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Abstract
AIM: To investigate the molecular mechanisms under-
lying the reversal effect of emodin on platinum resis-
tance in hepatocellular carcinoma.

METHODS: After the addition of 10 μmol/L emodin to 
HepG2/oxaliplatin (OXA) cells, the inhibition rate (IR), 
50% inhibitory concentration (IC50) and reversal index 
(IC50 in experimental group/IC50 in control group) were 
calculated. For HepG2, HepG2/OXA, HepG2/OXA/T, 
each cell line was divided into a control group, OXA 
group, OXA + fibroblast growth factor 7 (FGF7) group 

and OXA + emodin group, and the final concentrations 
of FGF7, emodin and OXA in each group were 5 ng/mL,  
10 μg/mL and 10 μmol/L, respectively. Single-cell gel 
electrophoresis was conducted to detect DNA damage, 
and the fibroblast growth factor receptor 2 (FGFR2), 
phosphorylated extracellular signal-regulated kinase 
1/2 (p-ERK1/2) and excision repair cross-complement-
ing gene 1 (ERCC1) protein expression levels in each 
group were examined by Western blotting.

RESULTS: Compared with the IC50 of 120.78 μmol/L in 
HepG2/OXA cells, the IC50 decreased to 39.65 μmol/L 
after treatment with 10 μmol/L emodin; thus, the rever-
sal index was 3.05. Compared with the control group, 
the tail length and Olive tail length in the OXA group, 
OXA + FGF7 group and OXA + emodin group were 
significantly increased, and the differences were statis-
tically significant (P < 0.01). The tail length and Olive 
tail length were lower in the OXA + FGF7 group than 
in the OXA group, and this difference was also sta-
tistically significant. Compared with the OXA + FGF7 
group, the tail extent, the Olive tail moment and the 
percentage of tail DNA were significantly increased in 
the OXA + emodin group, and these differences were 
statistically significant (P < 0.01). In comparison with 
its parental cell line HepG2, the HepG2/OXA cells dem-
onstrated significantly increased FGFR2, p-ERK1/2 and 
ERCC1 expression levels, whereas the expression of all 
three molecules was significantly inhibited in HepG2/
OXA/T cells, in which FGFR2 was silenced by FGFR2 
shRNA. In the examined HepG2 cells, the FGFR2, 
p-ERK1/2 and ERCC1 expression levels demonstrated 
increasing trends in the OXA group and OXA + FGF7 
group. Compared with the OXA group and OXA +  
FGF7 group, the FGFR2, p-ERK1/2, and ERCC1 ex-
pression levels were significantly lower in the OXA + 
emodin group, and these differences were statistically 
significant. In the HepG2/OXA/T cell line that was 
transfected with FGFR2 shRNA, the FGFR2, p-ERK1/2 
and ERCC1 expression levels were significantly inhib-
ited, but there were no significant differences in these 
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expression levels among the OXA, OXA + FGF7 and 
OXA + emodin groups.

CONCLUSION: Emodin markedly reversed OXA resis-
tance by enhancing OXA DNA damage in HepG2/OXA 
cells, and the molecular mechanism was related to the 
inhibitory effect on ERCC1 expression being mediated 
by the FGFR2/ERK1/2 signaling pathway.

© 2013 Baishideng. All rights reserved.
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Core tip: In this study, our results indicated that emo
din could significantly enhance the DNA damage caused 
by oxaliplatin (OXA) and induce OXA resistance rever-
sal in HepG2/OXA cells. The molecular mechanism for 
this phenomenon is mediated by the inhibition of exci-
sion repair cross-complementing gene 1 expression by 
the fibroblast growth factor receptor 2/phosphorylated 
extracellular signal-regulated kinase 1/2 signaling path-
way. The results for the reversal of platinum resistance 
by emodin and the emodin-based enhancement of the 
efficacy of platinum-based chemotherapy in hepatocel-
lular carcinoma may provide an experimental basis for 
the further development and application of emodin in 
the reversal of platinum drug resistance in other types 
of malignant tumors.
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INTRODUCTION
For up to 85%-95% of  the cases of  liver cirrhosis in 
patients suffering from hepatocellular carcinoma (HCC), 
the therapeutic effects of  chemotherapy have not been 
proven to provide survival benefits[1]. For the patient 
and the oncologist, sorafenib, which is a unique targeting 
drug that generates proven survival benefits, does not 
produce many unexpectedly positive outcomes because 
of  its limited cost-effectiveness[2]. In 2010, at the annual 
meeting of  the American Society of  Clinical Oncology, 
the results of  an international multi-center randomized 
phase Ⅲ clinical study provided the first evidence dem-
onstrating that platinum-based chemotherapy produces 
survival benefits for patients with advanced HCC. This 
discovery has triggered widespread interest into the use 
of  oxaliplatin-based chemotherapy for HCC[3]. Thus, 
the identification and characterization of  a drug that 
strengthens platinum-based chemotherapy effects and 

protects normal liver cells could provide clinical benefits 
for the treatment of  HCC in China.

