
Summary. Ovarian cancer is the first cause of death for
gynecological malignances in developed countries and
around 80% correspond to Epithelial Ovarian Cancer
(EOC). Overexpression of Nerve Growth Factor (NGF)
and its high affinity receptor TRKA are involved in EOC
progression, modulating several oncogenic processes
such as angiogenesis by the increase of Vascular
Endothelial Growth Factor (VEGF). FSH receptors
(FSH-R) are present in EOC, but their changes and
contribution during EOC progression are still not
thoroughly known. The aims of this study were to
evaluate the abundance of FSH receptors during EOC
differentiation and to determine whether FSH modulates
oncoproteins such as NGF and VEGF in ovarian cells.
FSH-R expression in EOC tissues and cell lines (A2780,
poorly differentiated EOC cells and HOSE, non-tumoral
ovarian surface epithelial cells) were measured by RT-
PCR and laser capture of epithelial cells from EOC
samples by qPCR. FSH-R protein levels were evaluated
by immunohisto/cytochemistry. Additionally, ovarian
explants and ovarian cell lines were stimulated with FSH
and/or FSH-R inhibitor to assess NGF and VEGF
mRNA and protein levels.

The results showed that FSH-R levels decreased
during loss of EOC cell differentiation, nevertheless
these receptors are still present in poorly differentiated

EOC. FSH increased NGF expression in ovarian cells,
which was prevented using a FSH-R inhibitor. Similarly,
in ovarian cancer explants, FSH increased NGF and
VEGF mRNA, as well as NGF protein levels. These
results suggest that FSH would display a key role not
only in initial stages of EOC, but also in late stages of
this disease, by modulation of NGF and VEGF levels in
EOC cells.
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Introduction

Epithelial Ovarian Cancer (EOC) is the leading
cause of death from malignancies of the female genital
system (Auersperg et al., 2002; Jemal et al., 2010;
McGuire, 2016). It is also the fifth most frequent cause
of death among all types of cancer in women (Jemal et
al., 2010). Although the etiology of EOC is unknown, its
incidence increases dramatically in women over 45 years
of age, with a peak at 10-20 years after the initiation of
menopause (Wentzensen et al., 2016). This temporal
profile has led to the suggestion that elevated levels of
gonadotropins (particularly Follicle Stimulating
Hormone, FSH) may be a risk factor for ovarian cancer
(Gharwan et al., 2015). 

Receptors for FSH (FSH-R) and LH (LH-R) are
expressed in epithelial cells of the normal ovarian
surface (OSE), as well as in the vast majority of
epithelial ovarian tumors (Brodowska et al., 2012).
Overexpression of FSH-R in non-tumoral epithelial
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ovarian cells may be associated with high cell
proliferation via an enhanced activity of oncogenic
pathways (Choi et al., 2004). In addition, single
nucleotide polymorphism in the FSH-R gene increases
the susceptibility to specific subtypes of ovarian cancer
(Yang et al., 2006); besides, FSH-R expression in
ovarian epithelial tumors is higher than normal OSE
cells (Konishi, 2006; Mertens-Walker et al., 2012). All
these antecedents suggest that overexpression of FSH-R
would display an important role in ovarian cancer
development (Zhang et al., 2009). However, there is
some controversy about the contribution of
gonadotropins on the onset and progression of EOC
(Mertens-Walker et al., 2012); even more, the
mechanism by which FSH contributes to EOC
progression is not completely known. 

One relevant characteristic of EOC is the
overexpression of growth factors in which gonadotropins
are involved. Our group has described an increase of
both Nerve Growth Factor (NGF) and its high affinity
receptor TRKA during EOC progression, which
becomes higher in advanced stages (Campos et al., 2007;
Tapia et al., 2011). Other studies showed that
overexpression of TRKA receptors in breast cancer cell
xenografts from immunodeficient mice enhanced tumor
growth, angiogenesis and cell metastasis (Lagadec et al.,
2009), suggesting that NGF is promoting tumor
progression. Additional supportive evidence for this
concept is that NGF promotes angiogenesis in EOC cells
by increasing Vascular Endothelial Growth Factor
(VEGF) expression (Campos et al., 2007; Tapia et al.,
2011). The VEGF gene is transcribed by alternative
splicing. The most common isoforms are VEGF 121,
VEGF 165 and VEGF 189, VEGF 121 and 165 being
the main secreted isoforms (Ferrara, 2002, 2005).

