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Emodin potentiates the anticancer effect of cisplatin on
gallbladder cancer cells through the generation of reactive
oxygen species and the inhibition of survivin expression
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Abstract. Gallbladder carcinoma is known to be an aggressive
malignancy and non-sensitive to routine chemotherapys; its prog-
nosis is quite poor. In this study, we show that emodin
(1,3,8-trihydroxy-6-methylanthraquinone), an active component
from Chinese medicinal herbs, can enhance apoptosis of
gallbladder cancer cells induced by cisplatin (CDDP) in a reactive
oxygen species (ROS)-dependent manner. The expression of
survivin, which is involved in the inhibition of apoptosis, was
measured after drug treatment and it was found that this could be
suppressed by CDDP. Co-treatment with emodin additively inhi-
bited survivin expression in a ROS-dependent manner. Further
experiments proved that emodin potentiated the antitumor effects
of CDDP in vivo by downregulating the expression of survivin
without causing detectable toxic effects on normal tissues.

Introduction

Gallbladder cancer is a highly aggressive malignant disease.
Radical resection is still the most effective treatment for
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gallbladder cancer, however, the overall survival rate remains
quite poor (1). Chemotherapy is the most common available
treatment for the malignancy. However, gallbladder tumors are
known as chemotherapy-insensitive. Many researchers have
tried to enhance the chemosensitivity of gallbladder cancer
cells either in clinical or in experimental field, however, no
satisfactory results have been achieved (2).

Cisplatin (CDDP) is one of the most potent and widely used
anti-cancer agents in the treatment of various solid tumors.
Insufficient sensitivity or resistance to CDDP is usually the
major obstacle for its effective application in cancers including
gallbladder cancers. We have previously demonstrated that
emodin (1,3,8-trihydroxy-6-methylanthraquinone), a kind of
natural anthraquinone enriched in the traditional Chinese
herbal medicines, sensitizes Du-145, a cell line derived from
prostate carcinoma, to CDDP in ROS-dependent manner (3).
In addition, we found that the multidrug resistance protein
P-gp (permeability glycoprotein) is downregulated and its
transcription factor, hypoxia inducible factor-1 (HIF-1), is
inhibited. In the present study we further investigate if emodin
can synergize CDDP in gallbladder cancer cells, in order to
verify the general effectiveness of emodin. In addition, we
explore whether the prosurvival molecule survivin is involved
in the effects of emodin.

Survivin is a member of the inhibitor of apoptosis gene
family, which is involved in control of cell division and inhibi-
tion of apoptosis. This protein, which is expressed in the most
common human cancers, exerts its anti-apoptotic activity
and chemoresistance by interfering with the processing and
activity of caspases (4,5).

In this study, we investigated our hypothesis that emodin
combined with CDDP would show a synergistic effect on
gallbladder cancer cell proliferation and apoptosis. The results
presented in the current study suggest that emodin in
combination with CDDP caused greater antitumor activity
than CDDP alone in vitro and in vivo, which was correlated
with down-regulation of survivin levels mediated by ROS
generation.
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Materials and methods

Cells and reagents. The human gallbladder cancer cell line
SGC996 was provided by Academy of Life Sciences, Tongji
University (Shanghai, China). SGC996 cells were maintained in
RPMI-1640 medium (Gibco BRL, Gaitherburg, MD, USA). The
media were supplemented with antibiotics and 10% newborn
calf serum. Cells were cultured in a humidified atmosphere with
5% CO, at 37°C. CDDP was obtained from Qilu Pharmaceutical
Co., Ltd. (Ji Nan, China). Emodin and NAC (N-acetyl-cysteine)
were all purchased from Sigma (St. Louis, MO, USA).

Cell viability assay. Cells were seeded at 1.5x10%/ml cells
per well in 96-microculture-well plates. After exposed to the
agents as indicated for 24 h, cell viability was assayed using
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) (Sigma) assay as previously described (6,7).

