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Abstract

This study evaluated such as exposure to ethinylestradiol during the prenatal
(18th-22nd day) and pubertal (42nd-49th day) periods acts on the male ventral
prostate and female prostate of 12-month old gerbils. We performed the ana-
lysis to serum hormone levels for estradiol and testosterone. The prostates
were submitted to morphometric and immunohistochemical analyses. Exposure
to ethinylestradiol during these developmental periods decreased the testos-
terone serum levels in males and increased the estradiol serum levels in females.
Morphologically, prostate intraepithelial neoplasia and disorders in the ar-
rangement of the fibrous components were observed in the prostate glands of
both sexes of gerbil exposed to ethinylestradiol during development periods. In
the male prostate, the ethinylestradiol promoted decreased in the frequency of
positive epithelial cell for androgen receptor (AR) and increased the frequency
of positive stromal cell for estrogen receptor a. However, in the female pros-
tate, this synthetic estrogen caused AR upregulation and increased cell pro-
liferation. This study shows that the exposure to ethinylestradiol during
development phases alters the morphology and the hormonal signaling in the
male and female prostates of old gerbils, confirming the action of ethinyles-

tradiol as endocrine disruptor.
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1 | INTRODUCTION

Endocrine disruptors are substances that, through several kinds of
mechanisms, can cause modifications of hormonal physiology, af-
fecting homeostasis (Schug et al., 2011). Ethinylestradiol (EE) is an
exogenous estrogen that is found on most of oral contraceptives that
are found in the market, and it is labeled as an endocrine disruptor.

Women who use contraceptives pills inappropriately can become
pregnant and inadvertently continue to use the medication. This pre-
natal exposition is capable of causing several side effects in the re-
productive system and is related with an increase of cancer incidence
during adulthood. The pills contraceptives contain 20-50 ug of EE,
corresponding to dose 0.2-0.7 ug/kg/day (Heneghan et al., 2019).
In our study, the dose (15 pg/kg/day) this synthetic estrogen were 20-80
higher than exposure of women taking pills contraceptives. Yet studies
have shown that changes can be caused by this endocrine disruptor
mechanism while using inferior doses. In our study, we used a higher
concentration with the goal to increase our chances of detecting the
reproductive effects caused by this exposition (Mandrup et al., 2013).

Moreover, the synthetic estrogen, EE, is more persistent in the
environment than natural estrogens. When women excrete the EE
and release in the environment, it pollutant levels have been corre-
lated with cancer susceptibility, as prostate cancer in male and breast
cancer in women (Adeel et al., 2017).

Studies in Mongolian gerbils (Meriones unguiculatus) have shown that
exposure to EE is also capable of affecting both male and female prostate
development, predisposing the organ to morphological changes in later
phases (Falleiros-Junior et al., 2016; Perez et al, 2011, 2012, 2016).
These changes can be accentuated when this exposure occurs during
puberty, a period characterized by the morphofunctionality of the pro-
static acinar (Sanches et al., 2016). During puberty the prostate is subject
to high levels of sex hormones and might trigger potentially malignant
lesions during aging (Perez et al., 2017).

As previously mentioned, the studies cited compared the effects of
EE on the male and female prostates (Perez et al., 2011, 2012). It is
known that the prostate gland is not exclusive to the male genital system;
it is also known as Skene's gland and is found in several of mammalian
species, including humans and rodents (Biancardi et al., 2017; dos Santos
et al., 2003; Moalem & Reidenberg, 2009; Zaviacic & Ablin, 2000). The
female prostate of the gerbil is histologically very similar to that of hu-
mans, being composed of ducts and acini coated by a columnar or cubic
epithelium, as well as a fibromuscular stroma composed of fibroblasts,
smooth muscle cells, nerves, and blood vessels (Biancardi et al., 2017; dos
Santos et al., 2003; Santos & Taboga, 2006). The similar morphology
between male and female prostates are possible indicators that the fe-
male prostate can also be submitted to pathological process such as
adenocarcinoma, and prostatitis, although these have a lower prevalence
(Sanches et al., 2019).

The gerbil is an ideal model animal for this kind of study not only
for ther morphological similarity to the human prostate, but also it
can be submitted to the same types of pathologies. Being, their
prostate more suitable for our study. Furthermore, research that

utilized a female human prostate are difficult to conduct and are

usually postmortem samples. Unlike them, gerbil prostate is easier to
work with in a laboratory environment (Sanches et al., 2019).

In rodents, prostatic development is initiated in the prenatal
period, and the branching and glandular maturation, respectively,
occur during the neonatal and pubertal periods (Prins & Putz, 2008;
Sanches et al.,, 2016). In male gerbils, this development starts be-
tween the 20th and 21st day of the gestational period (Sanches et al.,
2014) whereas in humans, the mains events of glandular develop-
ment occur during the prenatal phase (Cunha et al., 2018).

