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Abstract: Follicle-stimulating hormone (FSH) is associated with the pathogenesis of ovarian cancer. We sought to ex-
plore whether desmocollin 3 (Dsc3) mediates FSH-induced ovarian epithelial cancer cell proliferation and whether
the EGFR/Akt signaling pathway may be involved in this process. Dsc3 positivity in ovarian tissue specimens from
72 patients was assessed by immunohistochemistry. The positive expression rates of Dsc3 were similar in ovarian
cancer tissues (24/31:77.4%) and borderline ovarian tumor tissues (18/22:81.8%) (P>0.05), but were significantly
higher in these cancerous tissues than in benign ovarian cyst tissues (3/19:15.8%) (P<0.05). Consistently, the ex-
pression of Dsc3 in four out of five ovarian cancer cells (HO8910, Skov3ip, Skov and Hey cells, but not ES-2 and in
borderline ovarian MCV152 tumor cells was higher than in the immortalized ovarian epithelial cell line, Moody. FSH
up-regulated the expression of Dsc3 and EGFR in a dose- and time-dependent manner. Furthermore, a converse
relationship between the expression of Dsc3, EFGR and PI3K/Akt signaling was elucidated using RNA interference
and PI3K/Akt inhibitor in the absence and presence of FSH. A role for these proteins in FSH-induced cell prolifera-
tion was verified, highlighting their interdependence in mediating ovarian cancer cell function. These results suggest
that Dsc3 can mediate FSH-induced ovarian cancer cell proliferation by activating the EGFR/Akt signaling pathway.
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Introduction sessed its expression in ovarian cancer. The
loss of Dsc2, a related protein, has recently
been shown to promote the proliferation of
colonic epithelial cells in vitro through the acti-
vation of the epidermal growth factor receptor/
serine/threonine protein kinase signaling path-
way (EGFR/Akt signaling pathway) [8]. Studies
suggest that the EGFR signaling way promotes
the proliferation and resistance to apoptosis of
cancer cells through PIBK/AKT signal transduc-
tion pathway [9]. We aimed to determine wheth-
er Dsc3 is expressed in ovarian cancer and
whether it may mediate FSH-induced ovarian

Ovarian cancer is a malignant tumor of the
female reproductive system that severely
threatens women’s health. Ovarian cancer,
which is the most lethal cancer of all gyneco-
logical cancers, approximately causes 14000
deaths each year [1]. Follicle-stimulating hor-
mone (FSH) is a contributing factor to the
pathogenesis of ovarian cancer. Therefore,
increased understanding of the molecular
mechanisms of FSH has an important guiding
significance for the treatment of ovarian

cancer. DA ) )

epithelial cancer cell proliferation through the
Desmocollin 3 (Dsc3) of the cadherin super- activation of the EGFR/Akt signaling pathway.
family, is an important component of cell des- These results elucidate a new pathway of tumor
mosomes [2]. Recent studies show that Dsc3 growth activation, which increases the under-
plays a role in the development of certain standing of the mechanisms of pathogenesis

tumors [3-7]; however, no reports have as- that are prevalent in ovarian cancer.
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Material and methods
Clinical specimens

Paraffin sections of ovarian tissue specimens
were collected from 72 patients at the
Department of Pathology in the Shanghai First
People’s Hospital from 2007-2011. The speci-
mens represent 31 epithelial ovarian cancer
tissues, 22 borderline ovarian tumor tissues,
and 19 benign epithelial ovarian tumor tissues.
All patients provided complete clinical and
pathological data. The pathological diagnosis
and grading of the specimens were determined
by two experienced pathologists who were
blinded to patient identity. All patients signed
informed consent before surgery. This experi-
ment was approved by the Shanghai Chang-
zheng Hospital Ethics Committee (Number:
CZEC (2007)-02).

Cell lines

Epithelial ovarian cancer cell lines ES-2,
HO08910, Skov3ip, Skov3, and Hey; borderline
ovarian cystadenoma cell line MCV152; and
the immortalized ovarian epithelial cell line
Moody were preserved by the Youji Feng group
of the Department of Obstetrics and Gyneco-
logy at the Shanghai First People’s Hospital.

