino acid sequences defining the immunoglobulin heavy chain variable
regions for the antibodies in Example 1are aligned in FIG. 2. Amino terminal signal peptide
sequences (for proper expression/secretion) are not shown. CDR,, CDR,, and CDR; (Kabat
definition) are identified by boxes. FIG. 3 shows an alignment of the separate CDR,, CDR,,
and CDR sequences for each antibody.

[0126] The amino acid sequences defining the immunoglobulin light chain variable regions
for the antibodies in Example 1are aligned in FIG. 4. Amino termina signal peptide
sequences (for proper expression/secretion) are not shown. CDR,, CDR, and CDR; are
identified by boxes. FIG. 5 shows an alignment of the separate CDR,, CDR,, and CDR,

sequences for each antibody.

[0127] Table 1 shows the SEQ ID NO. of each sequence discussed in this Example.
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Tablel

1 2G10 Heavy Chain Variable Region—nucleic acid

2 2G10 Heavy Chain Variable Region—protein

3 2G10 Light (kappa) Chain Variable Region—nucleic acid
4 2G10 Light (kappa) Chain Variable Region—protein

5 2G10 Heavy Chain CDR;

6 2G10 Heavy Chain CDR,

7 2G10 Heavy Chain CDR;

8 2G10 Light (kappa) Chain CDR;

9 2G10 Light (kappa) Chain CDR,

10 2G10 Light (kappa) Chain CDR3

11 2E6 Heavy Chain Variable Region—nucleic acid

12 2E6 Heavy Chain Variable Region—protein

13 2E6 Light (kappa) Chain Variable Region—nucleic acid
14 2E6 Light (kappa) Chain Variable Region—protein

15 2E6 Heavy Chain CDR;

16 2E6 Heavy Chain CDR,

17 2E6 Heavy Chain CDR3

18 2E6 Light (kappa) Chain CDR;

19 2E6 Light (kappa) Chain CDR,
20 2E6 Light (kappa) Chain CDR3
21 2A11 Heavy Chain Variable Region—nucleic acid
22 2A11 Heavy Chain Variable Region—protein
23 2A11 Light (kappa) Chain Variable Region—nucleic acid
24 2A11 Light (kappa) Chain Variable Region—protein

25 2A11 Heavy Chain CDR;

26 2A11 Heavy Chain CDR,

27 2A11 Heavy Chain CDR3

18 2A11 Light (kappa) Chain CDR,

19 2A11 Light (kappa) Chain CDR,

20 2A11 Light (kappa) Chain CDR;

28 2D11 Heavy Chain Variable Region—nucleic acid

29 2D11 Heavy Chain Variable Region—protein

30 2D11 Light (kappa) Chain Variable Region—nucleic acid
31 2D11 Light (kappa) Chain Variable Region—protein

32 2D11 Heavy Chain CDR;

33 2D11 Heavy Chain CDR»

34 2D11 Heavy Chain CDR;

35 2D11 Light (kappa) Chain CDR;

36 2D11 Light (kappa) Chain CDR,

37 2D11 Light (kappa) Chain CDR;
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Mouse monoclonal antibody heavy chain CDR sequences (Kabat, Chothia, and

IMGT definitions) are shown in Table 2.

Table 2

SFGMH YISSGSKTIYYADTMKG SYGYFDV

2G10 (SEQ ID NO: 5) (SEQ ID NO: 6) (SEQOID NO: 7
SYWMH AVYPRNNDTTYNQKFKG | FNYNFDY

2E6 (SEO ID NO: 15) (SEQ ID NO: 16) | (SEQ ID NO: 17)
SSWMN RIYPGDGDTNYNGKFKG SGSIYYGNHGDYFDY

2A11 (SEQ ID NO: 25) | (SEQ ID NO: 26) | (SEQ ID NO: 27)
RYWMH ATYPGNSDTTYNQKFKG PYDYLDY

2D11 (SEO ID NO: 32) (SEO ID NO: 33) (SEQ ID NO: 34)

2G10 (SEQID NO: 38) | (SEQ ID NO: 39) | (SEQ ID NO: 7)
GYTFTSY YPRNNDT FNYNFDY

2E6 (SEQ ID NO: 40) (SEQ ID NO: 41) (SEOQ ID NO: 17)
GYAFSSS YPGDGDT SGSIYYGNHGDYFDY

2A11 (SEO ID NO: 42) (SEQ ID NO: 43) | (SEQ ID NO: 27)
GYTFTRY YPGNSDT PYDYLDY

2D11 (SEO ID NO: 44) (SEQ ID NO: 45) | (SEQ ID NO: 34)

GFTFSSFG ISSGSKTI ARSYGYFDV

2G10 (SEQ ID NO: 46) (SEQ ID NO: 47) (SEQ ID NO: 48)
GYTFTSYW VYPRNNDT LYENYNFDY

2E6 (SEQID NO:49) | (SEQ ID NO: 50 | (SEQ ID NO: 51)
GYAFSSSW IYPGDGDT ARSGSIYYGNHGDYFDY

2A11 (SEQ ID NO: 52) (SEQ ID NO: 53) (SEQ ID NO: 54)
GYTFTRYW IYPGNSDT IYPYDYLDY

2D11 (SEQID NO: 55) | (SEQ ID NO: 56) | (SEQ ID NO: 57)

[0129] Mouse monoclonal antibody Kappa light chain CDR sequences (Kabat, Chothia,

and IMGT definitions) are shown in Table 3.
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KASQNVGTNVA SASYRYS QQYDSYPRT
2G10 (SEQ ID NO: 8) (SEQ ID NO: 9) | (SEQ ID NO: 10)
SASSSVSYMH DTSNLAS QQWSSYPYT
2E6 (SEQ ID NO: 18) (SEQ ID NO: 19) | (SEQ ID NO: 20)
SASSSVSYMH DTSNLAS QQWSSYPYT
2A11 (SEQ ID NO: 18) (SEQ ID NO: 19) | (SEQ ID NO: 20)
SASSSLSYMH DTSKLAS HQRSSYPYT
2D11 (SEQ ID NO: 35) (SEQ ID NO: 36) | (SEQ ID NO: 37)

QNVGTN SAS QQYDSYPRT
2G10 (SEQ ID NO: 58) (SEQ ID NO: 10)
SSVSY DTS QOWSSYPYT
2E6 (SEQ ID NO: 59) (SEQ ID NO: 20)
SSVSY DTS QOWSSYPYT
2A11 (SEQ ID NO: 60) (SEQ ID NO: 20)
SSLSY DTS HQRSSYPYT
2D11 (SEQ ID NO: 61) (SEQ ID NO: 37)
[0130] To create the complete heavy or kappa chain antibody sequences, each variable

sequence above is combined with its respective constant region. For example, acomplete

heavy chain comprises aheavy variable sequence followed by the murine 1IgGl or IgG2b heavy

chain constant sequence, and a complete kappa chain comprises akappa variable sequence

followed by the murine kappa light chain constant sequence.

Nucleic Acid Sequence Encoding Murine IgGl Heavy Chain Constant Region (SEQ

[0131]
ID NO: 62)
1
61

121
181
241
301
361
421
481
541
601
661
721
781

gccaaaacga
t ccat ggt ga
t ggaactctg
ctctacactc
acct gcaacg
gattgtggtt
cccccaaagc
gt agacat ca
gt gcacacag
agt gaacttc
aacagt gcag
aaggct ccac
agt ct gacct
aat gggcagc

cacccccatc
ccctgggatg
gatccctgtc
t gagcagct c
ttgcccaccc
gt aagccttg
ccaaggat gt
gcaaggat ga
ct cagacgca
ccat cat gca
ctttccctge
aggt gt acac
gcat gat aac
cagcggagaa

tgtctatcca
cct ggt caag
cagcggtgtg
agt gactgtc
ggccagcagc
cat at gt aca
gct caccatt
tcccgaggtc
accccgggag
ccaggact gg
ccccat cgag
cattccacct
agacttcttc
ct acaagaac

ctggcccctg
ggctatttcc
cacaccttcc
ccctccagcea
accaaggt gg
gt cccagaag
actctgactc
cagtt cagct
gagcagttca
ct caat ggca
aaaaccat ct
cccaaggagc
cct gaagaca
act cagccca

gat ct gct gc
ct gagccagt
cagct gt cct
cct ggcccag
acaagaaaat
tat catct gt
ct aaggt cac
ggtttgtaga
acagcacttt
aggagt t caa
ccaaaaccaa
agat ggccaa
ttactgtgga
t cat ggacac

ccaaact aac
gacagt gacc
gcagt ct gac
cgagaccgtc
t gt gcccagg
cttcatcttc
gtgtgttgtg
t gat gt ggag
ccgctcagtc
at gcagggt c
aggcagaccg
ggat aaagt c
gt ggcagt gg
agat ggct ct
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gggaggcagg

aaatactttc

901 acctgctctg tgttacatga gggcctgcac aaccaccata ctgagaagag cctctcccac
961 tctcctggta aa

[0132]

Protein Sequence of Murine IgGl Heavy Chain Constant Region (SEQ ID NO: 63)

1

61
121
181
241
301

[ 0133]

aktt ppsvyp
| ytlsssvtv
ppkpkdvl ti

| apgsaaqt n
psstwpset v
tltpkvtcvy

sel pi mhgdw | ngkef kcrv

sltcm tdff
tcsvl hegl h

pedi t vewgw
nhht eksl sh

smvt | gcl vk
t cnvahpass
vdi skddpev
nsaaf papi e
nggpaenykn
spgk

gyf pepvt vt
t kvdkki vpr

wnsgsl ssgv
dcgckpci ct

ht f pavl gsd
vpevssvf i f

gf swf vddve vhtaqtqpre eqf nstfrsv
ktisktkgrp kapqvytipp pkeqmakdkv
t gpi ndt dgs yfvyskl nvg ksnweagntf

Nucleic Acid Sequence Encoding Murine 1gG2b Heavy Chain Constant Region

(SEQ ID NO: 64)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

[ 0134]

gccaaaacaa
tcctcegtga
tggaactctg
ctctacacta
acct gcagcg
gggcccat tt
cctaacctcg
at gatctccc
gacgt ccaga
cat agagagg
gact ggat ga
at cgagagaa
ccgccaccag
ttcaaccctg
aaggacaccg
at gaaaacaa
ct gaaaaat t

cacccccatc
cctctgggtg
gat ccctgtc
t gagcagct c
ttgctcaccce
caacaat caa
agggt ggacc
t gacacccaa
t cagct ggt t
att acaacag
gt ggcaagga
ccat ct caaa
cagagcagt t
gagacat cag
caccagtt ct
gcaagt ggga
act acct gaa

agtctatcca
cct ggt caag
cagcagtgtg
agtgactgtc
agccagcagc
cccct gt cct
atccgtcttc
ggt cacgt gt
t gt gaacaac
tactat ccgg
gtt caaat gc
aat t aaaggg
gt ccaggaaa
t gt ggagt gg
t gact ct gac
gaaaacagat
gaagaccat ¢

ctggccectg
gggt acttcc
cacaccttcc
ccct ccagca
accacggt gg
ccat gcaagg
atcttccctc
gt ggt ggt gg
gt ggaagt ac
gt ggt cagca
aaggt gaaca
ct agt cagag
gat gt cagtc
accagcaat g
ggttcttact
tccttctcat
tcccggtctce

ggt gt ggaga
ct gagccagt
cagct ct cct
cct ggccaag
acaaaaaact
agt gt cacaa
caaat at caa
at gt gagcga
acacagct ca
ccct ccccat
acaaagacct
ct ccacaagt
tcacttgcct
ggcat acaga
t cat at at ag
gcaacgt gag
cgggt aaa

t acaact ggt
gact gt gact
gcagt ct gga
t cagaccgtc
t gagcccagce
at gcccagct
ggat gtactc
ggat gaccca
gacacaaacc
ccagcaccag
cccat caccc
atacactttg
ggt cgt ggge
ggagaact ac
caagct caat
acacgagggt

Protein Sequence of Murine IgG2b Heavy Chain Constant Region (SEQ ID NO: 65)

1

61
121
181
241
301

[ 0135]

aktt ppsvyp
| yt messvtv
pnl eggpsvf
hredynstir

pppaeql srk
nmkt skwekt d

| apgcgdttg
psstwpsqt v
i fppni kdvl
vvst | pi ghg
dvsl tclvvg
sfscnvrheg

ssvt sgcl vk
t csvahpass
m sl t pkvtc
dwrsgkef kc

gyf pepvt vt
tt vdkkl eps
vvvdvseddp
kvnnkdl psp

f npgdi svew t snght eeny

| knyyl kkt i

srspgk

wnsgsl sssv
gpi stinpcp
dvgi swfvnn
i ertiskikg
kdt apvl dsd

ht f pal | gsg
pckechkcpa
vevht aqt gt
| vrapqvyt |
gsyfiyskln

Nucleic Acid Seguence Encoding Murine Kappa Light Chain Constant Region

(SEQID N

1

61
121
181
241
301

O: 66)

cgggctgatg
ggaggt gcct
t ggaagattg
agcaaagaca
cgacat aaca
agcttcaaca

ct gcaccaac
cagtcgtgtg
at ggcagt ga
gcacct acag
gctatacctg

ggaat gagt g

tgtatccatc
cttcttgaac
acgacaaaat
cat gagcagc
t gaggccact
t

ttcccaccat
aacttctacc
ggcgt cct ga
accct cacgt
cacaagacat

ccagt gagca
ccaaagacat
acagt t ggac
t gaccaagga
caacttcacc

gt t aacat ct
caat gt caag
t gat caggac
cgagt at gaa
catt gt caag
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1
61

[0137]

r adaapt vsi
skdstysnss

Protein Sequence of Murine Kappa Light Chain Constant Region (SEQ ID NO: 67)

fppsseqlts ggasvvcfln nfypkdi nvk wkidgsergn gvl nsw dqd

tltltkdeye

r hnsyt ceat

hkt st spi vk

sfnrnec

The following sequences represent the actual or contemplated full length heavy and

light chain sequence (i.e., containing both the variable and constant regions sequences) for each

antibody described in this Example. Signal sequences for proper secretion of the antibodies

(e.g., signa sequences at the 5' end of the DNA sequences or the amino terminal end of the

protein sequences) are not shown in the full length heavy and light chain sequences disclosed

herein and are not included in the final secreted protein. Also not shown are stop codons for

termination of translation required at the 3' end of the DNA sequences. It iswithin ordinary

skill in the art to select a signal sequence and/or a stop codon for expression of the disclosed

full length 1gG heavy chain and light chain sequences. It isaso contemplated that the variable

region sequences can be ligated to other constant region sequences to produce active full length

1gG heavy and light chains.

[0138]

Nucleic Acid Sequence Encoding the Full L ength Heavy Chain Sequence (Heavy

Chain Variable Region and IgGl Constant Region) of 2G10 (SEQ ID NO: 68)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261

gat gt gcagc
tcctgtactg
ccagagaagg
gcagacacaa
ct gcaaat ga
gggt acttcg
cccccatctg
ct gggat gcc
tccctgtcca
agcagct cag
gcccacccgg
aagccttgca
aaggat gt gc
aaggat gat c
cagacgcaac
at cat gcacc
ttccctgecce
gt gt acacca
at gat aacag
gcggagaact
agcaagct ca
tt acat gagg

t ggt ggagt ¢
cctctggatt
ggct ggagt g
t gaagggccg
cgagt ct aag
at gt ct gggg
t ct at ccact
t ggt caaggg
gcggt gt gca
t gact gt ccc
ccagcagcac
t at gt acagt
t caccattac
ccgaggt cca
cccgggagga
aggact ggct
ccat cgagaa
ttccacctcc
acttcttccc
acaagaacac
at gt gcagaa
gcct gcacaa

t gggggagt c
cactttcagt

ggt cgcat ac
attcaccatc
gt ct gaggac
cgcagggacc
ggcccct gga
ctatttccct
caccttccca
ct ccagcacc
caaggt ggac
cccagaagt a
t ct gact cct
gttcagct gg
gcagtt caac
caat ggcaag
aaccat ct cc
caaggagcag
t gaagacat t
t cagcccat c
gagcaact gg
ccaccat act

ttagt gcagc
agctttggaa
attagtagt g
t ccagagaca
acggccat at
acggt caccg
tct gct gcce
gagccagt ga
gctgtcctge
t ggcccagceg
aagaaaattg
t cat ct gt ct
aaggt cacgt
tttgtagatg
agcactttcc
gagtt caaat
aaaaccaaag
at ggccaagg
act gt ggagt
at ggacacag
gaggcaggaa
gagaagagcc

ct ggagggtc

t gcact gggt
gcagt aaaac

at cccaagaa
attactgtgc
tctcct cage
aaact aactc
cagt gacct g
agt ct gacct
agaccgt cac
t gcccaggga
tcatcttccc
gtgttgtggat
at gt ggaggt
gct cagt cag
gcagggt caa
gcagaccgaa
at aaagt cag
ggcagt ggaa
atggctctta
atactttcac
tctcccactc

ccggaaact c
t cgt caggct
cat ct act at
caccctgttc
aagat cct ac
caaaacgaca
cat ggt gacc
gaact ct gga
ctacactctg
ct gcaacgt t
ttgtggttgt
cccaaagccc
agacat cagc
gcacacagct
t gaacttccc
cagt gcagct
ggct ccacag
t ct gacct gc
t gggcagcca
cttcgtctac
ctgctctgtg
t cct ggt aaa
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Protein Sequence Defining the Full Length Heavy Chain Sequence (Heavy Chain

Variable Region and 1gGI Constant Region) of 2G10 (SEQ ID NO: 69)

1

61
121
181
241
301
361
421

[ 0140]

dvgl vesggv
adt nkgrfti
ppsvypl apg
sssvt vpsst
kdvlititltp
i mhgdw ngk
m t df f pedi
| hegl hnhht

| vgpggsr Kl
srdnpknt | f

saaqt nsnvt
wpset vt cnv
kvt cvvvdi s
ef kcrvnsaa

t vewgwngqp
eksl shspgk

sctasgftfs
| gnt sl rsed
I gcl vkgyfp
ahpasst kvd
kddpevqgf sw
f papi ekti s
aenyknt gpi

sf gmhwr ga
tai yycarsy
epvt vt wnsg
kki vprdcgc
fvddvevht a
kt kgr pkapq
nmdt dgsyf vy

pekgl eway
gyf dvwgagt
sl ssgvhtfp
kpci ct vpev
gt gpreeqfn
vyti pppkeq

i ssgsktiyy
tvtvssaktt
avl gsdl yt |
ssvfi f ppkp
stfrsvsel p
makdkvsl tc

skl nvgksnw eagntftcsv

Nucleic Acid Sequence Encoding the Full Length Light Chain Sequence (Kappa

Chain Variable Region and Constant Region) of 2G10 (SEQ ID NO: 70)

