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Abstract: Recent studies have suggested that elevated gonadotropins contribute to ovarian epithelial tumor (OET)
cell proliferation. However, the cellular effects of luteinizing hormone, a member of gonadotropins, on OET prolifera-
tion are controversial. Our previous work showed that luteinizing hormone has no effect on cell proliferation, but
the molecular mechanism of such finding remains to be clarified. Considering that the cell growth in various types
of tumors has been associated with regulations of prohibitin and matrix metalloproteinases, we aim to investigate
a possible regulatory role of luteinizing hormone on prohibitin and matrix metalloproteinases to determine the roles
of these molecules in OET proliferation. We found that LH stimulation resulted in a dose-dependent expression of
prohibitin and MMPs and time-dependent phosphorylations of ERK and AKT. Blocking MAPK or PI3K/AKT signaling
could attenuate LH-induced prohibitin and MMPs expression. Additionally, the depletion of prohibitin reduced the
level of MMPs expression, and increased prohibitin expression abolished the positive effect of LH-induced MMP-9
on cellular growth. Therefore, we conclude that LH is able to up-regulate both prohibitin and MMP-9 in OET cells
without the cellular growth effect due to opposing biologic functions for cell proliferation between these two mol-
ecules. The opposing cellular growth function between prohibitin and MMP-9 is a novel finding. Regulation of either
molecule may be useful for future targeted therapy for ovarian epithelial cancers.
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Introduction

Ovarian epithelial cancer (OEC) is one of the
leading causes of cancer-related deaths among
all gynecological malignancies. However, the
precise biologic mechanisms of ovarian epithe-
lial carcinogenesis are poorly understood. The
gonadotropins, follicle-stimulatinghormone (FS-
H) and luteinizing hormone (LH), are crucial reg-
ulators in steroidogenesis and gametogenesis.
Inthe last few decades, there has been increas-
ing evidence to suggest that the hormonal envi-
ronment of the normal ovarian surface epithe-
lium (OSE) and ovarian epithelial tumor (OET)
cells is associated with the development and
progression of ovarian cancer. From an epide-

miologic point of view, exposure to excess
gonadotropins has been proposed as a risk fac-
tor for ovarian cancer [1], especially in post-
menopausal women or in women who have
received treatment for induction of ovulation [2,
3]. Alternatively, multiple pregnancies, breast-
feeding, oral contraceptives, and estrogen
replacement therapy, have shown to reduce the
risk for ovarian cancer due to reduced exposure
to gonadotropins [4, 5]. However, reports on the
association of gonadotropins with the prolifera-
tion of OSE and OEC cells are controversial.
Increased cellular proliferation was observed
after FSH and/or LH stimulation in some stud-
ies [6, 7]. In other studies, however, there was
no report of such an association [8, 9] or even
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reduced cellular proliferation [6, 9]. Such a con-
troversial finding indicates that the role of
gonadotropins in the etiology of OEC develop-
ment and progression is far more complicated
than what has been previously proposed.
Therefore, there is a critical need to better
understand the exact roles of gonadotropins
and related molecular mechanisms in OEC
development.

In our previous work, the proliferative cellular
effects were not observed when the OET cells
were treated with various doses of LH. However,
LH, as a member of the glycoprotein hormones
family, could induce prohibitin expression, a
potential tumor suppressor gene [10]. The pro-
hibitin gene encodes a protein of 275 amino
acids that is highly conserved. In some can-
cers, prohibitin was found to have anti-prolifer-
ative activity by causing cell cycle arrest at
G1/S [11, 12]. Besides prohibitin, MMP-2 and
MMP-9 were also up-regulated by LH/hCG,
which contributed to increased invasion in the
trophoblast and endometrial cancer cells [13,
14]. Both proteins belong to matrix metallopro-
teinases (MMPs) that are involved in tissue
remodeling and morphogenesis by degrading
components of the extracellular matrix. Incre-
ased activity of these enzymes could acceler-
ate tumor growth, migration, and the spread of
cancer cell by damaging the extracellular matrix
barriers [15]. Moreover, MMPs are also associ-
ated with tumor proliferation [16, 17]. Previous
work showed MMP-2 siRNA treatment to signifi-
cantly decrease cellular growth in keratino-
cytes [18] and overexpression of MMP-9 result-
ed in rapid proliferation of cervical cancer cells
[17]. These roles were reported to rely on the
activation of signal pathways such as protein
kinase A [14] and AKT [13]. However, it is not
clear if there is a similar regulatory pattern by
LH in ovarian cancer. To further explore the cel-
lular and molecular mechanisms of LH on OET
cell proliferation, the current study is designed
from the following aspects: 1) the effect of LH
on prohibitin and MMPs expression and signal-
ing; 2) whether the opposite roles of prohibitin
and MMPs on cellular growth has any affect on
the proliferative activity of LH.

