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Abstract. Emodin, an anthraquinone derivative isolated 
mainly from the root and rhizome of the medicinal plant 
Rheum palmatum L., was found to exert anticancer effects 
on various cultured cancer cells. Phosphatase of regener-
ating liver-3 (PRL-3), a novel gene, has been known to play 
an important role in the promotion of cellular proliferation 
as well as inhibition of apoptosis in cancer cells. However, 
there is relatively little information in the published literature 
with regard to the anticancer mechanism of emodin, and 
whether emodin is involved in the regulation of PRL-3 in 
human gastric carcinoma cells is not known. In the present 
study, we investigated the effects of emodin on SGC-7901 cell 
proliferation, apoptosis and regulation of PRL-3. The results 
showed that the proliferation of SGC-7901 cells was inhibited 
by emodin in a time- and concentration-dependent manner. 
The results also showed that early apoptosis rates increased 
in a concentration-dependent manner after emodin treatment. 
Furthermore, real-time quantitative PCR analysis showed that 
PRL-3 mRNA was significantly decreased by treatment with 
emodin. Western blotting showed that PRL-3 protein expres-
sion was also downregulated significantly. Overall, the present 
study demonstrated that emodin inhibited cell growth and 
induced apoptotic cell death in the SGC-7901 human gastric 
carcinoma cell line. Downregulation of PRL-3 is involved 
in the inhibition of proliferation and apoptosis induced by 
emodin. PRL-3 may be a new potential therapeutic target for 
gastric cancer using emodin.

Introduction

Gastric cancer is one of the most common types of cancer 
worldwide. Although the incidence and mortality rates of 
gastric cancer have decreased over the past 30 years, it remains 
a leading cause of cancer-related death, second only to lung 
cancer (1,2). Infiltrative growth and metastasis are two lethal 
processes of gastric cancer. Despite the possibility of curative 
surgery, the prognosis of advanced gastric cancer remains 
extremely poor.

Phosphatase of regenerating liver-3 (PRL-3), also known as 
PTP4A3, is a novel gene that encodes a 22-kilodalton protein 
tyrosine phosphatase and is characteristic of a CAAX motif 
for prenylation at the carboxyl terminus (3). Among normal 
human adult tissues, PRL-3 is expressed in the heart and skel-
etal muscle as well as epithelial cells of the small intestine and 
is associated with the cell plasma membrane. Upregulation of 
PRL-3 is associated with the progression and eventual metas-
tasis of several types of human cancer (4,5). It is reported that 
high PRL-3 expression may participate in the progression and 
metastasis of gastric carcinoma (6). Overexpression of PRL-3 
inhibits angiotensin-II-induced cell calcium mobilization and 
promotes cell growth. Moreover, PRL-3 activation stimulates 
PI3K/AKT signaling that causes resistance to stress-induced 
apoptosis (7). PRL-3 may be a novel molecular marker for 
aggressive gastric cancer (8-10).

Today, standard therapies for gastric cancer include 
surgery, chemotherapy and herbal therapy. These therapies 
are often used in combination, and they are the best hope for 
gastric cancer patients. At present, the use of herbal medicines 
for gastric cancer is widespread because of their safety and 
few side effects (11). Rheum palmatum L. is an ancient and 
well-known medicinal plant and has been used in Chinese 
medicine for thousands of years. Emodin (1,3,8-trihydroxy-6-
methylanthraquinine) is an anthraquinone derivative isolated 
mainly from the root and rhizome of Rheum palmatum L. 
Several studies have indicated that emodin exhibits a number 
of biological properties, including anti-proliferative (12), anti-
inflammatory (13), anti-pain (14) and antiviral activities (15). 
Emodin has also been reported to exhibit anticancer activity 
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in human lung (16-18), liver (19) and ovarian cancers (20). 
However, there is relatively little information in the published 
literature with regard to the anticancer mechanism of emodin, 
and whether emodin is involved in the regulation of PRL-3 in 
human gastric carcinoma cell line SGC-7901 is not known.