1

61
121
181
241
301
361
421
481
541
601

[0141]

gacat t gt ga
gt cacctgca
ggacaatctc
cgct t cacag
gaagact t gg
gt caccaagc
t ccagt gagc
cccaaagaca
aacagtt gga
tt gaccaagg
t caacttcac

t gacccagtc
aggccagt ca
ct aaagt gct
gcagt ggat c
cagagtattt
t ggaaat caa
agttaacatc
t caat gt caa
ct gat cagga
acgagt at ga
ccattgtcaa

t caaaaattc
gaat gt gggt
gatttactcg
t gggacagat
ct gt cagcaa

acgggct gat
t ggaggt gcc
gt ggaagat t
cagcaaagac
acgacat aac
gagct t caac

at gt ccacat
act aat gt gg
gcat cct acc
ttcactctca
t acgacagct
gct gcaccaa
t cagt cgt gt
gat ggcagt g
agcacct aca
agct at acct
aggaat gagt

cagt aggaga
cctggtatca
ggt acagt gg
ccat cgccaa
at cct cggac
ct gt at ccat
gcttcttgaa
aacgacaaaa
gcat gagcag
gt gaggccac
gt

cagggt cagc
acagaaacca
agt ccct gat
t gt gcagt ct
gttcggt gga
cttcccacca
caacttctac
tggcgtcctg
caccct cacg
t cacaagaca

Protein Sequence Defining the Full Length Light Chain Sequence (Kappa Chain

Variable Region and Constant Region) of 2G10 (SEQ ID NO: 71)

1

181

[0142]

di vnt gsgkf

| t kdeyer hn

nmet svgdrvs vtckasqnvg tnvawyqgkp ggspkvliys asyrysgvpd
61 rftgsgsgtd ftltianvgs edl aeyfcqq ydsyprtfgg vtkleikrad aaptvsifpp
121 sseqgltsgga svvcfl nnfy pkdi nvkwki

syt ceat hkt

st spi vksfn

dgser gngvl
rnec

nswt dqdskd

stysnsst|t

Nucleic Acid Sequence Encoding the Full Length Heavy Chain Sequence (Heavy

Chain Variable Region and 1gGI Constant Region) of 2E6 (SEQ ID NO: 72)

1

61
121
181
241
301
361
421
481
541
601
661
721
781

gaggt t cagc
t cct gcaagg
cct ggacagg
aat cagaagt
at ggcact ca
tacaactttg
cccccatctg
ct gggat gcc
tccctgtcca
agcagct cag
gcccacccgg
aagccttgca
aaggat gt gc
aaggat gat c

t ccagcagtc
cttctggcta
gt ct ggaat g
t caagggcaa
gcagcct aac
act act gggg
tct at ccact
t ggt caaggg
gcggt gt gca
t gact gt ccc
ccagcagcac
t at gt acagt
tcaccattac
ccgaggt cca

t ggggct gag
cacctttacc
gat t ggcgct
ggccaagct g
aaat gaggac
ccaaggcacc
ggcccct gga
ctatttccct
caccttccca
ct ccagcacc
caaggt ggac
cccagaagt a
t ct gact cct

gtt cagct gg

ct ggcaagac
agct act gga
gtttatccta
actgctgtca
tctgcggt ct
act ct cacag
tctgctgecc
gagccagt ga
gctgtcctge
t ggcccagceg
aagaaaattg
t cat ct gt ct
aaggt cacgt
tttgtagatg

ctggggcettc

t gcact gggt
gaaacaat ga

cat ccgccag
attact gt ct
t ct cct cage
aaact aact ¢
cagt gacct g
agt ct gacct
agaccgt cac
t gcccaggga
tcatcttccc
gt gt t gt ggt
at gt ggaggt

agt gaagat ¢
aaaacagagg
tactacttac
cact gcct ac
ttattttaac
caaaacgaca
cat ggt gacc
gaact ct gga
ctacactctg
ctgcaacgtt
ttgtggttgt
cccaaagccc
agacat cagc
gcacacagct
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[0143]

cagacgcaac
at cat gcacc
ttccctgece
gt gt acacca
at gat aacag
gcggagaact
agcaagct ca
tt acat gagg

cccgggagga
aggact ggct

ccat cgagaa
ttccacctcc
acttcttcce
acaagaacac
at gt gcagaa
gcctgcacaa

-33-

gcagtt caac
caat ggcaag
aaccat ctcc
caaggagcag
t gaagacat t
t cagcccatc
gagcaact gg
ccaccat act

agcactttcc
gagt t caaat
aaaaccaaag
at ggccaagg
act gt ggagt
at ggacacag
gaggcaggaa
gagaagagcc

PCT/US2011/042843

gct cagt cag
gcagggt caa
gcagaccgaa
at aaagt cag
ggcagt ggaa
atggctctta
atactttcac
tctcccactc

t gaacttcce
cagt gcagct
ggct ccacag
t ct gacct gc
t gggcagcca
cttcgtctac
ctgctctgtg
t cct ggt aaa

Protein Sequence Defining the Full Length Heavy Chain Sequence (Heavy Chain

Variable Region and IgGl Constant Region) of 2E6 (SEQ ID NO:

1

61
121
181
241
301
361
421

[0144]

evqgl qgsgae
ngkf kgkakl
ppsvypl apg
sssvt vpsst
kdvititltp
i mhgdw ngk
m t df f pedi
[ hegl hnhht

| ar pgasvkm sckasgytft

t avt sast ay
saaqgt nsmvt
wpset vt cnv
kvt cvvvdi s
ef kervnsaa

t vewgwngqgp
eksl shspgk

mal ssl t ned
I gcl vkgyf p
ahpasst kvd
kddpevqgf sw
f papi ekti s
aenyknt gpi

sywrhwkaqr
savyycl yfn
epvt vt wnsg
kki vprdcgc
f vddvevht a
kt kgr pkapq
ndt dgsyf vy

73)

pgqgl ewi ga

ynf dywgagt
sl ssgvhtfp

kpci ct vpev
gt gpreeqgfn
vyti pppkeq

vyprnndtty
tltvssaktt
avl gsdl yt |
ssvfi f ppkp
stfrsvselp
makdkvsltc

skl nvgksnw eagntftcsv

Nucleic Acid Sequence Encoding the Full Length Light Chain Sequence (Kappa

Chain Variable Region and Constant Region) of 2E6 (SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601

[ 0145]

caaattgttc
at gacct gca
tcctccccca
tt cagt ggca
gat gct gcca
accaagct gg
agt gagcagt
aaagacat ca
agttggactg
accaaggacg
acttcaccca

t cacccagtc
gt gccagcetc
gact cct gat
gt gggt ct gg
cttattactg
aaat aaaacg
t aacat ct gg
at gt caagt g
at caggacag
agt at gaacg
tt gt caagag

t ccagcaat ¢
aagt gt aagt
ttat gacaca
gacctcttac
ccagcagt gg
ggct gat gct
aggt gcct ca
gaagat t gat
caaagacagc
acat aacagc
cttcaacagg

atgtctgett
t acat gcact
t ccaacct gg
tctctcacaa
agt agtt acc
gcaccaact g
gt cgt gt gct
ggcagt gaac
acct acagca
tatacctgtg
aat gagt gt

74)

ct ccagggga
ggt accagca
cttctggagt
t cat ccgaat
cgt acacgtt
tatccatctt
tctt gaacaa
gacaaaat gg
t gagcagcac
aggccact ca

gaaggt cacc
gaagccagga
ccct gt gcac
ggaggct gaa
cggagggggg
cccaccat cc
cttctaccce
cgt cct gaac
cctcacgttg
caagacat ca

Protein Sequence Defining the Full Length Light Chain Sequence (Kappa Chain

Variable Region and Constant Region) of 2E6 (SEQ ID NO: 75)

1

61
121
181

[ 0146]

gi vl t gspa
f sgsgsgt sy
seql t sggas
t kdeyer hns

nsaspgekvt

yt ceat hkts

nt csasssvs ymhwyqgkpg ssprlliydt
sltiirneae daatyycqqw ssypytfggg tkleikrada aptvsifpps
vvcflnnfyp kdi nvkwki d gsergngvln swt dgdskds

t spi vksfnr

nec

snl asgvpvh

tysnestltl

Nucleic Acid Sequence Encoding the Full Length Heavy Chain Sequence (Heavy

Chain Variable Region and 1gG2b Constant Region) of 2A1 1 (SEQ ID NO: 76)

1

61
121
181
241

caggttcagc
t cct gcaagg
cct ggaaagg
aat gggaaat
at gcaact ca

t gcagcagt ¢
cttctggcta
gt cttgagt g
t caagggcaa
gcagcct gac

t ggacct gag
t gcat t cagt
gat t ggacgg
ggccacact g
at ct gaggac

ct ggt gaagc
agct cct gga
atttatcctg
act gcagaca
t ct gcggt ct

ct ggggcectc
t gaact gggt
gagat ggaga
aat cct ccag
acttctgtgc

agt gaagat t
gaagcagagg
t act aact ac
cacagcct ac
aagat cgggc
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[0147]

t ccat ct act
acagt ct cct
gat acaact g
gt gact gt ga
ctgcagtctg
agt cagaccg
cttgagccca
aaat gcccag
aaggat gt ac
gaggat gacc
cagacacaaa
at ccagcacc
ct cccat cac
gt atacactt
ct ggt cgt gg
gaggagaact
agcaagct ca
agacacgagg

at ggt aacca
cagccaaaac
gttcctcegt
cttggaactc
gact ct acac
t cacct gcag
gcgggcccat
ct cct aacct
tcatgatctc
cagacgt cca
cccat agaga
aggact ggat
ccat cgagag
t gccgeccacc
gct t caaccc
acaaggacac
at at gaaaac
gt ct gaaaaa

-34 -

cggggact ac
aacaccccca
gacct ct ggg
tggatccctg
t at gagcagc
cgttgctcac
ttcaacaatc
cgagggt gga
cct gacaccc
gat cagct gg
ggatt acaac
gagt ggcaag
aaccat ctca
agcagagcag
t ggagacat c
cgcaccagt t
aagcaagt gg
ttactacctg

tttgactact
tcagtctatc
tgcctggt ca
t ccagcagt g
t cagt gactg
ccagccagca
aacccctgtc
ccat ccgt ct
aaggt cacgt
tttgtgaaca
agt act at cc
gagtt caaat
aaaat t aaag
tt gt ccagga
agt gt ggagt
cttgactctg
gagaaaacag
aagaagacca

PCT/US2011/042843

ggggccaagg
cact ggcccc

aggggt act t
tgcacacctt
tcccctccag
gcaccacggt
ct ccat gcaa
tcatcttccc
gt gt ggt ggt
acgt ggaagt
gggt ggt cag
gcaaggt gaa
ggct agt cag
aagat gt cag
ggaccagcaa
acggttctta
attccttctc
tctcececggtce

caccactctc
t gggt gt gga
ccct gageca
cccagctctc
cacct ggcca
ggacaaaaaa
ggagt gt cac
tccaaatatc
ggat gt gagc
acacacagct
caccct cccc
caacaaagac
agct ccacaa
tctcacttgce
t gggcat aca
cttcatat at
at gcaacgt g
t ccgggt aaa

Protein Sequence Defining the Full Length Heavy Chain Sequence (Heavy Chain

Variable Region and IgG2b Constant Region) of 2A1 1 (SEQ ID NO: 77)

1
61
121
181
241
301
361
421

[0148]

qvql qgsgpe
ngkf kgkat |
t vssaktt pp
| gsgl yt nss
kcpapnl egg
gt gt hr edyn
vyt | pppaeq
skl nmkt skw

| vkpgasvki
t adkssst ay
svypl apgcg
svt vpsst wp
psvfi f ppni
stirvvstlp
| srkdvsltc
ekt dsf scnv

sckasgyaf s
ngl ssltsed
dtt gssvt sg
sqt vt csvah
kdvimsltp
i ghgdwrsgk
I vvgf npgd
r hegl knyyl

sswmwkqr
savyf carsg
cl vkgyf pep
passtt vdkk
kvt cvvvdvs
ef kckvnnkd
svewt snght
kkti srspgk

pgkgl ewi gr
si yygnhgdy
vt vt wnsgsl
| epsgpi sti
eddpdvqi sw
| pspiertis
eenykdt apv

i ypgdgdt ny
fdywgqgt t |

sssvht f pa

npcppckech
fvnnvevht a
ki kgl vrapq
| dsdgsyfiy

Nucleic Acid Sequence Encoding the Full Length Light Chain Sequence (Kappa

Chain Variable Region and Constant Region) of 2A1 1 (SEQ ID NO: 78)

1
61
121
181
241
301
361
421
481
541
601

[0149]

caaattgttc
at gacct gca
tcctccccca
ttcagt ggca
gat gct gcca
accaagct gg
agt gagcagt
aaagacat ca
agttggact g
accaaggacg
acttcaccca

t cacccagtc
gt gccagcetc
gact cct gat
gt gggt ct gg
cttattactg
aaat aaaacg
t aacat ct gg
at gt caagt g
at caggacag
agt at gaacg
tt gt caagag

t ccagcaat ¢
aagt gt aagt
ttat gacaca
gacctcttac
ccagcagt gg
ggct gat get
aggt gcct ca
gaagat t gat
caaagacagc
acat aacagc
ctt caacagg

atgtctgctt
t acat gcact
t ccaacct gg
tctctcacaa
agt agt t acc
gcaccaact g
gt cgt gt get
ggcagt gaac
acct acagca
tatacctgtg
aat gagt gt

ct ccagggga
ggt accagca
cttctggagt
t cat ccgaat
cgt acacgt t
tatccatctt
tctt gaacaa
gacaaaat gg
t gagcagcac
aggccact ca

gaaggt cacc
gaagccagga
ccct gt gcac
ggaggct gaa
cggagggggg
cccaccat cc
cttctaccce
cgt cct gaac
cctcacgttg
caagacat ca

Protein Sequence Defining the Full Length Light Chain Sequence (Kappa Chain

Variable Region and Constant Region) of 2A11 (SEQ ID NO: 79)

1
61
121
181

gi vl t gspa
f sgsgsgt sy
seql t sggas
t kdeyer hns

nsaspgekvt

yt ceat hkts

nt csasssvs ymhwyqgkpg ssprlliydt
sltiirneae daatyycqqw ssypytfggg tklei krada aptvsifpps
vvcflnnfyp kdi nvkwki d gsergngvln swt dgdskds

t spi vksfnr

nec

snl asgvpvh

tysnestltl
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Nucleic Acid Sequence Encoding the Full Length Heavy Chain Sequence (Heavy

Chain Variable Region and 1gGI Constant Region) of 2D1 1 (SEQ ID NO: 80)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261

[0151]

gaggtt cagce
t cct gcaagg
cct ggacagg
aat cagaagt
at ggagct ca
gattaccttg
cccccatctg
ct gggat gcc
tccctgtcca
agcagct cag
gcccacccgg
aagccttgca
aaggat gt gc
aaggat gat ¢
cagacgcaac
at cat gcacc
ttccctgece
gt gt acacca
at gat aacag
gcggagaact
agcaagct ca
tt acat gagg

t ccagcagtc
cttctggcta
gt ct ggaat g
t caagggcaa
gcagcct aac
act act gggg
tct at ccact

t ggt caaggg
gcggt gt gca
t gact gt ccc
ccagcagcac
t at gt acagt
tcaccattac
ccgaggt cca
cccgggagga
aggact ggct
ccat cgagaa
ttccacctce
acttcttcce
acaagaacac
at gt gcagaa
gcctgcacaa

t ggggct gag
cacctttacc
gat t ggcgct
ggccaaact g
aaat gaggac
ccaaggcacc
ggcccct gga
ctatttccct
caccttccca
ct ccagcacc
caaggt ggac
cccagaagt a
t ct gact cct
gttcagct gg
gcagtt caac
caat ggcaag
aaccat ctcc
caaggagcag
t gaagacat t
t cagcccatc
gagcaact gg
ccaccat act

ct ggcaagac
aggt act gga
atttatcctg
act gcagt ca
t ct gcggt ct
act ct cacag
tctgctgece
gagccagt ga
gctgtcctge
t ggcccagceg
aagaaaattg
tcatct gt ct
aaggt cacgt
tttgtagatg
agcactttcc
gagt t caaat
aaaaccaaag
at ggccaagg
act gt ggagt
at ggacacag
gaggcaggaa
gagaagagcc

ctggggcttc
t gcact gggt
gaaat agt ga
cat ccgccag
attact gt at
tctcctcage
aaact aact ¢
cagt gacct g
agt ct gacct
agaccgt cac
t gcccaggga
tcatcttcce
gtgttgtggt
at gt ggaggt
gct cagt cag
gcagggt caa
gcagaccgaa
at aaagt cag
ggcagt ggaa
atggctctta
atactttcac
tctcccactc

agt gaagat g
aaaacagagg
tact acct ac
cact gcct ac
at acccct at
caaaacgaca
cat ggt gacc
gaact ct gga
ctacactctg
ct gcaacgtt
ttgtggttgt
cccaaagcce
agacat cagc
gcacacagct
t gaacttccc
cagt gcagct
ggct ccacag
t ct gacct gc
t gggcagcca
cttcgtctac
ctgctctgtg
t cct ggt aaa

Protein Sequence Defining the Full Length Heavy Chain Sequence (Heavy Chain

Variable Region and 1gGI Constant Region) of 2D1 1 (SEQ ID NO: 81)

1

61
121
181
241
301
361
421

[0152]

evqgl gqgsgae
ngkf kgkakl
ppsvypl apg
sssvt vpsst
kdvititltp
i mhgdw ngk
m t df f pedi
[ hegl hnhht

| ar pgasvkm sckasgytft

t avt sast ay
saaqgt nsmvt
wpset vt cnv
kvt cvvvdi s
ef kcrvnsaa

t vewgwngqgp
eksl shspgk

nel ssl t ned
I gcl vkgyf p
ahpasst kvd
kddpevqgf sw
f papi ekti s
aenyknt gpi

r ywrhwkqr
savyyci ypy
epvt vt wnsg
kki vprdcgc
f vddvevht a
kt kgr pkapq
ndt dgsyf vy

pgqgl ewi ga
dyl dywgqgt
sl ssgvhtfp
kpci ct vpev
gt gpreeqgfn
vyti pppkeq

i ypgnsdtty
tltvssaktt

avl gsdl yt |
ssvfi f ppkp
stfrsvselp
makdkvsltc

skl nvgksnw eagntftcsv

Nucleic Acid Sequence Encoding the Full Length Light Chain Sequence (Kappa

Chain Variable Region and Constant Region) of 2D1 1 (SEQ ID NO: 82)

1

61
121
181
241
301
361
421
481
541
601

caaattgttc
at gacct gca
acctccccca
tt cagt ggca
gat gct gcca
accaagct gg
agt gagcagt
aaagacat ca
agttggactg
accaaggacg
acttcaccca

t cacccagt c
gt gccagcetc
aaagat gggt
gt gggt ct gg
cttattactg
aaat aaaacg
t aacat ct gg
at gt caagt g
at caggacag
agt at gaacg
tt gt caagag

t ccagcaat ¢
aagtttaagt
ttat gacaca
gacctcttat
ccat cagcgg
ggct gat gct
aggt gcct ca
gaagat t gat
caaagacagc
acat aacagc
cttcaacagg

at gt ct gcat
t acat gcact
t ccaaact gg
tctctcacaa
agt agtt acc
gcaccaact g
gt cgt gt gct
ggcagt gaac
acct acagca
tatacctgtg
aat gagt gt

ct ccagggga
ggt accagca
cttctggagt
t cagcagcat
cgt acacgtt
tatccatctt
tctt gaacaa
gacaaaat gg
t gagcagcac
aggccact ca

gaaggt cacc
gaagccaggc
ccctget cge
ggaggct gaa
cggagggggg
cccaccat cc
cttctaccce
cgt cct gaac
cctcacgttg
caagacat ca
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[0153] Protein Sequence Defining the Full Length Light Chain Sequence (Kappa Chain
Variable Region and Constant Region) of 2D1 1 (SEQ ID NO: 83)

1 givltgspai nsaspgekvt ntcsasssls ynmhwqgkpg tspkrwydt skl asgvpar
61 fsgsgsgtsy sltissneae daatyychqgr ssypytfggg tklei krada aptvsifpps
121 seqltsggas vvcflnnfyp kdinvkwki d gsergngvl n swt dqdskds tysnsstltl
181 tkdeyerhns ytceathkts tspivksfnr nec

[0154] Table 4 shows the correspondence between the full length sequences of the
antibodies discussed in this Example with those presented in the Sequence Listing.

