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57) ABSTRACT

This invention further provides methods for determining
whether an agent causes a reduction in the activity of a
Granulin-Epithelin Precursor (GEP) protein in a cell. This
invention also provides methods for reducing the expression
of Granulin-Epithelin Precursor (GEP) protein in a cell. This
invention also provides methods for determining whether a
subject is afflicted with Hepatocellular carcinoma (HCC).
This invention provides methods for determining whether a
subject is afflicted with Hepatocellular carcinoma (HCC)
This invention further provides a method for treating a
subject afflicted with Hepatocellular carcinoma (HCC) com-
prising administering to the subject a therapeutically effec-
tive amount of an agent which specifically interferes with
the expression of the Granulin-Epithelin Precursor (GEP)
protein in the tumor cells of the subject.
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Figure 3
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Figure 4
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GRANULIN-EPITHELIN PRECURSOR (GEP)
OVEREXPRESSION AS A TARGET FOR
DIAGNOSIS, PROGNOSIS AND TREATMENT OF
HEPATOCELLULAR CARCINOMA (HCC)

[0001] Throughout this application, certain publications
are referenced. Full citations for these publications, as well
as additional related references, may be found immediately
preceding the claims. The disclosures of these publications
are hereby incorporated by reference into this application in
order to more fully describe the state of the art as of the date
of the invention described and claimed herein.

BACKGROUND OF THE INVENTION

[0002] Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide, with about half a million new
cases and almost as many deaths per year."” Better under-
standing of the etiological factors and molecular basis of the
disease is crucial in disease prevention and management.
Epidemiological studies have shown that hepatitis B and C
virus infections, alcohol-induced liver injury and consump-
tion of aflatoxin are closely associated with HCC. However,
little is known about the molecular basis of liver cancer
development and progression. The p53 tumor suppressor
gene is believed to play a major role as ‘the cellular
gatekeeper” while f-catenin oncogene deregulation has
recently demonstrated neoplastic transformation potential.”
However, the major growth factor in liver carcinogenesis is
largely unknown.

[0003] Differentially expressed genes between HCC and
liver tissue adjacent to HCC have recently been identified.”
Granulin-epithelin precursor (GEP) is one of the highly
expressed genes in HCC with gene locus at 17¢21.32. GEP
protein is a secretory protein capable of stimulating cell
proliferation, and its reduced expression is associated with
inhibition of tumorigenic potential.”* Chromosome gain at
17q is detected in 30-60% of liver cancers,™' strongly
suggesting the presence of growth factor(s)/proto-onco-
gene(s) at this chromosome arm. No studies have reported
GEP expression pattern and its biological role in HCC. In
this study, the RNA level and protein localization of GEP in
HCCs, liver tissues adjacent to the HCCs, and normal liver
tissues were examined.

SUMMARY OF THE INVENTION

[0004] This invention provides a method for determining
whether an agent causes a reduction in the expression of
Granulin-Epithelin Precursor (GEP) protein in a cell, com-
prising the steps of (a) contacting the cell with the agent
under conditions which, in the absence of the agent, permit
expression of the GEP protein; (b) after a suitable period of
time, determining the amount of expression in the cell of the
GEP protein; and (c) comparing the amount of expression
determined in step (b) with the amount of expression which
occurs in the absence of the agent, whereby a reduced
amount of expression in the presence of the agent indicates
that the agent causes a reduction in the expression of the
GEP protein.

[0005] This invention further provides a method for deter-
mining whether an agent causes a reduction in the activity of
a Granulin-Epithelin Precursor (GEP) protein in a cell,
comprising the steps of (a) contacting the cell with the agent
under conditions which, in the absence of the agent, permit
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activity of the GEP protein; (b) determining the amount of
activity of the GEP protein in the cell; and (¢) comparing the
amount of activity determined in step (b) with the amount of
activity which occurs in the absence of the agent, whereby
a reduced amount of activity in the presence of the agent
indicates that the agent causes a reduction in the activity of
the GEP protein.

[0006] This invention also provides a method for reducing
the expression of Granulin-Epithelin Precursor (GEP) pro-
tein in a cell comprising introducing into the cell an agent
which specifically interferes with the expression of the GEP
protein in the cell.

[0007] This invention also provides a method for deter-
mining whether a subject is afflicted with Hepatocellular
carcinoma (HCC) comprising the steps of (a) determining
the level of Granulin-Epithelin Precursor (GEP) protein
expression in the tumor cells of the subject; (b) determining
the level of Granulin-Epithelin Precursor (GEP) protein
expression in the normal liver cells of the subject; and (c)
comparing the level of expression determined in step (a)
with the level of expression determined in step (b), wherein
a higher expression level in step (a) indicates that the subject
is afflicted with HCC.

[0008] This invention also provides a method for deter-
mining whether a subject is afflicted with Hepatocellular
carcinoma (HCC) comprising the steps of (a) determining
the level of Granulin-Epithelin Precursor (GEP) protein
expression in the tumor cells of the subject; and (b) com-
paring the level of expression determined in step (a) with the
level of expression of GEP protein in normal liver cells of
a healthy subject, wherein a higher expression level in step
(a) indicates that the subject is afflicted with HCC.

[0009] This invention also provides a method for deter-
mining whether a subject is afflicted with Hepatocellular
carcinoma (HCC) comprising the steps of: (a) determining
the amount of Granulin-Epithelin Precursor (GEP)-encoding
mRNA in the tumor cells of the subject; (b) determining the
amount of Granulin-Epithelin Precursor (GEP)-encoding
mRNA in the normal liver cells of the subject; and (c)
comparing the amount of mRNA determined in step (a) with
the amount of mRNA determined in step (b), wherein a
greater amount of mRNA in step (a) indicates that the
subject is afflicted with HCC.

[0010] This invention also provides a method for deter-
mining whether a subject is afflicted with Hepatocellular
carcinoma (HCC) comprising the steps of (a) determining
the amount of Granulin-Epithelin Precursor (GEP)-encoding
mRNA in the tumor cells of the subject; and (b) comparing
the amount of mRNA determined in step (a) with the amount
of GEP-encoding mRNA found in normal liver cells of a
healthy subject, wherein a greater amount of mRNA in step
(a) indicates that the subject is afflicted with HCC.

[0011] This invention further provides a method for treat-
ing a subject afflicted with Hepatocellular carcinoma (HCC)
comprising administering to the subject a therapeutically
effective amount of an agent which specifically interferes
with the expression of the Granulin-Epithelin Precursor
(GEP) protein in the tumor cells of the subject.

BRIEF DESCRIPTION OF THE FIGURES

[0012] FIG. 1A-D GEP expression in human liver
samples. (A) RNA quantization by real-time RT-PCR. The
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top and bottom horizontal lines of the box indicate the 25
and 75™ percentiles, respectively. The lines within the box
indicate the median values. The top and bottom horizontal
bars indicate data within 1.5 times the interquartile range.
(B-D) Immunohistochemical staining of GEP. HCC with
protein signal score 3 (B), liver adjacent to HCC with
protein score 0 (C), and normal liver tissue with protein
score 0 (D).

[0013] FIG. 2A-D GEP and p53 protein localization in
HCC. (A) GEP protein staining. Tumor regions with strong
GEP expression were indicated by arrows (x40 magnifica-
tion). (B) p53 protein staining. Tumor regions with p53
nuclei expression were indicated by arrow heads (x40). (C)
GEP protein staining for the enlarged magnification of the
boxed area (x200). (D) p53 protein staining for the enlarged
magnification of the boxed area (x200). Protein signals were
stained in brown, and the sections were counter-stained with
hematoxylin.

