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Abstract

Objective: Ovarian cancer is a gynecological malignancy that has a high mortality rate in women due to
metastatic progression and recurrence. miRNAs are small, endogenous, noncoding RNAs that function as tumor
suppressors or oncogenes in various human cancers by selectively suppressing the expression of target genes.
The objective of this study is to investigate the role of miR-203 in ovarian cancer.

Methods: miR-203 was expressed in ovarian cancer SKOV3 and OVCARS3 cells using lentiviral vector and cell
proliferation, migration, invasion were examined using MTT, transwell and Matrigel assays, respectively. Tumor
growth was examined using Xenograft mouse model.

Results: miR-203 expression was downregulated, whereas expression of its target gene Snai2 was
upregulated in human ovarian serous carcinoma tissue as compared to normal ovaries. In addition, high miR-
203 expression was associated with long-term survival rate of ovarian cancer patients. miR-203 overexpression
inhibited cell proliferation, migration, and invasion of SKOV3 and OVCARS3 ovarian cancer cells. Furthermore,
miR-203 overexpression inhibited the epithelial to mesenchymal transition (EMT) in ovarian cancer cells. Silencing
Snai2 with lentiviral short hairpin (sh) RNA mimics miR-203-mediated inhibition of EMT and tumor cell invasion.
Xenografts of miR-203-overexpressing ovarian cancer cells in immunodeficient mice exhibited a significantly

reduced tumor growth.

Conclusion: miR-203 functions as a tumor suppressor by down regulating Snai2 in ovarian cancer.

Keywords: miR-203; Epithelial to mesenchymal transition; Ovarian
cancer

Introduction

Ovarian cancer has a high mortality rate, with over 20,000 new cases
diagnosed and 15,000 deaths every year in the US [1]. The high mortality
rate in ovarian cancer reflects late stage diagnosis, disease recurrence,
and chemoresistance [2,3]. However, the underlying molecular
mechanisms for metastatic progression and chemoresistance of ovarian
cancer remain unclear. The cellular phenotypic switch from epithelial
to mesenchymal cell transition (EMT) is a fundamental process in
tumor initiation, progression, metastasis, and chemoresistance [4-
8]. The EMT process is accompanied by alterations of epithelial and
mesenchymal marker genes, including Snail and 2, Zeb 1 and 2, Twist1
and 2, vimentin, and E-cadherin [9-11].

At initial diagnosis a late stage of metastatic progression is often
observed in ovarian cancer, because of direct tumor extension and
cell spreading directly through the peritoneal fluid with resultant
invasion to adjacent organs [12]. Recent studies strongly support the
role of EMT in ovarian cancer metastasis and chemoresistance [13-15].
A spheroid model has been proposed to address the role of EMT in
ovarian cancer [16]. The rationale is that epithelial ovarian cancer cells
undergo EMT and shed tumor cells into the peritoneum, which then
survive as cellular aggregates or spheroids in the ascites. Subsequently,
the spheroids attach themselves to the omentum, invade adjacent
organs and undergo EMT/mesenchymal to epithelial cell transition

(MET) interconversion to enhance cell proliferation and progression
[16]. Following EMT/MET interconversion during the metastatic
progression, E-cadherin is upregulated from primary to secondary
metastatic sites, suggesting that MET is required for the survival
signaling pathways of tumor cells. EMT is one of the key drivers of
chemoresistance and metastasis of ovarian cancer [14,17,18]. Signaling
pathways, including WNT, Jak2/Stat3, PI3 kinase/AKT, and Notch, are
found to regulate EMT [19-23].

miRNAs are a class of endogenous, non-coding, small RNAs that
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suppress protein translation at the posttranscriptional level and function
as tumor suppressors and oncogenes in human cancers. Recent studies
indicate that miRNAs, such as miR-194, miR-181a, miR-429, miR-
101, miR-506, and miR-200c, regulate EMT by directly targeting the
epithelial or mesenchymal cell marker genes [11,24-27]. miRNA-based
EMT profile is well correlated with ovarian cancer development and
survival rate [12]. miR-203 has been reported to function as a tumor
suppressor in lung [28], prostate [29], and breast cancer [30]. miR-203
expression was found to be upregulated and associated with advanced
tumor progression and poor prognosis in ovarian cancer [31]. In the
present study, we demonstrated that miR-203 expression was reduced
in ovarian cancer patient samples. Moreover, miR-203 functions as a
tumor suppressor in ovarian cancer, and inhibits ovarian cancer cell
proliferation, migration, and invasion as well as tumor growth in a
xenograft mouse model by directly targeting the mesenchymal marker
Snai2.

