
• LIVER CANCER •

Expression and significance of tumor-related genes in HCC
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AbstractAbstractAbstractAbstractAbstract

AIM: To investigate the expression and clinical significance
of DEK, cyclin D1, insulin-like growth factor II (IGF-II),
glypican 3 (GPC3), ribosomal phosphoprotein 0 (rpP0) mRNA
in hepatocellular carcinoma (HCC) and its paraneoplastic
tissues.

METHODS: The expression of mRNAs of DEK, cyclin D1,

IGF-II, GPC3 and rpP0 mRNA was detected in HCC and its
paraneoplastic tissues by multiplex RT-PCR.

RESULTS: By the simplex RT-PCR, the overexpression of
mRNAs of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNA in
HCC and its paraneoplastic tissues was 78.1%, 87.5%,
87.5%, 75.0%, 81.3% and 15.6%, 40.6%, 37.5%, 21.9%,
31.3% respectively (P<0.05). By the multiplex RT-PCR,
at least one of the mRNAs was detected in all HCC samples
and in 75.0% of paraneoplastic samples (P>0.05). However,
all these five mRNAs were found in 68.8% of HCC samples,
but only in 9.4% of paraneoplastic tissues (P<0.05). The
positive expression of mRNAs of DEK, cyclin D1, IGF-II,

GPC3, rpP0 in well- and poorly-differentiated HCC was
89.0%, 66.7%, 66.7%, 66.7%, 77.8% and 73.9%, 95.7%,
95.7%, 95.7%, 82.6%, respectively (P>0.05). The expression
of these genes in HCCs with α-feto protein (AFP) negative
and positive was 90.0%, 80.0%, 90.0%, 90.0%, 90.0%
and 72.7%, 86.3%, 77.3%, 90.9%, 68.2% respectively
(P>0.05).

CONCLUSION: The expression of DEK, cyclin D1, IGF-II,

GPC3, rpP0 mRNA in HCC is much higher in HCC than in
its paraneoplastic tissues. Multiplex RT-PCR assay is an

effective, sensitive, accurate, and cost-effective diagnostic

method of HCC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Hepatocellular carcinoma (HCC) is an aggressive malignancy
with poor prognosis and one of the most common tumors
in humans. The development of HCC is a chronic process
and involves many factors, including infection of hepatitis
virus and contamination with aflatoxin B1[1]. Recent advances
in molecular genetics indicate that some tumor suppressor
genes, oncogenes, and growth factors may play an important
role in hepatocarcinogenesis[2].

Several methods such as DDRT-PCR, cDNA screening[3]

are used to identify differential expression of mRNA in
tumor and non-tumor tissues. It is reported that some genes,
such as DEK, rpP0[4], cyclin D1[5], IGF-II[6] , and GPC3[7], are
overexpressed in HCC tissue. The expression of DEK, IGF-

II and rpP0 is higher in HCC than non-tumor tissues in our
previous study.

RT-PCR is widely used to analyze gene expression in HCC
and paraneoplastic liver tissue. However, the overexpressed
genes are only relatively higher in HCC than in paraneoplastic
liver tissue and the positive detection rate is relatively low.
Moreover, RT-PCR can detect only a single gene once in the
past, and the results obtained are fluctuant and less useful in
clinics. In order to find a method to enhance the specificity
and positive rate, multiplex PCR was used to detect several
genes, such as DEK, cyclin D1, IGF-II, GPC3, rpP0.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Tissue samples and patients
HCC and corresponding paraneoplastic tissues were obtained
with informed consent from 32 patients who underwent
hepatectomy at the First Affiliated Hospital of Guangxi
Medical University and Guangxi Tumor Hospital. The profiles
were obtained from medical records of 20 male and 12
female patients with an average age of  42.5 years. Twenty-
two patients were positive for α-feto protein (AFP). HCC
and paraneoplastic tissues were enucleated separately and
immediately frozen in liquid nitrogen. Histological classification
was performed according to the Edmondson’s grading
criteria.

