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ABSTRACT
Purpose: Granulin–epithelin precursor (GEP) is a

novel growth factor. Our earlier cDNA microarray study
indicated that GEP was overexpressed in hepatocellular
carcinoma (HCC). The aim of this study was to investigate
the clinical significance of GEP expression and its potential
as a therapeutic target in HCC.

Experimental Design: A total of 110 pairs of HCCs and
adjacent nontumor liver tissues, and 22 normal liver tissues
were examined. The GEP RNA level was examined by quan-
titative reverse transcription-PCR, and protein localization
by immunohistochemistry. The GEP function was examined
by transfection experiments.

Results: The RNA levels of the HCCs were significantly
higher than those of the nontumor liver tissues and normal
livers (P < 0.001). GEP protein staining was observed in
tumor cytoplasm, and the GEP protein levels of the HCCs
were also significantly higher than those of the nontumor
liver tissues and normal livers (P < 0.001). The majority of
HCCs demonstrated up-regulation of GEP protein com-
pared with their adjacent liver tissues [79 (71.8%) of 110].
Positive correlation of GEP RNA with protein levels was
observed in HCCs (P < 0.01). Strong GEP expression was
associated with large HCCs, venous infiltration, and early
intrahepatic recurrence (P < 0.05). Functional studies on
the HCC cell line Hep3B demonstrated that reduction

of GEP protein levels resulted in decreased cell prolifera-
tion rates, tumor invasion ability, anchorage-independent
growth in soft agar, and tumorigenicity in nude mice (P <
0.05).

Conclusion: GEP is an important factor for HCC
growth, invasion, and metastasis. GEP has the potential to
serve as a tumor marker and therapeutic target.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common

cancer worldwide, with about a half million new cases and
almost as many deaths per year (1–3). Better understanding of
the etiological factors and molecular basis of the disease is
crucial to disease prevention and management. Epidemiologic
studies have shown that hepatitis B and C virus infections,
alcohol-induced liver injury, and consumption 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 a “cellular gatekeeper’, whereas �-catenin oncogene dereg-
ulation has recently demonstrated a neoplastic transformation
potential (2–4). However, the major growth factor in liver
carcinogenesis is largely unknown.

Using the cDNA microarray approach, we have identified
1,648 differentially expressed genes in HCCs and adjacent non-
tumor liver tissues (5). About one half of these genes showed a
significantly higher expression level in HCCs and one half of
them a significantly lower expression level in HCCs. Attention
was drawn to genes that demonstrated higher expression levels
in tumors [759 (46%) of 1,648] with the aim to search for
potential tumor markers. Among the highly expressed genes in
HCC, we focused on the granulin–epithelin precursor (GEP)
with gene locus at 17q21.32, the region frequently reported with
chromosome gain in liver cancers (6, 7), strongly suggesting the
presence of important growth factor(s) proto-oncogene(s). GEP
is a novel growth factor and a secretory protein that is capable
of stimulating cell proliferation (8). Its reduced expression is
associated with inhibition of tumorigenic potential (9–10). No
studies have reported the GEP expression pattern and its bio-
logical role in HCC. In this study, we examined the RNA level
and protein localization of GEP in HCCs, their corresponding
nontumor liver tissues, and normal liver tissues. We also exam-
ined the function of GEP by transfection experiments.

PATIENTS AND METHODS
Patients and Specimens. Between March 1999 and May

2002, 110 patients undergoing resection of HCC at Queen Mary
Hospital, the University of Hong Kong were recruited in the
present study. HCC and adjacent nontumor liver tissue speci-
mens were collected after informed consent had been obtained
from the patients. The study protocol was approved by the
Ethics Committee of the University of Hong Kong. The first 55
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HCCs were examined under a cDNA microarray study. The
second 55 HCCs were used for validation of the observations in
the microarray study by quantitative reverse transcription-PCR
(RT-PCR). All of the 110 HCCs were studied by immunohis-
tochemistry for detection of GEP protein. The age of the patients
ranged from 13 to 79 years, with a median age of 52 years.
There were 89 men and 21 women. Serum hepatitis B surface
antigen was positive in 100 patients (90.9%). Tumors were
staged according to the pathological tumor-node-metastasis
(pTNM) staging system, 1997 version (11). The latest 2002
version was not used because it did not clearly stratify patients
with advanced tumor stages according to the survival rate (12).
Distribution of the pTNM stages and other clinicopathological
features is listed in Tables 1 and 2. The patients were closely
monitored for recurrence by computed tomography. Thirty-two
of 110 patients had intrahepatic recurrence in the first year.

