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Luteinizing hormone facilitates angiogenesis in ovarian
epithelial tumor cells and metformin inhibits the
effect through the mTOR signaling pathway
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Abstract. High levels of gonadotropin are a risk factor for
ovarian cancer development. Aberrant gonadotropin levels
benefit tumor angiogenesis, but the detailed mechanism is not
clear. Therefore, the aim of this study was to investigate the
molecular mechanism of high levels of luteinizing hormone (LH)
on the promotion of tumor angiogenesis and to outline a feasible
therapeutic strategy. Western blotting and immunofluorescence
staining were used to determine the effect of LH on VEGF and
Slit2 expression and examine the signaling pathway involved
in regulating the expression of both molecules. Real-time PCR
was used to investigate the effect of metformin on LH induction
of VEGF and Slit2 expression. It was found that 50 mIU/ml
LH significantly upregulated VEGF and Slit2 expression, and
activated the PI3K/AKT-mTOR signaling pathway. However,
metformin inhibited the mTOR signaling pathway and further
blocked LH-induced VEGF and Slit2 expression. In conclusion,
high levels of LH promote angiogenesis in ovarian cancer via the
PIBK/AKT-mTOR pathway. However, metformin could inhibit
tumor angiogenesis by blocking the mTOR signaling pathway.

Introduction

Luteinizing hormone (LH), one of the gonadotropins, is a
pituitary glycoprotein hormone that regulates ovarian steroido-
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genesis. The gonadotropin theory of ovarian cancer proposes that
accumulated serum gonadotropins, follicle-stimulating hormone
(FSH) and LH, contribute to the development of ovarian cancer.
A growing body of evidence has implicated the role of LH in
the etiology of ovarian epithelial cancer (OEC). Previous studies
show that LH inhibits Fas-induced apoptosis in ovarian cancer
and supports the hypothesis of hormonal involvement in ovarian
carcinogenesis (1). In addition, it reports that LH could enhance
the invasion and migration of ovarian cancer via the PI3K/AKT
signaling pathway. Recent evidence suggests that gonadotropins
promote ovarian cancer OV207 and OVCAR-3 cell migration
and proliferation by activation of ERK1/2 signaling in a calcium-
and PKC 6-dependent manner (2). However, little is known about
the role of LH in tumor angiogenesis.

Vascular endothelial growth factor (VEGF) is a glycopro-
tein which is associated with tumor angiogenesis (3). Higher
levels of VEGF are consistent with poor prognosis and tumor
progression in various types of tumors, including ovarian cancer
(4). Elevated levels of gonadotropin are risk factors for ovarian
cancer and have multiple bio-activations; a study addressed
the role of LH on angiogenesis in ovarian cancer. Wang et al
reported that LH induced VEGF expression in AO cells in a
dose-dependent manner. This study suggests that VEGF may
accelerate ovarian tumor growth and tumor recurrence under
elevated gonadotropin levels after menopause or surgery (5).
However, the detailed mechanism of the LH-induced VEGF
expression is not clear. Except of VEGF, a recent study indi-
cates that Slit2, a secreted protein known to function through
the Roundabout (Robo) receptor as a chemorepellent in axon
guidance and neuronal migration, may also be involved in
tumor angiogenesis. This study suggests that Slit2 induces
tumor angiogenesis by Slit-Robo signaling; blocking this
signaling could effectively inhibit cellular growth (6).