Cell apoptosis analysis. Cells were treated with drugs for 24 h
and apoptotic rates were assessed with flow cytometry using
Annexin V-fluorescein isothiocyarate (Annexin V-FITC)/
propidium iodide (PI) kit (BD Pharmingen, San Diego, CA,
USA). Samples were prepared according to the manufacturer's
instructions and analyzed by flow cytometry on FACS Calibur
(Becton Dickson, San Diego, CA, USA) (6,7).

ROS measurement. 2,7-Dichlorodihydrofluorescein diacetate
(DCFH-DA) (Sigma) was used as ROS capture in the cells.
The average fluorescent intensity of 2,7-dichlorofluorescein
(DCF) stands for intracellular ROS levels (6,7). Cultured cells
were exposed to various drugs and 10 uM of DCFH-DA at
37°C for 15 min, with pre-incubation of NAC for 4 h. After
washing once with ice-cold PBS, cells were harvested and kept
on ice for an immediate detection by flow cytometer FACS
Calibur.

Reverse transcriptase-polymerase chain reaction (RT-PCR).
Expression of the survivin was monitored by RT-PCR. SGC996
cells were lysed with 1 ml of RNAse-clean TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) after treatment or not, and
then the samples were processed according to the manufac-
turer's protocol to obtain total cellular RNA. The isolated total
RNA (1 ug) was reverse-transcribed using random primers
and AMYV reverse transcriptase (Promega, Madison, WI,
USA) for 5 min at 70°C, 5 min on ice and 60 min at 37°C.
The single-stranded cDNA was amplified by polymerase chain
reaction using GoTaq DNA polymerase (Promega, Madison,
WI, USA). PCR of survivin gene was performed under the
following conditions: 30 sec, 94°C; 30 sec, 58°C; 30 sec, 72°C;
34 cycles. The sequences for survivin sense and antisense
primers were 5-GAGGCGGGCGGATCACGAGAG-3' and
5'"TGCTAAGGGGCCCACAGGAAGG-3'. Equal amounts
of RT-PCR products were loaded on 1.5% agarose
gels, respectively. GAPDH was used as an internal
control. The sequences for GAPDH sense and antisense
primers were 5-TGGGGAAGGTGAAGGTCGG-3' and
5'-CTGGAAGATGGTGATGGGA-3".

In vivo study in tumor-bearing mice. SGC996 cells were
harvested, washed, and resuspended in serum-free optimum
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Figure 1. Cell viability in SGC996 cells (MTT). Cells were exposed to
emodin alone, CDDP alone, CDDP/emodin co-treatment and co-treatment
plus NAC for 24 h. “p<0.05 vs. CDDP-alone group, “p<0.05 vs. CDDP/
emodin co-treatment group.

medium and then injected subcutaneously into 6-week-old
BALB/c-nu/nu mice, with 6x10° cells per mouse (n=8 mice
per group, purchased from Shanghai Experimental Animal
Center, Shanghai, China). Three days after inoculation, the
tumor-bearing mice were intraperitoneally administered with
dissolvent, emodin (50 mg/kg), CDDP (1 mg/kg), emodin/
CDDP every day. The mice were sacrificed after 18 days, and
tumor size was measured. Hearts, kidneys and livers of the
mice were histologically examined to determine the systemic
toxicity.

In situ hybridization for survivin expression in tumors. The
sequence of digoxiginin-labeled single-stranded RNA probe
for survivin was: 5'-CTCTCGTGATCCGCCCGCCTC-3'.
Sections of the tumor tissue were de-paraffined and re-hydrated
before incubation with Protease K at 37°C for 10 min. Sections
were then washed in 0.1 M Tris-buffered saline/diethyl
pyrocarbonat (TBS/DEPC) for 5 min x3, incubated with 5X
standard sodium citrate (SSC) solution at RT for 15 min and
incubated with RNA probe sequentially. After 24 h of hybrid-
ization at 37°C, the sections were washed with graded diluted
SSC solutions, all at 37°C for 15 min. Then the sections were
incubated with anti-digoxiginin antibody (Roche Diagnostics
GmbH, Mannheim, Germany) at RT for 3 h, washed with
0.5 M TBS and 0.01 M TBS (pH 9.5). Hybridization signal
was visualized by 5-bromo-4-chloro-30-indolyphosphate
ptoluidine salt/nitro-blue tetrazolium chloride (BCIP/NBT)
(Sigma). Sections were finally counterstained by nuclear fast
red.