[0014] FIG.3A-C Areduced GEP level decreased the cell

proliferation rate and cell activity.

[0015] Transfectants of Hep3B and Huh7 cells were
examined in serum-containing or serum-limited condition: A
vector control (V), A anti-sense (AS), B full-length (FL), O
sense control (S), and 4 parental cell line. (A) GEP protein
levels. (B) Cell growth curves. (C) Cell activity by MTT
assays.

[0016] FIG. 4A-C A reduced GEP level decreased the
tumor invasion ability, colony-forming ability and tumori-
genic potential. (A) Invasion ability of the cells was exam-
ined by the Matrige!l invasion chamber. (B) Colony forma-
tion ability on soft agar. (C) Tumorigenic potential in
athymic nude mice.

DETAILED DESCRIPTION OF THE
INVENTION

[0017]

[0018] As used in this application, except as otherwise
expressly provided herein, each of the following terms shall
have the meaning set forth below.

Definitions

[0019] As used herein, “administering” an agent can be
effected or performed using any of the various methods and
delivery systems known to those skilled in the art. The
administering can be performed, for example, intravenously,
via cerebrospinal fluid, orally, nasally, via implant, trans-
mucosally, transdermally, intramuscularly, and subcutane-
ously.

[0020] As used herein, “agent” shall mean any chemical
entity, including, without limitation, a protein, an antibody,
a nucleic acid, a small molecule, and any combination
thereof.

[0021] Asused herein, “antibody” shall include, by way of
example, both naturally occurring and non-naturally occur-
ring antibodies. Specifically, this term includes polyclonal
and monoclonal antibodies, and antigen-binding fragments
thereof. Furthermore, this term includes chimeric antibodies
(e.g., humanized antibodies) and wholly synthetic antibod-
ies, and antigen-binding fragments thereof.

[0022] As used herein, “antisense molecule” shall mean
any nucleic acid which, when introduced into a cell (directly
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or via expression of another nucleic acid directly introduced
into the cell), specifically hybridizes to at least a portion of
an mRNA in the cell encoding a protein (i.e., target protein)
whose expression is to be inhibited, and thereby inhibits the
target protein’s expression.

[0023] Asused herein, “DNAzyme” shall mean a catalytic
nucleic acid that is DNA or whose catalytic component is
DNA, and which specifically recognizes and cleaves a
distinct target nucleic acid sequence, which can be either
DNA or RNA. Each DNAzyme has a catalytic component
(also referred to as a “catalytic domain”) and a target
sequence-binding component consisting of two binding
domains, one on either side of the catalytic domain.

[0024] As used herein, “pharmaceutically acceptable car-
rier” shall mean any of the various carriers known to those
skilled in the art.

[0025] The following delivery systems, which employ a
number of routinely used pharmaceutical carriers, are only
representative of the many embodiments envisioned for
administering the instant compositions.

[0026] Injectable drug delivery systems include solutions,
suspensions, gels, microspheres and polymeric injectables,
and can comprise excipients such as solubility-altering
agents (e.g., ethanol, propylene glycol and sucrose) and
polymers (e.g., polycaprylactones and PLGA’s). Implant-
able systems include rods and discs, and can contain excipi-
ents such as PLGA and polycaprylactone.

[0027] Oral delivery systems include tablets and capsules.
These can contain excipients such as binders (e.g., hydrox-
ypropylmethylcellulose, polyvinyl pyrilodone, other cellu-
losic materials and starch), diluents (e.g., lactose and other
sugars, starch, dicalcium phosphate and cellulosic materi-
als), disintegrating agents (e.g., starch polymers and cellu-
losic materials) and lubricating agents (e.g., stearates and
tale).

[0028] Transmucosal delivery systems include patches,
tablets, suppositories, pessaries, gels and creams, and can
contain excipients such as solubilizers and enhancers (e.g.,
propylene glycol, bile salts and amino acids), and other
vehicles (e.g., polyethylene glycol, fatty acid esters and
derivatives, and hydrophilic polymers such as hydroxypro-
pylmethyleellulose and hyaluronic acid).

[0029] Dermal delivery systems include, for example,
aqueous and nonaqueous gels, creams, multiple emulsions,
microemulsions, liposomes, ointments, aqueous and non-
aqueous solutions, lotions, aerosols, hydrocarbon bases and
powders, and can contain excipients such as solubilizers,
permeation enhancers (e.g., fatty acids, fatty acid esters,
fatty alcohols and amino acids), and hydrophilic polymers
(e.g., polycarbophil and polyvinylpyrolidone). In one
embodiment, the pharmaceutically acceptable carrier is a
liposome or a transdermal enhancer.

[0030] Solutions, suspensions and powders for reconsti-
tutable delivery systems include vehicles such as suspending
agents (e.g., gums, zanthans, cellulosics and sugars), humec-
tants (e.g., sorbitol), solubilizers (e.g., ethanol, water, PEG
and propylene glycol), surfactants (e.g., sodium lauryl sul-
fate, Spans, Tweens, and cetyl pyridine), preservatives and
antioxidants (e.g., parabens, vitamins E and C, and ascorbic
acid), anti-caking agents, coating agents, and chelating
agents (e.g., EDTA).
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[0031] As used herein, “nucleic acid” shall mean any
nucleic acid molecule, including, without limitation, DNA,
RNA and hybrids thereof. The nucleic acid bases that form
nucleic acid molecules can be the bases A, C, G, T and U,
as well as derivatives thereof. Derivatives of these bases are
well known in the art, and are exemplified in PCR Systems,
Reagents and Consumables (Perkin Elmer Catalogue 1996-
1997, Roche Molecular Systems, Inc., Branchburg, N.J.,
USA).

[0032] As used herein, “ribozyme” shall mean a catalytic
nucleic acid molecule which is RNA or whose catalytic
component is RNA, and which specifically recognizes and
cleaves a distinct target nucleic acid sequence, which can be
either DNA or RNA. Each ribozyme has a catalytic com-
ponent (also referred to as a “catalytic domain™) and a target
sequence-binding component consisting of two binding
domains, one on either side of the catalytic domain.

[0033] As used herein, “small interfering RNA” (also
referred to as siRNA or RNAI) includes, without limitation,
a polynucleotide sequence identical or homologous to a
target gene (or fragment thereof) linked directly, or indi-
rectly, to a polynucleotide sequence complementary to the
sequence of the target gene (or fragment thereof). The
siRNA optionally comprises a polynucleotide linker
sequence of sufficient length to allow for the two polynucle-
otide sequences to fold over and hybridize to each other. The
linker sequence is designed to separate the antisense and
sense strands of siRNA significantly enough to limit the
effects of steric hindrances and allow for the formation of a
dsRNA molecule, and not to hybridize with sequences
within the hybridizing portions of the dsRNA molecule.
sIRNA is discussed, e.g., in U.S. Pat. No. 6,544,783).

[0034] As used herein, “subject” shall mean any animal,
such as a human, non-human primate, mouse, rat, guinea pig
or rabbit.

[0035] As used herein, “suitable period of time” shall
mean, with respect to the instant methods, an amount of time
sufficient to permit the effect of the agent.

[0036] As used herein, “therapeutically effective amount”
means an amount sufficient to treat a subject afflicted with
Hepatocellular carcinoma (HCC).

[0037] As used herein, “treating” Hepatocellular carci-
noma (HCC) shall mean slowing, stopping or reversing the
disease progression.

