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Alteration of epithelial-mesenchymal transition markers in
human normal ovaries and neoplastic ovarian cancers
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Abstract. Most ovarian cancers originate in the ovarian
surface epithelium (OSE). Ovarian cancers might undergo
epithelial-mesenchymal transition (EMT) in response to
various mediators or regulators such as EMT-inducing factors.
In this study, ovarian tumor specimens from patients were
analyzed to demonstrate alteration of EMT-related markers
according to benign and malignant types of ovarian cancers.
In the three ovarian cancer cell lines, OVCAR-3, SKOV-3, and
BG-1, the expression of epithelial (E-cadherin) and mesen-
chymal (vimentin) cell markers was identified by RNA and
protein analysis. OVCAR-3 and BG-1 cells strongly expressed
E-cadherin as well as morphological features such as epithelial
cells, but vimentin was not observed. In contrast to these cancer
cells, SKOV-3 showed a typical phenotype of mesenchymal
cells. Alteration of EMT markers and EMT-related transcrip-
tional factors were confirmed in clinical ovarian tissue samples
obtained from 74 patients. E-cadherin was expressed in 57.1%
of benign tumors, while vimentin was expressed in 83.3% of
normal ovaries by western blot analysis in the tissue specimens.
Evaluation of the EMT-associated transcriptional factors Snail,
Slug, and Twist revealed that Snail was overexpressed by 7.1-fold
in malignant ovarian cancer compared to normal ovaries or
benign tumors. Although expression levels of other factors were
higher in benign and malignant ovarian tumors, they were not
closely correlated with the aforementioned ovarian cancer types.
Overall, Snail may affect the EMT process in ovarian cancer
development and upregulation of Snail expression followed by
the downregulation of E-cadherin enhances the invasiveness of
ovarian cancer.

Correspondence to: DrKyung-Chul Choi, Laboratory of Biochemistry
and Immunology, College of Veterinary Medicine, Chungbuk National
University, Naesudong-ro 52, Cheongju, Chungbuk 361-763, Republic
of Korea

E-mail: kchoi@cbu.ac.kr

“Contributed equally

Key words: ovarian cancer, EMT, E-cadherin, vimentin, Slug, Snail

Introduction

Epithelial-mesenchymal transition (EMT) is a critical process
in cell differentiation, morphogenesis, growth and change
of function (1). EMT is a cellular mechanism recognized as
a central feature of normal physiological development such
as organogenesis during embryonic development and wound
healing (2). Several developmental milestones, including
gastrulation, neural crest formation, and heart morphogenesis,
rely on the plastic transition between epithelial cells and
mesenchymal cells (3). However, dysregulated EMT appears
to occur in cancer progression and metastasis, as well as the
pathogenesis of chronic degenerative fibrotic disorders in
several organs (4). Epithelial and mesenchymal cells differ
in function and characteristics. Epithelial cells are closely
adjoined by specialized membrane structures such as desmo-
somes, as well as tight, adherent, and gap junctions, and have
apical-basolateral polarization (5). Conversely, mesenchymal
cells do not form an organized cell layer, nor do they have
the same apical-basolateral organization, polarization of
the cell surface molecules (6). In culture, epithelial cells
grow in clusters, whereas mesenchymal cells have a spindle
shaped and fibroblast-like morphology (7). During the EMT
process, epithelial cells are removed of cellular polarity and
epithelial cell-cell as well as cell-matrix adhesion contacts
are remodeled (8). Epithelial cells also acquire fibroblast-
like properties and show reduced intercellular adhesion and
increased motility (9). EMT is characterized by increased
expression of mesenchymal markers (vimentin, thrombo-
spondin, N-cadherin, vitronectin), increased expression of
extracellular matrix compounds (fibronectin), decreased
expression of epithelial markers (E-cadheirn, collagen 1V,
occludin, desmoplakin, and mucin 1), altered location of
transcription factors (f-catenin, Snail, Slug, Twist, sox 10, and
NF-xB) and activation of kinase (Erk1/2 and PI3K/Akt) (10).
A critical molecular feature of EMT is downregula-
tion of E-cadherin, a cell adhesion molecule that acts as a
calcium-dependent transmembrane glycoprotein in the plasma
membrane of most normal epithelial cells in embryonic and
adult tissues (11). Two main types of consensus binding sites
have been shown to downregulate E-cadherin expression,
Ets sites and palindromic E-box (E-pal) (3). E-boxes are
characterized by the consensus sequence, 5'-CACCTG-3', and
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consist of three E-boxes in the human E-cadherin promoter:
two upstream from the transcription start site and one in
exon 1 (12). Transcriptional repression of E-cadherin has
several important consequences that are of direct relevance
to the EMT process (13,14). Several transcriptional factors
that repress transcription of E-cadherin have been identified
during development and translocation, including Snail, Slug,
Twist, and ZEB1/2 downregulation, which induces EMT (15).
In particular, the zinc finger transcriptional repressors Snail
and Slug have been implicated in repression of E-cadherin
transcription in vitro (16), as well as in mesoderm formation
together with Twist (17).

