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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 proliferation and induced 

apoptosis in murine and human HCC cells (Viatour et al., J. Exp. Med. 208(10):1963 (2011)).  5 

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.   

SUMMARY 10 

Use of Notch2 signaling inhibitors for the treatment of patients having or at risk of 

having proliferative disorders of the liver is provided.  

In one aspect, there is provided use of an anti-Jagged1 (anti-Jag1) antibody 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. 15 

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 20 

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.    25 

In some embodiments, the liver cancer comprises cells that express EpCAM, AFP, 

Notch2, Jag1, Notch2 and Jag1, nuclear Notch2 ICD, Sox9, CK19, Ras, Prom1, Spp1, FoxM1, 

Plk1, ccnb1, Aurkb, Wnt2, Axin2, or Glul, or any combination thereof.  In specific 

embodiments, the liver cancer comprises cells that are AFP
+
 EpCAM

+
.  In some embodiments, 
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+
 EpCAM

-
, AFP

+
 EpCAM

+ 
SPP1

+
, AFP

-
 EpCAM

+ 
30 

, 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, Jag1, Sox9, CK19, Ras, 

Prom1, Spp1, FoxM1, Plk1, ccnb1, Aurkb, Wnt2, Axin2, or Glul protein expression was 35 

determined in a sample from the individual using immunohistochemistry (IHC).  In some 
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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.   5 

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, Jag1, Prom1, Spp1, FoxM1, Plk1, ccnb1 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 10 

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 15 

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. 

Disclosed are methods for preventing liver cancer in an individual at risk of having 20 

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 25 

antibody, e.g., an anti-Jag1 antagonist antibody. 

Disclosed are methods for inhibiting growth of a cell that expresses secreted 

phosphoprotein1 (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 30 

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   
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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-Jag1 antibody, such as any anti-Jag1 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, Jag1, Notch2 and Jag1, nuclear Notch2 ICD, Ras, Prom1, Spp1, 5 

FoxM1, Plk1, ccnb1, 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, Jag1, Prom1, 

Spp1, FoxM1, Plk1, ccnb1 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, 10 

Axin2 and Glul.  In some embodiments, expression is determined by RNAseq, microarray 

analysis, immunohistochemistry, enzyme-linked immunosorbent assay, and Western blotting. 

Disclosed are methods for inhibiting proliferation of a cell that expresses secreted 

phosphoprotein1 (SPP1), comprising contacting the cell with a Notch2 signaling inhibitor, 

thereby inhibiting proliferation of the cell. 15 

Disclosed are methods for treating a mammal having a liver cancer comprising cells 

that express a Spp1 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 Notch2 signaling inhibitor, thereby effectively treating the mammal.  In some embodiments, 20 

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 25 

liver cancer.  In some embodiments, the liver cancer is a refractory cancer.  Any of the 

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 30 

antibodies herein may be produced by known methods in the art, e.g., in bacteria or in CHO 

cells. 
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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, Jag1, Notch2 and Jag1, nuclear Notch2 ICD, Ras, Prom1, Spp1, FoxM1, 5 

Plk1, ccnb1, 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, Jag1, Prom1, Spp1, FoxM1, 

Plk1, ccnb1 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 10 

Glul.  In some embodiments, expression is determined by RNAseq, microarray analysis, 

immunohistochemistry, enzyme-linked immunosorbent assay, and Western blotting. 

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. 15 

8C, comprising administering to an individual in need of such treatment an effective amount of 

an anti-Jag1 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, 20 

and focal nodular hyperplasia.   

In certain embodiments, the anti-Jag1 antibody is any of the anti-Jag1 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.   25 

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 

treatment an effective amount of an anti-Jag1 antagonist antibody, thereby effectively treating 

the liver cell proliferative disorder.  In some embodiments, the cell proliferative disorder is a 30 

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.   
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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 5 

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, 10 

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 about one, two, three, six or 12 month after 15 

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.   20 

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 25 

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. 

