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COMPOSITIONS AND METHODS FOR DIAGNOSIS AND
TREATMENT OF HEPATIC CANCERS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 61/789,475,
filed March 15, 2013, the disclosure of which is incorporated herein by reference as if set forth
in its entirety.
SEQUENCE LISTING
The instant application contains a Sequence Listing which is hereby incorporated by

reference in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to the field of molecular biology. More
specifically, the invention relates to methods of treatment of pathological hepatic conditions,

such as cancer.

BACKGROUND

Liver cancer is the fifth most common form of cancer. Each year, approximately
750,000 cases are diagnosed and about 700,000 people die from the disease each year, making
it the third most common cause of cancer death in the world (Ferlay et al., Int. J. Cancer
127:2893-2917 (2010)). In the United States, the incidence of primary liver cancer has been
rising, and while some progress has been made in detecting and treating localized disease, the
five year survival rate for late stage liver cancer is still well below 10% (American-Cancer-
Society. 2012. Cancer Facts & Figures 2012. Atlanta: American Cancer Society).

Established treatments for liver cancer include surgical removal of the part of the liver
containing the tumor (partial hepatectomy), liver transplantation, transcatheter arterial
chemoembolization (TACE), in situ tumor destruction by various methods such as
radiofrequency ablation (RFA) or cryosurgery and administration of Sorafenib. Treatment
options for late stage liver patients are limited. Thus, effective treatments of liver cancer
remains a significant unmet medical need.

The role of Notch signaling in liver cancer is not well understood. Qi et al. report that
Notch1 signaling inhibits growth of human hepatocellular carcinoma cells in vitro and in
vivo by inducing cell cycle arrest and apoptosis (Qi et al., Cancer Res. 63:8323 (2003))

and Viatour et al. report that expression of Notch1 intracellular domain decreased
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proliferation and induced apoptosis in murine and human HCC cells (Viatour et al., J. Exp.
Med. 208(10):1963 (2011)). Others report that Notch1 small interfering RNA (siRNA)
reduced cell invasion and migration but not viability (Zhou et al. Dig. Dis. Sci.). Yet others
report that inhibition of individual Notch pathway family members had no effect. Taken
together, the Notch pathway’s role in liver cancer was not well understood.

Itis to be understood that if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the

common general knowledge in the art in Australia or any other country.

SUMMARY

Use of Notch2 signaling inhibitors for the treatment of patients having or at risk of
having proliferative disorders of the liver is disclosed.

A first aspect provides a method of treating a liver cancer in an individual in need
thereof, the method comprising the step of administering to the individual an effective amount
of a Notch?2 signaling inhibitor, wherein the liver cancer comprises cells that express EpCAM
and/or alphafetoprotein (AFP), and wherein the Notch2 signaling inhibitor is selected from an
anti-Jagl antibody and an anti-Notch2 antibody.

A second aspect provides use of a Notch2 signaling inhibitor in the manufacture of a
medicament for treating a liver cancer in an individual in need thereof, wherein the liver cancer
comprises cells that express EpCAM and/or alphafetoprotein (AFP), and wherein the Notch2
signaling inhibitor is selected from an anti-Jagl antibody and an anti-Notch2 antibody.

Also disclosed are methods of treating a liver cancer in an individual in need thereof,
comprising the step of administering to the individual an effective amount of a Notch2
signaling inhibitor. In some embodiments, the liver cancer is hepatocellular carcinoma,
hepatoma, cholangiocarcinoma, hepatoblastoma, hepatic carcinoma, hepatic angiosarcoma, or
metastatic liver cancer. In some embodiments, the hepatocellular carcinoma comprises
progenitor-like or cholangiocarcinoma-like liver tumor. In some embodiments, the liver cancer
is a refractory cancer.

In some embodiments, the method further comprises administering at least one
additional therapeutic agent. Examples of additional therapeutic agents include, but are not
limited to chemotherapeutic agent and an antibody.

In some embodiments, the liver cancer comprises cells that express EpCAM, AFP,
Notch2, Jagl, Notch2 and Jagl, nuclear Notch2 ICD, Sox9, CK19, Ras, Prom1, Sppl, FoxM1,
Plk1, ccnbl, Aurkb, Wnt2, Axin2, or Glul, or any combination thereof. In specific
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embodiments, the liver cancer comprises cells that are AFP* EpCAM®. In some embodiments,
the liver cancer comprises cells that are AFP* EpCAM", AFP* EpCAM* SPP1*, AFP EpCAM*
, AFP" EpCAM* Notch2* , AFP* EpCAM" Notch2*, AFP* EpCAM?* Sox9* and AFP*
EpCAM?* Sox9* or AFP- EpCAM* SPP1*. Liver cancers that comprise cells with alternative
combinations of marker expression are specifically contemplated.

In some embodiments, at least one of EpCAM, AFP, Notch2, Jagl, Sox9, CK19, Ras,
Proml, Sppl, FoxM1, Plk1, ccnbl, Aurkb, Wnt2, Axin2, or Glul protein expression was
determined in a sample from the individual using immunohistochemistry (IHC). In some
embodiments, expression is nucleic acid expression. In some embodiments, expression is
determined by a method selected from the group consisting of RNAseq, microarray analysis,
immunohistochemistry, enzyme-linked immunosorbent assay, gene expression profiling,
polymerase chain reaction, SAGE, MassARRAY technique, fluorescent in situ hybridization
and Western blotting.

In some embodiments, administering the Notch?2 signaling inhibitor results in a
decrease in the expression in the liver cancer of at least one of EpCAM, AFP, Notch2, Notch2
ICD, Jagl, Prom1, Sppl, FoxM1, PIk1, ccnbl and Aurkb. In some embodiments,
administering the Notch2 signaling inhibitor results in an increase in the expression in the liver
cancer of at least one of Wnt2, Axin2 and Glul. In some embodiments, expression is
determined by RNAseq, microarray analysis, immunohistochemistry, enzyme-linked
immunosorbent assay, and Western blotting.

Any of the antibodies of the above embodiments may be a full-length IgG1 or IgG2a
antibody. In some embodiments, the antibody causes cancer cell death, e.g., liver cancer cell
death. Any of the antibodies in the above embodiments may be conjugated to a growth
inhibitory agent, e.g., a cytotoxic agent. Examples of cytotoxic agent include, but are not
limited to, toxins, antibiotics, radioactive isotopes and nucleolytic enzymes. Any of the
antibodies in the above embodiments may be produced by known methods in the art, e.g., in
bacteria or in CHO cells.

Also disclosed are methods for preventing liver cancer in an individual at risk of having
liver cancer, comprising the step of administering to the individual an effective amount of a
Notch2 signaling inhibitor. In some embodiments, the individual has a liver condition
selected from the group consisting of hepatitis B or C, cirrhosis of the liver, non-viral/non-
alcoholic steatohepatitis, benign liver tumors, hemangiomas, hepatic adenomas, and focal
nodular hyperplasia. In some embodiments, the Notch2 signaling inhibitor is an anti-Jag1

antibody, e.g., an anti-Jag1 antagonist antibody.
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Also disclosed are methods for inhibiting growth of a cell that expresses secreted
phosphoproteinl (SPP1), comprising contacting the cell with a Notch2 signaling inhibitor,
thereby inhibiting growth of the cell. In one embodiment, SPP1 protein comprises the amino
acid sequence shown in FIG. 11. In one embodiment, contacting the cell with the Notch2
signaling inhibitor reduces SPP1 expression in the cell. For example, contacting the cell with
the Notch2 signaling inhibitor reduces SPP1 expression in the cell by at least about 50%, 60%,
70%, 80%, 90%, or 100%. The expression of SPP1 mRNA or protein can be determined by
any method in the art. In some embodiments, the Notch2 signaling inhibitor is an anti-Notch2
antibody, e.g., an anti-Notch2 negative regulatory region (NRR) antibody, such as any anti-
Notch2 NRR antibody disclosed herein. In some embodiments, the antibody is an anti-Jagl
antibody, such as any anti-Jagl antibody disclosed herein. In some embodiments, the cell is a
liver cancer cell. In some embodiments, the liver cancer cell expresses EpCAM, AFP, AFP
and EpCAM, Notch2, Jagl, Notch2 and Jagl, nuclear Notch2 ICD, Ras, Prom1, Sppl, FoxM1,
Plk1, ccnbl, Aurkb, Wnt2, Axin2, or Glul, or any combination thereof. In some embodiments,
contacting the cell with the Notch2 signaling inhibitor results in a decrease in the expression in
the cell of at least one of EpCAM, AFP, Notch2, Notch2 ICD, Jagl, Proml, Sppl, FoxM1,
Plk1, ccnbl and Aurkb. In some embodiments, administering the Notch2 signaling inhibitor
results in an increase in the expression in the cell of at least one of Wnt2, Axin2 and Glul. In
some embodiments, expression is determined by RNAseq, microarray analysis,
immunohistochemistry, enzyme-linked immunosorbent assay, and Western blotting.

Also disclosed are methods for inhibiting proliferation of a cell that expresses secreted
phosphoproteinl (SPP1), comprising contacting the cell with a Notch2 signaling inhibitor,
thereby inhibiting proliferation of the cell.

Also disclosed are methods for treating a mammal having a liver cancer comprising
cells that express a Sppl gene encoding a peptide comprising an amino acid sequence having at
least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 100% identity to the
polypeptide shown in FIG. 11, comprising administering to the mammal an effective amount of
a Notch?2 signaling inhibitor, thereby effectively treating the mammal. In some embodiments,
the cells express a SPP1 protein comprising an amino acid sequence having at least about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 100% identity to the polypeptide shown in
FIG. 11.

In some embodiments, the liver cancer is hepatocellular carcinoma, hepatoma,
cholangiocarcinoma, hepatoblastoma, hepatic carcinoma, hepatic angiosarcoma, or metastatic

liver cancer. In some embodiments, the liver cancer is a refractory cancer. Any of the
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antibodies herein may be a full-length IgG1 or IgG2a antibody. In some embodiments, the
antibody causes cancer cell death, e.g., liver cell death. Any of the herein may be conjugated to
a growth inhibitory agent, e.g., a cytotoxic agent. Examples of cytotoxic agent include, but are
not limited to, toxins, antibiotics, radioactive isotopes and nucleolytic enzymes. Any of the
antibodies herein may be produced by known methods in the art, e.g., in bacteria or in CHO
cells.

In some embodiments, the method further comprises administering at least one
additional therapeutic agent. Examples of additional therapeutic agents include, but are not
limited to chemotherapeutic agent and an antibody.

In some embodiments, the liver cancer comprises cells that express EpCAM, AFP, AFP
and EpCAM, Notch2, Jagl, Notch2 and Jagl, nuclear Notch2 ICD, Ras, Prom1, Spp1, FoxM1,
Plk1, ccnbl, Aurkb, Wnt2, Axin2, or Glul, or any combination thereof. In some embodiments,
administering the Notch2 signaling inhibitor results in a decrease in the expression in the liver
cancer of at least one of EpCAM, AFP, Notch2, Notch2 ICD, Jagl, Prom1, Sppl, FoxM1,
Plk1, ccnbl and Aurkb. In some embodiments, administering the Notch2 signaling inhibitor
results in an increase in the expression in the liver cancer of at least one of Wnt2, Axin2 and
Glul. In some embodiments, expression is determined by RNAseq, microarray analysis,
immunohistochemistry, enzyme-linked immunosorbent assay, and Western blotting.

Also disclosed are methods for treating a liver cell proliferative disorder associated with
increased expression or activity of a protein having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, 100% amino acid sequence identity to the polypeptide shown in FIG.
8C, comprising administering to an individual in need of such treatment an effective amount of
an anti-Jagl antagonist antibody, thereby effectively treating the liver cell proliferative
disorder. In some embodiments, the cell proliferative disorder is a cancer, such as liver cancer.
In some embodiments the individual has a liver condition selected from the group consisting of
hepatitis B or C, cirrhosis of the liver, benign liver tumors, hemangiomas, hepatic adenomas,
and focal nodular hyperplasia.

In certain embodiments, the anti-Jagl antibody is any of the anti-Jagl antibodies
described herein. In certain embodiments, the anti-Jag1 antibody is a human, humanized, or
chimeric antibody. In certain embodiments, any of the antibodies of the above embodiments is
an antibody fragment.

Also disclosed are methods for treating a liver cell proliferative disorder associated with
increased expression or activity of a protein having at least 90% amino acid sequence identity

to the polypeptide shown in FIG. 11, comprising administering to an individual in need of such
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treatment an effective amount of an anti-Jagl antagonist antibody, thereby effectively treating
the liver cell proliferative disorder. In some embodiments, the cell proliferative disorder is a
cancer, such as liver cancer. In some embodiments the individual has a liver condition selected
from the group consisting of hepatitis B or C, cirrhosis of the liver, benign liver tumors,
hemangiomas, hepatic adenomas, and focal nodular hyperplasia.