Normal liver specimens from 22 organ donors were col-
lected during transplantation operations performed at the same
institution from May 2000 to October 2002. The organ donors
had no underlying liver diseases and were negative in the
hepatitis B serology test.

Each tissue specimen, 0.5 to 1 cm3, was divided into three
equal portions. One portion was formalin fixed and paraffin
embedded for histological and immunohistochemical studies.
The other two portions were snap-frozen in liquid nitrogen and
stored at �70°C until use. Total RNA was extracted with the
RNeasy kit (Qiagen, Hilden, Germany).

Quantitative Reverse Transcription-PCR. Quantita-
tive RT-PCR was performed as described previously (13), with
human 18s rRNA as the normalization control for subsequent
multiplexed reactions (14). Quantification was performed with
the ABI Prism 7700 sequence detection system (Applied Bio-
systems, Foster City, CA). Primers and probes for GEP were
GRN-forward (5�-CAA ATG GCC CAC AAC ACT GA-3�),
GRN-reverse (5�-CCC TGA GAC GGT AAA GAT GCA-3�),
and GRN-probe (5�-6FAM CCA CTG CTC TGC CGG CCA
CTC MGBNFQ-3�). Primer and probe reagents for control
18s were ready-made reagents (Pre-Developed TaqMan Assay
Reagents, Applied Biosystems). Transcript quantification was
performed in at least triplicates for every sample. The relative
amount of GEP, which had been normalized with control 18s
for RNA amount variation and calibrator for plate-to-plate var-
iation, was presented as the relative fold change in log 2 base.

Immunohistochemical Staining. Immunohistochemis-
try was performed with the Dako Envision Plus System (Dako,
Carpinteria, CA) following the manufacturer’s instruction with
modifications. Briefly, antigen retrieval was performed by mi-
crowave 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 with diaminoben-
zidine as the chromogen. The tissue sections were then coun-
terstained with hematoxylin. For GEP detection, 2 �g/mL of
polyclonal antibody GEP (AGI, Sunnyvale, CA).

The sections were scored with a four-tier scale: 0 � neg-
ative, 1 � weak signal, 2 � intermediate signal, and 3 � strong
signal (15). All sections were scored independently by two
observers (S. T. C. and S. Y. W.) without prior knowledge of
the clinicopathologic data of the HCCs. The interobserver Pear-

son correlation coefficient for GEP expression was 0.902 (P �
0.001). All discrepancies in scoring were reviewed and a con-
sensus was reached.

Western Blot. Total protein of 30 �g was separated in
10% SDS-PAGE gel and transferred to polyvinylidene difluo-
ride membrane (Millipore, Bedford, MA). The blots were
blocked with 10% nonfat dry milk, probed against polyclonal
GEP antibody, followed by anti-rabbit immunoglobulin conju-
gated with horseradish peroxidase (Sigma-Aldrich, St. Louis,
MO). The bands were visualized with the Enhanced Chemilu-
minescence Western Blotting Detection kit (Amersham Bio-
sciences, Buckinghamshire, United Kingdom), according to the
manufacturer’s instructions, and were exposed on the Hyperfilm
(Amersham Biosciences). The relative levels of protein were
quantified by densitometric scanning of the exposed films, with
a gel-imaging system and the UVP GelWorks ID Intermediate
version 3.01 (Ultra Violet Products Ltd., Cambridge, United
Kingdom).

