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Tanshinone IIA suppresses ovarian cancer growth through 
inhibiting malignant properties and angiogenesis
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Background: In Chinese herbal medicine, Tanshinone IIA (Tan-IIA) is one of the main compounds 
extracted from Salvia miltiorrhiza Bunge. Tan-IIA has been demonstrated to inhibit the growth of various 
tumors. However, the detailed molecular and cellular mechanisms of the antitumor effect of Tan-IIA have 
yet to be fully illuminated. 
Methods: A2780 and ID-8 were treated with 0, 1.2, 2.4, 4.8, or 9.6 μg/mL Tan-IIA for 24 hours. Cell 
counting Kit-8 assay and EdU staining were used to evaluate cell proliferation. Terminal deoxynucleotidyl 
transferase dUTP nick end labeling (TUNEL) assay and flow cytometry were performed to analyze 
apoptosis. Western blot was carried out to determine the protein levels. Flow cytometry was used for cell 
cycle analysis. The levels of mRNA expression were analyzed by real-time polymerase chain reaction. The 
anti-tumor effect of Tan-IIA was observed in a tumor-bearing mouse model. 
Results: Tan-IIA inhibited the proliferation of ovarian cancer cells in a dose-dependent manner by 
inducing G2/M phase arrest. It also down-regulated B-cell lymphoma 2 (Bcl-2) and up-regulated Bcl-2-
associated X protein (Bax) in ovarian cancer cells to induce apoptosis, and suppressed cell migration by 
inhibiting focal adhesion kinase phosphorylation. Tan-IIA significantly reduced vascular endothelial growth 
factor (VEGF) and cyclooxygenase-2 (COX2) mRNA expression in ovarian cancer cells. In vivo, Tan-IIA 
significantly inhibited tumor growth by inducing apoptosis and promoting anti-angiogenesis.
Conclusions: The results of this study shed light on the molecular and cellular mechanisms for the 
antitumor effect of Tan-IIA.
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Introduction 

Ovarian cancer is ranked as the seventh most common 
and the eighth deadliest malignancy among globally, with 
the 5-year survival rate standing at less than 45% (1,2). In 
the majority of countries, ovarian cancer mortality rates 
have stabilized or fallen in the past two decades; however, 
in many low-income countries, they are rising. Current 
treatment regimens for ovarian cancer include surgery, 

chemotherapy and radiation therapy, and molecular 
targeted therapy (3,4). Chemotherapy with alkylating 
agents, antimetabolites, antitumor antibiotics, platinum 
analogs, and natural anticancer agents is widely employed in 
the clinical treatment of ovarian cancer. The main reasons 
for the failure of chemotherapy are drug resistance and 
side effects. Therefore, the screening of high-efficiency 
and low toxicity antitumor drugs is urgently needed. Many 
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anticancer drugs that originate from natural sources, such as 
paclitaxel, play important roles in chemotherapy (5-7).

Dan-shen, the dried root and rootstock of Salvia 
miltiorrhiza Bunge, is a crude drug that is a popular 
ingredient in many traditional Chinese medicines. Dan-
shen is used to promote blood circulation, remove blood 
stasis, clear away toxic material, relieve restlessness, and 
eliminate edema in the treatment of numerous diseases 
(8,9). Recent pharmacological studies found that the active 
ingredients of S. miltiorrhiza Bunge could expand the 
coronary artery, increase blood flow in the coronary artery, 
inhibit inflammation and inflection, and regulate immunity 
and antitumor activity (10-13). Tanshinone IIA (Tan-IIA) is 
among the principal active ingredients derived from Salvia 
miltiorrhiza radix. Tan-IIA is involved in antitumor activity 
in various cancers, such as colon cancer (14), malignant 
melanoma (15), lung cancer (16), and hepatocellular 
carcinoma (17). However, the full extent of the anticancer 
mechanisms of Tan-IIA has yet to be established. 