Ovarian cancer is the leading cause of death from gyne-
cological tumors, and epithelial ovarian cancers originating
from the ovarian surface epithelium (OSE) constitute ~90%
of human ovarian neoplasms (18). Unfortunately, this disease
is often not diagnosed until in advanced stages and not
before metastatic setting of the tumor due to lack of early
stage detection (19). OSE covering a nonovulating ovary
is a stationary mesothelium that exhibits epithelial and
mesenchymal characteristics with the capacity to give rise to
inclusion cysts through loss of mesenchymal characteristics
(20). Mesodermally derived normal OSE shows epithelial
and mesenchymal features characterized by the expression
of both keratin and vimentin, and OSE cells can be converted
to a mesenchymal, fibroblast-like phenotype, at least in vitro
(21). Interestingly, only low levels of E-cadherin are promi-
nent in OSE cells, while E-cadherin is present in OSE cells
covering deep clefts, inclusion cysts and ovarian tumors
(22). Repression of E-cadherin has been described in a high
percentage of borderline ovarian tumors and carcinomas when
compared with benign tumors. Moreover, ascites cells with
low E-cadherin expression were found to be more invasive
than solid tumor cells (23). This initial shift towards a more
differentiated phenotype early in tumor progression appears
to be followed by reacquisition of mesenchymal features in
more advanced ovarian tumors, involving a secondary loss of
E-cadherin (24). Therefore, ovarian carcinomas show unique
features when compared to other epithelial derived cancers.

We focused on EMT marker expression among ovarian
types. We report that E-cadherin was highly expressed in
benign tumors when compared to normal ovaries or malignant
tumors. As a result, expression of EMT-associated marker is
dependent on ovarian status, and is related to transcription
factor via regulation of the expression of E-cadherin. These
results support the hypothesis that detection of EMT-related
marker alteration in OSE cells may be important in the prog-
nosis and diagnosis of ovarian neoplasms and thus provide
protection from the initiation of neoplastic transformation.

Materials and methods

Clinical human ovarian cancer sample. Clinical specimens of
human normal ovaries and ovarian cancers were provided by
Dr T.H. Kim at the Department of Obstetrics and Gynecology
(Soonchunhyang University, Bucheon, Kyeonggido, Korea)
between 2011 and 2013. Our ovarian materials consist of
44 normal ovarian samples, 15 benign and 3 borderline
ovarian tumors and 12 malignant tumor samples as shown
in Table I. Ovarian tissue samples from a total of 74 patients
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Table I. Classification of normal ovaries and ovarian cancers.

Number
Type
Normal 44
Benign 15
Borderline 3
Malignant 12
Total 74
Ages
<45 35
>46 39
Weight of mass (ave.)
Normal -
Benign 179.73+68.55
Borderline 826.50+327.39
Malignant 272.63+246.23

who had undergone primary surgery for newly diagnosed
advanced stage of ovarian abnormalities were included in this
study. Histological type and grade were evaluated according
to the World Health Organization (WHO) by an experienced
pathologist at Soonchunhyang University Hospital. The
specimens were divided into three pieces and then stored at
-80°C until extraction of RNA and protein samples or fixed
in 10% normal formalin for histopathological analysis. Most
ovarian tissues were obtained by cystectomy, salpingooopho-
rectomy, and salpingectomy. Additionally, only patients who
had not undergone chemotherapy or radiotherapy prior to
surgery were included in the study.