There is evidence linking NGF with an increase of
FSH-R expression during rodent ovarian development
(Romero et al., 2002), and the increase of NGF and
TRKA expression post-LH peak in rat ovaries was also
described (Dissen et al., 2000). These results suggest
that there is a link between gonadotropins and
NGF/TRKA in mammalian ovaries. Given that
gonadotropins, particularly FSH, would promote tumor
progression, besides the fact that NGF and VEGF are
relevant oncoproteins in the context of EOC, the aim of
this investigation was to evaluate changes in FSH
receptors during EOC progression. In addition, we
studied the role of FSH in the overexpression of NGF
and VEGF in non-tumoral and tumoral ovarian cells. 

In the present work, two experimental ex vivo
models were used: EOC biopsies and explants and in
vitro experiments with ovarian cell lines HOSE (non-
tumoral epithelial ovarian cells) and A2780
(representative of poorly differentiated EOC). The
results showed that EOC cells expressed functional
FSH-R under both ex vivo and in vitro conditions. FSH
treatment of ovarian A2780 cells promoted high levels
of NGF and VEGF. Even though the expression of FSH-
R was lower in poorly differentiated EOC, EOC explants

responded to FSH, increasing NGF and VEGF protein
levels. These results suggest that gonadotropins
contribute to cancer growth and dissemination not only
in initial stages, but also in advanced stages of EOC
through the increase of oncogenic growth factors such as
NGF and VEGF.
Material and Methods

Tissue collection

EOC samples (serous ovarian carcinomas) were
obtained from patients attending Hospital Clínico
Universidad de Chile and National Institute of Cancer,
Chile. Each patient signed an Informed Consent,
approved by the Ethical Committees of both Institutions.
After surgery, the tissue was divided into three pieces;
one piece was immediately frozen in liquid nitrogen and
kept frozen at -80°C until RNA extraction. The second
piece of tissue was fixed in paraffin-embedded for
morphological and immunohistochemical analysis and
Laser Capture Micro-dissection (LCM) to obtain only
EOC cells. The LCM technique was performed in the
Oregon Primate Center, Oregon, USA. A third piece was
immediately placed in culture medium, and transported
to the laboratory to be used for tissue explant cultures.

EOC samples were divided into three groups
according to degree of differentiation: well differentiated
EOC (EOC I), moderately differentiated EOC (EOC II),
and poorly differentiated EOC (EOC III). An expert
pathologist did this analysis.
Culture of EOC tissue explants

EOC tissue fragments (EOC I, II and III) were cut
into pieces (100 mg each) and were disposed in 24-well
plates. Then, explants were incubated for 2 h at 37°C
and 5% CO2 with FSH (0, 10, and 100, IU/L; WHO), in
serum-free DMEM/Ham-F12 medium without phenol
red (Sigma-Aldrich Co. Saint Louis, MO, USA) in
presence of 100 U/ml penicillin G, 100 µg/ml
streptomycin sulfate, and 25 µg/ml Amphotericin B
(Hyclone™ Thermo Fisher Scientific, Rochester, NY,
USA). At the end of culture, the explants were stored at -
80°C until RNA extraction and culture media were
stored at -80°C for further measurement of NGF and
VEGF by ELISA.
Laser capture micro dissection (LCM) in EOC samples