Reagents and materials

Normal goat serum was from Shanghai Sun
Biotech Co. Ltd. SSLABEL Polymer-HRP was
from BioGenex. MCDB109/M199, DMEM-F12
medium, and fetal bovine serum were from
Hyclone. FSH, thiazolyl tetrazolium (MTT). And
dimethylsulfoxide (DMSO) were from Sigma.
Immunohistochemical kits were from Santa
Cruz Biotechnology. Dsc3 polyclonal antibody
(mouse anti-human), Dsc3 monoclonal anti-
body (rabbit anti-human), EGFR monoclonal
antibody (rabbit anti-human), Akt monoclonal
antibody (rabbit anti-human), pAkt monoclonal
antibody (rabbit anti-human), and GAPDH
monoclonal antibody (rabbit anti-human) were
from eBioscience, Abcam, EPITOMICS, R&D,
and Cell Signaling Technology. Lipofectami-
ne 2000 was from Invitrogen Corporation.
siRNA was synthesized by Zimmer Technology
Pharmaceutical Co. Ltd. ECL-emitting agents
were from PerkinElmer.
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Immunohistochemistry

The expression of Dsc3 protein was detected
by S-P staining. The specimens were routinely
deparaffinized, and the antigens were retrieved
by high temperature heating: the sections were
immersed in sodium citrate buffer (pH 6.0),
boiled for 15 minutes in a pressure cooker and
cooled at room temperature. After blocking in
normal goat serum, the samples were incubat-
ed with the first antibody overnight and then
incubated with the secondary antibody. DAB
staining was performed under the microscope
for 5 to 10 minutes, followed by hematoxylin
counterstaining for 2 minutes. The specimens
were then dehydrated and mounted after alco-
hol hydrochloride differentiation. Dsc3 mouse
anti-human polyclonal antibody was diluted
1:10. Experimental procedures were performed
in strict accordance with immunohistochemical
reagent instructions. Each section was counted
in five randomly selected horizons. Light yellow
to brownish yellow or brown colored ovarian
epithelial cells were considered positive.
According to Remmele’s methods [10], scoring
for the percentage of positive cells was as fol-
lows: 1 point for <30% positive cells, 2 points
for 30%~70% positive cells, and 3 points for
>70% positive cells. Scoring for the color depth
was as follows: O points for no staining, 1 point
for yellow staining, and 2 points for brownish
yellow to brown staining. The final specimen
score was calculated by multiplying the positiv-
ity score by the color depth score. According to
the final score, the expression level of each
index value was divided into the following cate-
gories: O points, negative, 1~3 points, weakly
positive; 4~6 points, strongly positive. Repre-
sentative images were captured using a photo-
micrography system.

Cell culture and treatment

Moody cells were cultured in MCDB109/M199
medium containing 15% fetal bovine serum.
The other cells were cultured in DMEM-F12
medium containing 10% fetal bovine serum,
100 U/L penicillin and 100 U/L streptomycin.
All cells were grown at 37°Cin a 5% CO, incuba-
tor. Experiments were performed using cells in
the logarithmic growth phase. Cells were col-
lected at confluence for the detection of Dsc3
expression by Western blotting. To assess the
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Figure 1. A-C. Expression of Dsc3 in different ovarian tissues determined by immunohistochemical staining (SP
method). A. Benign ovarian cyst tissues; B. Borderline ovarian tumor tissues; C. Ovarian cancer tissues. Original
magnification: x100. D. Dsc3 expression was higher in the ovarian cancer cell lines HO8910, Skov3ip, Skov3, Hey
and the borderline ovarian cystadenoma cell line MCV152 than the immortalized epithelial ovarian cells Moody.

effects of FSH, Hey and HO8910 cells were
serum starved for 24 hours, and then treated
with FSH at a concentration of 0, 20, 40, or 80
IU/L for O, 24, 48, or 72 hours. Effects on the
expression of Dsc3 and EGFR were assessed
by Western blotting. To determine the role of
these proteins, the expression was silenced by
the siRNA interference method. The role of the
PI3K/Akt pathway was determined by treating
cells with the specific PI3K/Akt pathway inhibi-
tor LY294002 (10 umol/L; Selleck, USA) for 1
hour, followed by treatment with FSH for 48
hours. Cells were then collected and the expres-
sion of cell signaling pathway modulators was
determined by Western blotting or the effects
on cell proliferation were determined by MTT
assay.

