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SUMMARY

Ethinylestradiol (EE) is an endocrine disruptor (ED) which acts as an oestrogen ago-
nist; this compound is known as an oral contraceptive. Male and female rodents
exposed to EE during critical time points of development, such as in the prenatal per-
iod, show alterations in their reproductive tract during adulthood. Few studies have
placed an emphasis on the effects of EE during ageing. Thus, this study had as it’s
objective the analysis of the morphological and immunohistochemical effects of expo-
sure to EE in the prenatal period on ventral male prostate and female prostate of ger-
bils (Meriones unguiculatus) during ageing. The animals were exposed to EE (15 pg/
kg/day) during the 18-22th days of prenatal life (EE/PRE group), and the analyses
were performed when the male and female reached 12 months of age. Our results
showed an increase in the development of prostatic intraepithelial neoplasia (PIN),
which was observed in the male and female prostate of EE/PRE groups. Immunohis-
tochemistry showed a rise in prostatic epithelial and basal cells immunoreactivity,
respectively, and to AR and p63 in the male EE/PRE. There were alterations in the
morphological pattern of the prostatic glands and increase in predisposition to emer-
gence of prostatic lesions of both sexes during ageing. Despite male and female hav-
ing been exposed to the same doses of EE, the “exposure to EE promoted
modifications” more accentuated in the male prostate. Thus the male gland is more
sensitive to the action of this synthetic oestrogen than the female prostate.
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Endocrine disruptors (EDs) are exogenous chemical compounds
cable of disrupting the function of the endocrine system, thus
affecting the reproductive systems of animals and humans (Dia-
manti-Kandarakis et al. 2009; Casals-Casas & Desvergne
2011). Many EDs have the potential to mimic, antagonize or
alter the levels of endogenous steroid hormones (androgens and
oestrogens) (Frye et al. 2012). Worldwide, people are exposed
to ED, which are found in products such as bisphenol A (BPA)
which is present in polycarbonate plastic, glycidyl methacrylate
for dental use and ethinylestradiol (EE) used in medicines (Soto
& Sonnenschein 2010; Frye et al. 2012).

© 2016 The Authors.

Exposure to ED during development alters the male and
female reproductive systems, resulting in changes in the neu-
roendocrine system, reproductive behaviour (Frye er al.
2012) and susceptibility to prostate cancer (Prins 2008).
The prenatal, neonatal and pubertal period are vulnerable
to the action of ED, because during these phases, the levels
of steroid hormones are essential for the development of
male and female reproductive organs (Maffini ef al. 2006;
Ryan et al. 2010). The hormonal dysregulation caused by
exposure to ED during critical stages of development
increases the risks of the prostate diseases in adulthood,
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such as cancer (Prins et al. 2007a,b; Prins 2008; Hu et al.
2012).

The prostate is a gland that depends on the action of
steroid hormones for its development, and these effects
begin in the prenatal period (Cunha et al. 2004). Exposure
to ethinylestradiol, a synthetic oestrogen in contraceptive
pills, during the prenatal period, increases susceptibility to
the emergence of preneoplastic lesions in the prostate in
male and female gerbils in adulthood (Perez et al. 2011,
2012).

The female prostate of adult gerbil (Meriones unguicula-
tus), an experimental model utilized in our research group,
presents morphofunctional similarity to the human gland.
It is located para-urethrally, (Santos et al., 2003; Santos &
Taboga 2006). It consists of ducts and alveoli surrounded
by a development stroma (Santos et al., 2003). The
alveolar region is coated by secretory cells, which produce
a secretion in which acid phosphatase is abundant
(Custédio et al. 2004). Studies show that female gerbil
prostate is sensitive to actions of steroid hormones and
undergoes morphological changes, similar to the male ger-
bil prostate (Perez et al. 2011, 2012; Biancardi et al. 2012,
2014).

Millions of women consume contraceptive pills daily.
Some women may not know they are pregnant and may
continue to take birth control during the first months of
pregnancy (Li et al. 1995). According to Thayer et al.
(2001), exposure to low doses of ethinylestradiol
(0.002 mg/kg/day; substantially less than the 0.5 mg/kg
found in contraceptive pills consumed by women) during
pregnancy caused rodents to have decreased daily sperm
production during adolescence and increased prostate size
in males in the neonatal period. ED exposure during preg-
nancy, even at low doses, promotes changes in the pros-
tate of male and female rodents in the neonatal phase,
and such modifications remain into adulthood (Perez et al.
2011, 2012).

Most studies involving ED emphasize the consequences of
intrauterine exposure on the male and female prostate of
rodents during the neonatal and adult phases (Prins ef al.
2001; Biancardi et al. 2012; Perez et al. 2012). However,
few studies have evaluated the effects of this exposure in
senile individuals (Prins et al. 2007a,b). Senescence has been
characterized as reproductive ageing, and this, in turn, is
associated with the loss of reproductive capacity and deregu-
lation of the hypothalamic—pituitary—gonadal axis. This pro-
cess may be regulated by genetic and environmental factors
(Basaria 2013). In rodents there is a decrease in the feed-
back of gonadal steroid hormones on the hypothalamus and
pituitary gland during the senile period (Kermath & Gore
2012; Walker et al. 2013). This hormonal deregulation is a
major cause for the emergence of prostatic diseases, espe-
cially during ageing (Wigle et al. 2008). Therefore, it is of
fundamental importance to study the effects of exposure to
ED during critical phases of development on the prostate
gland of rodents during ageing. Thus, this study aimed to
evaluate the morphological effects of prenatal exposure to

ethinylestradiol on the ventral male prostate and female
prostate of gerbils during ageing.