In the present study, we analyzed the anti-tumor 
effects of Tan-IIA in vitro and in vivo and their molecular 
mechanisms. Our study found that Tan-IIA significantly 
induced cell proliferation by inducing G2/M phase arrest, 
promoted cell apoptosis through changing B-cell lymphoma 
2 (Bcl-2)/Bcl-2-associated X protein (Bax) balance, 
suppressed cell migration by reducing focal adhesion kinase 
(FAK) phosphorylation and blocking vascular endothelial 
growth factor (VEGF) expression. This study provided 
sufficient evidence that Tan-IIA could be an effective 
candidate agent in ovarian cancer therapy. 

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5741).

Methods

Cell culture 

Human ovarian cancer cell line A2780 and mouse ovarian 
cancer cell line ID-8 were supplied by American Type Culture 
Collection (ATCC, USA). The cells were maintained in 
Dulbecco’s Modified Eagle Medium (DMEM) containing 
10% fetal bovine serum (FBS) and 1% penicillin/streptomycin 
(Gibco, USA) at 37 ℃ with 5% CO2 in a cell incubator.

Cell counting Kit-8 assay (CCK-8)

Cell viability was analyzed using the CCK-8 assay kit 
(Beyotime, Shanghai, China) following the protocol of the 

manufacturer. A2780 and ID-8 cells were plated in 96-well 
culture plates and treated with Tan-IIA (0, 1.2, 2.4, 4.8, or  
9.6 μg/mL). After 24 hours of treatment, 20 μL of the CCK8 
solution was added to the cells, before incubation at 37 ℃ 
for a further 2 hours. Each experiment was performed three 
times. The absorbency was measured at a test wavelength of 
450 nm and a reference wavelength of 630 nm.

EdU staining assay 

EdU assay was performed using an EdU assay kit 
(Beyotime, Shanghai, China) following the protocol 
of the manufacturer. A2780 and ID-8 cells underwent 
treatment with Tan-IIA (0, 1.2, 2.4, 4.8, or 9.6 μg/mL) for 
24 hours and then incubation with 50 mM EdU at 37 ℃.  
After incubation, the cells were fixed, permeabilized at 
room temperature, and washed two times with phosphate-
buffered saline (PBS). EdU was added for 30 minutes, 
following which the cells were stained with Hoechest33342 
(400 μL) for 30 minutes for visualization of the nuclei. The 
percentage of EdU-positive cells in different treatment 
groups were determined. 

Transwell assay 

For the cell migration assay, A2780 and mouse ID-8 cells 
underwent treatment with Tan-IIA (0, 1.2, 2.4, 4.8, or 9.6 μg/mL).  
After treatment for 24 hours, the cells were placed in the 
upper chamber of each insert (Corning, Cambridge, USA), 
and 600 μL DMEM medium (5% FBS) was added to the 
lower chamber. The cells were incubated for 24 hours at  
37 ℃, then stained with 0.1% crystal violet. The numbers 
of migrated cells were counted under a microscope.

Wound healing assay

2×105 A2780 were seeded into 6-well plates and cells 
influence reached 100%, a scratch wound was created 
by scraping c, followed by three washes with serum-free 
medium to wash away nonadherent cells. The left cells were 
then underwent treatment with Tan-IIA (0, 1.2, 2.4, 4.8, 
or 9.6 μg/mL). Wounds were imaged at 0 and 24  h with 
microscope (Olympus, Shinjuku, Tokyo, Japan). 

Cell cycle analysis

A2780 and mouse ID-8 cells underwent treatment with 
Tan-IIA (0, 1.2, 2.4, 4.8, or 9.6 μg/mL). The cells were 
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digested by EDTA free trypsin, before fixing with cold 
70% ethanol for 12 hours at 4 ℃. The cells were collected 
at 2,000 rpm/min for 5 minutes and resuspended in PBS  
(50 μg/mL RNase A and 50 μg/mL propidium iodide), 
before incubation for 20 minutes at 37 ℃. Cell cycle 
analysis was conducted using a flow cytometer. 