Western blot analysis

After treatment and collection of cells, lysates
were prepared and protein concentrations were
normalized by the BCA protein determination
method. 60 ug protein per well was loaded onto
10% SDS-PAGE gels. After electrophoresis, pro-
teins were transferred to PVDF membranes,
and the membranes were incubated with anti-
bodies against Dsc3 (1:5000), EGFR (1:1000)
(1:2000), Akt (1:1000), pAkt (1:1000), or
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GAPDH (1:1000) at 4°C overnight. After wash-
ing with TBST, the membranes were incubated
with appropriate secondary antibodies for 1
hour and then washed with TBST. The expres-
sion of the targeted proteins was detected by
ECL chemiluminescence. Experiments were
repeated three times.

MTT analysis of cell proliferation

Hey or HO8910 cells were seeded in 96-well
plates at a density of 1000~3000 cells/well.
The edge wells were filled with sterilized 1xPBS
and each well was added to 200 pL with DMEM
medium containing 10% fetal bovine serum.
The cells were incubated in 5% CO, at 37°C
until the cells adhered to the wells. Dsc3 or
EGFR expression was silenced by the siRNA
interference method and PI3K/Akt was inhibit-
ed with specific pathway inhibitor (10 pymol/L)
for 1 hour, and then the cells were treated with
FSH for 48 hours. The cells were harvested,
and then put into 6 repetitive wells with the vol-
ume of 200 pL. 20 pyL MTT solution (5 mg/ml;
0.5% MTT final concentration) was added into
each well. Then the cells were incubated with
5% CO,, at 37°C for 4 hours. Then the culture
medium was carefully Aspirated. 150 uL DMSO
was added per well. The plates were oscillated

Int J Clin Exp Pathol 2015;8(6):6716-6723



Des 3 mediates FSH-induced ovarian cancer cell proliferation

A FSH z/(U-L™) B FSH z/(U-L7)
0o 20 40 8o M(X10) 0o 20 40 s M#(X10)

DSC3— | — 100 e

Tk

EGFR— wem wm o o  — 7 EGFR— M—— - 170
CAPDH-TRSSSESS — GAPDH — FS—— — 1S
c 0h 24h 48h 72h s (x10°) p Oh 24h 4h 12h  Me(X10)
DSCI— = - — 10 DSCI — Smam Ml e — 10)

EGFR — A — 170 e —

EGFR — 170
GAPDH— Wil — 3 GAPOH—- Am— — 0
Figure 2. A and B. Effect of FSH of different concentrations on Dsc3 and
EGFR expression detected by Western blotting analysis. A. Hey cells; B.
HO8910 cells. C and D. Dsc3 and EGFR expression in Hey cells and HO8910
cells after treatment with FSH at the optimal concentration of 40 IU/L. C. Hey

Results

Expression of Dsc3 is elevat-
ed in ovarian tumor tissues
and cell lines

To determine whether Dsc3 is
expressed at elevated levels
in ovarian cancer, we asse-
ssed the Dsc3 expression in
72 specimens from surgically
excised benign and cancer-
ous ovarian tumor tissues
(Figure 1A-C). The Dsc3 posi-
tive cells were located primar-
ily at the cell membrane, and

cells; D. HO8910 cells.

for 10 min at a low speed to fully dissolve the
crystals, and the optical density (OD) was mea-
sured by enzyme-linked immunosorbant assay
at 490 nm.

SiRNA interference

Cells were divided into the following groups: the
siCon group: transfected with negative control
(non-silencing) siRNA; the siDsc3 or siEGFR
group: transfected with siRNA specifically tar-
geting Dsc3 or EGFR; the FSH+siCon group:
siCon group treated with FSH; the FSH+siDsc3
or FSH+siEGFR group: siDsc3 or siEGFR group
treated with FSH. Hey cells or HO8910 cells in
6-well plates were starved for 24 h in serum-
free OPTI-MEM. When the cell density reached
30% to 50%, the appropriate siRNA-liposome
mixture was transfected cells according to the
Lipofectamine 2000 instructions. After 12
hours transfection, the cells were treated with
40 IU/L FSH and then proteins were extracted
proteins after 48 hours and the expression of
Dsc3, EGFR, Akt, and pAkt was measured by
Western blotting. MTT assays were performed
48 h after FSH treatment for assessing the
effect of Dsc3 and EGFR on cell proliferation.