Knowing that in the prenatal and pubertal periods occur crucial
events for the prostatic development, these phases are considered
critical windows for the exposure to EE. Previous studies from our
research group have shown that exposure to EE during different
phases of development, such as the prenatal period or puberty,
promoted histopathologic alterations in the prostate of male and
female gerbils. However, we do not know how EE acts on the mor-
phological pattern of these glands when the exposure occurs at both
development phases. This exposure will promote effects similar or
different on the prostate tissue of senile males and females. To un-
derstand these issues, this study aims analyze the effects of exposure
to this synthetic estrogen during the prenatal and pubertal periods on
the morphological, morphometric, and immunohistochemical char-
acteristics of the prostate of 12-month old male and female gerbils.

2 | MATERIALS AND METHODS

2.1 | Experimental design

Ten nulliparous adult female gerbils (90-days) were used in this study.
Each female (n=10) was maintained with an adult male (n=10) to
form different families. These animals were kept in the bioterium of
Sao Paulo State University (UNESP, S3o José do Rio Preto, Brazil) and
received rodent food ad libitum and filtered water in glass bottles. The
animal handling and experiments were in accordance with the ethical
principles of animal research and were approved by the Committee for
Animal Research of this institution (Protocol No.: 020/09).

The families were separated into two experimental groups, being
five female and five male for each group (Figure 1). In the EE PRE/
PUB group, pregnant females received 15 pg/kg/day of EE (17a-
ethinylestradiol; Sigma-Aldrich) by gavage diluted in 100 pl of mineral
oil Nujol® (CAS 8020-83-5; Sigma-Aldrich) (Thayer et al., 2001). The
exposure to EE occurred from the 18th to 22nd day of gestation,
during the prostatic morphogenesis period (Sanches et al.,, 2014).
After this exposure, five male and five female pups housed sepa-
rately, from birth through weaning (30 days) and received the same
dosage of EE from the 42nd to 49th day, which corresponds to
puberty in gerbils (Pinto-Fochi et al., 2016). The control group no
received treatment, being intact group. Animals in the control group
were not exposed to synthetic estrogen. The males and females of
both experimental groups were euthanized at 12 months of age. All
animals were euthanized by CO, inhalation (chamber) followed by
decapitation.
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FIGURE 1 Schematic representation of the experimental design. Males and females received 15 pg/kg/day of 17a-ethinylestradiol (EE)
during the embryonic period (e) and these gerbils were also exposed to EE between the 42nd and 49th days of life, which corresponds to during
puberty (the EE PRE/PUB group). Gerbils in the control group were not exposed to EE. The gerbils (n = 5) were killed at 12 months (360 days) of

age, in senescence. EE, ethinylestradiol

2.2 | Serum hormone levels

After the animals died the blood was collected from the cervical
region of the head. The blood was centrifuged to 3000 rpm for
20 min and the serum obtained was stored at -80°C before sample
analysis. We measured the hormonal levels (testosterone and 17p-
estradiol) in duplicate, utilizing Elisa kits (Cayman Chemical Com-
pany). The detection limits for testosterone and 17B-estradiol were,
respectively, 6 and 19 pg/ml. The assays were read using a Spec-
traMax Plus (384-405 nm) reader (Molecular Devices).

2.3 | Morphometry
After euthanized of the animals, the body weight of 12-month old
male and female gerbils and the anogenital distance (AGD) utilizing a
King Tools Digital Caliper (0-300 mm) were measured (Schwartz
et al., 2019). Then, the male ventral prostate was separated of others
prostatic lobes (Rochel et al., 2007) and weighted. For determine the
relative weight realized the ratio between the weight ventral prostate
by male weight body. In females, these procedures were performed
on the prostate (Skene's gland) with the urethra attached. Before
euthanasia, the females were cycled and sacrificed in the proestrous
phase (Nishino & Totsukawa, 1996) to minimize variations in prostate
morphology due to the phase of the estrous cycle (Fochi et al., 2008).
Tissue samples from the male ventral and female prostates were
fixed in methacarn (1:3:6, acetic acid:chloroform:methanol) and 4% par-
aformaldehyde, submitted to histological steps, as dehydration, clarifica-
tion, and embbebed in Paraplast (Merck). Compared to male prostatic
lobes, only the ventral lobe was evaluated because it is very similar to the
female prostate (Flamini et al., 2002). The glands were cut into 5um
sections and stained with hematoxylin and eosin (HE) for morphological
and morphometric analyses and Goémdri's reticulin technique was used

for stereology analysis (Behmer et al, 1976). The Gomori's reticulin

technique was utilized for identified the types | and Il (reticular) collagens

fibers in prostatic tissue (Falleiros-Junior et al, 2016; Perez
et al, 2011, 2012).

