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(57) ABSTRACT

This invention provides methods for detecting serum GEP
level. This invention further provides methods for determin-
ing whether a subject is afflicted with Hepatocellular carci-
noma (HCC) by measuring serum GEP level. In another
embodiment, this invention provides methods for the sup-
pression of HCC growth and progression both in vitro and in
vivo by treating a patient with anti-GEP monoclonal antibody
A23.
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THE USE OF GRANULIN-EPITHELIN
PRECURSOR (GEP) ANITBODIES FOR
DETECTION AND SUPPRESSION OF
HEPATOCELLULAR CARCINOMA (HCC)

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 10/836,390, filed Apr. 29, 2004.
This application also claims priority of U.S. Provisional
Patent Application No. 60/861,318, filed Nov. 28, 2006. The
entire contents of each of the foregoing applications are incor-
porated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to Granulin-Epithelin Precur-
sor (GEP) and methods which affect expression, translation,
and biological activity of GEP in Hepatocellular Carcinoma
(HCC). Another aspect of the invention relates to the detec-
tion methods of GEP, which are potential methods for diag-
nosis and treatment of HCC.

[0003] Several publications are referenced herein by Ara-
bic numerals with parenthesis. Full citations for these refer-
ences may be found at the end of the specification immedi-
ately preceeding the claims. The entire contents of these
publications are incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0004] Liver cancer is the fifth most common cancer and
the third leading cancer killer worldwide, and is responsible
for about half million new cases and almost as many deaths
per year (1,2). Hepatocellular carcinoma (HCC) is the major
histological type of primary liver cancer. The major risk fac-
tor for developing HCC in Asia is hepatitis B virus (HBV)
infection, whereas hepatitis C virus (HCV) infection is the
major risk factor in Western countries and Japan. Prognosis
for HCC patients afflicted by these cancers in general is worse
with median survival duration less than a year, because the
majority of these cancers are unresectable, not suitable for
new treatment modalities, and have low chemotherapy
response rates. Surgical resection, such as partial hepatec-
tomy or liver transplantation, is the curative treatment for the
disease (3-5). However, only 20% of patients are eligible for
surgery because the majority of patients are diagnosed at an
advanced stage with intra- and/or extra-hepatic metastases.
After curative surgery, recurrence is common and the inci-
dence is about 50% in the first year (6). Thus, early detection
of HCC is essential to improve survival. The development of
serological diagnostic tests for the detection of early-stage
cancers in asymptomatic patients would be an important
endeavor.

[0005] Currently, serum a-fetoprotein (AFP) has been
widely used for HCC diagnosis (7). However, the serum AFP
cutoff for detecting HCC in patients with coexisting liver
diseases has not reached consensus with values ranging from
1010 500 n/ml (8-10). The serum AFP test when used with the
conventional higher cut-off point of 500 ng/ml revealed a
sensitivity of about 50% and a specificity of more than 90% in
detecting the presence of HCC in patients with coexisting
liver disease (9). When used with lower cut-off values
between 10 and 19 ng/ml, the sensitivity of the serum AFP test
was 45% to 100% and with a specificity of 70% to 95% (10).
Therefore, the identification of a novel biomarker with better
sensitivity and specificity is urgently required for a better
diagnosis of HCC.
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[0006] Granulin-epithelin precursor (GEP) (SEQ ID No. 1
for nucleotide sequence and SEQ ID No. 2 for amino acid
sequence) is an autocrine growth factor and belongs to a
family of non-classical growth factors. Significant elevation
of GEP mRNA level in HCC tissues was reported in our
earlier cDNA microarray study (11). The inventors have fur-
ther validated the observation in a separate patient cohort and
confirmed that GEP protein is upregulated in HCC tissues but
not in their adjacent non-tumor liver tissues (hepatitis and
cirrhosis livers) and normal livers (12). Functional studies
demonstrated that GEP controls HCC cell proliferation rate,
invasion and metastasis in our earlier studies (12). As GEP is
uniquely overexpressed and an important growth factor in
HCC, the inventors hypothesized that the upregulation of
GEP in HCC tumor tissues would also lead to an elevation of
serum GEP protein level in HCC patients. Assay kit for detec-
tion of serum GEP is not available to the inventors knowl-
edge, and therefore whether serum GEP levels have diagnos-
tic significance have not yet been investigated.

[0007] The significant elevation of GEP in HOC and its
function in enhancing cancer cell proliferation, makes GEP
an attractive target for antibody therapy. In fact, targeted
cancer therapy is promising to limit non-specific toxicity and
to improve therapeutic efficiency, compared to chemothera-
peutic agents with major drawback on lack of selectivity,
severe side-effects, limited efficacy, and emergence/selection
of drug-resistance (13). With the advance in hybridoma tech-
nology in the production of humanized and murine-human
chimeric monoclonal antibody, targeted cancer therapy can
be achieved by the use of the monoclonal antibody (14).
Monoclonal antibody (mAb) therapy has proven efficacious
in clinical cancer treatment, for example, anti-CD20 mAB
(Rituximab) for B-cell lymphoma (15), anti-Her2 neu mAB
(Herceptin) for metastatic breast cancer (16-17) and anti-
EGFR and VEGF for metastatic colorectal cancer (18,19).
However, development of targeted therapeutics, including
antibody therapy, for HCC is limited, therefore, novel treat-
ment target is urgently needed.

[0008] There is so far no report on the diagnostic signifi-
cance of serum GEP in any human cancer. In this study, the
inventors have determined the serum GEP levels in HCC
patients, HBV chronic carriers and healthy individuals, to
utilize GEP as a novel diagnostic marker for HCC. Moreover,
the inventors have also examined the anti-tumor efficacy of
their newly isolated anti-GEP mAb on human HCC of mouse
xenograft model. It is demonstrated that anti-GEP mAbs are
able to retard the growth of established tumor both in vitro
and in vivo. These results indicate the potential application of
anti-GEP mAbs in the treatment of HCC.

SUMMARY OF INVENTION

[0009] Theinventors have discovered that a protein, Granu-
lin-Epithelin Precursor (GEP), is abundantly and uniquely
expressed in heptocellular carcinoma (HCC), as compared to
the surrounding normal liver tissue from HCC patients and
normal liver tissue from healthy individuals.

[0010] Itisan object of this invention to provide agents and
methods for detecting GEP gene products in serum. It is also
an object of this invention to provide agents and methods for
sensitively detecting GEP gene products in serum of HCC
patients for diagnostic purposes. Another object of this inven-
tion is to provide methods of producing GEP monoclonal and
polyclonal antibodies with specific GEP peptide. Yet another
object of this invention is to provide methods of producing
anti-GEP monoclonal antibody (e.g. A23). A further object of
this invention is to utilize anti-GEP monoclonal antibody
(e.g. A23) for the suppression of HCC progression.

[0011] This invention further provides methods and strate-
gies for determining GEP levels in HCC patients, hepatitis B
carriers, and healthy objects.
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[0012] To achieve the objects and in accordance with the
purpose of the invention, as embodied and properly described
herein the present invention provides agents. compositions
and treatment of HCC in which exhibit altered expression of
GEP or altered biological activity of GEP.

[0013] Use of the term “altered expression” herein means
increased expression or overexpression of GEP or up-regula-
tion of GEP protein as compared to corresponding normal
cells or surrounding normal peripheral cells. The term
“altered expression” also means expression which became
unregulated or constitutive without being necessarily
elevated. Use of the term “altered biological activity” herein
means the change in activity of GEP that may or may not be
dependence of GEP expression. The term “altered biological
activity” also means a condition wherein change in any of the
biological functions (e.g. proliferation, differentiation,
metastasis) conferred by GEP results in the same or equiva-
lent condition as altered expression of GEP.

[0014] Use of the term “GEP” herein means Granulin-Epi-
thelin precursor in cellular extracts of HCC or cellular
extracts of normal liver or extracellular fluids of HCC
patients, or cellular extracts of liver or extracellular fluids of
chronic hepatitis B carriers, cellular extracts of liver or extra-
cellular fluids of healthy individuals.

[0015] Use of the term “neutralizing” herein means to
counteract the activity or effect of GEP using the anti-GEP
antibodies.

[0016] “Immunohistochemistry” described herein means
the use of immuno-histochemistry method to detect the pres-
ence of GEP in the said HCC or normal liver or adjacent
normal liver tissue samples. The term “immunohistochemis-
try” described herein also means a visualization method with
the use of rabbit or mouse anti-human GEP polyclonal anti-
body and horseradish peroxidase (HRP)-conjugated goat-
anti-rabbit or goat-anti-mouse secondary antibody and diami-
nobenzene (DAB) and hydrogen peroxide.

[0017] “Western Blot analysis” described herein means a
method of separating extracted proteins from HOC samples
by gel electrophoresis; transfer of separated protein samples
onto a membrane; and detection of GEP with rabbit or mouse
anti-human GEP antibody and horseradish peroxidase
(HRP)-conjugated goat-anti-rabbit or goat-anti-mouse sec-
ondary antibody; and visualization of GEP with chemilumi-
nescence techniques.

[0018] “Receiver operating characteristic (ROC) curve”
described herein are for the examination of the performance
characteristics of the GEP over their range. The area under the
curve (AUC) is used as an index of global test performance,
with a reference AUC of less than 0.5 indicating no discrimi-
nation ability.