Epithelial ovarian cancer tissues (EOC I, II and III)
were fixed in formalin, paraffin-embedded, sectioned at
4-6 mm, stained with hematoxylin - eosin under sterile
conditions, and used to capture epithelial cells by LCM.
This procedure was performed using an ArcturusXT
instrument (Molecular Devices, part of MDS Analytical
Technologies; Sunnyvale, CA / www.moldev.com)
(Merz et al., 2015) performed in Oregon National
Primate Research Center (ONPRC). Oregon, USA.
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Captured epithelial cells from each EOC tissue were
used for RNA extraction which was amplified and
subjected to real time PCR to measure FSH-R mRNA.
Culture of cell lines

Two cell lines were used for the in vitro
experiments: HOSE (non-tumoral human ovarian
surface epithelial cells) (Maines-Bandiera et al., 1992)
and A2780 (poorly differentiated human EOC cells)
(Hamilton et al., 1984). HOSE cells were donated by Dr.
Davie Munroe (NCI, NHI) while A2780 cell line was
obtained from the European Collection of Authenticated
Cell Cultures (ECACC). Cells, regularly tested for
mycoplasma, were cultured at 37°C - 5% CO2 and they
were stimulated with FSH (0, 10, and 100, IU/L; WHO)
and/or suramin 300 uM (Sigma-Aldrich Co. Saint Louis,
MO, USA), which is a well described FSH-R inhibitor
(Daugherty et al., 1992; Danesi et al., 1996; Small et al.,
2002). The stimuli were performed in serum-free
DMEM/Ham-F12 medium without phenol red (Sigma-
Aldrich Co. Saint Louis, MO, USA) for 24 h in the
presence of 100 U/ml penicillin G, 100 µg/ml
streptomycin sulfate, and 25 µg/ml Amphotericin B
(Hyclone™ Thermo Fisher Scientific, Rochester, NY,
USA), until the culture reached 80% confluence. Then,
cells were washed twice with Dulbecco’s Phosphate
Buffered Saline (DPBS, GIBCO® Invitrogen
Corporation, Camarillo, CA, USA) before mRNA
measurement or immunocytochemical detection. Later,
cells were treated with Trizol for RNA extraction and the
culture media was collected and stored at -80°C for NGF
and VEGF quantification.
RNA extraction and end-point RT-PCR

Total RNA from epithelial ovarian cancer samples
was isolated using Trizol (Invitrogen Corporation,
Camarillo, CA, USA). Five µg of total RNA was
reversed transcribed in a 20 µl volume using Superscript
II (Invitrogen Corporation, Camarillo, CA, USA), as
previously described (Campos et al., 2007; Julio-Pieper
et al., 2009; Tapia et al., 2011). Primers for NGF, FSH-R
and VEGF mRNA amplification and PCR conditions are
described in Table 1. To visualize PCR bands, a
transilluminator UVP with Doc-it Image Acquisition and
1D Analysis software (UVP, Inc. Laboratory Products,
Upland, CA, USA) were used. Human granulosa cells
were employed as a positive control as previously
described (Julio-Pieper et al., 2009).
Detection of FSH-R mRNA in LCM-captured cells by real
time PCR 

Following LCM of epithelial cells obtained from
sections of EOC I, EOC II and EOC III tissue, total
RNA was extracted using a Micro RNeasy kit
(QIAGEN, Maryland, USA). Reverse transcriptase was
performed with 5 µg of total RNA as outlined above, and