Materials and methods

Ovarian epithelial tumor cell culture and treat-
ment

The MCV152 cell line was derived from SV40-
transformed serous papillary cystadenoma and
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transfected with telomerase hTERT [6]. The
cells were known to contain gonadotropin
receptors that respond to gonadotropin stimu-
lation. Cells were maintained in Eagle’s minimal
essential medium (MEM). The SKOV-3 cells
from an ovarian serous carcinoma cell line were
purchased from the American Type Tissue
Collection (Manassas, VA) and cultured in 1:1
DMEM/F12. Both cell lines were cultured in
medium supplemented with 100 U/ml penicil-
lin, 100 ug/ml streptomycin, and 10% fetal
bovine serum. Cultures were maintained at
37°C in a humidified incubator containing 95%
room air and 5% CO.,,.

To investigate the effects of LH on the expres-
sion of prohibitin, MMP-2, and MMP-9, both
MCV152 and SKOV3 cells were seeded in 100
mm dishes. When it reached 60% confluence,
the mediums were replaced with serum-free
opti-MEM and cultured for an additional 24
hours. The mediums were followed by treat-
ment with LH at the concentrations of 5, 25,
50, 100, 200, 400 mlU/ml for 48 hours,
respectively. PBS instead of LH was used as a
negative control. In order to determine the spe-
cial signal pathways related to LH, the cells
were changed with serum-free opti-MEM and
incubated for 1 hour prior to 50 mlU/ml LH for
15 minutes, 30 minutes, and 1 hour. Cells were
incubated by inhibitors of PISK/AKT and
ERK1/2 (LY294002, U0126) for 1 hour before
the addition of LH or PBS for another 48 hours.
In the end, cells were collected for Western blot
analysis.

RNA extraction and real time PCR

To determine the suitability of cell systems for
analyses of LH-dependent effects, the real
time PCR was performed to investigate the LH
receptor in MCV152 and SKOV3 cells. Total
RNA was isolated according to the protocol of
the RNeasy micro Kit (Qiagen Company,
Frankfurt, Federal Republic of Germany). 2.5 ug
RNA was reverse transcribed into cDNA in a 20
ul reaction as described previously [6]. Briefly,
samples were incubated at 37°C for 1 hour in
20 pl of 10 mM TRIS (pH 8.4), 50 mM KCl, 2
mM MgCl,, 1 mM DTT, 5 units of ribonuclease
inhibitor, 0.5 mM dNTP, 100 pmol of oligo-d(T)
18, and 200 units of M-MLV reverse transcrip-
tase (Promega Company, USA). The reaction
was terminated by heating for 5 minutes at
95°C. Reverse transcribed products were used
for real time PCR amplification. The primers,

Am J Cancer Res 2015;5(1):114-124



Effect of LH on ovarian epithelial tumor proliferation

-
o
T

Relative expression of LHR mRNA
(LHR/GAPDH)
o
o

MCV152 SKOV3

Figure 1. Real time PCR determine the expression of
LH receptor in MCV152 and SKOV3 cells.

designed to specifically amplify the LHR, are as
follows: sense, 5-TCA ATG TGG TGG CCT TCT
TCA TA-3’; antisense, 5-TTG GCA CAA GAATTG
ATG GGA TA-3'. The length of amplification was
233bp. The PCR conditions were as follows:
95°C for 45 seconds followed by 55°C for 45
seconds, 72°C for 45 seconds for 30 cycles,
and then 95°C for 10 minutes. GAPDH served
as a loading control.

