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Abstract. Tanshinone IIA (TSN) exhibits a variety of anti-
cancer effects. However, whether it inhibits gastric cancer 
(GC) cell proliferation and migration and the mechanism 
remain unclear. In the present study, different concentra-
tions of TSN were co-incubated with SGC-7901 cells. The 
pcDNA-FOXM1 or FOXM1-siRNA plasmid was transfected 
into cells before treatment with 5 µg/l TSN. The proliferation 
and migration abilities of the SGC-7901 cells were tested by 
MTT and wound healing assays. Western blotting was used 
to investigate the expression levels of P21, Ki-67, PCNA, 
MMP-2, MMP-9 and FOXM1. We found that compared 
with the control, the proliferation and migration abilities of 
the SGC-7901 cells were decreased after incubation with 
different concentrations of TSN in a dose-dependent manner 
(p<0.01). Moreover, the expression levels of Ki-67, PCAN, 
MMP-2, MMP-9 and FOXM1 were decreased, and P21 was 
increased in the TSN-treated SGC-7901 cells (p<0.01). In 
addition, downregulation of FOXM1 by FOXM1-siRNA had 
the same effect as TSN on SGC-7901 cells, and overexpres-
sion of FOXM1 partly abrogated TSN-mediated inhibition 
of SGC-7901 cell proliferation and migration. These results 
suggested that TSN inhibits SGC-7901 cell proliferation and 
migration by downregulation of FOXM1.

Introduction

Gastric cancer (GC) is the fourth most frequently occurring 
malignant tumor, and exhibits considerable geographic 

variation. GC ranks as the second leading cause of 
cancer‑related deaths worldwide. Environmental factors and 
the accumulation of genetic alterations are currently thought 
to be the leading causes of GC. Benefiting from advances in 
the early diagnosis and adjuvant treatment of GC, the 5-year 
disease‑free survival rate of patients has increased in the last 
few decades. However, many patients who are treated with 
such therapies still experience disease progression (1). Thus, 
new treatment choices are critically required.

Tanshinone  IIA (TSN), a commonly used Chinese 
traditional drug for the treatment of cardiovascular and cere-
brovascular diseases such as atherosclerosis, angina pectoris 
and acute ischemic stroke (2,3), has also exhibited a variety 
of anticancer effects since Wang  et  al first reported that 
TSN suppressed breast cancer progression by inhibiting the 
proliferation and by inducing apoptosis of cancer cells (4). 
Subsequent research further confirmed the anticancer effect 
of TNS on esophageal, prostate, colorectal, lung and GC (5-8). 
However, the mechanism by which TSN suppresses GC 
progression remains unclear.

The forkhead box M1 (FOXM1) gene is a member of the 
FOX family, and has been shown to play important roles in cell 
fate decisions. In tumor genesis, numerous studies have shown 
that FOXM1 is significantly increased in multiple human 
cancers such as esophageal and breast cancer, hepatocellular 
carcinoma, colorectal cancer and GC (9-12). In addition, its 
overexpression is closely correlated with tumor progression and 
metastasis (11) and downregulation of FOXM1 inhibits tumor 
progression. However, the function of FOXM1 in TSN-induced 
inhibition of gastric tumor metastasis has not been reported.

In the present study, we demonstrated that TSN inhibits 
the proliferation and migration of GC cells, and also demon-
strated that downregulation of FOXM1 is the key underlying 
mechanism.

Materials and methods

Cell culture and transfection. The human GC cell line 
(SGC‑7901) was obtained from the American Type Culture 
Collection (ATCC; Rockville, MD, USA) and kept in 
RPMI‑1640 medium with 10% fetal bovine serum (FBS) 
(Gibco, Carlsbad, CA, USA), 1% of 100 U/ml penicillin and 
1% of 100 mg/ml streptomycin sulfates. The cells were incu-
bated in humidified incubators with 5% CO2 at 37̊C.
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Human FOXM1 gene or FOXM1-siRNA was constructed 
into the pcDNA3.1+HA vector by Life Technologies 
(GeneChem, Shanghai, China), and the empty vector served 
as the negative control. For transfection, after the cells were 
cultured to 70-80% confluency, pcDNA3.1+HA-FOXM1, 
pcDNA3.1+HA empty vector, pcDNA3.1+FOXM1‑siRNA 
or pcDNA3.1+NC‑siNRA was t ransfected using 
Lipofectamine  2000 (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's instructions.