[0019] All data described herein are analyzed by SPSS
(version 11.0 for Windows, SPSS Inc., Chicago, Il1.). Cat-
egorical variables are compared using chi-square test or
Fisher exact test where appropriate. Student’s t-test is used for
statistical comparison between two groups of continuous
variables. Correlation is analyzed by Pearson correlation.
Differences are considered significant when P<0.05.

[0020] Specific EXAMPLEs presented herein provide a
description of preferred embodiment, particular the use of
anti-GEP antibodies for detection and the use of neutralizing
anti-GEP antibodies for inhibition of in vitro and in vivo GEP
activities in HCC.
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BRIEF DESCRIPTION OF DRAWINGS AND
FIGURES

[0021] FIG. 1 shows specificity of the GEP antibodies by
Western blot analysis. (A) The monoclonal GEP antibody
A23 specifically recognized the GEP-glycosylated form ~88
kDa from the cell lysate of HepG2 (G2) and Hep3B (3B), and
recombinant GEP-full length (FL). GEP was significantly
upregulated in the tumor (T) compared to its adjacent non-
tumor liver tissue (N) (patients 289 & 291). (B) Immunopre-
cipitation from hepatoma cell lysate Hep3B (3B), HepG2
(G2) and Huh7 (H7). Lanes 1, 3 and 5 were immunoprecipi-
tation using monoclonal GEP antibody A23. Lanes 2, 4 and 6
were mock immunoprecipitation using mouse 1gG. The rab-
bit polyclonal GEP antibody was used for detection. Lanes 7,
8 and 9 were cell lysate from the same hepatoma cell lines.
The GEP at ~88 kDa from the A23 immunoprecipitated com-
plex confirmed the specificity of the monoclonal and poly-
clonal antibodies. (C) Detection of secretory GEP in the
supernatants of cultured hepatoma cells Hep3B (3B), HepG2
(G2)and Huh7 (H7) inlanes 1, 2 and 3, respectively. Lanes 4,
5 and 6 were cell lysate from the same hepatoma cells.
[0022] FIG. 2 shows localization of GEP in human liver
tissues. (A) Expression of GEP (visualized as brown stain)
was detected in the neoplastic hepatocytes but not in other cell
types of the tumor components (400x magnification). (B)
Tumor adjacent non-tumor liver tissues (400x magnification)
revealed no GEP signal in non-neoplastic hepatocytes.
[0023] FIG. 3 shows concentration of serum GEP in 72
healthy donors, 38 patients with chronic hepatitis B and 107
HCC patients.
[0024] FIG. 4 shows receiver-operating characteristic
curve analysis on serum GEP performance (bold solid line).
“Sensitivity” (true positive fraction) was plotted against
“1-Specificity” (false positive fraction).
[0025] FIG. 5 shows in vitro treatment with A23 led to cell
growth inhibition ina dose-dependent manner. Cell prolifera-
tion was measured via MTT assay. A) HepG2 cells and B)
Hep3B cells were incubated with PBS (control) (H), A23-50
ug/ml { Jor A23-100 pg/ml (@) in presence of 1% FBS for 5
days. Compare with the PBS control, differences were sig-
nificant at ¥*P<0.05 level. C) GEP concentration in HepG2
and Hep3B culture supernatant after A23 treatment (+) or
PBS Control (-) was measured by direct ELISA. D) A23
treatment of Hep3B and HepG2 led to a decrease in MAPK
phosphorylation. HCC cell lines were serum-starved for 24
hours and then treated with A23-100 pg/ml (lane 1-HepG2
and lane 3-Hep3B) or PBS (control) (lane 2-HepG2 and lane
4-Hep3B) for 72 hours. Cell lysates (10 pg) were immunob-
lotted with rabbit polyclonal GEP, anti-phospho-MAPK and
anti-MAPK antibodies, anti-3-actin was used as a control for
protein loading and transfer.
[0026] FIG. 6 shows growth inhibition of Hep3B tumor
xenografts in nude mice. Dose-dependent effects for treat-
ment of established Hep3B tumor treated with A23 on a twice
weekly schedule. A23 antibody was injected intraperito-
neally at A23-50 ug {aJor A23-100 pg (@) and PBS were
used as control (M). Compare with the PBS control, differ-
ences were significant at *P<0.05 and **P<0.005 level.
[0027] FIG. 7 shows serum profile of mice at day 31 after
A23 treatment. A) A23 concentration. B) GEP concentration.
[0028] FIG. 8 shows A) Histologic examination of Hep3B
xenografis at day 31 after A23 treatment at 200x magnifica-
tion. B) Histologic examination of non-tumor liver at day 31
after A23 treatment at 200x magnification.
[0029] FIG. 9 is an analysis of proliferation and apoptosis
effectof A23 in Hep3B tumors. A) Proliferation of tumor cells
in xenografts was evaluated by Ki-67 staining. B) Apoptosis
of tumour cells was evaluated by TUNEL assay.
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[0030] FIG. 10 shows the effect of A23 on Hep3B
xenografts. Total xenograft lysate (20 pug) was immunoblotted
with the indicated phosphospecific antibodies to phospho-
p44/42 MAPK (Thr202/Tyr04) and phospho-AKT (Ser473)
antibody. Total MAPK and AKT were used as loading con-
trol. Anti-GEP blot was also shown and a representative f3-ac-
tin reprobed blot is shown as loading control. Xenografis
from PBS control treatment mice (Lane 1), 50 ug A23 treated
(Lane 2) and 100 pg A23 treated (Lane 3).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Reference will now be made in detail to the pres-
ently preferred embodiments of the invention, which,
together with the examples and figures following the detailed
description, serve to explain the principles of the invention.
[0032] From earlier cDNA microarray analysis (11), the
inventors identified GEP as a potential tumor marker of HCC.
The inventors have further validated the observation in a
separate set of patient samples and confirmed that GEP pro-
tein is upregulated in HCC tissue (12). In addition, the inven-
tors have also shown that GEP level positively regulates can-
cer cell proliferation and tumor invasiveness (12). As GEP is
a secretory autocrine growth factor, the inventors hypoth-
esized that the upregulation of GEP in HCC tumor tissues
would also lead to an elevation of serum GEP protein level in
patients and hence act as a useful diagnostic marker for the
disease.

[0033] Inthe present study, the inventors report the genera-
tion of GEP specific monoclonal and polyclonal antibodies.
Using the newly isolated monoclonal antibody, GEP protein
level was shown to be upregulated in HCC tumor tissues,
which is in agreement with previous observation (11,12).
From immunchistochemical study, GEP protein was
expressed in the neoplastic hepatocytes but not the other
tumor components. The inventors then evaluated if GEP pro-
tein would be secreted from HCC cells, by performing immu-
noblotting from HCC cell line conditioned medium. The
inventors have shown that GEP was detectable from the cul-
ture supernatant, suggesting that GEP could be a secretory
protein detectable in HCC patient sera.

[0034] To detect the GEP serum protein, a specific GEP
ELISA has been established using the newly isolated anti-
bodies. Monoclonal antibody targeting the C-terminus of
GEP was used as the capture antibody and a polyclonal anti-
body targeting the center part of GEP as the detection anti-
body. The use of these antibodies combination which target
two different epitopes of the GEP full-length protein
enhanced the specificity of the assay as confirmed by the
immunoprecipitation experiment (FIG. 1B).

[0035] Nonetheless, due to the heterogeneity of HCC (20),
it is questionable if there would be a tumor marker that
expressed in all HCC tissues. However, the combination use
of two to three markers will enhance the sensitivity of detec-
tion. In the current study, the inventors demonstrated that
serum GEP level has no correlation with serum AFP level in
HCC patients. Sensitivity of HCC diagnosis by either one
marker was only 58.0% (AFP alone) to 60.7% (GEP alone),
but the sensitivity increased to 87.9% by combination use of
these two markers.

[0036] The high fatality-to-case ratio associated with HCC
is partially caused by the lack of symptoms in its early stages.
Curative resection can only be the treatment of choice for
20% of HCC patients. Early detection of HCC is therefore
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essential to improve survival. In the current study, serum GEP
was also detectable in early-stage HCC patients (56.6%),
suggesting this maker would be useful for early diagnosis
which is important to improve patient survival. Thus, serum
GEP determination would enhance early detection of HCC,
allowing for better treatment option and survival outcome.

[0037] The inventors previously have shown that the down-
regulation of GEP using the antisense approach can signifi-
cantly reduce the tumorigenicity of HCC in athymic nude
mice model (12). This observation suggested that GEP is an
attractive target for cancer therapy. However, the mode of
gene delivery and infection/transfection efficiency remains as
the main obstacle in successful cancer gene therapy. The use
of GEP antibody compare to gene therapy is a more practical
and feasible approach for targeted cancer therapy. As GEP is
a secretory autocrine growth factor, therefore the inventors
hypothesized that neutralizing the extracellular GEP by GEP-
specific antibody A23 may hinder the proliferation function
of GEP. Unlike targeting by antisense approach, antibody
targeted therapy, like Herceptin and anti-VEGF, has higher
efficacy and lower toxicity and make targeted therapy feasible
in cancer patients.

