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Abstract
AIM: To study the relationship between hypoxia or epidermal
growth factor (EGF) and the overexpression of vascular
endothelial growth factor (VEGF) in hepatocellular carcinoma
(HCC) and the signal transduction pathway of the transcription
of VEGF in hepatoma cells.

METHODS: Cobalt chloride and recombinant human EGF
were used to stimulate the hepatoma cell lines HepG2. VEGF
mRNA was detected by using of semi-quantitative
polymerase chain reaction (RT-PCR). Specific inhibitors of
phosphatidylinositol 3-kinase (PI3K) and p42/p44 mitogen
activated protein kinase (MAPK) were used to observe the
effects of the two kinases on the regulation of the
transcription of VEGF in hepatoma cells.

RESULTS: The expression of VEGF mRNA in HepG2 cells
cultured in serum-free medium was 0.117. However,
100 µmol/L cobalt chloride for 24 h increased the
expression of VEGF mRNA and VEGF mRNA increased
gradually with the increase of the concentration and duration
of cobalt chloride. Also, 25 ng/mL recombinant human EGF
stimulated the expression of VEGF in HepG2 cells and the
expression increased with the increase of EGF concentration.
5 µmol/L LY294002 inhibited the expression of VEGF
stimulated by cobalt chloride or recombinant human EGF
and the inhibition decreased step by step with increase of
the concentration of LY294002. But even 20 µmol/L LY294002
could not completely block the expression of VEGF. In
contrast, PD98059 had no inhibitory effects on the
transcription of VEGF stimulated by cobalt chloride or
recombinant human EGF.

CONCLUSION: The overexpression of VEGF in HCC could
be promoted by hypoxia and EGF expression in HCC. The
signal transduction pathway of VEGF transcription in HepG2

cells may be through PI3K pathway, but not through p42/p44
MAPK pathway.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
cancers in China. Owing to the improvement of surgical
technique and early diagnostic methods, the resection rate of
HCC has increased. However, the postoperative relapse rate
remains high, which has become one of the main obstacles to
the therapy of HCC. The mechanisms leading to the relapse
are still unclear. Much effort has been done to make it clear.
Recently, neovascularization, commonly observed in HCC,
has been suggested to play important roles in the relapse of
HCC[1-3]. Vascular endothelial growth factor (VEGF) is one
of the most potent proangiogenic agents to date. It is
confirmed that there is overexpression of VEGF in HCC
tissue. However, the mechanisms of VEGF overexpression
in HCC are still unclear.
     Phosphatidylinositol 3-kinase (PI3K) is a kind of lipid
kinase which generates specific inositol lipids that are
implicated in many cellular processes, such as cell growth,
proliferation, survival, differentiation and cytoskeletal
changes[4,5]. MAP kinases are a family of serine/threonine
kinases activated through a signaling pathway triggered by
numerous agonists such as growth factors, hormones,
lymphokines, extracellular matrix components, tumor
promoters and stress factors[6]. It has become clear that MAPKs
regulate almost all cellular processes, from gene expression to
cell death. Recently, both PI3K and p42/p44MAPK pathways
have been both found to play important roles in the regulation
of angiogenesis[7-9].
     The objective of the current study was to investigate the
mechanisms leading to the overexpression of VEGF in HCC
in vitro and the possible roles of PI3K and p42/p44 MAPK in
the regulation of VEGF transcription in hepatoma cells.

MATERIALS AND METHODS

Cell culture
The HepG2 cells (a hepatocellular carcinoma cell line), provided
by the Center of Cell Culture in Xiangya Medical College,
were cultured in DMEM supplemented with 100 mL/L fetal
bovine serum (FBS) and incubated at 37  in a 50 mL/L CO2

atmosphere. The cells were cultured overnight in DMEM
without FBS before intervention.

Reagents
Hypoxia-inducer cobalt chloride (Sigma) and recombinant
human epidermal growth factor (rhEGF, Promega) were used
to stimulate the cells. Before stimulation, LY294002 (Promega)
and PD98059 (Promega) were used to pretreat the cells to test
the function of PI3K and p42/p44 MAPK, respectively.

Treatment procedures and drugs
Seven groups included: 1. no stimulation group (NS); 2. cobalt
chloride group (CC), 100-400 µmol/Lcobalt chloride stimulated
the cells for 3-24 h; 3. EGF group (EGF), 25-200 ng/mL rhEGF
stimulated the cells for 24 h; 4. cobalt chloride plus LY294002
group (CCL), 5-20 µmol/LLY294002 stimulated the cells 30 min
before cobalt chloride treatment; 5. EGF plus LY294002 group
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(EL), 5-20 µmol/L LY294002 stimulated the cells 30 min
before rhEGF stimulation; 6. cobalt chloride plus PD98059
group (CCP), 25-100 µmol/L PD98059 stimulated the cells
30 min before cobalt chloride treatment; 7. EGF plus PD98059
group (EP), 25-100 µmol/L PD98059 stimulated the cells 30 min
before rhEGF treatment.

