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Snail promotes epithelial-mesenchymal transition and 
invasiveness in human ovarian cancer cells
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Abstract: There are limited reports with respect to the study on the epithelium-mesenchymal transformation (EMT) 
mediated by Snail in the ovarian cancer. This study detected the expression of Snail and related EMT markers in the 
ovarian cancer tissues, and explored the possible molecular mechanism of EMT mediated by Snail in the metasta-
sis of ovarian cancer. The patients diagnosed with ovarian cancer according to the pathology were recruited in this 
study during 2010-2014. The carcinoma tissue and normal tissue adjacent to carcinoma were surgically obtained 
from patients. The genes of E-cadherin, β-catenin, Fibronectin and N-cadherin were detected using the RT-PCR. The 
64 patients were recruited and diagnosed as ovarian cancer by pathological examination. The expression levels of 
Snail, Fibronectin and N-cadherin in the stage III and IV were higher than those in the stage I and II, respectively (all 
P < 0.05). However, the expression levels of E-cadherin and β-catenin decreased along with the stage developed 
(trend test, both P < 0.05), respectively. The expression of Snail was positively correlated with the expression of 
Fibronectin, N-cadherin, but negatively correlated with the expression of E-cadherin and β-catenin. The number of 
A2780 cells entering into the lower compartment in the group of carcinoma tissue were significantly higher than 
that in the group of normal tissue after transfected with Snail expression vector. While, the invasion ability of A2780 
significantly reduced after RNAi-Snail. The correlation between Snail and invasion and metastasis of ovarian cancer 
and epithelial-mesenchymal transition based on tissue and cell levels, and to some extent explored the molecular 
mechanism of the EMT process mediated by Snail.
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Introduction

As the top of the death rate among the gynecol-
ogy malignant tumors, ovarian cancer also has 
a high mortality, third only to cervical cancer 
and uterine cancer. Inhibition of invasion and 
metastasis for ovarian cancer cells is the 
important direction in the clinical treatment of 
ovarian cancer [1, 2], but the occurrence, devel-
opment and infiltration as well as proliferation 
mechanism of the ovarian cancer are still 
unclear. 

In recent years, it has been found that the epi-
thelium-mesenchymal transformation (EMT) is 
closely related to the metastasis of the tumors. 
EMT makes the cancer cells invasion and diffu-
sion, and EMT plays an important role in the 
invasion and metastasis of the epithelial can-
cer. EMT is featured by up-regulation of epithe-
lial markers (such as E-cadherin and β-catenin) 
and down-regulation of the interstitial markers 

(such as N-cadherin and Fibronectin). Snail is 
an important regulatory factor in EMT process, 
and its abnormal expression leads to activation 
of EMT event by activating multiple signaling 
pathways, thus promoting the invasion and 
metastasis of tumor cells [3-5]. At present, 
there are limited reports with respect to the 
study on EMT mediated by Snail in the ovarian 
cancer. 

Therefore, this study detected the expression of 
Snail and related EMT markers in the ovarian 
cancer tissues, and explored the possible 
molecular mechanism of EMT mediated by 
Snail in the metastasis of ovarian cancer.

Materials and methods

Patients and cells

The patients diagnosed with ovarian cancer 
according to the pathology were recruited in 
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this study from January 2010 to September 
2014 in the affiliated hospital of Qiqihar 
Medical University. The carcinoma tissue and 
normal tissue adjacent to carcinoma were sur-
gically obtained from patients. The research 
protocol was approved by the human ethics 
committee of the hospital, and all participants 
provided written informed consent.

The A2780 cell lines were purchased from ATCC 
and maintained in liquid nitrogen. The cells 
were incubated in 5% CO2 at 37°C using 
Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 10% fetal bovine serum 
(FBS). 

Real-time PCR (RT-PCR)

RNA were extracted from samples using the 
RNeasy Plus Mini Kit (QIAGEN) and the cDNA 
sample was synthesized by using iScript cDNA 
Synthesis Kit (Bio-Rad). The genes of E- 
cadherin, β-catenin, Fibronectin and N-cad- 
herin were detected using the RT-PCR by 
SsoAdvanced SYBR Green Super mix (Bio-Rad) 
with the primers listed in Supplemental Table 1. 
The expression level of target genes was calcu-
lated as the previous reported [6].

Cell transfection

Snail gene were amplified (F: 5’-CGGGATCCTT- 
CTTCTGCGCTACTGCTGCG-3’; R: 5’-CGGAATTC- 
GGGCAGGTATGGAGAGGAAGA-3’), recycled and 
purified. Xho I, EcoR I restriction enzyme were 
used to cut amplification products and 
pcDNA3.1 plasmid, respectively. They connect-
ed at 4°C with T4 ligase overnight and con-
firmed by sequencing the clones, and then 
transformed into E. coli. The pcDNA3.1-q 
eukaryotic expression plasmid were extracted. 