Quantitative real-time PCR. Total RNA was extracted from 
tissues and cells using TRIzol reagent (Invitrogen), and then 
miRNAs were reverse-transcribed to cDNA using a reverse 
transcription kit (Takara, Tokyo, Japan). Quantitative real‑time 
PCR (qRT-PCR) was performed using SYBR-Green PCR kit 
on an ABI 7500 Fast Real-Time PCR system according to 
the manufacturer's instructions. The expression of FOXM1 
mRNA was normalized to U6. All experiments were carried 
out in triplicate. The 2-ΔΔCt calculation method was used to 
calculate the relative expression of the genes.

Cell proliferation assay. The proliferation ability of SGC-7901 
cells was assessed by the 3-(4,5-dimethylthiazol‑2-yl)‑2,5-di-
phenyltetrazolium bromide (MTT; Sigma-Aldrich, St. Louis, 
MO, USA) assay. Approximately 104 cells were seeded into 
each well of 96-well plates. Then, SGC-7901 cells were trans-
fected with pcDNA3.1+HA-FOXM1, pcDNA3.1+HA empty 
vector, pcDNA3.1+FOXM1-siRNA or pcDNA3.1+NC-siNRA 
following the manufacturer's instructions. After 6 h of trans-
fection, the cells were treated with TSN or a placebo. After 12, 
24 or 48 h of incubation, 25 µl of MTT (5 mg/ml) was added to 
each well and the plates were incubated for 4 h at 37˚C. Then, 
the precipitates in each well were solubilized with 150 µl of 
dimethyl sulfoxide (DMSO; Sigma-Aldrich), and the plates 
were read on a microplate reader (Anthos Labtec Instruments, 
Salzburg, Austria) at 490 nm. Values were normalized using 
the control value.

Cell migration assay. The migration ability of the SGC-7901 
cells was measured by a wound healing assay. Approximately 
106 cells were seeded into each well of 6-well plates. Then, 
SGC-7901 cells were transfected with pcDNA3.1+HA-FOXM1, 
pcDNA3.1+HA empty vector, pcDNA3.1+FOXM1-siRNA or 
pcDNA3.1+NC-siNRA following the manufacturer's instruc-
tions. After 6 h of transfection, a cell scratch spatula was used 
to scratch the cell layer when cells reached ~90% confluency. 
After being washed with warm phosphate‑buffered saline 
(PBS) 3 times, the cells were treated with TSN or a placebo. 
Then, the cells continued to be incubated at 37˚C for 18 h. A 
digital camera system (Olympus Corp., Tokyo, Japan) was used 
to acquire images of the scratches of the cells after incubation 
at 0 and 18 h.

Western blotting. Cells after treatment, were extracted with 
RIPA lysis buffer (Biyuntian, Hangzhou, China). Protein lysates 
were then separated by 10% sodium dodecyl sulfate‑poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred 
to polyvinylidene fluoride (PVDF) membranes (Millipore, 
Billerica, MA, USA). After blocking with 5% non-fat milk 
for 2 h at room temperature, the membranes were incubated 

with the primary antibodies: P21 (1:1,000), Ki-67 (1:1,000), 
PCNA (1:1,000), MMP-2 (1:1,000), MMP-9 (1:2,000), FOXM1 
(1:1,000) and β-actin (1:1,000) (all from Abcam, Cambridge, 
MA, USA) overnight at 4˚C. Then, the membranes were 
incubated in HRP-linked secondary antibodies (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) for 2 h. Western blot-
ting signals were detected using the ECL Plus kit (Biyuntian). 
Each experiment was repeated 3 times, independently.

Statistical analysis. All statistical analyses were performed 
using SPSS  20.0. Data are presented as the mean  ±  SD. 
Differences between groups were analyzed using Student's 
t-test or one-way ANOVA analysis. All experiments were 
repeated at least 3 times. The value of p<0.05 was considered 
to indicate a statistically significant result.