In some embodiments, the liver cancer comprises cells that express EpCAM, AFP, AFP 

and EpCAM, Notch2, Jag1, Notch2 and Jag1, nuclear Notch2 ICD, Ras, Prom1, Spp1, FoxM1, 30 

Plk1, ccnb1, 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, Jag1, Prom1, Spp1, FoxM1, Plk1, ccnb1 and Aurkb.  In some  
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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. 

Disclosed are methods for treating a liver tumor in a mammal, wherein the 5 

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 Jag1.  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. 10 

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 Notch2 signaling inhibitor to the individual are between about 80 ng/ml and 15 

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 20 

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 Notch2 signaling inhibitor.  In some 

embodiments, the liver cancer is hepatocellular carcinoma, hepatoma, cholangiocarcinoma, 25 

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-Jag1 antagonist antibody.   

Disclosed are methods for treating an individual having a liver cancer, comprising the 30 

steps of administering to the individual a Notch2 signaling inhibitor; and determining Notch2 

signaling, wherein a decrease in Notch2 signaling following treatment, compared to Notch2 

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            35 
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the individual.  In some embodiments, Notch2 signaling is determined by measuring 

expression of a gene selected from the group consisting of Notch2, Jag1, Hes and Hey1.  

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 5 

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-Jag1 antagonist antibody.   

Disclosed are methods for inhibiting cellular proliferation comprising treating 

mammalian liver cancer cells with an antibody to Notch2 or Jag1, whereby proliferation of the 10 

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-Jag1 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 15 

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 20 

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; 25 

(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 30 

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. 
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comprising, in order, the amino acid sequence of huMAb4D5-8 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 huMAb4D5-8 light chain variable domain framework LC-5 

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 huMAb4D5-8 heavy chain variable domain 

framework HC-FR1, HC-FR2, HC-FR3, and HC-FR4 of FIG. 19. 10 

In certain embodiments, the antibody is an isolated antibody that binds to Jag1, 

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 15 

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 20 

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 Jag1, 25 

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 

(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 30 

embodiments, the antibody comprises a VH sequence of SEQ ID NO:93 and a VL sequence of 

SEQ ID NO:96. 

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  

                       35 



  

 11

anti-Jagged1 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.  

Disclosed is an anti-Notch2 antibody for use in the treatment of a liver cancer is 5 

provided.  In certain embodiments, the liver cancer is hepatocellular carcinoma.  In certain 

embodiments, the antibody is an anti-Notch2 NRR antagonist antibody.  Disclosed is an anti-

Jag1 antibody for use in the treatment of a liver cancer is provided.  In certain embodiments, 

the liver cancer is hepatocellular carcinoma.  In certain embodiments, the antibody is an anti-

Jag1 antagonist antibody. 10 

Disclosed is use of an anti-Notch2 antibody in the preparation of a medicament treating 

a liver cancer.   Disclosed is use of an anti-Jagged1 antibody in the preparation of a 

medicament for treating a liver cancer.  

Disclosed is use of an article of manufacture described herein in the preparation of a 

medicament for the therapeutic treatment of a liver cancer.  Disclosed is use of an article of 15 

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 20 

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 Notch2 staining.   25 

FIGs. 2A-D illustrate reduced tumor burden in Ras/AKT HTV mice treated with anti-

Notch2 or anti-Jag1 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-Jag1 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 30 

injection, expressed in percent body weight.  FIG. 2C depicts Ras/AKT HTV mice liver weight  

 

 

 

following antibody treatment administered two weeks after HTV injection, expressed in 35 

percent body weight (p<0.05, n>8).  FIG. 2D depicts Ras/AKT HTV mice liver weight 
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WHAT IS CLAIMED IS: 

1. Use of an anti-Jagged1 (anti-Jag1) antibody 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. 

2. The use of claim 1, wherein the liver cancer is selected from the group 5 

consisting of hepatocellular carcinoma, hepatoma, cholangiocarcinoma, hepatoblastoma, 

hepatic carcinoma, hepatic angiosarcoma, and metastatic liver cancer.   

3. The use of claim 1, wherein the anti-Jag1 antibody is a monoclonal antibody. 

4. The use of claim 3, wherein the anti-Jag1 antibody is an IgG1 or IgG2a 

antibody. 10 

5. The use of claim 3, wherein the anti-Jag1 antibody is a chimeric antibody, a 

humanized antibody, or a human antibody. 