However, information has been obtained concerning the
pathway triggering angiogenesis in ovarian cancer under
elevated levels of gonadotropin, especially in a post-menopause
state. Previous studies suggest that FSH, one of the gonadotro-
pins, enhances HIF-1 activity downstream of the PI3-kinase/
AKT/Rheb/mTOR pathway and further induces VEGF
expression (7). However, whether this signaling pathway is
also involved in LH-induced angiogenesis is not clear.
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Table I. Primers used to amplify the target genes.
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Gene Sequence Annealing temperature ("C)
VEGF Forward : 5'-CCT TGC TGC TCT ACC TCC AC-3' 60
Reverse : 5'-ATC TGC ATG GTG ATG TTG GA-3'
Slit2 Forward: 5'-TCA GCT GTT TCC TGA GTT GC-3' 60
Reverse: 5-TGG TTG AAA CTT GCC ACA GA-3'
GAPDH Forward: 5'-AAC GGA TTT GGT CGT ATTG-3' 53

Reverse: 5'-GGA AGA TGG TGA TGG GATT-3'

Although a recent study confirmed that metfomin inhib-
ited the proliferation of various type of cancer cells mainly
by activating AMPK and further repressing mTOR (8-10), it
is still remains unknown whether metformin could block or
attenuate LH-induced angiogenesis. Therefore, the specific
interest of the present study was to examine the role of LH
on VEGF and Slit2 expression and to define its detailed
molecular mechanism of action.

Materials and methods

Ovarian cancer cell lines and cell culture. The ovarian
cancer cell line Hey was maintained in our laboratory and
cultured in DMEM/F12 supplemented with 10% fetal bovine
serum (FBS), 100 U/ml penicillin, 100 pg/ml streptomycin,
sodium pyruvate, and L-glutamine in humidified 5% CO, at
37°C. Another cell line MCV152 was derived from SV-40-
transformed benign ovarian serous papillary cystadenoma and
transfected with telomerase hTERT. The culture conditions
were previously described (11).

Western blot analysis. To investigate the effect of LH on VEGF
and Slit2 expressions, western blot analysis was performed.
Briefly, different dose of LH were used to treat MCV152 and
Hey cells for 48 h, and the cells were collected for use. In
order to determine whether LH regulated VEGF and Slit2 by
the PI3K/AKT/mTOR signaling pathway, 50 mIU/ml LH was
used to treat Hey cells for various times, and the cells were
then collected. Subsequently, the Hey cells were pre-treated
with 100 nM rapamycin for 1 h, 50 mIU/ml LH stimulated
for another 48 h, and the treated Hey cells were collected
for use. The following steps performed have been described
in a previous report (11). Briefly, after lysis, 60 ug proteins
were loaded on 10% SDS-PAGE gels, transferred to poly-
vinylidene fluoride (PVDF) membranes, and blocked in 5%
non-fat milk in 10 mM Tris, pH 7.5, 100 mM NaCl, and 0.1%
(w/v) Tween-20 for 2 h. Anti-human VEGF, anti-Slit2, anti-
phosphorylated AKT, anti-AKT, anti-phosphorylated mTOR,
anti-mTOR, anti-f3-actin, and anti-GAPDH primary antibodies
were diluted 1:1000 and incubated overnight, followed by 1-h
incubation with the appropriate secondary antibody at room
temperature. The protein bands were visualized with the ECL
Plus system (Amersham, GE Healthcare).

Immunocytochemistry assay. MCV152 and Hey cells were
plated in 6-well plates with coverslips for 24 h. After an addi-

tional 24-h serum-free starvation, the cells were treated with
50 mIU/ml LH for another 48 h. Subsequently, the cells were
washed with PBS three times, fixed for 10 min with formalde-
hyde and then permeabilized in 0.1% Triton X-100 in PBS for
5 min. The anti-human VEGF and Slit2 primary antibodies
were diluted in 1:100 and incubated at 37°C for 1 h. Following
this, the cultures were rinsed three times in PBS for 5 min and
incubated with anti-mouse or anti-rabbit IgG FITC-conjugated
secondary antibodies for 45 min at room temperature and then
washed three times with PBS. Hoechst 33258 was used to
stain the nucleus for 10 sec. After the PBS wash, the inverted
fluorescence microscope was used to observe the expression
of VEGF and Slit2.