[0038] In order to investigate the inhibitory effect of anti-
GEP antibodies, e.g. A23, they were added to culture super-
natant of HepG2 and Hep3B cells in the presence of 1% FBS.
Proliferation of the cancer cells were significantly inhibited
by the mAbs A23 when compare to 1o treatment control in a
dose dependent manner (FIGS. 5A and 5B). Concentration of
GEP in the culture supernatant was measured by sandwiched
ELISA. Hep3B has a higher concentration of GEP in the
culture supernatant than HepG2 (FIG. 5C). After 72 hours of
A23 treatment, the concentrations of GEP in the culture
supernatant were reduced in both cell lines (FIG. 5C). This
result indicated that addition of A23 could effectively neu-
tralize the GEP secreted into the culture supernatant. GEP has
been shown to stimulate the phosphorylation of p44/42 mito-
gen activate protein kinase (MAPK) in the extracellular regu-
lated kinase signaling pathway. To investigate whether the
inhibition of proliferation by anti-GEP treatment is related to
the phosphorylation of p44/42 MAPK, Western blot analysis
was performed on cultured cell lysate after treatment with
A23. As shown in FIG. 5D, the addition of anti-GEP A23 in
the culture supernatant for 72 hours significantly reduced the
phosphorylation of MAPK in both HepG2 and Hep3B cell
lines suggesting that the reduction of cell proliferation is
dependent on the reduced phosphorylation of p44/42 MAPK.

[0039] In animal study, the antitumor effect of anti-GEP
mAbs A23 was confirmed with Hep3B tumor implanted on
nude mice. Antibody treatment of 50 and 100 pg/injection
was started once the tumor size reached ~0.3 cm®. Nine doses
of treatments were given twice a week and the tumor sizes
were monitored. After 5 weeks of treatment, the median
tumor volume of mice treated with anti-GEP A23 were 1.57
em (range 1.44-2.53 cm®) and 1.21 cm® (range 0.79-1.97
cm?) for 50 pg and 100 pg treatments, respectively, whereas
that of the median tumor volume of the control mice was 2.20
em® (range 1.65-3.04 cm?). Analysis of variance by t-test
demonstrated that difference between treated and untreated
animal were statistically significant (P<0.05) (FIG. 6). This
experiment indicated that in objects treated with A23 resulted
in a dose-dependent suppression of Hep3B tumor growth.
Moreover, this model mimics the situation in the clinic when
most HCC patients were diagnosed at late stage and become
in-operable. The marked decrease in tumor volume from the
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antibody treatment, suggested that neutralizing GEP using
anti-GEP antibody can significantly delay tumor prolifera-
tion even in an established tumor. The current study demon-
strated that anti-GEP therapy is feasible for stabilizing the
disease and/or delay tumor progression.

[0040] As the anti-GEP mAbs A23 was injected intraperi-
toneally, the antibody titer was measured in order to evaluate
the actual amount of antibody found in the mice blood circu-
lation. The antibody titer of anti-GEP mAbs A23 in the mice
serum were measured by direct ELISA. As expected, the level
of A23 in the control group was undetectable, but remained
high in treatment group. For the 100 pg treatment group, the
median level of A23 was 74.61 pg/ml (range from 4.50 pg/ml
to 145.48 pg/ml). For the 50 g treatment group, the median
level 0of A23 was 8.87 ug/ml (range from 1.35t0 16.24 ug/ml)
(FIG. 7A). In order to examine the effectiveness of A23 in the
clearance of serum GEP, the concentration of GEP in mice
serum was measured by sandwiched ELISA. For the PBS
control group, the serum GEP level was highest with the
median level of GEP of 21.46 ng/ml (ranged from 8.33 to
137.50 ng/ml). However, after A23 treatment, the serum GEP
level was significantly lowered (P<0.05). After 100 pg treat-
ment, the serum GEP level was barely detectable (median=0
ng/ml, range from 0 to 2.5 ng/ml). After 50 pg treatment, the
median level of GEP was reduced to 7.08 ng/ml (range from
0 to 10.83 ng/ml) (FIG. 7B).

[0041] Histologic examination of xenografts at the end of
the treatment showed marked difference in the tumor from
animals receiving A23 compared with tumor from animals
receiving control therapy. In the 100 pg A23-treated group,
massive necrotic areas were found and there were substan-
tially more cell-sparse regions compared with the control
group (FIG. 8A). There was no gross histological difference
in the non-tumor liver from the treatment and control group
(FIG. 8B).

[0042] Immunohistological examination of xenografts was
performed using Ki-67 antibody, there was a marked decrease
in Ki-67 positive cells in 100 pg A23-treated mice compared
to the control group (FIG. 9A). However, there was no differ-
ence in the number of positive cell from the TUNEL assay in
the treatment and control group (FIG. 9B). These results
indicated that the decrease in tumor volume by the A23 treat-
ment was caused mainly by a decrease in proliferation but not
an increase in apoptosis.

[0043] To investigate the mechanism of anti-GEP antibody
actions on tumor cell proliferation in mouse xenograft, the
phosphorylation level of the key proliferative gene, MARK
and AKT were examined. The phosphorylation of both
MAPK and AKT at Ser473 were significantly reduced upon
anti-GEP treatment suggesting that anti-GEP antibody treat-
ment delay tumor cell proliferation via the MAPK and AKT
pathway (FIG. 10). These observations showed that anti-GEP
delay tumor cell proliferation both in vitro and in vivo. It
inhibited p44/42 MAPK phosphorylation and AKT phospho-
rylation in a dose dependent manner.

[0044] Insummary, the inventors have shown that GEP is a
novel serum marker of HBV-related HCC. The combination
of AFP and GEP improves the diagnostic sensitivity of HCC
in both early-stage and late-stage tumors. The availability of
this simple and reliable immunoassay for measuring serum
GEP concentration may provide a valuable tool to further
evaluate the clinical usefulness of serum GEP for the man-
agement of HCC. Furthermore, the inventors have shown that
anti-GEP antibodies are able to inhibit the growth of estab-
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lished HCC tumors. These results indicated that GEP is a
target for HCC therapy and the potential application of anti-
GEP antibodies for treatment of HCC.

Example 1
Patient Specimens

[0045] The study protocol was approved by the Institu-
tional Review Board of The University of Hong Kong and
signed consents were obtained from the patients and controls.
Between March 1999 and October 2004, blood samples were
obtained from 107 patients diagnosed with primary HCC, 38
chronic hepatitis B patients (only those with no indication of
malignancy for more than 2 years of follow-up were included
in the current study) and 72 healthy donors who were hepatitis
B surface antigen (HBsAg) negative. Serum HBsAg was
positive in 96 (89.7%) HCC patients, and therefore control
groups included chronic hepatitis B patients and healthy vol-
unteers. Serum samples were frozen at —70° C. until use.
Tumor and adjacent non-tumor liver tissues from HCC
patients were collected and snap frozen in liquid nitrogen and
stored at =70° C. until use. Parallel sections were formalin-
fixed and paraffin embedded for histological examination and
immunohistochemical study. Clinical and pathological data
including the serum AFP level of all patients and control
subjects were prospectively collected.

Example 2
Cell Lines

[0046] The human HCC cell lines Hep3B, HepG2 and
Huh7 (American Tissue Culture Collection, Manassas, Va.)
and Japan Health Science Research Resources Bank, Osaka,
Japan) were maintained in Dulbecco’s modified Eagle
medium (DMEM) supplemented with 10% fetal bovine
serum (Gibco BRL, Carlsbad, Calif.).

Example 3
Establishment of Antibodies

[0047] GEP-specific antibody was generated by immuniz-
ing BALB/c mice with 33 pg of Keyhole Limpet Hemocyanin
(KLH)-conjugated custom-made GEP specific peptide SEQ
ID No:3 subcutaneously with complete Freund’s adjuvant
(Sigma-Aldrich, Dorset, UK). For subsequent booster, the
same amount of antigen was injected intraperitoneally in
incomplete Freund’s adjuvant biweekly. Serum antibody
activity to the immunizing antigen was monitored after each
boost using ELISA against peptide antigen. Mice showing
high serum antibody titer to the antigen were given a final
boost of intravenously injected antigen 3 days prior to har-
vesting the spleens.

Generation of Anti-GEP Monoclonal Antibody A23

[0048] Spleen was harvested from mice shown high titre of
antibody in their serum. Fusion of the spleen cells with a
nonproducer myeloma line, NSO, was carried out according
to the standard protocols originally derived from Kohler and
Milstein (21). NSO was maintained in DMEM supplemented
with 10% fetal bovine serum (Gibco BRL, Carlsbad, Calif.).
Briefly, lymphocytes were harvested from the mouse spleen
and fused with NSO using Polyethylene Glycol 1500 (Roche
Diagnostics GmbH, Mannheim, Germany). Hybridoma was
selected by plating into DMEM medium contained HAT and
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20% FBS. Antibody secreting hybridoma were selected by
ELISA and subsequently subcloned by limited dilution. Iso-
types of the monoclonal antibody were determined using the
Mouse MonoAB ID Kit (HRP) (Zymed Laboratories, Inc.,
San Francisco, Calif.).

Development of Polyclonal Antibodies Against GEP

[0049] New Zealand white rabbits were immunized with
100 pg of Keyhole Limpet Hemocyanin (KLH)-conjugated
GEP specific peptide SEQ ID No:4 (Zymed Laboratories,
Inc., San Francisco, Calif) using standard procedures (22)
The rabbit antisera were affinity purified using the immobi-
lized antigen column, dialysed against 1xPBS and concen-
trated to 1 mg/ml.

