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EFFECT OF ESTRADIOL ON THE EXPRESSION OF ANGIOGENIC FACTORS
IN EPITHELIAL OVARIAN CANCER
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Summary

Introduction: Ovarian cancer presents a high angiogenesis (formation of new blood
vessels) regulated by pro-angiogenic factors, mainly vascular endothelial growth factor
(VEGF) and nerve growth factor (NGF). An association between endogenous levels of
estrogen and increased risk of developing ovarian cancer has been reported. Estrogen action
is mediated by the binding to its specific receptors (ERa and ERB), altered ERo/ERJ ratio
may constitute a marker of ovarian carcinogenesis progression. Objective: To determine
the effect of estradiol through ERa on the expression of NGF and VEGF in epithelial
ovarian cancer (EOC). Methodology: Levels of phosphorylated estrogen receptor alpha
(pERa) were evaluated in well, moderate and poorly differentiated EOC samples (EOC-I,
EOC-II, EOC-III). Additionally, ovarian cancer explants were stimulated with NGF (0, 10
and 100 ng/ml) and ERa, ERB and pERa levels were detected. Finally, human ovarian
surface epithelial (HOSE) and epithelial ovarian cancer (A2780) cell lines were stimulated
with estradiol, where NGF and VEGF protein levels were evaluated. Results: In tissues,
ERs were detected being pERa levels significantly increased in EOC-111 samples compared
with EOC-I (p<0.05). Additionally, ovarian explants treated with NGF increased pERa
levels meanwhile total ERa and ER levels did not change. Cell lines stimulated with
estradiol revealed an increase of NGF and VEGF protein levels (p<0.05). Conclusions:
Estradiol has a positive effect on pro-angiogenic factors such as NGF and VEGF
expression in EOC, probably through the activation of ERa; generating a positive loop

induced by NGF increasing pERa levels in epithelial ovarian cells.

Keywords Epithelial Ovarian cancer, NGF, VEGF, Estradiol, Estradiol Receptors
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Introduction

Ovarian cancer is the fourth leading cause of cancer death in western populations
being the epithelial ovarian cancer (EOC) the most common among them (80% - 90%).
Also, it constitutes a gynecological condition that presents high lethality mainly due to few
symptoms associated, resulting in late detection of the disease (Ali et al., 2012; Stasenko et
al., 2015). Different factors have been associated with a high risk of developing ovarian
cancer, such as hormonal replacement therapy, family history and infertility (Leitzmann et
al., 2009), where estrogens may contribute to ovarian epithelium alterations that could
condition to cell malignancy (Risch et al., 1998; Wright et al., 2011; Mungenast and

Thalhammer, 2014).

Among the main features associated with the development of ovarian cancer is high
angiogenesis (formation of new blood vessels), regulated mainly by vascular endothelial
growth factor (VEGF) (the most important angiogenic factor), by nerve growth factor
(NGF) and its specific receptor tyrosine / kinase TRKA (Lukanova et al., 2005; Tapia et al.,
2011). In EOC, the process of angiogenesis is reflected by high protein and transcript levels
of VEGF, partly stimulated by NGF, respect to normal ovaries (Julio-Pieper et al., 2006,
2009, Campos et al., 2007). This contributes to the high growth and aggressiveness

(metastasis) of ovarian cancer that result in a low rate of survival.

On the other hand, there is evidence of an association between circulating estrogen
levels and increased risk of developing female neoplasias such as breast, endometrial and
ovarian cancer (Brown and Hankinson, 2015); nevertheless, controversies exist regarding
that hormonal replacement therapy might increase the risk of ovarian cancer (Anderson et