Also disclosed are methods for reducing serum SPP1 protein levels in an individual, the
method comprising administering to the individual an effective amount of a Notch2 signaling
inhibitor thereby reducing serum SPP1 levels in the individual. In one embodiment, the
individual has a liver cancer. In one embodiment, the serum SPP1 protein levels prior to
administering the Notch2 signaling inhibitor to the individual are at least about 80 ng/ml. In
certain embodiments, the serum SPP1 protein levels prior to administering the Notch2
signaling inhibitor to the individual are between about 80 ng/ml and about 500 ng/ml, between
about 86 ng/ml and about 250 ng/ml, between about 120 ng/ml and about 170 ng/ml, or about
165 ng/ml. In some embodiments, administering the Notch2 signaling inhibitor to the
individual results in serum SPP1 protein levels of less than 80 ng/ml. In specific embodiments,
serum SPP1 protein levels prior to administering the Notch2 signaling inhibitor are 24 hours
prior to administering the Notch2 signaling inhibitor. Serum SPP1 protein levels prior to or
following administration of the Notch?2 signaling inhibitor may be determined by any
appropriate method, such as enzyme-linked immunosorbent assay. In specific embodiments,
serum SPP1 protein levels are reduced about one, two, three, six or 12 month after
administering the Notch2 signaling inhibitor. In some embodiments, the liver cancer is
hepatocellular carcinoma, hepatoma, cholangiocarcinoma, hepatoblastoma, hepatic carcinoma,
hepatic angiosarcoma or metastatic liver cancer. In some embodiments, the Notch2 signaling
inhibitor is an siRNA, small-molecule inhibitor or antibody. In some embodiments, the
antibody is an antagonist antibody.

In certain embodiments, any of the antibodies of the above embodiments is a
monoclonal antibody. In certain embodiments, any of the antibodies of the above
embodiments is a human, humanized, or chimeric antibody. In certain embodiments, any of
the antibodies of the above embodiments is an antibody fragment.

In some embodiments, the method further comprises administering at least one
additional therapeutic agent. Examples of additional therapeutic agents include, but are not
limited to chemotherapeutic agent and an antibody. In some embodiments, Sorafenib is an

additional therapeutic agent.
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In some embodiments, the liver cancer comprises cells that express EpCAM, AFP, AFP
and EpCAM, Notch2, Jagl, Notch2 and Jagl, nuclear Notch2 ICD, Ras, Prom1, Sppl, FoxM1,
Plk1, ccnbl, Aurkb, Wnt2, Axin2, or Glul, or any combination thereof. In some embodiments,
Ras is a mutant Ras. In some embodiments, administering the Notch2 signaling inhibitor
results in a decrease in the expression in the liver cancer of at least one of EpCAM, AFP,
Notch2, Notch2 ICD, Jagl, Proml, Sppl, FoxM1, Plk1, ccnbl and Aurkb. In some
embodiments, administering the Notch2 signaling inhibitor results in an increase in the
expression in the liver cancer of at least one of Wnt2, Axin2 and Glul. In some embodiments,
expression is determined by RNAseq, microarray analysis, immunohistochemistry, enzyme-
linked immunosorbent assay, and Western blotting.

Also disclosed are methods for treating a liver tumor in a mammal, wherein the growth
of the liver tumor is at least in part dependent upon a growth potentiating effect of Notch2
signaling, comprising contacting the tumor with an antibody that binds to Notch2 or Jagl. In
one embodiment, binding of the antibody to the tumor antagonizes the growth-potentiating
activity of Notch2. In some embodiments, the mammal is a human.

Also disclosed are methods for treating of liver cancer comprising administering to an
individual who has elevated serum SPP1 protein levels an effective amount of a Notch2
signaling inhibitor. In one embodiment, the serum SPP1 protein levels of the individual are at
least about 80 ng/ml. In certain embodiments, the serum SPP1 protein levels prior to
administering the Notch?2 signaling inhibitor to the individual are between about 80 ng/ml and
about 500 ng/ml, between about 86 ng/ml and about 250 ng/ml, between about 120 ng/ml and
about 170 ng/ml, or about 165 ng/ml. In some embodiments, administering the Notch2
signaling inhibitor to the individual results in serum SPP1 protein levels of less than 80 ng/ml.
In specific embodiments, serum SPP1 protein levels prior to administering the Notch2
signaling inhibitor are 24 hours prior to administering the Notch2 signaling inhibitor. Serum
SPP1 protein levels prior to or following administration of the Notch2 signaling inhibitor may
be determined by any appropriate method, such as enzyme-linked immunosorbent assay. In
specific embodiments, serum SPP1 protein levels are reduced in the individual about one, two,
three, six or 12 month after administering the Notch?2 signaling inhibitor. In some
embodiments, the liver cancer is hepatocellular carcinoma, hepatoma, cholangiocarcinoma,
hepatoblastoma, hepatic carcinoma, hepatic angiosarcoma or metastatic liver cancer. In some
embodiments, the Notch2 signaling inhibitor is an siRNA, small-molecule inhibitor or
antibody. In some embodiments, the antibody is an antagonist antibody, such as an anti-

Notch2 antagonist antibody or an anti-Jagl antagonist antibody.
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Also disclosed are methods for treating an individual having a liver cancer, comprising
the steps of administering to the individual a Notch2 signaling inhibitor; and determining
Notch?2 signaling, wherein a decrease in Notch?2 signaling following treatment, compared to
Notch?2 signaling prior to treatment, is indicative of reduction of liver cancer in the individual.
In some embodiments, Notch2 signaling is determined by measuring Notch2 ICD nuclear
localization, e.g., by immunohistochemical analysis of a liver cancer sample from the
individual. In some embodiments, Notch2 signaling is determined by measuring expression of
a gene selected from the group consisting of Notch2, Jagl, Hes and Heyl. Expression can be
determined by any method, e.g., RT-PCR, microarray, and RNAseq analysis. In some
embodiments, the liver cancer is hepatocellular carcinoma, hepatoma, cholangiocarcinoma,
hepatoblastoma, hepatic carcinoma, hepatic angiosarcoma, and metastatic liver cancer. In
some embodiments, the Notch2 signaling inhibitor is an siRNA, small-molecule inhibitor or
antibody. In some embodiments, the antibody is an antagonist antibody, such as an anti-
Notch2 antagonist antibody or an anti-Jagl antagonist antibody.

Also disclosed are methods for inhibiting cellular proliferation comprising treating
mammalian liver cancer cells with an antibody to Notch2 or Jagl, whereby proliferation of the
liver cancer cell is inhibited. In certain embodiments, the cell is in a patient. In certain
embodiments, the cell is in a culture medium. In certain embodiments, the cell is a liver cancer
cell. In certain embodiments, the antibody is an anti-Notch2 or anti-Jagl antagonist antibody is
as described herein. In certain embodiments, the antibody is a human, humanized, or chimeric
antibody. In certain embodiments, any of the antibodies of the above embodiments is an
antibody fragment.

In any of the methods herein, Notch2 signaling inhibitors may be the following
inhibitors. In some embodiments, the Notch2 signaling inhibitor is a siRNA, small-molecule
inhibitor or antibody. In some embodiments, the antibody is an antagonist antibody. In some
embodiments, the antibody is an anti-Notch2 antibody, e.g., an anti-Notch2 negative regulatory
region (NRR) antibody. In some embodiments, the antibody does not significantly bind to a
Notch family member other than Notch2. In some embodiments, the antibody binds to mouse
Notch2 NRR and human Notch2 NRR, e.g., with a Kd of <10 nM. In some embodiments, the
antibody comprises:

(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO:1;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:3;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO:4;
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(d) an HVR-L1 comprising an amino acid sequence that conforms to the consensus

sequence of SEQ ID NO:9;

(e) an HVR-L2 comprising an amino acid sequence that conforms to the consensus

sequence of SEQ ID NO:14; and

(f) an HVR-L3 comprising an amino acid sequence that conforms to the consensus

sequence of SEQ ID NO:19.

In further embodiments, the antibody is an anti-Jagl antibody. In some embodiments,
the antibody comprises at least one, two, three, four, five, or six HVRs selected from: (a) HVR-
H1 comprising the amino acid sequence of SEQ ID NO:81; (b) HVR-H2 comprising an amino
acid sequence of SEQ ID NO:84; (c) HVR-H3 comprising an amino acid sequence of SEQ ID
NO:87; (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO:88; (e) HVR-L2
comprising the amino acid sequence of SEQ ID NO:89; and (f) HVR-L3 comprising an amino
acid sequence of SEQ ID NO:92. In one embodiment, the antibody comprises: (a) an HVR-H1
comprising the amino acid sequence of SEQ ID NO:81; (b) an HVR-H2 comprising the amino
acid sequence of SEQ ID NO:82; (¢) an HVR-H3 comprising the amino acid sequence of SEQ
ID NO:85; (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:88; (e) an
HVR-L2 comprising the amino acid sequence of SEQ ID NO:89; and (f) an HVR-L3
comprising the amino acid sequence of SEQ ID NO:90.

In one embodiment, the antibody comprises: (a) an HVR-H1 comprising the amino acid
sequence of SEQ ID NO:81; (b) an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:82; (c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO:86; (d) an HVR-
L1 comprising the amino acid sequence of SEQ ID NO:88; (e) an HVR-L2 comprising the
amino acid sequence of SEQ ID NO:89; and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO:91. In one embodiment, the antibody comprises: (a) an HVR-H1
comprising the amino acid sequence of SEQ ID NO:81; (b) an HVR-H2 comprising the amino
acid sequence of SEQ ID NO:83; (¢) an HVR-H3 comprising the amino acid sequence of SEQ
ID NO:85; (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:88; (e) an
HVR-L2 comprising the amino acid sequence of SEQ ID NO:89; and (f) an HVR-L3
comprising the amino acid sequence of SEQ ID NO:90.

In certain embodiments, any of the antibodies of the embodiments herein is a
monoclonal antibody. In certain embodiments, any of the antibodies of the above
embodiments is a human, humanized, or chimeric antibody. In certain embodiments, any of

the antibodies of the above embodiments is an antibody fragment.
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In a further embodiment, any antibody of the embodiments herein further comprises
light chain variable domain framework LC-FR1, LC-FR2, LC-FR3, and LC-FR4 comprising,
in order, the amino acid sequence of huMAb4D35-8 light chain variable domain framework LC-
FR1, LC-FR2, LC-FR3, and LC-FR4 of FIG. 18.

In a further embodiment, any antibody of the embodiments herein further comprises a
heavy chain variable domain framework HC-FR1, HC-FR2, HC-FR3, and HC-FR4
comprising, in order, the amino acid sequence of huMAb4DS5-8 heavy chain variable domain
framework HC-FR1, HC-FR2, HC-FR3, and HC-FR4 of FIG. 18.

In a further embodiment, any antibody of the embodiments herein further comprises a
light chain variable domain framework LC-FR1, LC-FR2, LC-FR3, and LC-FR4 comprising,
in order, the amino acid sequence of huMAb4DS5-8 light chain variable domain framework LC-
FR1, LC-FR2, LC-FR3, and LC-FR4 of FIG. 19.

In a further embodiment, any antibody of the embodiments herein further comprises a
heavy chain variable domain framework HC-FR1, HC-FR2, HC-FR3, and HC-FR4
comprising, in order, the amino acid sequence of huMAb4DS5-8 heavy chain variable domain
framework HC-FR1, HC-FR2, HC-FR3, and HC-FR4 of FIG. 19.

In certain embodiments, the antibody is an isolated antibody that binds to Jagl,
comprising (a) a VH sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO:94; (b) a VL sequence having at least 95% sequence identity to the
amino acid sequence of SEQ ID NO:97; or (c) a VH sequence as in (a) and a VL sequence as in
(b). In some embodiments, the antibody comprises a VH sequence of SEQ ID NO:94. In some
embodiments, the antibody comprises a VL sequence of SEQ ID NO:97. In some
embodiments, the antibody comprises a VH sequence of SEQ ID NO:94 and a VL sequence of
SEQ ID NO:97. In some embodiments, the antibody comprises (a) a VH sequence having at
least 95% sequence identity to the amino acid sequence of SEQ ID NO:95; (b) a VL sequence
having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:98; or (c) a
VH sequence as in (a) and a VL sequence as in (b). In some embodiments, the antibody
comprises a VH sequence of SEQ ID NO:95. In some embodiments, the antibody comprises a
VL sequence of SEQ ID NO:98. In some embodiments, the antibody comprises a VH
sequence of SEQ ID NO:95 and a VL sequence of SEQ ID NO:98.

In certain embodiments, the antibody is an isolated antibody that binds to Jagl,
comprising (a) a VH sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO:93; (b) a VL sequence having at least 95% sequence identity to the

amino acid sequence of SEQ ID NO:96; or (c) a VH sequence as in (a) and a VL sequence as in
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(b). In some embodiments, the antibody comprises a VH sequence of SEQ ID NO:93. In some
embodiments, the antibody comprises a VL sequence of SEQ ID NO:96. In some
embodiments, the antibody comprises a VH sequence of SEQ ID NO:93 and a VL sequence of
SEQ ID NO:96.