In the present study, we aimed to investigate whether 
emodin induces the apoptosis of SGC-7901 human gastric 
carcinoma cells and whether PRL-3 is involved in this mecha-
nism, thereby discovering a new potential therapeutic target 
for aggressive gastric cancer.

Materials and methods

Drugs and reagents. Emodin (1,3,8-trihydroxy-6-methyl
anthraquinine; CAS registry no. 518-82-1; purity >98%, HPLC 
grade) was purchased from Sangon Biotech Company, Shanghai, 
China. It was dissolved in 1% DMSO (Sangon Biotech Company) 
and the following concentrations were prepared: 15, 30, 45 and 
60 µM. The agents were passed through a 0.22-µm filter for 
sterilization. The molecular formula of emodin is C15H10O5 and 
its molecular weight is 270.24.

RPMI-1640 medium was purchased from Gibco Company, 
USA. Trypsin, DMSO, RIPA, PMSF and the ECL Staining kit 
were purchased from Sangon Biotech Company. MTT (methyl 
thiazolyl tetrazolium) was purchased from Sigma-Aldrich 
Company, USA, and penicillin G and streptomycin sulfate were 
purchased from Lukang Phamaceutical Company, Shandong, 
China. TRIzol® reagent was purchased from Invitrogen 
Company (Carlsbad, CA, USA), and the SYBR® PrimeScript 
RT-PCR kit  II was purchased from Takara Biotechnology 
Company, Dalian, China. The BCA protein detection kit and 
goat anti-mouse IgG-HRP second antibody were purchased 
from Boster Bio-Engineering Company, Wuhan, China. The 
Annexin  V-FITC apoptosis detection kit was purchased 
from KeyGEN Bio-Technology Company, Nanjing, China. 
Antibodies for β-actin and PRL-3 were purchased from Santa 
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).

Cell culture and treatment. The SGC-7901 human gastric carci-
noma cell line was obtained from the Institute of Biochemistry 
and Cell Biology (Shanghai Institutes for Biological Sciences, 
China). Cells were cultured in RPMI-1640 supplemented with 
10% heat-inactivated fetal bovine serum, 100  U/ml peni-
cillin G and 100 µg/ml streptomycin sulfate. The cell line was 
supplied with fresh medium every 1-2 days and grown at 37˚C 
in a humidified atmosphere containing 5% CO2. After pre-
incubation in RPMI-1640 medium for 24 h, cells were divided 
into five groups: A  group (control group, no-treatment); 
B group (emodin treatment group, 15 µM); C group (emodin 
treatment group, 30 µM); D group (emodin treatment group, 
45 µM) and E group (emodin treatment group, 60 µM). Prior 
to treatment, the cells were grown to 80-90% confluency.

MTT assay for cell viability. Cell viability was determined by 
MTT assay. Briefly, the cells (6x103) were seeded in 96-well 
plates and were incubated at 37˚C in 5% CO2/95% air. After 
24 h, these cells were treated with emodin at different concen-
trations (15, 30, 45 and 60 µM) and incubated for 24, 48 and 
72 h. The control group was treated with the equivalent amount 
of dimethyl sulphoxide (DMSO; the maximum of 0.2% of the 

assay mixture was used). Then, 20 µl MTT solution (5 mg/ml) 
was added to each well and incubation was carried out at 37˚C 
for 4 h. The medium was removed, formazan was dissolved 
in DMSO and the absorbance was detected at 570 nm using 
a multiscan reader (Labsystems, Helsinki, Finland). Survival 
ratio (%) was calculated using the following equation: 

Survival ratio (%) = (ATreatment/AControl) x 100%.