al., 2003). As known, canonical estrogen action is initiated by its binding to specific
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receptors, estrogen receptor a (ERa) and estrogen receptor f (ERpB) that belong to the
superfamily of nuclear receptors expressed in normal and malignant ovarian cells (Enmark
et al., 1999). This mechanism of action involves the binding of estrogen-receptor complex
to DNA specific sites known as estrogen-response elements (ERE) and the subsequent
activation of ER specific genes like proliferation-related genes. It is known that VEGF and
NGF genes have estrogen-response elements (Toran-Allerand, 1996a; Scharfman &
MacLusky, 2008,). This action is through the formation of homodimers (ERa/ERa,
ERB/ERP) and/or heterodimers (ERo/ERB) with the concomitant stimulation of ovarian
epithelial cell proliferation (Cunat et al., 2004). The ERp isoform is highly expressed in
normal ovarian surface epithelium (OSE) and benign tumors, whereas ERa is highly
expressed in malignant ovarian tumors. Therefore, the transcript of ER decreases with
tumor progression (Rutherford et al., 2000). This is in agreement with the differential
expression of ERa or B during ovarian carcinogenesis, being ERa over-expressed in cancer
compared to ER[, which suggests that estrogen-induced proteins may act as ovarian tumor-
promoting agents (Cunat et al., 2004). Moreover, altered ERa/ERp ratio may be considered
as a marker of ovarian carcinogenesis (Cunat et al., 2004).

In addition to estradiol binding, the activity of ER is modulated by phosphorylation at
several key aminoacidic residues. In fact, the activation of ER could involve the
phosphorylation of serine residues (Ser), which appears to influence the recruitment of
coactivators, resulting in the potentiation of the transcriptional process mediated by this
receptor. The sites of phosphorylation of ERa could be Ser104, Ser106 and Serl118; the
latter being the major site of phosphorylation in response to estrogen or activation by

MAPK (le Goff et al., 1994; Chen et al., 2002).
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Based on the above evidences and in consideration that VEGF and NGF genes have
estrogen-response elements besides the high levels of these pro-angiogenic factors and high
angiogenesis observed in EOC, the main objective of this study was to determine whether
estradiol through its specific receptors modifies the expression of pro-angiogenic factors
such as NGF and VEGF in EOC and whether NGF induces the activation of pERa in

epithelial ovarian cells.

Materials and methods

Subjects

Ovarian tissue samples were obtained from the Pathology Department of the University of
Chile Clinical Hospital and from the National Cancer Institute. The women who
participated in the study gave written informed consent, approved by the ethics committee

of the different institutions that participated.

Ex-vivo studies: Paraffin-embedded ovarian tissues of the four groups of patients were
obtained. The samples were classified into four study groups by an experienced pathologist:
Inactive Normal Ovary (I-Ov) (n= 9), Serous Epithelial Ovarian Carcinoma with well
differentiated grade 1 (EOC I) (n= 12), moderate differentiated grade Il (EOC II) (n= 12)
and poorly differentiated grade 111 (EOC Ill) (n= 12). These samples were subjected to

immunohistochemistry for the detection of ERa, ERp and pERa.

In-vitro studies. A) Explant studies: Forty five fresh samples (100 mg approximately) from
epithelial ovarian cancer were cultured for 2 h in 24 well plates. Each well contained 1 mL

of DMEM/Ham-F12 (Sigma Chemicals, St Louis, MO, USA) supplemented with
5
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bicarbonate (600mg / L), penicillin (50 mg/L), gentamicin (80 mg/L), streptomycin (50 mg
/ L) and ketoconazole (5 mg/L) in the presence of increasing concentrations of NGF (10
and 100 ng/ml) for 2 h (Sigma, St. Louis, MO, USA). Further, the explants were fixed in
Bouin and embedded in paraffin for immunohistochemical studies to evaluate different
isoforms of ERs.

B) Cell lines studies: The cell lines HOSE and A2780 were used. HOSE cells were
obtained from normal human ovarian surface epithelial of a postmenopausal patient,
immortalized with SV40-Tag (Maines-Bandiera et al. 1992). A2780 is a drug-sensitive
human ovarian cancer cell line with epithelial morphology that was established using EOC
tissue from an untreated patient (Hamilton et al. 1984). Both cell lines are representative
models of control epithelial ovarian tissue and ovarian cancer tissue, respectively, with
respect to morphology and expression of NGF and TRKA (Vera et al. 2012, Tapia et al.
2011).

