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Abstract. Ovarian cancer is the fifth most common cancer 
among women worldwide. Detection of metastasis of ovarian 
cancer is crucial for diagnosis and prolongs the life of patients. 
This study focused on whether SNAI1 overexpression relates to 
invasion of ovarian cancer in vitro and in vivo. Invasion, colony 
formation and wound healing assays and flow cytometric 
analysis were performed to test the invasion and proliferation 
of SKOV3 ovarian cancer cells after transfection. The effect 
of SNAI1 on ovarian cancer in vivo was validated using a 
murine xenograft model. In vitro, SNAI1 upregulation led to 
an increased percent of CD133+ SKOV3 cells and promoted 
SKOV3 cell invasion and proliferation. In vivo, the SNAI1 
overexpression group showed the highest rate of tumor growth 
compared with SNAI2 and the control group (60 and 50%, 
respectively). Our results show that SNAI1 expression induces 
an increase in the number of CD133+ cells, a change important 
for the epithelial to mesenchymal transition and the prolifera-
tion in ovarian cancer. It is suggested that SNAI1 may serve as 
a novel target for ovarian cancer prediction and therapy.

Introduction 

Ovarian cancer is the most lethal gynecological malignancy 
in the world, and is the fifth most common cancer diagnosis in 
females. At present, as there is no method of early detection, 
the majority of patients present with peritoneal dissemination 
and distant metastasis at the time of diagnosis (1-3). With 
disseminated disease, treatment is often unsuccessful and 
overall survival is short. The identification of an invasion-

related molecule associated with the early and rapid spread of 
ovarian cancer is the current focus of many investigators (4-6).

Invasion and metastasis are biological hallmarks of malig-
nancy (7). The molecular mechanism responsible for invasion 
and metastasis is a key area for investigation (8-10). A number 
of molecules related to tumor invasion and spread in ovarian 
cancer have been reported and include the following: Twist, 
E-cadherin and SNAI1. However, the molecular changes asso-
ciated with acquisition of metastatic ability in ovarian cancer 
progression are poorly understood (11,12). The epithelial 
to mesenchymal transition (EMT) has been described as an 
important mechanism promoting invasion and causing metas-
tasis of cancer. EMT describes a series of events during which 
epithelial cells lose many of their epithelial characteristics and 
take on properties typical of mesenchymal cells, which require 
complex changes in cell architecture and behavior (11,13-15). 
The EMT is basically an embryonic trait through which cells 
adopt a phenotype more amenable to migration and invasion. 
Forced overexpression of SNAI1 in our present model demon-
strated that SNAI1 incresed the percentage of CD133+ SKOV3 
cells, an alteration important for the EMT and for cell prolif-
eration. Our findings are the first evidence linking stemness to 
EMT and support a role of SNAI1 in metastasis.

Materials and methods

Cell culture and transfection. The ovarian cell line used in this 
study was SKOV3 (acquired from the American Type Culture 
Collection, Rockville, MD). These cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum (Invitrogen). The vectors were 
transfected into cells using PEI (cat#23966; Polysciences Inc., 
Warrington, PA).

Expression plasmids. Full-length SNAI1 and SNAI2 cDNA 
was generated by normal human embryo total cDNA, and 
digested with XhoI/EcoRI and subcloned into pcDNA3.1 
vectors. The resulting constructs were confirmed by DNA 
sequencing. The siRNA coding oligos against human SNAI1 
and SNAI2 were designed and verified to be specific to 
SNAI1 and SNAI2. The SNAI1-siRNA-targeting sequence 
was AAGCTGAGCAAGATTCAGACC. The SNAI2-siRNA-
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targeting sequence was CAGGACCTCGCCGCTGCAGAC 
(siBcl-2 nucleotides 200-221) (16). The U6 promoter with the 
SNAI1-siRNA or SNAI2-siRNA insert was subcloned into 
pRNA-U6-Neo (Genscript, China). A non-silencing siRNA 
sequence (target sequence AATTCTCCGAACGTGTCACGT) 
was used as the negative control.

Invasion and wound healing assay. The cell migration assay 
was performed using Transwell cell culture inserts (Invitrogen). 
The transfected cells were maintained for 48 h and allowed to 
migrate for another 24 h. The passed cells were stained with 
crystal violet solution and the absorbance at 595 nm was deter-
mined. In wound healing assays, cell motility was assessed by 
measuring the movement of cells into a scrape. The speed of 
wound closure was monitored after 12 and 24 h by measuring 
the ratio of the distance of the wound at 0 h. Each experiment 
was performed in triplicate.

Colony formation assay. Control and transfected cells were 
seeded in a 6-well plate at a cell density of 1,000 cells/well. 
After two weeks, clones were fixed with methanol and stained 
with 2% Giemsa solution (Merck) for 10 min.

Flow cytometry analysis. Cells were fixed with 75% ethanol 
after treatment. An indirect labeling method was used to 

incubate primary and secondary antibodies (Table  I). Red 
fluorescence used PE (FL2 channel), whereas green fluores-
cence used FITC (FL1 channel). C6 flow cytometry (Accuri) 
was used for determination.