Apoptotic cell determination by Annexin  V/PI staining 
assay. Cell apoptosis induced by emodin was detected 
using Annexin V-FITC Apoptosis Detection kit. A total of 
1x104 SGC-7901 cells/well were seeded into 6-well plates for 
24 h of incubation at 37˚C. Various concentrations of emodin 
were added to the wells and incubation was carried out for an 
additional 24 h (the final concentrations of emodin were 15, 
30, 45 and 60 µM). The control group was treated with the 
equivalent amount of DMSO (the maximum of 0.2% of the 
assay mixture was used). Following trypsinization and gentle 
washing of the cells once with medium, the cells were washed 
with PBS twice, and then resuspended in 200 µl of binding 
buffer. Annexin V-FITC (10 µl) and propidium iodide (PI) 
(5 µl) were added to the resuspended cells. After incubation 
at room temperature for 15 min in the dark, 300 µl of binding 
buffer was added to the resuspended cells, and then the stained 
cells were analyzed by flow cytometry.

Analysis of PRL-3 mRNA by real-time quantitative PCR. 
After treatment with 15, 30, 45 and 60 µM emodin for 24 h, 
SGC-7901 cells were harvested by trypsinization and RNA 
was extracted using TRIzol® reagent. Reverse transcrip-
tion of 0.5 µg RNA was carried out according to SYBR® 
PrimeScript RT-PCR kit II. Real-time fluorescence detection 
was carried out with Applied Biosystems 7500 Real Time 
PCR System (Applied Biosystems, Foster City, CA, USA). The 
specific primers were 5'-CACGCTCAGCACCTTCATTG-3' 
(forward) and 5'-TTGTCATAGGTCACTTCACACACAC-3' 
(reverse) for PRL-3 and 5'-GCACCGTCAAGGCTGAGAAC-3' 
(forward) and 5'-TGGTGAAGACGCCAGTGGA-3' (reverse) 
for GAPDH. The reaction volume was 20 µl, and 100 ng cDNA 
was used as template. The amplification parameters were the 
following: optimization steps at 95˚C for 30 sec, followed by 
40 cycles of 95˚C for 5 sec (denaturation) and 64˚C for 34 sec 

Figure 1. Effect of emodin on the cell viability of SGC-7901 cells. Cells were 
incubated with different concentrations of emodin (15, 30, 45 and 60 µM) for 
24, 48 and 72 h. Cell viability was evaluated with MTT assay. Concentration-
dependent and time-dependent inhibition of SGC-7901 cell growth was 
observed (P<0.01 compared to control).
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(annealing and extension). Amplifications were normalized 
to GAPDH of the respective treatment. The relative mRNA 
expression level of the PRL-3 gene was determined by the 2-∆Ct 
x 100% method, where ΔCt = Ct (PRL-3) - Ct (GAPDH) (2).

Detection of the expression of PRL-3 by western blot analysis.  
After treatment with 15, 30, 45 and 60 µM emodin for 24 h, 
the cells were washed twice using ice-cold PBS (pH 7.4). 
The cells were lysed in RIPA buffer (150 mmol/l NaCl, 50 M 
Tris, 1 mmol/l EDTA, 1% NP-40, 0.5% sodium deoxycho-
late and 0.1% SDS, pH  7.4) containing protease inhibitor 
cocktail. Cell lysates were then clarified by centrifugation 
at 12,000 x g for 10 min at 4˚C. Protein concentrations were 
determined using the BCA method. Equal amounts of dena-
tured protein were loaded; proteins were electrophoresed on 
12% SDS-polyacrylamide gels and transferred to a PVDF 
membrane. After being blocked with 5% fat-free dry milk 
in Tris-buffered saline (TBS) for 3 h at room temperature, 
primary antibodies that detect PRL-3 and β-actin were incu-
bated with membranes overnight at 4˚C. The membranes were 
then incubated with horseradish peroxidase (HRP)-conjugated 
secondary antibody for 1 h at room temperature, and then 
immunoreactive bands were detected using the ECL method. 

Image processing was performed using the software Quantity 
One. Values were corrected in accordance with the absorbency 
of the internal control (β-actin).

Statistical analysis. All results were expressed as the means 
± SEM of at least three independent experiments and were 
analyzed using SPSS 10.0 software. Statistical significance 
was assessed by ANOVA. Effects were analyzed in more 
detail with least significant difference (LSD) post hoc tests. 
P-values <0.05 denoted statistical significance.