The cells were propagated in DMEM/Ham-F12 medium without phenol red (Sigma-
Aldrich Co. Saint Louis, MO, USA) supplemented with 10% FBS in the presence of 100
U/ml penicillin G, 100 pg/ml streptomycin sulfate and 25 g/ml Amphoterecin B
(Hyclone™ Thermo Fisher Scientific, Rochester, NY, USA) and cultured at 37 °C with 5%
Cco2.

The cells were cultured for 24 h at a ratio of 200,000 cells/plate treated with 3.7 x 10™**, 3.7
x 10° and 3.7 x 107 mM of estradiol in DMEM HAM F12 without serum. An
immunocytochemistry in 4-well Lab-Tek® II Chamber Slides™ was done to evaluate NGF

and VEGF content.
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Immunohistochemistry

This technique was used to assess the localization and semi-quantitation of total ERa, ER[3
and pERa Ser118 proteins in tissues from the four studied groups and EOC explants treated
with NGF.

Immunostaining was performed on 5-um sections of formalin fixed paraffin-embedded
ovarian biopsies. Briefly, tissue sections were deparaffinized in xylene and hydrated in a
series of graded alcohols. The sections were incubated in an antigen retrieval solution (10
mM sodium citrate buffer, pH 6) at 95°C for 20 min. Endogenous peroxidase activity was
prevented by incubating the samples in 3% hydrogen peroxide for 5 min. Nonspecific
antibody binding was blocked with kit Histostain SP (Zymed Laboratories Inc, San
Francisco, CA, USA). The ovarian explants were incubated for 18 h at 4°C with specific
antibodies anti-ERa (sc-8005, Santa Cruz, CA, USA) (1:50), ERpB (sc-6820, Santa Cruz,
CA, USA) (1:50) and pERa Ser 118 (#2511, Cell Signaling Technology®, Danvers, MA,
USA). Negative controls were analyzed on adjacent sections incubated without the primary
antibody and using non-immune species specific antisera. The slides were incubated for 20
min with the biotinylated anti-mouse or anti-rabbit secondary antibody (1:300). The
reaction was developed by the streptavidin-peroxidase system, and DAB (3-3°
diaminobenzidine) was used as the chromogen; counterstaining was carried out with
hematoxylin. The slides were evaluated in a Nikon optical microscope (Nikon Inc.,
Melville, NY, USA). Each sample was evaluated by percentage (%) of positive stained

cells obtained from counting 1000 cells and by H-Score; intensity of brown staining was
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evaluated as 1 (mild), 2 (moderate) and 3 (severe), considering the % of positive cells as the

sum of H-Score 2 and 3 intensities.

Immunocytochemistry

Cells were fixed in 4% paraformaldehyde in PBS pH 7.4 for 15 min at room temperature
and permeabilized with 0.1% Triton X 100 in PBS at room temperature for 10 min.
Endogenous peroxidase blocking was performed with hydrogen peroxide at 3% for 15 min.
Non-specific binding was blocked using 5% milk in PBS for 10 min. After overnight
incubation with anti-ERa (#sc-8005, Santa Cruz Biotechnology, CA, USA) (1:50), anti-
ERP (#sc-6820, Santa Cruz Biotechnology, CA, USA) (1:50), anti-VEGF, which detect
VEGF121 (#05-443, Upstate, Lake Placid, NY, USA) (1:1000) or anti-NGFp (#ab64136,
Abcam, Cambridge, UK) (1:1000), the anti-rabbit and anti-mouse secondary antibodies
(1:300) were applied for 30 min at 37°C. DAB staining was performed and counterstained
with Harris Hematoxylin (1:5). Finally, the material was dehydrated with graded alcohols
(70-95-100-100%) and cleared in xylene, coverslipped and examined under an optical
microscope (Olympus BX51, Olympus Corporation, Tokyo, Japan). Images were acquired
with a MicroPublisher 3.3 RTV camera (Q Imaging, Surrey, BC, Canada) (Tapia et al.
2011). The evaluation of brown staining was done by Image Pro Plus 6.1 software,

measuring 10D (Integrated optical density) expressed as arbitrary units (AU).