Terminal deoxynucleotidyl transferase dUTP nick end 
labeling assay 

Terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) assays were carried out, in line with the 
protocol of the manufacturer (Vazyme Biotech Co., Ltd., 
China). In the cell assay, A2780 and ID-8 cells underwent 
treatment with Tan-IIA (0, 1.2, 2.4, 4.8, or 9.6 μg/mL). 
After 24 hours of treatment, bright Red labeling mix was 
used to incubate the cells, which were then treated with 
Click-iT reaction cocktail. In the tissue assay, the sections 
of tumor tissue were incubated with Biotin-dUTP Labeling 
Mix, covered in Streptavidin-HRP for 30 minutes and then 
visualized with 3,3’-Diaminobenzidine (DAB) substrate. 
The number of TUNEL-positive cells and the apoptotic 
index were analyzed in each field.

Western blotting assay 

Total protein from cells was extracted and quantified, and 
then separated with sodium dodecyl sulfate–polyacrylamide 
gel electrophoresis (SDS-PAGE) After separation, the 
protein was transferred to nitrocellulose (NC) membranes 
(Millipore, Bedford, MA, USA). Then, 5% bovine serum 

albumin (BSA) in PBS containing Tween (PBST) was used 
to block the membranes for 1 hour, before incubation for 
2 hours at 37 ℃ with primary antibodies. The membranes 
were washed with PBST and incubated with secondary 
antibodies for 30 min at 37 ℃. The protein were visualized 
by enhanced chemiluminescence (Millipore, Billerica, 
MA, USA). Protein expression was determined by ImageJ 
software and β-actin was used as a control. Ki67 (1:2,000), 
FAK (1:1,000), p-FAK (1:1,000), actin (1:4,000). 

Real-time reverse transcription-polymerase chain reaction

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used 
to extract total RNA from cells and tumors tissues in line 
with the instructions of the manufacturer. The First-Strand 
cDNA Synthesis Kit (Transgene, Beijing, China) was 
employed to reverse transcribe 1,000 ng RNA into cDNA. 
Real-time polymerase chain reaction (PCR) was performed 
using 7500 Real-Time PCR System (Applied Biosystems, 
Foster City, CA, USA). Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was used as a control. The 
cycling program consisted of holding at 94 ℃ for 2 minutes, 
then 30 cycles for 30 s at 94 ℃, 30 s at 56 ℃, and 60 s at  
72 ℃. The melting curve was collected to test PCR 
specificity. PCR analysis was carried out in triplicate. The 
relative mRNA expressions were calculated by the 2−ΔΔct 
method. Table 1 displays the primer sequences used.

Tumor xenograft model 

Five-week-old female BALB/c nude mice were supplied 

Table 1 The primer sequences for real-time polymerase chain reaction

Gene Primer sequences (F) Primer sequences (R)

Human Bcl-2 CGACGACTTCTCCCGCCGCTACCGC CCGCATGCTGGGGCCGTACAGTTCC

Mouse Bcl-2 CCTGTGCCACCATGTGTCCATC GCTGAGAACAGGGTCTTCAGAGAC

Human Bax TCCACCAAGAAGCTGAGCGAG GTCCAGCCCATGATGGTTCT

Mouse Bax GGTCCGGGGAGCAGCTTGGGAG ACCACCTGCGTAGGACCCCGCC

Human VEGF ATCTTCAAGCCATCCTGTGTGC GCTCACCGCCTCGGCTTGT

Mouse VEGF GAGCAGAAGTCCCATGAAGTG CATGGTGATGTTGCTCTCTGA

Human COX2 GCAAATCCTTGCTGTTCC GGAGGAAGGGCTCTAGTA

Mouse COX2 GGTGCCTGGTCTGATGATGTATG ATGAGTATGAGTCTGCTGGTTTGG

Human GAPDH TGCACCACCAACTGCTTAG TAGAGGCAGGGATGATGTTC

Mouse GAPDH GGTGAAGGTCGGTGTGAACGGA TGTTAATGGGGTCTCGCTCCTG
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by Nanjing Model Animal Research Center. Experiments 
were performed under a project license (license number 
KS2020038) granted by the Animal Care Committee of 
Sichuan Agriculture University. Mouse research procedures 
in vivo were performed according to the guideline of the 
Animal Care Committee of Sichuan Agriculture University. 
A tumor xenograft model was established by injecting 
A2780 cells bilaterally and subcutaneously into the flanks 
of the mice (100 μL, 2×107 cells). The mice were randomly 
divided into the control group and the Tan-IIA group  
(30 mg/kg), and administered an intraperitoneal injection of 
dimethyl sulfoxide (DMSO) or Tan-IIA, respectively. 