Results

TSN inhibits SGC-7901 cell proliferation. An MTT assay 
was performed to test the effect of TSN on SGC-7901 cell 
proliferation. As shown in Fig. 1A, TSN markedly inhibited 
the proliferation ability of SGC-7901 cells in a dose-dependent 
manner (p<0.05). Moreover, we also found that TSN increased 
the expression of P21 and decreased the expression levels of 
PCNA and Ki-67 in the SGC-7901 cells in a dose-dependent 
manner (Fig. 1B; p<0.05). These results indicated that TSN 
inhibited SGC-7901 cell proliferation.

TSN suppresses SGC-7901 cell migration. Cells were incu-
bated with increasing concentrations of TSN. Images of the 
scratches were captured at 0 and 18 h after TSN was added. 
We found that TSN markedly inhibited SGC-7901 cell migra-
tion after 18 h (Fig. 2A; p<0.01). In agreement, the results 
from western blot analysis showed that TSN also suppressed 
the expression of MMP-2 and MMP-9 (Fig. 2B). These results 
indicated that TSN inhibited SGC-7901 cell migration.

TSN decreases the expression of FOXM1 in SGC-7901 cells. 
After SGC-7901 cells were incubated with increasing concen-
trations of TSN for 48 h, western blot analysis showed that the 
expression of FOXM1 was significantly decreased by TSN in 
a dose-dependent manner (Fig. 2B; p<0.01). Considering the 
critical role of FOXM1 in the development of cancer, these 
results prompted us to focus on FOXM1 in the following 
experiment.

Downregulation of FOXM1 inhibits SGC-7901 cell prolifera-
tion and migration similarly to TSN. FOXM1-siRNA was used 
to knock out the expression of FOXM1 in the SGC-7901 cells. 
Fluorescence showed that the plasmid was successfully trans-
fected into the SGC-7901 cells (Fig. 3A). Western blot analysis 
showed that the protein levels of FOXM1 were decreased in the 
cells transfected with pcDNA3.1+FOXM1-siRNA compared 
with the NC-siRNA (Fig. 3B; p<0.01). Moreover, quantitative 
real-time PCR demonstrated similar results that were obtained 
from the western blot analysis (Fig. 3C; p<0.01).

In a similar manner to TSN (5 µg/l), downregulation of 
FOXM1 by FOXM1-siRNA also suppressed SGC-7901 prolif-
eration (Fig. 4A; p<0.05). In agreement, western blot analysis 
revealed that similarly to TSN, downregulation of FOXM1 
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Figure 2. TSN inhibits SGC-7901 cell migration. (A) Wound healing assay demonstrated that TSN inhibited SGC-7901 cell migration in a dose-dependent 
manner. (B) TSN decreased the expression of MMP-2, MMP-9 and FOXM1 in a dose-dependent manner; #p<0.05 compared with control, *p<0.01 compared 
with the control. TSN, tanshinone IIA.

Figure 1. TSN inhibits SGC-7901 cell proliferation. (A) MTT assay demonstrated that TSN inhibited SGC-7901 proliferation in a dose-dependent manner. 
(B) TSN increased the expression of P21 and decreased the expression of PCNA and Ki-67 in a dose-dependent manner; #p<0.05 compared with the control, 
*p<0.01 compared with the control. TSN, tanshinone IIA.

Figure 3. Downregulation of FOXM1 in SGC-7901 cells. (A) Fluorescence showed that the plasmid was successfully transfected into the SGC-7901 cells. 
(B) Western blot analysis demonstrated that the expression of FOXM1 was decreased in the cells transfected with FOXM1-siRNA. (C) RT-PCR showed that 
the expression of FOXM1 mRNA was decreased in the cells transfected with FOXM1-siRNA; *p<0.01 compared with NC-siRNA.
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increased the expression of P21 and decreased the expression 
of Ki-67 and PCNA (Fig. 4B; p<0.05). In addition, the migra-
tion ability of SGC-7901 cells was also suppressed after being 
transfected with FOXM1-siRNA (Fig. 5; p<0.05). These data 
showed that downregulation of FOXM1 had the same effect as 
TSN on SGC-7901 cell proliferation and migration.