Generation and Verification of Monoclonal Antibodies

[0050] To generate the GEP monoclonal antibodies, a syn-
thetic peptide of 16-amino acid, SEQ ID NO:3, designated at
the GEP carboxyl-terminal was used as an immunogen to
generate the antibodies. The clones were then subjected to
another round of ELISA screening against full-length recom-
binant GEP and Hep3B cell lysate. The supernatants of these
clones were then subjected to Western blot analysis and sub-
cloned by limited dilution. Clone A23 was identified, as the
only antibody that recognized the GEP glycosylated form at
88-Kda from the GEP recombinant protein (FL), HCC cul-
tured cell lysate (Hep3B and HepG2) and patients’ tissue
lysate (FIG. 1A). To increase the specificity of the sand-
wiched ELISA against full-length GEP, the inventors custom-
made another GEP specific polyclonal antibody specifically
recognizing the center parts of GEP, SEQ ID NO:4.

[0051] To determine the specificity of the polyclonal and
monoclonal GEP antibodies, immunoprecipitation was per-
formed. The monoclonal and polyclonal GEP antibodies rec-
ognized the 88-kDa glycosylated GEP from the culture lysate
(FIG. 1B).

[0052] To determine whether GEP was a secretory protein,
GEP was examined in the conditioned medium from the HCC
cell lines using the GEP monoclonal antibody. As shown in
FIG. 1C, the 88-kDa glycosylated GEP was detectable in the
supernatant of HCC cells.

[0053] GEP localization was revealed by immunohis-
tochemistry on tumor tissue paraffin sections. The protein
signals were found to be uniformly associated with neoplastic
hepatocytes but not in the endothelial cells or fibroblasts in
the tumor tissues, while hepatocytes in the non-tumor tissues
revealed no signals (FIG. 2).

Example 4

Protein Extraction, Western Blotting and Immuno-
precipitation

[0054] HCC cell lines, HCC and adjacent non-tumor liver
tissues were subjected to Western blot analysis. Total proteins
were extracted by homogenizing snap frozen patients’
samples in Buffer A (8 M Urea, 50 mM Tris-HCI1 pH 8.0)
containing 1 mM PMSF. Protein extracts, totally 10 pg, were
separated by 10% SDS-PAGE gel followed by Western blot-
ting. The blot was blocked with 5% skim milk in PBS/0.1%
Tween 20 and probed with the appropriate monoclonal anti-
bodies. Polyclonal goat anti-p-actin antibody was used as
1:1000 dilution (DAKO, Glostrup, Denmark). Secondary
anti-mouse and anti-goat horseradish peroxidase (HRP) con-
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jugated antibodies respectively were used in 1:3000 dilution
(AP biotech, Chalfont St. Giles, UK). ECL was performed
according to the manufacturer’s instructions (AP biotech,
Chalfont St. Giles, UK). Immunoprecipitation was per-
formed with 500 pg of cell lysate and incubated with 1 pg of
the purified monoclonal antibodies. The immunocomplexes
were separated on an SDS-PAGE and immunoblotted with
the polyclonal anti-GEP antibody.

Example 5
Immunohistochemistry

[0055] Immunohistochemistry study was performed on
paraffin-embedded HCC and adjacent non-tumor liver tis-
sues. Protocol was described previously with modification
(12). Antigen retrieval was performed by microwave with
sections immersed in citrate buffer, followed by endogenous
peroxidase blocking and biotin blocking reagents (DAKO,
Glostrup, Denmark). Appropriate monoclonal antibodies
were used as 2 pg/ml. Signal was detected by anti-mouse
HRP conjugated secondary antibody and color development
with diaminobenzidine (DAB) as the chromogen. Tissue sec-
tions were counterstained with hematoxylin.

Example 6
Determination of GEP Levels in Subject Serum

[0056] Ninety-six-well ELISA plates (Nalge Nunc Interna-
tional, Rochester, N.Y.) were coated with 0.5 g of anti-GEP
mAb A23 in 50 pl of PBS per well. The plates were blocked
for 1 hour with 300 pl of blocking buffer (1xPBS, 1% BSA,
5% Surcose, 0.05% NaNy), then 50 pl of 1:5 diluted serum
samples was added and incubated at room temperature for 2
hours. After washing the unbound material with 0.05%
Tween 20 in 1xPBS, bound GEP was detected using an affin-
ity purified anti-GEP rabbit polyclonal antibody (1:2000, 1
mg/ml) followed by incubation with horseradish peroxidase-
conjugated goat anti-rabbit IgG (Zymed Laboratories, Inc,
San Francisco, Calif.) using TMB (Pierce Biotechnology
Inc., Rockford, 111.) as substrates. To quantify the GEP present
in the serum, a calibration curve of purified GEP diluted in
PBS with 10% Fetal Bovine Serum was performed in parallel.
Each sample was measured 3 times by quadruplicates. The
dynamic range ofthe GEP sandwich ELISA was 469 pg/ml to
30 ng/ml. A pooled serum sample of patients was included in
each assay and used for adjustment of plate-to-plate variation.
The variations within and between assays were 2.9% (range
1.1-5.5%) and 5.0% (range 1.3-10.8%), respectively.

[0057] The serum GEP protein levels were measured by a
specific ELISA in 107 HCC patients, 72 healthy individuals
and 38 patients with chronic hepatitis B (FIG. 3). The median
and mean levels of serum GEP in healthy subjects were 4.59
ng/ml and 5.63 ng/ml, respectively (range, 0 to 20.46 ng/ml).
The median and mean concentrations of serum GEP in
patients with chronic hepatitis B were 6.03 ng/ml and 6.85
ng/ml, respectively (range, 0.17 to 28.36 ng/ml). The median
and mean serum GEP levels in HCC patients were 10.53
ng/ml and 16.09 ng/ml, respectively (range, 0 to 113.59
ng/ml). The serum GEP levels measured in HCC patients
were significantly higher than those in healthy controls (P<0.
001) and patients with chronic hepatitis B (P<0.001). An
ROC curve for GEP was also constructed (F1G. 4), showing
an AUC 0f0.74 (95% C10.67-0.81, P<0.001). To discriminate
HCC from controls including chronic hepatitis B carriers and
healthy individuals, the Youden index was employed to deter-
mine the optimal cutoff for class prediction. The optimal
cutoff value was 9.07 ng/ml, which achieved a sensitivity and
specificity of 60.7% and 82.5%, respectively.
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Example 7

Diagnosis of HCC with Combined Screenings of
Serum AFP and GEP

[0058] Serum AFP levels were also measured in the same
set of samples and compared with the serum GEP data. When
using serum AFP levels for HCC diagnosis, the cutoff value of
100 ng/ml was used which was considered as relatively high
and specific (Tables 1 and 2). A lower cutoff value of serum
AFP at 20 ng/ml was also examined and data in comparison
with serum GEP was presented in the Supplementary Tables
1 and 2. The sensitivity of HCC diagnosis by serum AFP
(58.0%, 62/107, cutoff at 100 ng/ml) and serum GEP (60.7%,
65/107, cutoff at 9.07 ng/ml) was comparable (Table 1).
There was no correlation between GEP and AFP serum levels
(r==0.113; P=0.243) in HCC patients. The majority of HCC
patients (87.9%, 94/107) demonstrated elevation of either
serum GEP (>9.07 ng/ml) or AFP (>100 ng/ml). Importantly,
the simultaneous use of these two markers increased the
sensitivity of HCC diagnosis from 58.0% (elevation of AFP
alone) to 87.9% (elevation of either AFP or GEP, or both).

Example 8

Early Diagnosis of HCC with Combined Screenings
of Serum AFP and GEP

[0059] Early diagnosis is the key to enable HCC patients to
receive curative treatment and to improve survival. The per-
formance of the serum markers were examined according to
tumor stages. In early-stage HCC patients, the sensitivity of
detection by serum GEP (56.6%, 43/76) and serum AFP
(55.3%, 42/76) was similar (Table 2). In late-stage patients,
the sensitivity of HCC detection by serum GEP (71.0%,
22/31) was slightly better than serum AFP (64.5%, 20/31).
Elevation of either serum GEP or AFP was observed in 84.2%
(64/76) of early-stage patients and 96.8% (30/31) of late-
stage HCC patients. Thus, the use of two markers would
increase the sensitivity of diagnosis in both the early-stage
and late-stage HCC patients.

Example 9
Cell Proliferation Assay

[0060] Cellular proliferation was measured via 3-(4,5-dim-
ethylthiazol-2.y1)-2,5-diphenylthtrazolium bromide (MTT)
assay. Briefly, 5x10° cells were seeded to a 96-well plate in
100 pl DMEM medium containing 1% FBS either with or
without mABs A23 as indicated. For every 24 hours, the
medium was replaced with 100 ©l DMEM containing 0.5
mg/ml MTT and incubated for 3 hours at 37° C. Crystal was
dissolved by 100 ul MTT solvent (0.1N HCl in isopropanol)
and absorbance was plot as the measurement at 540 nm sub-
tracted the background absorbance at 650 nm. Each data point
represented results from 3 independent experiments, each
performed in triplicates.