Material and method

Animals and experimental design

The male and females gerbils (Meriones unguiculatus) used
in this experiment were maintained in a biotherium in the
IBILCE/UNESP (Sao José do Rio Preto-SP) in polyethylene
boxes with wood shavings substrate, under controlled light
conditions, and at an average temperature 23°C. They were
supplied filtered water in glass bottles and food ad libitum
(composition: 23% protein, 12% minerals, 5% fibre and
4% total lipids). Animal handling and experiments were in
accordance with ethical principles of animal research and
were approved by Committee for Animal Research (CEEA
Protocol n° 020/09) of UNESP.

In this experiment, we used eight adult virgin female ger-
bils (90-120 days), and each was maintained with a male of
the same age for the formation of different families and sep-
arated into two different groups. As shown in Figure 1, in
the EE/PRE group, four pregnant females received 15 pg/kg/
day ethinylestradiol (EE, 17a-ethinylestradiol; Sigma, St.
Louis, MO, USA) diluted in 100 pl of Nujol® mineral oil
(CAS 8020-83-5; Sigma-Aldrich) by gavage. The dose of EE
used in the experiment is similar to the dose found in the
oral contraceptive (Thayer et al. 2001). Pregnant females in
the EE/PRE groups received ethinylestradiol from the 18th
to the 22nd day, taking into account that the gestational
time of the gerbil is 26 days. The treatment was performed
during the prostatic morphogenesis of the gerbils, which
starts between the 20th and 21st days of the prenatal period
(Sanches et al. 2014). In the control group, four pregnant
females received no treatment. This study did not use vehicle
controls because previous studies by our research group
demonstrated the absence of significance between the vehicle
group and intact animals (Scarano et al. 2006, 2008; Santos
et al. 2007).

This experiment utilized one male and one female offspring
of each pregnant female (7 = 8) in the experimental groups;
the rest of the offspring we utilized in the experimental design
of another study. A total of eight males from the control
group and eight males from the EE/PRE group, .i.e. the same
number of animals were utilized for the experimental groups
of female. Thus, five males and five females of each experi-
mental group were utilized for optical microscopy and sero-
logical analyses and three males and three females for
ultrastructural analysis.

Eight males and eight females from each experimental
group were euthanized at 12 months for blood collection, by
anaesthesia in CO, followed by decapitation. After death,
the male and female prostate complexes were removed and
weighed, along with the testis, the ovary and the adrenal
gland. The female offspring of the experimental group were
cycled and killed during the proestrus phase when they were
12 months in age (Nishino & Totsukawa 1996).
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Ethical approval statement

UNESP/IBILCE Ethical Committee for Animal Research
(CEEA) hereby certify that the scientific investigation enti-
tled ‘Evaluation of estrogenic exposure in utero and puber-
tal development as a predisposing factor of prostatic lesions
in male and female gerbils senile’ (protocol n°. 020/09
CEEA), under Sebastiao Roberto Taboga’s responsibility, is
performed in accordance with the Ethical Principles in Ani-
mal Research adopted by Brazilian College of Animal
Experimentation (COBEA) and was approved by the Com-
mittee of this Institute on December 10th, 2009.

Biometric analysis

Before collection and weighing of the biological materials, males
and females of the experimental groups (12 months of age) were
submitted to measurement of the anogenital distance (DAG)
using a calliper, King Tools Digital Caliper (0-300 mm).

Morphological, morphometric and histophathological
analyses

Male (7 = 5) and female (7 = 5) prostates from the experi-
mental groups were fixed in 4% buffered paraformol and
methacarn (at 1:3:6 of acetic acid, chloroform and methanol,
respectively), dehydrated in ethanol, clarified with xylene and
then embedded in Paraplast (Histosec, Dermstadt, Germany).
The organs were sectioned at 5 pm and stained with haema-
toxylin and eosin (HE) for morphological, morphometric and
histopathological analysis of the prostate (Behmer ez al.
1976). In addition, we used the Gomori’s reticulin reaction
for the analysis of stromal reticular and collagen fibres
(Gomori 1937). For morphological analysis, 25 sections of
each experimental group were utilized.

For morphometric analysis, we collected 200 data points
of five sections of each prostate of the experimental groups
(n = 5) and these were used to measure the thickness (um)
of the epithelial height of the muscular layer of ventral male
prostate and female prostate. The analysis was performed
using a photomicroscope Olympus BX60, and the images
were captured for photographic documentation and mor-
phometric measurement using the IMAGE-PRO PLUSO AVERAGE
CYBERNETICS software (Silver Spring, MA, USA).

Histopathological analysis of the ventral male prostate
and female prostate from the control and EE/PRE groups
(n = 5) was carried out through the multiplicity of prostatic
intraepithelial neoplasia (PIN). The identification of these
lesions was performed according to the classification of
Shappell ef al. (2004). The multiplicity was evaluated by
determining the number of lesions throughout the section
using five animals from each group, analysing 25 sections of
the each group in Olympus optical microscope (Olympus,
Hamburg, Germany).