Cell Culture and Transfection. The full-length GEP
cDNA cloned in pCMV6-XL5 (OriGene Technologies Inc.,
Rockville, MD) was used as the template for assembly of
different GEP constructs into pcDNA3.1(�) (Invitrogen, Carls-
bad, CA). The full-length GEP was subcloned with the NotI and
XbaI restriction sites. The NH2-terminal fragment (size of 290
bp, corresponding to position �31 to 258bp; refs. 9–10) was
generated by PCR, and subcloned in antisense and sense orien-
tation to generate the respective constructs. The human HCC
cell line Hep3B (American Tissue Culture Collection, Manas-
sas, VA) was used for functional studies. The cells were main-
tained under standard culture condition with serum-containing
DMEM (supplemented with 10% FBS, 50 units/mL Penicillin
G, and 50 �g/mL streptomycin). The cells were transfected with
LipofectAMINE (Invitrogen) according to the manufacturer’s
instruction. Four sets of transfection experiments were per-
formed: (1) antisense fragment to decrease the GEP level; (2)
full-length for overexpression of GEP; (3) sense fragment as
control for antisense experiment; and (4) empty vector as con-
trol for all of the transfection experiments. Stable clones were
selected by G418. The GEP protein level and proliferation were
assessed in serum-containing (10% serum) and serum-starved
(0% serum) conditions.

Proliferation Assay. Cell proliferation was assayed by
seeding 50,000 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 the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay (16–17), in which 5,000 cells were seeded into 96-well
plates and assayed for 5 consecutive days.

Invasion Assay. The cell invasion ability was deter-
mined with the BioCoat Matrigel invasion chamber (BD Bio-
sciences, Bedford, MA), in which the chamber membrane filter
(8 �m pore size) was coated with the BD Matrigel Basement
Membrane Matrix (BD Biosciences). The upper chamber was
loaded with 50,000 cells in 2 mL of serum-free medium, and the
lower chamber was filled with 2 mL of serum-containing me-
dium. After 48 hours of standard incubation, noninvading cells
on the upper surface of the membrane were removed with cotton
swabs. Invading cells on the lower surface of the membrane
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were washed in PBS, fixed in Carnoy’s solution, and stained
with hematoxylin and eosin. The invading cells were counted
under the microscope in 10 randomly selected fields for each
membrane filter (�100).

Colony-Formation Assay. Anchorage-independent growth
was assessed by colony-formation ability in soft agar (18). The
agar base of 1.5 mL in a 6-well plate was formed by mixing an
equal volume of 1.6% low-melting agar (USB) and 2� DMEM
supplemented with 20% fetal bovine serum. The 5,000 cells
were suspended in 1.5 mL of soft agar (mixture containing 2�
DMEM supplemented with 20% fetal bovine serum and 0.8%
low-melting agar) and were overlaid on the agar base. After 4
weeks, colonies over of 15 cells were counted under the micro-
scope in 10 fields per well. Each data point for in vitro exper-
iments represented results from at least three independent ex-
periments performed in duplicates.

Tumorigenicity Assay. BALB/c athymic nude mice of 4
weeks old were used to test the in vivo tumorigenicity potential
of the transfectants (19). The study protocol was approved by
the Committee on the Use of Live Animals in 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 killed on day 60 with the tumor
harvested for further examination. Each of the experimental
groups consisted of 5 mice.

Statistical Analysis. Preoperative clinical parameters,
pathological data of the resected specimens, and follow-up data
were prospectively collected and recorded in a computerized
database. Continuous data were presented as median value (in-
terquartile range). Replicate experimental results were presented
as mean values (SD). Statistical analysis was carried out with a
statistical software (SPSS version 9.0 for Windows; SPSS Inc.,
Chicago, IL). The comparison of categorical variables was ex-
amined by 	2 test, or Fisher’s exact test for small sample size.
Continuous variables were assessed by Spearman correlation,
and compared between groups by the Student’s t test. Difference
was considered statistically significant if the P value was less
than 0.05.