Statistical analysis. Data are shown as the mean values + SE
SPSS11.5 software was used for statistical analysis. ANOVA
(analysis of variance) was applied for comparison of the means
of two or multiple groups, in which SNK (Student-Newman-
Kewls) was further used for comparison of each two group. A
value of p<0.05 was considered significant.

Results

Emodin enhances CDDP-induced inhibition of cell viability
in SGC996 cells in a ROS-dependent manner. SGC996 cells
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Figure 2. Apoptosis in SGC996 cells. Apoptosis rate analysis using Annexin V/propidium iodide flow cytometry in SGC996 cells treated with CDDP, emodin,
the two-drug combination and the two-drug combination plus NAC for 24 h. Density plots (A), bar chart (B). “p<0.05 vs. CDDP-alone group, “p<0.05 vs.

CDDP/emodin co-treatment group.
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Figure 3. ROS in SGC996 cells (DCF flow cytometry). Cells were exposed to emodin alone, CDDP alone, CDDP/emodin co-treatment and co-treatment plus
NAC for 15 min (NAC pre-incubation for 4 h). Histograms (A), bar chart (B). “p<0.05 vs. CDDP-alone group, "p<0.05 vs. CDDP/emodin co-treatment group.

were treated with antitumor drug CDDP alone or co-treated
with 50 M emodin, and cell viability were estimated with
MTT assay. CDDP was used at the doses that, when used
alone for 24 h, achieved ~30% repression of viability (CDDP
2 pug/ml). Emodin alone (50 M) exerted no or little impact on
cancer cell viability. Co-treating cells with emodin at this dose
nevertheless caused a significant enhancement of cell viability
repression induced by CDDP. The enhancement could be
completely reversed by pre-treatment of cells with the anti-
oxidant NAC, suggesting that emodin's effects were dependent
on ROS generation (Fig. 1).

Emodin enhances CDDP-induced apoptosis of SGC996
cells in a ROS-dependent manner. To determine whether the
viability repression was caused via inhibition of proliferation
or enhancement of apoptosis by CDDP alone or CDDP/emodin
co-treatment, Annexin V-FITC/PI double labeling flow cytom-

etry was conducted. Results showed that cytotoxicity of CDDP
was caused predominantly via cell apoptosis. Emodin (50 #M)
enhanced CDDP-induced apoptosis, while NAC abrogated
this enhancement (Fig. 2).

Emodin elicits an immediate elevation of cellular ROS level.
To study oxidative impact of emodin on cellular oxidation-
reduction (redox) state, we measured the cellular ROS level
after exposing SGC996 cells to CDDP, emodin or CDDP/
emodin, respectively, for 15 min. We found that emodin alone
or in combination with CDDP resulted in an immediate eleva-
tion of cellular ROS level, while CDDP treatment alone did
not have this effect. Pre-treatment of cells with the antioxidant
NAC could completely abolish the elevation of cellular ROS
level (Fig. 3). These data indicated that the synergistic effect
of emodin on enhancement of CDDP-induced cytotoxicity was
related to its generation of ROS in cells.
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Figure 4. Expression of survivin in SGC996 cells. Cells were exposed to
CDDP alone, emodin alone, CDDP/emodin co-treatment and co-treatment
plus NAC for 24 h before harvested for RT-PCR.

Emodin/CDDP co-treatment additively downregulates
expression of survivin in SGC996 cells in a ROS-dependent
manner. It has been reported that overexpression of survivin
often render cancer cells a constitutive characteristic of drug
resistance, therefore inhibition of its expression may lead to the
increase of sensitivity to anticancer drugs. We then questioned
whether the observed effects of CDDP/emodin could be
correlated with regulating expression of survivin. Results from
RT-PCR showed that CDDP alone downregulated expression
of survivin, while CDDP/emodin co-treatment resulted in an
additive effect on downregulating expression of survivin and
NAC reversed this suppression (Fig. 4). These results indicated
that the effect of emodin to promote cytotoxicity of CDDP
might be achieved, at least partially, via down regulation of
survivin, which was again ROS-dependent.