Western blot analysis (WB). The whole cell lysates were 
resolved by SDS-PAGE and transferred onto polyvinylidene 
difluoride membranes (Millipore). Blots were blocked and 
incubated with the monoclonal antibody (Table I), followed 
by incubation with a secondary antibody (1:2000; Santa 
Cruz Biotechnology, Santa Cruz, CA). Blots were developed 
using an enhanced chemiluminescence detection kit (ECL; 
Amersham Pharmacia Biotech, Piscataway, NJ). For protein 
loading analyses, a monoclonal β-actin antibody (1:200; Santa 
Cruz Biotechnology) was used.

Murine xenograft model. Six-week-old female NIH BALB/c-
null mice were housed in the animal facilities of the Tianjin 
Medical University as approved by the Institutional Animal 
Care and Use Committee. SKOV3 cells (107 cells/ml) were 
mixed with Matrigel (BD Biosciences) and subcutaneously 
injected into the backs of nude mice (0.1 ml/mouse). For 25 
days, the mice were monitored and tumor sizes were measured 
daily using a caliper. After 25 days, the experiments were 
terminated because of the tendency of HSC-3 cells to become 
necrotic and form skin ulcers. After completing the observa-
tion, the mice were sacrificed. Tumors were harvested and 
stored at -80˚C for subsequent tests.

Statistical analysis. All data in the study were evaluated with 
SPSS11.5 (SPSS Inc., USA). Differences were considered 
significant at values of P<0.05. 

Results

SNAI1 upregulation leads to increased SKOV3 cell prolif-
eration. Given the upregulated and knockdown cell models 
in SKOV3 cells, as well as the detection of dowregulated 

Table I. Antibodies used in this study.

Antibodies	 Company	 Product no.

SNAI1	 Abcam	 ab82846
SNAI2	 Abcam	 ab27568
E-cadherin	 Santa Cruz Biotechnology	 sc-7870
Vimentin	 Abcam	 ab20346
CD133	 Miltenyi	 130080801

Figure 1. SNAI1 promotes SKOV3 cell proliferation. SKOV3 cells were trasfected with SNAI1 and SNAI2 expression plasmids or shRNA plasmid. (A) Western 
blot analysis (B) and the sulphorhodamine B (SRB) protein assay were performed to analyze the levels of invasiveness-related proteins and SKOV3 cell 
proliferation, respectively.

  A   B
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E-cadherin following the ectopic upregulation of SNAI1, we 
investigated the effect of SNAI1 activation on cell invasion, 
migration, and clone formation. E-cadherin is one of the 
most frequently reported characteristics of metastatic ovarian 
carcinoma. Metastasis is associated with cell migration and 
invasion, and occurs through a mechanism similar to that of 
EMT. We studied the invasion and migration ability of SKOV3 
cells after performing SNAI1 and SNAI2 ectopic transfection 
and knockdown, respectively. As shown in Fig. 1A, following 
a western blot analysis, the quantitative analysis suggests 
a significant difference in the ectopic transfection groups 
compared to the control. SNAI1 and SNAI2 are upregulated in 
the overexpression groups, and are knocked down in the shRNA 
groups. In the sulphorhodamine B (SRB) protein proliferation 
assay, a significant difference in cell proliferation was observed 
following SNAI1 overexpression and knockdown in each of the 

groups examined (Fig. 1B). The cell line showed a significant 
decrease in cell proliferation following knockdown of SNAI1, 
and an increase due to SNAI1 overexpression to above control 
values (P<0.01). Importantly, no significant difference in the 
proliferation rate was noted between the groups when SNAI2 
was overexpressed or knocked down (P>0.01).

SNAI1 upregulation leads to increased SKOV3 cell invasion, 
migration and clone formation in vitro. We then analyzed 
SKOV3 cultures for functional changes in migration, invasion 
and clone formation following transfection with SNAI1 and 
SNAI2, separately. Comparison of the transfection group with 
the control group, revealed a significant increase in the migra-
tion, invasion and clonogenicity in the SNAI1 overexpression 
group (Fig. 2). In order to rule out effects of non-uniform 
transfection efficiency, we selected for shRNA transfected cells 

Figure 2. SNAI1 promotes SKOV3 cell invasion, migration, and clone formation. SKOV3 cells were trasfected with SNAI1 and SNAI2 expression plasmid or 
shRNA plasmid. (A and B) Wound healing and invasion assay was used to test the migration and invasive ability of SKOV3 cells. (C) In addition, the colony 
formation assay was performed to analysis the effect of SNAI1 and SNAI2 on clone formation of SKOV3 cells.

  A   B

  C
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with knock down of SNAI1, and observed decreased activities 
compared with control. Notably, SNAI2, the structural homo-
logue of SNAI1, did not promote cell migration.