RESULTS
Granulin–Epithelin Precursor RNA Level. The earlier

observation that GEP was overexpressed was based on the
cDNA microarray study on the first 55 HCCs and their adjacent
nontumor liver tissues (5). To test the robustness of the microar-
ray research method, we randomly examined 39 (from the 55)
HCC pairs in the first sample set and used quantitative RT-PCR

to examine the GEP transcript levels. By quantitative RT-PCR,
the GEP expression levels in HCCs (median, 6.3; interquartile
range, 5.4–7.2) were also significantly higher than those of the
adjacent nontumor liver tissues (median, 4.4; interquartile range,
3.9–5.1; P � 0.001). The GEP levels examined by the two
research methods showed a high concordance in the HCCs (r �
0.643, P � 0.001; Fig. 1A).

To validate the observation, we recruited an independent
sample set (the second 55 pairs of HCCs and nontumor liver
tissues) and used real-time quantitative RT-PCR to measure the
transcript levels (Fig. 1B). The results indicated that the HCCs
(median, 6.1; interquartile range, 5.2–7.0) demonstrated a sig-
nificantly higher GEP transcript level than did their associated
nontumor liver tissues (median, 4.4; interquartile range, 3.3–5.1;
P � 0.001). By comparing the tumor and corresponding non-
tumor liver tissue obtained from the same patient, a higher GEP
transcript level was observed in the tumor in the majority of
HCC patients [49 (89.1%) of 55].

The fact that the expression level in HCCs was higher than
that in the adjacent nontumor liver tissues could be interpreted
as either GEP up-regulation in HCCs or GEP down-regulation
in nontumor liver tissues. To distinguish the two situations, 22
normal liver tissues were examined. GEP transcript was ex-
pressed at a low level in normal livers (median, 4.0l; interquar-
tile range, 3.3–4.4), which was significantly lower than that in
the HCCs (P � 0.001), but there was no significant difference

Table 1 GEP protein expression in human liver samples

GEP protein
expression score

HCC patients

Normal
( n � 22)

HCC
(n � 110)

Nontumor
(n � 110)

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

Table 2 Clinicopathological features of HCC in relation to
GEP expression

Clinicopathological variables

GEP expression

P
Weak

(score 0–2)
Strong

(score 3)

Venous infiltration
Absence 37 13 0.002*
Presence 27 33

Tumor size
Small (�5 cm) 30 13 0.048*
Large (
5 cm) 34 33

Intrahepatic recurrence in the first year
Yes 14 18 0.049*
No 50 28

Tumor capsule
Absence 42 38 0.050
Presence 20 7

pTNM stage
Early stage (I-II) 28 14 0.105
Late stage (III-IV) 33 32

Gender
Male 55 34 0.113
Female 9 12

Age
Young (� median, 52) 34 27 0.300
Elderly (
 median, 52) 30 19

Serum AFP level
Low (�20 ng/ml) 26 12 0.114
High (
20 ng/ml) 38 34

HBV association
Positive for HBsAg 6 4 1.000
Negative for HBsAg 58 42

Abbreviations: AFP, �-fetoprotein; HBV, hepatitis B virus; HB-
sAg, hepatitis B surface antigen.
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between the normal livers and the nontumor liver tissues (P �
0.173; Fig. 1B).

Granulin–Epithelin Precursor Protein Expression. To
examine whether the GEP protein levels correlate with the
change at transcript levels, immunohistochemical staining of
GEP was performed on all of the 110 pairs of HCCs and their
corresponding nontumor liver tissues, as well as the 22 normal
livers. GEP protein staining was observed in tumor cytoplasm
(Fig. 2). With the immunohistochemical method, the GEP
protein level in the HCCs was found significantly higher than
that of the nontumor liver tissues and normal livers (median
scores of 2, 0, and 0, respectively; P � 0.001; Table 1). The
majority of HCCs revealed the presence of GEP protein signals
[75 (77.3%) of 110], which were predominantly intermediate to
strong. The GEP protein was detectable only in a portion of
nontumor liver tissues [38 (34.5%) of 110], the signals of which
were mostly weak, and not detectable in the normal liver tissues
[0 (0%) of 22]. The majority of HCCs demonstrated up-regula-
tion of GEP protein compared with their corresponding nontu-
mor liver tissues [79 (71.8%) of 110].