Emodin markedly sensitizes tumor xenografts to CDDP cyto-
toxicity without displaying obvious systemic toxicity in vivo.
The above in vitro experiments showed that multidrug resis-
tant phenotype of SGC996 cells could be partially overcome
by using emodin in combination with chemotherapeutic drug
CDDP. To verify this effect in vivo and evaluate its systemic
efficacy and side effects, SGC996 cells were transplanted into
nude mice and the mice were synchronously administered with
emodin alone or in combination with CDDP for 18 days. Our
results showed that mice exposed to the combinatorial therapy

Control

CDDP_

WANG et al: EMODIN ENHANCES THE SENSITIVITY OF GALLBLADDER CANCER CELLS TO CISPLATIN

A
Control

CDDP

CDDP+Emodin

Emodin

Kidney

-ﬁ‘::‘-l.i\

i et 7 |
Emodin

Control CDDP CDDP+Emodin

Figure 5. Growth capability of transplanted tumors formed by SGC996 cells.
The tumor-bearing mice were injected intraperitoneally with dissolvent,
50 mg/kg emodin alone, 1 mg/kg CDDP alone and CDDP/emodin coadmini-
stration. (A) Photograph of transplanted tumors after the mice were exposed
to treatments. (B) Histology of livers, kidneys and hearts of tumor-bearing
mice. Scale bar, 30 ym.

had significantly smaller tumors than mice in other groups
(Fig. 5A). While tumor cytotoxicity was strikingly enhanced
by the combined treatment, the systemic toxic effects were
evaluated by examining the pathological changes of the
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Figure 6. Expression of survivin mRNA in transplanted tumor tissues. The cytoplasmic blue-purple staining represented positive signal for survivin mRNA,
and the nucleus were stained by fast red (in sifu hybridization). “p<0.05 vs. CDDP-alone group. Scale bar, 30 pm.
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major organs of mice. No notable differences were observed
among these groups (Fig. 5B), suggesting that emodin/CDDP
co-treatment had no obvious toxic effects on normal tissues
in vivo.

Emodin/CDDP co-treatment represses the expression of
survivin in tumors. To ascertain the action of emodin/CDDP
co-treatment on survivin expression in vivo, in situ hybridiza-
tion for survivin mRNA was performed on paraffin-embedded
tissue sections of tumors. As shown in Fig. 6, the expression
of survivin in tumors was downregulated by CDDP, and in
particular, more significantly by emodin/CDDP combined
treatment.

Discussion

For gallbladder cancer at advanced stage, radical resection is
quite difficult to achieve to improve the survival rate. Some
potent therapeutic strategies which could promote therapeutic
effects including chemotherapy are required for better treat-
ment of patients with gallbladder cancer. However, there are
no satisfactory chemotherapeutic agents. It is crucial to design
new strategies that could enhance the chemotherapeutic
efficacy on gallbladder cancer cells. The concept of synergism
of cytotoxicity by a relatively non-toxic or moderate toxic
compound with a standard drug has opened better anticancer
treatment options, even though most of these are still in the
experimental stage.

Pharmacological studies have demonstrated that emodin
possesses various biological function, such as anti-bacterial
(8), anti-inflammatory (9), anti-cancer and a potent inhibitor
of the casein kinase 2 (10). Emodin has been reported to
exhibit anti-tumor effects in various cancer cells (11,12).
Previous studies have demonstrated that emodin inhibits cell
growth in several types of tumor cells (13-16) and regulates
genes related to the control of cell proliferation, cell apoptosis,
oncogenesis and cancer cell invasion and metastasis (17-22). In
recent years a reappraisal of different modes of using emodin
in the elimination/retardation of growth of tumor cells in
combination with chemotherapeutic agents have been done
(23). However, co-treatment data were mainly the results
from As,O; and more drugs need to be recruited for evalu-
ating emodin's synergistic potential, also in different cell
systems. We investigated whether the combination of CDDP
and emodin could enhance cell growth inhibition more
than CDDP alone in human gallbladder cancer cells. We
found that the combination of CDDP and emodin treatment
induced noticeable tumor cell growth inhibition compared
with CDDP alone. Inhibition of cell growth was correlated
with increase of apoptotic cell death. In the current study,
our results showed emodin could sensitize SGC996 cells to
apoptosis induced by CDDP.