In the morphometric analyses, the height of the epithelial layer
and thicknesses of the muscle layer of the glands were measured. For
this we utilized 10 microscopic fields of the prostatic gland with 40
measurements (um) per animal/experimental group, obtaining 200
data points of each of the experimental groups (n = 5 animals for each
sexes and experimental group).

During the stereology analysis, we compared the relative pro-
portion (%) of each compartment prostatic (epithelium, lumen, reticular
and collagen fibers, stroma, and blood vessels). For this, we analyzed
30 fields of each prostate/animal/experimental group, following the
application of the M130 multipoint test system (Weibel, 1963).

The histological images were captured using a Zeiss Jenaval
microscope, and the morphometric and stereological analyses were
performed using Image-ProPlus software, version 4.5 for Windows
(Media Cybernetics, Inc.).

To quantify the number of prostatic acini profiles per sectional
area, we analyzed 30 random fields from each group (n = 5) using an

optical microscope (DM750; Leica Microsystems) (Fochi et al., 2008).

2.4 | Immunohistochemistry

The sections were subjected to immunohistochemical technique for the
detection of proliferating cell nuclear antigen (PCNA; mouse monoclonal
1gG,,, PC-10: sc-56; Santa Cruz Biotechnology), p63-basal cell (mouse
monoclonal 18G2a, 4A4: sc-8431; Santa Cruz Biotechnology), smooth
muscle a-actin (mouse monoclonal 1gG2a 1C4: sc-32251; Santa Cruz
Biotechnology), androgen receptor (AR; rabbit polyclonal IgG, N-20: sc-
816; Santa Cruz Biotechnology), estrogen receptor a (ERa; rabbit poly-
clonal 1gG, H-184: sc-7207; Santa Cruz Biotechnology), and estrogen
receptor B (ERB; rabbit polyclonal 1gG, H-150: sc-8974; Santa Cruz
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Biotechnology). Antigen retrieval was conducted in citrate buffer (pH 6.0)
at 98°C for 20 min in steam pot, followed by washes with phosphate
buffer saline (PBS). The samples were blocked with H,O, (12%) in me-
thanol for 15 min. All the antibodies were diluted in 1% bovine serum
albumin (Sigma-Aldrich) in PBS (1:100 for PCNA, a-actin, p63 and AR;
1:50 for ERa and ERB) and incubated at 4°C overnight. The sections were
incubated in polymer (Novocastra, RE7260-K; Leica Biosystems) at 37°C
for 45 min, then stained with DAB (diaminobenzidine; Sigma-Aldrich) and
counterstained in Harris hematoxylin.

The images were captured using a photomicroscope (x400) and
2000 cells in five prostatic fields from each experimental group (n=23)
were analyzed to determine the frequency of positive cells (Perez
et al, 2016). This analysis was performed using Image-ProPlus 6.0
software.

2.5 | Statistical analysis

Statistical analyses of the biometric, serological, morphometric, and
immunohistochemical data were performed using GraphPad Prism 5.0
software (GraphPad 281 Software, Inc.). Firstly, the normality of the
data was verified using a Kolmogorov-Smirnov test. The data that
presented a nonparametric distribution were submitted to a Mann-
Whitney test and those with parametric distribution to a test t. The
significance level employed was 5% (p <.05), and the results were

expressed as mean and +SD.

3 | RESULTS

3.1 | Exposure to EE during the prenatal and
pubertal periods did not alter the biometric
parameters of male and female senile gerbils

The body weight and AGD data of the male and female senile gerbils
presented no significant alterations between the experimental

groups. In addition, the weights of the male ventral prostate and

female prostate and the prostatic relative weights of both sexes did

not differ between these groups (Table 1).

3.2 | EE exposure during development altered
hormonal levels in senile male and female gerbils

Table 1 shows the hormonal levels of the experimental group
for both sexes. Thus, we noted a decrease in the testosterone
level in males and an increase in the estradiol levels in females in
the EE PRE/PUB group compared to the respective control
groups.

3.3 | Exposure to EE promoted the development of
lesions and morphometric changes in the male ventral
prostate

In the ventral prostate of the EE PRE/PUB group, we noted the
presence of prostatic intraepithelial neoplasia (PIN) with atypical
and hyperchromatic nuclei (Figure 2e-g). The thickness smooth
muscle layer of the prostate EE PRE/PUB group reduced
when compared to control group (Figure 2a-c and Table 2). The
number of acini per glandular area was not significantly different
between the experimental groups (Table 2). However, we ob-
served a statistically significant decrease in the epithelial
height and relative volume luminal compartment of the prostate
of the EE PRE/PUB group compared to the control group
(Table 2).