the resulting cDNAs were amplified by real-time PCR
using a procedure previously described in detail
(Romero et al., 2002). Each sample was run in triplicate.
Primers used were: 5’-AAC ACC CAT CCA AGG AAT
GG-3’ (forward FSH-R, corresponding to nt 2056-2075
in hFSH-R mRNA) and 5’-GGG CTA AAT GAC TTA
GAG GGA CAA-3’ (reverse FSH-R, complementary to
nt 2123-2146). The internal fluorescence
oligodeoxynucleotide probe (5’-TCT TCA GCT CCC
AGA GTC ACC AGT GGT TC-3’; PerkinElmer
Applied Biosystems, Foster City, CA) corresponds to nt
2083-2111 in hFSH-R mRNA and was covalently linked
to the fluorescent dye 6-carboxyfluorescein at the 5’ end
and the quencher dye tetramethylrhodamine at the 3’
end. The 18S ribosomal RNA was used as a normalizing
unit for each reaction, using a set of primers purchased
as a kit (TaqMan Ribosomal RNA Control Reagents Kit,
PerkinElmer, Applied Biosystems). The real-time PCRs
were carried out in a volume of 10 µL containing 2 µL
diluted RT reaction, 5 µL TaqMan Universal PCR
Master Mix (PerkinElmer Applied Biosystems), 250 nM
of each fluorescent FSH-R and 18S probe, 300 nM of
each FSH-R primer, and 10 nM of each 18S ribosomal
primer. The PCR consisted of an initial annealing period
of 2 min at 50°C, followed by 10 min denaturing at
95°C, 40 cycles of 15 sec denaturing at 95°C, and 1 min
annealing/extension at 60°C. The identity of the FSH-R
product amplified by real-time was verified by
sequencing.
Immunohistochemistry

Formalin-fixed, paraffin-embedded tissues were
sectioned at 4-6 µm intervals. Consecutive sections were
selected for morphological analysis and immuno-
histochemistry, as previously described (Tapia et al.,
2011). The primary antibody and working dilution for
FSH-R was 1:200 (Zymed Laboratories, Invitrogen
Immunodetection, San Francisco, CA, USA). The
secondary antibody was anti-rabbit IgG-HRP #074-1516
(KPL, Gaithersburg, MD, USA). Diaminobenzidine
(DAB) (DAKO, Agilent, Santa Clara, CA, USA) was
used as the chromogen. The staining reactions were
visualized with an Olympus BX51 optical microscope
(Olympus Corporation, Tokyo, Japan). Images were
acquired with a MicroPublisher 3.3 RTV camera (Q
Imaging, Surrey, BC, Canada). Immunostaining was
semi-quantified by Integrated Optical Density (IOD) of
positive cells in the program Image-ProPlus 6.2 (Media
Cybernetics Inc., Silver Spring, MD, USA).
Immunocytochemistry

Both HOSE and A2780 cells were fixed in ice-cold
methanol for 30 min at -20°C and immunocytochemistry
was carried out as previously described (Vera et al.,
2012). The primary antibodies used were: FSH-R (1:200;
Zymed Laboratories, Invitrogen Immuno-detection, San
Francisco, CA, USA), VEGF antibody ab1316 (1:1000,
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Abcam, Cambridge, United Kingdom) and NGF antibody
ab64136 (1:1000, Abcam, Cambridge, United Kingdom).
Before microscope examination, cells were
counterstained with hematoxylin, dehydrated in ethanol
and cleared in xylene and cover slipped. Immunostaining
was evaluated as indicated in the Immunohistochemistry
section.
Enzyme-linked immunosorbent assay (ELISA) for NGF
and VEGF

In the culture media from tissue explants and ovarian
cell lines, NGF and VEGF levels were measured by
ELISA according to the manufacturer's instructions. For
NGF (Promega Corporation, Madison, WI, USA), the
inter-assay coefficient of variance was 5.4% and assay
sensitivity was 3.9 pg/mL. For VEGF (R&D Systems,
Minnesota, USA), the inter-assay coefficient of variance
was 6.7% and assay sensitivity was 5.0 pg/mL.