Table 4
68 2G10 Heavy Variable + [gG1 Constant—nucleic acid
69 2G10 Heavy Variable + 1gG1 Constant—protein
70 2G10 Kappa Variable + Constant—nucleic acid
71 2G10 Kappa Variable + Constant—protein
72 2E6 Heavy Variable + IgG1 Constant—nucleic acid
73 2E6 Heavy Variable + IgG1 Constant—protein
74 2E6 Kappa Variable + Constant—nucleic acid
75 2E6 Kappa Variable + Constant—protein
76 2A11 Heavy Variable + [gG1 Constant—nucleic acid
77 2A11 Heavy Variable + IgG1 Constant—protein
78 2A11 Kappa Variable + Constant—nucleic acid
79 2A11 Kappa Variable + Constant—protein
80 2D11 Heavy Variable + [gG1 Constant—nucleic acid
81 2D11 Heavy Variable + 1gG1 Constant—protein
82 2D11 Kappa Variable + Constant—nucleic acid
83 2D11 Kappa Variable + Constant—protein

Example 3: Binding Affinities

[0155] The binding affinities and kinetics of interaction of monoclonal antibodies 2G10,
2E6, 2A11, and 2D1 1to recombinant human Notch 1/Fc fusion protein (rhNotchl-Fc) were
measured by surface plasmon resonance using a Biacore® T100 instrument (GE Healthcare,

Piscataway, NJ).

[0156] Rabbit anti-mouse 1gGs (Biacore, Cat. No. BR- 1008-38) were immobilized on
carboxymethylated dextran CM4 sensor chips by amine coupling (GE Healthcare) using a

standard coupling protocol according to vendor's instructions. The analyses were performed at
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25°C, using PBS (Invitrogen, Cat. No. 14040-133) containing 0.05% surfactant P20 (GE
Healthcare) as running buffer.

[0157]
Injection time was varied for each antibody to yield an Rmax between 30 and 60 RU. Buffer or

The antibodies were captured in individual flow cells, at aflow rate of 10 pi/min.

rhNotchl-Fc diluted in running buffer was injected sequentially over areference surface (no
antibody captured) and the active surface (antibody to be tested) for 300 seconds, at 60 pi/min.
The dissociation phase was monitored for up to 3600 seconds. The surface was then
regenerated with two 60-second injections of 10 mM Glycine-HCI, pH 1.7, a aflow rate of 60
wi/min. The rhNotchl-Fc concentration range tested was 6.25 nM to 100 nM. Kinetic
parameters were determined using the kinetic function of the BlAevalutation software (GE
Healthcare) with double reference subtraction. Kinetic values of the monoclonal antibodies on

rhNotchl-Fc at 25°C are summarized in Table 5.

Tableb

2E6 4.23E+04 1.54E-04 3.89E-09 2
2A11 4.76E+04 1.63E-04 3.43E-09 2
2D11 3.16E+04 | 2.06E-04 6.54E-09 2

[0158] The results in Table 5 demonstrate that antibodies 2E6, 2A1 1, and 2D1 1 bind
rhNotchl-Fc with aKp of about 10 nM or less, 7.5 nM or less, 5nM or less, 4 nM or less.

Example 4: Binding Specificity

[0159] Antibodies 2G10, 2E6, 2A1 1 and 2G1 1 were tested for binding to human Notchl,
human Notch2, or human Notch3, protein. Binding measurements were made by bio-layer
interferometry (BL1), using a ForteBio Octet® QK instrument (ForteBio, Menlo Park, CA).
Anti-human-Fc sensors were soaked in PBS containing 1 mg/ml BSA for 5 minutes prior to
binding of antibodies. Then the following proteins (400 nM, in PBS containing 1 mg/ml BSA)
were allowed to bind to the sensors: rhNotchl-Fc (R&D Systems, Minneapolis, MN; Cat. No.
3647-TK-050), rhNotch2-Fc (R&D Cat. No. 3735-NT-050), rhNotch3-Fc (R&D Cat. No.
1559-NT-050), or rmNotchl-Fc (R&D Cat. No. 5267-TK-050). Notch protein bound sensors

were immersed in antibody solution (50 ug/ml) to alow binding of antibody to the Notch
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protein. Binding was detected by shifts in the interference pattern. These results demonstrated
that the antibodies bind specifically to human Notch 1 protein, but do not bind to human Notch2

or human Notch3 protein.

[0160] To determine specificity of binding to cell surface Notch proteins, the antibodies
were tested for binding to human Notch1, human Notch2, human Notch3 and human Notch4
expressed on the surface of CHO cells using electrochemiluminescence (Meso Scale
Discovery). CHO Flpin™ cells (Invitrogen, Cat. No. R758-07) expressing each of the four
human Notch proteins were produced, according to the vendor's instructions. A CHO line
lacking any human Notch protein was also produced for use as anegative control. Cells were
grown under standard conditions (37°C, DMEM/F12 + 10% FBS). For binding studies, cells
were washed in PBS containing calcium and magnesium, removed from the plate, and
disaggregated by treatment with dissociation buffer (GIBCO Cat. No. 13151014) for 10
minutes at 37°C.

[0161] Cells were seeded at adensity of 30,000 cells per well, in hybridoma media, in a
standard 96-well binding plates (Meso Scale Discovery, Cat. No. L15XA-6). Cells were
incubated for one hour at 37°C. Antibodies or control 1gG were added at 5 ug/ml, in 50 pi
hybridoma media, and incubated for 1 hour at 37°C. The plates were washed twice with PBS
containing 3% BSA. Binding of the antibodies to cell surface was detected using 2 ug/ml of
MSD anti-mouse I1gG secondary antibody (Meso Scale Discovery, Cat. No. R32AC-1) for 1
hour at 4°C. Plates were washed twice with PBS containing 3% BSA, and 150 pi of read
buffer (Meso Scale Discovery Cat. No. R92TC-1) was added. The plates were analyzed on a
Sector Imager 2400 instrument (Meso Scale Discovery). This analysis showed that antibodies
2G10, 2E6, 2A1 1 and 2D1 1bind to human Notchl displayed on the surfaces of cells, but do
not bind to human Notch2, Notch3 (FIG. 6) or Notch4 (data not shown), displayed on the
surfaces of cells. The antibodies also do not bind CHO-EV (empty vector) cells that express
endogenous hamster Notch proteins. These results indicated that the antibodies bind
specifically to human Notchl protein in vitro, and when the Notchl protein isdisplayed on a

cell surface.

Examples 5: Inhibition of Notchl-Ligand Binding
[0162] Antibodies 2E6, 2A1 1 and 2D1 1 were tested for their ability to inhibit the binding
of rhNotchl to human Jagl, Jag2, DLLI and DLL4. Binding measurements were made by bio-
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layer interferometry (BLI), using a ForteBio Octet® QK instrument (ForteBio, Menlo Park,
CA). The ligands tested were rhJagl-Fc (R&D Cat. No. 1277-JG-050 ), rhJag2-Fc (R&D Cat.
No. 1726-JG-050), rhDLLI-Fc (R&D Cat. No. 5026-DL-050), and His tagged rhDLL4 (R&D
Cat. No. 1506-D4-050).

[0163] To determine the degree of inhibition of Notch 1-ligand binding by each antibody,
the Octet sensors were loaded with recombinant human Notch 1, and each antibody was allowed
to bind, as described in Example 4 (above). Subsequently sensors were immersed in 500 ug/ml
human 1gG, to block non-specific binding. Ligands were prepared at 400 nM, in PBS
containing 3% BSA, and were allowed to bind. The on-rate and off-rate for ligand binding
were detected using the Octet® QK instrument and software. Antibodies 2E6, 2A11, and 2D1 1
blocked binding of all four ligands to rhNotchl-Fc.

Example 6: Inhibition of Notchl Activation

[0164] The effect of the antibodies on signaling by Notchl was tested as follows. Blocking
of ligand-induced activation of Notchl and subsequent proteolytic cleavages that release the
intracellular domain of Notchl, were analyzed by using immunaoblots to detect activated

Notchl -intracellular domain (NI-ICD).

[0165] To activate Notchl signaling in cell lines, various Notchl -expressing cells were
plated in 96-well plates on wells coated with Notch ligands. The wells were prepared by
diluting oc-human Fc (Jackson ImmunoResearch, West Grove, PA) to 10 ug/ml in sterile-
filtered carbonate-bicarbonate coating buffer, pH 9.4 (Pierce 28382). Then 1ug of the diluted
antibody was added to each well of a 96-well Maxisorp™ plate and incubated overnight at 4°C.
The next day, wells were washed three times with PBS before adding 1ug soluble ligand Fc
fusion protein or human 1gG Fc (Jackson Immunolabs) diluted in PBS/0.5%BSA. After
incubating for two hours at room temperature on an orbital shaker, the wells were washed three
times with PBS to remove unbound ligand. Karpas45 or Notchl 293 Fipin™ cells were
counted and resuspended in fresh growth media at 0.75 x 106 cells/ml or 0.3 x 106 cells/mll,
respectively. Cells were pre-incubated with 10 pg/ml blocking antibody for one hour at 37°C,
before seeding 100 pi of the suspension into 96-well plates coated with ligand or hFc. Cells
were incubated for four hours at 37°C before being dislodged from the well by pipetting and
harvested. Wells were washed with PBS and pooled with harvested cells to ensure complete
collection. Cells were sedimented in arefrigerated microcentrifuge, washed with 100 pi PBS,
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and lysed by resuspending cell pellet in 30 pi of RIPA buffer containing protease inhibitors.
Lysates were clarified by centrifugation in arefrigerated microcentrifuge. Supernatants were
boiled with 5X SDS sample buffer before SDS PAGE and for Western blotting. Blots were
probed with aa-Notchl antibody specific for the cleaved intracellular domain (Cell Signaling,
#2421). Notchl activation by all four ligands was inhibited by Notchl antibodies 2G10, 2ES6,
2A11and 2D11, at concentrations ranging from 0.1ug/ml tolO ug/ml.

Example 7: Inhibition of Notchl-Dependent Transcription

[0166] Reporter cell lines dependent upon Notchl, Notch2, or Notch3 were produced by
lentiviral introduction of a RBP-jK-dependent luciferase reporter gene (SABiosciences,
Frederick, MD) into 293-FIpIn™ Notchl cells, Karpas45 cells, and DU4475 cells. To activate
Notchl -dependent signaling and transcription, cells were plated on ligand-coated wells
prepared, as described in Example 6 (above). Cells were pre-incubated with a 3-fold dilution
series of Notchl antibody concentrations ranging from 0-300 ug/ml, for one hour at 37°C,
before seeding 100 pi of the suspension into 96-well plates coated with ligand or hFc. Cells
were incubated in ligand-coated or human-Fc-coated wells for four or 24 hours at 37°C, in 5%
CO,. Next, 100 ui of Promega Bright Glo™ (Promega, Madison, WI) was added to each well.
The reaction was allowed to proceed for five minutes in the dark, and then the entire 200 pi
volume was transferred to white walled plates and read using aluminometer. Polyclonal
antibodies against Notchl (AF1057, R&D Systems), Notch2 (AF1190, R&D Systems) or
Notch3 (AF1559, R&D Systems) were used as controls to confirm that ligand-stimulated
reporter activity in each cell line was specifically dependent upon the introduced Notch
receptor. The Notchl antibodies specifically inhibited Notchl -dependent transcription (FIG.
7A), and did not inhibit Notch2-dependent (FIG. 7B) or Notch3-dependent transcription (FIG.
7C).

[0167] Activation of Notchl -dependent transcription by each of the ligands Jagl, Jag2,

DLLI and DLL4 was inhibited by the Notchl antibodies 2E6 (FIG. 8A), 2A11(FIG. 8B) and
2D11(FIG. 8C). Thedatain Table 6 show that antibody 2EG6 inhibited activation of Notch 1-
dependent transcription by Jagl, Jag2, DLLI and DLL4 in the Notchl -dependent reporter cell

lines.
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Table 6

ECs 0.4 nM 0.1 nM 0.1 nM 0.2 nM
Maximum
Inhibition 95% 98% 95% 100%

[0168] To determine the effect of Notch 1 antibodies on transcription of endogenous Notch
target genes, Notchl signaling was activated by Jagl, asdescribed above. The effect on
expression of endogenous Notch targets, as aresult of treatment of the Jagl -stimulated
Karpasa5 cells with 1gG control, Notchl antibodies, or DBZ (gamma secretase inhibitor) was
assessed by quantitative RT-PCR. Karpas45 cells were seeded into 6-well plates, in 2 ml of
media. Replicate wells of cells were treated with antibody 2E6, 1gG control, 1uM DBZ, or
vehicle control (DMSO), immediately after seeding. Cells were incubated at 37°C, 5% CO , for
20 hours after treatment, collected, and rinsed with PBS. Cell pellets were frozen on dry ice
and stored -80°C. RNA was prepared using Qiagen RNeasy™ miniprep columns (Qiagen
GR8RNA). Quantitative RT-PCR was performed to analyze Notch target gene expression,
using acommercial kit according to the kit vendor's instructions (Quantitect SYBR GREEN
RT-PCR Kit; Qiagen). Results were analyzed using the comparative Ct method. Beta actin
was used as an internal standard, and Stratagene Universal Human Reference RNA (Stratagene
740000) was used as an external standard for measurement of expression levels of the genes
investigated. These results showed that antibody 2E6 inhibits transcription of endogenous
Notch target genes, including Heyl.

Example 8: Inhibition of Human Cancer Cell Line Proliferation

[0169] Antibody 2E6 was tested for inhibition of ligand-dependent and ligand-independent
proliferation of human cancer cells that express Notchl. The T-ALL cell line Karpas45
expresses elevated levels of Notchl. To screen for antagonistic Notchl antibodies, cells were
grown in 96-well plates in wells coated with either human Fc or rhdagl-Fc. Growth was
measured in the presence of various concentrations of antibodies (0 - 300 upg/ml in 100 pi final
volume) by MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assays
conducted two days after plating cells on ligand or human Fc control. These results showed
that antibody 2E6 inhibits proliferation of Karpas45 cells. In addition, quantitative RT-PCR
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analysis, as described in Example 7 (above) demonstrated that antibody 2E6 inhibited
expression of the Notch target gene Heyl in Karpas45 cells.

Example 9: Vascular Branching Morphogenesis

[0170Q] Antibodies 2G10, 2E6, 2A1 1 and 2D1 1were shown to bind to Notchl on the
surface of human umbilical vein endothelia cells (HUVEC) (ATCC Cat. No. CRL-1730), as
determined by FACS analysis. To determine whether inhibition of Notchl signaling affects
angiogenesis, these four antibodies were tested for promotion of endothelial cell branching
morphogenesis. Matrigel™ was prepared in 24-well plates by adding 250 pi of growth factor
reduced Matrigel (GFR; BD Bioscience Cat. No. 356231) to each well, and incubated for one
hour at 37°C. In paralel, HUVECs were washed in PBS, and resuspended in EGM-2 growth
media (Lonza Cat. No. CC-3156) plus 2% FBS. Antibodies, human 1gG, or positive controls
were added to the media containing cells, and 40,000 cells per well were plated on polymerized
GFR matrix. Branching morphogenesis was assessed at various time points, by image capture
and analysis, using ImageJ public domain image processing software. All four antibodies
promoted vascular branching morphogenesis resulting in increased branching of vessels and
increased overall vascular area. In addition, quantitative RT-PCR analysis, as described in
Example 7 (above), demonstrated that the antibodies inhibited Notchl signaling in endothelial
cells asindicated by the down-regulated expression of Notch target genes, including Heyl and
Hey?2.

Example 10: Inhibition of T-cell Fate Specification In Vivo

[0171] Antibodies 2G10, 2E6, 2A1 1 and 2D1 1 did not bind with high affinity to mouse
Notchl. Therefore, to determine the effect of these Notchl antibodies on Notchl function in
mice in vivo, the mouse Notchl gene was engineered to express aNotchl protein containing
the human amino acid sequence from amino acid 413 to 488. No phenotypic difference was
observed in these "humanized" Notchl mice. Importantly, the number and distribution of the
thymocyte population in these animals was indistinguishable from wild-type mice. This
indicated that the engineered Notchl protein was fully functional in the humanized mice.

[0172] Inhibition of thymocyte development and T-cell fate specification can be used as an
indication that an anti-Notch 1 antibody is actually inhibiting Notchl function in vivo.
Therefore, antibody 2E6 was tested for inhibition of thymocyte development and T-cell fate
specification in humanized Notchl mice. Mice (C57bl/6; 129Sv/Ev mixed background)
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homozygous for humanized Notch 1 gene were treated with the antibodies or 1gG control at 40
mg/kg twice weekly, or the gamma secretase inhibitor DBZ at 10 uM/kg once daily, and
monitored daily. After 18 days, the mice were sacrificed, thymus glands were removed,
thymocytes were dissociated, and the total number of thymocytes was counted. FACS
profiling was performed using antibodies against CD4 and CD8 (Beckton-Dickinson Cat. Nos.
553730 and 553031, respectively). The effect of the antibodies (or controls) on thymocyte
number, and the distribution of CD4/CD8 double positive, double negative or single positive
cells, were determined. Antibody 2E6 reduced the total number of thymocytes, and decreased
the percent of CD4/CD8 double positive cells, while increasing the percentage of CD4 single
positive, CD8 single positive, and CD4/CD8 double negative cells. These effects of antibody
2E6 were comparable to the effects observed when animals were treated with 10 pM/kg of the
gamma-secretase inhibitor DBZ. This indicated that antibody 2E6 was inhibiting Notch1in

vivo function in thymocyte development.
Example 11: Loss of Hair Pigmentation

[0173] Loss of hair pigmentation can be used as an indication that an anti-Notch 1 antibody
isinhibiting Notch1function in vivo. Therefore, mice (C57bl/6; 129Sv/Ev mixed background)
homozygous for humanized Notch 1 gene were treated with antibody 2E6, 1gG control, or DBZ,
as described in Example 10. Daily monitoring revealed loss of hair pigmentation in the
antibody-treated mice within 2 weeks. No such loss of pigmentation was observed in IgG
control treated mice.