Statistical Analysis
The calculate number per group was assuming o =0.05 and =0.2, a difference between
means of 0.25 and standard deviation according to our previous studies (Tapia et al. 2011).

Comparisons between groups were performed by Kruskal-Wallis and Dunns post- test. p-

8
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values <0.05 were considered significant. Statistical tests were performed using Graph Pad
Prism 6.0.

All procedures performed in these studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its subsequent amendments or comparable ethical

standards.

Results

Phosphorylation of estrogen receptor a (pERa) in epithelial ovarian cancer samples
Phosphorylation rate of steroid receptors can be considered as an approach of its
transcriptional activity. A semi quantitative analysis of phosphorylated ERa (pERa) levels
were evaluated in well, moderate and poorly differentiated epithelial ovarian cancer
samples (EOC-I; EOC-Il and EOC-II) and compared with [-Ov by the
immunohistochemical technique. The pERa was localized principally in the epithelium of
the four study groups, as shown in Fig. 1 A. The protein levels of the phosphorylated
receptor were similar in groups 1-Ov, EOC | and EOC Il (p > 0.05). However, in EOC IlI,

levels of pERa significantly increased compared with EOC 1 (p<0.05) (Fig. 1 B).

Correlation between the expression of TRKA receptor and pERa in EOC

Furthermore, the activation of pERa can be enhanced by the action of growth factors such
as NGF through its TRKA receptor; the data of TRKA was obtained in previous studies of
our group, being 12.4 £ 1.9 % positive cells (Tapia et al., 2011). The analysis of the

correlation assay showed that pERa protein levels correlated positively and significantly
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with TRKA positive cells in EOC samples in different stages of differentiation (p=0.004

and R?=0.42) (Fig. 1 C).

Effect of NGF on Isoforms of ER (ERa and ERB) and pERa protein levels in
epithelial ovarian cancer explants

Growth factors as NGF can activate pathways that allow phosphorylation of various
molecules, including steroid receptors. To determine if NGF modifies protein levels of
estrogen receptors, ERa, its phosphorylated form and ERP were evaluated in ovarian
tissues. The sub-cellular immunodetection of ERa and pERa isoforms were principally at
the nuclear level, whereas, the location of ER3 was mainly in the cytoplasm (Fig. 1 D),
suggesting that the main action of estradiol is through ERa.

The evaluation of total protein levels for ERa and ERp revealed no changes when explants
were treated with NGF (10 ng / mL and 100 ng / mL) (HScore ERo= Basal: 0.23 + 0.15;
NGF 10 ng / mL: 0.36 = 0.14; NGF 100 ng / mL: 0.57 + 0.12 AU) (HScore ERp= Basal:
2.07 £ 0.23; NGF 10 ng / mL: 2.12 + 0.23; NGF 100 ng / mL: 2.16 + 0.31 AU). However,
in these same samples, a significant increase of pERa protein levels was found with stimuli
of NGF 10 and 100 ng/ml compared to the basal condition (p = 0.03) (HScore pERa=

Basal: 1.41 £0.11; NGF 10 ng/ mL: 1.77 £ 0.08; NGF 100 ng/ mL: 1.94 + 0.17 AU).

Detection of ERa and ERp in ovary cell lines HOSE and A2780
To evaluate the relevance of estrogen action, two ovarian cell lines were used: HOSE and
A2780 to determine ERo and ERP expression (Fig. 2). In both cell lines the

immunodetection of ERo and ERP were found mainly in the nucleus. Interestingly, in

10
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A2780 cells was found high levels of immunodetection of ERa compared with ER3. These
cells represent an appropriate model of EOC, based on the similar results found in EOC

samples that have been reported (Tapia et al., 2011, Vera et al., 2012).