Hormone treatment and metformin stimulation. Hey cells
were seeded in 10-cm dishes at a concentration of 1x10°/ml.
After serum-free starvation for 24 h, cells were treated with
various doses of metformin (0.01, 0.1 and 1 mM) for another
48 h, and the proteins were collected to determine the effect
of metformin on VEGF and Slit2 expression by western blot
analysis. To investigate whether metformin could attenuate
LH-induced VEGF and Slit2 expression, Hey cells were
treated alone with metformin or LH or treated with both
reagents in combination for 48 h. The cells were collected to
study whether metformin blocked the effect of LH on VEGF
and Slit2 expression.

RNA extraction, RT-PCR and real-time PCR. The RNA extrac-
tion, RT-PCR and real-time PCR reactions were performed
as described in a previous report (11). Briefly, MCV152 and
Hey cells were plated in 6-well plate and cultured for 24 h.
The medium was changed with opti-MEM and cultured for
another 24 h. The cells were treated alone with LH, rapamycin,
metformin, or treated with LH and rapamycin, or LH and
metformin in combination for 24 h, and collected. Total RNA
was isolated according to the protocol of the RNeasy micro
kit (Qiagen, Frankfurt, Germany). RNA (2 ug) was reverse
transcribed into cDNA in a 20 ul reaction according to the
protocol of teh PrimeScriptT™ RT reagent kit (Takara, Shuzo,
Kyoto, Japan). The primers are listed in Table I. The reactions
were set up with 10 1 SYBR-Green PCR Master Mix (Takara),
1.0 gl 10 umol primer mixture, and 2 ul cDNA template. The
real-time PCR was performed following the conditions: 95°C
for 15 sec followed by 35 cycles of 60°C and 72°C for 30 sec.
Relative mRNA levels of target genes were normalized to
GAPDH.
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Figure 1. LH induces VEGF and Slit2 expressions in ovarian cancer.
LH-induced Slit2 (A) and VEGF (B) expression were detected by immuno-
cytochemistry.

Data analysis. The band density of western blot analsyis and
relative target gene mRNA levels were analyzed with one-way
ANOVA. P-values of <0.05 were considered statistically
significant.

Results

LH upregulates VEGF and Slit2 expressions. Both VEGF and
Slit2 are important factors in tumor angiogenesis. In order to
determine the effect of LH on the expression of both factors,
an immunofluorescence assay and western blot analysis were
performed. As shown in Fig. 1, stimulation with 50 mIU/ml LH
resulted in clear upregulation of Slit2 and VEGF expression in
MCV152 or Hey cells. The green fluorescence represented the
expression of VEGF or Slit2, compared with the non-treatment
control, the significantly enhanced fluorescence could be
observed with LH treatment in both cell lines. Western blot
analysis demonstrated the dose-dependent effects of LH stimu-
lation on VEGF and Slit2 expression. Maximal induction of
VEGEF by LH was obtained at a concentration of 50 mIU/ml
in Hey cells and of 400 mIU/ml in MCV152 cells. Similar
expression pattern was observed for Slit2. The most significant
induction occurred at a dose of 100 mIU/ml with a 3.2-fold
increase in Hey cells and at 50 mIU/ml in MCV152 cells with
a 3.5-fold increase (Fig. 2).

LH activates the PI3K/AKT-mTOR signaling pathway. In
order to gain insight into the mechanism of LH-induced angio-
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Figure 2. Dose-response of LH-induced VEGF and Slit2 protein levels in
ovarian cancer. The effects of LH on VEGF and Slit2 expression in (A) Hey
cells and (B) in MCV152 cells were determined by western blotting. In A
and B, the upper panel shows the protein level of VEGF after treatment with
a series of concentrations of LH for 48 h, the middle panel presents the blot
of Slit2, while the lower panel shows B-actin protein level. f-actin was used
as a loading control.

genesis, western blot analysis was performed to investigate the
PIBK/AKT-mTOR signaling pathway. LH (50 mIU/ml) induced
the phosphorylation of AKT in a time-dependent fashion in
Hey cells (Fig. 3). The maximal induction of AKT phosphory-
lation occurred at 45 min. Activation of mTOR also showed a
similar expression pattern (Fig. 3). LH treatment resulted in
a clear increase of mTOR phosphorylation, which mediates
downstream targeting genes. A peak level of phosphorylation
of mTOR occurred at 30 min with LH stimulation.