The histological images for morphological, morphometric
and histopathological analyses were captured using a
microscope Zeiss Jenaval (Jena, Germany), and scanned
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using the IMAGE-PrRO PLUS software version 4.5 for Win-
dows (Media Cybernetics, Inc., Silver Spring, MA, USA).

Immunobhistochemistry

The ventral male prostates and female prostates from the
experimental groups were fixed in 4% buffered parafor-
mol or methacarn and submitted to histological process-
ing by in Paraplast (Histosec, Merck),
followed by sectioning (5 wm). The sections were sub-
jected to immunohistochemical detection of several anti-
gens: proliferating cell nuclear antigen (PCNA; mouse
monoclonal IgG,,, P-10: SC 56; Santa Cruz Biotechnol-
ogy, Paso Robles, CA, USA) (Custddio et al. 2010; p63
protein (basal cell marker; mouse monoclonal IgG2a,
4A4: sc-8431; Santa Cruz Biotechnology) (Biancardi et al.
2012), androgen receptor (AR; rabbit polyclonal IgG, N-
20: sc-816; Santa Cruz Biotechnology) (Santos et al.
2006), oestrogen receptor-alpha (ERa; rabbit polyclonal
IgG, H-184: sc-7207; Santa Cruz Biotechnology) and
oestrogen receptor-beta (ERB; rabbit polyclonal IgG, H-
150: sc-8974; Santa Cruz Biotechnology) (Rochel-Maia
et al. 2013). Antigenic detection was performed in citrate
buffer (pH 6.0) at a high temperature (98°C) for 45 min,
followed by three S5-min washes in phosphate-buffered
saline (PBS). Peroxidase was blocked against using 12%
H,0, in methanol for 20 min (high peroxidase blocking
because the antibodies are not specific for gerbils). Then
the sections were blocked with non-specific protein (milk
powder diluted in PBS) for 30 min and then incubated
with antibodies diluted in 1% bovine serum albumin
(BSA) in PBS overnight (4°C; 1:100 PCNA and p63;
1:75 AR; 1:50 ERa and ERP) and incubated with poly-
mer (Novolink, Novocastra) at 37°C for 45 min, then
visualized with diaminobenzidine (DAB; Sigma) and
counterstained with Harris haematoxylin.

For the reactions for PCNA, p63 and AR, we deter-
mined the number of positive nuclei in prostatic epithelial
cells in the experimental groups using fields of micro-
scopic images (400x; Olympus BX60) of the prostate
from each group (7 = 3; 2000 cells total). The values of
positive nuclei were divided by the total number of cells
counted in each field and expressed as the percentage

(%).

immersion

Immunofluorescence

Prostates from the control and EE/PRE groups were fixed
in methacarn, subjected to histological processing, embed-
ded in Paraplast (Histosec, Merk) and sectioned into 5-um
slices. The sections were subjected to immunofluorescence
imaging in order to detect smooth muscle o-actin. Anti-
genic detection was performed in citrate buffer (pH 6.0)
at a high temperature (98°C) for 1 h, followed by three
5-min washes with PBS. Non-specific binding was blocked
by incubation in 5% BSA in PBS for 1 h. Sections were
incubated with primary o-actin antibody (1:100; mouse
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monoclonal IgG2a 1C4: sc-32251; Santa Cruz Biotechnol-
ogy) diluted in 1% BSA in PBS overnight at 4°C (Bian-
cardi et al. 2014). After this procedure, the sections were
incubated with secondary antibody (1:200 goat anti-mouse
IgG-FITC: sc-2010; Santa Cruz Biotechnology) for 2 h in
the dark. After that, we used a mounting means with
DAPI (Ultra CruzTM Mounting Medium: sc-24941, with
DAPI fluorescence; Santa Cruz Biotechnology). The images
were analysed using a fluorescence microscope Zeiss Axio
Imager M2.

Serum hormonal analysis

The blood of male and female senile gerbils from the
experimental groups was collected at the time of decapita-
tion. The serum was centrifuged (3000 rpm for 20 min)
and stored at —80°C until analysis. Hormonal dosages
were performed in duplicate by ELISA and using kits with
high sensitivity (testosterone and 17B-estradiol, Cayman
Chemical Company, MI, USA) following the manufac-
turer’s instructions. The detection limits for testosterone
and 17B-estradiol were 6 and 19 pg/ml respectively. The
readings were performed using the lector SpectraMax Plus
384, at 405 nm (Molecular Devices, Sunnyvale, CA,
USA).

Transmission Electronic Microscopy

After removal, the prostate glands (7 = 3) were cut into
small fragments and fixed for 24 h in 3% glutaraldehyde
solution, 0.25% tannic acid and 0.54% glucose in Mil-
loning’s buffer pH 7.3 (Cotta-Pereira et al. 1976). After
being washed, the fragments were postfixed with 1%
osmium tetroxide for 2 h, washed again, dehydrated in
increasing concentrations of acetone and then embedded in
Araldite resin. Subsequently, the fragments were cut into

ultrathin sections (50 nm) using diamond knives and then
contrasted with 2% uranyl acetate for 20 min and lead
citrate for 6 min. Three sections of male and female
prostates of each experimental group were observed and
evaluated using the LEO-Zeiss 906 transmission electronic
microscope (Zeiss, Cambridge, UK).