Western blot analyses

All of the cells collected were lysed in lysis buf-
fer (0.5% Nonidet P(NP)-40, 10 mM Tris, pH 7.4,
150 mM NaCl, 1 mM ethylene diamine tetra-
acetic acid [EDTA], 1 mM Na,_VO,) containing
protease inhibitors (1 mM phenylmethylsulfonyl
fluoride [PMSF]). Proteins were loaded on a
10% or 12% SDS-PAGE and followed by transfer
to polyvinylidene fluoride (PVDF) membranes
before being blocked in 5% non-fat milk in 10
mM Tris, pH 7.5, 100 mM NaCl, 0.1% (w/v)
Tween-20 for 2 hours. The anti-human MMP-2
and MMP-9 rabbit polyclonal antibody was
diluted at 1:1000 while the anti-human prohibi-
tin mouse monoclonal antibody was diluted at
1:400 (Labvision Corporation-NeoMarkers,
Fremont, CA), p-AKT, AKT, ERK1/2 rabbit poly-
clonal antibody 1:1000, p-ERK1/2 1:10000,
and incubated at 4°C overnight. This was fol-
lowed by a 1 hour incubation period with the
appropriate secondary antibody. The anti-B-
actin mouse monoclonal antibody was diluted
at 1:10000 for sample loading control. The
blots were further developed using the chemilu-
minescence reagent (SuperSignal West Pico,
Rockford, IL). Software Image Quant was used
for densitometry analysis of the scanned imag-
es (Molecular Dynamics, Inc).
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RNA interference and MTT assay

The siRNA against prohibitin used the short
RNA duplexes with 21 oligos designed to target
sequence (5-CCC AGA AAT CAC TGT GAA ATT-
3’), as r(CAG AAA UCA CUG UGA AAU U)dTdT
and r(AAU UUC ACA GUG AUU UCU G)dGdG
(Qiagen Company, Frankfurt, Federal Republic
of Germany). As a control (siCon), it has no
homology to known mammalian genes (Qiagen
Company, Frankfurt, Federal Republic of
Germany). Cellular proliferation after prohibitin
silencing was evaluated by 3-(4, 5-dimethylthia-
zol-2-yl)-2, 5-Diphenyltetrazolium (MTT) assay.
Briefly, MCV152 cells were seeded into 96-well
plates at 1 x 10%/well in a final volume of 200
pl and grew to a confluence of 30-50% after 24
hours of antibiotics-free incubation. Then trans-
fection was carried out using HiperFect Trans-
fection Reagent (Qiagen company, Frankfurt,
Federal Republic of Germany) according to the
manufacturer’'s recommendation. The cells
were then incubated in MEM with 10% FBS for
48 hours followed by LH stimulation at 50 mIU/
ml for 24 hours. After, 20 ul of MTT solution (5
mg/ml in PBS) was added to each well. After 4
hours of incubation at 37°C, the culture medi-
um was removed and 200 ul dimethyl sulfoxide
(DMSO) was added to dissolve the formazan.
Finally, its density was read at 570 nm using a
microplate reader each in six wells. Prohibitin
knockdown was again verified by Western blot.
The investigations of MMP-2 and MMP-9 on
proliferation were carried out according to abo-
ve description. Non-modified and high perfor-
mance purified siRNA duplexes were obtained
from QIAGEN. The constructs were directed
against the following sequences: 5-CAGGCTC-
TTCTCCTTTCACAA-3’ for knocking down MMP-2
and 5-ACGGCTTGCCCTGGTGCAGTA-3’ for kno-
cking down MMP-9 in MCV152 cells.

To examine the relationship between PHB and
MMPs, their expressions were evaluated after
the prohibitin knockdown was performed. The
MCV152 and SKOV3 cells were seeded in 100
mm dishes and cultured for 24 hours. siPHB
short sequence was then transfected into the
cells with HiperFect Transfection Reagent
(Qiagen company, Frankfurt, Federal Republic
of Germany) when these cells reached 50%
confluence. After culturing for an additional 48
hours, the cells were collected. The knockdown
rate of prohibitin and the expression of MMP-2
and MMP-9 were evaluated by Western blot.
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Figure 2. The expression of prohibitin, MMP-2 and MMP-9 was LH-dependent. Serum-free cultures were treated with
different doses of LH for 48 h (from 5 to 400 mIU/ml), preparation of protein lysates and Western blot analyses were
performed as described in Materials and Methods. A. Shows the LH dose-response of prohibitin, MMP-2 and MMP-9
expression in MCV152 cells. B-actin was used as a loading control. B. Shows the LH dose-response of prohibitin,
MMP-2 and MMP-9 expression in SKOV3 cells. B-actin was also used as a loading control. *represents the results
of comparison with control group, which is statistically significant (P < 0.05).