Also disclosed is an article of manufacture comprising (a) a container; (b) a
composition of matter contained within the container comprising an anti-Notch2 antibody or an
anti-Jagged!1 antibody and a carrier for the treatment of liver cancer; and (c) a label affixed to
the container, or a package insert included with the container, referring to the use of the
composition of matter for the therapeutic treatment of or the diagnostic detection of a liver
cancer.

Also disclosed is an anti-Notch?2 antibody for use in the treatment of a liver cancer. In
certain embodiments, the liver cancer is hepatocellular carcinoma. In certain embodiments, the
antibody is an anti-Notch2 NRR antagonist antibody. Also disclosed is an anti-Jag1 antibody
for use in the treatment of a liver cancer. In certain embodiments, the liver cancer is
hepatocellular carcinoma. In certain embodiments, the antibody is an anti-Jag1 antagonist
antibody.

Also disclosed is use of an anti-Notch2 antibody in the preparation of a medicament for
the therapeutic treatment of a liver cancer. Also disclosed is use of an anti-Jagged1 antibody
in the preparation of a medicament for the therapeutic treatment of a liver cancer.

Also disclosed is use of an article of manufacture described herein in the preparation of
a medicament for the therapeutic treatment of a liver cancer. Also disclosed is use of an article
of manufacture as described herein in the preparation of a medicament for treatment or

prevention of a liver cell proliferative disorder.

BRIEF DESCRIPTION OF THE FIGURES

FIGs. 1A-F illustrate characterization of liver cancer marker expression in the AKT/Ras
HTV liver cancer model. FIGs. 1A-C depict immunohistochemical staining of tumors that are
AFP*EpCAM (FIG. 1A), AFP*EpCAM*(FIG. 1B) and AFP'EpCAM*(FIG. 1C). FIG. 1D
depicts the prevalence of marker expression, expressed in percentage of total cells. FIG. 1F
depicts immunohistochemical staining of activation of Notch2 signaling indicated by
localization of the Notch2 protein in the nucleus. FIG. 1E depicts the percent cells with

nuclear Notch? staining.

11063006_1 (GHMatters) P100487.AU 19 Feb 19 11


P100487.AU

19 Feb 2019

2014236815

un

FIGs. 2A-D illustrate reduced tumor burden in Ras/AKT HTV mice treated with anti-
Notch?2 or anti-Jagl antagonist antibodies. FIG. 2A depicts isolated livers from HTV mice
treated with an isotype control antibody (upper left), an anti-Notch2 antibody (upper right) or
an anti-Jagl antibody (lower left) beginning on the day of the HTV. FIG. 2B depicts Ras/AKT
HTV mice liver weight following antibody treatment administered at the time of HTV

injection, expressed in percent body weight. FIG. 2C depicts Ras/AKT HTV mice liver weight
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following antibody treatment administered two weeks after HTV injection, expressed in
percent body weight (p<0.05, n>8). FIG. 2D depicts Ras/AKT HTV mice liver weight
following antibody treatment (p<0.02, n>6).

FIGs. 3A-H illustrate treatment of AKT/Ras HTV tumor-bearing mice with Notch
inhibitory antibodies impedes the development of a broad range of tumor types. FIG. 3A
depicts immunofluorescence analysis of AFP and EpCAM expression in livers of AKT/Ras
HTV mice treated with anti-Notch2, anti-Jag] or isotype control antibody. FIGs. 3B and C
depict a decrease in EpCAM " (FIG. 3B; p<0.007, n>7) and AFP" (FIG. 3C; p<0.03, n>7) area
following anti-Notch2 and anti-Jagl treatment. FIG. 3D depicts immunofluorescence analysis
of AFP and EpCAM expression in livers of AKT/Ras HTV mice treated with anti-Notchl
antibody. FIG. 3E depicts the percentage of EpCAM " cells following AKT/Ras HTV mice
treatment with an anti-Notch1, anti-Notch2, anti-Notch3, anti-Jag] or isotype control antibody.
FIG. 3F depicts relative expression of Cytokeratin 19 (CK19) following AKT/Ras HTV mice
treatment with an anti-Notch1, anti-Notch2, anti-Notch3, anti-Jag] or isotype control antibody.
FIG. 3G depicts RNA and FIG. 3H depicts protein levels of Sox9 following AKT/Ras HTV
mice treatment with an anti-Notch1, anti-Notch2, anti-Notch3, anti-Jagl or isotype control
antibody.

FIGs. 4A-E illustrate that treatment of AKT/Ras HTV mice with Notch inhibitory
antibodies reduces Notch pathway activation in tumor-bearing livers. FIG. 4A depicts Notch2
nuclear immunohistochemical staining expressed in number of cells. FIG. 4B depicts relative
expression of Notch2, determined by QRTPCR. FIG. 4C depicts immunohistochemical
staining for Hes1 in AKT/Ras HTV tumor-bearing livers. FIG.4D depicts the fraction of Hes1"
cells, determined by immunohistochemistry. FIG. 4E depicts relative expression of HeyL,
determined by QRTPCR.

FIGs. 5A-I illustrate the effect of Notch inhibitory antibodies on expression of Notch
signaling pathway components in the AKT/Ras model of liver cancer. Mice subjected to
AKT/Ras HTV were treated with antagonistic antibodies to Notch1, Notch2, Notch3, or Jagl,
or an anti-Ragweed negative control antibody and quantitative real-time PCR was performed
on the isolated RNA from livers after 5 weeks for Notch1 (FIG.5A), Notch2 (FIG.5B), Notch3
(F1IG.5C), Notch4 (FIG.5D), Jagl (FIG.5E), Jag2 (FIG.5F), DLLI1 (FIG. 5G), DLL3 (FIG.5H),
DLL4 (FIG.5]).

FIGs. 6A-I illustrate results from RNAseq analysis of livers from AKT/Ras HTV mice
treated with isotype control, anti-Notch2 or anti-Jagl antibody. Depicted are normalized
counts for Prom1 (FIG. 6A), Sppl (FIG. 6B), FoxM1 (FIG. 6C), Plk1 (FIG. 6D), ccnbl (FIG.
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6E), Aurkb (FIG. 6F), Wnt2 (FIG. 6G), Axin2 (FIG. 6H) and glutamine synthetase (Glul, FIG.
61).

FIGs. 7A-B illustrate expression of Notch2 in human HCC. FIG. 7A depicts Notchl,
Notch2 and Notch3 expression, determined by RT-PCR, in cultured human HCC cell lines.
FIG. 7B depicts immunohistochemical staining of human HCC tumors for Notch2, Jagl and
Hesl.

FIGs. 8 A-D show exemplary amino acid sequences of human (C) and murine (D)
Notch?2 protein and human (A) and murine (B) Notch2 negative regulatory region (NRR).

FIG. 9 shows exemplary amino acid sequences of human and murine Jagged 1 protein.

FIGs. 10A-B show the amino acid sequences of peptides used for phage antibody
library screening and selection. All proteins were expressed as a secreted protein in BEVS
cells and their sequences are listed in the N-terminal to C-terminal direction. FIG. 10A shows
the amino acid sequence of expressed protein murine Jagged 1-DSL-EGF1-4 (Q34-D377). The
bold font at the N-terminus represents a short linker sequence (ADLGS (SEQ ID NO: 2)). The
bold font at the C-terminus represents a short linker sequence (EFG), a thrombin cleavage site
(LVPRGS (SEQ ID NO: 26)), a G spacer and the 6-His tag (SEQ ID NO: 27). FIG. 10B shows
the amino acid sequence of expressed protein human Jagl-DSL-EGF1-4. Only the Jagl
sequence is shown although the antigen also contained a TEV protease cleavage site and 6-His
tag (SEQ ID NO: 27) at the C-terminus.

FIG. 11 shows an exemplary amino acid sequences of human secreted phosphoproteinl
(SPP1).

FIG. 12 shows the H1, H2, and H3 heavy chain hypervariable region (HVR) sequences
of anti-Notch2 NRR antagonist antibodies. Amino acid positions are numbered according to
the Kabat numbering system as described below.

FIG. 13 shows the L1, L2, and L3 light chain HVR sequences of anti-Notch2 NRR
antagonist antibodies. Amino acid positions are numbered according to the Kabat numbering
system as described below.

FIGs. 14A-B show an alignment of the amino acid sequences for the heavy chain
variable domains of anti-Notch2 antibodies. Amino acid positions of the complementarity
determining regions (CDRs) are indicated.

FIGs. 15A-B show an alignment of the amino acid sequences for the light chain
variable domains of anti-Notch2 antibodies. Amino acid positions of the complementarity

determining regions (CDRs) are indicated.
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FIGs. 16A-B show exemplary acceptor human variable heavy (VH) consensus
framework sequences for use in practicing the instant invention. Sequence identifiers are as
follows:

- human VH subgroup I consensus framework “A” minus Kabat CDRs (SEQ ID
NOs:32, 33, 34, 35).

- human VH subgroup I consensus frameworks “B,” “C,” and “D” minus extended
hypervariable regions (SEQ ID NOs:36, 37, 34, 35; SEQ ID NOs:36, 37, 38, 35;
and SEQ ID NOs:36, 37, 39, 35).

- human VH subgroup II consensus framework “A” minus Kabat CDRs (SEQ ID
NOs:40, 41, 42, 35).

- human VH subgroup II consensus frameworks “B,” “C,” and “D” minus extended
hypervariable regions (SEQ ID NOs:43, 44, 42, 35; SEQ ID NOs:43, 44, 45, 35;
and SEQ ID NOs:43, 44, 46, and 35).

- human VH subgroup III consensus framework “A” minus Kabat CDRs (SEQ ID
NOs:47, 48, 49, 35).

- human VH subgroup III consensus frameworks “B,” “C,” and “D” minus extended
hypervariable regions (SEQ ID NOs:50, 51, 49, 35; SEQ ID NOs:50, 51, 52, 35;
and SEQ ID NOs:50, 51, 53, 35).

- human VH acceptor framework “A” minus Kabat CDRs (SEQ ID NOs:54, 48, 55,
35).

- human VH acceptor frameworks “B” and “C” minus extended hypervariable regions
(SEQ ID NOs:50, 51, 55, 35; and SEQ ID NOs:50, 51, 56, 35).

- human VH acceptor 2 framework “A” minus Kabat CDRs (SEQ ID NOs:54, 48, 57,
35).

- human VH acceptor 2 framework “B,” “C,” and “D” minus extended hypervariable
regions (SEQ ID NOs:50, 51, 57, 35; SEQ ID NOs:50, 51, 58, 35; and SEQ ID NOs:50, 51, 59,
35).

FIG. 17 shows exemplary acceptor human variable light (VL) consensus framework
sequences for use in practicing the instant invention. Sequence identifiers are as follows:

- human VL kappa subgroup I consensus framework (kv1): SEQ ID NOs:60, 61, 62,
63

- human VL kappa subgroup II consensus framework (kv2): SEQ ID NOs:64, 65, 66,
63
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- human VL kappa subgroup III consensus framework (xv3): SEQ ID NOs:67, 68,
69, 63
- human VL kappa subgroup IV consensus framework (xv4): SEQ ID NOs:70, 71,
72, 63.
FIG. 18 depicts framework region sequences of huMAb4D5-8 light and heavy chains
(SEQ ID NOS 60, 61, 30, 63, 50, 51, 59 and 35, respectively, in order of appearance).
Numbers in superscript indicate amino acid positions according to Kabat.
FIG. 19 depicts modified/variant framework region sequences of huMAb4D5-8 light
and heavy chains (SEQ ID NOS 60, 61, 62, 31, 50, 51, 53 and 35, respectively, in order of

appearance). Numbers in superscript indicate amino acid positions according to Kabat.

FIG. 20 shows the H1, H2, and H3 heavy chain hypervariable region (HVR) sequences
of anti- Jagged antibodies, as described in the Example s. Amino acid positions are numbered
according to the Kabat numbering system as described below.

FIG. 21 shows the L1, L2, and L3 light chain HVR sequences of anti-Jagged antibodies,
as described in the Examples. Amino acid positions are numbered according to the Kabat
numbering system as described below.

FIG. 22 shows light and heavy chain variable domain framework sequences of anti-
Jagged antibodies (SEQ ID NOS 60, 61, 62, 77, 50, 99, 57 and 35, respectively, in order of
appearance). Numbers in superscript indicate amino acid positions according to Kabat.

FIGs. 23A-B show an alignment of the amino acid sequences for the heavy chain
variable domains of antibodies to Notch2 (SEQ ID NO: 100) (B?), Notchl (SEQ ID NO: 101)
(Y), Notch3 (SEQ ID NO: 102) (W) and Jagl (SEQ ID NO: 103) (A-2) described in the
Examples.