Emodin (1,3,8-trihydroxy-6-methylanthraquinone) 
is a member of  the family of  anthraquinone alkaloids, 
which are the main active ingredients of  rhubarb, Polygo-
num cuspidatum, Polygonum multiflorum, Amomum, lilies and 
other plants that are widely used in traditional Chinese 
medicine[4]. Modern studies have demonstrated that em-
odin produces anti-tumor biological effects on a variety 
of  malignancies, including HCC[5]. In HCC, the primary 
anti-cancer mechanisms of  emodin involve the induction 
of  apoptosis and the inhibition of  cell growth. Emodin 
can cause G2/M cell cycle arrest by regulating an assort-
ment of  cell cycle related genes, such as cyclin A, cyclin B, 
Chk2, CDK2 and p27, in diverse human hepatoma cell 
lines, including Huh7, Hep3B and HepG2[6]. Moreover, 
emodin can enhance the cytotoxicity of  chemotherapy 
drugs, such as platinum-based compounds [cisplatin, 
carboplatin, and oxaliplatin (OXA)] in various types of  
malignant tumors, including liver cancer, gallbladder 
cancer[7,8], non-small cell lung cancer[9,10], and prostate 
cancer[11]. However, the mechanism underlying the syner-
gistic effects of  combinations of  emodin and platinum-
based drugs requires further elucidation.

The DNA damage that is caused by cisplatin, OXA 
and other platinum chemotherapy drugs is the root cause 
of  the cytotoxicity of  these compounds[12]. Nucleotide 
excision repair (NER) is the main pathway for repairing 
this damage, and excision repair cross-complementing 
gene 1 (ERCC1), which is the limiting enzyme in the 
NER pathway, plays an important role in this process[13,14].  
Compared with normal liver tissue, fibrous tissue in the 
liver displays significantly increased levels of  ERCC1 
expression[15]. ERCC1 protein concentrations were sig-
nificantly greater in liver cancers that were accompanied 
by hepatic fibrosis tissue than in liver cancers without 
hepatic fibrosis. In addition, high expression levels of  
ERCC1 are closely correlated with cisplatin resistance; 
thus, ERCC1 could be used as a predictor of  sensitivity 
to platinum-based chemotherapy in cases of  HCC[16]. 
The relationship between synergistic effects and the reg-
ulation of  ERCC1 expression is worthy of  further study 
in HCC treatments that combine emodin with platinum 
drugs.

Fibroblast growth factor receptor 2 (FGFR2), which 
is a member of  a transmembrane tyrosine kinase recep-
tor family (FGFRs), is an expression product of  the 
bek oncogene that plays an important role in the dif-
ferentiation of  HCC, the clinical staging of  tumors, the 
incidence of  tumor thrombosis and the determination 
of  alpha-fetoprotein levels[17]. As a molecular marker, 
FGFR2 can effectively predict the overall survival and 
progression-free survival of  patients with HCC. Interest-
ingly, ERCC1 is a downstream target gene of  FGFR2[18], 
whereas emodin is a tyrosine kinase inhibitor[10,19]. Pre-
viously published research has indicated that emodin 
down-regulates ERCC1 expression in non-small cell lung 
cancer, and its effects may be relevant to the ERK1/2 
signaling pathway[20]; however, the exact mechanism 
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through which emodin produces these effects has not 
been well established. The ERK signaling pathway is 
one of  the downstream components of  the FGFR2 pa
thway[21,22]. Thus, we hypothesize that emodin reverses 
tumor drug resistance by increasing the DNA damage 
that is induced by platinum chemotherapy drugs, and we 
speculate that the molecular mechanism of  this effect is 
related to the ERK1/2 pathway, which is mediated by 
FGFR2 signaling in hepatoma cells.

The primary aim of  this study was to determine the 
molecular mechanisms underlying the reversal effect of  
emodin on platinum resistance in HCC.

MATERIALS AND METHODS
Oxaliplatin and emodin were purchased from Sigma (St. 
Louis, MO, United States). Dulbecco’s modified Eagle’s  
medium/high glucose (DMEM/H) and fetal bovine se-
rum were produced by Invitrogen (Carlsbad, CA, United 
States), trypsin and dimethyl sulfoxide was purchased 
from Guge Biology CO (Wuhan, China). FGF7, puro-
mycin dihydrochloride (sc-108071), ERCC1 mouse anti-
monoclonal antibody and p-ERK1/2 rabbit anti-mono-
clonal antibody (sc-16982-R) were purchased from Santa 
Cruz Biotechnology (United States). FGFR2 mouse anti-
monoclonal antibody was produced (MAB684) by R-D 
Systems, Inc. (United States). Dylight™ 800-labeled anti-
mouse immunoglobulin G (IgG) antibody and Dylight™ 
800-labeled anti-rabbit IgG antibody were bought from 
Gaithersburg Biotechnology (MD, United States).