[0061] Anti-GEP mAbs A23 was added to culture superna-
tant of HepG2 and Hep3B cells in the presence of 1% FBS,
proliferation of the cancer cells were significantly inhibited
by the mAbs when compare to no treatment control (FIGS.
SA and B). This inhibition is in a dose dependent manner
(FIG. 5B). Concentration of GEP in the culture supernatant
was measured by sandwiched ELISA. Hep3B has a higher
concentration of GEP in the culture supernatant than HepG2
(FIG. 5C). After 72 hours of A23 treatment, the concentra-
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tions of GEP in the culture supernatant were reduced in both
cell lines (FIG. 5C). This result indicated that addition of A23
could effectively neutralize the GEP secreted into the culture
supernatant.

Example 10

Effect of Anti-GEP Antibody Treatment on the Phos-
phorylation of MAPK

[0062] Total proteins were extracted by homogenizing
mouse xenografts and Hep3B cells in cell lysis buffer (Cell
Signaling Technology Inc., Beverly, Mass.) containing 1 mM
PMSEF. Protein extracts, totally 10 g, were separated by 10%
SDS-PAGE gel followed by Western blotting. The blot was
blocked with 5% skim milk in PBS/0.1% Tween 20 and
probed with the appropriate antibodies. Polyclonal goat anti-
[-actin antibody was used as 1:1000 dilution (DAKO, Glos-
trup, Denmark). Polyclonal rabbit anti-GEP antibody was
used as 1:500 dilution (12). Antibody against p44/p42 MAPK
and phospho-p44/42 MAPK (Thr202/Tyr204) were used
according to manufacturers’ instruction (Cell Signaling Tech-
nology, Inc., Beverly, Mass.). Secondary anti-mouse, anti-
rabbit and anti-goat HRP conjugated antibodies were used in
1:3000 dilution respectively (AP biotech, Chalfont St, Giles,
UK). ECL was preformed according to manufacturer’s
instructions (AP biotech, Chalfont St. Giles, UK).

[0063] GEP has been shown to stimulate the phosphoryla-
tion of p44/42 mitogen activate protein kinase (MAPK) in the
extracellular regulated kinase signaling pathway (23). To
investigate whether the inhibition of proliferation by anti-
GEP treatment is related to the phosphorylation of p44/42
MAPK, Western blot analysis was performed on cultured cell
lysate after treatment with A23. As shown in FIG. 5D, the
addition of anti-GEP A23 in the culture supernatant for 72 h
ours significantly reduced the phosphorylation of MAPK in
both HepG2 and Hep3B cell lines suggesting that the reduc-
tion of cell proliferation is dependent on the reduced phos-
phorylation of p44/42 MAPK.

Example 11

HCC Xenografts and Treatment of Subcutaneous
Xenografts in Nude Mice

[0064] This study protocol was approved by the Committee
on the Use of Live Animals in Teaching and Research of the
University of Hong Kong. Mice (n=15) were housed in bar-
rier facilities that provided 12-hour light-dark cycles and
received food and water. All manipulations were performed
while mice were under isoflurance gas anesthesia. No mouse
showed signs of wasting or other signs of toxicity. Hep3B
cells (2x10° cells/mouse) were injected subcutaneous to 5- to
6-week-old male athymic nude mice. Tumor sizes were deter-
mined by Vernier caliper measurements and the tumor vol-
ume was calculated according to the formula (axb?)/2, where
a and b are the largest and smallest diameters respectively
(24). Treatments were started as the tumor size reaches a
mean tumor volume of ~0.3 ¢cm® and mice were randomized
into 3 groups (n=>5). Antibodies were injected intraperito-
neally twice weekly for the duration of the study. From our
preliminary study, the half-life time (T,,,) of serum A23
antibody in the mice was longer than 72 hours after intrap-
eritoneal injection (data not shown), therefore a treatment
regime of 100 pg and 50 pg intraperitoneally twice weekly
was chosen. Group 1 mice were treated with either 100 ug
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purified mouse 1gG (Zigma-Aldrich, Saint Louis, Mo.) or
PBS. In preliminary studies, the inventors found no differ-
ence between mouse IgG or PBS on tumor growth. Group 2
and 3 mice were treated with 50 pg and 100 pg A23 mAbs,
respectively.

[0065] The antitumor effect of anti-GEP mAbs A23 was
examined on Hep3B tumor implanted on nude mice. Anti-
body treatment of 50 and 100 ug injection was started once
the tumor size reached ~300 mm?>. Nine doses of treatments
were given twice a week and the tumor sizes were monitored.
After 5 weeks of treatment, the median tumor volume of mice
treated with anti-GEP A23 was 1.57 cm® (range 1.44-2.53
cm®)and 1.21 cm? (range 0.79-1.97 cm®) for 50 ug and 100 ug
treatments, respectively, whereas the median tumor volume
of the control mice was 2.20 cm® (range 1.65-3.04 cm?).
Analysis of variance by t-test demonstrated that difference
between treated and untreated animal were statistically sig-
nificant (P<0.05) (FIG. 6). Treatment with A23 resulted in a
dose-dependent suppression of Hep3B tumor growth.

Example 12

Quantification of GEP in Mice Serum after A23
Treatment

[0066] Mice serum was collected for measurement of anti-
body concentration and serum GEP concentration using
ELISA.

[0067] Since the anti-GEP mAbs A23 was injected intrap-
eritoneally. the antibody titer was measured in order to evalu-
ate the actual amount of antibody found in the mice blood
circulation. The antibody titer of anti-GEP mAbs A23 in the
mice serum were measured by direct ELISA. As expected, the
level of A23 in the control group was undetectable, but
remained high in treatment group. For the 100 pg treatment
group, the median level of A23 was 74.61 ug/ml (range from
4.50 ng/ml to 145.48 pg/ml). For the 50 pg treatment group,
the median level of A23 was 8.87 pg/ml (range from 1.35 to
16.24 pg/ml) (FIG. 7A).

[0068] In order to examine the effectiveness of A23 in the
clearance of serum GEP, the concentration of GEP in mice
serum was measured by sandwiched ELISA. For the PBS
control group, the serum GEP level was highest with the
median level of GEP of 21.46 ng/ml (ranged from 8.33 to
137.50 ng/ml). However, after A23 treatment, the serum GEP
level was significantly lowered (P<0.05). After 100 mg treat-
ment, the serum GEP level was barely detectable (median=0
ng/ml, (range from 0 to 2.5 ng/ml). After 50 mg treatment, the
median level of GEP was reduced to 7.08 ng/ml (range from
0 to 10.83 ng/ml) (FIG. 7B).

Example 13
Futhanasia and Processing of Tissue

[0069] Mice were euthanized by the end of 5 weeks.
Xenografts and liver tissues were collected and snap frozen in
liquid nitrogen and stored at =70° C. until use. Parallel sec-
tions were formalin-fixed and paraffin embedded for histo-
logical examination and immunohistochemical study.
Histologic Examination of Xenografts after A23 Treatment
[0070] Histologic examination of xenografts at the end of
the treatment showed marked difference in the tumor from
animals given A23 compared with tumor from animals
receiving control therapy. In the 100 mg A23-treated group,
massive necrotic areas were found and there were substan-
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tially more cell-sparse regions compared with the control
group (FIG. 8A). There was no gross histological difference
in the non-tumor liver from the treatment and control group
(FIG. 8B).

[0071] Immunohistological examination of xenografts was
performed using Ki-67 antibody, there was a marked decrease
in Ki-67 positive cells in 100 mg A23-treated mice compared
to the control group (FIG. 9A). However, there was no differ-
ence in the number of positive cell from the TUNEL assay in
the treatment and control group (FI1G. 98). These results indi-
cated that the decrease in tumor volume by the A23 treatment
was caused mainly by a decrease in proliferation but not an
increase in apoptosis.

Example 14
Effect of Anti-GEP Antibody Treatment In Vivo

[0072] To investigate into the mechanism of A23 on cell
proliferation, the phosphorylation level of the key prolifera-
tive protein, MAPK and AKT were examined using the total
protein lysate from mouse tumor xenograft after treatment.
Antibody against p44/p42 MAPK, phospho-p44/42 MAPK
(Thr202/Tyr204), AKT and phospho-AKT(serd73) were
used according to manufacturers’ instruction (Cell Signaling
Technology, Inc., Beverly, Mass.). The phosphorylation of
both MAPK and AKT at Ser473 were reduced upon anti-GEP
treatment (FIG. 10), suggesting that anti-GEP antibody treat-
ment delayed umor cell proliferation via the MAPK and
AKT pathway in mouse tumor xenografts.

Example 15
Development of Anti-GEP Antibodies

[0073] GEP-specific antibodies were generated by immu-
nizing BALB/c mice or New Zealand white rabbits with GEP
specific peptide sequence located at and around SEQ ID No.
5,6, 7,8 9,10, 11, 12, or 13 (FIG. 11). The anti-GEP
monoclonal antibodies or anti-GEP polyclonal antibodies
were used to detect serum GEP levels or suppression of tumor
growth.
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TABLE 1

Diagnostic sensitivity of granulin-epithelin precursor (GEP) and a-
fetoprotein (AFP) in hepatocellular carcinoma patients (n = 107).