Materials and Methods

Cell culture

The ovarian cancer cell lines SKOV3 and OVCAR3 were obtained
from ATCC and cultured in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% FBS (Hyclone; Logan, UT), 100 U/
ml penicillin, and 100pg/ml streptomycin (Invitrogen; Carlsbad, CA).
HEK293 FT cells were cultured in DMEM media with 10% FBS, 100 U/
ml penicillin, 100 pg/ml streptomycin, 1% glutamine, 1% nonessential
amino acid, and 1 pg/ml geneticin.

Lentiviral vector production

miR-203 and EGFP lentiviral vectors were purchased from Applied
Biological Materials Inc. (Richmond, Canada). Lentiviral shRNA
vector (TRCN0000015388) for Snai2 knockdown was purchased from
Dharmacon (Lafayette, CO). Lentiviral scramble shRNA(#1864) was
purchased from Addgene (Cambridge, MA). All lentiviral vectors were
packaged in HEK293FT cells and produced as described previously
[32]. miR-203 expressing, EGFP control and Snai2 shRNA cell lines
were established by transducing SKOV3 and OVCAR cells with purified
virus, and stable pools of cells selected with 5 pg/ml puromycin.

Cell colony formation assay

SKOV3 and OVCARS3 cells transduced with miR-203 or EGFP
control lentiviruses (200 cells/well) were plated in triplicate into 6-well
plates and then stained with 0.1% Crystal Violet following a two-week
culture, and cell colonies were counted as described previously [33].

MTT assay

The Cell Proliferation was examined using MTT Assay kit
purchased from ATCC (Manassas, VA) following manufacturer’s
instructions. Ovarian cancer cells were plated (8,000 cells/well) in 96-
well plates. At different time points, 10 pl of MTT reagent (10 mg/
mL) was added to each well and incubated for ~4 h. The reaction was
terminated by adding 100 pl lysis reagent and incubated at 22°C in the
dark for 2 h. The absorbance was measured at 570 nm wavelength on a
Bio-Rad plate reader.

Cell migration assay

The transwell migration assay was performed using a modified
chamber system from BD Falcon™ (San Jose, CA). These chambers
were inserted into a 24-well plate with 3x10* of cells in 300 pl serum-
free DMEM added to the upper chamber. DMEM (supplemented

with 10% of FBS) was added into the lower chamber of each well as a
chemoattractant, and cells were incubated for 24 h. The medium and
non-migrated cells in the upper chamber were removed, whereas the
migrated cells on the lower side of the membranes were fixed with
methanol and stained with 0.1% Crystal Violet. Pictures were taken at
10X magnification. Transmigrated cells in at least three different fields
were counted.

Cell invasion assay

SKOV3 and OVCARS3 cells (5x10° per well) transduced with miR-
203 and EGFP lentiviral vectors were seeded in serum-free DMEM
onto inserts precoated with Matrigel (BD BioCoat™, BD BioSciences,
San Jose, CA). DMEM supplemented with 10% FBS was added to the
bottom chamber and 24 h later, the transwell inserts were stained using
4 pg/ml of Calcein AM (Life Technologies; Grand Island, NY) at 37°C
for 1 h. The fluorescence intensity was measured using the BioTek
Synergy™ plate reader (Winooski, VT) at excitation and emission
wavelengths of 485 nm and 528 nm, respectively. The invasion rate was
calculated by the fluorescence of invading cells in miR-203 expressing
cells/control cells x100.