Cell lines and culture conditions
The human hepatoma cell line HepG2 was used in the 
present study. HepG2 cells were obtained from the China 
Center for Type Culture Collection. The HepG2 cells 
were cultured in DMEM/H supplemented with 10% (v/v) 
fetal bovine serum, 200 IU/mL penicillin (ICN Biomedi-
cal, Costa Mesa, CA, United States), 100 mg/mL strep-
tomycin (ICN Biomedical) and 0.5 mmol/L sodium py-
ruvate (Cambrex, Walkersville, MD, United States). The 
cells were cultured at 37 ℃ in a humidified atmosphere 
of  5% CO2 in air. An OXA-resistant subline was estab-
lished by discontinuously exposing parental HepG2 cells 
to high OXA concentration (25 μmol/L) medium over 
the course of  one year until the resulting cells could grow 
exponentially in medium containing 1 μmol/L OXA. 
The HepG2/OXA cells were digested and subcultured 
three times prior to their use for this experiment.

Reversal effect of emodin on HepG2/OXA
Cells from the resistant cell line HepG2/OXA in logarith-
mic growth phase were grown in 96-well plates. In par-
ticular, 100 μL of  cell suspension was inoculated into 8 
mL of  medium. Medium containing different concentra-
tions of  the chemotherapy drug OXA (3.125, 6.25, 12.5, 
25, 50 or 100 μmol/L) was added after 12 h of  culture. 
The experimental group (EG) also received a final con-
centration of  10 μmol/L emodin in medium. In addition, 

a control group (CG) was established. The medium was 
aspirated after 24 h of  culture; subsequently, 110 μL of  a 
mixture of  DMEM/H and cell counting kit-8 (CCK-8) (at 
a ratio of  10 μL CCK-8:100 μL DMEM/H) was added, 
after which the samples were incubated for 2 h. A cell-
free blank group (BG) was established. The optical den-
sity (OD) of  each well was determined at 450 nm. The 
formula for calculating the inhibition rate (IR) at different 
concentrations was 1 - (ODEG - ODBG)/(ODCG - ODBG). 
Based on the IR at different concentrations of  the anti-
cancer drug, the concentration at which the inhibition rate 
was 50% (IC50) was calculated using the SPSS 13.0 soft-
ware (SPSS Inc., Chicago, IL, United States). The reversal 
index was calculated using the formula (IC50EG/IC50CG). 
Five wells were established at different experimental 
concentrations, and each experiment was repeated three 
times.

Short hairpin RNA for bek gene cell transfection in 
HepG2/OXA
Bek shRNA cell transfection was conducted in accor-
dance with the protocol for the bek shRNA plasmid (h): 
sc-29218-S (Santa Cruz Biotechnology, Inc.). HepG2/
OXA cells were cultured to 60%-80% adherence in 
6-well cell culture plates by adding antibiotic-free fetal 
bovine serum growth medium. The shRNA plasmid 
DNA solution (Solution A) was added directly to the 
dilute shRNA plasmid transfection reagent (Solution 
B) using a pipette. The solution was mixed gently by 
pipetting up and down and was incubated for 30 min at 
room temperature. Subsequently, the cells were washed 
twice with 2 mL of  shRNA transfection medium, after 
which the medium was aspirated. Immediately afterward,  
200 μL shRNA plasmid DNA/shRNA plasmid transfec-
tion reagent was added. The cells were incubated for 6 h 
at 37 ℃ in a CO2 incubator. Following this incubation, 
1 mL of  normal growth medium containing 2 times the 
normal serum and antibiotics concentration was added 
to each well, and the cells were incubated for an addi-
tional 24 h under normal conditions. Forty-eight hours 
after the transfection, the medium was aspirated and re-
placed with fresh medium containing 5 μg/mL puromy-
cin. Every 2 d afterward, the medium was aspirated and 
replaced with freshly prepared selective medium. Finally, 
an aliquot of  the cells was washed once with phosphate 
buffer saline (PBS). The cell sample was lysed in 300 μL 
1 × electrophoresis sample buffer by gently rocking the 
6-well plate and was subjected to sodium dodecyl sulfate 
(SDS) gel electrophoresis to confirm the silencing of  the 
FGFR2 gene. Thus, a Bek-silenced HepG2/OXA cell 
line (HepG2/OXA/T) was established.

Experimental groups and sample preparation
HepG2, HepG2/OXA and HepG2/OXA/T cells were 
seeded in culture flasks. Each cell type was divided into 
four groups: a CG, an OXA group, an OXA + FGF7 
group and an OXA + emodin group. A final concentra-
tion of  10 μmol/L OXA was added to the OXA group, 
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the OXA + FGF7 group and the OXA + emodin group. 
and the final concentrations of  FGF7, emodin and OXA 
in each group were 5 ng/mL, 10 μg/mL and 10 μmol/L, 
respectively. After being incubated for 24 h and digested 
with trypsin, the cells were divided into two portions, one 
for total protein preparation for Western blotting, and 
one for single-cell gel electrophoresis to assay the DNA 
damage.