Results

Emodin inhibits SGC-7901 cell viability in a concentration- 
and time-dependent manner. To investigate the inhibitory 
effect of emodin on SGC-7901 cells, MTT assay was used to 
quantify the effect of emodin on SGC-7901 cell growth. As 
shown in Fig. 1, emodin caused a decrease in cell viability 
in the SGC-7901 cells in a concentration- and time-dependent 
manner when compared to the control.

Effects of emodin on early apoptosis by Annexin V/PI staining. 
Early apoptotic changes were identified using Annexin V/PI 

Figure 2. Apoptosis induced by emodin in SGC-7901 cells. (A) SGC-7901 cells were treated with 15, 30, 45 and 60 µM emodin for 24 h. Cells were then col-
lected and stained with FITC-Annexin V/PI to detect cell death phenomena. The y-axis indicates PI-labeled population and the x-axis indicates FITC-labeled 
Annexin V-positive cells. Cells in the lower right area indicate apoptotic cells. One representative experiment out of three is shown. (B) Apoptotic rates of 
SGC-7901 cells induced by emodin. aP<0.01 compared to the control.
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staining. As shown in Fig. 2, after treated with 15, 30, 45 and 
60 µM emodin for 24 h, respectively, the percentage of early 
apoptotic cells was increased (4.50 to 11.63, 23.58, 30.45 and 
37.25%, respectively). These results suggest that the induction 
of apoptosis was involved in the antitumor effect of emodin.

Effects of emodin on PRL-3 mRNA expression in SGC-7901 
cells. Emodin-treated SGC-7901 cells showed a significant 
decrease in PRL-3 mRNA expression when compared to the 
control (P<0.01). As shown in Fig. 3A, emodin at the concen-
tration of 15 µM decreased PRL-3 mRNA of SGC-7901 cells 
by 32.47%, while at a concentration of 60 µM, the levels of 
PRL-3 mRNA were decreased by 87.72%.

Effects of emodin on PRL-3 protein expression in SGC-7901 
cells. As shown in Fig. 3B, after SGC-7901 cells were treated 
with 15, 30, 45 and 60 µM emodin for 24 h, respectively, PRL-3 
expression was downregulated in a concentration-dependent 
manner (15-60 µM). The emodin-mediated changes in the 
protein levels of PRL-3 coincided well with the mRNA levels 
as evidenced by the real-time quantitative PCR results.

Discussion

Emodin, 1,3,8-trihydroxy-6-methylanthraquinine, is an 
anthraquinone derivative isolated mainly from the root and 
rhizome of the medicinal plant Rheum palmatum L. Emodin 
exhibits various biological activities, such as anti-proliferative, 
anti-inflammatory, antibacterial, cell cycle arrest, immunosup-

pressive, antiviral and anticancer activity (21,22), which have 
been well documented in several cell lines in recent years, 
including K562 human chronic myelocytic leukemia cells 
(23), human breast carcinoma cells (24) and hepatoma cells 
(19). Phosphatase of regenerating liver-3 (PRL-3), also known 
as PTP4A3, encodes a 22-kDa protein tyrosine phosphatase 
and is characteristic of a CAAX motif for prenylation at the 
carboxyl terminus (25). The PRLs are members of the PTP 
superfamily (26) and have an N-terminal catalytic domain 
containing the signature PTP active site sequence CX5R. The 
overexpression of PRL-3 has been frequently observed in a 
variety of cancers, as well as in metastatic cancers (27-29). 
PRL-3 levels were further confirmed to be correlated with 
cancer progression and pathological stage (30). However, 
there is relatively little information in the published literature 
with regard to the relationship between emodin and PRL-3. 
The effect of emodin on the apoptosis and changes in PRL-3 
expression in the SGC-7901 human gastric carcinoma cell line 
has yet to be studied.