Statistical analysis

For statistical analysis of the biometric, morphometric,
histopathological frequency of immunoreactivity, serological
data utilized the spreadsheets and graphics of GrapHPAD
INsTAT (GraphPad Software, Inc., La Jolla, CA, USA). To
prove the significance of the parametric results, we used the
Tukey test and nonparametric data, and the Mann-Whitney
U test. The level of significance was 5% (P > 0.05) and was
expressed as the mean + SD.

Results

Table 1 shows the biometric data from the experimental
groups of the male and female senile gerbils. These data
showed no significant differences in the experimental groups
of male and female senile gerbils. The serological data
showed no significant differences in the levels of testosterone
and estradiol between the males in the control and EE/PRE
groups (Figure 2a and b). However, the EE/PRE female
group showed a significant increase in testosterone and
estradiol levels when compared to the control group (Fig-
ure 2a and b).

During analysis, we noted no anatomical differences
between the testes, adrenal and ventral prostate of the EE/
PRE male group when compared to the control group.
However, histologically, (Figure 3) the ventral prostate of
EE/PRE male group showed the presence of acinar atrophy
within the smallest lumen area (Figure 3e). Furthermore, we

EE

Mating day
0 El EI8 EI9 EW0 E2 E22 EB EM

1 Pregnancy

Day of birth

Killing day (¥/C

offspring)

E26 Pl P12 months

Figure 1 Schematic of the experimental design. Males and females in EE/PRE group received 15 pg/kg/day of ethinylestradiol (EE)
during the embryonic period (E). The animals were killed at 12 months of postnatal life (P). In the control group (C), the pregnant

females were not treated.
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Table 1 Biometric data of the experimental male and female
groups of senile gerbils

Experimental groups

Parameters Control EE/PRE
Male
Body weight (g) 90.44 + 14.38 87.11 + 10.30
Prostatic complex (g) 1.06 £ 0.23 1.06 £ 0.11
Ventral prostate (g) 0.024 + 0.006 0.023 £+ 0.006
Relative prostate of 0.26 £ 0.07 0.26 + 0.04
ventral prostate
(x1073)
Right testis (g) 0.65 £+ 0.06 0.62 + 0.06
Left testis (g) 0.64 £ 0.05 0.61 £ 0.05
Adrenal (g) 0.05 + 0.01 0.05 + 0.01
Anogenital distance 12.50 + 1.50 12.31 + 1.40
(AGD) (mm)
Female
Body weight (g) 66.20 + 6.54 72.20 £ 7.00
Urethra and 0.03 £ 0.01 0.02 + 0.01
prostate (g)
Relative prostate 0.44 £+ 0.22 0.34 £ 0.08
(x1073)
Ovary (g) 0.04 & 0.01 0.07 + 0.02
Adrenal (g) 0.04 + 0.01 0.04 + 0.01
Anogenital distance 3.92 £ 0.55 4.21 £ 0.40
(AGD) (mm)

Values are expressed as the mean + SD. EE/PRE: Senile male and
female exposed to ethinylestradiol during the prenatal period
(n = 5). The significant difference between the groups was consid-
ered with P < 0.05.

found the presence of stratified epithelium and an increase
in the stromal density, which are characteristics of benign
prostatic hyperplasia (BPH; Figure 3e). The epithelial height
and the thickness of the muscle layer that surrounds the
prostatic acini decreased significantly in EE/PRE group
males (10.52 + 3.10; 7.93 4+ 4.00 pum) when compared to
control group males (16.30 + 3.80; 8.80 + 3.53 um; Fig-
ure 3b, G and 3l).

The morphological analysis of the female prostates (Fig-
ure 3) revealed stratified epithelium and an increase in stro-
mal densities, which are characteristics of BPH (Figure 3h).
During the morphometric analysis, we found that the epithe-
lial height and the thickness of muscle layer prostatic
increased in the EE/PRE group females (13.00 + 5.00;
8.00 + 3.62 um) when compared to the control group
(11.66 + 4.15; 6.20 £ 2.80 pm; Figure 3d, I and 3m).

EE exposure during the prenatal period also promoted the
increase in (PIN; 10.64 + 4.16; Figure 31) in the glands of
senile males (Figure 3f) and females (9.44 + 6.33; Figure 3j,
k) when compared to their respective controls groups
(7.2 £ 4.00 and 3.76 + 2.95).

The Gomori’s reticulin technique allowed us to observe the
extracellular matrix component of male and female prostate
from the experimental groups. We noted irregular aspects in
the arrangement of reticular fibres and collagen of male ven-
tral prostate of EE/PRE group when compared to controls

International Journal of Experimental Pathology, 2016, 97, 5-17
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(a) Testosterone
3 ® Control
25- MEE/PRE

Male Female
(b) Estradiol

& ® Control

20 “EE/PRE
E 15 7
£
5 -
0 4

Male Female

Figure 2 Serological data for the male and female of senile
gerbils from the experimental groups. (a) Testosterone levels
(ng/ml). (b) Estradiol levels (pg/ml). Values expressed as

mean + SD (n = 5). *Significant difference between the groups

with P < 0.05.

group (Figure 4a, b, d and e). For the female prostate stromal
compartments of the EE/PRE group, we observed plenty of
collagen and reticular fibres and disturbance in the arrange-
ment of reticular fibres, principally in inflammation foci (Fig-
ure 4f) compared to control group (Figure 4c).