Cell culture. Three ovarian cancer cell lines of human origin
were used, SKOV-3, OVCAR-3, and BG-1 cells. The ovarian
adenocarcinoma cell lines, SKOV-3 and OVCAR-3, were
purchased from the Korean Cell Line Bank (KCLB, Seoul,
Korea). An adenocarcinoma cell line, BG-1, was provided by
Dr K.S. Korach (National Institute of Environmental Health
Sciences, Research Triangle Park, NC, USA). SKOV-3 and
BG-1 cells were routinely cultured in Dulbecco's modified
Eagle's medium (DMEM; Hyclone Laboratories, Inc., Logan,
UT, USA) supplemented with 10% (v/v) heat inactivated fetal
bovine serum (FBS; Hyclone Laboratory Inc.), antibiotics
(100 U/ml penicillin and 100 ug/ml streptomycin; Cellgro
Mediatech Inc., Manassas, VA, USA), and 10 mM HEPES
(Gibco, Carlsbad, CA,USA) in a humidified incubator at 37°C
under 5% CO,. OVCAR-3 cells were grown in RPMI-1640
medium containing 15% FBS and maintained in a humidified
atmosphere of 5% CO, at 37°C. Cells were trypsinized with
trypsin/EDTA and medium was changed twice a week.

Total RNA extraction and polymerase chain reaction (PCR).
Total RNA of three ovarian cancer cells and clinical samples
was extracted using RNA extraction solution and TRIzol
reagent (Invitrogen Life Technologies, San Diego, CA, USA)
according to the general protocols. The complementary DNA
(cDNA) was obtained from 1 ug of total RNA using murine
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Table II. Sequences of reverse-transcription or real-time PCR primer pairs.

mRNA Sequence (5'-3")
E-cadherin F TCCCATCAGCTGCCCAGAAA
R ATTGTCCTTGTGTCCTCAGT
Vimentin F ACGCCATCAACACCGAGTTCA
R AACTGTTACGCAGAGCCAGTG
Snail F AAGCTTCCATGGCGCGCTCTTTCCTCGTCAGGAAGCCC
R GGATCCTCAGCGGGGACATCCTGAGCAGCCGGACTCTTG
Slug F CCTTCCTGGTCAAGAAGCAT
R CACAGTGATGGGGCTGTATG
Twist F GGATCCATGATGCAGGACGTGTCCAGCTCGCCA
R CTCGAGCTAGTGGGACGCGGACATGGACCAGGC
GAPDH F ATGTTCGTCATGGGTGTGAACCA
R TGGCAGGTTTTTCTAGACGGCAG

leukemia virus reverse transcriptase (MMLV-RT; iNtRON
Biotechnology, Sungnam, Kyeonggido, Korea), 10 pM dNTP
(Bioneer, Daejeon, Korea), random nonamer primer (Takara
Bio., Shiga, Japan), 5X RT buffer (iNtRON Biotechnology)
and RNase inhibitor (iNtRON Biotechnology) for 1 h at 37°C.
Prepared cDNA was amplified using 2.5 U of Taq poly-
merase (iINtRON Biotechnology), 10X PCR buffer (iNtRON
Biotechnology), 10 pM of dNTP (Bioneer), and sense/antisense
primers for E-cadherin, vimentin, and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) genes. Each primer is listed
in Table II. The PCR reaction consisted of 30 cycles of dena-
turation at 95°C for 30 sec, annealing at 58°C for 30 sec and
extension at 72°C for 30 sec. Amplified products were sepa-
rated on 1.5% agarose gel containing ethidium bromide (EtBr;
Sigma-Aldrich Co., St. Louis, MO, USA) and confirmed using
a Gel Doc 2000 (Bio-Rad Laboratories Inc., Hercules, CA,
USA).