Real-time RT-PCR

Total RNA was extracted from ovarian cancer cells using Trizol
or from 3-5 (um) curls cut from paraffin-embedded (FFPE) blocks of
fully de-identified ovarian patient biopsy specimens (UTHSC Tissue
Services Core), using the RecoverAll™ Total Nucleic Acid Isolation
Kit (Ambion Inc.). Since the identities of the individuals providing
the specimens were not readily ascertainable by the investigators, the
UTHSC IRB determined that the regulations do not apply to the use
of specimens in this study. In addition, because the regulations are
not applicable to this research study, informed consent was waived
by the UTHSC IRB when it reviewed the study. Total RNA was used
to perform RT-PCR or polyA tailing real-time RT-PCR. The miRNA
expression level was normalized against the expression of non-coding
RNA U6 as described previously [32].

Immunofluorescence staining

Ovarian cancer cells were fixed for 10 min using 4%
paraformaldehyde and washed three times with 0.1% Tween20 in
PBS (PBST). Sections from human and mouse tumors were antigen-
retrieved and incubated with blocking buffer (5% normal goat
serum, 3% bovine serum albumin, and 0.1% Triton-X 100 in PBS)
for 1 h. Primary antibodies to E-cadherin, Snai2, vimentin (1:200;
Cell Signaling; Danvers, MA), and PCNA (1:200; Santa Cruz) were
incubated with the cells overnight. After three rinsing for 5 min with
PBST, Alexa 594 conjugated goat anti-rabbit antibodies were applied
(1:200 dilution; Life Technologies) for 1 h at room temperature.
Cell nuclei were counterstained with DAPI (Vector Laboratories,
Inc; Burlingame, CA). Images were taken using a Nikon Ti inverted
fluorescence microscope.

Western blot

Ovarian cancer cells were collected in RIPA buffer (Thermo
Scientific; Rockford, IL) containing 1% Halt Proteinase Inhibitor
Cocktail (Thermo Scientific). An equal amount of protein (40 pg/
lane) was loaded onto 10% SDS-PAGE gels and transferred onto
nitrocellulose membranes. The membranes were blocked with 5% non-
fat milk for 1 h and incubated with primary antibodies (1:1000 dilution)
against glyceraldehyde 3-phosphate dehydrogenase (GAPDH; Sigma;
St. Louis, MO), vimentin, E-cadherin, or Snai2 (Cell Signaling).
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Mouse xenograft model

Animal experiments were performed in accordance with a
study protocol approved by the Institutional Animal Care and Use
Committee of the University of Tennessee Health Science Center.
SKOV3 and OVCARS3 cells (1x10°) labeled with a lentiviral vector
expressing luciferase (pLenti-UBC-Luc2-T2A-mKate;) were injected
subcutaneously into two-month-old immunodeficient NOD.Cg-
Prkdcsd T12rg™™Wi/Sz] (NSG) female mice. Six mice were used for each
group. Tumor initiation and progression were monitored twice a week
using a Xenogen imaging system. Tumor sizes were measured using a
handheld caliper and tumor volume was calculated using the formula:
(length x width?)/2 [34]. All mice were sacrificed at two months
following cell inoculation; the tumors were weighed and processed for
H&E and immunostaining.

TCGA database query

To examine the association of the expression of miR-203 and its
target gene Snai2 with clinical characteristics of human ovarian cancer
patients, we queried the TCGA database (https://tcga-data.nci.nih.gov/
tcga/tcgaHome?2.jsp). The data set was filtered for samples on miR-
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203, Snai2, and clinical data. Statistical analyses were performed using
Graphpad Prism software package.

Statistical analysis

Significant differences were determined using Student’s ¢-test from
at least two independent experiments performed in triplicate and
presented as means + S.D. p < 0.05 was considered significant.