Figure 5 shows results  for
a-actin reaction surrounding the alveoli of the prostates
from the males and females in the senile groups. In areas
that had prostatic buds, the muscle layer exhibited rup-
tures, showing the absence immunoreactivity in the EE/
PRE male group (Figure 5c¢). In the ventral male prostates
from the EE/PRE group, we observed increased immunore-
activity in regions with (Figure 5d),
while in the prostate of the EE/PRE female group, we
noted an increase in this immunoreactivity in regions with
PIN (Figure Se).

Table 2 shows the quantification (%) of prostatic epithe-
lial cells in male and female that showed positive immunore-
activity for androgen receptors (AR), p63 (basal cells) and
PCNA (cell proliferation). These results revealed increased
immunoreactivity for AR (72.53 £ 10.14%) in the prostates
from the EE/PRE male group when compared to the control
group (51.17 + 14.26%; Figure 6a, b, g and h). However,
we saw decreased immunoreactivity for p63 in the prostates
from the EE/PRE male group (8.61 + 3.60%) when
compared to the control group (11.23 + 3.25%; Figure 6e,

immunofluorescence

stromal lesions
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Figure 3 Histological sections of the
ventral male prostate and female prostate
from senile gerbils stained by
haematoxylin and eosin (HE). Control
group: (a, ¢) Prostatic acini surrounded
by a simple prismatic epithelium (Ep)
with the presence of luminal region (Lu),
smooth muscle layer (SM) and stroma
(St) with vessels (vs). (b, d) Detail of the
epithelial height (arrows). EE/PRE
group: (e, h) Acinar atrophy (ac). (f, j)
Presence of prostatic intraepithelial
neoplasia and atypical nuclei (broad
arrow and arrowhead). (g) Decrease in
epithelial height in the ventral male
prostate (dashed arrow). (i) An increase
in epithelial height (broad arrow) has
been observed in the female prostate. (k)
Multiplicity (specific number) of
prostatic neoplasia intraepithelial (PIN)
for each experimental senile male and

CONTROL

EE/PRE

l

(k) U] female. (I, m) Morphometric of epithelial
MULTIPLICITY OF PIN MALE -, P pithelia

:: ] - = heights and thicknesses of the muscle

14 i layers of the ventral male prostate and

12 ] female prostate from senile gerbils of the

10 4

experimental groups. Values of

: ] . :E;:;:GL multiplicity of PIN and morphometry are

4 ¢ expressed as the mean + SD. EE/PRE:

2+ 2 exposure to ethinylestradiol during the

o MALE FEMALE k Epithelial height Muscular Layer ’ Epithelial  Muscular layer prenatal pCI'lOd. *Slgn}ﬁcant dlfference
height between the groups with P < 0.05.

CONTROL

Figure 4 Histological sections of the
ventral male prostates and female
prostates from senile gerbils stained by
Gomori reticulin. Control group: (a—)
Elements of prostatic stromal: collagen
(white asterisks) and reticular fibres
(arrows). EE/PRE group: (d and e).
Disorder of arrangement of reticular
fibres (large arrow) and collagen fibres
(*). (f) Apparent increase in collagen
fibres (dashed arrow) and disturbance
in the arrangement of reticular fibres
(arrowhead) in the inflammatory foci
and abundance of blood vessels (vs).

EE/PRE

f, g, and 1), in which the basal cells of prostatic epithelium cially in areas with PIN, from the EE/PRE male group
were counted. Immunohistochemistry for PCNA revealed an (62.82 + 13.54%) when compared to the control group
increase in immunoreactivity in the ventral prostates, espe- (34.03 + 18.52%) (Figure 6¢, d, i and k).
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CONTROL

Figure 5 Histological sections of the
ventral male prostates and female
prostates from senile gerbils subjected L
to immunofluorescence for o-actin of
smooth muscle. Control group: (a and
b) Immunoreactivity in the prostatic
muscle layer (dashed arrows) and in the
vessels (vs). EE/PRE group: (c—e)
Region with prostatic buds noted
absence of this immunoreactivity
(arrow). Observed an increase in the o-
actin immunolocalization in lesions in
the stroma (*) and in the regions with —
PIN (large arrow).

|

EE/PRE

Table 2 Frequency of cells labelled by AR, PCNA and p63
immunohistochemistry in the male and female prostates from
senile gerbils in experimental group

Experimental group

% Epithelial cells Control EE/PRE

AR g 51.17 + 14.26 72.53 + 10.14*
2 80.00 + 15.44 83.22 + 12.66

p63 (basal cell) d 11.23 + 3.25 8.61 + 3.60*
2 14.00 + 5.24 18.03 £ 7.60

62.82 + 13.54*
59.435 £ 14.23*

PCNA d 34.03 £ 18.52

@ 32.11 + 15. 33

Values expressed as the mean + SD (n = 5). *Significant difference
between the groups with P < 0.05.
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FEMALE

MALE \ |

In the prostates from the EE/PRE female group, we did
not note any significant differences in the frequency of cells
positive for p63 and AR when compared with the control
group, as shown in Table 2 and Figure 7a, b, g and h. How-
ever, the immunoreactivity of PCNA was higher in the
female prostates from the EE/PRE group (59.43 + 14.23%)
when compared to the control group (32.11 + 15.33%)
(Figure 7c, d, i and k).