Statistical analysis

Differences between groups were analyzed using the
Kruskal Wallis test and Dunn’s post-test. The results are
considered significant with a p<0.05. Results were
expressed as Mean ± SEM.
Results

FSH-R expression decreases with the differentiation
grade from well-differentiated EOC to poorly
differentiated EOC

Since it has not been described whether changes in
gonadotropin receptors occur during EOC progression,
immunodetection of FSH-R was performed in EOC
tissues. Results show that immunostaining for FSH-R
decreases in advanced stages of EOC (Fig. 1A).
Similarly, mRNA levels for FSH-R were significantly
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Fig. 1. Expression of FSH-R during the EOC progression. EOC tissue was classified as well differentiated (EOC I), moderately differentiated (EOC II)
and poorly differentiated (EOC III). Detection of FSH-R was done by immunohistochemistry and mRNA levels by RT-PCR as described in Methodology
section. A. Immunodetection of FSH-R in different stages of EOC. A1: EOC I, A2: EOC II, A3: EOC III. Inset: negative control without primary antibody.
Scale bar: 50 um. B. FSH-R mRNA content (expressed as Arbitrary Units, AU, using β-actin mRNA as the normalizing unit) and also a representative
gel showing FSH-R and β-actin mRNA content in EOC at different stages of disease progression. C. Representative image of epithelial cells of EOC III
before and after LCM. D. FSH-R mRNA content detected by real-time PCR in EOC cells isolated by LCM. The results are expressed as AU using 18s
RNA as the normalizing unit. Bars represent the mean ± standard error mean (SEM). n=10 independent samples. *: p<0.05 and **: p<0.01 vs EOC I
according to Kruskal Wallis test.



lower in tissues displaying EOC stage III (poorly
differentiated) compared to stage I or well differentiated
EOC (p<0.01; Fig. 1B). These results indicate that the
expression of this receptor decreases as cells become
undifferentiated. 

Based on the heterogeneity of EOC, only epithelial
cells were captured by the LCM procedure, as shown in
Fig. 1C. A similar decrease in FSH-R mRNA was
observed in samples of epithelial cells obtained from
poorly differentiated EOC compared with well-
differentiated EOC (p<0.05; Fig. 1D). In the next step we
performed in vitro experiments with ovarian cell lines
HOSE (non-tumoral cells) and A2780 (poorly
differentiated EOC cells). Importantly, FSH-R was
present in both cell lines, and the mRNA of FSH-R was
also detected (Fig. 3A,B). These results confirmed the
expression of FSH-R in the ex vivo and in vitro
conditions.
FSH treatment increases NGF expression and NGF
release from EOC tissue explants

Explants of EOC tissues (fresh tissue from EOC-I, II
and III) were cultured in the presence of FSH as

described in the Methodology section. Results show that
FSH stimulation (10 and 100 mIU/mL) increased
significantly the mRNA of NGF in EOC tissue (Fig.
2A,B; p<0.05 and p<0.01), as well as the release of NGF
to the culture media of EOC explants (p<0.05; Fig. 2C).
FSH stimulation increases NGF expression in ovarian
cell lines

Given that gonadotropins appear to promote cell
proliferation and modify gene expression profiles of
ovarian surface epithelial cells (Yang et al., 2015), as well
as NGF expression in EOC (Tapia et al., 2011), the
evaluation whether FSH would increase the expression of
NGF in EOC cells was assessed. Fig. 3A,B show the
expression of mRNA and protein of FSH-R in ovarian
cells by RT-PCR and immunocytochemistry. When
A2780 cells were treated with FSH (5 mIU/mL) a
significant increase of NGF mRNA was obtained
(p<0.05), while no effects were observed in HOSE cells
(Fig. 3C-E). Furthermore, FSH treatment (5 and 10
mIU/mL) increased NGF immunostaining in both HOSE
(p<0.05; Fig. 3F,G) and A2780 cells (p<0.01, Fig. 3I,J).
On the other hand, secreted NGF was evaluated in culture
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Fig. 2. FSH treatment increases NGF expression and NGF release from
EOC tissue explants. A. EOC tissue explants (piece of fresh tissue)
were stimulated with FSH (10 and 100 mUI/mL) for 2 h and RT-PCR
was performed using β-actin mRNA as the normalizing unit, as shown in
the representative agarose gel. B. Semi quantitative analysis of NGF
mRNA levels. C. NGF levels in culture media from EOC explants under
FSH stimulation by ELISA. n=6 independent experiments. Bars
represent the mean ± standard error mean (SEM). *: p<0.05 and
**=p<0.01 with respect to basal condition (without treatment) according
to Kruskal Wallis test.