Immunohistochemistry assay 

The tissues were fixed and embedded in paraffin. The 
embedded sections were sliced into 6-μm-thick sections 
for immunohistochemistry assay. Immunohistochemical 
staining was performed with primary antibodies against 
Ki67, caspase-3, CD31, and VEGF. Next, the sections were 
incubated with horseradish peroxide-conjugated secondary 
antibody, visualized with DAB substrate, and counterstained 
with hematoxylin for detection. Images were photographed 
using the OLYMPUS microscope (OLYMPUS, Japan).

Statistical analysis 

The data were presented as mean ± SD and analyzed with 
SPSS 19.0 (Microsoft, USA). The Student’s t-test or one-
way analysis of variance (ANOVA) was used to analyze 
the data. A P value of <0.05 was considered to represent 
statistical significance. 

Results

Tan-IIA inhibited ovarian cancer cell proliferation by 
inducing G2/M phase arrest

The effects of Tan-IIA (0, 1.2, 2.4, 4.8, and 9.6 μg/mL) on 
cell viability were assessed using EdU staining and CCK-
8 assay. The results of EdU staining indicated that after 
treatment with Tan-IIA, there was a significant dose-
dependent reduction in the percentage of EdU-positive 
cells (P<0.05) (Figure 1A,B). The CCK-8 assay results 
showed that the viability of human A2780 and mouse 
ID-8 cells was significantly, dose-dependently inhibited 
(P<0.05) (Figure 1C). Western blot revealed that the Ki67 
expression in A2780 and ID-8 cells was gradually, dose-

dependently reduced after treatment with Tan-IIA (P<0.05) 
(Figure 1D,E). Previous studies have reported that Tan-I 
and Tan-IIA induce cell cycle arrest in multiple types of 
human cancer cells (18,19). To investigate whether Tan-
IIA induces cell cycle arrest in ovarian cancer cells, flow 
cytometry was carried out to analyze cell cycle distribution, 
showing that Tan-IIA induced G2/M cell phase arrest in 
a dose-dependent manner (P<0.05) (Figure 1F,G). These 
findings suggested that Tan-IIA could significantly inhibit 
the proliferation of ovarian cancer cells by inducing G2/M 
cell phase arrest.

Tan-IIA induced apoptosis of ovarian cancer cells 

To confirm the apoptosis-inducing effects of Tan-IIA, 
TUNEL staining of A2780 and ID-8 cells was carried out. 
The cells were incubated for 24 hours in a growth medium 
with 0, 1.2, 2.4, 4.8, or 9.6 μg/mL Tan-IIA. The results of 
TUNEL staining demonstrated that there was a significant 
dose-dependent increase in TUNEL-positive A2780 and 
ID-8 cells (Figure 2A,B). Real-time PCR results showed that 
Bcl-2 mRNA expression was significantly down-regulated 
and Bax mRNA expression was significantly up-regulated 
in A2780 and ID-8 cells, in a dose-dependent manner 
(P<0.05) (Figure 2C,D). These results suggested that Tan-
IIA promoted apoptosis by changing the balance of Bcl-2/
Bax.

Tan-IIA blocked migration of ovarian cancer cells

To better understand the effect of Tan-1 on cell migration, 
transwell assay and wound healing assay was carried out 
using cells. The results showed that Tan-IIA markedly and 
dose-dependently inhibited the migration of ovarian cancer 
cells (P<0.05) (Figure 3A,B). Wound healing assay revealed 
that Tan-IIA significantly inhibited wound healing in dose 
dependent manner (P<0.05) (Figure 3C,D). The results of 
western blot showed that Tan-IIA did not affect the total 
FAK, but induced a significant, dose-dependent reduction 
in FAK phosphorylation (P<0.05) (Figure 3E,F).