Statistical analyses

Cell proliferation and the band density of
Western blot were analyzed with the Student’s
t-test. The statistical significance of the results
was assessed using SPSS 11.5 software with P
< 0.05 considered significant

Results

Expression of LHR in ovarian epithelial tumor
cells

Real time PCR was performed to measure the
expression of LHR in MCV152 and SKOV3 cells.
As shown in Figure 1, both cell lines expressed
LHR. Despite slightly elevated LHR expression
in MCV152 cells, there is no significant differ-
ence between the both cell lines. The presence
of LHR indicates that both cell lines respond to
LH stimulation.

LH induces PHB and MMPs expressions

As seen in Figure 2, an increased dose of LH
resulted in significant up-regulations of prohibi-
tin, MMP-2, and MMP-9 proteins, in a dose-
dependent manner. In MCV152 cells, the
expressions of prohibitin and MMP-9 reached
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peak levels with the addition of LH at 50 mlIU/
ml for 48 hours, while peak levels of MMP-2
appeared with LH at 100 mlU/ml (Figure 2A).
Similar expression profiles appeared in SKOV3
cells (Figure 2B).

LH activates MAPK and PI3K/AKT signal path-
ways and mediates PHB and MMPs expres-
sions via these signal pathways

Critical signal transduction pathways related to
LH in OEC development were further investigat-
ed. As seen in Figure 3A, 50 mlU/ml LH induced
phosphorylation of ERK and AKT with peak lev-
els at 60 minutes of treatment in MCV152
cells. Activated AKT (p-AKT/AKT) and ERK
(p-ERK/ERK) with a clear increase of more than
three-fold were observed, whereas in SKOV3
cells, the maximum increment of phosphory-
lated ERK and AKT was observed with LH for 30
minutes, 12-fold for AKT (p-AKT/AKT) and 3-fold
for ERK (p-ERK/ERK) when compared with con-
trols. The data is summarized in Figure 3B.
Subsequently, the relationship between these
effectors, including PHB and MMPs, and the
involved signal pathways was further exam-
ined. As seen in Figure 4, the expressions of
PHB, MMP-2, and MMP-9 were significantly

Am J Cancer Res 2015;5(1):114-124



Effect of LH on ovarian epithelial tumor proliferation

A 5 * % ;;:“ .
i ; & e * %
Time (min) 0 15 30 &0 L 4 w 5
o o
P-AKT Ll g ke ; 3 ‘; 4
e —— T——— E E 3 e
AKT g 5 * ‘g *
PERKIZ o o s o o °
ERK12 s s wms s 3 %i
- w 0 ¢ 0
P-actin ' e s s Time (min) 0 15 30 60 Time(min) 0 15 30 60
B g
E 16
. i‘( 14 % ok é 4
Time (min) 0 15 30 60 & w * %
o« 12 o 3 * %
P-AKT = — —— e 5 5
5 z 10 °
AKT S e e — E 8 ‘i‘ 2
P-ERK1/2 - - g
- —_—— g 4 . g 1
ERK1/? b ans e s g 2 ®
B-actin s emes emsres® Time (min) 0 15 30 60  Time(min) O 15 30 60

Figure 3. Western blot analyses showing LH dependent phosphorylation of AKT and ERK in MCV152 and SKOV3
cells. Both of the cells were treated with 50 mlU/ml LH for indicated time periods in serum-free cultures. The har-
vested cells were lysed and Western blot analyses were performed as Materials and Methods described. B-actin
was used as a loading control. PBS treatment served as a negative control. Each experiment repeated three times.
A. LH-dependent activation of ERK and AKT in MCV152 cells. B. LH-dependent activation of ERK and AKT in SKOV3
cells. *represents the results of comparison between different time point of LH treatment with control, which is
statistically significant (P < 0.05). **P < 0.01.
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Figure 4. LH regulated PHB, MMP-2 and MMP-9 protein expression through AKT and ERK1/2 signal pathway. The
cells were treated with or without 50 mIU/ml LH for 48 h in serum-free cultures after pre-treatment with 10 umol/L
U0126 and LY294002 for 1 h, the protein expressions were investigated by western blot analysis. PBS treatment
was used as a negative control. A. Shows ERK1/2 signaling inhibitor U0126 and AKT signaling inhibitor LY294002
block the up-regulation of prohibitin, MMP-2 and MMP-9 induced by LH in MCV152 cells. B. Shows ERK1/2 signal-
ing inhibitor U0126 and AKT signaling inhibitor LY294002 block the up-regulation of prohibitin, MMP-2 and MMP-9
induced by LH in SKOV3 cells.