AFP
GEP <100 ng/ml >100 ng/ml Total
<9.07 ng/ml 13 (12.1%) 29 (27.1%) 42 (39.3%
>9.07 ng/ml 32(29.9%) 33 (30.8%) 65 (60.7%)
Total 45 (42.1%) 62 (58.0%) 107 (100%)

TABLE 2

Diagnostic sensitivity of granulin-epithelin precursor (GEP) and a-
fetoprotein (AFP) in different tumor stages of hepatocellular carcinoma
patients.

GEP <100 ng/ml >100 ng/ml Total
Early Stage
<9.07 ng/ml 12 (15.8%) 21 (27.6%) 33 (43.4%)
>9.07 ng/ml 22 (28.9%) 21 (27.6%) 43 (56.6%)
Total 34 (44.7%) 42 (55.3%) 76 (100%)
Late Stage
<9.07 ng/ml 1(3.2%) 8§ (25.8%) {29.0%)
>9.07 ng/ml 10 (32.3%) 12 (38.7%) 22 (71.0%)
Total 11 (35.5%) 20 (64.5%) 31 (100%)

Supplementary Table 1
Diagnostic sensitivity of granulin-epithelin precursor
(GEP) and a-fetoprotein (AFP) in hepatocellular carcinoma
patients (n = 107).

GEP <20 ng/ml >20 ng/ml Total
<9.07 ng/ml 9 (8.4%) 33 (30.8%) 42 (39.3%
>9.07 ng/ml 24 (22.4%) 41 (38.3%) 65 (60.7%)

Total 33 (30.8%) 74 (69.2%) 107 (100%)

SUPPLEMENTARY TABLE 2

Diagnostic sensitivity of granulin-epithelin precursor
(GEP) and a-fetoprotein (AFP) in different tumor stages of hepatocellular

carcinoma patients.
ATP
GEP <20 ng/ml >20 ng/ml Total
Early Stage
<9.07 ng/ml 9 (11.8%) 24 (31.6%) 33 (43.4%)
>9.07 ng/ml 16 (21.1%) 27 (35.5%) 43 (56.6%)
Total 25 (32.9%) 51 (67.1%) 76 (100%)
Late Stage
<9.07 ng/ml 0 (0%) 9(29.0%) {29.0%)
>9.07 ng/ml 8 (25.8%) 14 (45.2%) 22 (71.0%)
Total 8 (25.8%) 23 (74.2%) 31 (100%)
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 24

<210> SEQ ID NO 1
<211> LENGTH: 2323

<212> TYPE:

DNA

<213> ORGANISM: Homosapien

<400> SEQUENCE: 1

ggcgagagga
ggceecaccet
tggaaactga
ctgctgecca
gtggccttaa
gtggcectgct
aaatggccca
tetgceggee
gaggeegtygg
gacgggegat
gatagtcagt
gggtgetgee
ggtgeettet
gcaaagaagce
tgtcecggacyg
aagtatggct
cecccaagaca
acggacctee
gtgagectgcee
ccttttacce
tgtgacacgc
gccecagete
aatgtcagca
tgctgtccaa
tacacgtgtg
aagatgectg
accagctgee
cagttgecce
tgcaacgtga
ctggceegta

catgataacc

cagggcgtet

agcagggagy
ctatattgat
ggtaggcggy
aggaccgcegy
cagcagggct
gcectggacce
caacactgag
actcctgeat
catgegggga
cetgetteca
tecgaatgece
ccatgeccca
gegacetggt
tececctgecca
cacggteceg
gctgcccaat
ctgtgtgtga
tecactaaget
cagatggcta
aggctgtgtg
agaagggtac
acctcagect
gctgteccte
tcccagaggce
tagetgaggy
ceegecgggce
cggtggggca
atgctgtgtg
aggctegate
gcecteacgt
agacctgcetg

gttgtgctga

agagtgattt
aagtagccaa
tcatcgeget
agtcggacge
ggtggctgga
cggaggagcc
caggcatcty
ctttaccgte
tggccatcac
aagatcaggt
ggacttctee
ggcttectge
tcacaccege
gaggactaac
gtgccctgat
gcecaacgee
cetgatecag
gcetgegeac
tacctgetge
ctgtgaggac
ctgtgaacag
gccagacccea
ctccgatace
tgtctgetge
gcagtgteag
ttccettatcee
gacctgetge
ctgcgaggat
ctgcgagaag
gggtgtgaag
ccgagacaac

tecggegecac

gagtagaaaa

tgggagegygy

ggggtctgta

aggcagacca

acgeggtgec

agctacaget

ggtggecect

tcagggactt

tgctgeecac

aacaactceg

acgtgetgtyg

tgtgaagaca

tgcatcacac

agggcagtgg

ggttctacct

acctgctgcet

agtaagtgee

acagtggggg

cgtctacagt

cacatacact

gggccecace

caagccttyga

tgctgccaac

teggaccace

cgaggaagceg

caccecagag

cegagectyy

cgecageact

gaagtggtet

gacgtggagt

cgacagggct

tgctgtectyg

gaaacacagce

tagcectgat

gtctgagege

tgtggacect

cagatggtca

gctgoegtec

gccaggttga

ccagttgcety

ggggctteca

tgggtgecat

ttatggtega

gggtgcactg

ccacgggeac

cettgtecay

gctgtgaget

ccgatcacct

tctecaagga

atgtgaaatyg

cgggggectyg

getgteeege

aggtgcecty

agagagatgt

tcacgtetyy

agcactgcty

agatcgtgge

acatcggetyg

gtgggagctg

getgecegyge

ctgeccagee

gtggggaagg

gggcctgcetg

ctggcttecy

atteccaggcet
cectggecaa
tacceggttyg
ggtgagctgg
gttctgeect
cettetggac
tgcccactge
ceeettecca
ctgcagtgca
ccagtgeect
tggctectgg
ctgtecgeac
ccacceecty
cteggteatyg
gceccagtyggg
gcactgetgce
gaacgctace
tgacatggag
gggetgetge
ggggtttacg
gatggagaag
ccectgtgat
ggagtggggce
cccecagggce
tggactggag
tgaccagcac
ggectgetge
tggctacace
tgccacctte
acacttectge
tecectacege

ctgecgeagece

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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-continued

aggggtacca agtgtttgeg cagggaggce cecgegetggg acgccccttt gagggaccca 1980
gecttgagac agetgcetgtyg agggacagta ctgaagactc tgcagcectce gggaccccac 2040
tcggagggtg ccctetgete aggcctccet agcacctcecce cctaaccaaa ttctecctgy 2100
accccattcet gagctecccca tcaccatggg aggtggggece tcaatctaag gecttecctg 2160
tcagaagggg gttgtggcaa aagccacatt acaagctgcc atccecctecce cgtttcagtyg 2220
gaccctgtgg ccaggtgett ttecectatee acaggggtgt ttgtgtgtgt gegegtgtge 2280
gtttcaataa agtttgtaca ctttcaaaaa aaaaaaaaaa aaa 2323
<210> SEQ ID NO 2