Example 12: Lack of Toxicity

[0174] Mice were treated with antibody 2E6, 1gG control, or DBZ, as described in Example
10 (FIG. 9A). Over time, DBZ treated animals exhibited loss of body weight, while animals
treated with up to 150 mg/kg Notch 1 antibody three times per week exhibited normal weight
gain (FIG. 9B). After 18 days, animals were sacrificed, small intestines were collected, fixed
and embedded in paraffin. To observe goblet cells in the small intestine, sections of small
intestine from antibody-treated, 1gG-treated, and DBZ-treated animals were stained with Alcian
Blue (Diagnostic Biosystems, Cat. No. KT 003). Mice treated with 40, 100 or 150 mg/kg of
Notch 1 antibody 2E6 showed no increase in goblet cell numbers compared to control animals.
By contrast, small intestines from animals treated with DBZ (10 pM/kg) showed extensive
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alcian blue staining. These results indicated that antibody 2E6 did not lead to goblet cell
metaplasia, and had little or no intestinal toxicity in treated mice.

[0175] Theresultsin FIG. 9A aso demonstrate that antibody 2E6 at doses of 40, 100 or
150 mg/kg inhibit thymocyte development as effectively as 10 umoi/kg of DBZ. Therefore, as
shown in FIGS. 9A-9B, and by alcian blue staining of the small intestine, antibody 2E6 does
not have toxic effects (as measured by body weight loss and goblet cell conversion) at doses
significantly higher than the dose required to inhibit thymocyte development.

Example 13: Inhibition of Angiogenesis In Vivo

[0176] The effect of antibody 2E6 on functional angiogenesis was determined using an in
vivo matrigel plug assay. In this test, 400 ng/ml bFGF (R&D Systems) was prepared in 0.5 ml
matrigel (Becton Dickinson). Mice were anaesthetized, and one or two matrigel plugs per
animal were injected subcutaneously on either side on the ventral midline. Angiogenesis was
allowed to proceed for 7 days, and the mice were treated intraperitoneally with 2-40 mg/kg
Notch 1 antibody, or 1gG control on day 0, and every 3 days thereafter. No significant loss of
body weight was observed during these experiments. This indicated alack of toxicity
associated with treatment of the animals with 2-40 mg/kg of 2E6. Animals were sacrificed
after 7 days. At this time, the plugs were removed, minced in water, and incubated overnight at
4°C. Thefollowing day, a standard curve of hemoglobin concentration was prepared using 180
mg/ml, 120 mg/ml, 60 mg/ml, 30 mg/ml, 15 mg/ml, 7.5 mg/ml and O mg/ml of hemoglobin in a
1:1 mixture of water and Drabkin's reagent (Sigma-Aldrich, St. Louis, MO). Test samples
were centrifuged to pellet matrigel and cells. A 225 pi sample of supernatant was removed,
mixed with an equal volume of Drabkin's reagent, and incubated for 15 minutes at room
temperature. Absorbance at 540 nm was read, and hemoglobin concentration was determined
by comparison to a standard curve. Hemoglobin concentration was normalized for plug weight
for each sample. The results of these experiments indicated that antibody 2E6 inhibited bFGF-
induced angiogenesis in humanized (NotchlNZhl 12 knock-in) mice (FIG. 10). Dose response
studies indicated that inhibition of bFGF-induced angiogenesis was inhibited at concentrations

aslow as 2 mg/kg.

[0177] To investigate the effect of antibody 2E6 on angiogenesis induced by human cancer
cell lines in vivo, 0.5 - 1x 108 human cancer cells were prepared in 0.5 ml matrigel. Mice were
anaesthetized, and one or two matrigel plugs per animal were injected subcutaneously on either
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side on the ventral midline. Angiogenesis was allowed to proceed for 7-12 days, and animals
were treated intraperitoneally with 2-40 mg/kg antibody 2E6, or 1gG control on day 0, and
every 3 days thereafter. No significant loss of body weight was observed during these
experiments. This indicated alack of toxicity associated with treatment of the animals with 2-
40 mg/kg of 2E6. Animals were sacrificed after 10-12 days, depending on the cell line. Plugs
were removed and processed (as described above), to determine hemoglobin concentration.
The results of this experiment indicated that antibody 2E6 inhibited angiogenesis induced by
human lung cancer (Calu-6), breast cancer (MDA-MB-231) or pancreatic cancer (SW1990) cell
lines (FIG. 11).

[0178] The second matrigel plug from each mouse (as described in the preceding
paragraph) was processed for histologic analysis, in parallel with the hemoglobin
measurements. Plugs were removed, fixed over night in 10% buffered formalin at room
temperature, embedded in paraffin, and 10-20 um sections were prepared for
immunohistochemistry. To detect blood vessels present in the matrigel plug, thin sections were
stained for CD31, using an anti-mouse-CD3 1 antibody (Biocare Medical, Cat. Nos. CM303 and
RT517SK) according to the vendor's instructions. CD31 staining of the matrigel plugs
demonstrated increased vessel branching and smaller vessels after treatment with antibody 2ES6,
by comparison to control 1gG. These data demonstrated that antibody 2E6 promoted vascular
branching in the treated mice. However, despite the increase in vascular branching, the
decrease in blood content (as measured by hemoglobin content) suggests that antibody 2E6
decreased the function of the vessels that were present, and thus inhibited functional
angiogenesis. This apparent decrease in functional angiogenesis caused by antibody 2E6 is
consistent with increased branching and decreased vascular function resulting from genetic loss

of function of the Notch pathway in endothelial tissue.

Example 14: Humanization of Anti-human Notchl Antibodies
A . Construction of Humanized and Chimeric Anti-Human Notchl Antibodies

[0179] This Example describes the humanization of the murine antibody designated 2E6,
and the characterization of the resulting humanized antibodies. The humanized anti-Notch 1
antibodies were designed using methods well-known in the art. Two different humanized
versions were made for each chain and a predicted N-linked glycosylation site in 2E6 heavy
CDR2 was mutated to prevent any possible glycosylation. The designed amino acid sequences
were converted to codon-optimized DNA sequences and synthesized by DNAZ2.0, Inc. to
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include (in the following order): 5' Hindlll restriction site, Kozak consensus sequence, amino
terminal signal sequence, humanized variable region, human 1gGl or Kappa constant region,

stop codon, and a3' ECoRI restriction site.

[0180] The anti-Notch 1humanized antibody chains are designated with the prefix
"HUu2E6 _Hv" or "Hu2E6_Kv", referring to humanized 2E6 heavy or kappa light, respectively,
and the designations are then followed by anumeric suffix (e.g., HUZE6_Hvl, HU2E6 Hv2,
Hu2E6 _Kvl, or HU2E6 Kv2). In some cases, the designation is also followed by an amino
acid substitution abbreviation (e.g., HU2ZE6 Hvl T57A or HU2E6 Hv2 T57A). Combinations

of humanized heavy light chains are designated with the prefix "HuU2E6" and anumeric suffix.

[0181] Chimeric (murine variable region and human constant region) 2E6 heavy (human
IgGl) and light (human Kappa) chains were aso constructed. The murine variable regions
were fused to the human constant region using overlap extension PCR, including (in the
following order): 5' Hindlll restriction site, Kozak consensus sequence, amino termina signal
sequence, mouse variable region, human 1gGl or Kappa constant region, stop codon, and 3'

EcoRI restriction site.

[0182] The humanized and chimeric heavy chains were subcloned into pEE6.4 (Lonza,
Basel, Switzerland) via Hindlll and EcoRI sites using In-Fusion™ PCR cloning (Clontech,
Mountain View, CA). The humanized and chimeric Kappa light chains were subcloned into

pEE14.4 (Lonza) via Hindlll and EcoRlI sites using In-Fusion™ PCR cloning.

[0183] Humanized antibody chains or chimeric antibody chains were transiently
transfected into 293T cells to produce antibody. Antibody was either purified or used in cell
culture media supernatant for subsequent in vitro analysis. Binding of the chimeric and
humanized antibodies to human Notch 1 was measured as described below. The results are

summarized in Table 13.

[0184] Additionally, some humanized antibody heavy and light chain combinations were
stably expressed in CHOK 1SV cells using the GS System™ (Lonza Biologies) in order to
produce large quantities of purified humanized antibody. A single expression vector was
constructed by combining pEE6.4 and pEE14.4 based vectors. First, pEE6.4 containing full
length humanized heavy chain cONA was digested with Notl and Sail to isolate the hCMV -
MIE promoter + full length humanized heavy chain cDNA + SV40 poly A fragment. This
fragment was inserted into the pEE14.4 vector aready containing full length humanized light
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chain cDNA via Notl/Sall sites, thus creating an expression vector that simultaneously

expresses heavy and light chains. The combined heavy and light chain vector was linearized

and transfected into CHOK 1SV cells. Stable clones were selected in the presence of

methionine sulfoximine.

[0185]

and immunoglobulin light chain variable regions are set forth below in Table 7.

Table7

Each of the possible combinations of the humanized immunoglobulin heavy chain

Hu2E6_Kvl (SEQ ID NO: 111) HUu2E6_Hvl (SEQ ID NO: 103)
HU2E6_Kvl (SEQ ID NO: 111) HU2E6_Hvl T57A (SEQ ID NO: 105)
HU2E6_Kvl (SEQ ID NO: 111) HU2E6_Hv2 (SEQ ID NO: 107)
HU2E6_Kvl (SEQ ID NO: 111) HU2E6_Hv2 T57A (SEQ ID NO: 109)
HU2E6_Kv2 (SEQ ID NO; 113) HU2E6_Hvl (SEQ ID NO: 103)
HU2E6_Kv2 (SEQ ID NO; 113) HU2E6_Hvl T57A (SEQ ID NO: 105)
HU2E6_Kv2 (SEQ ID NO; 113) HU2E6_Hv2 (SEQ ID NO: 107)
HU2E6_Kv2 (SEQ ID NO; 113) HU2E6_Hv2 T57A (SEQ ID NO: 109)

[0186]

The nucleic acid sequences encoding and the protein sequences defining variable

regions of the humanized 2E6 antibodies are summarized below (amino terminal signal peptide

sequences are not shown). CDR sequences (Kabat definition) are shown in bold and are

underlined in the amino acid sequences.
Nucleic Acid Sequence Encoding the Hu2E6 Hyl Heavy Chain Variable Region

[0187]

(SEQ ID NO: 102)

1

61
121
181
241
301

[0188]

gaagt gcagt
t et t geaagg
cccggecagg
aaccagaaat
at ggagct gc
tacaatttcg

t ggt acaaag
ettceggat a
gt ct ggagt g
t caagggcaa
gctctcttcg
act act gggg

t ggggccgaa
cacattcact

gat eggegea
ggccaccctc
gagegacgat
acagggt act

gt t geaaage
tcatattgga
gtctacccta
accgct gaca
acagccgt ct
ct cct gaccg

caggggcctc
t gcact gggt
gaaacaacga
ct agcacat c
attact gt ct
ttagttcc

agt gaagat g
gaagcaagct
taccacct at
cacagcat ac
gtatttcaat

Protein Sequence Defining the HU2E6 Hyl Heavy Chain Variable Region (SEQ ID

NO: 103)

1 evqgl vgsgae vakpgasvkm sckasgytft sywrhwkga pgqgl ewi ga vyprnndtty
tadtststay nelrslrsdd tavyyclyfn ynfdywyqgt

61 ngkfkgkatl

[ltvss
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Nucleic Acid Sequence Encoding the HU2E6 Hyl T57A Heavy Chain Variable

Region (SEQ ID NO: 104)

1

61
121
181
241
301

[0190]

gaagt gcagt
tctt gcaagg
cccggecagg
aaccagaaat
at ggagct gc
tacaatttcg

t ggt acaaag
cttccggata
gt ct ggagt g
t caagggcaa
gctctcttcg
act act gggg

t ggggccgaa
cacattcact

gat cggcgca
ggccaccctc
gagcgacgat
acagggt act

gt t gcaaagc
tcat attgga
gtctacccta
accgctgaca
acagccgt ct
ctcctgaccg

caggggcctc
t gcact gggt
gaaacaacga
ct agcacat ¢
attact gt ct
ttagttcc

agt gaagat ¢
gaagcaagct
t gccacct at
cacagcat ac
gtatttcaat

Protein Sequence Defining the HU2E6 Hyl T57A Heavy Chain Variable Region

(SEQ ID NO: 105)

1 evqgl vgsgae vakpgasvkm sckasgytft sywrhwkga pgqglemﬁgg_yygrnndéﬂy
tadtststay melrslrsdd tavyyclyfn ynfdywgqgt

61 NQOkfkgkatl

[0191]

[ltvss

Nucleic Acid Sequence Encoding the HU2E6 Hv2 Heavy Chain Variable Region

(SEQ ID NO: 106)

caggt gcagt
tctt gcaagg
cccggecagg
aaccagaaat
at ggagct gc
tacaatttcg

t ggt acaaag
cttccggata
gt ct ggagt g
t ccagggcag
gctctcttcg
act act gggg

t ggggccgaa
cacattcact

gat cggcgca
ggccaccctc
gagcgacgat
acagggt act

gt t aagaagc
tcat attgga
gtctacccta
accgctgaca
acagccgt ct
ctcctgaccg

caggggcct c
t gcact gggt
gaaacaacga
ct agcacat ¢
attact gt ct
ttagttcc

agt gaagat ¢
gaggcaagct
t accacct at
cacagcat ac
gtatttcaat

Protein Sequence Defining the HU2E6 Hv2 Heavy Chain Variable Region (SEQ ID

1 gvgl vgsgae vkkpgasvkm sckasgytft sywnhwrga pgqgl ew ga vyprnndtty
tadtststay nelrslrsdd tavyyclyfn ynfdywgqgt

61 ngkf qgratl

1

61

121

181

241

301
[0192]

NO: 107)

[0193]

[ltvss

Nucleic Acid Sequence Encoding the HU2E6 Hv2 T57A Heavy Chain Variable

Region (SEQ ID NO: 108)

1

61
121
181
241
301

[0194]

caggt gcagt
tctt gcaagg
cccggecagg
aaccagaaat
at ggagct gc
tacaatttcg

t ggt acaaag
cttccggata
gt ct ggagt g
t ccagggcag
gctctcttcg
act act gggg

t ggggccgaa
cacattcact

gat cggcgca
ggccaccctc
gagcgacgat
acagggt act

gt t aagaagc
tcat attgga
gtctacccta
accgctgaca
acagccgt ct
ctcctgaccg

caggggcctc
t gcact gggt
gaaacaacga
ct agcacat ¢
attact gt ct
ttagttcc

agt gaagat ¢
gaggcaagct
t gccacct at
cacagcat ac
gtatttcaat

Protein Sequence Defining the HU2E6 Hv2 T57A Heavy Chain Variable Region

(SEQ ID NO: 109)

1 gvgl vgsgae vkkpgasvkm sckasgytft sywrhwrga pgqglemﬁgg_yygrnndéﬂy
tadtststay nelrslrsdd tavyyclyfn ynfdywgqgt

61 ngkf qgratl

[ltvss
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Nucleic Acid Sequence Encoding the HU2E6 Kyl Kappa Chain Variable Region

(SEQ ID NO: 110)

1

61
121
181
241
301

[0196]

gaaat t gt cc
atgtcttgca
cagt cccctc
ttcagcggca
gactttgcaa
accaaact cg

t gacacagtc
gggcttcctc
ggctgctt at
gcgggagt gg
cctattactg
aaat caag

acccgcaaca
ct ct gt gagc
ct at gacacc
gacagattac
ccagcaat gg

at gt ct gcct
tacatgcatt
t ccaaccgag
act ct gacca
agcagttatc

ct ccaggcga
ggt accagca
cct ct ggagt
t aagtt caat
cctatacttt

gagagt cacc
aaagccaggt
tcccgeccac
ggagcct gag
cggccaggga

Protein Sequence Defining the HU2E6 Kyl Kappa Chain Variable Region (SEQ ID

NO: 111)

1 eivltgspat nsaspgervt mscrasssvs ynhwyqgkpg gsprlliydt snrasgvpah
61 fsgsgsgtdy tltissnmepe dfatyycqgqw ssypyt fggg tkleik

[0197] Nucleic Acid Sequence Encoding the HU2E6 Kv2 Kappa Chain Variable Region

(SEQ ID NO: 112)

1

61
121
181
241
301

[0198]

gaaat t gt cc
atgtcttgca
caggctcctc
ttcagcggca
gactttgcaa
accaaact cg

t gacacagtc
gggcttcctc
ggctgcttat
gcgggagt gg
cctattactg
aaat caag

acccgcaaca
ct ct gt gagc
ct at gacacc
gacagattac
ccagcaat gg

ttgtctgect
tacatgcatt
t ccaaccgag
act ct gacca
agcagttatc

ct ccaggcga
ggt accagca
ccact ggagt
t aagtt caat
cctatacttt

gagagt cacc
aaagccaggt
t cccgecagg
ggagcct gag
cggccaggga

Protein Sequence Defining the HU2E6 Kv2 Kappa Chain Variable Region (SEQ ID

NO: 113)

1

ei vl t gspat

| saspger vt

MSCIr asssvs

ymhwyqgkpg qaprlliydt snratgvpar

61 fsgsgsgtdy tltissnmepe dfatyycqggw ssypyt fggg tkleik

[0199]

The amino acid sequences defining the immunoglobulin heavy chain variable

regions for the antibodies produced in Example 14 are aligned in FIG. 12. Amino terminal

signal peptide sequences (for proper expression/secretion) are not shown. CDR,, CDR,, and

CDR; (Kabat definition) are identified by boxes. FIG. 13 shows an dignment of the separate

CDRIi, CDR,, and CDR sequences for each of the variable region sequences shown in FIG. 12.

[0200]

The amino acid sequences defining the immunoglobulin light chain variable regions

for the antibodies in Example 14 are aligned in FIG. 14. Amino terminal signal peptide

sequences (for proper expression/secretion) are not shown. CDR |, CDR, and CDR; are
identified by boxes. FIG. 15 shows an alignment of the separate CDR,, CDR,, and CDR,

sequences for each of the variable region sequences shown in FIG. 14.