Results

miR-203 expression correlates with a long-term survival
in ovarian cancer patients and is downregulated in ovarian
cancer

To determine whether miR-203 is associated with the clinical
outcome of ovarian cancer patients, we analyzed miR-203 expression
in top 10% (33 cases) and lower 10% (33 cases) based on survival of
ovarian cancer patients in the TCGA database. We found that miR-
203 expression is significantly higher in the top 10% of surviving
patients when compared to the lower 10% of surviving patients (Figure
1A; p = 0.017). In addition, we also detected miR-203 expression in
RNA extracted from FFPE tissue blocks of 16 human serous ovarian
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Figure 1: miR-203 is associated with long-term survival of ovarian cancer patients and is downregulated in ovarian serous carcinoma. A. miR-203 expression
in the top and lower 10% surviving patients with ovarian cancer was analyzed from the TCGA database. Significant differences was analyzed using Student’s T test. *
p=0.017). B. miR-203 is downregulated in ovarian serous carcinoma compared to normal control ovaries (p = 0.034). C. miR-203 expression in SKOV3 and OVCAR3
cells transduced with miR-203 lentiviral and EGFP control vectors was determined by polyA tailing real-time RT-PCR and normalized to expression of the non-coding

RNA U6.
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carcinoma and in 5 adjacent normal ovary specimens. We found
that miR-203 was significantly downregulated in human ovarian
carcinoma compared to normal ovary controls (Figure 1B; p = 0.034).
Taken together, these findings demonstrate that miR-203 expression is
positively correlated with the survival of ovarian cancer patients.

miR-203 inhibits cell proliferation, survival, migration, and
invasion in ovarian carcinoma cells

Although miR-203 has been reported to function as a tumor
suppressor [35-37], its role in ovarian cancer has not yet been elucidated.
To address the role of miR-203 in ovarian cancer, we overexpressed
miR-203 in SKOV3 and OVCARS3 cells using a lentiviral vector by
55-fold and 22-fold, respectively, compared to EGFP control vector-
transduced cells (Figure 1C). We then determined whether miR-203
overexpression affects the proliferation of ovarian cancer cells. The cell

proliferation rates of empty vector- and miR-203-transduced SKOV3
and OVCAR3 cells were compared over a four-day culture period using
the MTT assay. We found that proliferation of miR-203 transduced
SKOV3 and OVCARS cells was significantly reduced when compared
to empty-vector transduced cells (Figure 2A). To examine whether
miR-203 affects cell survival, we performed colony formation assays
in miR-203-expressing SKOV3 and OVCARS3 cells. Cell colonies were
significantly reduced in miR-203-expressing SKOV3 and OVCAR3
cells compared to control cells (Figure 2B). We also studied the effect of
miR-203 on the migration and invasion of ovarian cancer cells by using
transwell plates coated with or without Matrigel to quantify invasion
and migration, respectively. As shown in Figure 2C and D, migration
and invasion were significantly reduced in miR-203-expressing SKOV3
and OVCARS3 cells when compared to control cells. These data suggest
that miR-203 overexpression inhibits ovarian cancer cell proliferation,
survival, migration and invasion.
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Figure 2: miR-203 inhibits cell proliferation, survival, migration and invasion in ovarian cancer cells. A. Cell proliferation in SKOV3 and OVCARS cells
transduced with either lentiviral miR-203 or EGFP controls was examined using MTT assay. Overexpression of miR-203 significantly inhibits cell proliferation in both
SKOV3 and OVCARS cells compared to that in control cells as analyzed by Student’s T test (*p < 0.05). B. SKOV3 and OVCAR cells transduced with lentiviral miR-203
or EGFP control vectors were seeded into 6-well plates and cultured for 14 d. Cell colonies were counted following Crystal Violet staining. The number of colonies in
miR-203-overexpressing cells was significantly reduced compared to that in control cells analyzed by Student’s T test (***p < 0.001). C. Transwell migration assays
were performed in miR-203-expressing and control SKOV3 and OVCARS cells. Transmigrated cells were stained with Crystal Violet and counted. Overexpression of
miR-203 significantly reduced cell migration in both SKOV3 and OVCARS cells compared with control cells (***p < 0.001). D. Invasion assays were performed using
Matrigel-coated transwell plates for miR-203-expressing and control SKOV3 and OVCARS cells. The invasion rate was calculated based on the invasion of miR-203-
overexpressing SKOV3 and OVCARS cells relative to control cells (**p < 0.01). Data were collected from three separate experiments and analyzed using Student
t-tests.