FIGs. 24A-B show an alignment of the amino acid sequences for the light chain
variable domains of antibodies to Notch2 (SEQ ID NO: 104), Notchl (SEQ ID NO: 105),
Notch3 (SEQ ID NO: 106) and Jagl (SEQ ID NO: 107) used in the Examples.

FIGs. 25A-B show an alignment of the amino acid sequences for the heavy (FIG. 25A)
and light (FIG. 25B) chain variable domains of anti-Jagl antibodies. Amino acid positions of

the complementarity determining regions (CDRs) are indicated.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

I. DEFINITIONS

In the claims which follow and in the description of the invention, except where the

context requires otherwise due to express language or necessary implication, the word
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“comprise” or variations such as “comprises’ or “comprising” is used in an inclusive sense, i.e.
to specify the presence of the stated features but not to preclude the presence or addition of
further features in various embodiments of the invention.

An “‘acceptor human framework” for the purposes herein is a framework comprising the

amino acid sequence of a light chain variable domain (VL) framework or a heavy chain
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variable domain (VH) framework derived from a human immunoglobulin framework or a
human consensus framework, as defined below. An acceptor human framework “derived
from” a human immunoglobulin framework or a human consensus framework may comprise
the same amino acid sequence thereof, or it may contain amino acid sequence changes. In
some embodiments, the number of amino acid changes are 10 or less, 9 or less, 8 or less, 7 or
less, 6 or less, 5 or less, 4 or less, 3 or less, or 2 or less. In some embodiments, the VL acceptor
human framework is identical in sequence to the VL human immunoglobulin framework
sequence or human consensus framework sequence.

“Affinity” refers to the strength of the sum total of noncovalent interactions between a
single binding site of a molecule (e.g., an antibody) and its binding partner (e.g., an antigen).
Unless indicated otherwise, as used herein, “binding affinity” refers to intrinsic binding affinity
which reflects a 1:1 interaction between members of a binding pair (e.g., antibody and antigen).
The affinity of a molecule X for its partner Y can generally be represented by the dissociation
constant (Kd). Affinity can be measured by common methods known in the art, including
those described herein. Specific illustrative and exemplary embodiments for measuring
binding affinity are described in the following.

An “affinity matured” antibody refers to an antibody with one or more alterations in one
or more hypervariable regions (HVRs), compared to a parent antibody which does not possess
such alterations, such alterations resulting in an improvement in the affinity of the antibody for
antigen.

The terms “anti-Jagl antibody” and *“an antibody that binds to Jagl™ refer to an
antibody that is capable of binding Jagl with sufficient affinity such that the antibody is useful
as a diagnostic and/or therapeutic agent in targeting Jagl. In one embodiment, the extent of
binding of an anti Jagl antibody to an unrelated, non-Jagl protein is less than about 10% of the
binding of the antibody to Jagl as measured, e.g., by a radioimmunoassay (RIA). In certain
embodiments, an antibody that binds to Jagl has a dissociation constant (Kd) of < 1uM, < 100
nM, <10 nM, < 1 nM, <0.1 nM, < 0.01 nM, or <0.001 nM (e.g. 10® M or less, e.g. from 10
Mto 10 M, e.g., from 10°M to 10" M). In certain embodiments, an anti- Jagl antibody
binds to an epitope of Jagl that is conserved among Jagl from different species.

An “anti-Jagl antagonist antibody” is an anti-Jaglantibody that effects decreased Jagl-
mediated signaling, e.g., Jagl-mediated Notch2 signaling.

The terms “anti-Notch2 antibody” and *“an antibody that binds to Notch2” refer to an
antibody that is capable of binding Notch2 with sufficient affinity such that the antibody is
useful as a diagnostic and/or therapeutic agent in targeting Notch2. In one embodiment, the
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extent of binding of an anti-Notch2 antibody to an unrelated, non- Notch2 protein is less than
about 10% of the binding of the antibody to Notch2 as measured, e.g., by a radioimmunoassay
(RIA). In certain embodiments, an antibody that binds to Notch2 has a dissociation constant
(Kd) of < 1uM, <100 nM, <10 nM, <1 nM, <0.1 nM, <0.01 nM, or <0.001 nM (e.g. 10 M
or less, e.g. from 108Mto 10" M, e.g., from 10°Mto 107 M). In certain embodiments, an
anti-Notch2 antibody binds to an epitope of Notch2 that is conserved among Notch2 from
different species.

An “anti-Notch2 antagonist antibody” is an anti-Notch2 antibody (including an anti-
Notch2 NRR antibody) that effects decreased Notch2 signaling, as defined below.

The term "antibody" herein is used in the broadest sense and encompasses various
antibody structures, including but not limited to monoclonal antibodies, polyclonal antibodies,
multispecific antibodies (e.g., bispecific antibodies), and antibody fragments so long as they
exhibit the desired antigen-binding activity.

An "antibody fragment" refers to a molecule other than an intact antibody that
comprises a portion of an intact antibody that binds the antigen to which the intact antibody
binds. Examples of antibody fragments include but are not limited to Fv, Fab, Fab', Fab’-SH,
F(ab'),; diabodies; linear antibodies; single-chain antibody molecules (e.g. scFv); and
multispecific antibodies formed from antibody fragments.

An “antibody that binds to the same epitope” as a reference antibody refers to an
antibody that blocks binding of the reference antibody to its antigen in a competition assay by
50% or more, and conversely, the reference antibody blocks binding of the antibody to its
antigen in a competition assay by 50% or more. An exemplary competition assay is provided
herein.

A “blocking” antibody or an “antagonist” antibody is one which significantly inhibits
(either partially or completely) a biological activity of the antigen it binds.

The term "chimeric" antibody refers to an antibody in which a portion of the heavy
and/or light chain is derived from a particular source or species, while the remainder of the
heavy and/or light chain is derived from a different source or species.

The terms "cancer" and "cancerous" refer to or describe the physiological condition in
mammals that is typically characterized by unregulated cell growth/proliferation. Examples of
liver cancer include, but are not limited to, hepatoceliular carcinoma, hepatoma,
hepatoblastoma, cholangiocarcinoma, hepatoblastoma, hepatic carcinoma, sarcoma, lymphoma
and hepatic angiosarcoma. Liver cancer also includes cancer that originated in the liver and
has metastasized to another part of the body.
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The terms “cell proliferative disorder” and “‘proliferative disorder” refer to disorders
that are associated with some degree of abnormal cell proliferation. In one embodiment, the
cell proliferative disorder is cancer.

A "chemotherapeutic agent" refers to a chemical compound useful in the treatment of
cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa and
cyclosphosphamide (CYTOXAN®); alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine, triethylenemelamine,
triethylenephosphoramide, triethylenethiophosphoramide and trimethylomelamine; acetogenins
(especially bullatacin and bullatacinone); delta-9-tetrahydrocannabinol (dronabinol,
MARINOL®); beta-lapachone; lapachol; colchicines; betulinic acid; a camptothecin
(including the synthetic analogue topotecan (HY CAMTIN®), CPT-11 (irinotecan,
CAMPTOSAR®), acetylcamptothecin, scopolectin, and 9-aminocamptothecin); bryostatin;
callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues);
podophyllotoxin; podophyllinic acid; teniposide; cryptophycins (particularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarmycin (including the synthetic analogues, KW-2189 and
CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such
as chlorambucil, chlornaphazine, chlorophosphamide, estramustine, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosoureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (e. g., calicheamicin, especially calicheamicin gammall and calicheamicin
omegall (see, e.g., Nicolaou et al., Angew. Chem Intl. Ed. Engl., 33: 183-186 (1994));
CDP323, an oral alpha-4 integrin inhibitor; dynemicin, including dynemicin A; an esperamicin;
as well as neocarzinostatin chromophore and related chromoprotein enediyne antibiotic
chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycins, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin (including
ADRIAMY CIN®, morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-
doxorubicin, doxorubicin HCI liposome injection (DOXIL®), liposomal doxorubicin TLC D-
99 (MYOCET®), peglylated liposomal doxorubicin (CAELYX®), and deoxydoxorubicin),
epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as mitomycin C,
mycophenolic acid, nogalamycin, olivomycins, peplomycin, porfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin,
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zorubicin; anti-metabolites such as methotrexate, gemcitabine (GEMZAR®), tegafur
(UFTORAL®), capecitabine (XELODA®), an epothilone, and 5-fluorouracil (5-FU); folic acid
analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as
fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as calusterone, dromostanolone propionate,
epitiostanol, mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, mitotane,
trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside;
aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;
demecolcine; diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid; gallium
nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin;, phenamet;
pirarubicin; losoxantrone; 2-ethylhydrazide; procarbazine; PSK® polysaccharide complex
(JHS Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermanium;
tenuazonic acid; triaziquone; 2,2’,2 -trichlorotriethylamine; trichothecenes (especially T-2
toxin, verracurin A, roridin A and anguidine); urethan; vindesine (ELDISINE®, FILDESIN®);
dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside
(“Ara-C”); thiotepa; taxoid, e.g., paclitaxel (TAXOL®), albumin-engineered nanoparticle
formulation of paclitaxel (ABRAXANE™), and docetaxel (TAXOTERE®); chloranbucil; 6-
thioguanine; mercaptopurine; methotrexate; platinum agents such as cisplatin, oxaliplatin (e.g.,
ELOXATIN®), and carboplatin; vincas, which prevent tubulin polymerization from forming
microtubules, including vinblastine (VELBAN®), vincristine (ONCOVIN®), vindesine
(ELDISINE®, FILDESIN®), and vinorelbine (NAVELBINE®); etoposide (VP-16);
ifosfamide; mitoxantrone; leucovorin; novantrone; edatrexate; daunomycin; aminopterin;
ibandronate; topoisomerase inhibitor RFS 2000; difluoromethylornithine (DMFO); retinoids
such as retinoic acid, including bexarotene (TARGRETIN®); bisphosphonates such as
clodronate (for example, BONEFOS® or OSTAC®), etidronate (DIDROCAL®), NE-58095,
zoledronic acid/zoledronate (ZOMETA®), alendronate (FOSAMAX®), pamidronate
(AREDIA®), tiludronate (SKELID®), or risedronate (ACTONEL®); troxacitabine (a 1,3-
dioxolane nucleoside cytosine analog); antisense oligonucleotides, particularly those that
inhibit expression of genes in signaling pathways implicated in aberrant cell proliferation, such
as, for example, PKC-alpha, Raf, H-Ras, and epidermal growth factor receptor (EGF-R);
vaccines such as THERATOPE® vaccine and gene therapy vaccines, for example,
ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID® vaccine; topoisomerase 1
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inhibitor (e.g., LURTOTECAN®); rmRH (e.g., ABARELIX®); BAY439006 (Sorafenib;

Bayer); SU-11248 (sunitinib, SUTENT®, Pfizer); perifosine, COX-2 inhibitor (e.g. celecoxib
or etoricoxib), proteosome inhibitor (e.g. PS341); bortezomib (VELCADE®); CCI-779;
tipifarnib (R11577); orafenib, ABT510; Bcl-2 inhibitor such as oblimersen sodium
(GENASENSE®); pixantrone; EGFR inhibitors (see definition below); tyrosine kinase
inhibitors (see definition below); serine-threonine kinase inhibitors such as rapamycin
(sirolimus, RAPAMUNE®); farnesyltransferase inhibitors such as lonafarnib (SCH 6636,
SARASAR™); and pharmaceutically acceptable salts, acids or derivatives of any of the above;
as well as combinations of two or more of the above such as CHOP, an abbreviation for a
combined therapy of cyclophosphamide, doxorubicin, vincristine, and prednisolone; and
FOLFOX, an abbreviation for a treatment regimen with oxaliplatin (ELOXATIN™) combined
with 5-FU and leucovorin.

Chemotherapeutic agents as defined herein include “anti-hormonal agents” or
“endocrine therapeutics” which act to regulate, reduce, block, or inhibit the effects of hormones
that can promote the growth of cancer. They may be hormones themselves, including, but not
limited to: anti-estrogens with mixed agonist/antagonist profile, including, tamoxifen
(NOLVADEX®), 4-hydroxytamoxifen, toremifene (FARESTON®), idoxifene, droloxifene,
raloxifene (EVISTA®), trioxifene, keoxifene, and selective estrogen receptor modulators
(SERMs) such as SERM3; pure anti-estrogens without agonist properties, such as fulvestrant
(FASLODEX®), and EM800 (such agents may block estrogen receptor (ER) dimerization,
inhibit DNA binding, increase ER turnover, and/or suppress ER levels); aromatase inhibitors,
including steroidal aromatase inhibitors such as formestane and exemestane (AROMASIN®),
and nonsteroidal aromatase inhibitors such as anastrazole (ARIMIDEX®), letrozole
(FEMARA®) and aminoglutethimide, and other aromatase inhibitors include vorozole
(RIVISOR®), megestrol acetate (MEGASE®), fadrozole, and 4(5)-imidazoles; lutenizing
hormone-releaseing hormone agonists, including leuprolide (LUPRON® and ELIGARD®),
goserelin, buserelin, and tripterelin; sex steroids, including progestines such as megestrol
acetate and medroxyprogesterone acetate, estrogens such as diethylstilbestrol and premarin,
and androgens/retinoids such as fluoxymesterone, all transretionic acid and fenretinide;
onapristone; anti-progesterones; estrogen receptor down-regulators (ERDs); anti-androgens
such as flutamide, nilutamide and bicalutamide; and pharmaceutically acceptable salts, acids or
derivatives of any of the above; as well as combinations of two or more of the above.