reduced when cells were pretreated alone with Knocking down PHB attenuates MMP2 and
U0126 or LY294002. Moreover, in both MMP9 expressions

MCV152 and SKOV3 cells, LH-induced the up-

regulation of MMPs and PHB was down-regulat- Although MMP-2, MMP-9, and prohibitin are
ed by both inhibitors. target molecules of LH, the relationship
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cultured for another 48 h, the changes of these proteins were examined with
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Western blot analysis. B-actin was used to evaluate protein loading. Repre-

sentative examples (n = 3) are shown. A. Effect of knockdown of prohibitin
on the expression of MMP-2 and MMP-9 in MCV152 cells. B. Effect of knock-
down of prohibitin on the expression of MMP-2 and MMP-9 in SKOV3 cells. *
or **represents the results of comparison with control, which is statistically

significant (*P < 0.05; **P< 0.01).
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Figure 6. Effects of RNA interference on prohibitin
expression and cell proliferation.MCV152 cells were
seeded and cultured in 60 mm dishes and 96-well
plate, respectively, the siPHB and siCon sequence
were transfected into MCV152 cells through Hiper-
Fect transfection reagents when these cells reach
50% confluence and cultured for additional 24 h,
then they were expose to 50 mIU/ml LH or absence
LH for additional 48 h, the proliferation was deter-
mined by MTT assay and the knockdown rate of pro-
hibitin was evaluated through western blot assay. A.
Effects of RNA interference on prohibitin expression.
B. Effects of RNA interference on cell proliferation.
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Given that LH regulates pro-
hibitin, we investigated the
effect of prohibitin silencing
on cell growth in MCV152
cells. Compared with the con-
trol group (siCon), cells trans-
fected with siPHB resulted in a clear reduction
of prohibitin expression. After cells were trans-
fected by siPHB, they were stimulated by LH to
examine for any changes in proliferative effect .
As expected, prohibitin expression was higher
in the siPHB- and siCon-transfected cells when
compared to the corresponding groups without
LH stimulation (Figure 6A). The MTT assay was
subsequently used to examine the cellular
growth effect in prohibitin-depleted cells. The
data showed an increase in MCV152 cells after
prohibitin ablation. However, regardless of
siPHB- or siCon-transfected cells, there was no
significant difference in total cell numbers
between the groups with or without LH treat-
ment. This was consistent with our previous
finding that LH itself does not have an inhibitory
role in OET cell proliferation. The data is sum-
marized in Figure 6B.

The opposite roles of PHB and MMP-9 on pro-
liferation contribute to LH’s failure to enhance
OEC proliferation

To explore the molecular mechanism that LH
has no effect on cell proliferation, the effects of

Am J Cancer Res 2015;5(1):114-124
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Figure 8. MMP-9 attenuate the inhibition of prohibitin on cell proliferation. MCV152 cells were seeded in 96-well
plate with a concentration of 1000/well, RNA interference and MTT assay were done as described in Material and
Methods. *p < 0.05, when the group of RNA interference compared with control group.

MMP-9 and MMP-2 on cellular growth were growth than that of the control. Cellular growth
investigated with MTT assay. It was observed was slightly increased with the LH treatment
that cellular proliferation activity significantly compared to the MMP-9 knock-down cell popu-
decreased after knocking down MMP-9. The lation alone (Figure 7). As seen in Figure 8,
MMP-9 knock-down cell population, even with compared with the control group, the loss of
additional LH treatment, showed lower cellular prohibitin resulted in approximately 20% cell
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population growth. However, silencing both pro-
hibitin and MMP-9 decreased cellular growth
more than prohibitin deletion alone. This indi-
cates that the down-regulation of MMP-9
enhances the effects of prohibitin deletion and
both contribute decreased cellular prolifera-
tion. The results are summarized in Figure 8.

Discussion

Despite tremendous progress in the study of
ovarian epithelial cancer etiology, the detailed
mechanisms remain unclear. The gonadotropin
theory has been proposed to explain the rea-
son of OEC occurrence, which suggests that
that elevated serum gonadotropins contributes
significantly to OEC development [7]. Despite
the suggested role of gonadotropins in the pa-
thogenesis of ovarian cancer, different research
groups have shown dramatically different
effects of LH on OEC proliferation. Our previous
work suggested that LH has no effect and even
may have an opposing effect of FSH on OEC cell
proliferation [6]. However, it remains unclear
what are the molecular mechanisms for the
role of LH in this particular setting.