Fig. 3. FSH stimulation increases NGF in ovarian cell lines. Basal FSH-R (without treatment) was detected in ovarian cells HOSE and A2780 by
immunocytochemistry (A) and by RT-PCR (B). Then, ovarian cells were stimulated with FSH (1-10 mIU/ml for 24 h) and mRNA levels of NGF were
detected by RT-PCR. C. Representative agarose gel using β-actin mRNA as the normalizing unit. (-): Negative control using non-cDNA sample. St:
Molecular weight Ladder. D, E. Semi quantitative analysis of NGF mRNA levels in HOSE and A2780. In addition, NGF immunodetection was assessed
in ovarian cells. F, G. NGF immunodetection in HOSE cells under FSH treatment and its semi-quantitave analysis. I, J. NGF immunodetection in A2780
cells under FSH treatment and semi-quantitative analysis, respectively. Insert: negative control without primary antibody. H, K. Levels of NGF in the
culture media by FSH treatment effect in HOSE and A2780, respectively, assessed by ELISA. N=4 independent experiments. Bars represent the mean
± standard error mean (SEM). *: p<0.05 and **: p<0.01 with respect to basal condition (without treatment) according to Kruskal Wallis test.
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Fig. 4. Effect of FSH treatment on VEGF mRNA and protein levels, and on the release of VEGF from ovarian cells. A. VEGF levels released of HOSE
and A2780 cells were assessed by ELISA. Later, ovarian cell lines were stimulated with FSH (1-10 mIU/ml for 24 h) and RT-PCR was performed. 
B. Representative agarose gel using β-actin mRNA as the normalizing unit. C, D. Semi-quantification of VEGF 121 (black bars) and VEGF 165 (grey
bars) transcripts by conventional PCR in HOSE and A2780 cells respectively. E, F. VEGF immunodetection by immunocytochemistry and its semi
quantitative analysis in HOSE cells. H, I. VEGF immunodetection by immunocytochemistry and its semi quantitative analysis in A2780 cells. G, J.
Levels of VEGF in culture supernatants from HOSE and A2780 cells determined by ELISA. n=4 independent experiments. Bars represent the mean ±
standard error mean (SEM). *: p<0.05, **: p<0.01 or #: p<0.05 with respect to each basal condition (without treatment) according to Kruskal Wallis test. 



supernatants of ovarian cell lines, finding that FSH
stimulation increases protein levels of NGF in the
supernatants of A2780 cells (FSH 10 mIU/mL; p<0.05;
Fig. 3H,K). Similar results were obtained using the FSH-
R inhibitor suramin, whose pre-treatment prevented the
FSH-mediated increase of NGF expression in A2780
cells (Fig. 5), without significative changes in HOSE
cells (data not shown).
FSH stimulation increases VEGF 121 and 165 mRNA in
A2780 EOC cells

Previous studies in cells from ovarian carcinoma
have associated FSH with an increase of VEGF (Wang et
al., 2002), as well as, NGF to VEGF expression in EOC
explants (Campos et al., 2007). In this regard, it was
relevant to study the effect of the gonadotropin on VEGF
expression in HOSE and A2780 cells. In A2780 cells,
FSH stimulation (1-10 mIU/mL) increased mRNA of
VEGF 121 and 165 (p<0.05; Fig. 4B), with no effects in
the non-tumoral HOSE cell line (Fig. 4A). In addition,

the treatment of A2780 cells with the FSH-R inhibitor
suramin, prevented FSH-mediated increase of VEGF 121
mRNA (Fig. 5A-C).
Effect of FSH treatment on VEGF mRNA and protein
levels, and on the release of VEGF from ovarian cells