Tan-IIA inhibited the expression of VEGF and COX2 in 
ovarian cancer cells 

VEGF performs crucial activity in the growth of tumor 
blood vessel. Real-time PCR showed that Tan-IIA 
significantly, dose-dependently inhibited VEGF and 
cyclooxygenase-2 (COX2) mRNA expression by A2780 and 
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Figure 1 Tan-IIA inhibited the proliferation ability of ovarian cancer cells. (A) EdU staining. A2780 and ID-8 cells were treated with Tan-
IIA at 1.2, 2.4, 4.8, or 9.6 μg/mL for 24 hours, and stained with EdU, amplification 100×. (B) The percentages of EdU-positive A2780 and 
ID-8 cells. (C) Cell counting Kit-8 (CCK-) assay. A2780 and ID-8 cells were treated with Tan-IIA at 1.2, 2.4, 4.8, or 9.6 μg/mL for 24 hours 
and stained with CCK-8 kit. (D,E) Ki67 protein expression. A2780 and ID-8 cells were treated with Tan-IIA at 1.2, 2.4, 4.8, or 9.6 μg/mL 
for 24 hours and analyzed by western blot. (F,G) Cell cycle distribution. A2780 and ID-8 cells were treated with Tan-IIA at 1.2, 2.4, 4.8, or  
9.6 μg/mL for 24 hours. Cell cycle distribution was analyzed by flow cytometry. *, P<0.05.
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Figure 2 Tan-IIA induced apoptosis in ovarian cancer cells. (A) Apoptosis assay. A2780 and ID-8 cells were treated with Tan-IIA at 1.2, 
2.4, 4.8, or 9.6 μg/mL for 24 hours and analyzed by terminal deoxynucleotidyl transferase dUTP nick end labeling staining. Amplification 
100×. (B) The rates of apoptosis in A2780 and ID-8 cells. (C,D) Bcl-2 and Bax mRNA expression level in A2780 and ID-8 cells by real-time 
polymerase chain reaction. *, P<0.05.

ID-8 cells (P<0.05) (Figure 4A,B).

Tan-IIA inhibited tumor growth in vivo

To explore the antitumor effect of Tan-IIA in vivo, a tumor 
xenograft mouse model was established by injecting ID-8 
cells into the flanks of nude mice. The tumor weight in 
the Tan-IIA group significantly reduced compared with 
the control group (P<0.05) (Figure 5A,B). The results 
of immunohistochemistry assay indicated that the Ki67 
expression in the Tan-II group was significantly reduced 
compared to that in the control group (P<0.05) (Figure 
5C), The tumor apoptotic index in Tan-IIA group was 
significantly higher than that in the control group (P<0.05) 
(Figure 5D). Additionally, the protein expression levels of 
VEGF and COX2 in the Tan-IIA group were significantly 
down-regulated in comparison with the control group 
(P<0.05) (Figure 5E,F). Also, the tumor vascular density in 
the Tan-IIA group was significantly decreased compared 

with that in the control group (P<0.05) (Figure 5G). These 
results showed that Tan-IIA inhibited tumor growth 
through inducing apoptosis and suppressing tumor 
angiogenesis.

Discussion

Tanshinone IIA (Tan-IIA) has shown anti-cancer activity 
in various cancers. In this study, we explored the biological 
function and mechanisms of Tan-IIA in ovarian cancer. 
We demonstrated that Tan-IIA effectively inhibited 
the proliferation and migration abilities of A2780 and 
ID-8 cells, and induced A2780 and ID-8 cell apoptosis. 
Additionally, Tan-IIA significantly inhibited tumor growth 
by tumor angiogenesis in vivo by down-regulating VEGF 
and COX2 expression.