The “class” of an antibody refers to the type of constant domain or constant region
possessed by its heavy chain. There are five major classes of antibodies: IgA, IgD, IgE, IgG,

20



10

15

20

25

30

WO 2014/151866 PCT/US2014/026588
and IgM, and several of these may be further divided into subclasses (isotypes), e.g., IgGy,

IgG», IgGs, IgGy, IgA |, and IgA,. The heavy chain constant domains that correspond to the
different classes of immunoglobulins are called a, 9, €, v, and p, respectively.

“Complement dependent cytotoxicity” or “CDC” refers to the lysis of a target cell in the
presence of complement. Activation of the classical complement pathway is initiated by the
binding of the first component of the complement system (C1q) to antibodies (of the
appropriate subclass), which are bound to their cognate antigen. To assess complement
activation, a CDC assay, e.g., as described in Gazzano-Santoro et al., J. Immunol. Methods
202:163 (1996), may be performed. Polypeptide variants with altered Fc region amino acid
sequences (polypeptides with a variant Fc region) and increased or decreased C1q binding
capability are described, e.g., in US Patent No. 6,194,551 B1 and WO 1999/51642. See also,
e.g., Idusogie et al. J. Immunol. 164: 4178-4184 (2000).

The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents

a cellular function and/or causes cell death or destruction. Cytotoxic agents include, but are not

211 131 188

. . . . . 212
limited to, radioactive isotopes (e.g., At~ ', I :

125 «,90 186 153 .212 32
,LJI7,Y,Re,Re,Sm 7, Bim T, P,

Pb>'* and radioactive 1isotopes of Lu); chemotherapeutic agents or drugs (e.g., methotrexate,
adriamicin, vinca alkaloids (vincristine, vinblastine, etoposide), doxorubicin, melphalan,
mitomycin C, chlorambucil, daunorubicin or other intercalating agents); growth inhibitory
agents; enzymes and fragments thereof such as nucleolytic enzymes; antibiotics; toxins such as
small molecule toxins or enzymatically active toxins of bacterial, fungal, plant or animal
origin, including fragments and/or variants thereof; and the various antitumor or anticancer
agents disclosed below.

The term "cytostatic agent" refers to a compound or composition which arrests growth
of a cell either in vitro or in vivo. Thus, a cytostatic agent may be one which significantly
reduces the percentage of cells in S phase. Further examples of cytostatic agents include agents
that block cell cycle progression by inducing GO/G1 arrest or M-phase arrest. The humanized
anti-Her2 antibody trastuzumab (HERCEPTIN®) is an example of a cytostatic agent that
induces GO/G1 arrest. Classical M-phase blockers include the vincas (vincristine and
vinblastine), taxanes, and topoisomerase II inhibitors such as doxorubicin, epirubicin,
daunorubicin, etoposide, and bleomycin. Certain agents that arrest G1 also spill over into S-
phase arrest, for example, DNA alkylating agents such as tamoxifen, prednisone, dacarbazine,
mechlorethamine, cisplatin, methotrexate, 5-fluorouracil, and ara-C. Further information can

be found in Mendelsohn and Israel, eds., The Molecular Basis of Cancer, Chapter 1, entitled
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"Cell cycle regulation, oncogenes, and antineoplastic drugs" by Murakami et al. (W.B.
Saunders, Philadelphia, 1995), e.g., p. 13. The taxanes (paclitaxel and docetaxel) are
anticancer drugs both derived from the yew tree. Docetaxel (TAXOTERE®, Rhone-Poulenc
Rorer), derived from the European yew, is a semisynthetic analogue of paclitaxel (TAXOL®,
Bristol-Myers Squibb). Paclitaxel and docetaxel promote the assembly of microtubules from
tubulin dimers and stabilize microtubules by preventing depolymerization, which results in the
inhibition of mitosis in cells.

“Effector functions” refer to those biological activities attributable to the Fc region of
an antibody, which vary with the antibody isotype. Examples of antibody effector functions
include: Clq binding and complement dependent cytotoxicity (CDC); Fc receptor binding;
antibody-dependent cell-mediated cytotoxicity (ADCC); phagocytosis; down regulation of cell
surface receptors (e.g. B cell receptor); and B cell activation.

An "effective amount" of an agent, e.g., a pharmaceutical formulation, refers to an
amount effective, at dosages and for periods of time necessary, to achieve the desired
therapeutic or prophylactic result.

The term “expression” refers to conversion of the information encoded in a gene into
messenger RNA (mRNA), and then to the protein.

Herein, a sample or cell that “expresses” a protein of interest is one in which mRNA
encoding the protein, or the protein, including fragments thereof, is determined to be present in
the sample or cell.

The term “Fc region” herein is used to define a C-terminal region of an
immunoglobulin heavy chain that contains at least a portion of the constant region. The term
includes native sequence Fc regions and variant Fc regions. In one embodiment, a human IgG
heavy chain Fc region extends from Cys226, or from Pro230, to the carboxyl-terminus of the
heavy chain. However, the C-terminal lysine (Lys447) of the Fc region may or may not be
present. Unless otherwise specified herein, numbering of amino acid residues in the Fc region
or constant region is according to the EU numbering system, also called the EU index, as
described in Kabat et al., Sequences of Proteins of Immunological Interest, 5Sth Ed. Public
Health Service, National Institutes of Health, Bethesda, MD, 1991.

"Framework" or "FR" refers to variable domain residues other than hypervariable
region (HVR) residues. The FR of a variable domain generally consists of four FR domains:
FR1, FR2, FR3, and FR4. Accordingly, the HVR and FR sequences generally appear in the
following sequence in VH (or VL): FR1-H1(L1)-FR2-H2(L2)-FR3-H3(L3)-FR4.
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The terms “full length antibody,” “intact antibody,” and “whole antibody’ are used

herein interchangeably to refer to an antibody having a structure substantially similar to a
native antibody structure or having heavy chains that contain an Fc region as defined herein.

The terms "host cell," "host cell line," and "host cell culture” are used interchangeably
and refer to cells into which exogenous nucleic acid has been introduced, including the progeny
of such cells. Host cells include "transformants" and "transformed cells," which include the
primary transformed cell and progeny derived therefrom without regard to the number of
passages. Progeny may not be completely identical in nucleic acid content to a parent cell, but
may contain mutations. Mutant progeny that have the same function or biological activity as
screened or selected for in the originally transformed cell are included herein.

A “human antibody” is one which possesses an amino acid sequence which corresponds
to that of an antibody produced by a human or a human cell or derived from a non-human
source that utilizes human antibody repertoires or other human antibody-encoding sequences.
This definition of a human antibody specifically excludes a humanized antibody comprising
non-human antigen-binding residues.

A “human consensus framework” is a framework which represents the most commonly
occurring amino acid residues in a selection of human immunoglobulin VL or VH framework
sequences. Generally, the selection of human immunoglobulin VL or VH sequences is from a
subgroup of variable domain sequences. Generally, the subgroup of sequences is a subgroup as
in Kabat et al., Sequences of Proteins of Immunological Interest, Fifth Edition, NIH
Publication 91-3242, Bethesda MD (1991), vols. 1-3. In one embodiment, for the VL, the
subgroup is subgroup kappa I as in Kabat et al., supra. In one embodiment, for the VH, the
subgroup is subgroup III as in Kabat et al., supra.

A “humanized” antibody refers to a chimeric antibody comprising amino acid residues
from non-human HVRs and amino acid residues from human FRs. In certain embodiments, a
humanized antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the HVRs (e.g., CDRs) correspond to those of a
non-human antibody, and all or substantially all of the FRs correspond to those of a human
antibody. A humanized antibody optionally may comprise at least a portion of an antibody
constant region derived from a human antibody. A “humanized form” of an antibody, e.g., a
non-human antibody, refers to an antibody that has undergone humanization.

The term “hypervariable region” or “HVR” as used herein refers to each of the regions
of an antibody variable domain which are hypervariable in sequence (‘“complementarity
determining regions” or “CDRs”) and/or form structurally defined loops (‘“‘hypervariable
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loops”) and/or contain the antigen-contacting residues (‘“‘antigen contacts’). Generally,
antibodies comprise six HVRs: three in the VH (H1, H2, H3), and three in the VL (L1, L2, L3).
Exemplary HVRs herein include:

(a) hypervariable loops occurring at amino acid residues 26-32 (L1), 50-52 (L2), 91-96
(L3), 26-32 (H1), 53-55 (H2), and 96-101 (H3) (Chothia and Lesk, J. Mol. Biol. 196:901-917
(1987));

(b) CDRs occurring at amino acid residues 24-34 (L1), 50-56 (L2), 89-97 (L3), 31-35b
(H1), 50-65 (H2), and 95-102 (H3) (Kabat et al., Sequences of Proteins of Immunological
Interest, 5Sth Ed. Public Health Service, National Institutes of Health, Bethesda, MD (1991));

(c) antigen contacts occurring at amino acid residues 27¢-36 (L1), 46-55 (L2), 89-96
(L3), 30-35b (H1), 47-58 (H2), and 93-101 (H3) (MacCallum et al. J. Mol. Biol. 262: 732-745
(1996)); and

(d) combinations of (a), (b), and/or (¢), including HVR amino acid residues 46-56 (L2),
47-56 (L2), 48-56 (L2), 49-56 (L2), 26-35 (H1), 26-35b (H1), 49-65 (H2), 93-102 (H3), and
94-102 (H3).

In one embodiment, HVR residues comprise those identified in Figures 12, 13, 20 and
21.

Unless otherwise indicated, HVR residues and other residues in the variable domain
(e.g., FR residues) are numbered herein according to Kabat et al., supra.

An “immunoconjugate” is an antibody conjugated to one or more heterologous
molecule(s), including but not limited to a cytotoxic agent.

An “individual” or “subject” is a mammal. Mammals include, but are not limited to,
domesticated animals (e.g., cows, sheep, cats, dogs, and horses), primates (e.g., humans and
non-human primates such as monkeys), rabbits, and rodents (e.g., mice and rats). In certain
embodiments, the individual or subject is a human.

An “individual at visk of having hiver cancer” refers to an individual having a higher
than average propensity of acquiring liver cancer. Examples of individuals at risk of having
liver cancer include, without limitation. individuals having hepatitis, ¢.g.. hepatitis B or C,
cirrhosis of the hiver, benign liver tumors, hemangiomas, hepatic adenornas, and focal nodular
hyperplasias.

The term “inhibit” means to decrease or reduce an activityn, function, and/or amount as

compared to a reference.
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“Inhibiting cell growth or proliferation” means decreasing a cell’s growth or
proliferation by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100%, and
includes inducing cell death.

An "isolated" antibody is one which has been separated from a component of its natural
environment. In some embodiments, an antibody is purified to greater than 95% or 99% purity
as determined by, for example, electrophoretic (e.g., SDS-PAGE, isoelectric focusing (IEF),
capillary electrophoresis) or chromatographic (e.g., ion exchange or reverse phase HPLC). For
review of methods for assessment of antibody purity, see, ¢.g., Flatman et al., J. Chromatogr. B
848:79-87 (2007).

An "isolated" nucleic acid refers to a nucleic acid molecule that has been separated
from a component of its natural environment. An isolated nucleic acid includes a nucleic acid
molecule contained in cells that ordinarily contain the nucleic acid molecule, but the nucleic
acid molecule is present extrachromosomally or at a chromosomal location that is different
from its natural chromosomal location.

“Isolated nucleic acid encoding an anti-Jagl antibody” or “isolated nucleic acid
encoding an anti-Notch2 antibody” refers to one or more nucleic acid molecules encoding
antibody heavy and light chains (or fragments thereof), including such nucleic acid molecule(s)
in a single vector or separate vectors, and such nucleic acid molecule(s) present at one or more
locations in a host cell.

The term “Jagged” or “Jag,” as used herein, refers to any native Jagged from any
vertebrate source, including mammals such as primates (e.g. humans) and rodents (e.g., mice
and rats), unless otherwise indicated. The term encompasses “full-length,” unprocessed Jag as
well as any form of Jagged that results from processing in the cell. The term also encompasses
naturally occurring variants of Jagged, e.g., splice variants or allelic variants.