J Cancer Sci Ther

ISSN: 1948-5956 JCST, an open access journal Volume 7(2) 034-043 (2015) - 37



Citation: Zhao G, Guo Y, Chen Z, Yang Y, Yang C, et al. (2015) miR-203 Functions as a Tumor Suppressor by Inhibiting Epithelial to Mesenchymal
Transition in Ovarian Cancer. J Cancer Sci Ther 7: 034-043. doi:10.4172/1948-5956.1000322

miR-203 inhibits spontaneous EMT in ovarian cancer cells

MiRNAs function by downregulating the expression of target
genes. Previous studies showed that miR-203 targets Snai2 in prostate
and breast cancer [37,38]. A putative miR-203 binding sequence is
present at positions 351 to 358 in the 3’ untranslated region of the
Snai2 gene (Figure 3A). Snai2 is a mesenchymal cell marker in various
human cancers and functions as a key regulator of EMT [39-41]. To
examine whether miR-203 expression regulates EMT in ovarian cancer
cells, we examined the expression of Snai2, the epithelial cell marker
E-cadherin and the mesenchymal marker vimentin in miR-203-
expressing SKOV3 and OVCAR3 cells. The expression of E-cadherin
was significantly upregulated, whereas vimentin and Snai2 were
significantly downregulated in both miR-203-expressing SKOV3
(Figure 3B) and OVCARS3 (Figure 3C) cells when compared to control
cells.

miR-203 inhibits tumor growth in vivo

To determine the effect of miR-203 on tumor growth in vivo, miR-
203-expressing SKOV3 and OVCARS3 cells transduced with a lentiviral
luciferase vector were injected subcutaneously into immunodeficient
NSG female mice. We found that tumors were significantly smaller
in mice xenografted with miR-203-expressing SKOV3 and OVCAR3

cells compared to control cells as shown by Xenogen live animal
imaging (Figure 4A and B). Tumor volume and weight were also
significantly reduced in mice injected with miR-203-expressing
SKOV3 and OVCARS3 cells compared to controls (Figure 4C and D).
To examine the expression of EMT marker genes and cell proliferation
in tumor xenografts of control or miR-203-expressing SKOV?3 cells, we
immunostained tumor sections with antibodies to Snai2, E-cadherin
and vimentin, as well as the cell proliferation marker PCNA. Snai2
(Figure 5A), vimentin (Figure 5B) and PCNA (Figure 5C) were
downregulated, whereas E-cadherin (Figure 5D) was upregulated in
tumors xenografted with miR-203-expressing SKOV3 cells compared
to controls, suggesting that miR-203 inhibits EMT and tumor growth
in vivo and functions as a tumor suppressor in ovarian cancer.

Silencing Snai2 expression mimics miR-203-mediated

function in ovarian cancer cells

Because Snai2 is a miR-203 target gene, we hypothesized that
silencing Snai2 may mimic some of miR-203 function in ovarian cancer
cells. To test this hypothesis, we transduced SKOV3 and OVCAR3 cells
with Snai2 lentiviral shRNA (Snai2KD) and scrambled control vectors
(SC). We found that cell survival (Figure 6A), migration (Figure
6B) and invasion (Figure 6C) were significantly inhibited in Snai2
knockdown SKOV3 and OVCAR3 cells compared to SC controls. We
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Figure 3: miR-203 inhibits EMT and suppresses TGFB-induced EMT in ovarian cancer cells. A. miR-203 binding sites in the 3’ UTR of human Snai2 gene.
B, C. EMT marker genes Snai2, vimentin, and E-cadherin were examined in miR-203-expressing and control SKOV3 and OVCARS3 cells by Western blot. One