Real-time PCR. The real-time PCR mixture was composed
of 2X SYBR green premix (Takara Bio.), ROX (Takara Bio.)
as a reference dye, and reverse and forward primers (Bioneer)
specific for the EMT-related transcriptional factor gene. The
reaction consisted of denaturation at 95°C for 15 sec, followed
by annealing at 58°C for 20 sec and extension at 72°C for
15 sec (40 cycles). The real-time PCR reaction was carried out
in triplicate for each sample. GAPDH was used for normaliza-
tion and the mRNA levels of Snail, Slug, and Twist genes were
compared. The mRNA levels of these genes were determined
using the 242t method and the specific primer pairs listed in
Table II.

Protein extraction and quantification. To analyze the levels of
EMT related protein, whole lysates were extracted from ovarian
cancer cell lines and clinical ovary samples. First, 1X RIPA
solution (50 mM Tris-HCI, pH 8.0, 150 mM NacCl, 1% NP-40,
0.5% deoxycholic acid, and 0.1% sodium dodecyl sulfate) was
applied to the three ovarian cancer cell lines cultured in dishes
to obtain the protein. Next, part of the excised normal ovaries

or ovarian cancers from patients was used to prepare the whole
tissue lysate. Briefly, clinical ovarian samples were homo-
genized in PRO-PREP® lysis buffer (iNtRON Biotechnology).
After overnight incubation at 4°C, samples were centrifuged
at 14,000 rpm for 30 min at 4°C. The concentration of total
protein of ovarian cancer cells and clinical samples was then
determined using bicinchoninic acid (BCA; Sigma-Aldrich
Co.) and copper (II) sulfate (Sigma-Aldrich Co.) mixture.
Next, 150 ul of the solution was mixed with total protein and
incubated at 37°C. After 30 min, the absorbance was measured
at 640 nm. Subsequently, 40 ug of proteins were mixed with
protein loading buffer (Bio-Rad Laboratories Inc.) containing
[-mercaptoethanol and heated at 100°C for 5 min.

Western blot analysis. Whole cell lysates were resolved by
12% SDS-polyacrylamide gel electrophoresis (SDS-PAGE),
after which fractionated proteins were transferred to poly-
vinylidene difluoride (PVDF) transfer membrane (Bio-Rad
Laboratories Inc.). The membrane was then blocked with
5% skim milk (Bio-Rad Laboratories Inc.) for 2 h to inhibit
non-specific interaction with primary antibody, then washed
four times in 1X TBS buffer (adjusted to pH 7.6 using HCI)
containing 0.1% (v/v) Tween-20 (Bio-Rad Laboratories Inc.).
Membrane was incubated with primary antibody, mouse
monoclonal anti-E-cadherin (1:1,000 dilution, Abcam plc.,
Cambridge, UK), anti-vimentin (1:1,000 dilution, Abcam plc.),
or anti-GAPDH (1:1,000 dilution, Santa Cruz Biotechnology,
CA, USA) in 1X TBS with 3% (w/v) BSA (Sigma-Aldrich Co.)
and 0.1% (v/v) Tween-20 overnight at 4°C. The next day, samples
were incubated with specific antibody followed by the appro-
priate horseradish peroxidase (HRP) conjugated secondary
antibody, goat anti-mouse IgG (1:3,000 dilution, Bio-Rad
Laboratories Inc.), for 2 h. Positive immunoreactive proteins
were detected using an ECL kit (West-Q Chemiluminescent
Substrate Plus kit, GenDEPOT, Barker, TX, USA).

Hematoxylin and eosin (H&E) staining. Clinical human normal
ovaries and ovarian cancer tissue were fixed in 10% normal
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formalin (Sigma-Aldrich Co.), embedded in paraffin blocks
and cut with a sliding microtome (3-#m sections). After depa-
raffination and rehydration with xylene and ethanol, the slides
were stained using hematoxylin and eosin (Sigma-Aldrich Co.).
To prevent sample contamination, stained slides were hydrated
and mounted using a hydrophobic mounting solution. The
morphology of tissues derived from ovaries was observed by
light microscopy using a BX51 microscope (Olympus, Japan).