Rapamycin attenuates LH-induced VEGF and Slit2 expres-
sion. Since the mTOR signaling pathway is involved in
LH-induced angiogenesis, we investigated the effect of
blocking this pathway on VEGF and Slit2 expression. The
Western blot assay indicated that rapamycin could downregu-
late both VEGF and Slit2 expressions. Furthermore, LH plus
rapamycin treatment did not maintain LH-induced VEGF and
Slit2 protein levels; this regulation was inhibited by rapamycin
through inhibiting the mTOR signaling pathway (Fig. 4).

Metformin inhibits LH-induced angiogenesis by blocking the
mTOR signaling pathway. The above study confirmed that
the mTOR signaling pathway was involved in LH-induced
angiogenesis. Therefore, targeting this pathway may be an
effective therapeutic strategy. A recent study suggests that
metformin could lower cancer risk, reduce the rate of cancer
deaths (12,13), and kill cancer cells. These effects were mainly
dependent on targeting the AMPK-mTOR signaling pathway
(10,14). In the present study, the results showed that metformin
treatment resulted in downregulation of VEGF and Slit2 in a
dose-dependent manner. The maximum reduction was induced
by 1 mM metformin with an 8.4-fold decrease of VEGF and
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Figure 3. Western blot analyses showing LH-dependent phosphorylation of
AKT and mTOR in Hey cells. Hey cells were treated with 50 mIU/ml LH for
the indicated time periods in serum-free cultures. The harvested cells were
lysed and western blot analysis were performed as described in Materials
and methods. 3-actin was used as a loading control. PBS treatment served as
a negative control.

a 2.2-fold decrease of Slit2 (Fig. 5A). Moreover, combination
treatment with LH and metformin resulted in a reduction of
LH-induced phosphorylation of mTOR, VEGF and Slit2 in
Hey cells (Fig. 5B). To investigate whether similar patterns
exist at the mRNA level, real-time PCR was performed to
determine the mRNA levels of VEGF and Slit2. Similarly to
rapamycin, metformin significantly inhibited the enhanced
effect of LH on VEGF and Slit2 mRNA levels (Fig. 6).

Discussion

Increasing evidence suggests that the hormone environment
is an important factor for cancer development, especially
in ovarian cancer (8,11,14-16). These hormones, including
gonadotropin, gonadotropin releasing hormone and progestin,
often play multiple roles; they commonly regulate cellular
growth, cell migration and apoptosis. Moreover, in gyneco-
logical cancers, gonadotropin induces angiogenesis which is
an important step in cancer development, growth, and inva-
sion beyond regional borders (5). In this process, VEGF plays
an important role whose expression often consists of tumor
development and metastasis. Several studies addressed the
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Figure 4. The specific inhibitor mTOR attenuates LH-induced VEGF and
Slit2 expression. (A) The upper panel shows the protein level of Slit2 level
after treatment with indicated reagents; the middle panel is a representative
blot of VEGF; the lower panel shows the protein level of GAPDH which
serves as a loading control. Relative expression of (B) Slit2 and (C) VEGF.
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Figure 5. Metformin blocks PI3K/AKT-mTOR and abolishes LH-induced
VEGF and Slit2 expressions. (A) Dose-response of metformin-induced inhi-
bition of VEGF and Slit2 expressions in Hey cells. (B) Metformin inhibits
phosphorylation of mTOR and attenuates LH-induced phosphorylation and
further reduces the expressions of LH-induced Slit2 and VEGF.