Statistical analysis

The data were statistically analyzed by
SPSS17.0 software. Immunohistochemistry
data were analyzed by the Kruskal-Wallis Test.
The data from MTT assays were analyzed by
single factor analysis of variance. The inspec-
tion level (&) was 0.05.
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the Dsc3 positive expression
rate was 77.4% (24/31) in
ovarian cancer tissues and
81.8% (18/22) in borderline ovarian tumors,
which is statistically higher than the rate in
benign ovarian tumor tissues (15.8% [3/19];
P<0.05). The difference between the Dsc3 pos-
itive expression rate of borderline ovarian
tumors and ovarian cancer was not statistically
significant (P>0.05). These findings suggest
that Dsc3 positivity is associated with cancer-
ous ovarian tumors, but is not significantly dif-
ferent for ovarian cancer and borderline ovarian
cancer types of tumors.

To verify these findings, we assessed Dsc3
expression in seven different ovarian tissue cell
lines by Western blotting. Dsc3 expression was
higher in the ovarian cancer cell lines HO8910,
Skov3ip, Skov3, Hey and the borderline ovarian
cystadenoma cell line MCV152 than the immor-
talized epithelial ovarian cells Moody (Figure
1D), which supports a trend of higher Dsc3
positivity in ovarian cancer cells. The exception
was the ovarian cancer cell line ES-2, which had
levels that were similar to those of Moody cells.
However, the relatively high expression in five
out of six ovarian cancer cell lines is consistent
with a correlation of Dsc3 expression with the
cancerous state.

FSH induces dose- and time-dependent Dsc3
and EGFR expression in ovarian cells

To determine whether Dsc3 expression is regu-
lated by FSH and whether Dsc3 expression cor-
relates with EGFR expression, we performed
Western analysis of Hey and HO8910 cells.

Int J Clin Exp Pathol 2015;8(6):6716-6723
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Figure 3. A and B. Specific siRNA (siDsc3), a non-targeting control siRNA (si-
Con) and their combination with FSH were transfected into Hey and HO8910
cells. These results suggest that Dsc3 positively regulates the activation of
the EGFR and Akt signaling pathways, which are enhanced by FSH. A. Hey
cells; B. HO8910 cells. C and D. siRNA targeting EGFR (siEGFR) and their
combination with FSH were transfected into Hey and HO8910 cells. These re-
sults suggest that Dsc3 and EGFR are converse positive regulators and that
each of these proteins is upstream of Akt signaling. C. Hey cells; D. HO8910
cells. Eand F. Hey and HO8910 cells were treated with LY294002, which is a
specific inhibitor of the PI3K/Akt pathway. These results suggest that Dsc3,
EGFR and Akt are activated by FSH within a positive autoregulatory loop. E.
Hey cells; F. HO8910 cells.
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2C, 2D), suggesting that the
induction of these proteins is
both dose-dependent and ti-
me-dependent.

FSH activates an autoregula-
tory pathway of Dsc3, EGFR
and AKT signaling in ovarian
cells

To determine whether Dsc3
expression is necessary for
the activation of EGFR expres-
sion and downstream Akt sig-
naling, we transfected specif-
ic siRNA (siDsc3) or a non-
targeting control siRNA (si-
Con) into Hey and HO8910
cells. Our results showed that
Dsc3 siRNA specifically inhib-
its the expression of EGFR in
both untreated and FSH-
treated cells. Furthermore,
levels of pAkt were reduced
with no significant effect on
total Akt levels, suggesting an
effect on Akt signaling (Figure
3A, 3B). These results sug-
gest that Dsc3 positively reg-
ulates the activation of the
EGFR and Akt signaling path-
ways, which are enhanced by
FSH.

To determine whether EGFR
can also regulate the expres-
sion of Dsc3, we transfected
Hey and HO8910 cells with
siRNA targeting EGFR (siEG-
FR). As expected, siEGFR
transfection resulted in redu-
ced Akt signaling, as evi-

Treatment with different concentrations of FSH
for 48 hours led to a dose-dependent increase
in the expression is at the FSH concentration of
40 IU/LDsc3 and the expression decreases
slightly at the concentration of EGFR, which
peaked at about 40-80 IU/L FSH (Figure 2A,
2B).