Multiplex RT-PCR
Total RNA was isolated from 100 mg of  frozen tissue
according to the manufacturer’s instructions using TRIzol



kit (Sagon Company, Shanghai, China), and then dissolved
in water that was treated by DEPC. Four micrograms of
total RNA was used to produce cDNA using oligo(dT)
primer and MuLV reverse transcription (MBI Company)
in a final volume of 20 µL at 42  for 1 h. The reaction
was terminated by incubation at 75  for 10 min. One
microgram of products was PCR amplified with multiple
primer sets (0.5 µmol/L, Sagon Company, Shanghai, China),
0.75 units of  Taq DNA polymerase (MBI), 0.5 µL 10 mmol/L
dNTPs, 2.5 µL 10× buffer. The primers were as follows:
DEK: 5’-AGG CAC TGT GTC CTC ATT AA and 5’-TCT
GAC AGA ATT TCA GGA CA (332 bp); cyclin D1: 5’-TAT
TTG CAT AAC CCT GAG CG and 5’-GTG ACT ACA
TGC ATA TGA GC (350 bp); IGF: 5’-AGG AGC TCC
TGG ATA ATT TC and 5’-AAT ATT TCA CGT GAC
AGA AC (421 bp); GPC3: 5’-TGG ACA TCA ATG AGT
GCC TC and 5’-CAC ATT CTG GTG AGC ATT CG
(204 bp); rpP0: 5’-ATG TGA AGT CAC TGT GCC AG
and 5’-CTT GGC TTC AAC CTT AGC TG (549 bp).
GAPDH was used as control, the primers were 5’-TGA
GTA CGT CGT GGA GTC CA and 5’-CAA AGT TGT
CAT GGA TGA CC (230 bp). The conditions were initial
denaturation at 94  for 5 min, 30 cycles of amplification,
each cycle consisting of denaturation at 94  for 45 s,
annealing at 58  for 30 s, extension at 72  for 30 s,
final extension at 72  for 7 min. Because of the limitation
by the length of PCR products, the primers of cyclin D1

and GPC3 were used together in a single reaction and the
primers of  DEK, IGF-II, and rpP0 were used together in a
single reaction.

Analysis by electrophoresis
The amplified products were electrophoresed on 1.2%
agarose gel to detect the expression of the genes in HCC
and paraneoplastic tissues. The images were analyzed by
Quantity One software.

Statistical analysis
Results were analyzed by χ2 test to compare the differences
between the groups. P<0.05 was considered statistically
significant.

RESULRESULRESULRESULRESULTSTSTSTSTS

Expression of GAPDH mRNA
The expression of GAPDH mRNA was detected in all HCC
and non-HCC tissues. There was no difference between
the two groups (Figure 1A).

Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in
HCC and adjacent noncancerous liver tissues
The expression of  DEK, cyclin D1, IGF-II, GPC3, rpP0

mRNAs in HCC and adjacent noncancerous liver tissues
was 78.1%, 87.5%, 87.5%, 75.0%, 81.3%, and 15.6%,
40.6%, 37.5%, 21.9%, 31.3%, respectively (P<0.05, Table 1),
which were significantly higher in HCC tissues than in
adjacent nontumorous tissue (Figures 1B and C). The density
of the bands was also higher in HCC than in adjacent
noncancerous liver tissues.

The expression of  DEK, cyclin D1, IGF-II, GPC3, rpP0

mRNAs in well- and poorly-differentiated HCC was 89.0%,

Table 1  Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in HCC and adjacent noncancerous liver tissues

  Cyclin D1a       GPC3c        DEKe         IGFg        rpP0i

 T N  T  N  T N  T N  T N

Positive 28 13 24   7 25   5 28 12 26 10
Negative   4 19   8 25   7 27   4 20   6 22

T, HCC tumor tissue; N, adjacent nontumorous tissue. χ2-test: aP<0.05, cP<0.05, eP<0.05, gP<0.05, iP<0.05 vs others.