As expected, baseline levels of secreted VEGF were
higher in A2780 cells, compared to HOSE cells (Fig.
4A). FSH stimulation increases VEGF mRNA levels in
A2780 cells (Fig. 4B,D), whereas in HOSE cells the
levels of VEGF mRNA were unchanged (Fig. 4C). In
both, HOSE and A2780 cells, FSH stimulation (5 and 10
mIU/mL) increased VEGF immunodetection, as
revealed by the semi quantitative analysis (p<0.05; Fig.
4E,F,H,I). In the same way, FSH stimulation (5 and 10
mUI/mL) increased the concentration of VEGF in the
culture media from HOSE (p<0.05 and p<0.01,
respectively; Fig. 4G) and A2780 cells (FSH 10
mIU/mL; p<0.01; Fig. 4J). In a similar manner, the
treatment with suramin prevented the increase of VEGF

968
FSH increases NGF and VEGF in EOC

Fig. 5. mRNA and protein levels of NGF and VEGF by suramin and FSH treatment in human epithelial ovarian cancer cells (A2780). Cells were serum-
deprived for 24 h and stimulated with suramin (S) and/or FSH (F) for 24 h. A. Representative pictures of cDNA products of NGF or VEGF in an agarose
gel. B. Semi-quantification of mRNA levels of NGF using β-actin as normalizer gene. C. Semi-quantification of mRNA levels of VEGF 121 (black bars)
and VEGF 165 (grey bars) using β-actin as normalizer gene. D. Representative pictures of NGF or VEGF immunocytochemistry. E. Semi-quantification
of integrated optical density (IOD) from immunocytochemistry obtained with Image Pro Plus software (6-8 pictures were analyzed in each independent
experiment). **: p<0.01 as indicated (Kruskal Wallis test and Dunn’s post-test). a: p<0.05 with respect to basal condition or as indicated; b: p<0.01 with
respect to FSH group (Mann Whitney Test). A.U.: arbitrary units. bp: base pairs. L: DNA ladder. C(-): negative control (bidistilled water instead of
cDNA). B: basal condition (without stimuli).



levels by FSH in A2780 cells (Fig. 5A,B).
Discussion

The present work shows that EOC explants, ovarian
cell line HOSE (non-tumoral cell line) and A2780 (EOC
cell line) express functional FSH receptors. This
gonadotropin strongly increases NGF and VEGF
expression, as well as, its secreted proteins both in vitro
and ex vivo models. Since NGF and VEGF display an
important role in EOC progression, our results contribute
to explain, at least in part, the oncogenic role of FSH
receptors in advanced stages of EOC, which could be
considered as a therapeutic target in EOC. Besides, FSH-
R could be useful for therapies with different
nanoparticles in cancer.

Exposure to gonadotropin excess related to
menopause, ovulation, or infertility therapy, is considered
a risk factor for ovarian cancer (Salehi et al., 2008). Little
is known, however, about the underlying mechanism by
which gonadotropins may influence the development and
progression of EOC. Because of the higher incidence of
EOC after menopause, it has been suggested that
malignant transformation of the surface epithelia of the
ovary (OSE) would be initiated by the post-menopausal
elevation of FSH and LH levels (Stadel, 1975). The
ability of a Gonadotropin-Releasing Hormone (GnRH)
agonist to inhibit human ovarian carcinoma growth by
suppression of reproductive axis in nude mice, suggests
that gonadotropins also contribute to the progression of
EOC (Peterson et al., 1994). The GnRH receptors
expressed by ovarian cancers would be employed for
targeted chemotherapy using GnRH analogues or
antagonists. This approach was shown to be effective in
experimental models (Emons and Schulz, 2000; Recchia
et al., 2015; Rossi and Pagani, 2018) 