The GEP RNA levels (by quantitative measurement) and
protein levels (by semiquantitative scoring) were compared. The

HCCs demonstrated significant correlation of the GEP RNA
level with the protein level (r � 0.365, P � 0.006). Notably, the
RNA and protein levels in nontumor liver tissues and normal
livers did not show significant correlation

Fig. 2 Immunohistochemical staining of GEP protein in human liver
samples. A, HCC with protein signal score 3. B, nontumor liver tissue
with protein score 0. C, normal liver tissue with protein score 0.

Fig. 1 GEP transcript levels in human liver samples. A, correlation of
microarray data and real-time quantitative RT-PCR data in HCC tissues.
B, quantitative RT-PCR data presented in boxplot. A significantly
higher GEP level in HCC compared with nontumor liver tissue and
normal liver was observed. The top and bottom horizontal lines of the
box, the 25th and 75th percentiles, respectively. The lines within the box,
the median values. The top and bottom horizontal bars, data within 1.5
times the interquartile range.
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Clinicopathological Features of Hepatocellular Carci-
noma with Strong GEP Expression. The GEP expression
levels in HCCs were further analyzed for clinicopathological
significance. The HCCs were categorized into “weak” and
“strong” expression groups according to the median score value.
HCCs with scores � median (scores 0–2) were categorized into
the weak expression group, and HCCs with scores 
 median
(score 3) were categorized into the strong expression group.
Strong GEP protein expression was significantly associated with
venous infiltration, large tumors (
 5 cm), and intrahepatic
recurrence in the first year (P � 0.05; Table 2). A strong GEP
protein level was marginally associated with the absence of
tumor capsule (P � 0.05). However, the GEP expression level
was not significantly associated with the pTNM stages, gender,
age, serum �-fetoprotein level, or hepatitis B virus association
(assessed by serum hepatitis B surface antigen).

Granulin–Epithelin Precursor Function in Cell Prolif-
eration. The Hep3B parental cells expressed a high level of
endogenous GEP transcript by quantitative RT-PCR (7.2, com-
pared with the median value of 6.1 in HCCs, 4.4 in nontumor
liver tissues, and 4.0 in normal livers). The cells were trans-
fected with different constructs and examined for the GEP
protein level difference. To examine whether growth factors
from serum would affect the transfectants differently, we com-
pared the growth rate of transfected cell lines in serum-contain-
ing (10% serum) and serum-starved (0% serum) conditions. For
Hep3B cells transfected with the antisense fragment, a reduced
GEP protein level was observed in both serum-containing and
serum-starved conditions (Fig. 3A and B; Table 3). For Hep3B
full-length transfectants, a higher GEP protein level was ob-
served in both serum-containing and serum-starved conditions.
The sense control and empty vector control in Hep3B transfec-
tants demonstrated a similar GEP level as their respective pa-
rental cells in both serum conditions.

The cell proliferation rate was also examined in serum-
containing and serum-starved conditions (Fig. 3C; Table 3).
Only the antisense transfectants resulted in a significant de-
crease in cell proliferation by 74 and 55% in serum-containing
and serum-starved conditions, respectively (P � 0.01). The
full-length, sense, and empty vector transfectants demonstrated
a similar growth rate as the parental cell line. The cell activity
was measured by the MTT assay via the mitochondrial activity
(Fig. 3D). The antisense transfectants demonstrated marked
reduction of cell activity in both serum-containing and serum-
starved conditions (P � 0.05). The full-length, sense, and vector
transfectants all demonstrated a similar cell activity with the
parental cell line in both conditions.

Granulin–Epithelin Precursor Function in Cell Inva-
sion. The cell invasion ability was investigated with the Ma-
trigel cell invasion chamber (Fig. 4A). The antisense transfec-
tants showed marked reduction in cell invasion ability, by 81%

Fig. 3 A reduced GEP level decreased the cell proliferation rate and cell activity. Transfectants of Hep3B cells were examined in serum-containing
or serum-starved conditions: vector control (V, ‚), antisense (AS, Œ), full-length (FL, f), sense control (S, �), and parental cell line (Hep3B, �).
A, GEP protein levels by Western blot. B, GEP protein levels relative to vector control transfectants after normalization by actin levels. C, cell growth
curves. D, cell activity by MTT assays.