Figure 1  Expression of GAPDH (A), mRNA of rpP0, DEK, and IGF-II (B), mRNA of cyclin D1 and GPC3 (C) in HCC tissue (H) and adjacent nontumorous tissue (N).
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66.7%, 66.7%, 66.7%, 77.8% and 73.9%, 95.7%, 95.7%,
95.7%, 82.6%, respectively (P>0.05, Table 2).

The expression of  DEK, cyclin D1, IGF-II, GPC3, rpP0

mRNAs in HCC with AFP negative and positive was 90.0%,
80.0%, 90.0%, 90.0%, 90.0% and 72.7%, 86.3%, 77.3%,
90.9%, 68.2%, respectively (P>0.05, Table 3).

Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in
HCC and adjacent noncancerous liver tissues shown by
multiplex RT-PCR
By multiplex RT-PCR, at least one of  the mRNAs could be
detected in all HCC tissues and in 75.0% of paraneoplastic
tissues (P>0.05) (Table 4). However, all these five mRNAs
were found in 68.8% of HCC tissue, but only in 9.4% of
paraneoplastic tissues (P<0.05, Table 4).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

The growth of cells depends on the regulation by many factors,
including oncogenes, tumor suppressor genes, growth factors,
signal transduction factors, and apoptosis factors, etc. The origin
of tumor is related to the modification of these genes. Genes
such as DEK, cyclin D1, IGF-II, GPC3, rpP0, are involved in
the initiation and development of HCC, and the possible
markers for the diagnosis of  HCC in clinic. To identify whether
these genes were generally involved in hepatocarcinogenesis,
multiplex PCR was used in the present study. We found
that these genes had an upregulated expression in HCC and
multiplex PCR could enhance the detective positive rate.

Cyclin D1
Cyclin, cyclin-dependent kinases, and tumor suppressor gene

products interact and regulate the normal cell cycle. Cyclin

D1 and cyclin-dependent kinases are required for completion
of  the G1/S transition in normal mammalian cells[8]. Cyclin

D1 is located on chromosome 11q13 and exhibits many
characteristics of cellular oncogenes. Overexpression of
cyclin D1 may be associated with actual gene amplification
or transcriptional dysregulation in cancer. Cyclin D1 is
overexpressed in hyperplastic lesions, such as endometrioid
adenocarcinoma[9], mantle cell lymphoma[10], and ovarian
carcinoma[11]. The results in our study showed that the
expression of cyclin D1 was significantly higher in HCC than
in adjacent nontumorous tissue. The mechanism of cyclin
D1 dysregulation in HCC is not clear, but it is likely that the
dysregulation contributes to increasing the proportion of
cells in transition from G1 to S phase. The overexpression
of cyclin D1 may be one of the several mechanisms involved
in hyperplasia of liver cells.

DEK
DEK is a 43-ku phosphoprotein that was first isolated as
part of a fusion protein expressed in a subtype of acute
myeloid leukemias with t(6;9) chromosomal translocations[12].
DEK was lately identified as an autoimmune antigen in patients
with pauciarticular onset juvenile rheumatoid arthritis, systemic
lupus erythematosus[13], and other autoimmune diseases. In
recent study, it was demonstrated that DEK was a site-specific
DNA binding protein that was involved likely in transcriptional
regulation and signal transduction and it had implications
not only for HIV-2 transcription[14] but also for multiple cellular
processes involving with DEK. Recent data demonstrated
that the major portion of DEK is associated with chromatin

Table 2  Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in well- and poorly-differentiated HCC

 Cyclin D1       GPC3       DEK      IGF-II        rpP0

 + -  + -  + -  + -  + -

Well-differentiated HCC   6 3   6 3   8 1   6 3   7 2

Poor-differentiated HCC 22 1 18 5 17 6 22 1 19 4

Total 28 4 24 8 25 7 28 4 26 6

Table 4  Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in HCC and adjacent noncancerous liver tissues by multiplex RT-PCR
Groups

               Positive reaction                               Negative reaction
 n

Anyone of the five mRNAs (%)   All of the five mRNAs (%)                  Anyone of the five mRNAs (%) All of the five mRNAs (%)