Immunohistochemistry (IHC). For histological analysis,
paraffin-embedded sections were deparaffinized and rehy-
drated by xylene, ethanol, and tap water. Antigen retrieval was
accomplished by boiling the slides in a microwave for 10 min
in a chamber containing 0.01 M citrate buffer (pH 6.0). To
quench the endogenous peroxidase, tissue slides were placed
in 0.3% methanol/hydrogen peroxidase (Sigma-Aldrich Co.)
for 30 min. To block the non-specific binding of primary anti-
bodies, slides were exposed to 10% normal goat serum (Vector
Laboratories, Burlingame, CA, USA) for 1 h. Subsequently,
the slides were incubated with a mixture of anti-E-cadherin
(1:100, Abcam plc.) or anti-vimentin (1:100, Abcam plc)
as the primary antibody in 5% bovine serum albumin
(Sigma-Aldrich Co.) in a humidified chamber at 4°C overnight.
The next day, the slides were washed three times in 1X PBS-T
(pH 7.4) and then incubated with appropriate biotinylated
secondary antibodies (1:500 dilution, Vector Laboratories) for
30 min at room temperature. Slides were subsequently rinsed
with 1X PBS-T for 10 min, after which Vectastain Universal
Elite ABC kit reagent (Vector Laboratories) was applied for
30 min. Immunoreactive complexes were detected using DAB
substrate (Sigma-Aldrich Co.) and counter stained with hema-
toxylin. Finally, slides were mounted with a cover slip using
mounting solution. All slides were visualized under a BX51
light microscope for digital photography.

Statistical analysis. Statistical analyses were performed
using GraphPad Prism 5 (GraphPad Software, San Diego,
CA, USA). Statistical differences in RNA expression levels
were identified by one-way ANOVA followed by Tukey's test.
Results were expressed as the mean + SD. Provability values
<0.05 were considered statistically significantly.

Results

Expression of EMT related markers in ovarian cancer cells. To
observe the fate of EMT related markers in the three ovarian
cancer cell lines, we conducted reverse-transcription PCR
and western blot analysis to detect E-cadherin and vimentin
without any treatment. Reverse-transcription PCR showed that
E-cadherin expression was significantly higher in OVCAR-3
and BG-1 ovarian cancer cells, while its expression was absent
in SKOV-3 cells (Fig. 1A). Additionally, the expression levels
of vimentin RNA as a typical mesenchymal cell marker were
observed in SKOV-3 and OVCAR-3 ovarian cancer cells. In
addition to RNA analysis, E-cadherin protein was expressed in
OVCAR-3 and BG-1 cells, but vimentin was only expressed in
SKOV-3 cells (Fig. 1B). Of the three ovarian cancer cell lines
assayed, two cells showed a lack of vimentin and the pres-
ence of E-cadherin, which is a typical pattern for EMT related
markers. These two cells lines (OVCAR-3 and BG-1) have a
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Figure 1. RNA and protein levels of mesenchymal and epithelial cell markers
in three ovarian cancer cells lines, BG-1, SKOV-3, and OVCAR-3. (A) RNA
levels of mesenchymal and epithelial cell markers in the three ovarian cancer
cell lines. Total RNA was extracted by RNA extraction solution in ovarian
cancer cell solution and cDNA was obtained from 1 yg of RNA. The cDNA
was amplified by PCR and confirmed by electrophoresis in agarose gel con-
taining EtBr. (B) Protein levels of EMT related marker in ovarian cancer
cell lines. Total protein was extracted by 1X RIPA solution to confirm the
expression of E-cadherin and vimentin protein in ovarian cancer cells. Total
protein was separated by SDS-PAGE and transferred to PVDF membrane.
Next, samples were treated with primary antibody, anti-E-cadherin (1:1,000
dilution) and anti-vimentin (1:1,000 dilution) overnight, then incubated with
the secondary anti-mouse antibody (1:3,000 dilution) for 2 h.

cuboidal, epithelial morphology, while SKOV-3 cells have a
spindle-shaped morphology (data not shown).