Previous studies have shown that Tan-IIA can inhibit 
the proliferation of tumor cells, including malignant 
astrocytoma (20), non-small cell lung cancer (NSCLC) (21), 
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Figure 4 Tan-IIA inhibited vascular endothelial growth factor and cyclooxygenase-2 expression in ovarian cancer cells. (A) The mRNA 
expressions of vascular endothelial growth factor (VEGF) and cyclooxygenase-2 (COX2) in A2780 after Tan-IIA treatment at 1.2, 2.4, 4.8, 
or 9.6 μg/mL for 24 hours by real-time polymerase chain reaction (PCR). (B) VEGF and COX2 mRNA expression in ID-8 after Tan-IIA 
treatment at 1.2, 2.4, 4.8, or 9.6 μg/mL for 24 hours by real-time PCR. *, P<0.05.

Figure 3 Tan-IIA inhibited the migration ability of ovarian cancer cells. (A) Cell migration assay. A2780 and ID-8 cells were treated with 
Tan-IIA at 1.2, 2.4, 4.8, or 9.6 μg/mL for 24 hours, and analyzed by Transwell assay. Amplification 100×. (B) The number of migrated A2780 
and ID-8 cells in (A). (C and D) Wound healing assay. A2780 were treated with Tan-IIA at 1.2, 2.4, 4.8, or 9.6 μg/mL for 24 hours, and 
analyzed by wound healing assay.  (E and F) Focal adhesion kinase protein expression in A2780 and ID-8 cells by Western blot. *, P<0.05.

Tan-IIA (μg/mL)Tan-IIA (μg/mL)

A2780

*
*

*

*

*
*

*

*

*

*

*

*

P
ro

te
in

 re
la

tiv
e 

ex
pr

es
si

on

P
ro

te
in

 re
la

tiv
e 

ex
pr

es
si

on

ID-8

VEGF                COX2
VEGF                COX22.0

1.5

1.0

0.5

0.0

2.0

1.5

1.0

0.5

0.0
0   1.2 2.4 4.8 9.60  1.2  2.4 4.8 9.6 0  1.2  2.4 4.8 9.6 0  1.2 2.4 4.8 9.6

A B

Tan-IIA (μg/mL)

Tan-IIA (μg/mL)

Tan-IIA      0         1.2        2.4        4.8        9.6     (μg/mL)

0 μg/mL           1.2 μg/mL          2.4 μg/mL          4.8 μg/mL          9.6 μg/mL

0 μg/mL           1.2 μg/mL          2.4 μg/mL          4.8 μg/mL          9.6 μg/mL A2780

ID-8

FAK

p-FAK

*
*

*

*
*

*

*

*

*

*
**

*

*

M
ig

ra
tio

n 
ce

lls
 n

um
be

r
Th

e 
pe

rc
en

ta
ge

 o
f 

w
ou

nd
he

al
in

g

P
ro

te
in

 re
la

tiv
e 

ex
pr

es
si

on

A
27

80

A
27

80
ID

-8
0h

24
h

250

200

150

100

50

0

100

80

60

40

20

0

p-FAK

FAK

Actin

3

2

1

0

0  1.2  2.4 4.8 9.6

0  1.2  2.4 4.8 9.6

0        1.2       2.4      4.8      9.6

0  1.2  2.4 4.8 9.6

0  1.2  2.4 4.8 9.6

A

C

E

B

D

F



Zhou et al. Anti-tumor mechanism of Tanshinone IIA in ovarian cancer

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(20):1295 | http://dx.doi.org/10.21037/atm-20-5741