Single-cell gel electrophoresis to detect DNA damage
After counting the cells and adjusting them to a concen-
tration of  2000 cells/μL, the cells in each group were 
gently suspended into single-cell suspension. Subsequent-
ly, 110 μL of  0.5% normal melting point agarose (NMA) 
at 45 ℃ was poured onto Dakin slides, avoiding the pro-
duction of  air bubbles. The agarose solidified at room 
temperature. Subsequently, 5 μL PBS containing 10000 
cells in each group was mixed well with 75 μL of  0.5% 
low melting point agarose (LMA). The upper cover-slip 
was carefully removed, the mixture was quickly added to 
the 0.5% NMA, the cells were spread evenly, and the slide 
was placed in a 4 ℃ refrigerator for 5 min until the aga-
rose solidified. The cover-slip was removed, and 75 μL of  
0.5% LMA was added, after which the slide was placed 
in the refrigerator at 4 ℃ again to solidify the agarose. 
The slide was slowly immersed in freshly prepared 4 ℃ 
pre-cooling cell lysate and then set in a 4 ℃ refrigerator 
for at least 1 h. The slide was then placed in a horizontal 
gel electrophoresis tank and incubated in the dark for 45 
min, after which electrophoresis was performed for 30 
min at 25 V at room temperature, and the height of  the 
electrophoresis buffer liquid was adjusted to maintain a 
continuous 300 mA current. After the electrophoresis, 
each slide was dipped two times in a buffer in a darkroom 
for 5 min each. Following this treatment, 0.5 μL ethidium 
bromide dye was added to stain the DNA, the cover-slip 
was stamped, and the slide was observed and analyzed 
under a fluorescence microscope with a camera.

Protein expression of FGFR2, ERCC1, p-ERK1/2 and 
β-actin by Western blotting
Total protein was collected from the different groups of  
the cultured HepG2, HepG2/OXA and HepG2/OXA/
T cells. The protein concentration was measured by a 
bicinchoninic acid protein assay kit (Beyotime Institute 
of  Biotechnology, Jiangsu, China). Before electropho-
resis, the protein was denatured in lithium dodecyl sul-
fate (LDS) sample buffer (106 mmol/L Tris-HCl, 141  
mmol/L Tris base pH 8.5, 0.51 mmol/L ethylenediami-
netetraacetic acid, 10% glycerol, 2% LDS, 0.22 mmol/L 
Serva blue G250, 0.175 mmol/L phenol red, and 0.1 
mmol/L 2-mercaptoethanol) for 10 min at 95 ℃. The 
total protein (20 μg per lane) was electrophoresed on a 
8% SDS polyacrylamide gel electrophoresis gel and trans-
ferred onto a 0.45 μm nitrocellulose filter membrane 
(Roche, Indianapolis, IN, United States). The membranes 
were blocked with 5% (w/v) nonfat dry milk in PBS 
containing 0.05% Tween-20 (PBST) for 2 h at room tem-
perature and incubated overnight at 4 ℃ with antibodies 
against FGFR2 (1:250), p-ERK1/2 (1:250) or ERCC1 
(1:100) (Santa Cruz, CA, United States). Next, the mem-
branes were incubated with a Dylight™ 800-labeled an-
tibody for 1 h after being washed 4 times for 5 min in 
PBST. Finally, the immunoblot signals were scanned and 
analyzed using an Odyssey Infrared Imaging System (Li-
Cor Biosciences, Nebraska, United States).

Statistical analysis
All of  the digital results are displayed as the means ± SD. 
The quantitative ratios of  different groups were com-
pared using Student’s t-test with the SPSS 13.0 software. 
Probability values of  P < 0.05 were regarded as statisti-
cally significant. All of  the statistical tests were two-sided. 

RESULTS
The reversal effect of emodin on platinum resistance in 
the HepG2/OXA cell line
Compared with the CG, in which HepG2/OXA was 
treated with OXA alone, the inhibition ratio was signifi-
cantly increased in the emodin group, in which HepG2/
OXA cells were treated with a combination of  OXA and 
emodin (Figure 1). Based on the inhibition ratios of  dif-
ferent concentrations (μmol/L) of  OXA, the IC50 of  the 
OXA-resistant HepG2/OXA cells was 120.78 μmol/L; 
however, in the OXA-resistant HepG2/OXA cells that 
were treated with 10 μmol/L emodin, the IC50 was re-
duced to 39.65 μmol/L. This result indicated that the 
reversal index of  10 μmol/L emodin in HepG2/OXA 
cells was 3.05 (Table 1).