In this study, we found that treatment with LH
resulted in a significant change of prohibitin,
MMP-2, and MMP-9 protein levels (Figure 2).
This shows that prohibitin is one of the target
genes of LH. As other studies have reported,
prohibitin plays an important role in OET cell
proliferation. Additionally, the silence of PHB
resulted in enhanced cell proliferative activity
(Figure 6). In our current work, dose-dependent
expression profiles of MMP-2 and MMP-9
induced by LH were also observed. Previous
studies have focused on exploring the roles of
MMPs in tumor invasion and migration.
Furthermore, much research only emphasizes
the enhanced proteolytic activities of MMPs
induced by LH rather than addressing the cel-
lular proliferative activity. In our current study,
knocking down MMP-9 resulted in a significant-
ly reduced cell population. However, a similar
effect on cell proliferation was not observed
when MMP-2 was deleted (Figure 8).

Though both prohibitin and MMP-9 are related
to cell proliferation, the relationship between
these two molecules is still not clear. Johanna
Prast et al. reported that LH/hCG up-regulated
MMP-2 and MMP-9 in SGHPL-5 cells and differ-
ent EVT pools, which resulted in an enhanced
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invasion [13]. Though this effect was observed,
it is unclear if LH directly interacts with MMP-2/
MMP-9 or is medicated by other molecules. In
our current work, we found that the knockdown
of prohibitin could down-regulate both MMP-2
and MMP-9 (Figure 5). Prohibitin protein level
was paralleled with the expression of MMP-2
and MMP-9 when an increased dose of LH was
given (Figure 2). These results indicate that
prohibitin is an important mediator for LH regu-
lating MMP-2 and MMP-9 expressions. There-
fore, these observations may imply that prohibi-
tin promotes the progression of ovarian cancer.
Krishnaraj previously observed that prohibitin
is required for Ras-induced Raf-MEK-ERK acti-
vation and epithelial cell migration. They report-
ed that prohibitin is indispensable for the acti-
vation of the Raf-MEK-ERK pathway by Ras,
whereby direct interaction with prohibitin is
required for C-Raf activation. Moreover, in pro-
hibitin-deficient cells, the adhesion complex
proteins cadherin and catenin relocated to the
plasma membrane and thereby stabilized
adherens junctions [19]. They also reported
that short interfering RNA (siRNA) mediated the
silencing of prohibitin expression, resulting in
an increased intercellular adhesion and forma-
tion of cell clusters in various tumor cell lines.
Prohibitin-silenced cells failed to migrate in
response to epidermal growth factor on colla-
gen suggesting that prohibitin is obligatory for
cell migration [20]. The above work confirmed
that prohibitin is involved in ovarian cancer
development and progress, which is different
from previous reports. Commonly, prohibitin is
regarded as a candidate of tumor suppressor
gene by arresting the cell cycle and blocking
cellular growth. However, recent work also
addressed the contribution of prohibitin to the
development of drug resistance and promoted
survival of ovarian cancer cells [21]. Based on
this data, although it was suspected that pro-
hibitin played a dual role in OEC development,
the detailed mechanism requires further study.
Prohibitin is shown to be involved in invasion
and provides an interesting connection bet-
ween prohibitin and MMP-2/MMP-9. This is
perhaps the difference versus the effect of FSH
on invasion in ovarian cancer development
because FSH does not induce prohibitin expres-
sion [10].

Although less than 0.1% of the total cellular
protein, kinase and phosphatase enzymes play
a pivotal role in conducting signals to control
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cell growth or death. Previous, researchers
have tried to investigate the signaling involved
in the regulation of LH on the expressions of
MMP-2 and MMP-9. It was reported that inhibi-
tion of ERK or AKT could diminish hCG-induced
MMP-2 expression, which demonstrated that
hCG promoted trophoblast invasion and migra-
tion depending on activation of ERK and AKT
signaling [13]. In this work, both signal path-
ways were investigated. Western blot analyses
revealed the LH-dependent activation of phos-
phorylation of ERK and AKT in a time-depen-
dent manner, suggesting that LH, when bound
to its receptor, activated both ERK and AKT sig-
nal pathways. Treatment of cultures with the
specific MEK inhibitor U0126 sharply reduced
the prohibitin, MMP-2 and MMP-9 proteins in
the presence or absence of LH. Similarly,
LH-induced prohibitin, MMP-2, and MMP-9
were attenuated in the presence of PISK/AKT
inhibitor LY294002. These results further con-
firmed that LH regulated prohibitin, MMP-2, and
MMP-9 through ERK and PI3K/AKT signal
pathways.

