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Side-effects of resveratrol in HepG2 cells: Reduced
pten and increased bcl-xI mRNA expression
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Abstract. Resveratrol is a natural compound present in red
grapes and red wine, and is often consumed in the human
diet. The chemopreventive and chemotherapeutic potential
of resveratrol in hepatocellular carcinoma (HCC), one of the
most common types of liver cancer, has received much atten-
tion in recent years. However, the side-effects of resveratrol
stimulation are of concern due to the high doses administered
to humans. This study investigated the effects of resveratrol
on the mRNA expression of pten and bcl-xI in HepG2 cells
using semi-quantitative and quantitative PCR. This study
demonstrated that 200 ymol/l resveratrol stimulation for 12 h
resulted in the inhibition of HepG2 proliferation, reduced pten
and increased bcl-x] mRNA expression. The data suggest that
(a) the anticancer mechanism of resveratrol does not involve
the induction of pten and inhibition of bcl-xI expression and
(b) resveratrol induces a cellular self-protection response,
which underlies the cellular chemoresistance against resvera-
trol in HepG2 cells.

Introduction

Resveratrol is a natural phenol produced by several plants
and is found in the skin of red grapes and thus red wine. The
anticancer activity of resveratrol has been studied since 1997,
when Jang et al reported that resveratrol application prevented
skin cancer development in a mouse model (1,2). A number
of researchers have suggested that resveratrol administration
prevents skin and colon cancer (3) in animal models with
artificially induced cancer. Recently, the effect of resveratrol
against hepatocellular carcinoma (HCC) has received much
interest (4,5).
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Experiments in cell cultures in vitro imply a number of
mechanisms in the pharmacological activity of resveratrol.
The responses of HepG2 cells to resveratrol were reported
to include the inhibition of CYP1AIl transcription (6),
upregulation of the expression of Sirtl and forkhead box Ol
(FOXOL1) (7), increase of JNK and ERK-1/2 MAP kinase
activity and perforin expression (8), inhibition of VEGF
expression (9) and downregulation of cyclin D1 (10) and
protein S (11). The HepG2 human HCC cell line is one of the
most suitable in vitro model systems to study hepatocarcino-
genesis and drug targeting. It has been demonstrated that high
doses of resveratrol treatment suppress HepG2 proliferation
and subsequenctly induce cell death (12,13). These molecular
mechanisms may underlie the resveratrol-induced apoptosis or
self-protection response of the HepG2 cells.

However, the effects of resveratrol on the mRNA expres-
sion levels of pten and bcl-x1 are unknown. In the current
study, the role of resveratrol on the regulation of pten and
bel-xI mRNA expression in HepG2 cells was investigated,
using semi-quantitative and quantitative PCR analysis. The
current study demonstrated that resveratrol treatment in
HepG2 cells resulted in pten mRNA reduction and bcl-x1
mRNA increase.

Materials and methods

Materials. Dulbecco's modified Eagle's medium (DMEM),
fetal bovine serum (FBS), TRIzol reagent and all primers were
purchased from Invitrogen (Carlsbad, CA, USA). Resveratrol
was purchased from Sigma (St. Louis, MO, USA). M-MLV
TransScript Reverse Transcriptase and TransStart Green gPCR
Supermix were obtained from TransGen (Beijing, China).

Cell culture. The HepG2 human hepatocellular carcinoma cell
line was cultured in DMEM supplemented with 10% (v/v) FBS
and maintained at 37°C/5% CO,. The study was approved by
the ethics committee of Fujian Medical University, Fuzhou,
China.

RNA extraction and reverse transcription. HepG2 cells were
treated with resveratrol (200 ymol/l) for 12 h and total RNA
was extracted using TRIzol reagent according to the manufac-
turer's instructions. Total RNA was reversed transcribed using
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Table I. Sequences of proteins used in PCR.

Gene (no.) Primer sequences

GAPDH F:5-TGATGACATCAAGAAGGTGGTGAAG-3'
R: 5-TCCTTGGAGGCCATGTGGGCCAT-3'

pten (1) F:5-ACCAGGACCAGAGGAAACCT-3'
R: 5-GCTAGCCTCTGGATTTGACG-3'
pten (2) F:5-AACTTGCAATCCTCAGTTTG-3'
R: 5-GCATCTTGTTCTGTTTGTGG-3'
bel-xI (1) F: 5-GAATGACCACCTAGAGCCTT-3'
R: 5'-CATTTCCGACTGAAGAGTGA-3'
bel-xI (2) F:5-ACAGCAGCAGTTTGGATG-3'

R: 5-GGATGTCAGGTCACTGAATG-3'

F, forward; R, reverse.
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Figure 1. Effect of resveratrol on HepG2 cell proliferation, morphology and
total RNA banding pattern. (A) HepGz2 cells were stimulated with or without
200 mmol/l for 12 h. Cell morphology and density were compared under
microscopy with the same scale. (B) RNA extracted from both cells were
compared. No clear RNA degradation was observed.

M-MLV TransScript Reverse Transcriptase according to the
manufacturer's instructions.

Quantitative real-time PCR. Amplification and quantifica-
tion of pten, bcl-xl and GAPDH genes were performed using
TransStart Green qPCR Supermix according to the manu-
facturer's instructions. Real-time PCR primers for each gene
were designed at ‘www.genescript.com’. Two pairs of primers
were designed for pten and bcl-x1. The forward and reverse
primer sequences for each gene product are listed in Table I.
Data were acquired with the Bio-Rad (Hercules, CA, USA)
cfx96 real-time PCR detection system. For analysis, a stan-
dard curve was constructed for each gene in four serial 2-fold
dilutions of cDNA stocks and then the amplification efficiency
for each gene in each sample was determined. The amounts
of mRNA expression for pten and bcl-x1 were normalized to
that of GAPDH, expressed as an arbitrary unit. The arbitrary
unit for either pten or bel-xI in the control was set as 1. Thus,
the percentage of relative mRNA expression for either pten or
belxI in the sample was expressed as the arbitrary unit of the
sample divided by that of the control.