[0201]

Table 8isaconcordance chart showing the SEQ ID NO. of each sequence discussed
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Table8

102 Hu2E6_Hv1 Heavy Chain Variable Region—nucleic acid

103 Hu2E6_Hv1 Heavy Chain Variable Region—protein

15 Hu2E6_Hv1 Heavy Chain CDR;

16 Hu2E6_Hv1 Heavy Chain CDR,

17 Hu2E6_Hv1 Heavy Chain CDR;

104 Hu2E6_Hv1 T57A Heavy Chain Variable Region—nucleic
acid

105 Hu2E6_Hv1 T57A Heavy Chain Variable Region—protein

15 Hu2E6_Hvl T57A Heavy Chain CDR;

94 Hu2E6_Hv1 T57A Heavy Chain CDR,

17 Hu2E6_Hvl T57A Heavy Chain CDRj

106 Hu2E6_Hv2 Heavy Chain Variable Region—nucleic acid

107 Hu2E6_Hv2 Heavy Chain Variable Region—protein

15 Hu2E6_Hv2 Heavy Chain CDR;

95 Hu2E6_Hv2 Heavy Chain CDR»

17 Hu2E6_Hv2 Heavy Chain CDR;

108 Hu2E6_Hv2 T57A Heavy Chain Variable Region—nucleic
acid

109 Hu2E6_Hv2 T57A Heavy Chain Variable Region—protein

15 Hu2E6_Hv2 T57A Heavy Chain CDR;

96 Hu2E6_Hv2 T57A Heavy Chain CDR,

17 Hu2E6_Hv2 T57A Heavy Chain CDRj

110 Hu2E6_Kv1 Light (kappa) Chain Variable Region—
nucleic acid

111 Hu2E6_Kv1 Light (kappa) Chain Variable Region—
protein

99 Hu2E6_Kvl Light (kappa) Chain CDR;

100 Hu2E6_Kvl Light (kappa) Chain CDR,

20 Hu2E6_Kvl Light (kappa) Chain CDR3

112 Hu2E6_Kv2 Light (kappa) Chain Variable Region—
nucleic acid

113 Hu2E6_Kv2 Light (kappa) Chain Variable Region—
protein

99 Hu2E6_Kv?2 Light (kappa) Chain CDR;

101 Hu2E6_Kv?2 Light (kappa) Chain CDR,

20 HU2E6_KV2 Light (kappa) Chain CDR,

[0202] Humanized monoclonal antibody heavy chain CDR sequences (Kabat, Chothia, and
5 IMGT definitions) are shownin Table 9.
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Table9

Hu2E6_Hv2 T57A

(SEQ ID NO: 15)

(SEQ ID NO: 96)

SYWMH AVYPRNNDTTYNQKFKG | ENYNFDY
2E6 (SEQ ID NO: 15) | (SEQ ID NO: 16) (SEQ ID NO: 17)
SYWMH AVYPRNNDTTYNQKFKG | ENYNFDY
Hu2E6_Hvl (SEQ ID NO: 15) | (SEQ ID NO: 16) (SEQ ID NO: 17)
SYWMH AVYPRNNDATYNQKFKG | ENYNFDY
Hu2E6_Hvl T57A (SEQ ID NO: 15) | (SEQ ID NO: 94) (SEQ ID NO: 17)
SYWMH AVYPRNNDTTYNQKFQG | ENYNFDY
Hu2E6_Hv2 (SEQ ID NO: 15) | (SEQ ID NO: 95) (SEQ ID NO: 17)
SYWMH AVYPRNNDATYNQKFQG | ENYNFDY

(SEQ ID NO: 17)

GYTFTSY YPRNNDT FNYNFDY
2E6 (SEQ ID NO: 40) | (SEQ ID NO: 41) (SEQ ID NO: 17)
GYTFTSY YPRNNDT FNYNFDY
Hu2E6_Hvl (SEQ ID NO: 40) | (SEQ ID NO: 41) (SEQ ID NO: 17)
GYTFTSY YPRNNDA FNYNFDY
Hu2E6_Hvl T57A (SEQ ID NO: 40) | (SEQ ID NO: 97) (SEQ ID NO: 17)
GYTFTSY YPRNNDT FNYNFDY
Hu2E6_Hv2 (SEQ ID NO: 40) | (SEQ ID NO: 41) (SEQ ID NO: 17)

GYTFTSY

YPRNNDA

FNYNFDY

Hu2E6_Hv2 T57A

(SEQ ID NO: 49)

(SEQ ID NO: 98)

GYTFTSYW VYPRNNDT LYFNYNFDY
2E6 (SEQ ID NO: 49) | (SEQ ID NO: 50) (SEQ ID NO: 51)
GYTFTSYW VYPRNNDT LYFNYNFDY
Hu2E6_Hvl (SEQ ID NO: 49) | (SEQ ID NO: 50) (SEQ ID NO: 51)
GYTFTSYW VYPRNNDA LYFNYNFDY
Hu2E6_Hvl T57A (SEQ ID NO: 49) | (SEQ ID NO: 98) (SEQ ID NO: 51)
GYTFTSYW VYPRNNDT LYFNYNFDY
Hu2E6_Hv2 (SEQ ID NO: 49) | (SEQ ID NO: 50) (SEQ ID NO: 51)
GYTFTSYW VYPRNNDA LYFNYNFDY

(SEQ ID NO: 51)

[0203]

Chothia, and IMGT definitions) are shown in Table 10.

Humanized monoclonal antibody Kappa light chain CDR sequences (Kabat,
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SASSSVSYMH DTSNLAS QQWSSYPYT
2E6 (SEQ ID NO: 18) (SEQ IDNO: 19) | (SEQ ID NO: 20)

RASSSVSYMH DTSNRAS QQWSSYPYT
Hu2E6_Kvl (SEQ ID NO: 99) (SEQ ID NO: 100) | (SEQ ID NO: 20)

RASSSVSYMH DTSNRAT QQWSSYPYT
Hu2E6_Kv2 (SEQ ID NO: 99) (SEQ ID NO: 101) | (SEQ ID NO: 20)

SSVSY DTS QQWSSYPYT

2E6 (SEQ ID NO: 59) (SEQ ID NO: 20)
SSVSY DTS QQWSSYPYT

Hu2E6_Kvl (SEQ ID NO: 59) (SEQ ID NO: 20)
SSVSY DTS QQWSSYPYT

Hu2E6_Kv2 (SEQ ID NO: 59) (SEQ ID NO: 20)

[0204] To create the complete chimeric and humanized heavy or kappa chain antibody

sequences, each variable sequence above is combined with its respective human constant

region. For example, acomplete heavy chain comprises aheavy variable sequence followed by

ahuman IgGl heavy chain constant sequence. A complete kappa chain comprises akappa

variable sequence followed by the human kappa light chain constant sequence.

[0205]

Nucleic Acid Sequence Encoding the Human IgGl Heavy Chain Constant Region

(SEQ ID NO: 114)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

gcct caacaa
ggcact gcag
t ggaacagt g
ggcct gt act
tacatctgta
aagagct gcg
cccagcgt ct
gaggt gacat
tacgttgatg
agt acat acc
gaat acaaat
aaggcaaagg
at gacaaaga
gccgtt gagt
ctggat agtg
cagcagggt a
cagaagt cac

aaggaccaag
cactcggctg
gagcact cac
cact cagctc
at gt aaacca
acaagact ca
ttttgttcce
gtgttgttgt
gagt cgaagt
gt gt agt cag
gcaaagtgtc
ggcagcct cg
accaagtctc
gggagagt aa
acgggtcttt
acgtcttcag

t gagcct gag

tgtgttccca
cct cgt caag
ttctggtgtc
cgt cgt gacc
caagcct agc
cacttgtccc
accaaagcct
agacgtttcc
acat aat gct
tgttctcaca
caacaaagca
t gaaccacag
att gacct gc
cggt cagcct
ctttctgtac
ctgttccgtg
cccagggaag

ctcgccecta
gattattttc
catacttttc
gtgccatctt
aat act aagg
ccatgccctg
aaagat actc
cacgaggacc
aagaccaagc
gt gct gcacc
ct cccagecc
gtgtacactc
ct ggt gaaag
gagaacaat t
agt aagct ga
at gcacgagg

gcagcaagag
cagagccagt
ctgctgtcct
cat ctct ggg
t cgat aagcg
cccct gaact
t gat gat aag
cagaggttaa
ct agagagga
aagact ggct
ct at cgagaa
t gccacccag
gcttctaccc
acaagacaac
ct gt ggacaa
cattgcacaa

t acat ccggg
aaccgt gagc
gcaaagct ct
cact cagacc
ggt ggaaccc
tctgggeggt
t agaacaccc
gttcaact gg
gcagt at aat
caacggcaaa
gact at t agt
t agagaggaa
cagcgacat c
cccececcagtg

gt cccget gg
ccact acacc
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Protein Sequence Defining the Human IgGl Heavy Chain Constant Region (SEQ

ID NO: 115)

1
61
121
181
241
301

[0207]

ast kgpsvfp
gl ysl ssvvt
psvfl f ppkp
styrvvsvlt
nt knqvsltc
gggnvf scsv

| apsskst sg
vpsssl gt gt
kdtl m srtp
vl hgdw ngk
| vkgf ypsdi
mheal hnhyt

gt aal gcl vk
yi cnvnhkps
evt cvvvdvs

avewesnggp
gksl sl spgk

dyf pepvt vs wnsgal t sgv

nt kvdkr vep

kscdkt ht cp

hedpevkf nw yvdgvevhna
eykckvsnka | papi ekti s kakgqgprepq

ennykt t ppv

| dsdgsffly

ht f pavl gss
pcpapel | gg
kt kpreeqyn
vyt | ppsree
skl t vdksrw

Nucleic Acid Sequence Encoding the Human Kappa Light Chain Constant Region

(used for chimeric antibodies) (SEQ ID NO: 116)

1
61
121
181
241
301

[0208]

cgcacagt cg
ggt act gctt
t ggaaggt ag
t caaaggaca
aaacacaagg
tcttttaacc

ccgctccctce
cagtcgtgtg
acaacgcact
gtacatattc
tctatgcttg

gt ggggagt g

cgtgttcatc
t ct gct gaac
gcagt ccggc
cct gagcagc
cgaagt gaca
t

tttccaccaa
aatttctacc
aat agccaag
act ct gaccc
cat cagggac

gt gat gagca
ct cgagaagc
aat cagttac
t gt caaaggc
t gt ccagccc

act gaagt ct
caaagt ccaa
cgaacaggat
cgattacgag
agt gacaaaa

Nucleic Acid Sequence Encoding the Human Kappa Light Chain Constant Region

(used for humanized antibodies) (SEQ ID NO: 117)

1
61
121
181
241
301

[0209]

cgcacagttg
ggt act gcct
t ggaaagt gg
agcaaagact
aaacacaagg
tccttcaata

ct gcccecag
ctgtcgtatg
at aat gcact
caacttattc
tatacgcctg

ggggcgaat g

cgtgttcatt
cttgctcaac
t caat ct gga
actctcttcc
cgaggttaca
t

ttcccaccta
aacttttacc
aacagt caag
accctgactc
caccagggtt

gcgat gagca
cacgt gaggc
agt ccgt gac
t gt ccaaggc
tgtctagtcc

gct gaaaagc
t aaggt gcag
agaacaggac
agact at gaa
t gt caccaag

Protein Sequence Defining the Human Kappa Light Chain Constant Region (used

for chimeric and humanized antibodies) (SEQ ID NO: 118)

1

rtvaapsvfi

f ppsdeql ks gtasvvcl | n nfypreakvq wkvdnal gsg nsgesvteqd

61 skdstyslss tltlskadye khkvyacevt

hqggl sspvt k

sfnrgec

[0210]

light chain sequence (i.e., containing both the variable and constant regions sequences) for each

The following sequences represent the actual or contemplated full length heavy and

antibody described in this Example. Signal sequences for proper secretion of the antibodies
(e.g., signal sequences at the 5' end of the DNA sequences or the amino termina end of the
protein sequences) are not shown in the full length heavy and light chain sequences disclosed
herein and are not included in the final secreted protein. Also not shown are stop codons for
termination of trandation required at the 3' end of the DNA sequences. It iswithin ordinary
skill in the art to select a signal sequence and/or a stop codon for expression of the disclosed

full length 19G heavy chain and light chain sequences. It isalso contemplated that the variable
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1gG heavy and light chains.

[0211]
(Mouse Heavy Chain Variable Region and Human 1gGl Constant Region) (SEQ ID NO: 119)

Nucleic Acid Sequence Encoding the Full Length Chimeric 2E6 Heavy Chain

10
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1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321

[0212]

gaggtt cagce
t cct gcaagg
cct ggacagg
aat cagaagt
at ggcact ca
tacaactttg
ggaccaagt g
ct cggct gce
gcactcactt
ct cagct ccg
gt aaaccaca
aagact caca
ttgttcccac
gttgttgtag
gt cgaagt ac
gt agt cagt g
aaagt gt cca
cagcctcgtg
caagt ct cat
gagagt aacg
gggtctttct
gt cttcagct
agcct gagee

t ccagcagtc
cttctggcta
gt ct ggaat g
t caagggcaa
gcagcct aac
act act gggg
tgttcccact
t cgt caagga
ctggtgtcca
t cgt gaccgt
agcct agcaa
cttgtcccce
caaagcct aa
acgtttccca
at aat gct aa
ttctcacagt
acaaagcact
aaccacaggt
t gacct gcct
gt cagcct ga
ttctgtacag
gttccgt gat
cagggaag

t ggggct gag
cacctttacc
gat t ggcgct
ggccaagct g
aaat gaggac
ccaaggcacc
cgcccct age
ttattttcca
tacttttcct
gccatcttca
t act aaggt c
at gccct gce
agatactctg
cgaggaccca
gaccaagcct
gct gcaccaa
cccagcccct
gtacactctg
ggt gaaaggc
gaacaatt ac
t aagct gact
gcacgaggca

ct ggcaagac
agct act gga
gtttatccta
act gctgtca
t ct gcggt ct
act ct cacag
agcaagagt a
gagccagt aa
gctgtcctge
tct ct gggca
gat aagcggg
cctgaacttc
at gat aagt a
gaggt t aagt
agagaggagc
gact ggct ca
at cgagaaga
ccacccagta
ttctacccca
aagacaaccc
gt ggacaagt
tt gcacaacc

ctggggcettc

t gcact gggt
gaaacaat ga

cat ccgccag
attact gt ct
tctcctcage
cat ccggggg
ccgt gagct g
aaagct ct gg
ct cagaccta
t ggaacccaa
t gggcggt cc
gaacacccga
t caact ggta
agt at aat ag
acggcaaaga
ctattagtaa
gagaggaaat
gcgacat cgc
ccccagt get
cccgcet ggea
act acaccca

agt gaagat g
aaaacagagg
tactacttac
cact gcct ac
ttattttaac
ct caacaaaa
cact gcagca
gaacagt gga
cctgtactca
cat ct gt aat
gagct gcgac
cagcgtcttt
ggt gacat gt
cgt t gat gga
tacat accgt
at acaaat gc
ggcaaagggg
gacaaagaac
cgt t gagt gg
ggat agt gac
gcagggt aac
gaagt cact g

Protein Sequence Defining the Full Length Chimeric 2E6 Heavy Chain (Mouse

Heavy Chain Variable Region and Human IgGl Constant Region) (SEQ ID NO: 120)

1
61
121
181
241
301
361
421

[0213]

evqgl qgsgae
ngkf kgkakl
gpsvf pl aps
| ssvvtvpss
| f ppkpkdt |
vvsvl tvl hg
gvsl tcl vkg
vfscsvmhea

| ar pgasvkm
t avt sast ay

skst sggt aa
slgtqgtyicn

m srtpevtc

dwl ngkeykc

fypsdi avew
| hnhyt gksl

sckasgytft
mal ssl t ned
| gcl vkdyfp
vnhkpsnt kv
vvvdvshedp
kvsnkal pap
esngqgpenny
sl spgk

sywrhwkaqr
savyycl yfn
epvt vswnsg
dkrvepkscd
evkf nwyvdg
i ekti skakg
ktt ppvl dsd

pgqgl ewi ga
ynf dywgqgt
al tsgvhtfp

kt ht cppcpa
vevhnakt kp
qprepqvyt |
gsfflysklt

vyprnndtty
tltvssastk
avl gssgl ys
pel | ggpsvf
reeqynstyr
ppsreent kn
vdksrwgqggn

Nucleic Acid Sequence Encoding the Full Length Chimeric 2E6 Light Chain

(Mouse Kappa Chain Variable Region and Human Kappa Constant Region) (SEQ ID NO: 121)

1
61
121
181
241
301
361
421

caaattgttc
at gacct gca
tcctccccca
tt cagt ggca
gat gct gcca
accaagct gg
gat gagcaac
cgagaagcca

t cacccagt c
gt gccagcetc
gact cct gat
gt gggt ct gg
cttattactg
aaat aaaacg
t gaagt ct gg
aagt ccaat g

t ccagcaat ¢
aagt gt aagt
ttat gacaca
gacctcttac
ccagcagt gg
cacagt cgcc
tactgcttca
gaaggt agac

atgtctgett
t acat gcact
t ccaacct gg
tctctcacaa
agt agtt acc
gct ccctccg
gtcgtgtgtc
aacgcact gc

ct ccagggga
ggt accagca
cttctggagt
t cat ccgaat
cgt acacgtt
tgttcatctt
t gct gaacaa
agt ccggcaa

gaaggt cacc
gaagccagga
ccct gt gcac
ggaggct gaa
cggagggggg
t ccaccaagt
tttctaccct
t agccaagaa
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481 tcagttaccg aacaggattc aaaggacagt
541 tcaaaggccg attacgagaa acacaaggtc

601

[0214]

t ccagcccag

t gacaaaat c

ttttaaccgt

acatattccc

PCT/US2011/042843

t gagcagcac

tct gaccctg

tatgcttgcg aagtgacaca tcagggactg

ggggagt gt

Protein Sequence Defining the Full Length Chimeric 2E6 Light Chain (Mouse

Kappa Chain Variable Region and Human Kappa Constant Region) (SEQ ID NO: 122)

1 qgivltgspa

61
121
181

[0215]

f sgsgsgt sy
deql ksgt as
skadyekhkv

nsaspgekvt
sltiirneae
vvcl I nnfyp
yacevt hqgl

nt csasssvs ymhwyqgkpg ssprlliydt
daatyycqqw ssypytfggg tkleikrtva apsvfifpps
reakvgwkvd nal gsgnsge svteqdskds

sspvt ksfnr

gee

snl asgvpvh

tyslsstltl

Nucleic Acid Sequence Encoding the Full Length Humanized HU2E6 Hyl Heavy

Chain (Humanized Heavy Chain Variable Region and Human IgGl Constant Region) (SEQ ID

NO: 123)

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321

[0216]

gaagt gcagt
t et t geaagg
cccggcecagg
aaccagaaat
at ggagct gc
tacaatttcg
ggaccaagt g
ct cggcet gce
gcact cactt
ct cagct ccg
gt aaaccaca
aagact caca
ttgttcccac
gttgttgtag
gt cgaagt ac
gt agt cagt g
aaagt gt cca
cagcctcgtg
caagt ct cat
gagagt aacg
gggtctttct
gt cttcaget
agcct gagce

t ggt acaaag
ettceggata
gt ct ggagt g
t caagggcaa
gctctcttcg
act act gggg
tgttcccact
t egt caagga
ctggtgtcca
t cgt gaccgt
agect agcaa
cttgtcccce
caaagect aa
acgtttccca
at aat get aa
ttctcacagt
acaaagcact
aaccacaggt
t gacct gcct
gt cagcct ga
ttctgtacag
gttccgt gat
cagggaag

t ggggccgaa
cacatt cact

gat eggegea
ggccaccctc
gagegacgat
acagggt act
cgcccct age
ttattttcca
tacttttcct
gccatcttca
tact aaggtc
at gccct gce
agatactctg
cgaggaccca
gaccaagcct
gct gcaccaa
cccagcccct
gtacactctg
ggt gaaaggc
gaacaatt ac
t aagct gact
gcacgaggca

gtt geaaage
tcatattgga
gtctacccta
accgct gaca
acagccgt ct
ct cct gaccg
agcaagagt a
gagecagt aa
gctgtcctge
tct ct gggca
gat aageggg
cctgaacttc
at gat aagt a
gaggt t aagt
agagaggagc
gact ggct ca
at cgagaaga
ccacccagta
ttctacccca
aagacaaccc
gt ggacaagt
tt gcacaacc

caggggcctc
t gcact gggt
gaaacaacga
ctagcacatc
attact gt ct
ttagttccge
cat ceggggg
ccgt gagct g
aaagct ct gg
ct cagaccta
t ggaacccaa
t gggeggt ec
gaacacccga
t caact ggt a
agt at aat ag
aeggcaaaga
ctattagtaa
gagaggaaat
gcgacat cgc
ccccagt get
cccgcet ggea
act acaccca

agt gaagat g
gaagcaagct
taccacct at
cacagcat ac
gtatttcaat
ct caacaaaa
cact gcagca
gaacagt gga
cctgtactca
cat ct gt aat
gagct gegae
cagegtcttt
ggt gacat gt
cgt t gat gga
t acat accgt
at acaaat gc
ggcaaagggg
gacaaagaac
cgt t gagt gg
ggat agt gac
gcagggt aac
gaagt cact g