The immunoreactivity for oestrogen receptors type alpha
(ERa) has been observed in the stromal cells of the ven-
tral male prostate of control and EE/PRE group (Fig-
ure 8). However, in the group treated with EE during
pregnancy, this immunoreactivity was intense in the cyto-

| MALE |
AR | PCNA [ p63
¥

‘! H B y

-1 B \"\\ 1
Figure 6 Histological sections of the & o s e i
ventral male prostate subjected to g B it "\ Eny | WS W R '
. . . = r - L T st o
immunohistochemistry of the AR, Ol S 2L R s W -e-‘f\"_,_.,-.-.:" \
PCNA and p63. Control group: (a and = 5 _— 23 b o N
b). We observed immunoreactivity in g = B B i ==

O

the prostatic epithelial cells (Ep)
(arrows). Presence of the prostatic
stroma (St). EE/PRE group: (g and h)
Increase in AR immunoreactivity in the
epithelial cells (arrowhead). (i) PCNA
immunohistochemistry. Control group:
(c and d) Marcation in the prostatic
epithelial cell (dashed arrows). EE/PRE
group: (i and j) Increase in the PCNA
immunolocalization in regions with PIN
(large arrow). Immunohistochemistry
for p63. Control group: (e and f)
Labelling of basal cells (large filled
arrows). EE/PRE group: (k and 1)
Decrease in the p63 immunoreactivity
(large arrow).

EE/PRE
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plasmic region of prostatic epithelial cells of senile males
(Figure 8c). Regarding ERo, immunoreactivity was noted
to be increased in the stromal cells of the prostate females
in the EE/PRE group compared to control (Figure 8b, d).
The oestrogen receptors of type beta (ERB) were observed
primarily as nuclear immunoreactivity in the male prostate

| FEMALE |

epithelial cells in the experimental groups (Figure 9). In the
prostate of the EE/PRE male group this immunoreactivity
was higher compared to control group (Figure 9a and d).
There was no observed difference in the immunoreactivity
for ERP in the prostate of the experimental female groups
(Figure 9b, ¢ and e).

I

CONTROL

EE/PRE

Figure 7 Histological sections of the
female prostate subjected to
immunohistochemistry for the AR,
PCNA and p63. Control group: (a and
b) Marcation in the epithelial cells
(arrows). EE/PRE group: (g and h)
Evidence for AR immunoreactivity in
the prostatic epithelial cell (arrowhead).
Immunohistochemistry for PCNA.
Control group: (c and d) EE/PRE group
(i and j) Immunoreactivity of cellular
proliferation markers (dashed arrows).
p63 immunohistochemistry. Control
group: (e and f) Details of the
immunoreactivity in the prostatic basal
cells (large filled arrow). EE/PRE group:
(k and 1) Increase in p63
immunoreactivity (large arrows).

MALE | |

FEMALE |

CONTROL

Figure 8 Histological sections of the
ventral male prostate and female
prostate from senile gerbils subjected to
immunohistochemistry for ERa.
Control group: (a and b). Presence of
immunoreactivity in the prostatic
stroma (St) cell (arrows). Epithelium
(Ep). EE/PRE group: (c) Cytoplasm
labelling (*) and epithelial cell (arrow).
(d) We noted an increase in ERa
immunoreactivity in the stromal cell
(large arrows).
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In the ultrastructural analysis of the ventral male prostate of Under the basal membrane collagen fibres and smooth muscle
the senile gerbil columnar epithelial cells were observed with cells were observed in the prostatic stroma, (Figure 10a).
the presence of dense nuclear chromatin condensation, and With regard to the ultrastructure of the male prostate of
with nuclei mainly distributed in the periphery (Figure 10a). the EE/PRE group, there was an apparent increase in lipo-
| MALE | FEMALE |
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Figure 9 Histological sections of the

ventral male prostate and female ] & -&‘:‘. § 4'-“,'" T e YATE ‘j. ;ﬁ. ¥
prostate of senile gerbils subjected to ] W ‘* ” ® ‘. ‘\e'& ﬂ\,: " ab
immunohistochemistry for ERp. ’ &, 4 W ° ' ¥ -

"'

Control group: (a) (male) and (b—c) -
(female). Details of the nuclear .
immunoreactivity in the epithelial cells
(large arrows). Cytoplasmic marcation N e g’

(dashed arrow). EE/PRE male group: S . . ¥4

(d) Increase in nuclear '3 i’, w»y : _a‘-‘ » 4
immunoreactivity in the epithelial cell &’é i .‘\ ’ 7-, ?‘" “ &' %
(arrowhead). EE/PRE female group (e). & Wl -‘