Protein levels of NGF in ovary cell lines stimulated with estradiol

Given that NGF promoter has a response element to estrogen besides the high degree of
phosphorylation of ERa in ovarian cancer, it was necessary to determine whether estradiol
treatment generates changes in NGF protein levels in ovarian cells. In HOSE cells, the
stimulus of 3.7x10™** mM of estradiol exerted an increase in NGF protein levels compared
to controls (32%; p <0.05); whereas, in A2780 cell cultures estradiol treatment provoked an
increase of 90% in NGF protein content versus the controls (p < 0.01). Even though
estradiol exerts a stimulatory effect in both cell lines, the increase in NGF protein levels in
A2780 cells was greater than in HOSE cell lines (Fig. 3 A, B). These results suggest that
estradiol induces NGF expression in EOC and, in turn, NGF may induce the activation of

ERao.

VEGF protein levels in ovary cell lines HOSE and A2780 stimulated with estradiol

The same as for NGF, VEGF promoter has an estrogen response element and as mentioned
before, NGF and VEGF are increased in ovarian cancer. Thus, it is of relevance to
determine whether estradiol favors the increment of VEGF protein levels in these cell lines
(Fig. 3 C, D). Thus, the semi-quantitative analysis of VEGF in HOSE cells showed a
significantly increase in protein levels under estradiol treatment, increasing 142% with
3.7x10™ mM (p < 0.01) and 136% with 3.7x10° mM stimulus (p < 0.05) compared to

control condition. Meanwhile, differences were evident in A2780 cells between 3.7x107’
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mM estradiol stimuli versus control condition, detecting an increase of 37.5% (p < 0.05).
Besides, 3.7x10™ mM of estradiol exerts an increase of 25% compared to 3.7x107 mM of
the steroid (p < 0.05). These data show that the response of HOSE cells to estradiol
treatment is higher than in A2780 cell line, probably due to the lower VEGF protein levels

found in HOSE cells in basal condition than in A2780.

Discussion

This study addresses the importance of estradiol action through its receptors in the
progression of EOC and also, if this effect could be mediated by NGF and/or VEGF, both
important angiogenic factors. In fact, the data of the present study show changes in estrogen
receptor levels during progression of EOC and the modulation by estradiol of NGF and
VEGEF protein levels in epithelial ovarian cells, gaining knowledge on the mechanism by
which estrogens could be associated with malignancy of ovarian cancer. Previous studies
showed a role of estrogen-regulated pathways in the etiology and progression of ovarian
cancer, common to other hormone-dependent cancers, such as breast and endometrial
cancer (Modugno et al., 2012; Schuler et al., 2013; Labrie et al., 2014). Apparently in EOC,
the progression of cancer is mostly related with ER o/ ratio and not to the individual
receptors; therefore, it is broadly discussed the prognostic value of receptors levels (Pearce
and Jordan, 2004; Cunat et al., 2004). Several reports indicate that beta isoform of ER is a
molecule that protects against the mitogenic activity of ERa, being diminished in
undifferentiated stages (Cunat et al., 2004; Lazennec, 2006). In the present study, protein
levels of the phosphorylated form of ERa increased in the state of greater undifferentiation,
as EOC Il1lI, compared with EOC 1. This can be partially explained by the effect of NGF

through TRKA receptor, that positively correlates with pERa levels, based on reports
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indicating that NGF/TRKA are highly expressed in EOC, especially in poorly differentiated
ovarian cancer (Tapia et al., 2011). Usually, the EOC is grouped into low and high-grade
(Fig Supp 1); however, we consider interesting to show the progressive differentiation
changes observed in tissues.

The developing of EOC occurs principally in advanced aged women, especially during post
menopause. As known, after menopause serum estradiol levels decrease due to the
cessation of the ovarian function. However, when a tumor is present, the intra-tumor
estrogen levels increase, participating in the development of this cancer (Cunat et al., 2004;
Mungenast and Thalhammer, 2014). Likewise, elevated levels of serum estrogens may play
a role in the development of other cancers. An example of this is the use of estrogen
replacement therapy in the absence of progestagens that favors the development of
endometrial and ovarian cancer (Persson, 2000). Nevertheless, the clinical implications of
estrogen exogenously administered as hormone replacement therapy generating a risk
factor of EOC is still under controversy. Some authors determined that estrogen hormone
replacement therapy may increase the risk of ovarian cancer (Rodriguez et al.,1995; Lacey
et al., 2002), this has been evident even in combination therapy of estrogen and progestin
(Anderson et al., 2003). However, other group indicate that hormone replacement therapy
might even improve survival in EOC (Eeles et al., 2015), additionally that there is no
conclusive evidence that antiestrogens or aromatase inhibitors have a therapeutic effect on
EOC (Cunat et al., 2004). The methodological discrepancy in the studies does not yet
conclusive evidence to define the actual clinical importance of estrogen in the pathogenesis
of ovarian cancer, however the present study contributes to elucidate the molecular