The intracellular level of ROS is closely related to the
chemosensitivity of cancer cells (24,25). Increase of ROS
generation facilitates cytotoxic actions of antitumor drugs,
while cells bearing a lower ROS level usually are less respon-
sive to chemotherapy (24,26,27). Moreover, manipulation of
redox status of cancer cells to enhance cytotoxicity of drugs
has proved to be a potential therapeutic strategy (24,28). For
example, L-buthionine sulfoximine, an inhibitor of glutathione
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production, sensitizes tumor cells to several anticancer drugs,
which not only enhances apoptosis in cultured tumor cell lines
but also exerts the adjunctive treatment in clinical trials (29,30).
Other approaches by either increase of ROS generation or
depletion of antioxidant molecules display similar synergistic
effects with chemotherapy, photodynamic therapy and radio-
therapy (31-33). Emodin is able to generate ROS in a variety
of tumor cells (3,6,34,35). In our study, we also found emodin
could significantly increase ROS level in SGC996 cells, indi-
cating anticancer actions of emodin might be associated with
its ability to generate ROS. That emodin's enhancement of
CDDP-induced cytotoxicity in SGC996 cells is apparently
dependent on ROS generation was also evidenced by the
enhancement of both proliferation-inhibition and apoptosis
rendered by cotreatment with the two drugs that can be abol-
ished or attenuated by the antioxidant NAC. The results of the
present study have confirmed that emodin exerts synergistic
anticancer actions via increase of ROS.

The prosurvival molecule survivin, a member of the
inhibitor of apoptosis protein (IAP) family, has been implicated
in the control of cell division and apoptosis (36). Survivin's
anti-apoptotic function is executed via its ability to prevent
caspase activation. Growing evidence suggests that survivin
is responsible for drug resistance in cancer cells (37-39).
Considering that survivin has been described as an apoptosis
inhibitor, we investigated whether emodin enhanced chemo-
sensitivity of SGC996 cells through decreasing survivin levels.
Our results demonstrated that CDDP alone could down-regu-
late survivin expression, and emodin co-treatment with CDDP
further repressed the expression of survivin, suggesting that
inhibition of survivin by emodin co-treatment is associated with
sensitization of gallbladder cancer cells to apoptotic cell death
induced by CDDP. Also, we found that antioxidant NAC could
reverse down-regulation of survivin expression induced by
emodin in combined with CDDP. The result supported our
hypothesis that emodin co-treatment decreased survivin levels
by ROS generation. Survivin expression is regulated by NF-xB
(40-43). We have previously demonstrated that NF-xB activa-
tion was suppressed by cotreatment with emodin and As,Os
via generation of ROS, suggesting NF-«kB might serve as the
target of emodin to mediate down-regulation of survivin when
it was coadministered. Of course, survivin expression could be
coregulated by factors other than NF-«B (44). In future work,
we will further investigate these important mechanistic details
in gallbladder cancer.

In addition to these in vitro results, we found that emodin
potentiates the antitumor effects of CDDP in a subcutaneous
xenograft gallbladder cancer. The combination treatment
resulted in a visibly reduced tumor volume when compared
to CDDP single agent treatment. Most importantly, the results
in vitro were replayed in vivo, down-regulating the expression of
survivin in tumor tissues treated with combination. However, no
pathological change in the major organs occurred in the emodin-
alone treatment group and emodin/CDDP co-treatment group,
supporting the conception that ROS manipulation strategy
could be selective between cancerous and normal cells, as indi-
cated by an increasing body of reports (24,45). In conclusion,
our current findings first showed that emodin potentiates the
antitumor effects of CDDP by downregulating survivin levels
in gallbladder cancer. Generation of ROS might be playing an
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important role in above process. However, further investiga-
tions are necessary to gain more information before clinical use
might be possible.
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