EMBODIMENTS OF THE INVENTION

[0038] This invention provides a method for determining
whether an agent causes a reduction in the expression of
Granulin-Epithelin Precursor (GEP) protein in a cell, com-
prising the steps of (a) contacting the cell with the agent
under conditions which, in the absence of the agent, permit
expression of the GEP protein; (b) after a suitable period of
time, determining the amount of expression in the cell of the
GEP protein; and (c) comparing the amount of expression
determined in step (b) with the amount of expression which
occurs in the absence of the agent, whereby a reduced
amount of expression in the presence of the agent indicates
that the agent causes a reduction in the expression of the
GED protein. In one embodiment, the cell is present in a cell
culture. In another embodiment, the cell is a tumor cell.
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[0039] In a further embodiment, determining the amount
of expression is performed by determining the amount of
GEP protein-encoding mRNA in the cell. In another embodi-
ment, determining the amount of expression is performed by
determining the amount of GEP protein in the cell. The
determining of the amount of GEP protein in the cell may be
performed using an antibody specific for the GEP protein.

[0040] This invention further provides a method for deter-
mining whether an agent causes a reduction in the activity of
a Granulin-Epithelin Precursor (GEP) protein in a cell,
comprising the steps of (a) contacting the cell with the agent
under conditions which, in the absence of the agent, permit
activity of the GEP protein; (b) determining the amount of
activity of the GEP protein in the cell; and (¢) comparing the
amount of activity determined in step (b) with the amount of
activity which occurs in the absence of the agent, whereby
a reduced amount of activity in the presence of the agent
indicates that the agent causes a reduction in the activity of
the GEP protein. In one embodiment, the cell is present in
a cell culture. In another embodiment, the cell is a tumor
cell.

[0041] This invention also provides a method for reducing
the expression of Granulin-Epithelin Precursor (GEP) pro-
tein in a cell comprising introducing into the cell an agent
which specifically interferes with the expression of the GEP
protein in the cell. In one embodiment, the cell is present in
a cell culture or is a tumor cell. In another embodiment, the
agent is a nucleic acid. The nucleic acid may be, but is not
limited to, a small interfering RNA, a ribozyme, a
DNAzyme or an antisense molecule. The antisense molecule
may comprises the nucleic acid sequence GAAGGGGCAG
CAACTGGAAG TCCCTGAGAC GGTAAAGATG CAG-
GAGTGGC CGGCAGAGCA GTGGGCATCA ACCTG-
GCAGG GGCCACCCAG ATGCCTGCTC AGTGT-
TGTGG GCCATTTGTC CAGAAGGGGA
CGGCAGCAGC  TGTAGCTGGC  TCCTCCGGGG
TCCAGGCAGC  AGGCCACAGG  GCAGAACTGA
CCATCTGGGC ACCGCGTTCC AGCCACCAGC CCT-
GCTGTTA AGGCCACCCA GCTCACCAGG GTCCA-
CATGG TCTGCCTGCG TCCGACTCCG CGGTCCTTG
as set forth in SEQ ID NO:5.

[0042] This invention also provides a method for deter-
mining whether a subject is afflicted with Hepatocellular
carcinoma (HCC) comprising the steps of (a) determining
the level of Granulin-Epithelin Precursor (GEP) protein
expression in the tumor cells of the subject; (b) determining
the level of Granulin-Epithelin Precursor (GEP) protein
expression in the normal liver cells of the subject; and (c)
comparing the level of expression determined in step (a)
with the level of expression determined in step (b), wherein
a higher expression level in step (a) indicates that the subject
is afflicted with HCC. In one embodiment, the level of
expression of GEP protein is determined by immunohis-
tochemistry. In another embodiment, the level of expression
of GEP protein is determined by Western Blot analysis.

[0043] This invention also provides a method for deter-
mining whether a subject is afflicted with Hepatocellular
carcinoma (HCC) comprising the steps of (a) determining
the level of Granulin-Epithelin Precursor (GEP) protein
expression in the tumor cells of the subject; and (b) com-
paring the level of expression determined in step (a) with the
level of expression of GEP protein in normal liver cells of
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a healthy subject, wherein a higher expression level in step
() indicates that the subject is afflicted with HCC. In one
embodiment, the level of expression of GEP protein is
determined by immunohistochemistry. In another embodi-
ment, the level of expression of GEP protein is determined
by Western Blot analysis.

[0044] This invention also provides a method for deter-
mining whether a subject is afflicted with Hepatocellular
carcinoma (HCC) comprising the steps of: (a) determining
the amount of Granulin-Epithelin Precursor (GEP)-encoding
mRNA in the tumor cells of the subject; (b) determining the
amount of Granulin-Epithelin Precursor (GEP)-encoding
mRNA in the normal liver cells of the subject; and (¢)
comparing the amount of mRNA determined in step (a) with
the amount of mRNA determined in step (b), wherein a
greater amount of mRNA in step (a) indicates that the
subject is afflicted with HCC. In one embodiment, the
amount of mRNA is determined by Quantitative Real-Time
Polymerase Chain Reaction using a forward primer, a
reverse primer and a probe. The forward primer may com-
prise, but is not limited to, the nucleic acid sequence 5'-CAA
ATG GCC CAC AAC ACT GA-3' as set forth in SEQ ID
NO:2. The reverse primer may comprise, but is not limited
to, the nucleic acid sequence 5'-CCC TGA GAC GGT AAA
GAT GCA-3' as set forth in SEQ ID NO:3. The probe may
comprise, but is not limited to, the sequence 5'-6FAMCCA
CTG CTC TGC CGG CCA CTCMGBNFQ-3' as set forth in
SEQ ID NO:4.

[0045] This invention also provides a method for deter-
mining whether a subject is afflicted with Hepatocellular
carcinoma (HCC) comprising the steps of (a) determining
the amount of Granulin-Epithelin Precursor (GEP)-encoding
mRNA in the tumor cells of the subject; and (b) comparing
the amount of mRNA determined in step (a) with the amount
of GEP-encoding mRNA found in normal liver cells of a
healthy subject, wherein a greater amount of mRNA in step
(a) indicates that the subject is afflicted with HCC. In one
embodiment, the amount of mRNA is determined by Quan-
titative Real-Time Polymerase Chain Reaction using a for-
ward primer, a reverse primer and a probe. The forward
primer may comprise, but is not limited to, the nucleic acid
sequence 5'-CAA ATG GCC CAC AAC ACT GA-3' as set
forth in SEQ ID NO:2. The reverse primer may comprise,
but is not limited to, the nucleic acid sequence 5'-CCC TGA
GAC GGT AAA GAT GCA-3' as set forth in SEQ ID NO:3.
The probe may comprise, but is not limited to, the sequence
5'-6FAMCCA CTG CTC TGC CGG CCA CTCMGBNFQ-
3" as set forth in SEQ ID NO:4.