Overexpression of FOXM1 reverses the effect of TSN on 
SGC-7901 cells. To further elucidate the role of FOXM1 
in TSN-induced inhibition of SGC-7901 cell proliferation 
and migration, pcDNA3.1+HA-FOXM1 was transfected 
into SGC-7901 cells to increase the expression of FOXM1. 
Fluorescence revealed that the plasmid was successfully trans-
fected into the SGC-7901 cells (Fig. 6A). Western blot analysis 
demonstrated that the protein level of FOXM1 was increased in 
the cells transfected with pcDNA3.1+HA-FOXM1 compared 
with the empty vector (Fig. 6B; p<0.01). Furthermore, quanti-
tative real‑time PCR revealed similar results to those obtained 
from the western blot analysis (Fig. 6C; p<0.01).

After transfection with pcDNA3.1+HA-FOXM1 or the 
empty plasmid, SGC-7901 cells were incubated with TSN 

(5 µg/l) or the vehicle. Compared with the control group, 
overexpression of FOXM1 increased the proliferation ability 
of the SGC-7901 cells  (Fig.  7A; p<0.01). In addition, we 
found that overexpression of FOXM1 also decreased the 
expression of P21 and increased the expression of PCNA and 
Ki-67 (Fig. 7B; p<0.01). Moreover, compared with the TSN 
group, overexpression of FOXM1 not only suppressed the 
TSN-induced inhibition of SGC-7901 proliferation, but also 
reversed the TSN-induced decreased expression of PCNA and 
Ki-67 (Fig. 4; p<0.01). These results suggested that FOXM1 
was involved in TSN-induced inhibition of SGC-7901 cell 
proliferation.

The results from the wound healing assay showed that 
overexpression of FOXM1 increased the migration ability of 
the SGC-7901 cells compared with the control group (Fig. 8A; 
p<0.01). Moreover, we found that overexpression of FOXM1 
also increased the expression of MMP-2 and MMP-9 (Fig. 8B; 
p<0.01). In addition, our results revealed that compared with 
the TSN group, overexpression of FOXM1 suppressed the 
TSN-induced inhibition of SGC-7901 cell migration, and 
reversed the TSN-induced decreased expression of MMP-2 

Figure 5. Downregulation of FOXM1 inhibits SGC-7901 cell migration. (A) Wound healing assay showed that downregulation of FOXM1 inhibited SGC-7901 
cell migration. (B) Downregulation of FOXM1 decreased the expression levels of MMP-2 and MMP-9; *p<0.01 compared with the control; **p<0.01 compared 
with TSN. TSN, tanshinone IIA.

Figure 4. Downregulation of FOXM1 inhibits SGC-7901 cell proliferation. (A) An MTT assay showed that downregulation of FOXM1 inhibited SGC-7901 
cell proliferation. (B) Downregulation of FOXM1 increased the expression of P21 and decreased the expression levels of Ki-67 and PCNA; *p<0.01 compared 
with the control; **p<0.01 compared with TSN. TSN, tanshinone IIA.
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Figure 6. Overexpression of FOXM1 in SGC-7901 cells. (A) Fluorescence showed that the plasmid was successfully transfected into the SGC-7901 cells. 
(B) Western blot analysis demonstrated that the expression of FOXM1 was increased in the cells transfected with pcDNA3.1+HA-FOXM1. (C) RT-PCR 
showed that the expression of FOXM1 mRNA was increased in the cells transfected with pcDNA3.1+HA-FOXM1; *p<0.01 compared with the empty vector.

Figure 7. Overexpression of FOXM1 reverses TSN-induced inhibition of SGC-7901 cell proliferation. (A) An MTT assay showed that overexpression of 
FOXM1 reversed TSN-induced inhibition of SGC-7901 cell proliferation. (B) Overexpression of FOXM1 increased the expression of Ki-67 and PCNA and 
decreased the expression of P21; *p<0.01 compared with the control; **p<0.01 compared with TSN. TSN, tanshinone IIA.