Labelled epithelial cell (arrow). % 2 ‘,‘ ﬁ‘- =
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el
-
i
%
sk

|
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CONTROL

Figure 10 Ultrastructural aspects of
ventral male prostate and female
prostate of senile gerbil. Control group:
(a) (male), (b) and (c) (female). We
observed large nuclei (n) and deposit of
lipofuscin in the cytoplasm (large white
arrow) of the epithelium. Basal
membrane (bm). Dense stroma with
abundant collagen fibres (co), and
smooth muscle cells (smc). EE/PRE
group: (d) (male). Increase in lipofuscin
deposit (Ip), amount of vesicle (v),
Golgi complex (g) in the cytoplasm. (e)
(female). Observed the presence of
vesicle (dashed white arrow) in the
secretory cells (sc). Note the presence of
fusion of the vesicles (fv) and
alterations in the cellular adhesion
(large arrow). a: 7750X; b: 3597X; c,
d: 6000X; e: 4646X.
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fuscin and organelles as the Golgi complex when compared
to the control group, and we observed the fusion of secre-
tory vesicles (Figure 10d).

During the ultrastructural analysis of the prostate from
female senile gerbils, highly secretory cells with large nuclei
and lipofuscin-like deposits in the prostatic cytoplasm were
observed (Figure 10b and c¢). In the EE/PRE group, the
increase in lipid droplets in the prostatic cytoplasm, as well
as vesicle fusion with the accumulation of secretion com-
pared to control group, was evident. Further, a decrease in
adhesion between epithelial cells in the EE/PRE group was
noticed (Figure 10e).

Discussion

The present study shows that prenatal exposure to
ethinylestradiol (15 pg/kg/day) causes changes in the epithe-
lium and stroma of the prostate of the gerbil - both males
and females - during ageing. Senile females exposed to EE
showed a significant increase in testosterone and estradiol
levels. The female prostate develops in an environment with
high levels of endogenous oestrogen (Santos & Taboga
2006), but the increase in testosterone stimulates growth
and secretory activity of this gland (Santos et al. 2006). In
this study, it was observed that exposure to EE interfered in
the process of synthesis of steroid hormones (androgen),
increasing hormone levels in the circulation of rodent
female; this fact was noted in the exposure to other syn-
thetic oestrogens such as biphenyl A (BPA) (Xi ef al. 2011).
Early exposure to EE, a synthetic oestrogen affects testos-
terone and estradiol levels in senile females, resulted in
increased epithelial height and in changes in the muscle layer
of the female prostate, thereby altering the morphology of
this gland and increasing the development of PIN during
ageing.

Oestrogen plays an important role in the development
and growth of the prostate (McPherson ef al. 2008); how-
ever, the exposure to synthetic oestrogens during critical
periods of development causes changes in prostate health
(Ho et al. 2006; Perez et al. 2012). The EE exposure during
the prenatal period resulted in increased (PIN) in the ventral
male prostate and female prostate of senile gerbil. Low
doses of endocrine disruptors that act as oestrogen agonists
exposed during development alter the prostate epigenome;
this process is called oestrogenic imprint, predisposing the
animal to precursor lesions of prostate (Prins et al. 2007a,
b). Ethinylestradiol, as an oestrogen agonist which induces
oestrogenic activity (Ryan et al. 2010), promotes imprint
prenatal permanent when there is exposure during develop-
ment, and the consequences are accentuated during ageing.

The stromal-epithelial interaction is essential for normal
prostate development (Hayward ez al. 1997; Cunha er al.
2004). This interaction is mediate by ERal, which is a receptor
that acts in the muscle cells and fibroblasts, and influences the
proliferation of epithelial cells (Vitkus et al. 2013). Our data
showed an increase in ERo immunoreactivity in stromal cells
and the cytoplasm of epithelial cells in the prostates from

male and female senile gerbils that were exposed to EE. One
of the mechanisms of action of EE, or oestrogen agonists, is
the interference in oestrogen signalling and the interaction
with the oestrogen receptors (De Coster & van Larebeke
2012). Interference in the action of ERa during development
due to EE exposure promoted morphological changes in the
structures of the prostatic stroma of senile males and females.
We observed areas where the collagen and reticular fibres
were disorganized and do not establish a boundary between
the epithelial structures and the stroma, primarily in regions
with the presence of PIN in the female prostate and male ven-
tral prostate of EE/PRE group. These modifications in the
arrangements of fibres are observed in prostatic stroma of
adenocarcinoma (Taboga & Vidal 2003). Alterations in the
prostatic stroma contribute to the development of an invasive
phenotype in the ventral male prostate and female prostate
during ageing promoted by EE exposure during the develop-
ment of the prostate gland.