DNA damage detected by single-cell gel electrophoresis
Compared with the CG of  HepG2 cells, the tail extent 
(TE) and the Olive tail moment (OTM) were considerably 
increased in the OXA group, OXA + FGF7 group, and 
OXA + emodin group; these differences were statistically 
significant (P < 0.01). Compared with the OXA group, 
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TE and OTM in the OXA + FGF7 group were consider-
ably decreased, and these differences were statistically sig-
nificant (P < 0.01). TE, OTM and the percentage of  tail 
DNA (PTD) were significantly greater (P < 0.01) in the 
OXA + emodin group than in the OXA + FGF7 group. 
PTD in the CG, OXA group, and OXA + FGF7 group 
did not significantly differ (P > 0.05) (Figure 2).

In HepG2/OXA cells, compared with the CG, TE, 
PTD and OTM in the OXA group, OXA + FGF7 group 
and OXA + emodin group were significantly increased; 
the differences were statistically significant (P < 0.01). 
Compared with the OXA group, OTM and PTD in the 
OXA + FGF7 group were reduced with statistically signif-
icant difference (P < 0.01). In the OXA + emodin group, 
TE, OTM and PTD were significantly increased; this dif-

ference was statistically significant (P < 0.01). Compared 
with the OXA + FGF7 group, TE, OTM and PTD in the 
OXA + emodin group were significantly increased (P < 
0.01). These results are presented in Figure 3.

In HepG2/OXA/T cells, compared with the CG, TE, 
OTM and PTD in the OXA group, OXA + FGF7 group, 
and OXA + emodin group were significantly higher; the 
differences were statistically significant. Compared with 
the OXA group, OTM and PTD in the OXA + FGF7 
group were reduced, and there was a significant differ-
ence; however, TE, OTM and PTD were significantly 
increased in the OXA + emodin group, with a statistically 
significant difference (P < 0.01). In comparison with the 
OXA + FGF7 group, TE, OTM and PTD were signifi-
cantly increased in the OXA + emodin group, and the 
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Figure 2  DNA damage detected by single cell gel electrophoresis in HepG2. A-D: Ethidium bromide stain (magnification × 200). Control group (A); Oxaliplatin 
(OXA) group (B); OXA + fibroblast growth factor 7 (FGF7) group (C); OXA + emodin group (D); E: The tail extent (TE), the Olive tail moment (OTM) and the percent-
age of tail DNA (PTD) were considerably increased in the OXA + emodin group in comparison with the OXA group and the OXA + FGF7 group, respectively, and these 
differences were statistically significant. TE, OTM and PTD were significantly lower in the OXA + FGF7 group compared with OXA + emodin group and OXA group; 
however, these values were higher than those of the control group (aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs OXA group; fP < 0.01 vs OXA + FGF7 
group).
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difference was statistically significant (P < 0.01), as shown 
in Figure 4.

FGFR2, pERK1/2, and ERCC1 protein expression
In comparison with the expression levels in the parental 
HepG2 cell line, the FGFR2, pERK1/2 and ERCC1 

expression levels in the resistant cell line HepG2/OXA 
were significantly increased, whereas the pERK1/2 and 
ERCC1 expression levels in the shRNA-transfected cell 
line HepG2/OXA/T were significantly inhibited, as 
FGFR2 expression was silenced. Compared with the 
CG in HepG2 cells, FGFR2 expression was increased 

A B

C D

b

b,d,f

b,d,fa,db

b,c,f

10

8

6

4

2

0

Ta
il 

ex
te

nt
, o

liv
e 

ta
il 

m
ov

em
en

t 
an

d 
pe

rc
en

ta
ge

 o
f 

ta
il 

D
N

A 
in

 H
ep

G
2/

O
XA

TE                                         OTM                                        PTD

Control
OXA
OXA + FGF7
OXA + emodin

E

Figure 3  DNA damage detected by single cell gel electrophoresis in HepG2/oxaliplatin. A-D: Ethidium bromide stain (magnification × 200). Control group (A); 
Oxaliplatin (OXA) group (B); OXA + fibroblast growth factor 7 (FGF7) group (C); OXA + emodin group (D); E: The tail extent (TE), the Olive tail moment (OTM) and the 
percentage of tail DNA (PTD) were considerably increased in the OXA + emodin group in comparison with the OXA group and the OXA + FGF group, respectively, and 
these differences were statistically significant. As for PTD there was no significant difference between the OXA group and the OXA + FGF7 group (aP < 0.05, bP < 0.01 
vs control group; cP < 0.05, dP < 0.01 vs OXA group; fP < 0.01 vs OXA + FGF7 group).