Other authors have suggested that high levels of
serum FSH or the transient increase of FSH receptor
expression in OSE, inclusion cysts and borderline
epithelial ovarian tumors would be involved in the
development of EOC (Wang et al., 2003; Okamura et al.,
2006). It is relevant that FSH-R abundance increases
progressively as precursor lesions and inclusion cysts
turn into benign and borderline epithelial ovarian tumors
(Wang et al., 2003). It also appears that this initial
increase subsides in advanced stages of the disease
(Wang et al., 2003). In agreement with these
observations, our results show that FSH-R expression
decreases as cells become less differentiated during
progression of EOC, being lower in less differentiated
EOC. Nevertheless, despite the diminution of
gonadotropin receptors, the results of the present
investigation also showed that these receptors contribute
to tumoral growth in advanced stages of EOC. In fact, the
response to gonadotropin stimulation increased NGF and
VEGF, both proliferative and angiogenic factors
intimately involved in the progression of EOC (Wang et
al., 2002; Kim et al., 2016). 

In agreement with the results of this research, other

studies have shown that elevated levels of FSH promote
angiogenesis in ovarian and breast cancer cells via
secretion of VEGF (Huang et al., 2008; Kim et al.,
2016). Since the current results showed that cells treated
with FSH exhibit an increase in expression and release
of NGF and suramin treatment (FSH-R inhibitor)
prevents the FSH-mediated increase of NGF, we propose
that the mechanism by which FSH promotes VEGF is at
least in part explained by the high production of NGF in
EOC cells. In fact, previous studies showed that
expression of NGF, TRKA and VEGF are higher in
epithelial and endothelial cells of poorly differentiated
EOC (EOC III) (Tapia et al., 2011), and that NGF
increases VEGF production in both EOC explants and
A2780 cells (Campos et al., 2007; Vera et al., 2014). In
addition, NGF is considered to be a direct angiogenic
factor since it increases proliferation, migration and
vasculogenesis of endothelial cells (Vera et al., 2014;
Garrido et al., 2018). Considering that NGF is a direct
and indirect angiogenic factor in EOC, the gonadotropin-
induced NGF would increase the angiogenic potential of
EOC cells.

On the other hand, FSH and LH can promote
prostaglandin E2 (PGE2) production by ovarian cancer
cells by increasing COX-1 and COX-2 mRNA and its
protein abundance (Lau et al., 2010; Feng et al., 2017),
this being a key role in disease progression (Li et al.,
2004). This effect appears to be mediated by the
phosphatidylinositol-3-kinase (PI3K)/AKT signaling
pathway (Lau et al., 2010). Further evidence implicating
prostaglandins in the development of EOC comes from
the observations that PGE2 induces an increase in cell
invasiveness and the expression of the metalloproteases
MMP-2 and MMP-9 in ovarian cancer cells; then, an
inhibition of COX-1 and COX-2 activity prevents the
stimulatory effect of gonadotropins in motility and
invasive activity of EOC cells (Lau et al., 2010). Because
NGF/ TRKA enhances PGE2 formation in ovarian cells
(Dissen et al., 1996, 2000), it is plausible that the
stimulatory effect of FSH on the NGF-TRKA signaling
might mediate migration, invasiveness and angiogenesis
of EOC. Further studies are required to clarify this issue. 

Consequently, the results obtained in the present
investigation indicate that despite the decreased
expression of FSH receptors during EOC progression,
FSH still produces an increase of NGF and VEGF in
ovarian cancer cells. Since NGF and VEGF display a key
role in EOC progression, this study suggests that pro-
tumor effects of FSH are mediated importantly by NGF
and VEGF. Moreover, as NGF induces FSH-R expression
in ovarian cells (Romero et al., 2002), the existence of a
positive loop between NGF and FSH-R in the ovary is
plausible. On the other hand, the expression of FSH-R is
relevant for the development of new treatments. For
instance, a nanoparticle administration system coated
with paclitaxel and a specific target (a fragment of FSH)
towards lymphatic metastasis of ovarian cancer was
tested in vitro and in vivo (Fan et al., 2014), obtaining
promissory results.
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