Table 3 Correlation of GEP level with cell doubling time in Hep3B
transfectants

10% serum 0% serum

GEP level *
Cell doubling
time † (hour) GEP level *

Cell doubling
time † (hour)

Vector control 100% 23.2 100% 40.4
Antisense 30% 40.3 20% 62.6
Full-length 270% 22.8 110% 39.7
Sense control 100% 25.3 100% 34.3
Hep3B parental 110% 23.3 90% 40.5

* GEP level of the cells refers to the level (%) relative to the vector
control transfectants after normalization by actin level.

† Cell doubling time was assessed on days 3 to 5, because this
period was at the log phase of cell proliferation.
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compared with the empty vector control (5.9 � 0.5 and 30.7 �
1.0 cells per field, respectively; P � 0.01).

Granulin–Epithelin Precursor Function in Tumorige-
nicity and Metastasis. The aggressiveness and metastasis po-
tential of cancer cells in vitro was assessed by anchorage-
independent growth in soft agar for their ability to form colonies
(Fig. 4B). Hep3B antisense transfectants showed a 55% reduc-
tion in the anchorage-independent growth ability compared with
the empty vector control (5.6 � 0.4 and 12.4 � 2.0 colonies per
field, respectively; P � 0.05). The tumorigenic potential was
assessed in vivo in the athymic nude mice (Fig. 4C). The Hep3B
antisense transfectants developed small tumors only in 3 of 5
mice examined, whereas the empty vector transfectants devel-
oped large tumors in all of the 5 mice tested. The tumor weight
of the antisense group was significantly reduced by 87% com-
pared with the vector control group (0.3 � 0.4 and 2.3 � 0.7 g,
respectively; P � 0.001).

DISCUSSION
The advance of the microarray technology has provided a

new approach to evaluate a large number of genes efficiently.
Genome-wide expression profiling provides a comprehensive
picture to understand the complex biological behavior, devel-
opment, and progression of cancer. We have demonstrated in
the earlier microarray study that GEP was differentially ex-

pressed in HCCs compared with nontumor liver tissues (5).
With the secretory protein nature, the genes with higher expres-
sion levels in tumors have the potential to serve as serum
markers for disease diagnosis or prognosis. Six of these genes
(GRN, PLTP, SEMG2, AFP, STC1, and TIMP1) were desig-
nated as secretory proteins. Importantly, AFP (�-fetoprotein), a
widely used HCC serum marker today, is among these 6 secre-
tory proteins. The feasibility of the current rationale for identi-
fication of tissue markers is thus confirmed. Chromosome gain
at 1q, 8q, and 17q are frequently detected in HCC and these
chromosome regions may contain important oncogenes/growth
factors. GEP is the only one among the 6 genes that is located
at chromosome 17q21.32, the frequently amplified regions, and
is a novel growth factor. Therefore, GEP has drawn the focus of
further investigation, although the average transcript level dif-
ference between the tumor and nontumor liver tissues by mi-
croarray was less than 2-fold. In this study, we validated that
expression of GEP was unique in HCCs, whereas up-regulation
of GEP was uncommon in nontumor liver tissues and in normal
livers. The functional study also revealed the potential of GEP
to serve as a therapeutic target for treatments such as specific
gene silencing by using the antisense approach (20) or RNA
interference (21). The GEP promoter will also be valuable for
HCC suicide gene therapy (22).

This is the first report to reveal GEP overexpression in
HCC. Both the RNA and protein levels in the HCCs were
significantly higher than those in the nontumor liver tissues and
normal livers. Significant correlation of RNA with protein levels
was observed in HCCs but not in other tissues. The majority of
nontumor liver tissues and normal liver tissues showed an
undetectable protein level by the immunohistochemical method
(median score of 0), explaining why the semiquantitative protein
data failed to correlate with the quantitative RNA data in these
liver tissues except HCCs. This study is also the first report on
quantitative real-time RT-PCR assay of the GEP transcript level
in human cancer, and reveals the positive correlation of GEP
RNA with protein levels in HCCs.