representative Western blot was presented from three independent experiments.
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average maximal luminescence from 6 mice (*p<0.05). C. Tumor volumes in NSG mice xenografted with miR-203-expressing SKOV3 and OVCARS3 cells were
measured using a caliper. (*p < 0.05; **p < 0.01). D. Tumors from NSG mice xenografted with miR-203-expressing SKOV3 and OVCARS3 cells were dissected and

weighed (*p < 0.05; **p < 0.01). Significance was analyzed using Student’s T test.
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also examined EMT marker genes using Western blot and found that
knockdown of Snai2 significantly reduced vimentin expression whereas
E-cadherin expression was upregulated. This finding indicates that
Snai2 knockdown suppresses EMT in ovarian cancer cells (Figure 6D).
Snai2 expression in SKOV3 cells transduced with lentiviral siRNA and
SC controls was evaluated by immunostaining with antibodies to Snai2.
Snai2 downregulation in knockdown cells was verified in comparison
to SC controls (Figure 6E).

Snai2 isassociated with short-term survival and is upregulated
in human ovarian cancer specimens

To determine the relationship of Snai2 expression with the clinical
outcome of ovarian cancer patients, we analyzed Snai2 expression in the
top and lower 10% surviving ovarian carcinoma patients present in the
TCGA database. Snai2 expression was significantly higher in low 10%
surviving patients compared to top 10% surviving patients (Figure 7A;
p =0.0202). We also examined Snai2 expression in FFPE tissue blocks
of 16 serous carcinomas and 5 normal ovarian tissues. Snai2 expression
was significantly upregulated in serous carcinoma compared to normal
ovarian tissue (Figure 7B). We also performed immunostaining on
sections of human ovarian serous carcinoma specimens and normal
ovarian tissue using antibodies to Snai2 and PCNA. We found high
expression of Snai2 and PCNA expression in tumor tissue (Figure 7C)
relative to normal controls (Figure 7D). The morphology for ovarian

serous carcinoma (Figure 7E) and normal ovarian tissue (Figure 7F)
were verified by H&E staining. Taken together, our results indicate
that Snai2 is regulated by miR-203. Moreover, Snai2 expression is
inversely correlated with miR-203 expression in human serous ovarian
carcinoma and correlates with short-term survival of ovarian cancer
patients.

Discussion

In this study, we showed that miR-203 inhibited cell proliferation,
migration, invasion and tumor growth of ovarian cancer cells by
targeting the transcriptional factor Snai2. miR-203 was highly expressed
in both ovarian cancer cell lines. We do not believe these effects simply
reflect the use of a viral vector to drive miR-203 overexpression, since
similar results were obtained in two different ovarian cancer cell
types. Moreover, the findings in this study are similar to what has
been reported in prostate [29] and breast cancer [30]. So off-target
effects are relatively low. However, in future studies we will consider
using a doxycycline inducible system to control miR-203 expression
in our next study to answer this question from a different approach.
We also demonstrated that miR-203 is capable of inhibiting EMT in
ovarian cancer cells (Figure 7G). miR-203 expression is downregulated
and inversely correlated with Snai2 expression in human ovarian
carcinoma as compared to normal controls. High miR-203 and Snai2
expression correlated with the top and lower 10% surviving patients
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Figure 7: Snai2 is associated with short-term survival of ovarian cancer patients and is upregulated in ovarian serous carcinoma. A, Snai2 expression in
top and lower 10% of surviving patients with ovarian cancer in the TCGA database (p =0.0202). B. Snai2 expression was examined in 16 human serious carcinoma
and 5 normal ovarian tissue specimens using real-time RT-PCR (p = 0.0013). C, D. One representative image of Snai2 and PCNA expression was shown by
immunofluorescence staining of sections of six different human serous ovarian carcinomas (C) and three normal ovarian tissue specimens (D). E, F. Representative
H&E-stained sections of six serous carcinomas (E) and three normal ovarian tissue specimens (F) with low and high magnification. G. miR-203 functions as a tumor
suppressor in ovarian cancer by downregulating Snai2 as described in the schematic diagram.