Cells were incubated in plates. A total of 500 μL 
complete medium was added each well with 
70-80% cell density in transfection. 1 μL 
Lipofectamine 3000 was diluted in 50 μL 
serum-free medium, which mixed with dilution 
plasmids, following incubation for 20 minutes 
at room temperature. After 4 to 6 hours of cul-
ture, the transfection medium was replaced 
with fresh medium.

Western blot analysis

The samples were grinded in liquid nitrogen 
and solubilized in lysis buffer of ReadyPrep pro-
tein extraction kit with the addition of protease 

inhibitors cocktail. After 30 minutes on ice, 
cells were cracked by ultrasonic and centri-
fuged at 13,000 r/min at 4°C for 20 min. 
Concentration of protein was determined with 
Protein Assay Kit.

The extracts were separated by sodium dodec-
yl sulfate-polyacrylamide gel (SDS-PAGE) elec-
trophoresis and then electroblotted onto a 
nitrocellulose membrane. The electroblotted 
membrane was soaked in a blocking solution 
(5% nonfat dry milk in Tris-buffered saline with 
0.1% Tween-20, TBST) for 1 h at room tempera-
ture. The membrane was then incubated with 
antibodies for 2 h at room temperature. The 
membrane was washed for 3 times lasting 5-10 
minutes every time and incubated with second-
ary antibody (diluted 1:10,000) for 1 h. The 
blots were finally detected by enhanced chemi-
luminescence. Experiments were performed in 
triplicate. Grey value was analyzed using 
Quantity one v4.62 software by stripe trajecto-
ry quantitative method drawing optical density 
curve. According to the optical density value of 
different electrophoresis banding, the optical 
density area under the curve was calculated for 
analysis.

Cell invasion assay

Matrigel was diluted to 1 mg/ml by 4°C pre-
cooled serum-free DMEM medium. 100 μL 
diluted Matrigel were added to the middle of 
the bottom of the 24-Transwell chamber and 
incubated for 5 h at 37°C, in which 200 μL 
DMEM medium was added later. Cells were 
digested by pancreatic enzyme, washed with 
PBS and seeded into the upper compartment 
of the Transwell insert (5000 cells/ml) in 
serum-free culture medium. Medium with 10% 
FBS was added to the lower chamber as a che-
moattractant factor. Cells were cultured at 
37°C, then the non-invading cells on the upper 
surface of the membrane were gently removed 
with a cotton swab. After incubating for the indi-
cated times, the cells were fixed with 4% meth-
anol and stained with 0.1% crystal violet solu-
tion for 30 min at 37°C. The fixed cells were 
then observed under a microscope and the 
number of cells was counted under 3 random 
visual fields.

Statistical analysis

Descriptive statistics were calculated for all 
variables; continuous variables were summa-
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rized as means and standard deviations (SD)  
or as medians and ranges, and categorical  
variables were summarized as frequencies  
and proportions. To determine the difference 
between groups, a χ2 test, a Fisher exact test, 
or a nonparametric test was used where appro-
priate. A 2-sided P value of < 0.05 was consid-
ered to be statistically significant. All analyses 
were performed using SPSS software, version 
17.0.

Results

Basic information

The 64 patients were recruited and diagnosed 
as ovarian cancer by pathological examination, 
including 25 ovarian serous adenocarcinoma, 
17 ovarian borderline serous tumor and 22 
ovarian serous glands tumor from January 
2010 to September 2014. The mean of age 
were 41.3, and 38 (59.4%) were equal or older 
than 60 years. There were 13 in stage I, 9 in 
stage II, 26 in stage III and 16 stage IV accord-
ing to FIGO staging criteria. A total of 64 carci-
noma tissue and 57 normal tissue adjacent to 
carcinoma of patients with ovarian cancer were 
surgically obtained.

Expression level of the snail and EMT related 
molecular markers

The expression level of the Snail and EMT relat-
ed molecular markers in different stages in the 
group of carcinoma tissue were shown in Figure 
1 (detailed in Supplemental Table 2). The 
results showed the expression levels of Snail, 

Fibronectin and N-cadherin in the stage III and 
IV were higher than those in the stage I and II, 
respectively (all P < 0.05). However, the expres-
sion levels of E-cadherin and β-catenin 
decreased along with the stage developed 
(trend test, both P < 0.05), respectively.