To establish a time course of induction, we
treated Hey cells and HO8910 with the FSH
optimal concentration of 40 IU/L for 24 hours,
48 hours, and 72 hours. The expression of
Dsc3 and EGFR was the highest at 48 hours
and was down regulated by 72 hours (Figure
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denced by the reduced pAkt levels in siEGFR-
transfected cells as compared to siCon-trans-
fected cells without or with FSH treatment.
Furthermore, Dsc3 expression was reduced
upon siEGFR transfection (Figure 3C, 3D).
These results suggest that Dsc3 and EGFR are
converse positive regulators and that each of
these proteins is upstream of Akt signaling.

To further determine whether Dsc3 expression
is regulated by PI3K/Akt signaling, we treated
Hey and HO8910 cells with LY294002, which is
a specific inhibitor of the PI3K/Akt pathway. As
expected, LY294002 reduced the activation of

Int J Clin Exp Pathol 2015;8(6):6716-6723



Des 3 mediates FSH-induced ovarian cancer cell proliferation

A lr BWithout FSH
& OWith FSH
0.8 | s A A
A X T
0.6 | ot :
8
(=)
0.4
0:2 F
0 N & 3
\\a \).:; -‘:\\‘.&\ ‘:}\\\z

B ®Without FSH
0.6 r o L
A OWith FSH
Y- " A ‘A
0.4 >
. .
3 z .
o
0.2
0 A i i J
o N & Qv
\ v N
\\\ \\\ e;\_\
\‘\

Figure 4. MTT assay showed that proliferation was reduced by siRNA-mediated reduction of Dsc3 or EGFR and by
PI3K/Akt pathway inhibitor treatment, both with or without FSH treatment. These results suggest that the Dsc3/
EGFR/Akt axis functions in mediating ovarian cell proliferation, which is enhanced by FSH. A. Hey cells; B. HO8910

cells.

pAkt both with and without FSH treatment.
Furthermore, LY294002 led to decreased lev-
els of Dsc3 expression in both cell lines (Figure
3E, 3F). These results suggest that Dsc3, EGFR
and Akt are activated by FSH within a positive
autoregulatory loop.

FSH activation of ovarian cell proliferation is
dependent on Dsc3, EGFR and PI3K/Akt sig-
naling

The above results suggest that Dsc3 functions
in a regulatory loop that affects EGFR and Akt
signaling by FSH. To determine whether this
regulatory loop mediates the function of FSH in
stimulating the proliferation of ovarian cancer
cells, we performed MTT assays. Proliferation
was reduced by siRNA-mediated reduction of
Dsc3 or EGFR and by PI3K/Akt pathway inhibi-
tor treatment, both with or without FSH treat-
ment (Figure 4; P<0.05). These results suggest
that the Dsc3/EGFR/Akt axis functions in medi-
ating ovarian cell proliferation, which is
enhanced by FSH.

Discussion

Ovarian cancer has the highest mortality rate
of all gynecologic malignancies, mainly due to
its residency deep in the pelvic cavity. Its local-
ization makes ovarian cancer difficult to detect
early, so that the majority of ovarian cancer
patients are diagnosed at advanced stages.
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Consequently, an understanding of the molecu-
lar basis of ovarian cancer will help to develop
drugs that target specific sites toward the
development of effective treatments. Ovaries
are the main targets of FSH [11], which pro-
motes the growth of normal ovarian cells, but
also is associated with ovarian cancer cell pro-
liferation. Epidemiological studies have shown
that the incidence of ovarian cancer in post-
menopausal women is significantly higher than
inwomen of reproductive age [12]. Furthermore,
high serum FSH levels in perimenopausal and
postmenopausal women are closely related to
the development of ovarian cancer. One study
[13] showed that the concentrations of FSH are
significantly different between benign and
malignant epithelial ovarian and borderline
ovarian tumors and also varies with the extent
of malignancy (P<0.05). On the basis of this
association, many reports have focused on the
mechanism of FSH in the progression of ovari-
an cancer. For example, Lin et al. [14] showed
that FSH can stimulate the proliferation of epi-
thelial ovarian cancer through a signal trans-
duction pathway mediated by protein kinase C,
while Yiwen et al. [15] showed that FSH regu-
lates proliferation and invasion of epithelial
ovarian cancer ES-2 cells through specific AT
sequence binding protein 1.