Figure 8. Overexpression of FOXM1 reverses TSN-induced inhibition of SGC-7901 cell migration. (A) Wound healing assay showed that overexpression of 
FOXM1 reversed TSN-induced inhibition of SGC-7901 cell migration. (B) Overexpression of FOXM1 increased the expression levels of MMP-2 and MMP-9; 
*p<0.01 compared with the control; **p<0.01 compared with TSN. TSN, tanshinone IIA.
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and MMP-9 (Fig. 8; p<0.01). These results strongly suggested 
that FOXM1 was involved in the TSN-induced inhibition of 
SGC-7901 cell migration.

Discussion

Abnormal proliferation and migration of tumor cells are 
crucial pathological processes involved in malignant 
tumors (13-16). Tumor metastasis is a complex process which 
includes migratory tumor cells leaving the primary tumor by 
invasion, disseminating throughout the body via the circula-
tory system, and colonizing eventually at distant organs (17). It 
has already been proven that tumor cells acquiring the exces-
sive ability of proliferation and migration and departing from 
the original locality is a prerequisite for metastasis. Therefore, 
it is important to find an effective anti-gastric cancer (GC) cell 
proliferation and migration approach in order to improve the 
prognosis of patients with GC.

Tanshinone is a herbal medicine derived from the dried 
root of Salvia miltiorrhiza, which has been widely used 
in China for hundreds of years. Recently, the pharmaco-
logical properties of tanshinone have attracted great interest. 
Tanshinone IIA (TNS) is the main component of tanshinone, 
and a variety of clinical trials and experimental studies have 
demonstrated the protective effect of TSN on cardiovascular 
diseases, diabetes and tumors (2,18-21). In GC, Jing et al first 
reported that TSN induced apoptosis and growth inhibition 
in vitro and in vivo. Subsequent research showed that TSN 
could reverse the malignant phenotype of GC cells and induce 
pro-survival autophagy in GC cells (22,23). In accordance 
with these studies, our research found that TSN inhibited the 
proliferation and migration ability of SGC-7901 cells in a 
dose-dependent manner. As a multi-target drug, the molecular 
targets of TSN include apoptotic-regulating proteins, tran-
scription and growth factors, ion channels and inflammatory 
mediators (6,7,24,25). In the present study, we found that TSN 
decreases the expression of FOXM1 in SGC-7901 cells in a 
dose-dependent manner.

FOXM1 is an important transcription factor required for 
tissue development and differentiation in vertebrates  (26). 
FOXM1 binds to sequence-specific motifs on DNA 
(C/TAAACA) through its DNA-binding domain (DBD) and 
activates proliferation-, migration- and EMT-associated genes. 
Aberrant overexpression of FOXM1 is a key feature in onco-
genesis and progression of many types of human cancer (27). 
Recently, overexpression of FOXM1 was correlated with 
the poor prognosis of patients with malignant tumors and 
has been reported in many types of cancers including 
GC  (28-32). Zhang  et  al reported that downregulation of 
FOXM1 suppressed PLK1-regulated cell cycle progression in 
renal cancer cells (33). Additionally, Inoguchi et al found that 
microRNA-24-1 inhibited bladder cancer cell proliferation 
by targeting FOXM1 (34). Therefore, we inferred that TSN 
inhibited SGC-7901 cell proliferation and migration via the 
downregulation of FOXM1. Consistent with these studies, our 
results showed that knockdown of FOXM1 by siRNA had the 
same effect as TSN on SGC-7901 cells including suppression 
of cell proliferation and migration, inhibition of the expression 
of Ki-67, PCNA and MMP-2/-9 and an increase in the expres-
sion of P21, which indicated that FOXM1 plays an important 

role in the regulation of SGC-7901 cell proliferation and 
migration. Additionally, we also found that overexpression of 
FOXM1 increases the expression of Ki-67, PCNA, MMP-2/-9 
and promotes the proliferation and migration abilities of the 
SGC-7901 cells. Moreover, our results demonstrated that 
overexpression of FOXM1 reverses TSN-induced inhibition 
of SGC-7901 cell proliferation and migration. These results 
demonstrated that TSN inhibits SGC-7901 cell proliferation 
and migration via the downregulation of FOXM1.

In summary, the present study provides new insights 
into the effect of TSN on SGC-7901 cells and the related 
mechanism. The present study suggests that TSN inhibits 
proliferation and migration of SGC-7901 cells through, at least 
in part, the downregulation of FOXM1.
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