6. The use of claim 1, wherein the anti-Jag1 antibody comprises: 

a) heavy chain hypervariable region 1 (HVR-H1) comprising the amino acid 

sequence of SEQ ID NO:81; heavy chain hypervariable region 2 (HVR-H2) comprising the 15 

amino acid sequence of SEQ ID NO:84; heavy chain hypervariable region 3 (HVR-H3) 

comprising the amino acid sequence of SEQ ID NO:87; light chain hypervariable region 1 

(HVR-L1) comprising the amino acid sequence of SEQ ID NO:88; light chain hypervariable 

region 2 (HVR-L2) comprising the amino acid sequence of SEQ ID NO:89; and light chain 

hypervariable region 3 (HVR-L3) comprising the amino acid sequence of SEQ ID NO:92; or 20 

b) HVR-H1 comprising the amino acid sequence of SEQ ID NO:81; HVR-H2 

comprising the amino acid sequence of SEQ ID NO:82; HVR-H3 comprising the amino acid 

sequence of SEQ ID NO:85; 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 HVR-L3 comprising the 

amino acid sequence of SEQ ID NO:90; or 25 

c) HVR-H1 comprising the amino acid sequence of SEQ ID NO:81; HVR-H2 

comprising the amino acid sequence of SEQ ID NO:82; HVR-H3 comprising the amino acid 

sequence of SEQ ID NO:86; 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 HVR-L3 comprising the 

amino acid sequence of SEQ ID NO:91; or 30 

d) HVR-H1 comprising the amino acid sequence of SEQ ID NO:81; HVR-H2 

comprising the amino acid sequence of SEQ ID NO:83; HVR-H3 comprising the amino acid 

sequence of SEQ ID NO:85; HVR-L1 comprising the amino acid sequence of SEQ ID NO:88; 
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HVR-L2 comprising the amino acid sequence of SEQ ID NO:89; and HVR-L3 comprising the 

amino acid sequence of SEQ ID NO:90. 

7. The use of claim 1, wherein the anti-Jag1 antibody comprises: 

a) a heavy chain variable region(VH) sequence of SEQ ID NO:93 and a light chain 

variable region (VL) sequence of SEQ ID NO:96; or 5 

b) a VH sequence of SEQ ID NO:94 and a VL sequence of SEQ ID NO:97; or 

c) a VH sequence of SEQ ID NO:95 and a VL sequence of SEQ ID NO:98. 

8. The use of claim 1, wherein the anti-Jag1 antibody is conjugated to a cytotoxic 

agent. 

9. The use of claim 8, wherein the cytotoxic agent is selected from toxins, 10 

antibiotics, radioactive isotopes and nucleolytic enzymes. 

10. The use of claim 1, wherein the liver cancer comprises cells that express at least 

one of AFP, Notch2, Jag1, Sox9, CK19, Ras, Prom1, Spp1, FoxM1, Plk1, ccnb1, Aurkb, 

Wnt2, Axin2, or Glul. 

11. The use of claim 1, wherein the liver cancer comprises cells having nuclear 15 

Notch2. 

12. The use of claim 1, wherein the liver cancer comprises cells having activated 

Ras. 

13. The use of claim 1, wherein administration of the anti-Jag1 antibody results in a 

decrease in EpCAM expression in the cells. 20 

14. The use of claim 1, wherein the liver cancer comprises cells that express AFP 

and wherein administration of the anti-Jag1 antibody results in a decrease in AFP expression in 

the cells. 

15. The use of claim 1, wherein administration of the anti-Jag1 antibody results in a 

decrease in expression, compared to expression prior to administration of the inhibitor, in the 25 

liver cancer of at least one of Prom1, Spp1, FoxM1, Plk1, ccnb1 and Aurkb.  

16. The use of claim 1, wherein administration of the anti-Jag1 antibody results in 

an increase in expression in the liver cancer of at least one of Wnt2, Axin2 and Glul. 

17. The use of claim 1, wherein the liver cancer is at least in part dependent upon a 

growth potentiating effect of Notch2 signaling. 30 
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