The term “Jagged1” or “Jagl,” as used herein, refers to any native Jagl from any
vertebrate source, including mammals such as primates (e.g. humans) and rodents (e.g., mice
and rats), unless otherwise indicated. The term encompasses “full-length,” unprocessed Jagl
as well as any form of Jagl that results from processing in the cell. The term also encompasses
naturally occurring variants of Jagl, e.g., splice variants or allelic variants. The amino acid
sequence of an exemplary human and murine Jagl is shown in FIG. 9.

The term “level of expression” or “expression level” as used herein, refers to the
amount of a polynucleotide, mRNA, or an amino acid product or protein in a biological

sample.
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The term "monoclonal antibody" as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.¢., the individual antibodies comprising
the population are identical and/or bind the same epitope, except for possible variant
antibodies, e.g., containing naturally occurring mutations or arising during production of a
monoclonal antibody preparation, such variants generally being present in minor amounts. In
contrast to polyclonal antibody preparations, which typically include different antibodies
directed against different determinants (epitopes), each monoclonal antibody of a monoclonal
antibody preparation is directed against a single determinant on an antigen. Thus, the modifier
“monoclonal” indicates the character of the antibody as being obtained from a substantially
homogeneous population of antibodies, and is not to be construed as requiring production of
the antibody by any particular method. For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by a variety of techniques, including but
not limited to the hybridoma method, recombinant DNA methods, phage-display methods, and
methods utilizing transgenic animals containing all or part of the human immunoglobulin loci,
such methods and other exemplary methods for making monoclonal antibodies being described
herein.

A “naked antibody” refers to an antibody that is not conjugated to a heterologous
moiety (e.g., a cytotoxic moiety) or radiolabel. The naked antibody may be present in a
pharmaceutical formulation.

"Native antibodies" refer to naturally occurring immunoglobulin molecules with
varying structures. For example, native IgG antibodies are heterotetrameric glycoproteins of
about 150,000 daltons, composed of two identical light chains and two identical heavy chains
that are disulfide-bonded. From N- to C-terminus, each heavy chain has a variable region
(VH), also called a variable heavy domain or a heavy chain variable domain, followed by three
constant domains (CH1, CH2, and CH3). Similarly, from N- to C-terminus, each light chain
has a variable region (VL), also called a variable light domain or a light chain variable domain,
followed by a constant light (CL) domain. The light chain of an antibody may be assigned to
one of two types, called kappa (k) and lambda (X), based on the amino acid sequence of its
constant domain.

The term “Notch,” as used herein, refers to any native Notch from any vertebrate
source, including mammals such as primates (e.g. humans) and rodents (e.g., mice and rats),
unless otherwise indicated. The term encompasses “full-length,” unprocessed Notch as well as
any form of Notch that results from processing in the cell. The term also encompasses
naturally occurring variants of Notch, e.g., splice variants or allelic variants.
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The term “Notch2,” as used herein, refers to any native Notch2 from any vertebrate
source, including mammals such as primates (e.g. humans) and rodents (e.g., mice and rats),
unless otherwise indicated. The term encompasses “full-length,” unprocessed Notch2 as well
as any form of Notch2 that results from processing in the cell. The term also encompasses
naturally occurring variants of Notch2, e.g., splice variants or allelic variants. The amino acid
sequence of an exemplary human Notch2 is shown in FIG.8.

The term “Notch2 signaling inhibitor” refers to an agent that effects decreased Notch2
signaling, as defined above. Notch2 signaling inhibitors include Notch2-specific antagonists
and Jagl-specific antagonists. A Notch2-specific antagonist decreases Notch2 signaling and
does not significantly affect signaling by another Notch receptor (Notchl, 3, or 4 in mammals).
Examples of Notch2-specific antagonist include agents that block Notch2 binding to a Notch2
ligand. A Jagl-specific antagonist decreases Jagl-mediated signaling. Examples of Jagl-
specific antagonists include agents that bind Notch2. Pan-Notch inhibitors, such as gamma
secretase inhibitors, are explicitly excluded from Notch2 signaling inhibitors defined herein.

The term “package insert” is used to refer to instructions customarily included in
commercial packages of therapeutic products, that contain information about the indications,
usage, dosage, administration, combination therapy, contraindications and/or warnings
concerning the use of such therapeutic products.

“Percent (%) amino acid sequence identity" with respect to a reference polypeptide
sequence is defined as the percentage of amino acid residues in a candidate sequence that are
identical with the amino acid residues in the reference polypeptide sequence, after aligning the
sequences and introducing gaps, if necessary, to achieve the maximum percent sequence
identity, and not considering any conservative substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino acid sequence identity can be achieved
in various ways that are within the skill in the art, for instance, using publicly available
computer software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software.
Those skilled in the art can determine appropriate parameters for aligning sequences, including
any algorithms needed to achieve maximal alignment over the full length of the sequences
being compared. For purposes herein, however, % amino acid sequence identity values are
generated using the sequence comparison computer program ALIGN-2. The ALIGN-2
sequence comparison computer program was authored by Genentech, Inc., and the source code
has been filed with user documentation in the U.S. Copyright Office, Washington D.C., 20559,
where it is registered under U.S. Copyright Registration No. TXU510087. The ALIGN-2
program is publicly available from Genentech, Inc., South San Francisco, California, or may be
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compiled from the source code. The ALIGN-2 program should be compiled for use on a UNIX

operating system, including digital UNIX V4.0D. All sequence comparison parameters are set
by the ALIGN-2 program and do not vary.

In situations where ALIGN-2 is employed for amino acid sequence comparisons, the %
amino acid sequence identity of a given amino acid sequence A to, with, or against a given
amino acid sequence B (which can alternatively be phrased as a given amino acid sequence A
that has or comprises a certain % amino acid sequence identity to, with, or against a given

amino acid sequence B) is calculated as follows:

100 times the fraction X/Y

where X is the number of amino acid residues scored as identical matches by the sequence
alignment program ALIGN-2 in that program’s alignment of A and B, and where Y is the total
number of amino acid residues in B. It will be appreciated that where the length of amino acid
sequence A is not equal to the length of amino acid sequence B, the % amino acid sequence
identity of A to B will not equal the % amino acid sequence identity of B to A. Unless
specifically stated otherwise, all % amino acid sequence identity values used herein are
obtained as described in the immediately preceding paragraph using the ALIGN-2 computer
program.

The term "pharmaceutical formulation" refers to a preparation which is in such form as
to permit the biological activity of an active ingredient contained therein to be effective, and
which contains no additional components which are unacceptably toxic to a subject to which
the formulation would be administered.

A “pharmaceutically acceptable carrier” refers to an ingredient in a pharmaceutical
formulation, other than an active ingredient, which is nontoxic to a subject., A
pharmaceutically acceptable carrier includes, but is not limited to, a buffer, excipient,
stabilizer, or preservative.

“Relapsed” refers to the regression of the patient’s illness back to its former diseased
state, especially the return of symptoms following an apparent recovery or partial recovery.
Unless otherwise indicted, relapsed state refers to the process of returning to or the return to
illness before the previous treatment including, but not limited to, chemotherapies and stem
cell transplantation treatments.

“Refractory” refers to the resistance or non-responsiveness of a disease or condition to a
treatment (e.g., the number of neoplastic plasma cells increases even though treatment if

given). Unless otherwise indicated, the term “refractory” refers a resistance or non-
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responsiveness to any previous treatment including, but not limited to, chemotherapies and
stem cell transplantation treatments.

The term ““secreted phosphoproteinl” or “SPP1” or “osteopontin,” as used herein, refers
to any native SPP1 from any vertebrate source, including mammals such as primates (e.g.
humans) and rodents (e.g., mice and rats), unless otherwise indicated. The term encompasses
“full-length,” unprocessed SPP1 as well as any form of SPP1 that results from processing in
the cell. The term also encompasses naturally occurring variants of SPP1, e.g., splice variants
or allelic variants. The amino acid sequence of an exemplary human SPP1 is shown in FIG.11.

The phrase “substantially reduced” or “substantially different,” as used herein, refers to
a sufficiently high degree of difference between two numeric values (generally one associated
with a molecule and the other associated with a reference/comparator molecule) such that one
of skill in the art would consider the difference between the two values to be of statistical
significance within the context of the biological characteristic measured by said values (e.g.,
Kd values).

The term ““substantially similar” or “substantially the same,” as used herein, refers to a
sufficiently high degree of similarity between two numeric values (for example, one associated
with an antibody of the invention and the other associated with a reference/comparator
antibody), such that one of skill in the art would consider the difference between the two values
to be of little or no biological and/or statistical significance within the context of the biological
characteristic measured by said values (e.g., Kd values).

The term “tumor” refers to all neoplastic cell growth and proliferation, whether
malignant or benign, and all pre-cancerous and cancerous cells and tissues. The terms

bR INYS

proliferative disorder” and “tumor” are

bR INYY bR INYY

“cancer,” “cancerous,” “cell proliferative disorder,
not mutually exclusive as referred to herein.

As used herein, “treatment” (and grammatical variations thereof such as “treat” or
“treating”) refers to clinical intervention in an attempt to alter the natural course of the
individual being treated, and can be performed either for prophylaxis or during the course of
clinical pathology. Desirable effects of treatment include, but are not limited to, preventing
occurrence or recurrence of disease, alleviation of symptoms, diminishment of any direct or
indirect pathological consequences of the disease, preventing metastasis, decreasing the rate of
disease progression, amelioration or palliation of the disease state, and remission or improved
prognosis. In some embodiments, antibodies of the invention are used to delay development of

a disease or to slow the progression of a disease.
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The term ““variable region” or “‘variable domain” refers to the domain of an antibody
heavy or light chain that is involved in binding the antibody to antigen. The variable domains
of the heavy chain and light chain (VH and VL, respectively) of a native antibody generally
have similar structures, with each domain comprising four conserved framework regions (FRs)
and three hypervariable regions (HVRs). (See, e.g., Kindt et al. Kuby Immunology, 6™ ed.,
W.H. Freeman and Co., page 91 (2007).) A single VH or VL domain may be sufficient to
confer antigen-binding specificity. Furthermore, antibodies that bind a particular antigen may
be isolated using a VH or VL domain from an antibody that binds the antigen to screen a
library of complementary VL or VH domains, respectively. See, e.g., Portolano et al., J.
Immunol. 150:880-887 (1993); Clarkson et al., Nature 352:624-628 (1991).

The term "vector," as used herein, refers to a nucleic acid molecule capable of
propagating another nucleic acid to which it is linked. The term includes the vector as a self-
replicating nucleic acid structure as well as the vector incorporated into the genome of a host
cell into which it has been introduced. Certain vectors are capable of directing the expression
of nucleic acids to which they are operatively linked. Such vectors are referred to herein as

"expression vectors."

I1. COMPOSITIONS AND METHODS

In one aspect, the invention is based, in part, on inhibition of Notch pathway
components for the treatment of liver cancer.

In one aspect, methods of treating a liver cancer in an individual in need thereof are
provided, comprising the step of administering to the individual an effective amount of a
Notch?2 signaling inhibitor. In some embodiments, the liver cancer is hepatocellular carcinoma,
hepatoma, cholangiocarcinoma, hepatoblastoma, hepatic carcinoma, hepatic angiosarcoma, or
metastatic liver cancer. In some embodiments, the liver cancer is a refractory cancer.

Examples of Notch2 signaling inhibitors are known in the art and some are exemplified
herein, including, but not limited to, soluble Notch receptors, soluble Notch ligand variants,
e.g., dominant negative ligand variants, aptamers or oligopeptides that bind Notch2 or Jagl,
organic or inorganic molecules that interfere specifically with Notch2 signaling, anti-Notch2
antagonist antibodies and anti-Jagl antagonist antibodies. Examples of Notch2-specfic
antagonists include those described in U.S. Patent Application Publication No. US
2010/0111958 and Sjolund et al., J. Clin. Invest. 118(1):217-228 (2008).

In certain embodiments, the Notch2 signaling inhibitor is an anti-Notch2 antagonist

antibody. In one such embodiment, the anti-Notch2 antagonist antibody is an antibody that
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binds to the extracellular domain of Notch2 and effects decreased Notch2 signaling. In one
such embodiment, the anti-Notch2 antagonist antibody is an anti-Notch2 NRR antibody. Anti-
Notch2 NRR antibodies include, but are not limited to, any anti-Notch2 NRR antibodies
disclosed in International Application Publication No. W0O2010039832, which is expressly
incorporated by reference herein in its entirety. Such antibodies include, but are not limited to
anti-Notch2 NRR antibodies that bind to the LNR-A and HD-C domains of Notch2 NRR.
Exemplary anti-Notch2 NRR antibodies are monoclonal antibodies designated herein as
Antibody B, Antibody B-1, Antibody B-2, and Antibody B-3. Antibody B that binds to Notch2
NRR was isolated from a phage library. That antibody was affinity matured to generate
Antibody B-1, Antibody B-2, and Antibody B-3. The sequences of the heavy chain and light
chain hypervariable regions (HVRs) of Antibody B, Antibody B-1, Antibody B-2, and
Antibody B-3 are shown in FIGs. 12 and 13, respectively. The sequences of the heavy and
light chain variable domains of Antibody B, Antibody B-1, Antibody B-2, and Antibody B-3
are shown in FIGs. 14 and 15. Further embodiments of anti-Notch2 NRR antibodies are
provided as follows.