To further understand the molecular mecha-

nisms of ovarian cancer and the function of
FSH, we explored a potential association of

Int J Clin Exp Pathol 2015;8(6):6716-6723
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Dsc3 expression with ovarian cancer. Recent
studies show that Dsc3 plays a role in the
development of certain tumors [16, 17]. For
example, Dsc3 DNA methylation may lead to
reduced expression in colorectal cancer [4];
and loss of Dsc3 leads to increased incidence
rate of proto-oncogene K-Ras-mediated skin
cancer [4]. Dsc3 is highly expressed in nearly
half of undifferentiated large cell lung cancers
[6], as well as in poorly differentiated pancre-
atic ductal cancer (99.1%) [8]. However, there
are few reports about Dsc3 expression in ovar-
ian cancer. We sought to determine whether
Dsc expression may also correlate with ovarian
cancer and whether its expression might be
associated with specific pathways of tumor cell
proliferation. To this end, we selected paraffin
sections of ovarian cancer and normal ovarian
epithelial tissues from the Shanghai First
People’s Hospital for immunohistochemical
experiments. Results show that Dsc3 is highly
expressed in ovarian cancer and borderline
ovarian tumors, compared to normal ovarian
epithelial cells. Furthermore, Dsc3 expression
is elevated in four out of five ovarian cancer cell
lines and one borderline ovarian tumor cell line
as compared immortalized ovarian epithelial
cells. Each of these differences is statistically
significant (P<0.05), which emphasizes the
potential role of Dsc3 in ovarian cancer.

It has been reported that loss of Dsc2, a cog-
nate molecule of Dsc3, can promote colon epi-
thelial cell proliferation by activating the EGFR/
Akt signaling pathway and resultant transfor-
mation into a malignant phenotype [8]. Con-
sequently, we explored whether Dsc3 promotes
FSH-regulated ovarian cancer cells prolifera-
tion through the EGFR/Akt signaling pathway,
thereby promoting tumor development. Our
results show that FSH up regulates the expres-
sion of Dsc3 and EGFR in a time and dose
dependent manner. Epidemiological investiga-
tions have found that the incidence of ovarian
cancer is increased in patients with FSH eleva-
tion [18]. In normal menstruation, the level of
FSH content in the blood is about 5~20 IU/L
before ovulation and increases to no more than
30 IU/L. However, in postmenopausal or ovari-
an function-declined patients, the serum level
of FSH can be greater than or equal to 40 IU/L
[19]. Furthermore, the serum concentration of
FSH is (24.74+18.7) IU/L in ovarian cancer
patients [19]. Two previous studies have deter-
mined that the cell proliferation of ovarian can-
cer cell peaks at the FSH concentration of 40

6722

IU/L [20, 21]. As a result, in this study, we
selected the 20, 40, and 80 IU/L concentra-
tions of FSH to treat ovarian cancer cells.
Previous studies have determined 48 h as opti-
mal time for treatment with FSH [22], and we
therefore selected 24, 48, 72 hours as the time
range of FSH effects. Consistent with the latter
studies, we observed that a concentration of
40 IU/L and treatment time of 48 hours was
optimal for the induction of Dsc3 and EGFR
expression.

To determine a possible effect of Dsc3 and
EGFR/Akt in regulating Dsc3/EGFR expression
and Akt signaling, we employed RNA interfer-
ence and specific inhibitor to block the expres-
sion and activity of each pathway. The results
demonstrate that Dsc3 and EGFR regulate
each other and the activation of the Akt path-
way, and that Akt mediates FSH-dependent
Dsc3 expression. These findings are suggestive
of an autoregulatory loop that is enhanced by
FSH. MTT assays also showed that each of
these proteins is important in the proliferation
of ovarian cancer cells, which suggest a func-
tional outcome of the Dsc/EGFR/Akt axis that
could contribute to the pathology of ovarian
cancer. Few reports have determined whether
Dsc3 can affect the invasion or apoptosis of
ovarian cancer or other tumor cell, and there is
little information about the role that Dsc family
proteins may play in the progression of cancer
[23]; however, this study provides a step for-
ward to the understanding of this family of pro-
teins. The characterization of Dsc3 and other
cancer-promoting genes may help to identify
new tumor therapeutic targets for the treat-
ment of human tumors.
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