Protein Sequence Defining the Full Length Humanized HU2E6 Hyl Heavy Chain

(Humanized Heavy Chain Variable Region and Human IgGl Constant Region) (SEQ ID NO:

124)

61
121
181
241
301
361
421

evqgl vgsgae
ngkf kgkat |
gpsvf pl aps
| ssvvtvpss
| f ppkpkdt |
vvsvl tvl hg
gvsl tcl vkg
vfscsvmhea

vakpgasvkm
t adt st st ay
skst sggt aa
slgtqgtyicn
m srtpevtc
dwl ngkeykc
fypsdi avew
| hnhyt gksl

sckasgytft
nmel r sl rsdd
| gcl vkdyfp
vnhkpsnt kv
vvvdvshedp
kvsnkal pap
esngqgpenny
sl spgk

sywrhwkqa
tavyyclyfn
epvt vswnsg
dkrvepkscd
evkf nwyvdg
i ekti skakg
ktt ppvl dsd

pgqgl ewi ga

ynf dywgqgt
al tsgvhtfp

kt ht cppcpa
vevhnakt kp
qprepqvyt |
gsfflysklt

vyprnndtty
I ltvssastk
avl gssgl ys
pel | ggpsvf
reeqynstyr
ppsreent kn
vdksrwgqggn
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Nucleic Acid Sequence Encoding the Full Length Humanized HU2E6 Hyl T57A

Heavy Chain (Humanized Heavy Chain Variable Region and Human IgGl Constant Region)

(SEQ ID NO: 125)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321

[0218]

gaagt gcagt
t ctt gcaagg
cccggcecagg
aaccagaaat
at ggagct gc
tacaatttcg
ggaccaagt g
ct cggct gce
gcactcactt
ct cagct ccg
gt aaaccaca
aagact caca
ttgttcccac
gttgttgtag
gt cgaagt ac
gt agt cagt g
aaagt gt cca
cagcctcgtg
caagt ct cat
gagagt aacg
gggtctttct
gt cttcaget
agcct gagce

t ggt acaaag
cttccggata
gt ct ggagt g
t caagggcaa
gctctcttcg
act act gggg
tgttcccact
t cgt caagga
ctggtgtcca
t cgt gaccgt
agcct agcaa
cttgtcccce
caaagcct aa
acgtttccca
at aat gct aa
ttctcacagt
acaaagcact
aaccacaggt
t gacct gcct
gt cagcct ga
ttctgtacag
gttccgt gat
cagggaag

t ggggccgaa
cacatt cact

gat cggcgcea
ggccaccctc
gagcgacgat
acagggt act
cgcccct age
ttattttcca
tacttttcct
gccatcttca
t act aaggt c
at gccct gce
agatactctg
cgaggaccca
gaccaagcct
gct gcaccaa
cccagcccct
gtacactctg
ggt gaaaggc
gaacaatt ac
t aagct gact
gcacgaggca

gt t gcaaagc
tcatattgga
gtctacccta
accgct gaca
acagccgt ct
ct cct gaccg
agcaagagt a
gagccagt aa
gctgtcctge
tct ct gggca
gat aagcggg
cctgaacttc
at gat aagt a
gaggt t aagt
agagaggagc
gact ggct ca
at cgagaaga
ccacccagta
ttctacccca
aagacaaccc
gt ggacaagt
tt gcacaacc

caggggcctc
t gcact gggt
gaaacaacga
ctagcacatc
attact gt ct
ttagttccge
cat ccggggg
ccgt gagct g
aaagct ct gg
ct cagaccta
t ggaacccaa
t gggcggt cc
gaacacccga
t caact ggt a
agt at aat ag
acggcaaaga
ctattagtaa
gagaggaaat
gcgacat cgc
ccccagt get
cccgcet ggea
act acaccca

agt gaagat g
gaagcaagct
t gccacct at
cacagcat ac
gtatttcaat
ct caacaaaa
cact gcagca
gaacagt gga
cctgtactca
cat ct gt aat
gagct gcgac
cagcgtcttt
ggt gacat gt
cgt t gat gga
t acat accgt
at acaaat gc
ggcaaagggg
gacaaagaac
cgt t gagt gg
ggat agt gac
gcagggt aac
gaagt cact g

Protein Sequence Defining the Full Length Humanized HU2E6 Hyl T57A Heavy

Chain (Humanized Heavy Chain Variable Region and Human IgGl Constant Region) (SEQ ID

NO: 126)

61
121
181
241
301
361
421

[0219]

evqgl vgsgae
ngkf kgkat |
gpsvf pl aps
| ssvvtvpss
| f ppkpkdt |
vvsvl tvl hg
gvsl tcl vkg
vfscsvrmhea

vakpgasvkm
t adt st st ay
skst sggt aa
slgtqgtyicn
m srtpevtc
dwl ngkeykc
fypsdi avew
| hnhyt gksl

sckasgytft
nmel r sl rsdd
I gcl vkdyfp
vnhkpsnt kv
vvvdvshedp
kvsnkal pap
esngqgpenny
sl spgk

sywrhwkqa
tavyyclyfn
epvt vswnsg
dkrvepkscd
evkf nwyvdg
i ekti skakg
ktt ppvl dsd

pgqgl ewi ga

ynf dywgqgt
al tsgvhtfp

kt ht cppcpa
vevhnakt kp
qprepqvyt |
gsfflysklt

vypr nndaty
I ltvssastk
avl gssgl ys
pel | ggpsvf
reeqynstyr
ppsreent kn
vdksrwgqggn

Nucleic Acid Sequence Encoding the Full Length Humanized HU2E6 Hv2 Heavy

Chain (Humanized Heavy Chain Variable Region and Human IgGl Constant Region) (SEQ ID

NO: 127)

61
121
181
241

caggt gcagt
t ctt gcaagg
cccggcecagg
aaccagaaat
at ggagct gc

t ggt acaaag
cttccggata
gt ct ggagt g
t ccagggcag
gctctcttcg

t ggggccgaa
cacatt cact

gat cggcgcea
ggccaccctc
gagcgacgat

gt t aagaagc
tcatattgga
gtctacccta
accgct gaca
acagccgt ct

caggggcctc
t gcact gggt
gaaacaacga
ctagcacatc
attact gt ct

agt gaagat g
gaggcaagct
t accacct at
cacagcat ac
gtatttcaat



10

15

20

25

30

35

40

45

50

WO 2012/003472

301
361
421
481
541
601
661
721
781
841
901
961
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1081
1141
1201
1261
1321

[0220]

tacaatttcg
ggaccaagt g
ct cggcet gce
gcactcactt
ct cagct ccg
gt aaaccaca
aagact caca
ttgttcccac
gttgttgtag
gt cgaagt ac
gt agt cagt g
aaagt gt cca
cagcctcgtg
caagt ct cat
gagagt aacg
gggtctttct
gt cttcagct
agcct gagce

act act gggg
tgttcccact
t cgt caagga
ctggtgtcca
t cgt gaccgt
agcct agcaa
cttgtcccce
caaagcct aa
acgtttccca
at aat gct aa
ttctcacagt
acaaagcact
aaccacaggt
t gacct gcct
gt cagcct ga
ttctgtacag
gttccgt gat
cagggaag

-57-

acagggt act
cgcccct age
ttattttcca
tacttttcct
gccatcttca
t act aaggt c
at gccct gce
agatactctg
cgaggaccca
gaccaagcct
gct gcaccaa
cccagcccct
gtacactctg
ggt gaaaggc
gaacaatt ac
t aagct gact
gcacgaggca

ct cct gaccg
agcaagagt a
gagccagt aa
gctgtcctge
tct ct gggca
gat aagcggg
cctgaacttc
at gat aagt a
gaggt t aagt
agagaggagc
gact ggct ca
at cgagaaga
ccacccagta
ttctacccca
aagacaaccc
gt ggacaagt
tt gcacaacc

PCT/US2011/042843

ttagttccge
cat ccggggg
ccgt gagct g
aaagct ct gg
ct cagacct a
t ggaacccaa
t gggcggt cc
gaacacccga
t caact ggta
agt at aat ag
acggcaaaga
ctattagtaa
gagaggaaat
gcgacat cgc
ccccagt get
cccgcet ggea
act acaccca

ct caacaaaa
cact gcagca
gaacagt gga
cctgtactca
cat ct gt aat
gagct gcgac
cagcgtcttt
ggt gacat gt
cgt t gat gga
t acat accgt
at acaaat gc
ggcaaagggg
gacaaagaac
cgt t gagt gg
ggat agt gac
gcagggt aac
gaagt cact g

Protein Sequence Defining the Full Length Humanized HU2E6 Hv2 Heavy Chain

(Humanized Heavy Chain Variable Region and Human IgGl Constant Region) (SEQ ID NO:

128)

61
121
181
241
301
361
421

[0221]

gvgl vgsgae
ngkf qgr at |
gpsvf pl aps
| ssvvtvpss
| f ppkpkdt |
vvsvl tvl hg
gvsl tcl vkg
vfscsvrmhea

vkkpgasvkm
t adt st st ay
skst sggt aa
slgtqgtyicn
m srtpevtc
dwl ngkeykc
fypsdi avew
| hnhyt gksl

sckasgytft
nmel r sl rsdd
| gcl vkdyfp
vnhkpsnt kv
vvvdvshedp
kvsnkal pap
esngqgpenny
sl spgk

sywrhwr gqa
tavyyclyfn
epvt vswnsg
dkrvepkscd
evkf nwyvdg
i ekti skakg
ktt ppvl dsd

pgqgl ewi ga

ynf dywgqgt
al tsgvhtfp

kt ht cppcpa
vevhnakt kp
qprepqvyt |
gsfflysklt

vyprnndtty
I ltvssastk
avl gssgl ys
pel | ggpsvf
reeqynstyr
ppsreent kn
vdksrwgqggn

Nucleic Acid Sequence Encoding the Full Length Humanized HU2E6 Hv2 T57A

Heavy Chain (Humanized Heavy Chain Variable Region and Human IgGl Constant Region)

(SEQ ID NO: 129)

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

caggt gcagt
t ctt gcaagg
cccggcecagg
aaccagaaat
at ggagct gc
tacaatttcg
ggaccaagt g
ct cggcet gce
gcactcactt
ct cagct ccg
gt aaaccaca
aagact caca
ttgttcccac
gttgttgtag
gt cgaagt ac
gt agt cagt g
aaagt gt cca

t ggt acaaag
cttccggata
gt ct ggagt g
t ccagggcag
gctctcttcg
act act gggg
tgttcccact
t cgt caagga
ctggtgtcca
t cgt gaccgt
agcct agcaa
cttgtcccce
caaagcct aa
acgtttccca
at aat gct aa
ttctcacagt
acaaagcact

t ggggccgaa
cacatt cact

gat cggcgcea
ggccaccctc
gagcgacgat
acagggt act
cgcccct age
ttattttcca
tacttttcct
gccatcttca
t act aaggt c
at gccct gce
agatactctg
cgaggaccca
gaccaagcct
gct gcaccaa
cccagcccct

gt t aagaagc
tcatattgga
gtctacccta
accgct gaca
acagccgt ct
ct cct gaccg
agcaagagt a
gagccagt aa
gctgtcctge
tct ct gggca
gat aagcggg
cctgaacttc
at gat aagt a
gaggt t aagt
agagaggagc
gact ggct ca
at cgagaaga

caggggcctc
t gcact gggt
gaaacaacga
ctagcacatc
attact gt ct
ttagttccge
cat ccggggg
ccgt gagct g
aaagct ct gg
ct cagaccta
t ggaacccaa
t gggcggt cc
gaacacccga
t caact ggt a
agt at aat ag
acggcaaaga
ctattagtaa

agt gaagat g
gaggcaagct
t gccacct at
cacagcat ac
gtatttcaat
ct caacaaaa
cact gcagca
gaacagt gga
cctgtactca
cat ct gt aat
gagct gcgac
cagcgtcttt
ggt gacat gt
cgt t gat gga
t acat accgt
at acaaat gc

ggcaaagggg
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[0222]

cagcctcgt g
caagt ct cat
gagagt aacg
gggtctttct
gt ctt caget
agcct gagec

aaccacaggt
t gacct gect
gt cagcct ga
ttctgtacag
gt t ccgt gat
cagggaag

-58 -

gtacactctg
ggt gaaaggc
gaacaatt ac
t aagct gact
gcacgaggca

ccacccagt a
ttctacccca
aagacaaccc
gt ggacaagt
ttgcacaacc

Protein Sequence Defining the Full Length Humanized

PCT/US2011/042843

gagaggaaat
gcgacat cgc
ccccagt get
cccgcet ggea
act acaccca

gacaaagaac
cgt t gagt gg
ggat agt gac
gcagggt aac
gaagt cact g

HU2E6 Hv2 T57A Heavy

Chain (Humanized Heavy Chain Variable Region and Human IgGl Constant Region) (SEQ ID

NO: 130)

61
121
181
241
301
361
421

[0223]

gvgl vgsgae
ngkf qgrat |
gpsvf pl aps
| ssvvtvpss
| f ppkpkdt |
vvsvl tvl hg
gvsl tcl vkg
vfscsvmhea

vkkpgasvkm
t adt st st ay
skst sggt aa
slgtqtyicn
m srtpevtc
dwl ngkeykc
fypsdi avew
| hnhyt gksl

sckasgytft
nel rsl rsdd
I gcl vkdyfp
vnhkpsnt kv
vvvdvshedp
kvsnkal pap
esngqgpenny
sl spgk

sywrhwr gqa
tavyycl yf n
epvt vswnsg
dkrvepkscd
evkf nwyvdg
i ektiskakg
ktt ppvl dsd

pgqgl ewi ga

ynf dywgqgt
al tsgvhtf p

kt ht cppcpa
vevhnakt kp
qprepqvyt|
gsf flysklt

vypr nndaty
Il tvssastk
avl gssgl ys
pel | ggpsvf
reeqynstyr
ppsreent kn
vdksrwgqggn

Nucleic Acid Sequence Encoding the Full Length Humanized HU2E6 Kyl Light

Chain (Humanized Kappa Chain Variable Region and Human Constant Region) (SEQ ID NO:

131)

61
121
181
241
301
361
421
481
541
601

[0224]

gaaattgtcc
atgtcttgca
cagtcccctc
ttcagcggca
gactttgcaa
accaaact cg
gat gagcagc
cgt gaggct a
t ccgt gacag
t ccaaggcag
tctagtcctg

t gacacagt ¢
gggcttcctce
ggct get t at
gcgggagt gg
cctattactg
aaat caagcg
t gaaaagcgg
aggt gcagt g
aacaggacag
act at gaaaa
t caccaagt c

acccgcaaca
ct ct gt gagc
ct at gacacc
gacagatt ac
ccagcaat gg
cacagt t gct
tact gcct ct
gaaagt ggat
caaagact ca
acacaaggt a
ctt caat agg

at gt ct gcct
tacatgcatt
t ccaaccgag
act ct gacca
agcagttatc
gcccccagceg
gt cgt at gct
aat gcacttc
acttattcac
tacgcct gcg
ggcgaat gt

ct ccaggcga
ggt accagca
cct ct ggagt
t aagtt caat
cctatacttt
tgttcatttt
t gct caacaa
aat ct ggaaa
tctcttccac
aggttacaca

gagagt cacc
aaagccaggt
tcccgeccac
ggagcct gag
cggccaggga
cccacct agc
cttttaccca
cagt caagag
cctgactctg
ccagggtttg

Protein Sequence Defining the Full Length Humanized HU2E6 Kyl Light Chain

(Humanized Kappa Chain Variable Region and Human Constant Region) (SEQ ID NO: 132)

1 eivltqgspat
61 fsgsgsgtdy tltissnepe
121 deql ksgtas vvcl I nnfyp
181 skadyekhkv yacevt hqgl

[0225]

msaspger vt

nscrasssvs ynmhwyqgkpg gsprlliydt
df atyycqgw ssypytfgagg tkleikrtva apsvfifpps
reakvgwkvd nal gsgnsge svteqdskds

sspvt ksfnr

gee

snrasgvpah

tyslsstltl

Nucleic Acid Sequence Encoding the Full Length Humanized HU2E6 Kv2 Light

Chain (Humanized Kappa Chain Variable Region and Human Constant Region) (SEQ ID NO:

133)

1 gaaattgtcc

t gacacagtc acccgcaaca ttgtctgect

ct ccaggcga

gagagt cacc
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[0226]

atgtcttgca
caggctcctc
tt cagcggca
gactttgcaa
accaaact cg
gat gagcagc
cgt gaggct a
t ccgt gacag
t ccaaggcag
tctagtcctg

gggcttcctc
ggctgct tat
gcgggagt gg
cctattactg
aaat caagcg
t gaaaagcgg
aggtgcagtg
aacaggacag
act at gaaaa
t caccaagt c

-59 -

ct ct gt gagc
ct at gacacc
gacagatt ac
ccagcaat gg
cacagt t gct
tact gcct ct
gaaagt ggat
caaagact ca
acacaaggt a
cttcaat agg

tacatgcatt
t ccaaccgag
act ct gacca
agcagttatc
gcccccagceg
gt cgt at gct
aat gcacttc
acttattcac
tacgcct gcg
ggcgaat gt

Protein Sequence Defining the Full Length Humanized

PCT/US2011/042843

ggt accagca
ccact ggagt
t aagtt caat
cctatacttt
tgttcatttt
t gct caacaa
aat ct ggaaa
tctcttccac
aggttacaca

aaagccaggt
t cccgccagg
ggagcct gag
cggccaggga
cccacct agc
cttttaccca
cagt caagag
cctgactctg
ccagggtttg

HuU2E6 Kv2 Light Chain

(Humanized Kappa Chain Variable Region and Human Constant Region) (SEQ ID NO: 134)

1 eivltgspat

[0227]

| saspger vt

nscrasssvs ynmhwyqgkpg qaprl|iydt

61 fsgsgsgtdy tltissmepe dfatyycqgw ssypytfgqg tkleikrtva apsvfifpps
121 deql ksgtas vvcl | nnfyp reakvqwkvd nal gsgnsge svteqdskds tyslsstltl
181 skadyekhkv yacevt hqgl

sspvt ksfnr

of each sequence discussed in this Example.

gee

snr at gvpar

For convenience, Table 11 provides a concordance chart showing the SEQ ID NO.