E-cadherin/vimentin expression in clinical normal ovary
and ovarian cancers. To measure the expression levels of
E-cadherin RNA in clinical ovarian cancers and normal ovary
samples, we randomly selected four groups: 1, six normal
ovaries; 2, seven benign ovarian cancers; 3, three malignant
ovarian cancers; and 4, two borderline ovarian cancers. Upon
analysis of E-cadherin RNA expression, E-cadherin was
expressed in 50% of normal ovaries and 66.6% of malignant
ovarian cancers, whereas it was expressed in 85.7% of benign
ovarian cancers (Fig. 2A).

We also conducted western blot analysis to measure protein
levels of vimentin and E-cadherin in human clinical samples
obtained from patients. E-cadherin was observed in 16.7,
57.1, 50 and 16.7% of normal ovaries, benign, borderline, and
malignant ovarian tumors, respectively (Fig. 2B). Conversely,
alteration of vimentin protein was observed in 83.3, 57.1, 50
and 66.7% of normal ovaries, benign, borderline, and malig-
nant tumors respectively. Therefore, the E-cadherin gene was
upregulated in benign ovarian tumors compared to normal
ovary tissues and decreased in malignant ovarian tumors.

Quantification of EMT-related factors in the ovarian
tissue samples. To identify differences in the expression of
EMT-associated transcription factor between normal ovaries
and ovarian cancers, we conducted additional analyses
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Figure 2. Alteration of E-cadherin and vimentin RNA and protein in human normal ovaries and ovarian cancer samples provided by patients. (A) Expression
of E-cadherin gene in human samples. To analyze the expression of E-cadherin RNA, total RNA was obtained from human clinical samples from three groups,
normal ovary, benign, and malignant ovarian tumor. cDNA was synthesized by MMLYV reverse transcriptase and PCR product was separated by agarose gel
electrophoresis after PCR. (B) Expression of E-cadherin and vimentin protein in human ovarian samples. Total protein was extracted using 1X RIPA protein
extraction solution and SDS-PAGE was conducted to separate samples based on the molecular size of the proteins. Separated proteins were transferred from
the polyacrylamide gel to the PVDF membrane. Next, the membrane was incubated with primary antibody, anti-E-cadherin (1:1,000 dilution) and anti-
vimentin (1:1,000 dilution) overnight and HRP-conjugated secondary anti-mouse antibody (1:3,000 dilution) for 2 h.

- 20 =
F4 3 Normal
% E 8 Benign
S A 159 @ Malignant
w <
E c 10
g 1
g S
2%
= o
(=" -]
=
= 0

Snail Slug Twist

Genes

Figure 3. Quantification of EMT related transcription factors in clinical
ovarian cancer samples. Total RNA was prepared using RNA extraction
solution in human ovarian tissues obtained from patients and cDNA was
synthesized by reverse transcription of MMLYV reverse transcriptase. PCR
reaction was performed using 2X SYBR green, ROX dye, and each forward
and reverse primer including Snail, Slug, and Twist gene. “P<0.05 vs. normal
ovaries.

focusing on genes previously shown to be directly or indi-
rectly involved in the EMT process. EMT-associated factors,
including Snail, Slug and Twist, were overexpressed in the
benign and malignant ovarian tumors compared to normal
ovaries (Fig. 3). Technical validation by real-time PCR using
SYBR green confirmed the relative overexpression of Snail
by 1.8- and 7.1-fold, Slug by 7.3- and 4.1-fold, and Twist by
17.2- and 11.0-fold in benign and malignant ovary samples,
respectively. These transcriptional factors were significantly
upregulated in benign and malignant ovarian tumors relative
to normal ovaries.