Reverse transcription-polymerase chain reaction (RT-PCR)
After incubation for a given duration, the cells were harvested
and the total RNA was extracted by using the TRIZOL Reagent
(GIBCO BRL., USA). One microgram of RNA was reversely
transcribed into cDNA in 20 µL reverse transcriptional system
containing 50 mmol/L Tris-HCl, 75 mmol/L KCl, 3 mmol/L
MgCl2, 0.5 µg oligo-dT primer, 0.5 mmol/L deoxynucleotide
triphosphate (dNTP), 20U RNasin and 200 U murine Moloney
leukemia virus (M-MLV) reverse transcriptase (Promega Corp.,
Madison, WI), at 37  for 1 h. After reverse transcription,
5 µL of product was added to PCR buffer containing 10 mmol/L
Tris-HCl, 1.5 mmol/L MgCl2, 50 mmol/L KCl, 1 g/LTriton-
X-100, 0.2 µmol/L forward primer, 0.2 µmol/L reverse primer,
200 µmol/L dNTP and 2.5U DNA polymerase (SANGON,
SHANGHAI). The PCR was performed in a DNA thermal
cycler (Perkin Elmer, USA) with a program of denaturing
at 94  for 5 min; denaturing at 94  for 30 s, annealing at
55  for 30 s, extension at 72  for 1 min, the amplification was
carried out for 30 cycler. The reaction was stopped in a final
extension at 72  for 5 min. The forward and reverse primers
for human VEGF and beta actin were purchased from SANGON
(SHANGHAI) and their nucleotide sequences were listed below:
VEGF: forward primer: 5’-TTGCTGCTCTACCTCCAC-3’;
reverse primer: 5’-AATGCTTTCTCCGCTCTG-3’ beta actin:
forward primer: 5’-ACACTGTGCCCATCTAGGAGG-3’;
reverse primer: 5’-AGGGGCCGGACTCGTCATACT-3’ The
sizes of PCR products were: 417 bp for VEGF, 680 bp for
beta actin, respectively.
     PCR products were loaded on a 20 g/L agarose gel with
ethidium bromide, and band intensity was quantified by photo
image analyzer (Stratagene Eagleeye II). The ratio of band
intensity of the sample to the internal standard was calculated
in the four reactions that contained significant amounts of both
sample and standard, which stood for the amount of expression
of VEGF mRNA.

Immunocytochemistry
The cells were fixed in cool acetone and sections were stained
for VEGF based on streptavidin-biotin-horseradish peroxidase
complex formation mentioned before[10]. In brief, the slides
were treated with target retrieval solution. Monoclonal anti-
VEGF antibody JH121 (200 µg/mL, NEOMARKERS, USA)
was used at a dilution of 1:50. The peroxidase reaction was
developed using diaminobenzidine and slides were washed.
Nuclei were lightly counterstained with hematoxylin. Negative
controls were performed using PBS instead of the monoclonal
antibody. Two investigators independently evaluated the results
of immunocytochemistry.

Statistical analysis
ANOVA was used appropriately. For the test, a P value of less
than 0.05 was considered as significant. All statistics were
calculated through SPSS 10.0 software.

RESULTS

The effects of cobalt chloride and rhEGF on the expression
of VEGF mRNA in HepG2 cells
The amount of expression of VEGF mRNA in HepG2 cells
cultured in DMEM without FBS was 0.117. With the increase

of the concentration of cobalt chloride, the expression of VEGF
mRNA increased (P<0.05) (Figure 1). And also with the
increase of the duration of cobalt chloride stimulation, the
expression of VEGF mRNA also increased. rhEGF also
stimulated the expression of VEGF mRNA in HepG2 cells in a
dependant manner of concentration and duration (Figure 2).

Figure 1  Cobalt chloride stimulated the expression of VEGF
mRNA in HepG2 cells in a concentration-dependant manner.

Figure 2  rhEGF stimulated the expression of VEGF mRNA in
HepG2 cells in a concentration-dependant manner.

Figure 3  Negative expression of VEGF protein in HepG2 cells
cultured in DMEM without serum. Immunocytochemistry ×400.

Figure 4  Expression of VEGF protein in HepG2 cells stimulated
by cobalt chloride (400 µmol/L, 24 h) immunocytochemistry ×400.
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Figure 5  Expression of VEGF protein in HepG2 cells stimu-
lated by rhEGF(25 ng/mL, 24 h)  immunocytochemistry ×400.

The effects of cobalt chloride and rhEGF on the expression
of VEGF protein in HepG2 cells
There was no positive staining in HepG2 cells cultured in
DMEM without FBS. Cobalt chloride or rhEGF stimulated
the expression of VEGF protein in the cytoplasm of HepG2

cells (Figure 3-5), which demonstrated the results of RT-PCR.