[0046] This invention further provides a method for treat-
ing a subject afflicted with Hepatocellular carcinoma (HCC)
comprising administering to the subject a therapeutically
effective amount of an agent which specifically interferes
with the expression of the Granulin-Epithelin Precursor
(GEP) protein in the tumor cells of the subject. In one
embodiment, the agent is a nucleic acid. The nucleic acid
may be, but is not limited to, a small interfering RNA, a
ribozyme, a DNAzyme or an antisense molecule. The anti-
sense molecule may comprises the nucleic acid sequence
GAAGGGGCAG CAACTGGAAG TCCCTGAGAC

GGTAAAGATG CAGGAGTGGC  CGGCAGAGCA
GTGGGCATCA ACCTGGCAGG  GGCCACCCAG
ATGCCTGCTC AGTGTTGTGG GCCATTTGTC

CAGAAGGGGA  CGGCAGCAGC  TGTAGCTGGC
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TCCTCCGGGG TCCAGGCAGC AGGCCACAGG GCA-
GAACTGA CCATCTGGGC ACCGCGTTCC AGCCAC-
CAGC CCTGCTGTTA AGGCCACCCA GCTCACCAGG
GTCCACATGG  TCTGCCTGCG  TCCGACTCCG
CGGTCCTTG as set forth in SEQ ID NO:5. In the preferred
embodiment, the subject is human.

[0047] This invention is illustrated in the Experimental
Details section which follows. This section is set forth to aid
in an understanding of the invention but is not intended to,
and should not be construed to limit in any way the invention
as set forth in the claims which follow thereafter.

[0048] Experimental Details

[0049] Granulin-Epithelin Precursor (GEP) is abundantly
and uniquely expressed in hepatocellular carcinoma (HCC),
as compared to the surrounding normal liver tissue from
HCC patients and normal liver tissue from healthy individu-
als. Functional studies in two different HCC cell lines
(Hep3B and Huh7) demonstrated that GEP down-regulation
led to decreased proliferation, tumor invasiveness, and
colony forming ability. In vivo experiments using Balb/c
athymic mice demonstrated that GEP down-regulation leads
to decreased proliferation, and decreased tumorigenicity.

[0050] The examination of 110 pairs of HCC and the
adjacent normal liver tissues revealed that the RNA levels in
the HCC were significantly higher than what in the adjacent
normal livers (FIG. 1A). Using entirely normal liver tissues
for normalization, it was also shown that the high level of
GEP RNA in the tumorigenic tissues was a consequence of
over-expression of GEP (FIG. 1A).

[0051] High levels of GEP RNA in the HCC tissues
positively correlated with the GEP protein expression levels
revealed by quantitative real-time PCR and semi-quantita-
tive Western blot scanned by a densitometer (FIG. 1). A
majority of HCC tissues showed strong to intermediate
expression levels of the GEP protein, while a majority of
adjacent liver tissues and entirely normal liver tissues
showed weak to zero expression levels of the GEP protein.

TABLE 1

GEP protein expression in human liver samples.

HCC patients  Liver

GEP protein HCC adjacent to HCC  Normal
expression score n =110 n =110 n=22

0 (negative signal) 25 (22.7%) 72 (65.5%) 22 (100%)
1 (weak signal) 17 (15.5%) 37 (33.6%) 0

2 (intermediate signal) 22 (20.0%) 1(0.9%) 0

3 (strong signal) 46 (41.8%) 0 0

Abbreviations:
GEP, granulin-epithelin precursor;
HCC, hepatocellular carcinoma.

[0052] The over-expression of GEP in HCC was further
analyzed according to the clinico-pathological significance.
The expression levels of GEP protein were scored by
immunohistochemistry, and were classified into the “weak
expression (scoresSmedian)” and “strong expression
(score>median)” categories. The inventors demonstrated
that strong GEP protein expression was significantly asso-
ciated with large tumors (>5 cm), venous infiltration and
intrahepatic recurrence in the first year (Table 2). In contrast,
the GEP expression level was not significantly associated
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with the serum alpha-fetoprotein (AFP) level, tumor cap-
sule, number of tumor nodules, microsatellite nodules, gen-
der, age of the patients, HBV association (assessed by serum

HBsAg), or pTNM stages.
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TABLE 2-continued

Clinico-pathological features of HCC in relation to GEP expression.

Clinico-pathological GEP expression
TABLE 2 parameters 0-2 3 P
Clinico-pathological features of HCC in relation to GEP expression. Gender
Clinico-pathological GEP expression Male 55 34 0.113
Female 9 12
parameters 0-2 3 P Age
Tumor size Young (<median, 52) 34 27 0.300
Elderly (>median, 52) 30 19
Small (55 cm) 30 13 0.048* HBV association
Large (>5 cm) 34 33 E—
Venous infiltration Positive for HBsAg 6 4 1.000
Negative for HBsAg 58 42
Absent 37 13 0.002* PTNM stage
Present 27 33 -
Intrahepatic recurrence Early stage (I-1I) 28 14 0.105
in the first year Late stage (II-V) 33 2
Yes 14 18 0.049* Abbreviations:
No 30 28 HCC, hepatocellular carcinoma;
Serum AFP level GEP, granulin-epithelin precursor;
_— AFP, alpha-fetoprotein;
Low (220 ng/ml) 2% 1 0114 HBsAg, hepatitis B surface antigen.
High (>20 mg/ml) 38 34 . . .
Tumor capsule [0053] Effects of Anti-Sense Oligonucleotide Comple-
—_— mentary to GEP
Absent 2 38 0.050 [0054] Using the parental Hep3B and Huh7 HCC cell lines
Present 20 7 as in vitro models, high level of GEP expression was
Tumor nodules revealed by quantitative RT-PCR. The cell lines were trans-
) fected with different constructs for the assessment of GEP
Single 49 35 0.954 e e N
Multiple 15 1 expression inhibition. [t was demonstrated that GEP expres-
Microsatellite nodules sion and protein levels were lowered by the transfected
_— anti-sense fragments (FIG. 3). Moreover, the cell prolifera-
Absent 31 20 0.502 tion rate was also examined in serum-containing and serum-
Present 31 26 limited conditions. The anti-sense transfectants showed a
significant decrease in cell proliferation.
TABLE 3
Correlation of GEP level* with cell proliferation” in HCC transfectants.
Hep3B Huh7
10% serum 0% serum 10% serum
Cell Cell Cell 2% serum
doubling doubling doubling Cell
GEP (hr) GEP (hr) GEP (hr) GEP  doubling (hr)
anti- 0.3 40.3 0.2 62.6 0.4 4.5 0.3 49.5
sense
full- 2.5 22.8 12 39.7 N.D. N.D. N.D. N.D.
length
sense 0.9 25.3 11 343 11 291 1.0 31.3
control
vector 0.9 23.2 1.1 40.4 1.1 32.8 1.0 31.0
control

GEP, granulin-epithelin precursor;
HCC, hepatocellular carcinoma.
*GEP level of the transfectants referred to the relative fold difference with the parental

cells.

#Cell doubling time was assessed during day 3 to 5, since this period was at the log
phase of cell proliferation.
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[0055] The MMT assay by the measurement of mitochon-
drial activity was used to assess the cellular activity. The
anti-sense transfectants demonstrated a marked reduction of
cell activity in both the serum-containing and serum-limited
conditions, while the full-length transfectants demonstrated
a similar cell activity with the respective parental cell lines
in both conditions.

[0056] The cell invasion ability was investigated using the
Matrigel cell invasion chamber in the two HCC cell lines. A
48 hours incubation period was performed, allowing the
50,000 to migrate and in invade from a serum free medium
into the serum containing medium separated by a BD
Matrigel Basement Membrane Matrix (BD Biosciences). In
Hep3B, the anti-sense transfectants showed a 5.2-fold reduc-
tion in cell migration as compared to the empty vector
control. Similarly, the anti-sense Huh7 transfectants showed
a 2.2-fold reduction in cell migration as compared to the
empty vector control (FIG. 4A). These finding clearly
demonstrated that the inhibition of GEP expression would
result in cell migration reduction and, subsequently, the
mvasiveness of HCC cells.