Table11

114 | Human IgG1 constant—nucleic acid

115 | Human IgG1 constant—protein

116 | Human Kappa constant (used for chimeric antibodies)—nucleic acid

117 | Human Kappa constant (used for humanized antibodies)—nucleic acid

118 | Human Kappa constant (used for chimeric and humanized antibodies) protein

119 | Chimeric 2E6 Mouse Heavy Chain Variable + Human IgG1 constant—nucleic acid

120 | Chimeric 2E6 Mouse Heavy Chain Variable + Human IgG1 constant—protein

121 Chimeric 2E6 Mouse Light Chain Variable + Human Kappa constant—nucleic acid

122 | Chimeric 2E6 Mouse Light Chain Variable + Human Kappa constant—protein

123 | Humanized Hu2E6_Hv1 Heavy Human Variable + Human IgG1 constant—nucleic
acid

124 | Humanized Hu2E6_Hv1 Heavy Human Variable + Human IgG1 constant—protein

125 | Humanized Hu2E6_Hv1 T57A Heavy Human Variable + Human IgG1 constant—
nucleic acid

126 | Humanized Hu2E6_Hv1 T57A Heavy Human Variable + Human IgG1 constant—
protein

127 | Humanized Hu2E6_Hv2 Heavy Human Variable + Human IgG1 constant—nucleic
acid

128 | Humanized Hu2E6_Hv2 Heavy Human Variable + Human IgG1 constant—protein

129 | Humanized Hu2E6_Hv2 T57A Heavy Human Variable + Human IgG1 constant—
nucleic acid

130 | Humanized Hu2E6_Hv2 T57A Heavy Human Variable + Human IgG1 constant—
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protein

131 Humanized Hu2E6_Kv1 Human Variable + Human Kappa constant—nucleic acid

132 | Humanized Hu2E6_Kv1 Human Variable + Human Kappa constant—protein

133 | Humanized Hu2E6_Kv2 Human Variable + Human Kappa constant—nucleic acid

134 | Humanized Bu2E6_Kv2 Human Varieble + Human K gppa constant- - protein

[0228] Table 12 below shows antibodies containing chimeric immunoglobulin heavy and
light chains and each of the possible combinations of the full-length humanized

immunoglobulin heavy and light chains.

Table 12

Hu2E6-1 2E6 Chimeric Kappa 2E6 Chimeric Heavy IgG1 (SEQ ID
(SEQ ID NO: 122) NO: 120)

Hu2E6-56 Hu2E6_Kv2 Kappa (SEQ | Hu2E6_Hv2 IgG1 (SEQ ID NO: 128)
ID NO: 134)

Hu2E6-57 Hu2E6_Kv1 Kappa (SEQ | Hu2E6_Hv1 IgG1 (SEQ ID NO: 124)
ID NO: 132)

Hu2E6-58 Hu2E6_Kv2 Kappa (SEQ | Hu2E6_Hv1 IgG1 (SEQ ID NO: 124)
ID NO: 134)

Hu2E6-76 Hu2E6_Kv1 Kappa (SEQ | Hu2E6_Hv2 IgG1 (SEQ ID NO: 128)
ID NO: 132)

Hu2E6-62 Hu2E6_Kv1 Kappa (SEQ | Hu2E6_Hv1 T57A IgG1 (SEQ ID
ID NO: 132) NO: 126)

Hu2E6-74 Hu2E6_Kv2 Kappa (SEQ | Hu2E6_Hv1 T57A IgG1 (SEQ ID
ID NO: 134) NO: 126)

Hu2E6-75 Hu2E6_Kv2 Kappa (SEQ | Hu2E6_Hv2 T57A IgG1 (SEQ ID
ID NO: 134) NO: 130)

Hu2E6-77 Hu2E6_Kv1 Kappa (SEQ | Hu2E6_Hv2 T57A IgG1 (SEQ ID
ID NO: 132) NO: 130)

[0229] The antibody construct containing the full length chimeric heavy and light chainsis
designated below:

Chimeric 2E6 (also referred to as HU2EG6-1) = Full Length Chimeric 2E6 Heavy
Chain (Mouse Variable Region and Human 1gGl Constant Region) (SEQ ID
NO: 120) plus Full Length Chimeric 2E6 Light Chain (Mouse Variable Region
and Human Kappa Constant Region) (SEQ ID NO: 122)
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[0230] Two of the possible antibody constructs containing the full length immunoglobulin

heavy and light chains containing humanized variable regions are designated below:

Hu2E6-62 = Humanized HU2E6 Hvl T57A Heavy Chain Variable Region and Human
IgGl Constant Region (SEQ ID NO: 126) plus HU2E6 _Kvl Light Chain
Variable Region and Human Kappa Constant Region (SEQ ID NO: 132)

Hu2E6-74 = Humanized HU2E6 Hvl T57A Heavy Chain Variable Region and Human
IgGl Constant Region (SEQ ID NO: 126) plus HU2E6 _Kv2 Light Chain
Variable Region and Human Kappa Constant Region (SEQ ID NO: 134)

B. Binding Affinities of Humanized and Chimeric Anti-NOTCHI Monoclona
Antibodies

[0231] The binding affinities and kinetics of interaction of monoclonal antibodies
produced in Example 14 against recombinant human Notch 1 (monomeric protein containing
EGF-Like repeats 1-13) were measured by surface plasmon resonance using a Biacore T100
(Biacore (GE Healthcare), Piscataway, NJ) instrument.

[0232] Goat anti-human 1gG Fc (Jackson ImmunoResearch, Catalog No. 109-005-098)
was immobilized on carboxymethylated dextran CM4 sensor chips (Biacore, Catalog No. BR-
1005-34) by amine coupling (Biacore, Catalog No. BR- 1000-50) using a standard coupling
protocol according to the vendor's instructions. The analyses were performed at 37°C using
PBS (Invitrogen, Catalog No. 14040-133) containing 0.05% surfactant P20 (Biacore, Catalog
No. BR-1000-54) asrunning buffer.

[0233] The antibodies were captured in individua flow cells a aflow rate of 10

ui/minute. Injection time was varied for each antibody to yield an R__ between 30 and 60 RU.
Buffer or recombinant human Notch 1 monomer diluted in running buffer was injected
sequentially over areference surface (no antibody captured) and the active surface (antibody to
be tested) for 240 sec at 60 pi/minute. The dissociation phase was monitored for up to 1200
sec. The surface was then regenerated with two 60 second injections of Glycine pH 2.25 (made
from Glycine pH 2.0 (Biacore, Catalog No. BR- 1003-55) and pH 2.5 (Biacore, Catalog No.
BR-1003-56) at 30 uyi/minute. Concentrations of recombinant human Notchl tested were
between 30 nM and 3.75 nM (a2-fold serial dilution) (results are summarized in Table 13).
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[0234] Kinetic parameters were determined using the kinetic function of the
BlAevaluation software (Biacore) with double reference subtraction. Kinetic parameters for
each antibody, k, (association rate constant), k, (dissociation rate constant) and K, (equilibrium
dissociation constant) were determined. The kinetic values of the monoclonal antibodies on

recombinant human Notch 1 at 25°C are summarized in Tables 13.

Table 13
2.2E+05 3
1.0E+05 | 4.6E-04 | 5.8E-09 | 3
1.5E+05 | 3.6E-04 | 34E-09 | 3
1.5E+05 | 4.1E-04 | 3.2E-09 | 3
1.8E+05 43E-04 | 27E-09 | 4
1.8E+05 | 4.3E-04 | 2.8E-09 | 3
5.6E+04 | 3.4E-04 | 8.0E-09 | 3

The results in Table 13 demonstrate that the purified antibodies have affinities

ranging from about 2.7 nM to about 8.0 nM when test at 25°C.

[0236] The kinetic values of the monoclonal antibodies on recombinant human Notch 1 at
37°C are summarized in Table 14.

Table 14

2.1E+06

3
1.3E+06 1.0E-02 | 74E-09 | 2
3.6E+05 | 2.3E-03 | 6.7E-09 | 3
3.3E+05 | 2.1E-03 | 6.9E-09 | 2
3.1E+05 | 2.2E-03 | 8.0E-09 | 3
4.1E+05 | 2.8E-03 | 7.6E-09 | 3
6.8E+05 6.3E-03 | 9.8E-09 | 2

The results in Table 14 demonstrate that the purified antibodies have affinities
ranging from about 6.7 nM to about 12 nM when test at 37°C.

Theresults in Table 13 and 14 demonstrate that the chimeric and each of the

humanized 2E6 antibodies have fast association rates (k,), very slow disassociation rates (k)
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and very high affinities (Kp). The affinity of humanized variants (e.g., HU2E6-56, HU2E6-57,
Hu2E6-58, HU2E6-62, and HU2E6-74) for monomeric Notch1is consistently better than the
affinity of chimeric 2E6 (HU2E6-1). Overall, these results show that the K of the humanized
antibodies (e.g., HU2E6-56, HU2E6-57, HU2E6-58, HU2E6-62, and HU2E6-74) was smaller
(i.e., higher affinity) than the Ky for HU2E6-1 (chimeric 2E6).

C. Comparison with Another Notch 1 Antibody

[0239]  A2-NRR1, asdisclosed in Wu et al, (2010) NATURE 464: 1052-57, is an antibody
known to inhibit the function of human Notch1. The binding specificities of antibodies mu2ES,
Hu2E6-62, and A2-NRR1 against human Notch 1 protein expressed on the surface of the T-
ALL cell line Karpas45s were measured as described above (See Example 4). Results are

summarized in Table 15.

Table 15

Kp Cell Surface 1.0 nM 0.11 nM 0.12 nM

[0240] The results in Table 15 demonstrate that HU2E6-62 and A2-NRR1 have similar
binding specificities for human Notch 1 protein. Further, both antibodies exhibited higher
specificities than mu2E6.

Example 15: Inhibition of Notchl-Ligand Binding

[0241] Antibodies mu2E6 and HU2E6-62 were tested for their ability to inhibit the binding
of rhNotchl-Fc to human Jagl, Jag2, DLLI and DLL4. Binding measurements were made by
bio-layer interferometry (BLI), using aForteBio Octet® QK instrument as described in
Example 5. The ligands tested were rhJagl-Fc (R&D Cat. No. 1277-JG-050), rhJag2-Fc (R&D
Cat. No. 1726-JG-050), rhDLLI-Fc (R&D Cat. No. 5026-DL-050), and His tagged rhDLL4
(R&D Cat. No. 1506-D4-050). The inhibitory activities of the antibodies on Notch 1-ligand

binding are summarized in Table 16.
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Table 16

Jagl 95% 98%

Jag2 ND 95%

DLL1 95% 82%

DLL4 96% 89%

[0242] Asshown in Table 16, HU2E6-62 blocked binding of all four ligands to rhNotchl-
Fc.

Example 16: Inhibition of Notchl-Dependent Signaling and Transcription

[0243] Antibodies mu2E6, HU2E6-62, and A2-NRR1 were tested for their ability to inhibit
Notch 1-dependent signaling and transcription in the presence of DLL4 as described in Example
7. Results are shown in Fig. 16 and demonstrate that HU2E6-62 is approximately three times
more potent than mu2E6 in inhibiting Notch 1-dependent transcription. Further, antibodies

Hu2E6-62 and A2-NRR1 are equally effective in their inhibitory activities.

[0244] Notch 1 antibodies mu2E6, HU2E6-62, and A2-NRR1 were tested for their ability
to inhibit Notch 1-dependent transcription by each of the ligands Jagl, Jag2, DLLI and DLL4
asdescribed in Example 7. The inhibitory activities of antibodies mu2E6, HU2E6-62, and A2-
NRR1 on Notch 1-dependent transcription are summarized in Table 17.

Table 17
Max Max Max
EC50 | Inhibitio EC50 Inhibitio EC50 Inhibitio
I nhibition n n n
of Notchl | Jagl | 0.4nM 100% 0.9 nMm 95% 0.1 nM 92%
Signaling Jag2 | 0.1 nM 85% 0.5nM 97% NA NA
DLIA | 0.2nM 90% 0.1 nM 96% NA NA
DLI.4 | 0.1 nM 93% 0.02 nM 100% 0.06 nM 100%

[0245] The data in Table 17 shows that HU2E6-62 inhibits activation of transcription of
Notch 1-dependent reporter gene by Jagl, Jag2, DLLI or DLL4. The mu2E6 and Hu2E6-62
antibodies appeared to show equivalent inhibition of Jagl -dependent Notch 1 signaling.
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Further, the mu2E6 and HU2E6-62 antibodies showed equivalent inhibition of Jagl or DLL4-
dependent Notch 1 signaling when compared to the A2-NRR1 antibody.

[0246] A reporter cell line dependent upon Notch 1 was produced by lentiviral introduction
of aRBP-jk -dependent luciferase reporter gene (SABiosciences, Frederick, MD) into DU4475
cells. To activate Notch 1-dependent signaling and transcription, cells were plated on ligand-
coated wells prepared, as described in Example 6 (above). Cells were pre-incubated with a 3-
fold dilution series of antibody HU2E6-62 concentrations ranging from 0-300 ug/ml, for one
hour at 37°C, before seeding 100 pi of the suspension into 96-well plates coated with ligand or
hFc. Cells were incubated in ligand-coated or human-Fc-coated wells for four or 24 hours at
37°C, in 5% CO,. Next, 100 ui of Promega Bright Glo™ (Promega, Madison, WI) was added
to each well. The reaction was allowed to proceed for five minutes in the dark, and then the
entire 200 pi volume was transferred to white walled plates and read using aluminometer.
Polyclonal antibody against Notch 1 (AF1057, R&D Systems) was used as controls to confirm
that ligand-stimulated reporter activity in each cell line was specifically dependent upon the
introduced Notch receptor. Results demonstrate that antibody HU2E6-62 specifically inhibited
Notch 1-dependent transcription (FIG. 17A).

[0247] To determine the effect of antibody HU2E6-62 on transcription of endogenous
Notch 1target genes, Notch 1 signaling was activated by Jagl in DU4475 cells, as described
above (See Example 7). The effect on expression of endogenous Notchl targets, as aresult of
treatment with 1gG control or antibody HU2E6-62 was assessed by quantitative RT-PCR.
DU4475 cells were seeded into 6-well plates, in 2 ml of media. Replicate wells of cells were
treated with antibody HU2E6-62, 1gG control, or vehicle control (DM SO), immediately after
seeding. Cells were incubated at 37°C, 5% CO ,, for 20 hours after treatment, collected, and
rinsed with PBS. Cell pellets were frozen on dry ice and stored at -80°C. RNA was prepared
using Qiagen RNeasy™ miniprep columns (Qiagen GR8RNA). Quantitative RT-PCR was
performed to analyze Notch target gene expression, using acommercial kit according to the kit
vendor's instructions (Quantitect SYBR GREEN RT-PCR Kit; Qiagen). Results were analyzed
using the comparative Ct method. Beta actin was used as an internal standard, and Stratagene
Universal Human Reference RNA (Stratagene 740000) was used as an external standard for

measurement of expression levels of the genes investigated. Results as shownin FIG. 17B
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showed that antibody HU2E6-62 inhibited transcription of endogenous Notch target genes,
including Heyl, Hey 2, HeyL, and Hesb.

Example 17: Inhibition of T-cell Fate Specification In Vivo

[0248] The antibodies HU2E6-62 and Nrrl were tested for inhibition of thymocyte
development and T-cell fate specification in humanized Notch 1 mice as described above (See
Example 10).

[0249] Asshown in Fig. 18, antibody HU2E6-62 reduced the total number of thymocytes
by greater than 95%. Similar levels of thymocyte depletion were observed with A2-NRRL.
The results indicate that antibodies HU2EG-62 and A2-NRRL1 inhibited the in vivo function of

Notch 1in thymocyte development to equivalent extents.
Example 18: Lack of Toxicity

[0250] To determine if the antibodies were associated with toxicity, mice were treated with
20 mg/kg of antibodies HU2E6-62, or a 1gG control three times per week, or 5 mg/kg of A2-
NRR1 twice per week, as described in Example 10. Asshownin Fig. 19A, the HU2E6-62
treated animals exhibited normal weight gain indicating alack of toxicity of these antibodies.
However, the A2-NRR1 treated mice exhibited significant weight loss over the period of

treatment, accompanied by diarrhea.

[0251] After 18 days, animals were sacrificed, small intestines were collected, fixed and
embedded in paraffin. To observe goblet cells in the small intestine, sections of small intestine
from antibody-treated and 1gG-treated animals were stained with Alcian Blue (Diagnostic
Biosystems, Cat. No. KT 003). Asshownin FIG. 19B, mice treated with antibody HU2E6-62
showed no increase in goblet cell numbers compared to control animals treated with IgG. By
contrast, small intestines from animals treated with A2-NRR1 showed extensive Alcian Blue
staining. These results indicate that antibody Hu2E6-62 did not lead to goblet cell metaplasia,
and had little or no intestinal toxicity in treated mice. By contrast, A2-NRR1 treatment led to
dramatic goblet cell hyperplasia indicative of severeintestina toxicity. A2-NRR1 treated
animals also exhibited diarrhea, significant weight loss (FIG. 19A), and approximately 30% of
the animals died within 18 days of treatment. Upon necropsy the animals that died during
treatment with A2-NRRIwere found to have bloated intestines, consistent with goblet cell
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hyperplasia, and similar to the gross morphological phenotype observed in intestines of mice
treated with gamma- secretase inhibitors (Example 12 and Fig 9B).

Example 19: Inhibition of Angiogenesis in vivo

[0252] The effect of antibody HU2E6-62 on functional angiogenesis induced by bFGF was
determined using an in vivo matrigel plug assay as described in Example 13. Briefly, mice
were treated intraperitoneally with 20 mg/kg of antibody Hu2E6-62 or algG control on day O,
and every 3 days thereafter. No significant loss of body weight was observed during these
experiments. Animals were sacrificed after 7 days. Plugs were removed and processed (as
described above in Example 13), to determine hemoglobin concentration. The results as shown
in FIG. 20 indicated that Hu2E6-62 inhibited bFGF-induced angiogenesis in humanized

(Notchl hli2/hl 12 knock-in) mice.

[0253] The effect of antibody HU2E6-62 on functional angiogenesis induced by human
lung cancer cells (Calu-6) was determined, using an in vivo matrigel plug assay as described in
Example 13. Briefly, 129Sv/Ev or immunocompromised SCID mice were treated
intraperitoneally with 20 mg/kg of antibody Hu2E6-62, or algG control on day 0, and every 3
days thereafter. No significant loss of body weight was observed during these experiments.
Animals were sacrificed after 7 days. Plugs were removed and processed (as described above
in Example 13), to determine hemoglobin concentration. The results of this experiment
indicated that antibody HU2E6-62 inhibited angiogenesis induced by the human lung cancer
Calu-6 cells (FIG. 21).