Similar to oestrogen, androgen plays an important role in
prostate development, in stromal-epithelial interactions, in
epithelial cell proliferation and in the development of pro-
static buds (Thomas & Keenan 1994; Cunha et al. 2004).
During immunohistochemical analysis, we observed an
increase in the frequency of AR in the senile ventral male
prostate in the EE/PRE group. Studies with male mice
exposed to EE (Thayer et al. 2001) and diethylstilbestrol
(DES — medicament utilized in the 70s for women with
high-risk pregnancies) (Herbst & Bern 1981; Gupta 2000)
during the embryonic stage showed an increased in the fre-
quency of AR in the prostate of the neonatal rodent. During
ageing, the increase in AR in the male and female prostates
of gerbils exposed to EE contributed to the development of
alterations in stromal-epithelial interactions, including rup-
ture of the muscular layer in invasive lesions and the
increase in this layer in regions with PIN. Both ERa and the
AR seem to contribute to the adverse effects on prostatic
morphology in senile animals exposed to ethinylestradiol,
data observed too in male and female prostate of adult ger-
bil exposed to EE during the prenatal period (Perez et al.
2011).

Ethinylestradiol exposure during the prenatal period
increased the proliferation of epithelial cells, resulting in the
formation of neoplastic lesions in the male and female pros-
tates in gerbils during ageing. This change was shown by
the increase in the PCNA immunoreactivity, mainly in
regions with PIN. The expression levels of PCNA are not
only associated with the pathways involved in cell cycle
control and replication, but also with DNA repair processes
(Strzalka & Ziemienowicz 2011). Chemicals can alter the
levels of PCNA, interfering with cell cycle control pathways,
thus promoting the increase in cell proliferation and the
formation of neoplasms (Strzalka & Ziemienowicz 2011;
Zhang et al. 2011).

The pattern of immunolocalization for p63 showed
decreased immunolocalization in basal cells in the ventral
male prostates from the EE/PRE group. The p63 has been
shown to play an important role in prostate development,
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and this gene is essential for normal stem cell function in
the prostate as well as other epithelial organs, so when there
is a progressive loss of the basal cell layer in high-grade
PIN, p63 expression is altered (Grisanzio & Signoretti
2008). Exposure to high doses of testosterone during the
prenatal period decreases the immunoreactivity of p63 in
regions with PIN in the ventral male prostate of the adult
gerbil (Biancardi e al. 2012). Even when using low doses,
we noted that exposure to DE during development is
enough to cause neoplastic lesions and the loss of the basal
cell layer in the ventral male prostate in the senile stage.

While the functions of AR and ERa receptors are crucial
during the early phases of prostate development (Cunha
et al. 2004; McPherson et al. 2008), the action of ERB on
the prostate is more significant in adulthood, during which
it has antiproliferative functions (Weihua ez al. 2002), while
ERa has proliferative functions (McPherson et al. 2008).
According to Rochel-Maia ef al. (2013), ERB decreases in
the prostates of male and female gerbils during ageing, pre-
disposing these rodents to prostate proliferative diseases.
Meanwhile, in the male ventral prostates from the EE/PRE
senile group, we observed an increase in the immunoreactiv-
ity of ERP in epithelial cells. This increase in the male pros-
tate may be an attempt of the gland to counteract the
proliferative action exerted by ERa effects.

The structural analyses of the ventral male prostate and
female prostate of senile gerbils emphasized the morphologi-
cal changes caused by exposure to EE during development.
However, we also observed changes in the ultrastructure of
the glands of the EE/PRE group for both sexes. The analyses
revealed modifications to the secretory pattern of the pro-
static epithelial cells, including the increase in vesicles con-
taining secretions and organelles directly related to this
function, such as the Golgi apparatus. The presence of lipo-
fuscin deposits and changes in the arrangement of collagen
fibres are characteristics observed in the prostates of both
male (Campos et al. 2008) and female (Custédio et al.
2010) senile gerbils. The exposure to EE during the prenatal
period accentuated the alterations in the prostatic gland that
are typical of senile gerbil.

Senescence is a period marked by the deregulation of ster-
oid hormones (Chahal & Drake 2007), and this feature is
one of the main factors for predisposition to prostate disease
in senile males and females (Campos et al. 2008; Custédio
et al. 2010). Our study showed that exposure to EE during
critical periods of development, such as prenatally, interferes
with the normal morphology of male and female prostates
in senile gerbils. This exposure altered the stromal-epithelial
interaction and contributed to the emergence of PIN, widely
modifying the prostate morphology.

The exposure to synthetic oestrogen during development
alters the levels of sex hormones, causing reproductive disor-
ders through interference in the feedback that regulates the
hypothalamic—pituitary—gonadal axis (Xi etal. 2011).
Changes, such as the increase in the proliferative index of
epithelial cells, alterations in the expression patterns of ster-
oid receptors and potentiation of ultrastructural characteris-
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tics typical of the ageing in gerbils caused by early exposure
to EE. Furthermore, the exposure to EE increases the predis-
position to emergence of premalignant lesions in male and
female gerbils during ageing.

The male and female prostates of adult gerbils respond
differently to exposure to oestrogen disruptors during
development. Additionally, the ventral male prostate is
more sensitive to the action of ethinylestradiol than the
female prostate, as well as showing a predisposition to the
emergence of neoplastic lesions (Perez ef al. 2011, 2012).
The mammalian brain is extremely sensitive to the action
of hormones during developmental phases (prenatal, pub-
erty), and differences in brain development between males
and females may result in different effects due to EE expo-
sure (Gore 2008; De Coster & van Larebeke 2012). The
action of oestrogen disruptors during the critical phases of
development exacerbates the development of precancerous
lesions in the male prostate, damaging the health of this
gland during ageing.
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