<211> LENGTH: 592

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 2

Met Trp Thr Leu Val Ser Trp Val Ala Leu Thr Ala Gly Leu Val Ala
1 5 10 15

Gly Thr Arg Cys Pro Asp Gly Gln Phe Cys Pro Val Ala Cys Cys Leu
20 25 30

Asp Pro Gly Gly Ala Ser Tyr Ser Cys Cys Arg Pro Leu Leu Asp Lys
35 40 45

Pro Thr Thr Leu Ser Arg Hig Leu Gly Gly Pro Cys Gln Val Asp Ala
50 55 60

His Cys Ser Ala Gly His Ser Cys Ile Phe Thr Val Ser Gly Thr Ser
65 70 75 80

Ser Cys Cys Pro Phe Pro Glu 2la Val Ala Cys Gly Asp Gly His His
85 90 95

Cys Cys Pro Arg Gly Phe His Cys Ser Ala Asp Gly Arg Ser Cys Phe
100 105 110

Gln Arg Ser Gly Asn Asn Ser Val Gly Ala Ile Gln Cys Pro Asp Ser
115 120 125

Gln Phe Glu Cys Pro Asp Phe Ser Thr Cys Cys Val Met Val Asp Gly
130 135 140

Ser Trp Gly Cys Cys Pro Met Pro Gln Ala Ser Cys Cys Glu Asp Arg
145 150 155 160

Val His Cys Cys Pro His Gly 2Ala Phe Cys Asp Leu Val His Thr Arg
165 170 175

Cys Ile Thr Pro Thr Gly Thr His Pro Leu Ala Lys Lys Leu Pro Ala
180 185 190

Gln Arg Thr Asn Arg Ala Val Ala Leu Ser Ser Ser Val Met Cys Pro
195 200 205

Agp Ala Arg Ser Arg Cys Pro Asp Gly Ser Thr Cys Cys Glu Leu Pro
210 215 220

Ser Gly Lys Tyr Gly Cys Cys Pro Met Pro Asn Ala Thr Cys Cys Ser
225 230 235 240

Asp His Leu His Cys Cys Pro Gln Asp Thr Val Cys Asp Leu Leu Gln
245 250 255

Ser Lys Cys Leu Ser Lys Glu 2Zsn Ala Thr Ile Asp Leu Leu Thr Lys
260 265 270

Leu Pro Ala His Thr Val Gly 2Asp Val Lys Cys Asp Met Glu Val Ser
275 280 285



US 2008/0199470 Al Aug. 21,2008
11

-continued

Cys Pro Asp Gly Tyr Thr Cys Cys Arg Leu Gln Ser Gly Ala Trp Gly
290 295 300

Cys Cys Pro Phe Thr Gln Ala Val Cys Cys Glu Asp His Ile His Cys
305 310 315 320

Cys Pro Ala Gly Phe Thr Cys Asp Thr Gln Lys Gly Thr Cys Glu Gln
325 330 335

Gly Pro His Gln Val Pro Trp Met Glu Lys Ala Pro Ala His Leu Ser
340 345 350

Leu Pro Asp Pro Gln Ala Leu Lys Arg Asp Val Pro Cys Asp Asn Val
355 360 365

Ser Ser Cys Pro Ser Ser Asp Thr Cys Cys Gln Leu Thr Ser Gly Glu
370 375 380

Trp Gly Cys Cys Pro Ile Pro Glu Ala Val Cys Cys Ser Asp His Gln
385 390 395 400

His Cys Cys Pro Gln Gly Tyr Thr Cys Val Ala Glu Gly Gln Cys Gln
405 410 415

Arg Gly Ser Glu Ile Val Ala Gly Leu Glu Lys Met Pro Ala Arg Arg
420 425 430

Ala Ser Leu Ser Hig Pro Arg Rsp Ile Gly Cys Asp Gln His Thr Ser
435 440 445

Cys Pro Val Gly Gln Thr Cys Cys Pro Ser Leu Gly Gly Ser Trp Ala
450 455 460

Cys Cys Gln Leu Pro His Ala Val Cys Cys Glu Asp Arg Gln His Cys
465 470 475 480

Cys Pro Ala Gly Tyr Thr Cys Asn Val Lys Ala Arg Ser Cys Glu Lys
485 490 495

Glu Val Val Ser Ala Gln Pro Ala Thr Phe Leu Ala Arg Ser Pro His
500 505 510

Val Gly Val Lys Asp Val Glu Cys Gly Glu Gly His Phe Cys His Asp
515 520 525

Asn Gln Thr Cys Cys Arg Asp Asn Arg Gln Gly Trp Ala Cys Cys Pro
530 535 540

Tyr Arg Gln Gly Val Cys Cys 2la Asp Arg Arg Hisg Cys Cys Pro Ala
545 550 555 560

Gly Phe Arg Cys Ala Ala Arg Gly Thr Lys Cys Leu Arg Arg Glu Ala
565 570 575

Pro Arg Trp Asp Ala Pro Leu Arg Asp Pro Ala Leu Arg Gln Leu Leu
580 585 590

<210> SEQ ID NO 3

<211> LENGTH: 48

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 3

Cys Cys Gly Cys Gly Cys Thr Gly Gly Gly Ala Cys Gly Cys Cys Cys
1 5 10 15

Cys Thr Thr Ile Gly Ala Gly Gly Gly Ala Cys Cys Cys Ala Gly Cys
20 25 30

Cys Thr Ile Gly Ala Gly Ala Cys Ala Gly Cys Thr Gly Cys Thr Gly
35 40 45

<210> SEQ ID NO 4
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-continued

<211> LENGTH: 48
<212> TYPE: PRT
<213> ORGANISM: Homosapien

<400> SEQUENCE: 4

Cys Cys Gly Cys Gly Cys Thr Gly Gly Gly Ala Cys Gly Cys Cys Cys
1 5 10 15

Cys Thr Thr Thr Gly Ala Gly Gly Gly Ala Cys Cys Cys Ala Gly Cys
20 25 30

Cys Thr Thr Gly Ala Gly Ala Cys 2Ala Gly Cys Thr Gly Cys Thr Gly
35 40 45

<210> SEQ ID NO 5

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 5

His Leu Ser Leu Pro Asp Pro Gln Ala Leu Lys Arg Asp Val Pro
1 5 10 15

<210> SEQ ID NO 6

<211> LENGTH: 45

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 6

Cys Ala Cys Cys Thr Cys Ala Gly Cys Cys Thr Gly Cys Cys Ala Gly
1 5 10 15

Ala Cys Cys Cys Ala Cys Ala 2Ala Gly Cys Cys Thr Ile Gly Ala Ala
20 25 30

Gly Ala Gly Ala Gly Ala Thr Gly Thr Cys Cys Cys Cys
35 40 45

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 7

Arg Arg Glu Ala Pro Arg Trp Asp Ala Pro Leu Arg Asp Pro Ala Leu
1 5 10 15

Arg Gln Leu Leu
20

<210> SEQ ID NO 8

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 8

Cys Gly Cys Ala Gly Gly Gly 2la Gly Gly Cys Cys Cys Cys Gly Cys
1 5 10 15

Gly Cys Thr Gly Gly Gly 2Ala Cys Gly Cys Cys Cys Cys Thr Thr Thr
20 25 30

Gly Ala Gly Gly Gly Ala Cys Cys Cys Ala Gly Cys Cys Thr Thr Gly
35 40 45

Ala Gly Ala Cys Ala Gly Cys Thr Gly Cys Thr Gly
50 55 60
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<210> SEQ ID NO 9

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 9

Gln Gly Pro His Gln Val Prco Trp Met Glu Lys Ala Pro Ala His Leu
1 5 10 15

Ser Leu Pro Asp Pro Gln Ala Leu Lys Arg Asp
20 25

<210> SEQ ID NO 10

<211> LENGTH: 81

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 10

Cys Ala Gly Gly Gly Gly Cys Cys Cys Cys Ala Cys Cys Ala Gly Gly
1 5 10 15

Thr Gly Cys Cys Cys Thr Gly Gly Ala Thr Gly Gly Ala Gly Ala Ala
20 25 30

Gly Gly Cys Cys Cys Cys Ala Gly Cys Thr Cys Ala Cys Cys Thr Cys
35 40 45

Ala Gly Cys Cys Thr Gly Cys Cys Ala Gly Ala Cys Cys Cys Ala Cys
50 55 60

Ala Ala Gly Cys Cys Thr Thr Gly Ala Ala Gly Ala Gly Ala Gly Ala
65 70 75 80

Thr

<210> SEQ ID NO 11

<211> LENGTH: 17

<212» TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 11

Met Trp Thr Leu Val Ser Trp Val Ala Leu Thr Ala Gly Leu Val Ala
1 5 10 15

Gly

<210> SEQ ID NO 12

<211> LENGTH: 51

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 12

Ala Thr Gly Thr Gly Gly Ala Cys Cys Cys Thr Gly Gly Thr Gly Ala
1 5 10 15

Gly Cys Thr Gly Gly Gly Thr Gly Gly Cys Cys Thr Thr Ala Ala Cys
20 25 30

Ala Gly Cys Ala Gly Gly Gly Cys Thr Gly Gly Thr Gly Gly Cys Thr
35 40 45

Gly Gly Ala
50

<210> SEQ ID NO 13
<211> LENGTH: 33
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-continued

<212> TYPE: PRT
<213> ORGANISM: Homosapien

<400> SEQUENCE: 13

Thr Arg Cys Pro Asp Gly Gln Phe Cys Pro Val Ala Cys Cys Leu Asp
1 5 10 15

Pro Gly Gly Ala Ser Tyr Ser Cys Cys Arg Pro Leu Leu Asp Lys Trp
20 25 30

Pro

<210> SEQ ID NO 14

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 14

Ala Cys Gly Cys Gly Gly Thr Gly Cys Cys Cys Ala Gly Ala Thr Gly
1 5 10 15

Gly Thr Cys Ala Gly Thr Thr Cys Thr Gly Cys Cys Cys Thr Gly Thr
20 25 30

Gly Gly Cys Cys Thr Gly Cys Thr Gly Cys Cys Thr Gly Gly Ala Cys
35 40 45

Cys Cys Cys Gly Gly Ala Gly Gly Ala Gly Cys Cys Ala Gly Cys Thr
50 55 60

Ala Cys Ala Gly Cys Thr Gly Cys Thr Gly Cys Cys Gly Thr Cys Cys
65 70 75 80

Cys Cys Thr Thr Cys Thr Gly Gly Ala Cys Ala Ala Ala Thr Gly Gly
85 90 95

Cys Cys Cys Ala Cys Ala Ala Cys Ala Cys Thr Gly Ala Gly Cys Ala
100 105 110

Gly Gly Cys Ala Thr Cys Thr Gly
115 120

<210> SEQ ID NO 15

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 15

Gln Arg Ser Gly Asn Asn Ser Val Gly
1 5

<210> SEQ ID NO 16

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 16

Cys Ala Ala Ala Gly Ala Thr Cys Ala Gly Gly Thr Ala Ala Cys Ala
1 5 10 15

Ala Cys Thr Cys Cys Gly Thr Gly Gly Gly Thr
20 25

<210> SEQ ID NO 17

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Homosapien



US 2008/0199470 Al Aug. 21,2008

15

-continued

<400> SEQUENCE: 17

Thr Pro Thr Gly Thr His Pro Leu Ala Lys Lys Leu Pro Ala Gln Arg

1 5 10 15
Thr Asn Arg Ala Val Ala Leu Ser Ser Ser
20 25
<210> SEQ ID NO 18
<211> LENGTH: 78
<212> TYPE: PRT
<213> ORGANISM: Homosapien
<400> SEQUENCE: 18
Ala Cys Ala Cys Cys Cys Ala Cys Gly Gly Gly Cys Ala Cys Cys Cys
1 5 10 15
Ala Cys Cys Cys Cys Cys Thr Gly Gly Cys Ala Ala Ala Gly Ala 2la
20 25 30
Gly Cys Thr Cys Cys Cys Thr Gly Cys Cys Cys Ala Gly Ala Gly Gly
35 40 45
Ala Cys Thr Ala Ala Cys Ala Gly Gly Gly Cys Ala Gly Thr Gly Gly
50 55 60
Cys Cys Thr Thr Gly Thr Cys Cys Ala Gly Cys Thr Cys Gly
65 70 75
<210> SEQ ID NO 19
<211> LENGTH: 18
<212> TYPE: PRT
<213> ORGANISM: Homosapien
<400> SEQUENCE: 19