[0254] A second matrigel plug was obtained from each bFGF treated mouse and processed
for histologic analysis, in paralel with the hemoglobin measurements. Plugs were removed,
fixed over night in 10% buffered formalin at room temperature, embedded in paraffin, and 10-
20 um sections were prepared for immunohistochemistry. To detect blood vessels present in
the matrigel plug, thin sections were stained for CD31, using an anti-mouse-CD3 1 antibody
(Biocare Medical, Cat. Nos. CM303 and RT517SK) according to the vendor's instructions.
CD31 staining of the matrigel plugs demonstrated increased vessel branching and smaller
vessels after treatment with antibody HU2E6-62, when compared to mice treated with 1gG
control. (Data not shown). These data indicated that antibody HU2E6-62 promoted vascular
branching in the treated mice. However, despite the increase in vascular branching, the
decrease in blood content (as measured by hemoglobin content) suggested that antibody



10

WO 2012/003472 PCT/US2011/042843

- 68 -

Hu2E6-62 decreased the function of the vessels that were present, and thus inhibited functional
angiogenesis. This apparent decrease in functional angiogenesis caused by antibody HU2E6-62
isconsistent with the increased branching and decreased vascular function associated with a

genetic loss of function of the Notch pathway in endothelial tissue.
INCORPORATION BY REFERENCE

[0255] The entire disclosure of each of the patent documents and scientific articles referred

to herein isincorporated by reference for all purposes.
EQUIVALENTS

[0256] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects illustrative rather than limiting on the invention described herein.
Scope of the invention isthus indicated by the appended claims rather than by the foregoing
description, and all changes that come within the meaning and the range of equivalency of the

claims are intended to be embraced therein.

[0257] WHAT ISCLAIMED 1S
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1. Anisolated antibody that binds human Notch 1 comprising an immunoglobulin heavy chain
variable region and an immunoglobulin light chain variable region selected from the group

consisting of:

(@) (i) an immunoglobulin heavy chain variable region comprising aCDR | comprising
the amino acid sequence of SEQ ID NO: 15 (2E6), aCDR ,comprising an amino acid
sequence selected from the group consisting of SEQ ID NO: 94 (Hu2E6 Hvl T57A), SEQ ID
NO: 95 (HU2E6_Hv2), SEQ ID NO: 96 (HU2E6_Hv2 T57A) and SEQ ID NO: 97
(HU2E6_Hvl T57A, HU2E6_Hv2 T57A), and a CDR ;5 comprising the amino acid sequence
of SEQ ID NO: 17 (2E6); and

(ii) an immunoglobulin light chain variable region comprising a CDR | ; comprising
the amino acid sequence of SEQ ID NO: 99 (Hu2E6_Kvl, Hu2E6 _Kv2), aCDR |, comprising
an amino acid sequence selected from the group consisting of SEQ ID NO: 100 (HuU2E6_Kvl)
and SEQ ID NO: 101 (HU2E6_Kv2), and aCDR | 5 comprising the amino acid sequence of
SEQ ID NO: 20 (2E6);

(b) (i) an immunoglobulin heavy chain variable region comprising aCDR ,,i comprising
an amino acid sequence selected from the group consisting of SEQ ID NO: 15 (2E6) and SEQ
ID NO: 40 (2E6), aCDR ;, comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 16 (2E6) and SEQ ID NO: 41 (2E6), and aCDR ,,; comprising the
amino acid sequence of SEQ ID NO: 17 (2E6); and

(i) an immunoglobulin light chain variable region comprising aCDR | | comprising
the amino acid sequence of SEQ ID NO: 18 (2E6), aCDR |, comprising the amino acid
sequence of SEQ ID NO: 19 (2E6), and aCDR | ; comprising the amino acid sequence of SEQ
ID NO: 20 (2E6);

(c) (i) an immunoglobulin heavy chain variable region comprising aCDR | comprising
an amino acid sequence selected from the group consisting of SEQ ID NO: 5 (2G10) and SEQ
ID NO: 38 (2G10), aCDR ,, comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 6 (2G10) and SEQ ID NO: 39 (2G10), and aCDR ,,; comprising the
amino acid sequence of SEQ ID NO: 7 (2G10); and
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(i) an immunoglobulin light chain variable region comprising aCDR | | comprising
the amino acid sequence of SEQ ID NO: 8 (2G10), aCDR | , comprising the amino acid
sequence of SEQ ID NO: 9 (2G10), and aCDR | ; comprising the amino acid sequence of SEQ
ID NO: 10 (2G10);

(d) (i) an immunoglobulin heavy chain variable region comprising aCDR ;1 comprising
an amino acid sequence selected from the group consisting of SEQ ID NO: 25 (2A11) and SEQ
ID NO: 42 (2A11), aCDR ,,, comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 26 (2A11) and SEQ ID NO: 43 (2A11), and aCDR ,,; comprising
the amino acid sequence of SEQ ID NO: 27 (2A11); and

(ii) an immunoglobulin light chain variable region comprising aCDR | | comprising
the amino acid sequence of SEQ ID NO: 18 (2A11), aCDR |, comprising the amino acid
sequence of SEQ ID NO: 19 (2A11), and aCDR | ; comprising the amino acid sequence of SEQ
ID NO: 20 (2A11); and

(e) (i) an immunoglobulin heavy chain variable region comprising aCDR | comprising
an amino acid sequence selected from the group consisting of SEQ ID NO: 32 (2D11) and SEQ
ID NO: 44 (2D11), aCDR ,, comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 33 (2D11) and SEQ ID NO: 45 (2D11), and aCDR ,,; comprising
the amino acid sequence of SEQ ID NO: 34 (2D11); and

(ii) an immunoglobulin light chain variable region comprising a CDR | ; comprising
the amino acid sequence of SEQ ID NO: 35 (2D11), aCDR |, comprising the amino acid
sequence of SEQ ID NO: 36 (2D11), and aCDR 5 comprising the amino acid sequence of SEQ
ID NO: 37 (2D11).

2. The antibody of claim 1, wherein the immunoglobulin heavy chain variable region
comprises aCDR i comprising an amino acid sequence selected from the group consisting of
SEQ ID NO: 15 (2E6) and SEQ ID NO: 40 (2E6), aCDR ,,, comprising an amino acid
sequence selected from the group consisting of SEQ ID NO: 16 (2E6) and SEQ ID NO: 41
(2E6), and aCDR ,,; comprising the amino acid sequence of SEQ ID NO: 17 (2E6); and

the immunoglobulin light chain variable region comprises a CDR | ; comprising the

amino acid sequence of SEQ ID NO: 18 (2E6), aCDR  , comprising the amino acid sequence
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of SEQ ID NO: 19 (2E6), and aCDR | ; comprising the amino acid sequence of SEQ ID NO: 20
(2ES).

3. The antibody of claim 1, wherein the immunoglobulin heavy chain variable region
comprises aCDR ,,i comprising the amino acid sequence of SEQ ID NO: 15 (2E6), aCDR 2
comprising the amino acid sequence of SEQ ID NO: 94 (Hu2E6_Hvl T57A), and aCDR ;5
comprising the amino acid sequence of SEQ ID NO: 17 (2E6); and

the immunoglobulin light chain variable region comprises a CDR | ; comprising the
amino acid sequence of SEQ ID NO: 99 (Hu2E6_Kvl, HU2E6_Kv2), aCDR |, comprising the
amino acid sequence of SEQ ID NO: 100 (Hu2E6_Kvl), and aCDR | ; comprising the amino
acid sequence of SEQ ID NO: 20 (2E6).

4. The antibody of claim 1, wherein the immunoglobulin heavy chain variable region
comprises aCDR ,,i comprising the amino acid sequence of SEQ ID NO: 15 (2E6), aCDR ,
comprising the amino acid sequence of SEQ ID NO: 94 (Hu2E6_Hvl T57A), and aCDR ;5
comprising the amino acid sequence of SEQ ID NO: 17 (2E6); and

the immunoglobulin light chain variable region comprises a CDR | ; comprising the
amino acid sequence of SEQ ID NO: 99 (Hu2E6_Kvl, HU2E6_Kv2), aCDR |, comprising the
amino acid sequence of SEQ ID NO: 101 (Hu2E6_Kv2), and aCDR | ; comprising the amino
acid sequence of SEQ ID NO: 20 (2E6).

5. The antibody of any one of claims 1-4, wherein the CDR sequences are interposed

between human and humanized framework seguences.

6. The antibody of any one of claims 1-4, wherein the antibody is an antigen-binding
fragment.
7. Anisolated nucleic acid comprising a nucleotide sequence encoding an

immunoglobulin heavy chain variable region of any one of claims 1-4.

8. Anisolated nucleic acid comprising a nucleotide sequence encoding an
immunoglobulin light chain variable region of any one of claims 1-4.

9. An expression vector comprising the nucleic acid of claim 7.
10.  Anexpression vector comprising the nucleic acid of claim 8.

11. The expression vector of claim 10, further comprising the nucleic acid of claim 7.
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12. A host cell comprising the expression vector of claim 9.

13. A host cell comprising the expression vector of claim 10.

14. A host cell comprising the expression vector of claim 11.

15. The host cell of claim 13, further comprising the expression vector of claim 9.

16. A method of producing a polypeptide comprising an immunoglobulin heavy chain
variable region or an immunoglobulin light chain variable region, the method comprising:

(@) growing the host cell of claim 12 or 13 under conditions so that the host cell
expresses the polypeptide comprising the immunoglobulin heavy chain variable region or the

immunoglobulin light chain variable region; and

(b) purifying the polypeptide comprising the immunoglobulin heavy chain variable
region or the immunoglobulin light chain variable region.

17. A method of producing an antibody that binds human Notch 1 or an antigen binding
fragment of the antibody, the method comprising:

(@) growing the host cell of claim 14 or 15 under conditions so that the host cell
expresses apolypeptide comprising the immunoglobulin heavy chain variable region and the
immunoglobulin light chain variable region, thereby producing the antibody or the antigen-

binding fragment of the antibody; and
(b) purifying the antibody or the antigen-binding fragment of the antibody.

18. Anisolated antibody that binds human Notch1, comprising an immunoglobulin heavy
chain variable region and an immunoglobulin light chain variable region selected from the

group consisting of:

(@ an immunoglobulin heavy chain variable region comprising the amino acid sequence
of SEQ ID NO: 12 (2E6), and

an immunoglobulin light chain variable region comprising the amino acid sequence of
SEQ ID NO: 14 (2E6);

(b) an immunoglobulin heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 2 (2G10), and



10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

WO 2012/003472 PCT/US2011/042843

-73 -

an immunoglobulin light chain variable region comprising the amino acid sequence
of SEQ ID NO: 4 (2G10);

(c) an immunoglobulin heavy chain variable region comprising the amino acid sequence
of SEQ ID NO: 22 (2A11), and

an immunoglobulin light chain variable region comprising the amino acid sequence
of SEQ ID NO: 24 (2A11);

(d) an immunoglobulin heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 29 (2D11), and

an immunoglobulin light chain variable region comprising the amino acid sequence
of SEQ ID NO: 31 (2D11);

(e) an immunoglobulin heavy chain variable region comprising the amino acid sequence
of SEQ ID NO: 105 (Hu2E6_Hvl T57A), and

an immunoglobulin light chain variable region comprising the amino acid sequence
of SEQ ID NO: 111 (Hu2E6_Kvl); and

(f) an immunoglobulin heavy chain variable region comprising the amino acid sequence
of SEQ ID NO: 105 (Hu2E6_Hvl T57A), and

an immunoglobulin light chain variable region comprising the amino acid sequence
of SEQ ID NO: 113 (HU2E6_Kv2).

19. The antibody of claim 18, wherein the immunoglobulin heavy chain variable region
comprises the amino acid sequence of SEQ ID NO: 12 (2E6), and the immunoglobulin light
chain variable region comprises the amino acid sequence of SEQ ID NO: 14 (2E6).

20. The antibody of claim 18, wherein the immunoglobulin heavy chain variable region
comprises the amino acid sequence of SEQ ID NO: 105 (Hu2E6_Hvl T57A), and the
immunoglobulin light chain variable region comprises the amino acid sequence of SEQ ID NO:
111 (HU2E6_Kwl).

21. The antibody of claim 18, wherein the immunoglobulin heavy chain variable region
comprises the amino acid sequence of SEQ ID NO: 105 (Hu2E6_Hvl T57A), and the
immunoglobulin light chain variable region comprises the amino acid sequence of SEQ ID NO:
113 (HU2E6_Kv2).
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22. An isolated nucleic acid comprising anucleotide sequence encoding an
immunoglobulin heavy chain variable region of any one of claims 18-21.

23. An isolated nucleic acid comprising anucleotide sequence encoding an

immunoglobulin light chain variable region of any one of claims 18-21.

24, An expression vector comprising the nucleic acid of claim 22.

25. An expression vector comprising the nucleic acid of claim 23.

26. The expression vector of claim 25, further comprising the nucleic acid of claim 22.
27. A host cell comprising the expression vector of claim 24.

28. A host cell comprising the expression vector of claim 25.

29. A host cell comprising the expression vector of claim 26.

30. The host cell of claim 28, further comprising the expression vector of claim 24.

31 A method of producing apolypeptide comprising an immunoglobulin heavy chain

variable region or an immunoglobulin light chain variable region, the method comprising:

(@ growing the host cell of claim 27 or 28 under conditions so that the host cell
expresses the polypeptide comprising the immunoglobulin heavy chain variable region or the

immunoglobulin light chain variable region; and
(b) purifying the polypeptide comprising the immunoglobulin heavy chain variable
region or the immunoglobulin light chain variable region.

32. A method of producing an antibody that binds human Notch 1 or an antigen binding
fragment of the antibody, the method comprising:

(8@ growing the host cell of claim 29 or 30 under conditions so that the host cell
expresses apolypeptide comprising the immunoglobulin heavy chain variable region and the
immunoglobulin light chain variable region, thereby producing the antibody or the antigen-

binding fragment of the antibody; and
(b) purifying the antibody or the antigen-binding fragment of the antibody.

33. Anisolated antibody that binds human Notch 1 comprising an immunoglobulin heavy

chain and an immunoglobulin light chain selected from the group consisting of:
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(@ an immunoglobulin heavy chain comprising the amino acid sequence of SEQ ID
NO: 73 (2E6), and an immunoglobulin light chain comprising the amino acid sequence of SEQ
ID NO: 75 (2E6);

(b) an immunoglobulin heavy chain comprising the amino acid sequence of SEQ ID
NO: 69 (2G10), and an immunoglobulin light chain comprising the amino acid sequence of
SEQ ID NO: 71 (2G10);

(c) an immunoglobulin heavy chain comprising the amino acid sequence of SEQ ID
NO: 77 (2A11), and an immunoglobulin light chain comprising the amino acid sequence of
SEQ ID NO: 79 (2A11);

(d) an immunoglobulin heavy chain comprising the amino acid sequence of SEQ ID
NO: 81 (2D11), and an immunoglobulin light chain comprising the amino acid sequence of
SEQ ID NO: 83 (2D11);

(e) an immunoglobulin heavy chain comprising the amino acid sequence of SEQ ID
NO: 126 (Hu2E6_Hvl T57A 1gGl), and an immunoglobulin light chain comprising the amino
acid sequence of SEQ ID NO: 132 (HU2E6_Kvl Kappa); and

(f) an immunoglobulin heavy chain comprising the amino acid sequence of SEQ ID
NO: 126 (Hu2E6_Hvl T57A 1gGl), and an immunoglobulin light chain comprising the amino
acid sequence of SEQ ID NO: 134 (Hu2E6_Kv2 Kappa).

34. The antibody of claim 33, wherein the immunoglobulin heavy chain comprises the
amino acid sequence of SEQ ID NO: 73 (2E6), and the immunoglobulin light chain comprises
the amino acid sequence of SEQ ID NO: 75 (2E6).

35. The antibody of claim 33, wherein the immunoglobulin heavy chain comprises the
amino acid sequence of SEQ ID NO: 126 (Hu2E6 _Hvl T57A 1gGl), and the immunoglobulin
light chain comprises the amino acid sequence of SEQ ID NO: 132 (HU2E6_Kvl Kappa).

36. The antibody of claim 33, wherein the immunoglobulin heavy chain comprises the
amino acid sequence of SEQ ID NO: 126 (Hu2E6 _Hvl T57A 1gGl), and the immunoglobulin
light chain comprises the amino acid sequence of SEQ ID NO: 134 (HuU2E6_Kv2 Kappa).

37. The antibody of claim 18 or 33, wherein the antibody is an antigen-binding fragment.
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38. An isolated nucleic acid comprising anucleotide sequence encoding an
immunoglobulin heavy chain of claim 33.

39. An isolated nucleic acid comprising anucleotide sequence encoding an
immunoglobulin light chain of claim 33.

40. An expression vector comprising the nucleic acid of claim 38.

41. An expression vector comprising the nucleic acid of claim 39.

42. The expression vector of claim 41, further comprising the nucleic acid of claim 38.
43. A host cell comprising the expression vector of claim 40.

44, A host cell comprising the expression vector of claim 41.

45, A host cell comprising the expression vector of claim 42.

46. The host cell of claim 44, further comprising the expression vector of claim 40.

47. A method of producing a polypeptide comprising an immunoglobulin heavy chain

variable region or an immunoglobulin light chain variable region, the method comprising:

(@) growing the host cell of claim 43 or 44 under conditions so that the host cell
expresses the polypeptide comprising the immunoglobulin heavy chain variable region or the
immunoglobulin light chain variable region; and

(b) purifying the polypeptide comprising the immunoglobulin heavy chain variable
region or the immunoglobulin light chain variable region.

48. A method of producing an antibody that binds human Notch1 or an antigen binding
fragment of the antibody, the method comprising:

(@) growing the host cell of claim 45 or 46 under conditions so that the host cell
expresses apolypeptide comprising the immunoglobulin heavy chain variable region and the
immunoglobulin light chain variable region, thereby producing the antibody or the antigen-
binding fragment of the antibody; and

(b) purifying the antibody or the antigen-binding fragment of the antibody.
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49. The antibody of any one of clams 1-6, 18-21, or 33-37, wherein the antibody binds

human Notchl with aK of 12 nM or lower as measured by surface plasmon resonance.

50. A method of inhibiting or reducing proliferation of atumor cell comprising exposing
the cell to an effective amount of the antibody of any one of claims 1-6, 18-21, 33-37 or 49 to

inhibit or reduce proliferation of the tumor cell.

51. A method of inhibiting or reducing tumor growth in amammal, the method comprising
exposing the mammal to an effective amount of the antibody of any one of claims 1-6, 18-21,

33-37 or 49 to inhibit or reduce proliferation of the tumor.

52. A method of treating cancer in ahuman patient, the method comprising administering
an effective amount of the antibody of any one of claims 1-6, 18-21, 33-37 or 49 to amammal
in need thereof.

53. The method of claim 52, wherein the cancer is selected from the group consisting of
breast cancer, ovarian cancer, prostate cancer, cervical cancer, lung cancer, brain cancers,

melanomas, gastrointestinal cancers, head and neck cancer, and hematopoietic cell cancers.
54. The antibody of any one of claims 1-6, 18-21, 33-37 or 49 for use in therapy.

55. The antibody of any one of claims 1-6, 18-21, 33-37 or 49 for use in inhibiting or

reducing proliferation of atumor cell.

56. The antibody of any one of claims 1-6, 18-21, 33-37 or 49 for use in inhibiting or

reducing tumor growth in amammal.
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