In one aspect, an antagonist antibody that specifically binds to Notch2 NRR is
provided, wherein the antibody comprises at least one, two, three, four, five, or six HVRs
selected from:

(a) an HVR-HI1 comprising the amino acid sequence of SEQ ID NO:1;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:3;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO:4;

(d) an HVR-L1 comprising an amino acid sequence that conforms to the consensus

sequence of SEQ ID NO:9;

(e) an HVR-L2 comprising an amino acid sequence that conforms to the consensus

sequence of SEQ ID NO:14; and

(f) an HVR-L3 comprising an amino acid sequence that conforms to the consensus

sequence of SEQ ID NO:19.

In a further aspect, the antibody comprises an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:4 and at least one, two, three, four, or five HVRs selected from (a),
(b), (d), (e), and (f) above. In a further aspect, the antibody comprises (a), (b), (c), (d), (e), and
(f) above. With respect to (a), (d), (e), and (f), any one or more of the following embodiments
are contemplated: HVR-HI1 comprises an amino acid sequence of SEQ ID NO:1; HVR-L1

comprises an amino acid sequence selected from SEQ ID NOs:5-8; HVR-L2 comprises an
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amino acid sequence selected from SEQ ID NOs:10-13; and HVR-L3 comprises an amino acid
sequence selected from SEQ ID NOs:15-18.

In another aspect, an antibody that specifically binds to Notch2 NRR is provided,
wherein the antibody comprises an HVR-H1 comprising the amino acid sequence of SEQ ID
NO:1, an HVR-H2 comprising the amino acid sequence of SEQ ID NO:3, and an HVR-H3
comprising the amino acid sequence of SEQ ID NO:4.

In another aspect, an antibody that specifically binds to Notch2 NRR is provided,
wherein the antibody comprises an HVR-L1 comprising an amino acid sequence that conforms
to the consensus sequence of SEQ ID NO:9, an HVR-L2 comprising an amino acid sequence
that conforms to the consensus sequence of SEQ ID NO:14, and an HVR-L3 comprising an
amino acid sequence that conforms to the consensus sequence of SEQ ID NO:19. The
following embodiments are contemplated in any combination: HVR-L1 comprises an amino
acid sequence selected from SEQ ID NOs:5-8; HVR-L2 comprises an amino acid sequence
selected from SEQ ID NOs:10-13; and HVR-L3 comprises an amino acid sequence selected
from SEQ ID NOs:15-18. In one embodiment, an antibody that binds to Notch2 NRR
comprises an HVR-L1 comprising the amino acid sequence of SEQ ID NO:5; an HVR-L2
comprising the amino acid sequence of SEQ ID NO:10; and an HVR-L3 comprising the amino
acid sequence of SEQ ID NO:15. In another embodiment, an antibody that binds to Notch2
NRR comprises an HVR-L1 comprising the amino acid sequence of SEQ ID NO:6; an HVR-
L2 comprising the amino acid sequence of SEQ ID NO:11; and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO:16. In another embodiment, an antibody that binds to
Notch2 NRR comprises an HVR-L1 comprising the amino acid sequence of SEQ ID NO:7; an
HVR-L2 comprising the amino acid sequence of SEQ ID NO:12; and an HVR-L3 comprising
the amino acid sequence of SEQ ID NO:17. In another embodiment, an antibody that binds to
Notch2 NRR comprises an HVR-L1 comprising the amino acid sequence of SEQ ID NO:8; an
HVR-L2 comprising the amino acid sequence of SEQ ID NO:13; and an HVR-L3 comprising
the amino acid sequence of SEQ ID NO:18.

In one embodiment, an antibody that specifically binds to Notch2 NRR is provided,
wherein the antibody comprises:

(a) an HVR-HI1 comprising the amino acid sequence of SEQ ID NO:1;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:3;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO:4;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:5;

(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO:10; and
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(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO:15.

In another embodiment, an antibody that specifically binds to Notch2 NRR 1is provided,
wherein the antibody comprises:

(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO:1;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:3;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO:4;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:6;

(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO:11; and

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO:16.

In another embodiment, an antibody that specifically binds to Notch2 NRR is provided,
wherein the antibody comprises:

(a) an HVR-HI1 comprising the amino acid sequence of SEQ ID NO:1;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:3;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO:4;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:7;

(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO:12; and

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO:17.

In another embodiment, an antibody that specifically binds to Notch2 NRR 1is provided,
wherein the antibody comprises:

(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO:1;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:3;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO:4;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:8;

(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO:13; and

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO:18.

In certain embodiments, any of the above antibodies further comprises at least one
framework selected from a VH subgroup III consensus framework and a VL subgroup I
consensus framework.

In certain embodiments, an anti-Notch2 NRR antibody is affinity matured. For
example, any one or more of the following substitutions in the indicated HVR positions (Kabat
numbered) may be made in any combination:

- in HVR-L1 (SEQ ID NO:5): S28N; I29N or V; S30R or K; S31R; Y32F

- in HVR-L2 (SEQ ID NO:10): G50R; S531or T; ASSE

- in HVR-L3 (SEQ ID NO:15): S93Ior R; L96S or H
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The specific antibodies disclosed herein, Antibody B as well as affinity matured forms of
Antibody B (B-1, B-2, and B-3), may undergo further affinity maturation. Accordingly,
affinity matured forms of any of the antibodies described herein are provided.

In certain embodiments, the Notch2 signaling inhibitor is an anti-Jagl antagonist
antibody. In one such embodiment, the anti-Jagl antagonist antibody is an antibody that binds
to the extracellular domain of Jagl and effects decreased Notch2 signaling. In one such
embodiment, the anti-Jagl antagonist antibody is an anti-Jagl EGF1-4 antibody. Anti-Jagl
antibodies include, but are not limited to, any anti-Jagl antibodies disclosed herein.

In further embodiments, the antibody is an anti-Jagl antibody. In some embodiments,
the antibody comprises at least one, two, three, four, five, or six HVRs selected from: (a) HVR-
HI1 comprising the amino acid sequence of SEQ ID NO:81; (b) HVR-H2 comprising an amino
acid sequence of SEQ ID NO:84; (c) HVR-H3 comprising an amino acid sequence of SEQ ID
NO:87; (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO:88; (¢) HVR-L2
comprising the amino acid sequence of SEQ ID NO:89; and (f) HVR-L3 comprising an amino
acid sequence of SEQ ID NO:92. In one embodiment, the antibody comprises: (a) an HVR-H1
comprising the amino acid sequence of SEQ ID NO:81; (b) an HVR-H2 comprising the amino
acid sequence of SEQ ID NO:82; (c) an HVR-H3 comprising the amino acid sequence of SEQ
ID NO:85; (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:88; (e) an
HVR-L2 comprising the amino acid sequence of SEQ ID NO:89; and (f) an HVR-L3
comprising the amino acid sequence of SEQ ID NO:90.

In one embodiment, the antibody comprises: (a) an HVR-H1 comprising the amino acid
sequence of SEQ ID NO:81; (b) an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:82; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO:86; (d) an HVR-
L1 comprising the amino acid sequence of SEQ ID NO:88; (¢) an HVR-L2 comprising the
amino acid sequence of SEQ ID NO:89; and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO:91. In one embodiment, the antibody comprises: (a) an HVR-H1
comprising the amino acid sequence of SEQ ID NO:81; (b) an HVR-H2 comprising the amino
acid sequence of SEQ ID NO:83; (c) an HVR-H3 comprising the amino acid sequence of SEQ
ID NO:85; (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:88; (e) an
HVR-L2 comprising the amino acid sequence of SEQ ID NO:89; and (f) an HVR-L3
comprising the amino acid sequence of SEQ ID NO:90.

In certain embodiments, an anti-Notch2 NRR antibody or anti-Jagl antibody having
any of the above HVR sequences can further comprise any suitable framework variable domain
sequence, provided binding activity to Notch2 NRR and Jagl, respectively, is substantially
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retained. In certain embodiments, an anti-Notch2 NRR antibody or anti-Jagl antibody
comprises a human variable heavy (VH) consensus framework sequence, as in any of the VH
consensus framework sequences shown in FIGs. 16A and 16B. In one embodiment, the VH
consensus framework sequence comprises a human subgroup III heavy chain framework
consensus sequence, €.g., as shown in FIGs. 16A and 16B. In another embodiment, the VH
consensus framework sequence comprises an “Acceptor 2” framework sequence, e.g., as
shown in FIGs. 16A and 16B. In a particular embodiment, the VH framework consensus
sequence comprises FR1-FR4 of Acceptor 2B or Acceptor 2D, wherein the FR4 comprises
SEQ ID NO:35 (FIGs. 16A and 16B), with the last residue of SEQ ID NO:35 (S11) optionally
being substituted with alanine. In a further particular embodiment, the VH framework
consensus sequence comprises the sequences of SEQ ID NOs:50; 51; 57 or 59; and 35, wherein
S11 of SEQ ID NO:35 is optionally substituted with alanine.

In certain embodiments, an anti-Notch2 NRR antibody or anti-Jagl antibody having
any of the above HVR sequences can further comprise a human variable light (VL) consensus
framework sequence as shown in FIGs. 17. In one embodiment, the VL consensus framework
sequence comprises a human VL kappa subgroup I consensus framework («v1) sequence, e.g.,
as shown in FIGs. 17. In another embodiment, the VL framework consensus sequence
comprises FR1-FR4 of huMAb4D5-8 as shown in FIGs. 18 or 19. In a particular embodiment,
the VL framework consensus sequence comprises the sequences of SEQ ID NOs:60, 61, 62,
and 63.

In another aspect, an anti-Notch2 NRR antibody comprises a heavy chain variable
domain (VH) sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%.,
99%, or 100% sequence identity to the amino acid sequence of SEQ ID NOs:20. In certain
embodiments, a VH sequence having at least 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%,
98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or
deletions relative to the reference sequence, but an anti-Notch2 NRR antibody comprising that
sequence retains the ability to bind to Notch2 NRR. In certain embodiments, a total of 1 to 10
amino acids have been substituted, inserted and/or deleted in the amino acid sequence of SEQ
ID NOs:20. In certain embodiments, substitutions, insertions, or deletions occur in regions
outside the HVRs (i.e., in the FRs). In a particular embodiment, the VH comprises one, two or
three HVRs selected from: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID
NO:1, (b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:3, and (c) an HVR-
H3 comprising the amino acid sequence of SEQ ID NO:4.
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In another aspect, an antibody that specifically binds to Notch2 NRR is provided,

wherein the antibody comprises a light chain variable domain (VL) having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid
sequence selected from SEQ ID NOs:22-25. In certain embodiments, a VL sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions
(e.g., conservative substitutions), insertions, or deletions relative to the reference sequence, but
an anti-Notch2 NRR antibody comprising that sequence retains the ability to bind to Notch2
NRR. In certain embodiments, a total of 1 to 10 amino acids have been substituted, inserted
and/or deleted in an amino acid sequence selected from SEQ ID NOs:22-25. In certain
embodiments, the substitutions, insertions, or deletions occur in regions outside the HVRs (i.e.,
in the FRs). In a particular embodiment, the VL comprises one, two or three HVRs selected
from (a) an HVR-L1 comprising an amino acid sequence that conforms to the consensus
sequence of SEQ ID NO:9; (b) an HVR-L2 comprising an amino acid sequence that conforms
to the consensus sequence of SEQ ID NO:14; and (¢) an HVR-L3 comprising an amino acid
sequence that conforms to the consensus sequence of SEQ ID NO:19. In one such
embodiment, the VL comprises one, two or three HVRs selected from (a) an HVR-L1
comprising an amino acid sequence selected from SEQ ID NOs:5-8; (b) an HVR-L2
comprising an amino acid sequence selected from SEQ ID NOs:10-13; and (¢) an HVR-L3
comprising an amino acid sequence selected from SEQ ID NOs:15-18. In one such
embodiment, the VL comprises one, two or three HVRs selected from (a) an HVR-L1
comprising the amino acid sequence of SEQ ID NO:5; (b) an HVR-L2 comprising the amino
acid sequence of SEQ ID NO:10; and (¢) an HVR-L3 comprising the amino acid sequence of
SEQ ID NO:15. In another such embodiment, the VL comprises one, two or three HVRs
selected from (a) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:6; (b) an
HVR-L2 comprising the amino acid sequence of SEQ ID NO:11; and (c) an HVR-L3
comprising the amino acid sequence of SEQ ID NO:16. In another such embodiment, the VL
comprises one, two or three HVRSs selected from (a) an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:7; (b) an HVR-L2 comprising the amino acid sequence of SEQ ID
NO:12; and (c) an HVR-L3 comprising the amino acid sequence of SEQ ID NO:17. In another
such embodiment, the VL comprises one, two or three HVRSs selected from (a) an HVR-L1
comprising the amino acid sequence of SEQ ID NO:8; (b) an HVR-L2 comprising the amino
acid sequence of SEQ ID NO:13; and (c) an HVR-L3 comprising the amino acid sequence of
SEQ ID NO:18.
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In certain embodiments of the variant VH and VL sequences provided above,
substitutions, insertions, or deletions may occur within the HVRs. In such embodiments,
substitutions, insertions, or deletions may occur within one or more HVRs so long as such
alterations do not substantially reduce the ability of the antibody to bind antigen. For example,
conservative alterations that do not substantially reduce binding affinity may be made in HVRs.
In certain instances, alterations in HVRs may actually improve antibody affinity. Such
alterations may be made in HVR “hotspots” (i.e., residues encoded by codons that undergo
mutation at high frequency during the somatic maturation process) in order to increase
antibody affinity. (See, e.g., Chowdhury, Methods Mol. Biol. 207:179-196, 2008.) In certain
embodiments of the variant VH and VL sequences provided above, each HVR either is
conserved (unaltered), or contains no more than a single amino acid substitution, insertion or
deletion.