[0057] The colony-forming ability of the transfectants was
assessed in an anchorage-independent condition wherein
50,000 transfected cells were allowed to colonize over 4
weeks. Using a microscope, the number of cells in the
colonies formed were counted from at least three indepen-
dent experiments performed in duplicates. The total cell
mass from colonies of Hep3B and Huh7 anti-sense trans-
fectants were significantly reduced by 2.2 and 1.3 folds,
respectively, as compared to the empty vector controls (FIG.
4B). This finding clearly demonstrated the functional effects
of GEP relating to tumor colony formation.

[0058] The tumorigenic potential in the transfectants was
assessed in the 4-week old Balb/c athymic mice. Subcuta-
neous inoculations of 5 millions cells at the dorsal trunk
region of the animals were performed. Two measurements of
tumor size and body weight were carried out weekly to
screen tumor development. The Hep3B anti-sense transfec-
tants developed tumors in 3 out of 5 mice examined,
whereas the empty vector transfectants developed tumors
with larger size in all 5 mice. All experimental animals were
terminated on day 60, and the tumors were surgically
removed for net weight determination. The tumor weight of
the antisense group was significantly reduced by 7.7-fold as
compared to the vector control group.

[0059] These studies demonstrate that GEP positively
regulates the cell proliferation rate, cell activity, cell inva-
sion, colony formation, as well as tumorigenic potential. The
functional data further corroborate the clinical observations
that strong GEP expression is always associated with large
HCC size and the presence of venous infiltration. It was
therefore demonstrated that GEP plays a major role in
hepato-carcinogenesis, contributing to different tumor
stages from proliferation to the subsequent invasion and
metastasis.

[0060] Patients and Sample Collections

[0061] Tissue samples from liver tumors, non-tumor liver
tissues adjacent to tumors, cirrhotic liver from non-cancer
patients and normal livers were obtained during operation.
Distribution of the pTNM stages and other clinico-patho-
logical parameters are listed in Table 1. Normal liver speci-
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mens were collected in transplant operations. The organ
donors had no underlying liver diseases and were negative
for hepatitis B serology. Each tissue specimen, 0.5-1 em?,
was divided into 3 equal portions. One portion was formalin-
fixed and paraffin-embedded for histological and immuno-
histochemical studies. Two portions were snap-frozen in
liquid nitrogen and stored at —70° C. until use.

[0062] RNA Extraction from Tumor Samples

[0063] Total RNA was extracted using TRIZOL reagent
(Invitrogen, USA) according to the manufacturer’s protocol.
Briefly, frozen tissue sample was put into 10 ml TRIZOL
reagent and homogenized immediately. The homogenized
sample was passed through a syringe to shear the genomic
DNA and allowed to stand in room temperature for 5
minutes. Then the homogenate was centrifuged at 400 rpm
for 30 minutes at 4° C. The cleared homogenate solution was
transferred to a clean tube and 2 ml chloroform was added.
After throughout mixing, the mixture was centrifuged at
4500 rpm for 30 minutes at 4° C. to separate the RNA-
containing aqueous phase. The aqueous phase was trans-
ferred to a clean tube and 5 ml isopropanol was added to
precipitate RNA from the sample. The precipitated RNA was
collected by centrifugation and washed twice with 75%
ethanol. At the end of the procedure, RNA was dissolved in
DEPC-water for subsequent experiments.

[0064] First Strand cDNA Synthesis

[0065] The first strand cDNA was synthesized from 0.5 g
of total RNA from the samples using High Capacity cDNA
Achive kit (Applied Biosystems, USA) according to the
manufacturer’s instruction. Total RNA samples were first
treated with 1 unit DNase 1 at room temperature for 15
minutes. Then the reaction was stopped by adding EDTA
solution and heating at 70° C. for 10 minutes. The DNase I
treated total RNA samples were added to a reverse-tran-
scription reaction mix containing 1xRT buffer, 4 mM dNTP
mix, 1x random primer, 125 units of MultiScribe RT. The
mixture was incubated at 25° C. for 10 minutes and 37° C.
for 2 hours to synthesize the first strand cDNA.

[0066] Immunohistochemical Staining

[0067] Immunohistochemistry was performed using the
Dako Envision Plus System (Dako, Carpinieria, Calif.)
following the manufacturer’s instruction with modifications.
Briefly, antigen retrieval was performed by microwave with
sections immersed in citrate buffer. Followed by endogenous
peroxidase blocking, primary antibody was applied. The
signal was detected by horseradish peroxidase-conjugated
secondary antibody and color was developed using diami-
nobenzidine as the chromogen. The tissue sections were then
counterstained with hematoxylin. For GEP, 2 ug/ml of
polyclonal antibody GEP (AGI, Sunnyvale, Calif.) was
used. For alpha-fetoprotein (AFP), polyclonal antibody
(Dako) in 1:50 dilution was used. For p53 detection, mono-
clonal antibody DO-7 (Dako) in 1:50 dilution was used.

[0068] Western Blot Analysis

[0069] Total protein of 30 ug was separated in 10%
SDS-PAGE gel and transferred to polyvinylidene difluoride
membrane (Millipore, Bedford, Mass.). The blots were
blocked with 10% non-fat dry milk, probed against poly-
clonal GEP antibody, followed by anti-rabbit IgG conju-
gated with horseradish peroxidase (Sigma-Aldrich, St.
Louis, Mo.). The bands were visualized using the Enhanced
Chemiluminescence Western Blotting Detection Kit (Amer-
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sham Biosciences, Buckinghamshire, UK) according to the
manufacturer’s instructions and exposed on the Hyperfilm™
(Amersham Biosciences). The relative levels of protein were
quantified by densitometric scanning of the exposed films,
using a gel-imaging system and the UVP GelWorks ID
Intermediate version 3.01 (Ultra Violet Products Ltd., Cam-
bridge, UK).

[0070] Quantitative Real-Time PCR

[0071] Real-time quantitative multiplex RT-PCR was per-
formed using an ABI PRISM 7700 Sequence Detection

[

GTAGTCTGAG
61 CCATGTGGAC
121 GCCCAGATGG
GCTGCTGCCG
241 CCTGCCAGGT
301 CTTCCAGTTG
361 CACGGGGCTT
421 CCGTGGGTGC
GTGTTATGGT
ACAGGGTGCA
601 CACCCACGGG
661 TGGCCTTGTC
721 CCTGCTGTGA
GCTCCGATCA
GCCTCTCCARA
901 GGGATGTGARA
961 AGTCGGGGGC
1021 ACTGCTGTCC
1081 ACCAGGTGCC
1141 TGAAGAGAGA
1201 AACTCACGTC
1261 ACCAGCACTG
1321 GCGAGATCGT
1381 GAGACATCGG
1441 TGGGTGGGAG
1501 ACTGCTGCCC

1561 TCTCTGCCCA

1621 AGTGTGGGGA
1681 GCTGGGCCTG
1741 CTGCTGGCTT

1801 GGGACGCCCC
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System (Applied Biosystems, USA). Five microliters of
1:60 fold diluted first strand cDNA was used in the assay of
GEP gene expression. Primers and probe for 18s rRNA from
Pre-Developed TagMan Assay Reagents was used as endog-
enous control of all samples in all the PCRs. In each 25 ul
PCR reaction, it contains 1xPCR buffer 11, 5.5 mM MgCl,,
0.2 mM dATP, dCTP, dGTP, 0.4 mM dUTP, 0.625 unit of
AmpliTag Gold. The optimal primers and probe concentra-
tions of target genes and optimal 18s rRNA control dilution

for the gene expression assay were as follows:

CGCTACCCGG

CCTGGTGAGC

TCAGTTCTGC

TCCCCTTCTG

TGATGCCCAC

CTGCCCCTTC

CCACTGCAGT

CATCCAGTGC

CGATGGCTCC

CTGCTGTICCG

CACCCACCcCC

CAGCTCGGTC

GCTGCCCAGT

CCTGCACTGC

GGAGAACGCT

ATGTGACATG

CTGGGGCTGC

CGCGGGGTTT

CTGGATGGAG

TGTCCCCTGT

TGGGGAGTGG

CTGCCCCCAG

GGCTGGACTG

CTGTGACCAG

CTGGGCCTGC

GGCTGGCTAC

GCCTGCCACC

AGGACACTTC

CTGTCCCTAC

CCGCTGCGCA

TTTGAGGGAC

TTGCTGCTGC

TGGGTGGCCT

CCTGTGGCCT

GACAAATGGC

CCAAGGACCG

TAACAGCAGG

GCTGCCTGGA

CCACAACACT

TGCTCTGCCG

CCAGAGGCCG

GCAGACGGGC

CCTGATAGTC

TGGGGGTGCT

CACGGTGCCT

CTGGCAAAGA

ATGTGTCCGG

GGGAAGTATG

TGCCCCCAAG

ACCACGGACC

GAGGTGAGCT

TGCCCTTTTA

ACGTGTGACA

AAGGCCCCAG

GATAATGTCA

GGCTGCTGTC

GGCTACACGT

GAGAAGATGC

CACACCAGCT

TGCCAGTTGC

ACCTGCAACG

TTCCTGGCCC

TGCCATGATA

CGCCAGGGCG

GCCAGGGGTA

CCAGCCTTGA

GCCACTCCTG

TGGCATGCGG

GATCCTGCTT

AGTTCGAATG

GCCCCATGCC

TCTGCGACCT

AGCTCCCTGC

ACGCACGGTC

GCTGCTGCCC

ACACTGTGTG

TCCTCACTAA

GCCCAGATGG

CCCAGGCTGT

CGCAGAAGGG

CTCACCTCAG

GCAGCTGTCC

CAATCCCAGA

GTGTAGCTGA

CTGCCCGCCG

GCCCGGTGGG

CCCATGCTGT

TGAAGGCTCG

GTAGCCCTCA

CGGAGTCGGA

GCTGGTGGCT

CCCCGGAGGA

GAGCAGGCAT

CATCTTTACC

GGATGGCCAT

CCAAAGATCA

CCCGGACTTC

CCAGGCTTCC

GGTTCACACC

CCAGAGGACT

CCGGTGCCCT

AATGCCCAAC

TGACCTGATC

GCTGCCTGCG

CTATACCTGC

GTGCTGTGAG

TACCTGTGAA

CCTGCCAGAC

CTCCTCCGAT

GGCTGTCTGC

GGGGCAGTGT

GGCTTCCTTA

GCAGACCTGC

GTGCTGCGAG

ATCCTGCGAG

CGTGGGTGTG

SEQ ID NO:1
CGCAGGCAGA

GGAACGCGGT

GCCAGCTACA

CTGGGTGGCC

GTCTCAGGGA

CACTGCTGCC

GGTAACAACT

TCCACGTGCT

TGCTGTGAAG

CGCTGCATCA

ARCAGGGCAG

GATGGTTCTA

GCCACCTGCT

CAGAGTAAGT

CACACAGTGG

TGCCGTICTAC

GACCACATAC

CAGGGGCCCC

CCACAAGCCT

ACCTGCTGCC

TGCTCGGACC

CAGCGAGGAA

TCCCACCCCA

TGCCCGAGCC

GATCGCCAGC

ADGGAAGTGG

AMGGACGTGG

AACCGACAGG

ACCAGACCTG

TCTGTTGTGC

CCAAGTGTTT

GACAGCTGCT

CTGCCGAGAC

TGATCGGCGC

GCGCAGGGAG

GTGAGGGACA

CACTGCTGTC

GCCCCGCGCT

GTACTGAAGA
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-continued
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1861 CTCTGCAGCC CTCGGGACCC CACTCGGAGG GTGCCCTCTG CTCAGGCCTC CCTAGCACCT

1921 CCCCCTAACC AAATTCTCCC TGGACCCCAT TCTGAGCTCC CCATCACCAT GGGAGGTGGG

1981 GCCTCAATCT AAGGCCTTCC CTGTCAGAAG GGGGTTGTGG CAAAAGCCAC ATTACAAGCT

2041 GCCATCCCCT CCCCGTTTCA GTIGGACCCTG TGGCCAGGTG CTTTTCCCTA TCCACAGGGG

2101 TGTTTGTGTG TGTGCGCGTG TGCGTTTCAA TAAAGTTTGT ACACTTTC

NOTE FOR SEQ ID NO:1
POLYMORPHISM AT 446: T OR C
POLYMORPHISM AT 1922: T OR C

SEQ ID NO:2
5'-CAA ATG GCC GAC AAC ACT GA-3'(0.2 uM)

SEQ ID NO:3
5'-CCC TGA GAC GGT AAA GAT GCA-3'(0.2 uM)

SEQ ID NO:4
5'-6FAMCCA CTG CTC TGC CGG CCA CTCMGBNFQ-3'
(0.2 uM)

[0072]

[0073] The conditions for the quantitative real-time PCR
were as follows: 95° C. for 10 minutes and 40 cycles of 95°
C. for 15 seconds and 60° C. for 1 minute. The amplification
plots of the PCR reaction generated by the software [Ap-
plied Biosystems] were used to determine the threshold
cycle (CT). The CT value represented the PCR cycles at
which an increase in reporter fluorescence above a baseline
signal can first be detected.

[0074] Cell Culture and Transfection of Anti-Sense GEP
cDNA

[0075] The full-length GEP cDNA (SEQ ID NO:1) cloned
in pCMV6-XL5 (OriGene Technologies Inc., Rockville,

18s control: 1x

was p53-dependent. The cells were maintained under stan-
dard culture condition with serum-containing DMEM
(supplemented with 10% EBS, 50 U/ml Penicillin G and 50
ug/ml Streptomycin). The cells were transfected with Lipo-
fect AMINE (Invitrogen) according to the manufacturer’s
instruction: 1, anti-sense fragment to decrease the GEP
level; 2, full-length for over-expression of GEP; 3, sense
fragment as control for anti-sense experiment; 4, empty
vector as control for all the transfection experiments. Stable
clones were selected by G418. The GEP protein level and
proliferation were assessed in serum-containing (10%),
serum-limited (0% serum for Hep3B, and 2% serum for
Huh7 as cell proliferation in 0% serum was insignificant)
conditions.