Histopathological analysis of human normal ovaries and
ovarian tumors. To investigate the histological features of
normal ovaries or ovarian cancers, tissue slides were stained
with H&E. As shown in Fig. 4A, the specimen is a normal
ovary specimen with a cystic follicle. A high magnification
view of the cyst lining demonstrates the luteinized granulosa
and theca cell layers on the top and bottom, respectively.
Benign tumor contained mature cystic teratoma composed
of multilocular cysts (Fig. 4B). Borderline tumors (mucinous
endocervical type) consisted of gray white cystic masses with
fragments of solid mass containing mucinous material and
a capsule that had previously ruptured. Additionally, these
tumors had a smooth inner lining wall that was thick and
fibrotic. Low magnification revealed a papillary architecture
indistinguishable from that seen in serous borderline tumors
(Fig. 4C). Finally, serous adenocarcinoma was used to repre-
sent malignant tumors. The cut surface of these ovaries was
yellow-gray and friable with extensive necrosis (Fig. 4D).

E-cadherin and vimentin expression in clinical tissue
samples. To observe the expression of EMT marker in clinical
samples, we conducted THC analysis in normal ovaries and
ovarian cancer tissues. Initially, vimentin was significantly
upregulated in normal ovaries and malignant ovarian cancers
(Fig. 5A and D). However, benign ovarian tumors showed
low expression of the vimentin protein in the tissues (Fig. 5B
and C). Epithelial cell marker E-cadherin immunoreactivity
was increased in benign and malignant ovarian tumors relative
to normal ovary tissues. Conversely, the protein was detected
in 50% of borderline ovarian tumor samples.
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Figure 4. H&E staining to confirm the histopathological analysis of human normal ovaries and ovarian cancers. Tissues were fixed in 4% normal formalin
before histopathological analysis, then subjected to processing including hydration by ethanol and xylene, embedding by paraffin, and cutting with a micro-
tome (3 pm). After sufficient drying of tissues slides, samples were stained with hematoxylin and eosin. (A) Normal ovaries. (B) Benign. (C) Borderline.

(D) Malignant. Magnification, x100 or x200.

Discussion

EMT is a phenomenon typically associated with epithelial
cells in which the normal physiological state is character-
ized by abundant cortical E-cadherin expression and lack of
vimentin. In contrast, normal ovarian surface epithelium is
mesodermally-derived and expresses high levels of vimentin
without cortical E-cadherin (25). The cellular features of EMT
are a loss of epithelium-like polygonal morphology, apicoba-
solateral cell polarity and adhesive contacts, development of a
fibroblast-like shape, reorganization of cytoskeletal filaments,
increased cell motility, and induction of proteases for extra-
cellular matrix (ECM) degradation, which is prerequisite for
migration and invasion (26).

In this study, we confirmed the expression of EMT-related
markers in three ovarian cancer cell lines, BG-1, OVCAR-3,
and SKOV-3. The morphology of SKOV-3 cells revealed a fibro-
blastic shape that appeared to be mesenchymal. Additionally,
vimentin protein was expressed in SKOV-3 ovarian cancer
cells, but E-cadherin protein was not. The other two ovarian
cancer cells showed features of epithelial cell type such
as expression of E-cadherin and lack of vimentin protein.
Based on these results, the expression of typical EMT-related
markers, E-cadherin and vimentin, were altered based on
ovarian cancer types, or morphology. Upon further investi-
gation, alteration of EMT markers was observed in human
clinical ovarian cancers or normal ovaries provided by
patients. In the case of E-cadherin protein, benign ovarian
cancers were upregulated by 3.4-fold when compared to