Compared to the expression levels of molecular 
markers in the group of normal tissue adjacent 
to carcinoma tissue, the up-regulated expres-
sion of Snail, Fibronectin and N-cadherin were 
higher in the group of carcinoma tissue, respec-
tively (all P < 0.05) while the expression of 
E-cadherin and β-catenin were lower (both P < 
0.05) in Figure 2.

Effect of snail on the EMT related molecular 
markers

The expression of Snail was positively correlat-
ed with the expression of Fibronectin, 
N-cadherin, but negatively correlated with the 
expression of E-cadherin and β-catenin in 
Figure 3.

Figure 1. The expression level of the Snail and EMT 
related molecular markers in different stages in the 
group of carcinoma tissue. The different clinical stag-
es include Stage I, Stage II, Stage III and Stage IV. 
The higher column indicates higher expression level.

Figure 2. The expression level of the Snail and EMT 
related molecular markers in different stages in 
the two groups of carcinoma tissue and normal tis-
sue adjacent to carcinoma tissue. A. Normal tissue 
adjacent to carcinoma tissue. B. Carcinoma tissue. 
Thicker stripe indicates the higher expression level.
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Effect of snail on invasion and metastasis abil-
ity of A2780 cell lines

As shown in Figure 4, the number of A2780 
cells entering into the lower compartment in 
the group of carcinoma tissue were significantly 
higher than that in the group of normal tissue 
after transfected with Snail expression vector. 
While, the invasion ability of A2780 significantly 
reduced after RNAi-Snail.

Discussion

Ovarian cancer cells can easily invade and dif-
fuse in the pelvic cavity, which is a crucial rea-

son for the high mortality of ovarian cancer 
which is the top one among a variety of gyneco-
logical tumors [7]. The EMT process is an early 
event in the course of invasion and metastasis 
of tumor cells [8, 9], in which Snail acts as a 
vital regulator. Recently, Snail has become a 
focus of the tumor research. Therefore, it’s clin-
ically significant for studying the mechanism of 
the invasion and metastasis of ovarian cancer 
cells to explore whether the EMT process exists 
in ovarian cancer tissues and the expression of 
Snail in carcinoma and adjacent tissues.

The concept of EMT was firstly proposed by 
GarryG and Elisabeth in 1982, referring to the 

Figure 3. The effect of the expression level of Snail on EMT related molecular markers. A. The effect of Snail on EMT 
molecular markers in siRNA. B. The effect of Snail on EMT molecular markers in plasmid. The black represents the 
control group; the gray represents the Snail group. The higher column indicates higher expression level.

Figure 4. The effect of the expression level of Snail on the invasion and metastasis ability of A2780 cell lines. (A) The 
stained cell under the microscope. (B) The cell counting in the four groups. a, Snail siRNA (-) and overexpression (-); 
b, Snail siRNA (+) and overexpression (-); c, Snail siRNA (-) and overexpression (+); d, Snail siRNA (+) and overexpres-
sion (+). The darker color (A) and higher column (B) indicates more cells.
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phenomenon that epithelial cells differentiated 
into interstitial cells in certain stimulation of 
physiological or pathological conditions [10], 
such as wound healing, embryonic develop-
ment and early stage of tumor metastasis. The 
common cytologic features of the EMT process 
are the gradual loss of cell adhesion and the 
enhancement of cells migration ability [11, 12]. 
EMT induces epithelial cells to lose polarity and 
cell adhesion, and filamentous actin tonofila-
ments of epithelial cells rearrange and thus 
express lamellipodia and filopodia, contributing 
to the acquirement of cell migration and inva-
sion ability and eventual formation of intersti-
tial cells [13-15]. The occurrence of EMT is not 
activated by a single factor but by internal and 
external factors of tumor cells. This process in 
which a variety of molecules of multiple signal-
ing pathways have participated is commonly 
regulated by the crosstalk of signaling path-
ways. The regulation of transcription factors is 
one of important regulation approaches, in 
which the zinc finger transcription factor Snail 
is a key regulator and has a significant role in 
the occurrence of EMT. The main structural 
basis of the EMT process Snail participated in 
is the interaction between highly conserved 
specific sequences of carboxyl terminal of Snail 
family and the DNA promoter containing E-box 
(CAGGTG).