SEQ ID NO:5

GAAGGGGCAG CAACTGGAAG TCCCTGAGAC GGTAAAGATG CAGGAGTGGC CGGCAGAGCA

GTGGGCATCA ACCTGGCAGG GGCCACCCAG ATGCCTGCTC AGTGTTGIGG GCCATTTGTC

CAGAAGGGGA CGGCAGCAGC TGTAGCTGGC TCCTCCGGGG TCCAGGCAGC AGGCCACAGG

GCAGAACTGA CCATCTGGGC ACCGCGTTCC AGCCACCAGC CCTGCTGTTA AGGCCACCCA

GCTCACCAGG GTCCACATGG TCTGCCTGCG TCCGACTCCG CGGTCCTTG

Md.) was used as the template for assembly of different GEP
constructs into pcDNA3.1(+) (Invitrogen, Carlsbad, Calif.).
The full-length GEP was subcloned by using the Notl and
Xbal restriction sites. The N-terminal fragment (size of 290
bp, corresponding to position -31 to 258 bp)”® was gener-
ated by polymerase chain reaction (PCR), and sub-cloned in
antisense and sense orientation to generate the respective
constructs. Two human HCC cell lines, Hep3B (American
Tissue Culture Collection, Rockville, Md.) and Huh7
(Health Science Rescarch Resources Bank, Osaka, Japan),
were used. Hep3B is p53-deficient, whereas Huh7 contains
the mutant p53 with over-expression of the p53 protein.
These two cell lines were used to test if the GEP function

[0076] In Vitro Functional Analysis of GEP-Transfected
HCC Cells

[0077] Cell proliferation was assayed by seceding fifty
thousand cells into 6-well plates. Cells were harvested every
day for 5 consecutive days, and viable cells were counted by
trypan blue exclusion. Cell activity was measured via mito-
chondrial dehydrogenase activity performed by MTT assay,
1819 in which five thousand cells were seeded into 96-well
plates and assayed for 5 consecutive days. The cell invasion
ability was determined using the BioCoat Matrigel invasion
chamber (BD Biosciences, Bedford, Mass.), in which the
chamber membrane filter (8 um pore size) was coated with
the BD Matrigel™ Basement Membrane Matrix (BD Bio-
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sciences). The upper chamber was loaded with fifty thou-
sand cells in 2 ml serum-free medium, whereas the lower
chamber was filled with 2 ml serum-containing medium.
After 48 hours of standard incubation, non-invading cells on
the upper surface of the membrane were removed with
cotton swabs. Invading cells on the lower surface of the
membrane were washed in PBS, fixed in Carnoy’s solution,
and stained with hemotoxylin and eosin. The invading cells
were counted under the microscope in 10 randomly selected
fields for each membrane filter (x100 magnification).
Anchorage-independent growth was assessed by colony
formation ability in soft agar.® The agar base of 1.5 m] in
a 6-well plate was formed by mixing an equal volume of
1.6% low-melting agar (USB) and 2xDMEM supplemented
with 20% FBS. The five thousand cells were suspended in
1.5 ml soft agar (mixture containing 2xDMEM supple-
mented with 20% FBS, and 0.8% low-melting agar) and
overlaid on the agar base. After 4 weeks, colonies over 15
cells were counted under the microscope in 10 fields per
well. Each data point for in vitro experiments represented
results from at least three independent experiments per-
formed in duplicates.

[0078] In Vivo Functional Analysis of GEP-Transfected
HCC Cells

[0079] Balb/c athymic nude mice of 4 weeks old were
used to test the in vivo tumorigenicity potential of the
transfectants. The study protocol was approved by the
Committee on the Use of Live Animals for Teaching and
Research at the University of Hong Kong. Five million cells
were inoculated subcutaneously at the dorsal region of the
trunk of each animal. The tumor size and body weight were
measured twice weekly. The mice were terminated on day
60 with the tumor harvested for further examination. Each of
the experimental group contained 5 mice.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 5

<210> SEQ ID NO 1
<211> LENGTH: 2148
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<212> TYPE: DNA
<213> ORGANISM: Human
<400> SEQUENCE: 1
gtagtctgag cgctacccgg ttgctgctge ccaaggaccg cggagtcgga cgcaggcaga 60

ccatgtggac cctggtgagce tgggtggcct taacagcagg gectggtgget ggaacgceggt 120
gceccagatgg tcagttetge cctgtggect getgectgga ccccggagga gceccagctaca 180
getgetgeeg tccecttetg gacaaatgge ccacaacact gagcaggcat ctgggtggece 240
cctgecaggt tgatgeccac tgctetgecg gecactcectg catctttacce gtetcaggga 300
ctteccagttg ctgecceccette ccagaggccg tggcatgegg ggatggccat cactgetgece 360
cacggggctt ccactgcagt gcagacgggc gatcctgctt ccaaagatca ggtaacaact 420
ccgtgggtge catccagtge cctgatagtc agttcgaatg cccggactte tccacgtget 480
gtgttatggt cgatggctcc tgggggtgct gccccatgec ccaggcttece tgctgtgaag 540
acagggtgca ctgectgtceg cacggtgcct tectgcgacct ggttcacacc cgctgcatca 600
cacccacggg cacccacccc ctggcaaaga agctccctgc ccagaggact aacagggcag 660
tggccttgte cagctcggte atgtgtccgg acgcacggtc ccggtgecct gatggtteta 720
cctgetgtga getgeccagt gggaagtatg getgetgece aatgeccaac gecacctget 780
gcteccgatca cctgecactge tgcccccaag acactgtgtg tgacctgatce cagagtaagt 840
gcctetccaa ggagaacget accacggacc tcctcactaa geotgectgeg cacacagtgg g00
gggatgtgaa atgtgacatg gaggtgagct gcccagatgg ctatacctge tgccgtctac 960
agtcggggge ctggggctgc tgccctttta cccaggetgt gtgctgtgag gaccacatac 1020
actgctgtcc cgcggggttt acgtgtgaca cgcagaaggg tacctgtgaa caggggccce 1080
accaggtgec ctggatggag aaggccccag ctcacctcag cctgccagac ccacaagect 1140
tgaagagaga tgtcccctgt gataatgtca gcagetgtcc ctcctccgat acctgetgec 1200
aactcacgte tggggagtgg ggctgetgte caatcccaga ggetgtetge tgeteggace 1260
accagcactg ctgcccccag ggctacacgt gtgtagectga ggggcagtgt cagegaggaa 1320
gcgagatcegt ggoctggactg gagaagatge ctgecccgecg ggettccotta teccacccca 1380
gagacatcgg ctgtgaccag cacaccagct gcccggtggg gcagacctge tgcccgagece 1440
tgggtgggag ctgggcctgec tgccagttgc cccatgetgt gtgctgcgag gatcgccagce 1500
actgctgecce ggctggctac acctgcaacg tgaaggctcg atcctgcgag aaggaagtgg 1360
tctetgecca geoctgecacce ttcctggecce gtageccctca cgtgggtgtg aaggacgtgg 1620
agtgtgggga aggacacttc tgccatgata accagacctg ctgccgagac aaccgacagg 1680
gctgggeetg ctgtecctac cgeccagggeg totgttgtge tgatcggege cactgetgte 1740
ctgetggett cegetgegea gecaggggta ccaagtgttt gegeagggag geccegeget 1800
gggacgccce tttgagggac ccagccttga gacagctget gtgagggaca gtactgaaga 1860
ctctgcagce ctcgggaccc cactcggagg gtgccctctg ctcaggectce cctagecacct 1920
ccccctaacc aaattctcec tggaccccat tctgagectce ccatcaccat gggaggtggg 1980

gcctcaatct aaggccttec ctgtcagaag ggggttgtgg caaaagccac attacaaget 2040
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gccatccect ccccegtttca gtggaccctg tggccaggtg ctttteccta tccacagggg 2100

tgtttgtgtg tgtgcgegtg tgcgtttcaa taaagtttgt acactttce

<210> SEQ ID NO 2
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 2

caaatggccce

acaacactga

<210> SEQ ID NO 3
<211> LENGTH: 21

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 3

ccetgagacyg gtaaagatge a

<210> SEQ ID NO 4
<211> LENGTH: 21

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATICN: GEP Probe

<400> SEQUENCE: 4

ccactgetet geecggecact ¢

<210> SEQ ID NO 5
<211> LENGTH: 28S

<212> TYPE:
<213> ORGANISM:

DNA

<220> FEATURE:
<223> OTHER INFORMATION: Antisense sequence

<400> SEQUENCE: 3

gaaggggcag
gtgggcatca

cagaagggga

gcagaactga

gctcaccagg

caactggaag

acctggcagg

cggeageage

ccatctggge

gtccacatgg

Artificial

tceccectgagac

ggccacccag

tgtagetgge

accgegttee

tectgeetgeg

ggtaaagatg

atgcetgete

teetecgggg

agccaccage

tcecgacteeg

caggagtggc
agtgttgtgg
tecaggeage
cctgetgtta

cggteccttg

2148

20

21

21

cggcagagca 60
gccatttgte 120
aggccacagqg 180
aggccaccca 240

289

What is claimed is:

1. A method for determining whether an agent causes a
reduction in the expression of Granulin-Epithelin Precursor
(GEP) protein in a cell, comprising the steps of:

(a) contacting the cell with the agent under conditions
which, in the absence of the agent, permit expression of
the GEP protein;

(b) after a suitable period of time, determining the amount
of expression in the cell of the GEP protein; and

(¢) comparing the amount of expression determined in
step (b) with the amount of expression which occurs in
the absence of the agent, whereby a reduced amount of
expression in the presence of the agent indicates that
the agent causes a reduction in the expression of the
GEP protein.

2. The method of claim 1, wherein the cell is present in a

cell culture.

3. The method of claim 1, wherein the cell is a tumor cell.
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4. The method of claim 1, wherein determining the
amount of expression is performed by determining the
amount of GEP protein-encoding mRNA in the cell.

5. The method of claim 1, wherein determining the
amount of expression is performed by determining the
amount of GEP protein in the cell.

6. The method of claim 5, wherein determining the
amount of GEP protein in the cell is performed using an
antibody specific for the GEP protein.

7. A method for determining whether an agent causes a
reduction in the activity of a Granulin-Epithelin Precursor
(GEP) protein in a cell, comprising the steps of:

(a) contacting the cell with the agent under conditions
which, in the absence of the agent, permit activity of the
GEP protein;

(b) determining the amount of activity of the GEP protein
in the cell; and

(c) comparing the amount of activity determined in step
(b) with the amount of activity which occurs in the
absence of the agent, whereby a reduced amount of
activity in the presence of the agent indicates that the
agent causes a reduction in the activity of the GEP
protein.

8. The method of claim 7, wherein the cell is present in a

cell culture.

9. The method of claim 7, wherein the cell is a tumor cell.

10. A method for reducing the expression of Granulin-
Epithelin Precursor (GEP) protein in a cell comprising
introducing into the cell an agent which specifically inter-
feres with the expression of the GEP protein in the cell.

11. The method of claim 10, wherein the cell is present in
a cell culture.

12. The method of claim 10, wherein the cell is a tumor
cell.

13. The method of claim 10, wherein the agent is a nucleic
acid.

14. The method of claim 13, wherein the nucleic acid is
a small interfering RNA, a ribozyme, DNAzyme or an
antisense molecule.

15. The method of claim 14, wherein the antisense mol-
ecule comprises the nucleic acid sequence as set forth in
SEQ ID NO:5.

16. A method for determining whether a subject is
afflicted with Hepatocellular carcinoma (HCC) comprising
the steps of:

(2) determining the level of Granulin-Epithelin Precursor
(GEP) protein expression in the tumor cells of the
subject;

(b) determining the level of Granulin-Epithelin Precursor
(GEP) protein expression in the normal liver cells of
the subject; and

(¢) comparing the level of expression determined in step
(a) with the level of expression determined in step (b),
wherein a higher expression level in step (a) indicates
that the subject is afflicted with HCC.

17. The method of claim 16, wherein the level of expres-
sion of GEP protein is determined by immunohistochemistry
or Western Blot analysis.

18. A method for determining whether a subject is
afflicted with Hepatocellular carcinoma (HCC) comprising
the steps of:
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(a) determining the level of Granulin-Epithelin Precursor
(GEP) protein expression in the tumor cells of the
subject; and

(b) comparing the level of expression determined in step
(a) with the level of expression of GEP protein in
normal liver cells of a healthy subject, wherein a higher
expression level in step (a) indicates that the subject is
afflicted with HCC.

19. The method of claim 18, wherein the level of expres-
sion of GEP protein is determined by immunohistochemistry
or Western Blot analysis.

20. A method for determining whether a subject is
afflicted with Hepatocellular carcinoma (HCC) comprising
the steps of:

(2) determining the amount of Granulin-Epithelin Precur-
sor (GEP)-encoding mRNA in the tumor cells of the
subject;

(b) determining the amount of Granulin-Epithelin Precur-
sor (GEP)-encoding mRNA in the normal liver cells of
the subject; and

(c) comparing the amount of mRNA determined in step
(a) with the amount of mRNA determined in step (b),
wherein a greater amount of mRNA in step (a) indicates
that the subject is afflicted with HCC.

21. The method of claim 20, wherein the amount of
mRNA is determined by Quantitative Real-Time Poly-
merase Chain Reaction using a forward primer, a reverse
primer and a probe.

22. The method of claim 21, wherein the forward primer
comprises the nucleic acid sequence as set forth in SEQ ID
NO:2.

23. The method of claim 21, wherein the reverse primer
comprises the nucleic acid sequence as set forth in SEQ ID
NO:3.

24. The method of claim 21, wherein the probe comprises
the nucleic acid sequence as set forth in SEQ ID NO:4.

25. A method for determining whether a subject is
afflicted with Hepatocellular carcinoma (HCC) comprising
the steps of:

(2) determining the amount of Granulin-Epithelin Precur-
sor (GEP)-encoding mRNA in the tumor cells of the
subject; and

(b) comparing the amount of mRNA determined in step
(a) with the amount of GEP-encoding mRNA found in
normal liver cells of a healthy subject, wherein a
greater amount of mRNA in step (a) indicates that the
subject is afflicted with HCC.

26. The method of claim 25, wherein the amount of
mRNA is determined by Quantitative Real-Time Poly-
merase Chain Reaction using a forward primer, a reverse
primer and a probe.

27. The method of claim 26, wherein the forward primer
comprises the nucleic acid sequence as set forth in SEQ ID
NO:2.

28. The method of claim 26, wherein the reverse primer
comprises the nucleic acid sequence as set forth in SEQ ID
NO:3.

29. The method of claim 26, wherein the probe comprises
the nucleic acid sequence as set forth in SEQ ID NO:4.
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30. A method for treating a subject afflicted with Hepa-
tocellular carcinoma (HCC) comprising administering to the
subject a therapeutically effective amount of an agent which
specifically interferes with the expression of the Granulin-
Epithelin Precursor (GEP) protein in the tumor cells of the
subject.

31. The method of claim 30, wherein the agent is a nucleic
acid.
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32. The method of claim 31, wherein the nucleic acid is
a small interfering RNA, a ribozyme, DNAzyme or an
antisense molecule.

33. The method of claim 32, wherein the antisense mol-
ecule comprises the nucleic acid sequence as set forth in
SEQ ID NO:5.

34. The method of claim 30, wherein the subject is human.
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