Statistical analysis. Data are expressed as means = SEM. The
two sample t-test was used to compare differences between the
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Figure 2. Semi-quantitative analysis of pten and bcl-x] mRNA expression
in HepG2 cells stimulated as in Fig 1A. (A) The banding pattern of PCR
products for each gene fragment. (B) Comparison of PCR products at 20, 25
and 30 cycles.
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Figure 3. Quantitative analysis of pten and bcl-xI mRNA expression in HepG2
cells stimulated as in figure 1A. (A) Pten mRNA expression was determined.
(B) Bel-xl mRNA expression was determined. "P<0.05 vs. control.

treated groups and their paired controls. P-values are indicated
in the figures. Values of P<0.05 were considered to indicate
statistically significant differences.

Results

Suppression of resveratrol on HepG2 proliferation. HepG2
cells were seeded equally in 6-well plates and stimulated with
200 umol/l resveratrol for various periods of time. Consistent
with Yan et al (5), high doses of resveratrol lead to HepG2
apoptosis. The majority of the cells detached when treated
with 200 gmol/l resveratrol for more than 24 h. By contrast,
the morphology of cells treated for 12 h was almost the same
as that of the control, with the exception of cell density. As
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Fig. 1A shows, the density of stimulated HepG2 cells is
approximately half of that of the control cells, supporting the
hypothesis that resveratrol suppresses HepG2 cell prolifera-
tion. Cells were then harvested and RNAs were extracted. The
RNAs were intact in control and treated cells (Fig. 1B).

Semi-quantitative analysis shows reduced pten and increased
bcl-xI mRNA expression. Pten and bel-x1 are genes that regulate
cell growth and cell death, respectively. The effect of resvera-
trol on mRNA expression of these genes was examined. RNAs
were reversed transcribed into cDNA, which was subjected to
semi-quantitative analysis. PCR products for each gene frag-
ment from the cDNA are shown in Fig. 2A. PCR products were
compared at 20, 25 and 30 cycles. As Fig. 2B shows, resveratrol
exerted various effects on mRINA expression of pten and bcl-xI.
Compared with GAPDH mRNA expression, pten mRNA
expression was reduced, while bcl-x]I mRNA expression was
increased. The data were consistent between the two pairs of
primers (numbers 1 and 2) for either pten or bcl-x1.

Quantitative analysis determines the fold of pten mRNA reduc-
tion and bcl-xI mRNA increment. Quantitative PCR (qPCR)
was performed to determine the fold of mRNA expression
alteration. The cDNA samples were subjected to qPCR. As
Fig. 3 shows, consistent with the semi-quantitative analysis,
gPCR data demonstrates a reduction of pten mRNA and an
increase of bcl-x] mRNA. The reduction fold for pten mRNA
was determined to be ~4.59 (Fig. 3A), while the increment fold
for bcl-x]I mRNA was determined to be almost 2.90 (Fig. 3B),
which were statistically significant.

Discussion

The carcinogenesis and chemotherapy resistance of cells
in the majority of carcinomas are characterized by uncon-
trollable cell growth and the inhibition of cell death. Pten
and bcl-x1 are key protein factors in two pivotal pathways
that control cell growth and death, respectively. The pten
gene is one of the most commonly lost tumor suppressors
in human cancer (14). Pten preferentially dephosphorylates
phosphoinositide substrates such as PIP3, thereby negatively
regulating the Akt/PKB-mTORCI1 pathway, which is a pivotal
signal contributing to cell growth and proliferation (15).
Mutations or deletions of pten may both lead to increased
cell proliferation and reduced cell death (16,17). Frequent
genetic inactivation of pten occurs in prostate and endome-
trial cancer and reduced expression is reported in numerous
other tumor types (18). However, a number of tumors evade
death signals by expressing anti-apoptotic proteins, including
the pro-survival Bcl-2 family member, bel-x1. Bel-x1 contains
four bcl-2 homology (BH) domains, which mediate its binding
to Apaf-1 and subsequently the inhibition of apoptosis (19).
Bcl-xI expression is enriched in prostate carcinoma (20),
bladder cancer (21) and HCC (22). The downregulation of pten
or overexpression of bcl-x1 has been reported to play a role in
the chemotherapy resistance in a variety of types of cancer.
In the current study, the effect of resveratrol on pten and
bel-xI mRNA expression in HepG2 cells was examined. Data
revealed that resveratrol dynamically downregulated pten
mRNA expression and upregulated bcl-x] mRNA expression,
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theoretically allowing the cells to survive. Therefore, the data
suggest that resveratrol does not exert its antitumor activity
through the inhibition of bcl-x1 and induction of pten, and that
resveratrol activates a cellular protection system against cell
death, which underlies the chemoresistance to resveratrol in
HepG2 cells.

Resveratrol is currently produced by chemical or
biotechnological synthesis (23,24) and is sold as a nutritional
supplement or cancer chemopreventive agent. However, the
in vivo effectiveness of resveratrol as a chemotherapy reagent
is largely limited by its poor systemic bioavailability (25-27).
Thus, high doses of resveratrol have been recommended
in several clinical trials investigating its effects on colon
cancer and melanoma (28,29). Moreover, resveratrol has been
reported to accumulate in the liver (30). These data present
new concerns on the side-effects of resveratrol administration,
which may break the balance of pro- and anti-growth signals
in hepatocytes.
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