Table 1  Inhibition ratio and 50% inhibitory concentration, and reversal index of 10 μmol/L emodin in HepG2/oxaliplatin (mean 
± SD) (n  = 5)

OXA concentration (μmol/L) 3.125 6.25 12.5 25 50 100 IC50 (μmol/L) Reversal index

IR in control (%)    9.76 ± 1.18  11.94 ± 1.30  13.95 ± 1.11 14.58 ± 1.02 28.06 ± 2.01 63.95 ± 4.71 120.78 ± 9.68 3.05
IR in emodin (%) 12.35 ± 1.3a 16.76 ± 1.3a 21.69 ± 1.6a  29.87 ± 1.55b  48.14 ± 2.09b  80.34 ± 3.00b   39.65 ± 5.43

aP < 0.05, bP < 0.01 vs control group. IR: Inhibition ratio; OXA: Oxaliplatin; IC50: 50% inhibitory concentration.
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with statistical significance in the OXA + FGF7 treat-
ment group; moreover, there was a significant differ-
ence between the OXA + emodin group and the OXA 
+ FGF7 group. The same trend was observed in the 
HepG2 and HepG2/OXA cells with respect to the ex-
pression of  pERK1/2 and ERCC1 among the different 
treatment groups. Compared with the pERK1/2 and 
ERCC1 expression in CG, the levels in the OXA group 
were significantly up-regulated. Compared with the CG, 
pERK1/2 and ERCC1 expression were increased in the 
OXA + FGF7 group and reduced in the OXA + emodin 
group. However, the expression of  FGFR2, pERK1/2 
and ERCC1 exhibited no significant differences among 
the treatment groups in the shRNA-transfected cell line 
HepG2/OXA/T (Figure 5).

DISCUSSION
Rhubarb and polygonum cuspidatum have been widely 
used in various heat syndromes to clear heat and detoxify 
in the body in accordance with the theories of  traditional 
Chinese medicine. Emodin (1,3,8-trihydroxy-6-methylan-
thraquinone), the primary active ingredient in these tra-
ditional medicines, was identified by modern pharmaco-
logical studies as having a wide range of  pharmacologi-
cal effects, such as protecting the function of  the liver 
and the kidney[23], producing anti-inflammatory effects[24] 
and regulating lipid metabolism[25,26]. In recent years, its 
anti-cancer function has been revealed in a variety of  
malignancies, including HCC[27]. In addition, combined 
with chemotherapy drugs such as platinum[7-11,16], emodin 
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Figure 4  DNA damage detected by single cell gel electrophoresis in HepG2/oxaliplatin/T. A-D: Ethidium bromide stain (magnification × 200). Control group (A), 
Oxaliplatin (OXA) group (B), OXA + fibroblast growth factor 7 (FGF7) group (C), OXA + emodin group (D); E: The tail extent (TE), the Olive tail moment (OTM) and the 
percentage of tail DNA (PTD) were considerably increased in the OXA + emodin group in comparison with the OXA group and the OXA + FGF7 group, respectively, and 
these differences were statistically significant. TE, OTM and PTD were significantly decreased in the OXA + FGF7 group in comparison to those in the OXA group and 
the OXA + FGF7 group, but were greater than those in the control group (aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs OXA group; fP < 0.01 vs OXA + 
FGF7 group).
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Figure 5  Comparison of fibroblast growth factor receptor 2, phosphorylated extracellular signal-regulated kinase 1/2, excision repair cross-complement-
ing gene 1 expression in HepG2, HepG2/oxaliplatin and HepG2/oxaliplatin/T detected by Western blotting. A-C: In comparison with in the parental HepG2 cell 
line, the expression levels of the fibroblast growth factor receptor 2 (FGFR2), phosphorylated extracellular signal-regulated kinase 1/2 (pERK1/2) and excision repair 
cross-complementing gene 1 (ERCC1) in the resistant cell line HepG2/oxaliplatin (OXA) were significantly increased, however, the pERK1/2 and ERCC1 expression 
levels in HepG2/OXA/T cells were significantly inhibited, as FGFR2 expression was silenced. The expression levels of pERK1/2 and ERCC1 in the HepG2 cells and 
that of FGFR2, pERK1/2 and ERCC1 in HepG2/OXA cells, was increased in the OXA + fibroblast growth factor 7 (FGF7) group and decreased in the OXA + emodin 
group with statistical significance compared with the OXA group, but the trend of those significant differences disappeared in HepG2/OXA/T cells (aP < 0.05, bP < 0.01 
vs OXA group; cP < 0.05, dP < 0.01 vs OXA + FGF7 group); D: Western blotting of FGFR2, pERK1/2, ERCC1 in HepG2, HepG2/oxaliplatin and HepG2/oxaliplatin/T. M: 
Marker.
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demonstrates a synergistic effect and reverses platinum 
resistance. In the human multidrug-resistant breast cancer 
cell line MCF-7/Adr, the reversal index of  emodin was 
2.86 and 1.79 in combination with doxorubicin and cispla-
tin, respectively[28]. Our study results are similar, yielding a 
value of  3.05 in resistance reversal effect for 10 μmol/L  
in HepG2/OXA cells.