with ovarian cancer, respectively. Our findings indicate that miR-203
is a potential prognostic biomarker in ovarian cancer patients. Further
studies are warranted to define the relationship of miR-203 expression
with other forms of ovarian cancer, including serous, endometrioid,
clear cell, and mucinous. It will also be interesting to examine whether
miR-203 expression correlates with the different stages and grades of
ovarian cancer. Although the majority of studies showed that miR-
203 is downregulated in several human cancers [22,42-44], one study
reported miR-203 upregulation in ovarian cancer as compared to
normal ovary controls [31]. It is possible that different expression levels
of miR-203 may reflect sample variation in collection from different
stages in tumor development. Clearly, more studies are needed to
characterize miR-203 expression in ovarian cancers. Although the
sample size used in our study is relatively small and represents only
ovarian serous carcinoma specimens, it is important to note that more
than 70% of ovarian cancer patients are diagnosed with the serous type
of carcinoma [45].

We demonstrated that miR-203 inhibits EMT in ovarian cancer
cells. TGF has been shown to induce EMT in ovarian cancer cells [46].
However, it is not clear how miR-203 regulates the TGFp signaling
pathway. Previous studies showed that miR-181a promotes TGFp-

induced EMT by targeting Smad?7, thus activating the TGFp signaling
pathway and promoting tumorigenesis in ovarian cancer. Activation
of the TGFp pathway is correlated with poor survival in ovarian cancer
[27]. Snai2 is activated by TGFP and is a downstream target of the
TGEFp signaling pathway in prostate cancer and breast cancer [42,47].
Snai2 expression activates TGF( signaling by upregulating TGFJ
receptor2 (TGFR2) through promoting histone H3K9 acetylation
in breast cancer [40]. However, whether miR-203 inhibits EMT by
counteracting TGFp induced EMT in ovarian cancer requires further
investigation. In addition to miR-203 directly targeting the EMT
marker gene Snai2, several other miRNAs also regulate EMT marker
genes in various human cancers. miR-506 suppresses EMT by targeting
Snai2, vimentin and N-cadherin in ovarian cancer [12,25]. miR-101,
miR-150, and miR-200c inhibit EMT by targeting zinc finger E-box
binding homeobox 1 factors ZEB1 and ZEB2 in colon, pancreatic, and
ovarian cancers [11,48,49]. These studies demonstrate that miRNAs are
important regulators of EMT by directly downregulating EMT marker
genes. Silencing Snai2 expression in SKOV3 and OVCARS3 cells by
lentiviral shRNA knockdown, we show that Snai2 down regulation
mimics miR-203 function in inhibiting cell proliferation, migration,
and invasion. Moreover, Snai2 knockdown upregulates E-cadherin
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and downregulates vimentin in both cell lines. Therefore, the miR-
203/Snai2 axis plays a key role in inhibiting ovarian cancer growth by
regulating EMT.

We also found that miR-203 sensitizes ovarian cancer SKOV3 and
OVCAR? cells to cisplatin treatment (data not shown). Therefore, miR-
203 increases the sensitivity of ovarian cancer cells to chemotherapy
at least partially through inhibiting EMT. The miRNAs/EMT axis in
ovarian cancer metastasis has been studied by using orthotopic ovarian
cancer mouse models. Overexpression of miR-506 or knockdown of
miR-181a inhibited EMT in ovarian cancer cells and also suppressed
the metastatic progression [25,27]. We showed that miR-203 inhibited
tumor growth using a subcutaneous xenograft mouse model.
Immunostaining of tumor sections from NSG mice xenografted
with miR-203 and control SKOV3 cells with antibodies against EMT
marker genes confirmed that miR-203 inhibits EMT in vivo. However,
it is still unclear how miR-203 regulates EMT/MET interconversion
during the metastatic progression from primary to distant tumor sites
via spheroids in ascites. Therefore, further studies are needed to define
how miR-203 plays a role in metastasis using orthotopic ovarian cancer
mouse models.

In summary, this is the first report showing that miR-203 functions
as a tumor suppressor by inhibiting cell proliferation, migration, and
invasion in ovarian cancer cells as well as tumor growth in vivo through
downregulating Snai2 and inhibiting EMT.
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