In the present study, we used the SGC-7901 human gastric 
carcinoma cell line to study the anticancer effect of emodin, 
and demonstrated that emodin exhibits an anticancer effect 
against gastric cancer. Emodin at concentrations of 15, 30, 45 
and 60 µM was used. Cell viability was inhibited by 13.71% 
following treatment with the lower concentration (15 µM). 
Maximum inhibition (80.98%) was observed with treatment 
of 60 µM. Different concentrations of emodin significantly 
inhibited the proliferation of SGC-7901 cells concentra-
tion- and time-dependently, compared to the control group 
(P<0.01).

In addition to inhibiting tumor cell growth, emodin also 
showed good ability in inducing cell apoptosis. Apoptosis is 
widely known as programmed cell death and is essential for 
normal development and for the maintenance of homeostasis. 
Accumulated evidence shows that many Chinese herbs have 
antitumor properties and induction of apoptosis is one of the 
mechanisms. To further confirm the apoptosis induced by 
emodin, Annexin V/PI staining assay was used. In our study, 
after treatment with 15, 30, 45 and 60 µM of emodin for 24 h, 
respectively, the percentage of apoptotic cells was increased 
(4.50 to 11.63, 23.58, 30.45 and 37.25%, respectively) and the 
percentage of necrotic cells (Fig. 2A, right upper section of the 
fluorocytogram) was increased slightly. These results suggest 
that emodin displays anticancer activity in SGC-7901 gastric 
carcinoma cells and that apoptosis induction by emodin was 
involved in its antitumor effect.

To further investigate the effectiveness of emodin on 
the transcriptional levels of PRL-3, which has been known 
to play an important role in the promotion of cellular prolif-
eration as well as inhibition of apoptosis in cancer cells, 
we also applied real-time quantitative PCR to cells treated 
with emodin. The main advantage of real-time quantitative 
PCR over conventional PCR is that with real-time quantita-
tive PCR the starting template copy number is determined 
with accuracy and high sensitivity over a wide dynamic 
range. In the present study, quantification of PRL-3 mRNA 
demonstrated that emodin concentration-dependently down-
regulated the expression of PRL-3 mRNA in SGC-7901 cells, 
indicating that emodin may regulate PRL-3 expression at the 
transcriptional level.

Figure 3. Effects of emodin on the expression of PRL-3. (A) Inhibitory effects 
of emodin on the mRNA expression of PRL-3 in SGC-7901 cells measured 
by real-time quantitative PCR. The fold change of PRL-3 expression is cal-
culated by the 2-∆Ct method, and expressed as mean fold induction over the 
control group that has been normalized to 100%. (B) Western blot analysis 
showed that emodin downregulated PRL-3 expression in a concentration-
dependent (15-60 µM) manner. Blots are representative of three independently 
performed experiments. β-actin expression was also analyzed as a control for 
protein loading. aSignificantly different when compared to control (P<0.01).
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It is well known that regulation at the mRNA level does 
not always predict regulation at the protein level. As such, we 
investigated the effects of emodin on the expression levels of 
PRL-3 protein by western blotting. The results showed that 
after treatment with 15, 30, 45 and 60 µM of emodin for 24 h, 
respectively, the expression of PRL-3 decreased significantly. 
Results showed that the downregulation of PRL-3 after emodin 
treatment was in a concentration-dependent manner. The 
emodin-mediated changes in the protein levels of PRL-3 coin-
cided well with the mRNA levels as evidenced by the real-time 
quantitative PCR results. The downregulation of PRL-3 protein 
was involved in the emodin-induced apoptosis of SGC-7901 
cells.

In conclusion, the present study demonstrated that emodin 
inhibited cell growth and induced apoptotic cell death in the 
SGC-7901 human gastric cancer cell line. PRL-3 expres-
sion levels decreased when SCG-7901 cells were treated 
with emodin, which was positively related to the apoptotic 
rate. These findings indicated that downregulation of PRL-3 
is involved in the inhibition of proliferation and apoptosis 
induced by emodin in the SGC-7901 human gastric carcinoma 
cell line. PRL-3 may be a novel molecular marker for aggres-
sive gastric cancer.
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