normal ovaries or malignant ovarian cancers. Conversely,
expression of vimentin protein was higher in normal ovaries or
malignant ovarian cancer (1.5-fold). Expression of E-cadherin
and vimentin protein was demonstrated by IHC staining in
the human clinical samples. Generally, vimentin protein was
strongly expressed in normal ovaries or malignant ovarian
cancers, but E-cadherin protein was barely expressed in the
samples. Based on these results, normal ovaries or malignant
ovarian cancers displayed features such as mesenchymal
cells. While most epithelia expressed abundant E-cadherin,
it was absent from mesenchymally derived normal ovarian
surface epithelia, and aberrant epithelial differentiation is
an early event in epithelial ovarian carcinogenesis (27). In
contrast to most carcinomas that lose E-cadherin expres-
sion with progression, its protein is abundant in primary
differentiated ovarian carcinoma and available data indicate
a subsequent decrease of E-cadherin staining in peritoneal
metastases (28). Post-translational modification of E-cadherin
function was suggested by data showing soluble E-cadherin in
ascite or cystic fluids from ovarian cancer patients and ratios
of cystic fluid/peripheral blood levels of soluble E-cadherin
were significantly higher in cystadenocarcinoma and border-
line ovarian tumors than benign tumors (29). Moreover, low
E-cadherin expression was observed in more invasive tumors
than benign tumors and associated with high tumor grade,
presence of peritoneal seeding and low overall survival (30).
Such a phenomenon seems paradoxical, but is re-expressed
in metastatic lesions (31). The expression of E-cadherin is
altered drastically during peritoneal dissemination in ovarian
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Figure 5. Localization of E-cadherin and vimentin proteins in clinical ovarian specimen. Tissue slides were incubated with 10% normal goat serum for 1 h
and then treated with primary antibody, anti-E-cadherin (1:100 dilution) and anti-vimentin (1:100 dilution) at overnight. To confirm the protein expression,

slides were treated with biotinylated anti-mouse secondary antibody (1:500 dilution), ABC kit reagent, and DAB substrate. (A) Normal ovaries. (B) Benign.
(C) Borderline. (D) Malignant. Magnification, x100 or x200.
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cancer, and the specific repressors may play an important role
in E-cadherin expression depending on the microenvironment
of metastatic sites.

Ovarian carcinoma cells often undergo an EMT process
before they detach or undergo metastasis. In ovarian carcinoma,
the E-cadherin expression of cancer cells floating in ascites
and at metastatic sites is lower than in primary ovarian tumors
(32). Loss of E-cadherin gene expression is primarily due to
upregulation of the transcriptional repressors, Snail, Slug,
Twist or Sipl/ZEB1/2, which repress E-cadherin transcription
(33). During malignant transformation, ovarian cancer cells
lose E-cadherin-mediated cell-cell interaction, upregulate
N- or P-cadherins and allow mesenchymal signaling through
clustering of collagen binding integrins (e.g., a2p1- and a3p1-
integrin) (34). In this study, several transcription factors were
analyzed to demonstrate the effect of altered expression of
EMT-related marker by real-time PCR. This study showed
the expression of transcriptional repressors for E-cadherin in
normal ovaries and ovarian cancers. Among the repressors
Snail, Slug, and Twist, malignant ovarian tumor expressed
higher levels of Snail, but not Slug or Twist. The expression
of Snail showed a stepwise increase from benign to malignant
tumors. Snail disrupts the functions of adherens junctions as
well as other cell-cell junctions, including tight junctions, and
blocks E-cadherin transcription by binding to CANNTG (35).
In another study, overexpression of Snail was shown to be corre-
lated with a higher state or to be a marker of poor prognosis in
malignancies because it confers resistance to apoptosis induced
by DNA damage (36,37). In ovarian cancer cell lines, upregula-
tion of Snail and Slug has been correlated with resistance to
radiation and paclitaxel and shown to participate directly in
p53-mediated pro-survival signaling (38). Twist has been found
to be expressed at high levels in a number of human cancers,
including those of the breast, prostate, esophagus, and uterus,
and is associated with EMT and intravasation (39). Although
increased Slug and Twist gene expression was observed in this
study, there was almost no alteration of EMT-related markers
or transcriptional factors according to ovarian cancer types.

Taken together, in contrast to other epithelial cancers,
E-cadherin protein was highly expressed in ovarian benign
tumors, but barely expressed in normal ovaries. Additionally,
the results indicate that Snail expression might be more impor-
tant than that of other transcriptional repressors in ovarian
tumor prognosis. Moreover, upregulation of Snail expression
followed by the downregulation of E-cadherin enhances the
invasiveness of ovarian tumors. Further studies may be needed
to clarify the role of Snail in the aggressive behavior of ovarian
cancer and the role of metastasis.
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