mechanisms involved in this pathology.
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The estradiol effect in the angiogenesis process has been described in several cancers,
among them the ovarian cancer (Auersperg, 2013; Jiang et al., 2016; Ciucci et al., 2016). In
in-vivo ovarian cancer study, estrogen increase microvessel density (Ciucci et al., 2016).
This could be explained by the increase levels of macrophages stimulated by estrogens,
favoring the initiation of vasculogenesis and angiogenesis, due to the increment of type 2
cytokines secretion, which promote angiogenesis and remodeling (Ausperperg et al., 2013;
Ciucci et al., 2016). However, in the present paper, an alternative mechanism has been
described, we found a link of estrogen to growth factors, which would in turn increase
angiogenesis processes in EOC. Considering, the increase of angiogenesis favored by
growth factors previously described in in-vivo and in-vitro cancer models (Romon et al.,
2010; Tapia et al., 2011).

In addition, several reports indicate that estradiol stimulates NGF production in different
tissues, such as in MCF-7 breast cancer cells, where estradiol increases NGF levels and
favors cellular proliferation through its TRKA receptor (Chiarenza et al., 2001); moreover,
in targets of sympathetic innervations, estrogen increases NGF levels (Bjorling et al.,
2002). In agreement with these investigations, the data of the present work indicates that
estradiol stimulation exerts an increase in NGF protein levels in ovarian cell lines (HOSE
and A2780). Consistent with this, it has been described response elements for estrogen
receptor in TRKA gene (Sohrabji et al., 1994b; Toran-Allerand, 1996a,b); also, estrogen
has been shown to affect TRKA expression in sensory neurons (Sohrabji et al., 1994;
Lanlua et al., 2001). In this same context, our results showed that estradiol increased VEGF
levels in ovarian cancer and normal cell lines, which are in agreement with the results
found in breast cancer cells, where it was found that VEGF is a target gene for ERa and

ERp (Applanat et al., 2008). It is noteworthy that we measured NGF and VEGF levels
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under estradiol stimuli, the growth factors receptors weren’t evaluated, thus we could not
conclude that the activity of the ligand is increased.

The estradiol stimuli generate increased levels of NGF and VEGF, being the cellular
response more evident in HOSE cell line compared to A2780. This could be due to high
levels of these growth factors present in carcinogenic origin A2780 cells; these cells
stimulated with estradiol generate a non-remarkable increase, since the transcription and
translation of these factors have a greater basal level than in non-cancerous origin HOSE
cells. Additionally, this difference in the response of cells could be give to high activity of
estrogen receptors o of HOSE cell line, considering the high amount of this protein
expressed in the nucleus.

As already mentioned, different studies show that estrogens through its receptors may be
associated with an increased risk of developing EOC (Rosenblatt & Thomas, 1993; Prior,
2005). One of the mechanisms that regulate ERs expression is the hypermethylation of
CpG islands in the promoter, leading to a significant decrease in ER mRNA expression.
The CpG islands are varying amounts of cytosine-phosphate-guanine dinucleotides, the
presence of those nucleotides in the promoter of a gene (in this case, ERS) regulate the
transcription activity, since the bound of methyl to 5 position of cytosine prevents gene
transcription (Lennen et al., 2016). This regulatory mechanism has been studied in the
promoters of ERp in ovarian cancer tissues, where promoter hypermethylation is observed
when compared with ovarian superficial epithelium cells, leading to a decrease in the
expression of ER mRNA in ovarian cancer. This finding could partially explain the results

observed in the present work, where a decrease of ER[ in the neoplastic progression of

EOC and no changes in ERa expression were observed. Moreover, the differential
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expressions of estrogen receptors isoforms genes are related to genesis of EOC (Bardin et
al., 2004; Cheng et al., 2004; Treeck et al., 2007).