This study determined the expression levels of 
EMT markers of ovarian cancer tissues in dif-
ferent FIGO stages. The results demonstrated 
that the expression levels of Snail, Fibronectin 
and N-cadherin in late FIGO stages (stage III 
and IV) were higher than that in early FIGO stag-
es (stage I and II), while the expression of 
E-cadherin and β-catenin in stage III and IV 
were lower than that in stage I and II. The capa-
bility of ovarian cancer cells invasion and 
metastasis is relatively weaker in stage I and II 
when there are no lymph node and peritoneal 
metastasis. Ovarian cancer cells highly differ-
entiate in stage III and IV when tumor metasta-
sis generally has been detected [16, 17]. The 
results definitely revealed that Snail played a 
vital role in mediating tumor cells metastasis. 
In addition, the EMT process was related to 
FIGO stages. With later FIGO stages, the EMT 
process was more obvious, and cells lost polar-
ity and eventually became interstitial cells. 
Therefore, it would be a potential target for 
gene therapy of ovarian cancer to inhibit Snail 
expression and suppress the invasion and 
metastasis of ovarian cancer cells. 

In the study, we also detected the impact of 
Snail on the gene expression of EMT markers. 
The results indicated that the expression of 
Snail was positively associated with that of 
Fibronectin and N-cadherin. Fibronectin and 
N-cadherin levels were up-regulated with the 
over expression of Snail while down-regulated 
after silencing Snail genes compared to the 
control group, suggesting that Fibronectin and 
N-cadherin were the downriver effector mole-
cules in the EMT process mediated by Snail. 
N-cadherin is an adhesion molecule mediating 
intercellular aggregation, which could resist the 
hydrolysis of protease in the presence of Ca2+ 
and plays an important role in tumor cells 
metastasis. E-cadherin is a homologous pro-
tein of N-cadherin which is one of Ca2+ adhe-
sion molecules, having a great effect on the 
maintenance of epithelial cells structure and 
cell polarity, and participating in the regulation 
of cell differentiation. N-cadherin could pro-
mote the EMT process, whose effect is oppo-
site to that of E-cadherin [18-20]. Further, we 
studied the influence of Snail over expression 
or silencing on the invasion and metastasis of 
A2780 cell line. After transfected the Snail 
expression vector, the number of cells entering 
into the lower chamber through Transwell was 
significantly higher than that of the control 
group. After RNAi-Snail, the invasive capacity of 
A2780 was significantly decreased, implying 
that the occurrence of EMT led to decreased 
cell polarity, cell dedifferentiation, changes of 
connections between cells and strengthened 
cells invasive ability.

In conclusion, the present study revealed the 
correlation between Snail and invasion and 
metastasis of ovarian cancer and epithelial-
mesenchymal transition based on tissue and 
cell levels, and to some extent explored the 
molecular mechanism of the EMT process 
mediated by Snail. However, there are several 
limitations in the study. Further researches on 
different types of patients with ovarian cancer 
and expansion of the clinical sample size are 
needed to conduct a more detailed study on 
the metastasis of ovarian cancer, which would 
be the focus of our future studies.
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Supplemental Table 1. The primer used in the real-time PCR
Gene Accesion No. Primer (5’-3’)
CDH1 NM_004360.3 For: TGAAGGTGACAGAGCCTCTGGAT

Rev: TGGGTGAATTCGGGCTTGTT
CTNNB1 NM_001098209.1 For: TTGAAAATCCAGCGTGGACA

Rev: TCGAGTCATTGCATACTGTC
FN1 NM_002026.2 For: GGTGACACTTATGAGCGTCCTAAA

Rev: AACATGTAACCACCAGTCTCATGTG
CDH2 NM_001792.3 For: TGGGAATCCGACGAATGG

Rev: TGCAGATCGGACCGGATACT
GAPDH NM_002046 For: GAAGGTGAAGGTCGGAGTC

Rev: GAAGATGGTGATGGGATTTC
CDH1: cadherin 1, E-cadherin; CTNNB1: Catenin beta-1; FN1: Fibronectin; CDH2: N-cadherin GAPDH: glyceraldehyde phos-
phate dehydrogenase; For: forward; Rev: reverse.

Supplemental Table 2. The expression levels of Snail and EMT related molecular markers in different 
stages in the group of carcinoma tissue

Stage I Stage II Stage III Stage IV
Mean SD n Mean SD n Mean SD n Mean SD n

E-cadherin 1.33 0.21 13 0.83 0.070 9 0.70 0.02 26 -2.10 0.15 16
β-catenin 0.29 0.07 -0.04 0.032 -3.20 0.13 -3.98 0.04
Fibronectin -0.90 0.04 1.20 0.160 4.50 0.05 4.90 0.24
N-cadherin 1.37 0.21 1.28 0.580 5.70 0.16 5.99 0.18
Snail 2.20 0.81 3.50 0.070 5.83 0.09 7.22 0.06