DNA interstrand cross-linking or chain cross-linking 
caused by platinum drugs induces apoptosis in tumor 
cells[29]. Although the capacity to repair DNA damage 
by NER, which removes the chain of  platinum drug-in-
duced DNA adducts, is considered to be the main mech-
anism of  tumor cell resistance to platinum, the syner-
gistic effect and reversal of  platinum resistance induced 
by emodin appears to function by enhancing the DNA 
damage[30]. This study showed that TE, OTM and PTD 
were significantly higher in HepG2 cells after OXA and 
OXA + emodin treatment; moreover, differences are 
also statistically significant between the OXA group and 
the OXA + emodin group. A similar trend was observed 
in the resistant cell line HepG2/OXA. Our results sug-
gest that emodin promotes the DNA damage that is in-
duced by OXA. As the rate-limiting enzyme of  the NER 
process, ERCC1 and XPF form heterodimers that ex-
hibit damage recognition and nucleic acid cutting activ-
ity at the 5’ end of  the DNA in platinum-based chemo-
therapy. ERCC1 plays an important role in HCC, which 
was expected given that this gene is an effective predic-
tor of  the sensitivity of  tumor cells to platinum-based 
chemotherapy[15,16]. This study observed that an increase 
in the DNA damage level occurred in the resistant cell 
line HepG2/OXA and their parental cell line HepG2 
after being treated with emodin combined with OXA. 
Moreover, ERCC1 expression levels were significantly 
decreased. The study results suggested that emodin-
mediated down-regulation of  the expression of  ERCC1 
plays an important role in enhancing the DNA damage 
induced by OXA. Zhou et al[28] also found that ERCC1 
protein expression decreases gradually in MCF-7/Adr 
cells in proportion to the duration of  emodin treatment 
and that the effect of  20 μg/mL of  emodin was greater 
than that of  10 μg/mL.

In the multidrug-resistant gastric cancer cell lines, our 
previous results indicated that ERCC1 was a target gene 
in the FGFR2 signaling pathway[18]. The same result was 
observed in HCC drug-resistant cell lines in this study. 
Accompanied with Bek shRNA silencing of  FGFR2 
gene expression, the expression of  ERCC1 was signifi-
cantly reduced in the drug-resistant cell line HepG2/
OXA, whereas after FGF7 stimulation of  the FGFR2 
signaling pathway, ERCC1 expression was significantly 
increased. These results support the idea that ERCC1 
is a downstream gene of  the FGFR2 signaling pathway. 
FGFR2, a member of  the transmembrane tyrosine kinase 
receptor family (FGFRs) and the expression product of  
the bek oncogene, plays an important role in the cell dif-
ferentiation of  stomach cancer[31,32] and HCC[17], which 
effectively predicts overall survival and progression-free 
survival as a molecular marker. The protein kinase C, 

Ras/Raf/MEK/ERK, janus kinase/signal transducer and  
activator of  transcription, and PI3K signaling pathways 
are downstream cascades in the FGF-induced signaling 
pathways[33]. ERCC1 expression can be inhibited by the 
ERK inhibitor U0126, suggesting that ERCC1 is one of  
the target genes in the downstream of  the ERK signaling 
pathway[8]. Our results suggested that ERCC1 expres-
sion was inhibited by bek gene silencing; additionally, 
ERCC1 expression was significantly increased by the 
positive stimulus of  FGF7. In addition, p-ERK1/2, the 
key molecule in the Ras/Raf/MEK/ERK pathway, was 
increased or reduced in conjunction with FGF7 stimu-
lus or bek gene silencing, suggesting that the Ras/Raf/
MEK/ERK pathway may be an important pathway in 
the FGFR2 regulation of  ERCC1 expression. The most 
interesting result of  this study was that FGFR2 protein 
expression disappeared accompanied with bek gene be-
ing silenced, whereas ERCC1 and p-ERK1/2 expression 
were not completely inhibited, suggesting that other 
signaling pathways may be involved in the pathway by 
which FGFR2 regulates ERCC1 expression.

By contrast to FGF7 stimulation of  the FGFR2 signal 
pathway in the resistant hepatic cancer cell line HepG2/
OXA and the parental cell line HepG2, the p-ERK1/2 
phosphorylation level was significantly inhibited by emo-
din treatment; meanwhile ERCC1 expression levels were 
significantly decreased. These data were consistent with 
the results of  Ko et al[9], who observed that emodin could 
significantly enhance the cytotoxicity of  platinum drugs 
in lung cancer cell lines, and its mechanism is closely 
related to the inhibition of  ERCC1 expression, and the 
downward effect of  ERCC1 expression was achieved 
through the inactivation of  the ERK1/2 pathway. Emo-
din, a tyrosine kinase inhibitor[19,34] and FGF7, a positive 
stimulator, had no effect on the expression of  ERCC1 
and p-ERK1/2 if  FGFR2 expression was inhibited by 
shRNA silencing, which suggested that the emodin regu-
lation of  ERCC1 expression by the ERK1/2 pathway 
was closely related to the inhibition of  FGFR2 tyrosine 
kinase activity.