relationship between hormones and VEGF (17,18), but the
detailed molecular mechanism is not clear. In the current study,
we found that LH potently upregulated VEGF expression in a
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Figure 6. The effects of rapamycin and metformin on VEGF and Slit2 mRNA levels. Rapamycin (100 nM) and metformin (1 mM) abolishes LH-induced
VEGF and Slit2 mRNA expressions in MCV152 cells (left column), and similar expression patters shows in Hey cells (right column). GAPDH is used as a
loading control, relative mRNA levels of target genes are normalized to GAPDH.

dose-dependent manner (Figs. 1 and 2). This finding is consis-
tent with the gonadotropin theory which states that it is the
hormonal environment of the normal ovarian surface epithe-
lium (OSE) and ovarian epithelial tumor (OET) cells that are
associated with the development and progression of ovarian
cancer. Exposure to excess gonadotropins has been proposed
as arisk factor for ovarian cancer from the epidemiologic point
of view (19), especially in postmenopausal women or in women
who have received treatment for induction of ovulation (20,21).
The loss of the feedback suppression of estrogens, results in
an increase in gonadotropin levels which are a risk factor for
ovarian cancer. Thus, similarly to our in vitro experiment, the
higher level of LH or FSH in vivo may enhance the expression
of VEGF, and promote angiogenesis and finally enhance the
blood supply to tumors.

The role of Slit-Roundabout (Robo) signaling in axon
guidance is well-understood (22,23). However, its role on
angiogenesis has not been thoroughly investigated. A previous
study showed that Slit2 was expressed in a variety of human
cancer cells where it acts as a chemoattractant to vascular
endothelial cells to promote tumor angiogenesis. Recent
research indicates that targeting Slit-Robo signaling may
offer a novel anti-angiogenesis approach for various cancer
therapies (24,25). Here, we showed the effect of hormone on
Slit2 expression. Similarly to the VEGF expression pattern,
LH significantly and dose-dependently upregulated the Slit2
protein levels. Thus, the elevated gonadotropin levels after post-
menopause or when undergoing oophorectomy may promote

tumor growth and enhance the recurrence by upregulating
VEGEF and Slit2 which benefit cancer cell growth, shedding,
migration, invasion and configuring of the neovasculature.

The signaling pathway of gonadotropin-induced migration
and invasion has been well-described (2,19); however, little
information is available about the signaling of LH-induced
angiogenesis. In the present study, we observed that LH
could activate AKT and mTOR in a time-related manner. The
following experiment indicated that rapamycin, the specific
inhibitor of mMTOR, potently repressed VEGF and Slit2 expres-
sions and attenuated LH-induced VEGF and Slit2 protein and
mRNA levels (Figs. 4 and 6). This result suggested that the
PI3BK/AKT-mTOR pathway was a major signal for triggering
angiogenesis with LH treatment.

Since the mTOR signaling pathway is involved in
LH-induced angiogenesis, targeting mTOR may be an effec-
tive therapeutic strategy for the treatment of ovarian cancer.
In agreement with the results of a previous study, we also
found that rapamycin significantly inhibited the mTOR
signaling pathway and further mediated the expression of
target genes downstream of mTOR. Recently, it was reported
that metformin could inhibit proliferation of various types of
cancer cells mainly by activating AMPK and further repressing
mTOR (8-10). Therefore, we further investigated that effect of
metformin on LH-induced VEGF and Slit2 expression. The
current data showed that metfomin inhibited phosphorylation
of mTOR and repressed VEGF and Slit2 expression in a dose-
related manner. Moreover, metformin blocked the effect of
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LH on VEGF and Slit2 expression by inhibiting the mTOR
pathway. Our study suggests that mTOR may be a critical
targeting molecule for ovarian cancer therapy. In addition,
metformin may be a potential antitumor agent because it abol-
ished LH-induced activation of mTOR and thus may further
inhibit the neovasculature.

Taken together, the current study provides novel insight to
the clinical implications of hormonal intervention in ovarian
cancer. In addition, metformin may be an adjunctive therapy
after surgery or the early developmental stage of ovarian
cancer due to its ability to decrease elevated LH-induced
angiogenesis. However, their beneficial effects in clinical trials
need to be further evaluated.
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