Previous studies have also reported the cellular
growth effect of LH [22-31]. The increased pro-
liferation of OSE and cancer cells was observed
and the inhibitory effect was also noticed,
though the reason for the discrepancy in results
is not clear. In this study, we found that LH
failed to promote proliferation in MCV152 cells.
This was consistent with our previous finding
that LH itself does not have a promotion role in
OET cell proliferation. However, knocking down
prohibitin resulted in significant enhanced pro-
liferation with or without LH treatment com-
pared with the cells transfected with siCon.
Prohibitin was reported to regulate the cell
cycle and cell growth, thus increased expres-
sion of prohibitin could inhibit cell proliferation.
In this project, the loss of prohibitin significantly
increased the cell number due to its inability to
arrest the cell cycle. Many more cells went
through cell cycle checkpoints and into S and
G2/M phases, resulting in an increased cell
population. In addition to the role prohibitin
plays in regulating the expression of MMPs and
invasion, it also displays an anti-cancer effect.
We believe that prohibitin plays different roles
during different stages of OEC development. A
positive promotion effect perhaps is mainly
present in the stages of invasion and metaba-
sis. We also noticed treatment with LH resulted
in a significant increase of prohibitin in the con-
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trol group. However, an obvious reduction of
cellular proliferation wasn’t observed with LH
treatment. We believe that perhaps the bal-
ance between prohibitin and MMPs is respon-
sible for the absent effects of LH on cell growth.
On one hand, we observed that LH up-regulat-
ed prohibitin and overexpression of prohibitin
blocking cell growth. In fact, LH has no effect
on cellular proliferation. On the other hand, LH
enhanced the MMPs levels and these activated
enzymes could accelerate tumor growth by
damaging components of the extracellular
matrix [15]. Moreover, it was demonstrated
that MMPs increased vascular smooth muscle
cell proliferation via elevation of beta-catenin
signaling and cyclin D1 expression [32].
Previous work also stated overexpression of
MMP-9 enhanced proliferation of cervical can-
cer cells [17]. Perhaps the later results partly
dismiss the inhibitory effect of cell proliferation
induced by overexpression of prohibitin with LH
treatment. In our study, this kind of hypothesis
was confirmed, as shown in Figure 7. The loss
of MMP-9 resulted in significantly decreased
MCV152 proliferation, whereas the silence of
MMP-2 failed to affect cellular growth. The
down regulation of both MMP-2 and MMP-9
reduced proliferation, which showed little dif-
ferent from the effects of down regulation
MMP-9 alone. This indicates that MMP-9 per-
haps plays an important role in proliferation
whereas perhaps MMP-2 mainly contributes to
invasion. As described in Figure 8, the increased
cell population induced by knocking down pro-
hibitin was significantly attenuated by MMP-9-
depletion, which implies MMP-9 and prohibitin
have an opposite role in cellular growth.
Perhaps the neutralizing effect of MMP-9 and
prohibitin was responsible lack of effect of LH
on cell growth.

Based on these findings, we propose a model
of OEC development as follows: The binding of
LH to LHR activates signal pathways of ERK1/2
and PI3K/AKT, which in turn results in increased
expressions of prohibitin and MMPs. LH fails to
enhance the proliferation in MCV152 cells,
which is consistent with the previous report
that LH alone has no effect on cell growth. This
can be interpreted by the presence of prohibitin
and MMP-9 induced by LH. Their neutralization
leads to comparative cell numbers’ variation
with LH treatment. In cells with loss of prohibi-
tin, the addition of LH caused increased cell
growth as a result of MMP-9.
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Taken together, prohibitin and MMPs are regu-
lators associated with LH in OEC development,
which depend on signal pathways of ERK1/2
and PI3K/AKT. Moreover, prohibitin plays an
inhibitory role to balance the effect of MMP-9
on cellular growth despite its promotion of
MMP-2 and MMP-9. Accordingly, LH alone has
few effects in OEC development. More detailed
studies are necessary to define the mechanism
involved by prohibitin on MMPs.
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