In various cancer models, growth factors and steroids cross talked, favoring the
development and growth tumor (Ignar-Trowbridge et al., 1995; Pietras et al., 2005;
Bacallao et al., 2016). Particularly high levels of growth factors present in EOC could
activate MAPK pathway, a transduction signaling path that stimulate several genes related
with cellular process as proliferation, differentiation, metabolism among other (Julio-Pepier
et al. 2009). It is known that MAPK increase phosphorylation of ERa (le Goff et al., 1994,
Chen et al., 2002). Therefore, growth factors could increase the phosphorylation of this
steroid receptor. Meanwhile, ERa activated (phosphorylated) increase growth factors levels
acting on its response elements present in NGF and VEGF promoter regions (Scharfman &
MacLusky, 2008; Toran-Allerand, 1996a). This cross-talk between growth factors and
estradiol could favor an activation loop which could be related to carcinogenesis or
development of EOC.

Consequently, the present data indicate the importance of estradiol effect on NGF and
VEGF expression, both important growth factors that have been involved in proliferation
and angiogenesis processes in epithelial ovarian cancer. Additional, NGF induces the

activation of ERa (pERa) producing a loop of estradiol action in EOC.
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Figure legends

Figure 1:

Pannel A: Immunohistochemistry of phosphorylated estrogen receptor o (0ERa) in ovarian
tissues from inactive ovaries (I1-Ov) and epithelial ovarian cancer I, Il or 111 (EOC I, EOC Il
or EOC I11). Pannel B: The semi-quantitative analysis was performed by HScore. Pannel C:
Graph of correlation between percentages of tyrosine receptor kinase A (TRKA) positive
cells and estrogen receptor o phosphorylated (pERa) positive cells in epithelial ovarian
cancer tissues in different grade of differentiation. R2 = 0.42 and p = 0.004. Pannel D:
Immunohistochemistry of estrogen receptor a (ERa), estrogen receptor a phosphorylated
(PERa) and estrogen receptor p (ERpB) of explants of ovarian tissue stimulated with nerve
growth factor (NGF) at 10 and 100 ng / mL for 2 h. The semi-quantitative analysis were
performed by HScore, * p <0.05 compared to basal condition. The bar represents 50 pum
and arrows indicate positive staining. Insert: C (-): negative control. The results were

expressed as mean + standard error of the mean (SEM). * p <0.05.

Figure 2:

Microphotography of immunohystochemistry of estrogen receptor a (ERa) and estrogen
receptor B (ERB) in HOSE and A2780 ovary cell lines. The bar represents 50 um and

arrows indicate positive staining. Inset: C (-): negative control.

Figure 3:

Pannel A: Immunodetection of nerve growth factor (NGF) in HOSE and A2780 ovarian

cell lines with 3.7 x 10-11, 3.7 x 10-9 and 3.7 x 10-7 mM of estradiol. Pannel B- Graphics
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of semi-quantitive analysis of measurement of NGF. Pannel C: Immunodetection of
vascular endothelial growth factor (VEGF) in HOSE and A2780 ovarian cell lines with 3.7
x 10-11, 3.7 x 10-9 and 3.7 x 10-7 mM of estradiol. The bar represents 50 um and arrows
indicate positive staining. Inserts: C (-): negative control. Pannel D- Graphics of

measurement of VEGF protein levels evaluated by immunocytochemistry.

Figure Supplementary 1:

Graph of semi-quantitative analysis performed by HScore of Immunohistochemistry of
phosphorylated estrogen receptor a (PERa) in ovarian tissues from inactive ovaries (I-Ov)
and epithelial ovarian cancer of Low grade (EOC 1) and High grade (EOC Il plus EOC Ill).

The results were expressed as mean + standard error of the mean (SEM). * p <0.05.
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