In summary, the results of  this study indicated that 
emodin could significantly enhance the DNA damage 
that was caused by OXA and induce OXA resistance re-
versal in HepG2/OXA cells. The molecular mechanism 
for this phenomenon is mediated by the inhibition of  
ERCC1 expression by the FGFR2/ERK1/2 signaling pa
thway.

COMMENTS
Background
As the effect of platinum-based chemotherapy on advanced hepatocellular 
carcinoma (HCC) was re-proved in 2010, the drugs which could strengthen 
chemotherapy effects and protect normal liver cells were the hot research area. 
Emodin, as the main active ingredient in many Chinese herbs, interested us 
for its low toxicity and synergistic effect combined with platinum in HCC cells. 
Excision repair cross-complementing gene 1 (ERCC1), which was the limiting 
enzyme in the nucleotide excision repair pathway, plays an important role in the 
process of platinum drug resistance. The relationship between synergistic effects 
and the regulation of ERCC1 expression is worthy of further study in HCC treat-
ments that combine emodin with platinum drugs.
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Research frontiers
Fibroblast growth factor receptor 2 (FGFR2), as a transmembrane tyrosine 
kinase, plays an important role in the differentiation of HCC, the clinical staging 
of tumors, the incidence of tumor thrombosis and the determination of alpha-
fetoprotein levels. Interestingly, ERCC1 is a downstream target gene of FGFR2, 
whereas emodin is a tyrosine kinase inhibitor. Current research has indicated 
that emodin down-regulates ERCC1 expression in non-small cell lung cancer, 
and its effects may be relevant to the extracellular signal-regulated kinase 1/2 
(ERK1/2) signaling pathway, which is one of the downstream components of the 
FGFR2 pathway. However, the exact mechanism through which emodin pro-
duces these effects has not been well established. 
Innovations and breakthroughs
In this study, the resistance reversal effect for 10 μmol/L emodin was 3.05 in 
HepG2/oxaliplatin (OXA) cells. Meanwhile, the tail length, the olive tail length and 
the percentage of tail DNA were significantly higher after treatment combined 
with emodin, which suggest that emodin promotes the DNA damage induced 
by OXA. Accompanied with bek shRNA silencing and fibroblast growth factor 7 
(FGF7) stimulation of FGFR2 gene expression, the expression of phosphorylat-
ed extracellular signal-regulated kinase 1/2 (p-ERK1/2) and ERCC1 was signifi-
cantly reduced and increased in the drug-resistant cell line HepG2/OXA, which 
supports the idea that ERCC1 is a downstream gene of the FGFR2/p-ERK1/2 
signaling pathway. Furthermore, ERCC1 expression levels in HepG2/OXA and 
HepG2 cells were significantly decreased after emodin treatment with significant 
inhibition of the p-ERK1/2 phosphorylation level. However, if FGFR2 expression 
was inhibited by shRNA silencing, the inhibition effect of emodin and the stimula-
tion effect of FGF7 on the expression of ERCC1 and p-ERK1/2 disappeared, 
which suggested that emodin regulation of ERCC1 expression by the ERK1/2 
pathway was closely related to the inhibition of FGFR2 tyrosine kinase activity.
Applications
The results of emodin enhancing the DNA damage caused by OXA and its mo-
lecular mechanism associated with the inhibition of ERCC1 expression by the 
FGFR2/ERK1/2 signaling pathway may provide an experimental basis for the 
further development and application of emodin in the reversal of platinum drug 
resistance in HCC and other types of malignant tumors.
Terminology
Platinum drug resistance: Platinum-based compounds, including cisplatin, car-
boplatin and OXA, are widely used in a number of carcinomas, and compose 
a mainstay of chemotherapeutic treatment. The cytotoxicity of platinum is at-
tributed to apoptosis induced by DNA damage through the formation of platinum 
crosslinks on DNA. Cancer cells have the capacity to decrease the platinum con-
centration and repair DNA damage, which is associated with platinum drug resis-
tance. The capacity to remove the chain of platinum drug-induced DNA adducts, 
is considered to be the main mechanism of tumor cell resistance to platinum.
Peer review
This is a good descriptive study in which authors proved emodin could signifi-
cantly enhance the DNA damage caused by OXA and induce OXA resistance 
reversal in HepG2/OXA cells, and investigated the molecular mechanism for 
this effect from the point of the inhibition of ERCC1 expression mediated by the 
FGFR2/ERK1/2 signaling pathway. The results are interesting and suggest that 
emodin is a potential therapeutic substance that could be used in reversing plati-
num drug resistance in the HCC and other types of malignant tumors.
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