Page 8 of 11

Figure 5 Tan-IIA inhibited tumor growth in vivo. (A) Tumors in the control group and the Tan-IIA group were isolated and pictured after 
4 weeks of treatment; (B) the tumors of the control group and Tan-IIA group mice were weighed; (C) Ki67 protein expression was detected 
by immunohistochemistry in the two groups of mice. Amplification 100×; (D) tumor cell apoptosis in the control and Tan-IIA groups was 
analyzed by terminal deoxynucleotidyl transferase dUTP nick end labeling staining. Amplification 100×; (E) vascular endothelial growth 
factor protein expression was analyzed by immunohistochemistry in the two groups of mice. Amplification 100×; (F) cyclooxygenase-2 
protein expression was analyzed by immunohistochemistry in the two groups of mice. Amplification 100×; (G) the number of tumor vessels 
in the two groups was analyzed by CD31 immunohistochemistry. *, P<0.05.
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colorectal cancer (22), and gastric cancer (23). Our study 
firstly demonstrated that Tan-IIA suppressed proliferation 
ability of ovarian cancer cells. An earlier report showed 
that Tan-I significantly inhibited cell progression through 
the S and G2 phases of the cell cycle by down-regulating 
the expressions of cyclin A and cyclin B (24). Other studies 
demonstrated that Tan-IIA treatment caused S phase arrest 
in 786-O cells (19) and A549 cells (25). Ma et al. found that 
Tan-IIA induces G0/G1-phase cell-cycle arrest in NSCLC 
cell line H1299 (26). Our study on ovarian cancer cells 
demonstrated that G2/M phase arrest was induced by Tan-
IIA. Controversy still surrounds the effects of Tan-IIA on 
the cell cycle. Therefore, we propose that different doses of 
Tan-IIA affect the cell cycles of various cells differently. 

Additional, earlier reports showed that Tan-IIA 
induced cell apoptosis in different cancer cells by different 
molecular mechanisms. He et al. showed that Tan-IIA 
regulates the apoptosis of colorectal cancer cells through 
attenuating Parkin-mediated mitophagy via the suppression 
of the AMPK/Skp2 pathways (27). Zhang et al. showed 
that Tan IIA can induce apoptosis in human esophageal 
carcinoma Eca-109 cells through regulating cytochrome 
c and caspase-9 expression (28). The results of this study 
showed that Tan-IIA significantly induced cell apoptosis by 
changing the Bcl-2/Bax ratio in ovarian cancer cells. 

Previous studies have also shown that Tan-IIA suppresses 
the migration of cervix carcinoma stem cells by inhibiting 
the transcriptional activity of yes-associated protein (29), 
inhibits gastric cancer cell migration by downregulating 
FOXM1 (23), and inhibits human colon cancer cell 
migration by downregulating the expressions of mTOR 
protein and VEGF mRNA (14). We disclosed a new 
mechanism of Tan-IIA in ovarian cancer, in which it has an 
inhibitive effect on cell migration. Western blot showed that 
Tan-IIA reduced FAK phosphorylation in a dose-dependent 
manner. FAK is a non-receptor tyrosine kinase that plays 
a role in regulating cell migration and invasion in many 
cancer cells (30,31). Some studies have reported that the 
downregulation of FAK or inhibition of FAK kinase activity 
can reduce the migration and invasion abilities of human 
conventional renal cell carcinoma and esophageal squamous 
cell carcinoma cells (32,33). Tan-IIA down-regulated FAK 
phosphorylation to inhibit cancer cell migration. 

Tumor angiogenesis also performs pivotal activity in 
promoting the differentiation and proliferation of tumor 
cells, and is an important pathway for the infiltration, 
invasion, and distant metastasis of tumor cells (34-36). 
The formation of tumor angiogenesis is regulated by 

many angiogenic growth factors, such as VEGF, basic 
fibroblast growth factor (bFGF), and COX2 (37-39). This 
study showed that Tan-IIA significantly, dose-dependently 
reduced VEGF and COX2 protein expression in ovarian 
cancer cells. In our tumor mouse model, Tan-IIA inhibited 
tumor vessel density by down-regulating VEGF protein 
expression. 

In summary, this study provides robust evidence to 
support the antitumor effect of Tan-IIA in ovarian cancer. 
In vitro and in vivo experiments showed that Tan-IIA 
arrested the G2/M phase cell cycle, induced cell apoptosis, 
and inhibited cell migration and tumor angiogenesis. The 
results showed Tan-IIA to be a potential anticancer agent 
for ovarian cancer therapy.
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