T 32     32 (100)   22 (68.8) 10 (31.3) 0 (0)
N 32     24 (75.0)     3 (9.4) 29 (90.6) 8 (25.0)

      P>0.05    P>0.05   P>0.05 P>0.05

Table 3  Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in HCC with AFP negative and positive HCC tissue

 n Cyclin D1+ GPC3+ DEK+ IGF-II+                   rpP0+

AFP(-) 10          8     9    9      9     9

AFP(+) 22          20    15    16     19   17

Total 32          28    24    25     28   26

χ2 test, P>0.05, the group of APF(+) vs the group of AFP(-).
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in vivo and suggested that it might play a role in chromatin
architecture[15]. Our present experiment shows that the
percentage of overexpression of mRNA of DEK (78.1%)
in HCC was higher than in adjacent nontumorous tissues
(15.6%). It indicates the overexpression of DEK may be
involved in the transformation from normal liver tissue to
HCC, perhaps by activating the oncogenes.

GPC3
GPC3 gene is located at Xq26, and mutated in the Simpson-
Golabi-Behmel syndrome[16]. It may be regulated by methylation
of the inactive X in expressing tissues, and encodes a
developmentally regulated heparin sulfate proteoglycan that
is bound to the cell surface through a glycosylphosphati-
dylinositol anchor. Based on their localization on the cell
surface, such glypicans are thought to regulate interactions
between growth factor and their receptors. It is associated
with apoptosis and cell signal transduction. It is reported
that GPC3 is a tissue-specific gene in breast tumor[17], ovarian
tumor[18], and malignant mesothelioma[19] in which it is downr-
egulated by aberrant methylation of the GPC3 promoter
region, and upregulated in HCC. In the present study, GPC3
was overexpressed in HCC tissue and the positive expression
rate was 75.0%, which was higher than that in adjacent
nontumorous tissue (21.9%). Although the role of
overexpression of GPC3 in the development of HCC is
not known, it may break the balance between cell growth
and death.

IGF-II
It was reported that IGF-II is positive in some benign
neoplastic nodules and HCC[20]. In the present study, the
levels of IGF-II was higher in HCC than in adjacent
nontumorous tissue, suggesting that the growth factor may
act as an autocrine regulation of cell proliferation, GPC3
may act as a positive regulator of IGF-II, although we have
not detected a direct interaction between GPC3 and IGF-
II. It is possible that GPC3 positively regulates IGF-II activity
by interacting with the components of its signaling system.

rpP0
Ribosome acts as a place for protein synthesis. It is composed
of rRNA and ribosomal phosphoproteins. In the family of
ribosomal phosphoprotein, there are five members: P0, P1α,
P1β, P2α, and P2β. Three functional domains can be
defined in the rpP0: one involved in binding to rRNA, one
connected to P1/P2 protein interaction, and one associated
with elongation factors[21]. It was reported that rpP0
expression increases in colon carcinoma cells[22]. In the
present study, rpP0 was overexpressed in HCC tumor tissue,
suggesting that upregulation of  rpP0 is associated with HCC,
which may be a signal for increasing protein synthesis.

Multiplex RT-PCR and HCC
In this study, we used multiplex RT-PCR to detect the
expression of mRNAs of DEK, cyclin D1, IGF-II, GPC3,

rpP0 in HCC and adjacent nontumorous liver tissue. We
found that at least one of the mRNAs could be detected in
all HCC tissues and 68.8% of HCC tissues expressed all
these five mRNAs, while only 9.4% of paraneoplastic tissues

expressed all of  them (P<0.05), suggesting that multiplex
RT-PCR enhances the detective sensitivity and specificity
when combining several specific primers. The expression
of anyone of these mRNAs in liver tissue could be regarded
as a risk factor for HCC. The higher the expression of
these mRNAs the greater the risk. When all these mRNAs
are negative in tissues, the possibility of HCC is lower.
Multiplex RT-PCR provides an easy and quick method to
detect the expression of these genes in liver tissues.
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