Effects of LY294002 or PD98059 on VEGF transcription
stimulated by cobalt chloride or rhEGF in HepG2 cells
A 5 µmol/L LY294002 inhibited the expression of VEGF
stimulated by cobalt chloride or recombinant human EGF and
the inhibition decreased step by step with increase of the
concentration of LY294002 (P<0.05). But even 20 µmol/L
LY294002 did not completely block the expression of VEGF
mRNA (Figure 6). In contrast, PD98059 had no inhibitory
effects on the transcription of VEGF stimulated by cobalt
chloride or recombinant human EGF (P>0.05) (Figure 7).

Figure 6  LY294002 inhibited the expression of VEGF mRNA
in HepG2 cells stimulated by cobalt chloride.

Figure 7  PD98059 had no effect on the expression of VEGF
mRNA in HepG2 cells stimulated by cobalt chloride.

DISCUSSION
Neovascularization was essential for tumour growth and
metastasis[1-3]. The mechanisms underlying the neovascularization
in malignancies have been the “hot spot” in the cancer research.
VEGF is one of the growth factors proven to be specific and
critical for blood vessel formation. In clinical experiment, we
have demonstrated that there is VEGF overexpression in HCC
and the level of VEGF expression in HCC is correlated not
only with microvessel invasion of cancer cells, but also with
the survival[11]. So it is very important to make clear the
mechanisms and signal transduction pathways that control the
VEGF expression in HCC. This would help us find new targets
to prevent the neovascularization in HCC so as to preclude the
relapse and metastasis of HCC.
     Hypoxia, one of the fundamental characteristics of the
tumour microenvironment, was demonstrated to be involved
in the progression and metastasis of malignancy[12-16]. In the
current study, we have shown that hypoxia-inducer cobalt
chloride could induce the expression of VEGF in HepG2 cells
in a concentration and duration-dependant manner. We have
also shown that rhEGF could stimulate the expression of VEGF
in HepG2 cells in the same manner. As a result, we could draw a
conclusion that both hypoxia and EGF might be the fundamental
stimulators of VEGF overexpression in HepG2 cells.
      Phosphatidylinositol 3-kinase (PI3K) was a kind of lipid
kinase[17-21]. The lipid product of PI3K, phosphatidylinositol-
3,4,5-trisphosphate (PIP3), recruited a subset of signaling
proteins with pleckstrin homology (PH) domains to the
membrane, where they were activated. These proteins included
protein serine-threonine kinases (Akt and PDK1), protein
tyrosine kinases (Tec family), exchange factors for GTP-binding
proteins (Grp1 and Rac exchange factors), and adaptor proteins
(GAB-1). Ultimately, these proteins initiated complex sets of
events that controlled protein synthesis, actin polymerization,
cell survival, and cell cycle entry.
      Recently, PI3K has been demonstrated to be involved in
the regulation of the transcription of VEGF in certain types of
cells. Overexpression of VEGF mRNA has been found in
endothelial cells in which the PI3K pathway has been
activated[22]. LY294002, the specific inhibitor of PI3K, could
inhibit the expression of VEGF in endothelial cells. In addition,
PI3K was found to be involved in the regulation of VEGF
transcription in cancer cells. In the prostate cancer cell line,
LY294002 could completely block the expression of VEGF[23].
Maity et al also demonstrated PI3K was essential in the
regulation of VEGF transcription in glioma cell line U87MG[24].
In the current study, we have shown that LY294002 inhibit
VEGF transcription stimulated by cobalt chloride or rhEGF in
a concentration and duration dependant manner. To our
knowledge we demonstrated for the first time that PI3K was
involved in the regulation of the signal transduction pathway
of VEGF transcription in the hepatoma cells. At the same time,
we observed that even 20 µmol/L LY294002 could not block
the VEGF mRNA expression completely, which was likened
to the results of Zhong[23] and Maity[24]. So there was PI3K-
independent pathway in the regulation of VEGF transcription
in HepG2 cells.
     MAPKs were important signal transducing enzymes,
unique to eukaryotes, that were involved in many facets of
cellular regulation, such as gene expression, cellular proliferation
and programmed cell death[25-27]. Recently, MAPKs has been
shown to be involved in the regulation of neovascularization.
Rak et al have shown that in the Ras-transforming mouse
fibroblast cell line 3T3RAS, VEGF expression was not blocked
by LY294002, but by PD98059, the specific inhibitor of p42/p44
MAPK[28]. This result suggested that p42/p44 MAPK was
involved in the regulation of VEGF transcription in 3T3RAS
cells. In the current study, we did not observe PD98059 could
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preclude VEGF transcription in HepG2 cells, which indicated
p42/p44 MAPK was not involved in the regulation of VEGF
transcription in HepG2 cells.
      In conclusion, hypoxia and EGF were two stimulators to
the VEGF overexpression in hepatoma cells. VEGF transcription
might be regulated by PI3K pathway and other PI3K-
independent pathway, but not by p42/p44 MAPK pathway.
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