Lys Glu Asn Ala Thr Thr Asp Leu Leu Thr Lys Leu Pro Ala His Thr

1 5 10 15
Val Gly

<210> SEQ ID NO 20

<211> LENGTH: 57

<212> TYPE: PRT

<213> ORGANISM: Homosapien

<400> SEQUENCE: 20

Thr Cys Cys Ala Ala Gly Gly 2la
1 5

Cys Cys Ala Cys Gly Gly Ala Cys
20

Thr Ala Ala Gly Cys Thr Gly Cys
35 40

Ala Cys Ala Gly Thr Gly Gly Gly
50 55

<210>
<211>
<212>
<213>

SEQ ID NO 21

LENGTH: 24

TYPE: PRT

ORGANISM: Homosapien
<400> SEQUENCE: 21

Arg Gly Ser Glu Ile Val Ala Gly
1 5

Ala Ser Leu Ser His Pro Arg 2Asp

Gly Ala Ala Cys Gly Cys Thr Ala
10 15

Cys Thr Cys Cys Thr Cys Ala Cys
25 30

Cys Thr Gly Cys Gly Cys Ala Cys
45

Gly

Leu Glu Lys Met Pro Ala Arg Arg
10 15
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20

<210> SEQ ID NO 22
<211> LENGTH: 72
<212> TYPE: PRT
<213> ORGANISM: Homosapien
<400> SEQUENCE: 22
Cys Gly Ala Gly Gly Ala Ala Gly Cys Gly Ala Gly Ala
1 5 10
Thr Gly Gly Cys Thr Gly Gly 2la Cys Thr Gly Gly Ala
20 25
Gly Ala Thr Gly Cys Cys Thr Gly Cys Cys Cys Gly Cys
35 40 45
Gly Cys Thr Thr Cys Cys Thr Thr Ala Thr Cys Cys Cys
50 55 60
Cys Cys Ala Gly Ala Gly Ala Cys
65 70
<210> SEQ ID NO 23
<211> LENGTH: 21
<212> TYPE: PRT
<213> ORGANISM: Homosapien
<400> SEQUENCE: 23

Lys Glu Val Val Ser Ala Gln Pro Ala Thr Phe Leu Ala

1 5 10

His Val Gly Val Lys
20

<210> SEQ ID NO 24

<211l> LENGTH: €3

<212> TYPE: PRT

<213> ORGANISM: Homesapien

<400> SEQUENCE: 24

Ala Ala Gly Gly Ala Ala Gly Thr Gly Gly Thr Cys Thr

1 5 10

Cys Cys Cys Ala Gly Cys Cys Thr Gly Cys Cys Ala Cys
20 25

Cys Cys Thr Gly Gly Cys Cys Cys Gly Thr Ala Gly Cys

35 40 45
Cys Ala Cys Gly Thr Gly Gly Gly Thr Gly Thr Gly Ala
50 55 60

Thr Cys Gly
15

Gly Ala Ala
30

Cys Gly Gly

Ala Cys Cys

Arg Ser Pro
15

Cys Thr Gly

15

Cys Thr Thr

30

Cys Cys Thr

Ala Gly

1. A method for detecting GEP protein in a biological
sample, comprising the steps of:
incubating the sample in anti-GEP monoclonal-antibody-
coated ELISA plates;
incubating the plates with anti-GEP polyclonal antibody;
and
incubating the plates with horseradish peroxidase-conju-
gated anti-rabbit IgG:
incubating with TMB (3,3',5,5"-tetramethylbenzidine);
and
recording the optical density of the sample.
2. The method of claim 1, wherein the anti-GEP mono-
clonal antibody is generated in mice by GEP specific peptide.

3. The method of claim 1, wherein the anti-GEP mono-
clonal antibody is generated by GEP specific peptide as set
forth in SEQ 1D No. 3.

4. The method of claim 1, wherein the anti-GEP polyclonal
antibody is generated by GEP specific peptide in rabbits.

5. The method of claim 1, wherein the anti-GEP polyclonal
antibody is generated by GEP specific peptide as set forth in
SEQ ID NO: 3.

6. A method for determining whether a subject has Hepa-
tocellular carcinoma (HCC), comprising the steps of:

collecting a biological sample from the subject;

incubating the sample in anti-GEP monoclonal antibody
coated ELISA plates;
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incubating the plates with anti-GEP polyclonal antibody;

incubating the plates with horseradish peroxidase conju-

gated anti-rabbit IgG;

incubating the plates with TMB (3.3'.5,5'-tetramethylben-

zidine);

recording the optical density of the sample,

determining the GEP level against a calibration curve of

purified GEP; and

determining HCC risk in the sample by comparing GEP

level against a known standard.

7. The method of claim 6, wherein the anti-GEP mono-
clonal antibody is generated in mice or rabbits by GEP spe-
cific peptide.

8. The method of claim 6, wherein the anti-GEP mono-
clonal antibody is generated by the GEP specific peptide forth
in SEQ ID No. 3.

9. The method of claim 6, wherein the anti-GEP polyclonal
antibody is generated by GEP specific peptide immunized in
rabbits.

10. The method of claim 6, wherein the anti-GEP poly-
clonal antibody is generated by GEP specific peptide as set
forth in SEQ ID NO: 5.

11. A method of suppressing hepatocellular carcinoma
growth in a patient having hepatocellular carcinoma compris-
ing administering to the patient an effective amount of anti-
GEP antibody in a pharmaceutically effective vehicle.

12. The method of claim 11 wherein the anti-GEP antibody
can be administered intraperitoneally, intravenously, or intra-
tumorally.

13. The method of claim 1 wherein the anti-GEP mono-
clonal antibody is generated by GEP specific peptide in SEQ
ID No. 2, located at or around regions as set forth in SEQ ID
NOS: 5,7,9,11, 13, 15,17, 19, 21, or 23.

14. The method of claim 1 wherein the anti-GEP poly-
clonal antibody is generated by GEP specific peptide in SEQ
ID No. 2, located at or around regions as set forth in SEQ 1D
NOS: 3,7,9,11, 13, 15,17, 19, 21, or 23.

15. The method of claim 6 wherein the anti-GEP mono-
clonal antibody is generated by GEP specific peptide in SEQ
ID No. 2, located at or around regions as set forth in SEQ ID
NOS: 5,7,9,11, 13, 15,17, 19, 21, or 23.

16. The method of claim 6 wherein the anti-GEP rabbit
polyclonal antibody is generated by GEP specific peptide in
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SEQIDNo. 2, located at or around regions as set forth in SEQ
IDNOS:3,7,9,11, 13, 15,17, 19, 21, or 23.

17. A method of suppressing hepatocellular carcinoma
(HCC) growth in a subject comprising administering to the
subject an amount of anti-GEP monoclonal antibody as set
forth in claim 15 effective to suppress HCC growth.

18. The method of claim 17 wherein the anti-GEP mono-
clonal antibody can be administered intraperitoneally, intra-
venously, or intratumorally.

19. A method of suppressing hepatocellular carcinoma
growth in a subject with anti-GEP polyclonal antibody as set
forth in claim 16.

20. The method of claim 19 wherein the anti-GEP poly-
clonal antibody can be administered intraperitoneally, intra-
venously, or intratumorally.

21. A pharmaceutical composition comprising an effective
HCC cell proliferation or growth inhibiting amount of anti-
GEP monoclonal antibody A23 in a pharmaceutically accept-
able vehicle.

22. A method of suppressing HCC cell proliferation or
growth in a mammal afflicted by HCC comprising adminis-
tering to the mammal an amount of anti-GEP monoclonal
antibody effective to suppress HCC cell proliferation or
growth.

23. The method of claim 1, wherein the biological sample
can be blood, serum, plasma, or urine.

24. The method of claim 6, wherein the biological sample
can be blood, serum, plasma, or urine.

25. The method of claim 1, wherein the anti-GEP antibody
is generated by reagents that involve the GEP specific region
in SEQ ID No. 1, locates at or around the regions as set forth
in SEQ ID NOS: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, or 24.

26. The method of claim 6, wherein the anti-GEP antibody
is generated by reagents that involve the GEP specific region
in SEQ ID No. 1, located at or around the regions as set forth
in SEQ ID NOS: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, or 24.

27. The method of claim 11, wherein the anti-GEP anti-
body is generated by reagents that involve the specific region
in SEQ ID No. 1, located at or around the regions as set forth
in SEQ ID NOS: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, or 24.
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