SNAI1 increases the percentage of CD133+ cells in SKOV3 
cells. In the process of metastasis by tumor cells, stem cells 
play an important role in tumor cell plasiticity and proliferation, 
and are also strongly associated with the EMT. In this study, 
we examined the alterations in the percentage of CD133+ cells 
present after overexpression and knock down of SNAI1 and 
the results were confirmed by flow cytometry. In the SNAI1 
overexpression group, CD133+ cells accounted for about 47.5%. 
In the control transfection group, these cells accounted for 
8.7%, but for the knockdown group they accounted for only 

0.4% (Fig. 3). In the SNAI2 overexpression, knockdown and 
control groups, the percentage of CD133+ cells were not signifi-
cantly different. Taken together, these observations suggest a 
synergism between SNAI1 and CD133+ cells which can result 
in increased proliferation, migration and invasion.

Co-expression of CD133 and SNAI1 correlates with tumor 
proliferation. To examine the in vivo effects of the expression of 
SNAI1 and SNAI2 on tumor development, a murine xenograft 
model was used. SKOV3 cells were utilized to establish xeno-
grafts in nude mice. Nodule formation and growth (volume) were 
monitored for 25 days. SNAI1 overexpression groups showed 
the highest rate of tumor growth compared with SNAI2 and the 
control group (60 and 50%, respectively) (Fig. 4). We collected 

Figure 3. SNAI1 promoted percent of CD133 cells in SKOV3 cells. Flow cytometry analysis was performed to analysis CD133+ cell percentage in SKOV3 
cells that trasfected with SNAI1 and SNAI2.

Figure 4. SNAI1 promote ovarian cancer proliferation in vivo SKOV3 cells overexpressed SNAI1 and SNAI2 were injected into nude mice. Then the tumor 
volume was recorded (A and C) and CD133+ cell percentage was tested by (B) flow cytometry analysis.
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the cells from tumor tissues, and performed by flow cytometry 
analysis. The results demonstrated that the percentages of 
CD133+ cells were significantly increased in the SNAI1 groups 
compared with controls, but no significant differences were 
observed between the SNAI2 groups and the controls (Fig. 4).

Discussion

Ovarian cancer as a silent killer, shows early extensive tumor 
invasion and peritoneal metastasis. Current therapies including 
anti-angiogenic therapies have not improved the survival rate 
ofpatients with ovarian carcinoma. The growth and metastasis 
of neoplasms depend, in part, on adequate stem cells support. 
The term ‘EMT’ has been used to reflect the embryonic-like 
ability of stemness in tumor cells (17-19).

EMT is a crucial process during embryonic development, 
but it has recently been found to play a role in neoplasia and 
fibrosis (19,20). For epithelial cells to migrate into the tubulo-
interstitium, E-cadherin must be repressed. SNAI1 was the 
first transcriptional repressor of E-cadherin described, but 
subsequently two other Snail family members, including 
SNAI2 (Slug), have been identified as well as other non-Snail 
transcriptional repressors of E-cadherin (e.g., E47, _EF1/Zeb1, 
and Sip1/Zeb2). These repressors are tightly regulated at the 
transcriptional level and/or by subcellular localization. Insight 
into how EMT is regulated may provide new chemotherapeutic 
and antifibrotic therapies (21-23).

Tumor progression and invasion are complex biological 
processes that involve the remodeling of stromal tissue by 
invading cells (24). SNAI1-1 and SNAI-2 are members of an 
evolutionarily conserved family of zinc-finger transcription 
factors. Both are expressed in the intermediate mesoderm and 
the metanephric mesenchyme during renal development and 
are downregulated before epithelial differentiation (16,25). 
Kidneys develop normally in mice with a loss-of-function 
mutation in SNAI2, suggesting a functional redundancy of 
SNAI-1 and SNAI-2. However, a recent report has shown that 
the E-cadherin repressors SNAI-1, SNAI-2, and E47 produce 
different genetic profiles when overexpressed in ovarian tumor 
cells, providing reason for differential regulation of these 
transcription factors (26-28). Our current results, showing 
that constitutive expression of SNAI1 leads to suppression of 
invasion through induction of the EMT, as well as the recip-
rocal results with gene knock down, are consistent with these 
previous studies. Our results also suggest that SNAI1 induces 
EMT and increases the percent of CD133+ cells, promoting the 
clonogenic ability of SKOV3 cells. SNAI1 activation induces 
stronger stemness and activates dormant developmental 
pathways in invading tumor cells. Therefore, suppression 
of invasion-related molecules, such as SNAI1 may be one 
mechanism by which SNAI1 suppresses metastasis. In this 
study, increased levels of SNAI2 have no significant effect on 
SKOV3 proliferation, migration, invasion and clonogenicity, 
also no effect on CD133+ cells.

Our results show that upregulation of SNAI1 expression 
increases the percent of CD133+ cells, an alteration important 
for the EMT and proliferation of ovarian cancer. SNAI1 may 
therefore represent a potential new target for preventing tumor 
invasion and metastasis.
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