In another aspect, an antibody that specifically binds Notch2 NRR is provided, wherein
the antibody comprises a VH as in any of the embodiments provided above, and a VL as in any
of the embodiments provided above. In one embodiment, the antibody comprises a VH having
at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to
the amino acid sequence of SEQ ID NO:20, and a VL having at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%., 99%, or 100% sequence identity to the amino acid sequence of
SEQ ID NO:22. In one such embodiment, the VH comprises one, two or three HVRs selected
from: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO:1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO:3, and (c) an HVR-H3 comprising the
amino acid sequence of SEQ ID NO:4, and the VL comprises one, two or three HVRs selected
from (a) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:5; (b) an HVR-L2
comprising the amino acid sequence of SEQ ID NO:10; and (c) an HVR-L3 comprising the
amino acid sequence of SEQ ID NO:15. In a particular embodiment, the antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO:20, and a VL comprising the amino
acid sequence of SEQ ID NO:22.

In another embodiment, an anti-Notch2 NRR antibody that specifically binds Notch2
NRR comprises a VH having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%.,
or 100% sequence identity to the amino acid sequence of SEQ ID NO:20, and a VL having at
least 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an
amino acid sequence selected from SEQ ID NOs:23-25. In one such embodiment, the VH
comprises one, two or three HVRs selected from: (a) an HVR-H1 comprising the amino acid
sequence of SEQ ID NO:1, (b) an HVR-H2 comprising the amino acid sequence of SEQ ID
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NO:3, and (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO:4, and the VL

comprises one, two or three HVRSs selected from (a) an HVR-L1 comprising an amino acid
sequence selected from SEQ ID NOs:6-8; (b) an HVR-L2 comprising an amino acid sequence
selected from SEQ ID NOs:11-13; and (¢) an HVR-L3 comprising an amino acid sequence
selected from SEQ ID NOs:16-18. In particular embodiments, the antibody comprises a VH
comprising the amino acid sequence of SEQ ID NO:20 and a VL comprising an amino acid
sequence selected from SEQ ID NOs:23-25.

In another aspect, an antibody that specifically binds Jagl is provided, wherein the
antibody comprises a VH as in any of the embodiments provided above, and a VL as in any of
the embodiments provided above. In one embodiment, the antibody comprises a VH having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an
amino acid sequence selected from SEQ ID NOs:93-95, and a VL having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid
sequence selected from SEQ ID NOs:96-98. In one such embodiment, the VH comprises one,
two or three HVRs selected from: (a) an HVR-HI comprising the amino acid sequence of SEQ
ID NO:81, (b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:82, and (c) an
HVR-H3 comprising the amino acid sequence of SEQ ID NO:85, and the VL comprises one,
two or three HVRs selected from (a) an HVR-L1 comprising the amino acid sequence of SEQ
ID NO:88; (b) an HVR-L2 comprising the amino acid sequence of SEQ ID NO:89; and (c) an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:90. In a particular embodiment,
the antibody comprises a VH comprising the amino acid sequence of SEQ ID NO:93, and a VL
comprising the amino acid sequence of SEQ ID NO:96.

In another embodiment, an anti-Jagl antibody that specifically binds Jagl comprises a
VH having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to the amino acid sequence of SEQ ID NO:94, and a VL having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%., 99%, or 100% sequence identity to the amino
acid sequence of SEQ ID NO:97. In one such embodiment, the VH comprises one, two or
three HVRs selected from: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID
NO:81, (b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:82, and (c) an
HVR-H3 comprising the amino acid sequence of SEQ ID NO:86, and the VL comprises one,
two or three HVRs selected from (a) an HVR-L1 comprising the amino acid sequence of SEQ
ID NO:88; (b) an HVR-L2 comprising the amino acid sequence of SEQ ID NO:89; and (c) an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:91. In particular embodiments,
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the antibody comprises a VH comprising the amino acid sequence of SEQ ID NO:94 and a VL

comprising the amino acid sequence of SEQ ID NO:97.

In another embodiment, an anti-Jagl antibody that specifically binds Jagl comprises a
VH having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to the amino acid sequence of SEQ ID NO:95, and a VL having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%., 99%, or 100% sequence identity to the amino
acid sequence of SEQ ID NO:98. In one such embodiment, the VH comprises one, two or
three HVRSs selected from: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID
NO:81, (b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:83, and (c) an
HVR-H3 comprising the amino acid sequence of SEQ ID NO:85, and the VL comprises one,
two or three HVRs selected from (a) an HVR-L1 comprising the amino acid sequence of SEQ
ID NO:88; (b) an HVR-L2 comprising the amino acid sequence of SEQ ID NO:89; and (c) an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:90. In particular embodiments,
the antibody comprises a VH comprising the amino acid sequence of SEQ ID NO:95 and a VL
comprising the amino acid sequence of SEQ ID NO:98.

In certain embodiments, an affinity-matured form of any of the above antibodies is
provided. In further embodiments, a recombinant protein that specifically binds Notch2 NRR
or Jagl is provided, wherein the recombinant protein comprises an antigen binding site(s) of
any of the above antibodies. In one such embodiment, a recombinant protein comprises any
one or more of the HVRs provided above.

In certain embodiments, a polynucleotide encoding any of the above antibodies is
provided. In one embodiment, a vector comprising the polynucleotide is provided. In one
embodiment, a host cell comprising the vector is provided. In one embodiment, the host cell is
eukaryotic. In one embodiment, the host cell is a CHO cell. In one embodiment, a method of
making an anti-Notch2 NRR antibody is provided, wherein the method comprises culturing the
host cell under conditions suitable for expression of the polynucleotide encoding the antibody,
and isolating the antibody.

In another embodiment, an isolated antibody is provided that binds to the same epitope
as an antibody provided herein. In one embodiment, an isolated anti-Notch2 NRR antibody 1s
provided that binds to the same epitope as an antibody selected from Antibody B, Antibody B-
1, Antibody B-2, and Antibody B-3. In another embodiment, the invention provides an anti-
Notch2 NRR antibody that competes for binding with an antibody selected from Antibody B,
Antibody B-1, Antibody B-2, and Antibody B-3. In another embodiment, an isolated antibody
1s provided that binds to at least one domain selected from the LNR-A domain and the HD-C
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domain of Notch2. In one such embodiment, the antibody binds to both the LNR-A domain

and the HD-C domain. In another such embodiment, the antibody further binds to the LNR-B
and/or HD-N domains.

In one embodiment, an isolated anti-Jagl antibody is provided that binds to the same
epitope as an antibody selected from Antibody A, Antibody A-1, and Antibody A-2. In another
embodiment, the invention provides an anti-Jagl antibody that competes for binding with an
antibody selected from Antibody A, Antibody A-1, and Antibody A-2. In another embodiment,
an isolated antibody is provided that binds to at least one domain selected from the DSL
domain and the EGF domain of Jagl. In one such embodiment, the antibody binds to EGF1-4
of Jagl.

Any of the Notch?2 signaling inhibitors provided herein may be used in the methods
described herein.

The invention also provides methods for selecting a therapeutic treatment for a patient
having a liver cancer, the method comprising determining expression of one or more of
Notch2, Jagl and SPP1 in a sample obtained from the patient. In some embodiments, the
patient is selected for treatment with a Notch2 signaling inhibitor if expression of one or more
of Notch2, Jagl and SPP1 is detected in the patient sample. In some embodiments, elevated
expression of one or more of Notch2, Jagl and Sppl in the sample obtained from the patient,
relative to a control, identifies the patient as suitable for receiving treatment with a Notch2
signaling inhibitor, as described herein. In some embodiments, additional parameters, such as,
e.g., examination by a physician, histologic evaluation of a biopsy, determination of serum
levels characterizing the liver cancer, are employed to identify the patient for receiving the
Notch2 signaling inhibitor treatment.

In some embodiments, a sample or biopsy from the patient is analyzed for mRNA
expression of one or more of Notch2, Jagl and Sppl using methods well known in the art, such
as, e.g., quantitative PCR analysis, and compared to expression of the same gene or genes in a
biopsy obtained from a control individual or compared to a reference value. In some
embodiments, expression is determined using enzyme linked immunosorbent assay (ELISA).
In some embodiments, a sample or biopsy from the patient is analyzed for Notch2 activation,
for example by detection of the activated form of Notch2 as described herein.

In one aspect, methods are provided for preventing liver cancer in an individual at risk
of having liver cancer, comprising the step of administering to the individual an effective
amount of a Notch2 signaling inhibitor. In some embodiments, the individual has a liver
condition selected from the group consisting of hepatitis B or C, cirrhosis of the liver, benign
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liver tumors, hemangiomas, hepatic adenomas, and focal nodular hyperplasia. In some
embodiments, the method further comprises administering at least one additional therapeutic
agent. Examples of additional therapeutic agents include growth inhibitory agents, such as
cytotoxic agents, peptides, small-molecules and antibodies.

In another aspect, methods are provided for inhibiting the growth of a cell that
expresses secreted phosphoproteinl (SPP1), comprising contacting the cell with a Notch2
signaling inhibitor, thereby inhibiting growth of the cell. In one embodiment, SPP1 protein
comprises the amino acid sequence shown in FIG. 11. In one embodiment, contacting the cell
with the Notch2 signaling inhibitor reduces SPP1 expression in the cell. For example,
contacting the cell with the Notch2 signaling inhibitor reduces SPP1 expression in the cell by
at least about 50%, 60%, 70%, 80%, 90%, or 90%. The expression of SPP1 mRNA or protein
can be determined by any method in the art. In some embodiments, the cell is a liver cancer
cell. In some embodiments, the liver cancer cell expresses EpCAM, AFP, AFP and EpCAM,
Notch2, Jagl, Notch2 and Jagl, nuclear Notch2 ICD, Ras, Prom1, Sppl, FoxMI, PlkI, ccnbl,
Aurkb, Wnt2, Axin2, or Glul, or any combination thereof. In some embodiments, contacting
the cell with the Notch2 signaling inhibitor results in a decrease in the expression in the cell of
at least one of EpCAM, AFP, Notch2, Notch2 ICD, Jagl, Proml, Sppl, FoxM1, Plkl, ccnbl
and Aurkb. In some embodiments, administering the Notch2 signaling inhibitor results in an
increase in the expression in the cell of at least one of Wnt2, Axin2 and Glul. In some
embodiments, expression is determined by RNAseq, microarray analysis,
immunohistochemistry, enzyme-linked immunosorbent assay, and Western blotting.

In another aspect, methods are provided for therapeutically treating a mammal having a
liver cancer comprising cells that express an Sppl gene encoding a peptide comprising an
amino acid sequence having at least 90% identity to the polypeptide shown in FIG. 11,
comprising administering to the mammal a therapeutically effective amount of a Notch2
signaling inhibitor, thereby effectively treating the mammal.

In another aspect, methods are provided for treating or preventing a liver cell
proliferative disorder associated with increased expression or activity of a protein having at
least 90% amino acid sequence identity to the polypeptide shown in FIG. 8C, comprising
administering to an individual in need of such treatment an effective amount of an anti-Jagl
antagonist antibody, thereby effectively treating or preventing the liver cell proliferative
disorder. In some embodiments, the cell proliferative disorder is a cancer, such as liver cancer.

In some embodiments the individual has a liver condition selected from the group consisting of
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hepatitis B or C, cirrhosis of the liver, benign liver tumors, hemangiomas, hepatic adenomas,
and focal nodular hyperplasia.

In one aspect, methods are provided for reducing serum SPP1 protein levels in an
individual, the method comprising administering to t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>