Strong GEP expression was associated with aggressive
HCC features including large tumor size, presence of venous
infiltration, and early intrahepatic recurrence. Large tumor size
is associated with a late stage of disease (23) and disease
recurrence (24–26). Venous infiltration is a microscopic feature
that demonstrates the presence of clusters of cancer cells in the
vascular space lined by endothelial cells (26–27), and this
microscopic metastasis is predictive of intrahepatic metastasis
and poor prognosis (27–29). Therefore, the involvement of GEP
in the aggressive HCCs suggests that GEP may play a pivotal
role in HCC progression.

Transfection studies demonstrated that GEP positively reg-
ulated the cell proliferation rate, cell activity by MTT, cell
invasion ability, colony-forming ability in anchorage-indepen-
dent environment, and the tumorigenic potential. Notably, a
decreased GEP level by antisense transfection decreased the
proliferation rate, although an increased GEP level by full-
length transfection could not further increase the growth rate.
This may be because the endogenous GEP level in Hep3B is
already at a high level (7.2, compared with the median value of
6.1 in HCCs, 4.4 in nontumor liver tissues, and 4.0 in normal

Fig. 4 A reduced GEP level decreased the tumor invasion ability,
colony-forming ability, and tumorigenic potential. A, invasion ability of
the cells was examined by the Matrigel invasion chamber. B, colony-
formation ability on soft agar. C, tumorigenic potential in athymic nude
mice.
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livers). Thus, a forced GEP level increased by GEP full-length
transfection cannot promote the cell proliferation rate to a fur-
ther extreme. Additional studies should involve hepatoma cell
lines with intermediate to low levels of endogenous GEP. Al-
ternatively, other factors may be necessary together with GEP to
exert the role on cell proliferation and, therefore, increase of the
GEP level alone cannot induce cell proliferation. Conversely, on
serum deprivation, the ability of the increase of GEP level in the
full-length transfectant was less apparent than in the serum-
containing condition, suggesting that some other factors in the
serum would be important for GEP protein up-regulation. None-
theless, the functional data by antisense experiments further
corroborated the clinical observations of strong GEP expression
in large HCCs, in tumors with venous infiltration, and in asso-
ciation with early intrahepatic recurrence. Thus, GEP played a
major role in hepato-carcinogenesis, contributing to the devel-
opment of different tumor stages including tumor growth, inva-
sion, and metastasis.

The exact mechanism for GEP up-regulation and how GEP
executes the biological function is unknown, because the GEP-
associated genes and/or pathways are not well characterized in
HCC. Nonetheless, GEP expression has been reported in other
aggressive cancers (30, 31) with a functional role in cell growth
regulation (10, 32, 33), wound-healing process (34), and murine
development (35). GEP has been reported to activate p44/42
mitogen-activated protein kinase in the extracellular regulated
kinase pathway, phosophatidyl inositol-3-kinase/AKT-protein
kinase B pathway, and focal adhesion kinase in the adhesion/
motility pathway in different cell types (36–39). Activation of
p44/42 mitogen-activated protein kinase/extracellular regulated
kinase, phosophatidyl inositol-3-kinase, and focal adhesion ki-
nase pathways has been reported to function in HCC progres-
sion (40–42). Therefore, control of HCC growth, invasion and
metastasis by GEP could be mediated through these pathways.
A decreased level of p44/42 mitogen-activated protein kinase
phosphorylated form was observed in the GEP antisense trans-
fectants.6 Our pilot study indicated that control of hepatoma
growth would be mediated through the activation of p44/42
mitogen-activated protein kinase in the extracellular regulated
kinase pathway. We have also commenced to examine GEP-
regulated genes by the microarray approach to delineate the
exact mechanism in hepatoma.

In summary, we demonstrated that GEP overexpression is
specific to HCCs, with a minimal level of expression in the
nontumor liver tissues and normal livers. The functional data
agreed well with the clinical observation, in which strong GEP
expression contributed to HCC growth, invasion, and metasta-
sis. All of these findings suggest that GEP is an important factor
in hepatocarcinogenesis, and that GEP has the potential to serve
as a tumor marker and therapeutic target. Further investigation
into the mechanism of GEP up-regulation and the GEP pathway
is needed.
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