By using the Gomori's reticulin technique, we observed a dis-
ordered arrangement of types | and Ill (reticular fiber) collagens fibers
in the prostatic stroma of the EE PRE/PUB group (Figure 2h).
A significant reduction in the relative volume frequency of the
luminal compartment and of type Il collagen and a significant in-
crease in the frequency of type | collagen and in the prostatic stromal
compartment was observed in the ventral prostate of the EE PRE/
PUB group compared to the control group (Table 2).

TABLE 1 Biometric and serological data of male and female 12-month old gerbils in the experimental group

Experimental group male Experimental group female

Parameters Control EE/PRE-PUB Parameters Control EE/PRE-PUB
Body weight (g) 86.66+6.11 71.33+£1.15 Body weight (g) 68.60+7.12  61.20+8.32
Ventral prostate (g) 0.02 £0.002 0.016 +0.008 Prostate + urethra (g) 0.04+0.01 0.03 £0.003
Relative weight of ventral 0.25+0.07 0.27 +£0.09 Relative weight of prostate + urethra (x107%) 0.43+0.22 0.47 +0.05

prostate (x107%)

AGD (mm) 12.48 +1.49 12.47 +£0.69 AGD (mm) 3.93+0.49 4.30+0.70
Testosterone (ng/ml) 2.16+0.65 1.21+0.53* Testosterone (ng/ml) 0.81+0.35 1.46+0.56
Estradiol (pg/ml) 12.15+7.20 16.00 +5.00 Estradiol (pg/ml) 830250 24.00+9.14*

Note: The data are expressed as mean = SD (n =5).
*Significant difference between the groups (p <.05).
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FIGURE 2 Histological sections of the ventral
male prostate from 12-month old gerbils stained
with HE (a-c, e-g) and Gémori's reticulin (d, h).
Control group (a-c): prostatic epithelium (Ep) with
the presence of a luminal region (L), smooth
muscle layer (Mu), and stroma with blood vessels
(vs). EE PRE/PUB group (e-g): The presence of PIN
and irregularities in the muscle layer (arrows),
Control group (d): prostatic epithelium (Ep), type Il
collagen (reticular) fibers (white arrow), and type |
collagen fibers (white asterisk). EE PRE/PUB group
(h): disarrangement of the type Il collagen
(reticular) fibers (asterisk). HE, hematoxylin and
eosin; PIN, prostatic intraepithelial neoplasia

3.4 | Anincrease in the epithelial height and
morphological changes were observed in the female
prostate of gerbils exposed to EE

In the female prostate of the EE PRE/PUB group, we observed alterations
in the fibromuscular stroma and in the glandular epithelium compared to
the control group (Figure 3). In the stroma, we verified hyperplasia of
muscle cells, whereas in the epithelium we observed regions of PIN
(Figure 3e,f). Moreover, in the epithelium of this group, we noted va-
cuolated and pale areas characterized by an increased number of secre-
tory vesicles (Figure 3g). The statistical analysis showed that there was no
significant difference in the number of acini between the experimental
groups, but that the epithelial height was higher in the prostate of the EE
PRE/PUB group than the control group (Table 2).

FWILEY—2

Internationa
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___EE PRE/PUB

In addition, the female gland of the EE PRE/PUB group exhibited
a disarrangement in the organization of stromal components, such as
the types | and Ill (reticular fiber) collagens fibers, compared to the
control group (Figure 3d,h). We no observed significant difference in

the frequency of the stromal compartments (Table 2).

3.5 | Changes in the immunoreaction of androgen
and a estrogen receptors in the male ventral prostate
of senile gerbils exposed to EE

The immunoreactivity of AR and ERa were noted in the prostatic
epithelial and stromal compartments in senile gerbils from the ex-
perimental groups (Figure 4ab and 4e,f). Whereas the frequency
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TABLE 2 Morphometric and stereologic data of male and female 12-month old gerbils in the experimental group

Experimental group male

Experimental group female

Parameters Control EE/PRE-PUB
Acini/sectional area 45.79 £15.11 58.00 = 39.00
Thickness of muscle layer (um) 8.74 £ 3.00 5.34+1.43*
Epithelial height (um) 16.27 +3.80 9.34+2.55"
Stereology of epithelium (%) 26.92 +8.35 37.21+11.23
Stereology of lumen (%) 38.65+19.99 9.61+3.54*
Stereology of collagen fiber (%) 0.48+1.36 6.74 +£3.43*
Stereology of reticular fiber (%) 20.10+10.45 11.30+ 3.65*
Stereology of stroma (%) 11.53+3.56 41.12 +20.56*
Stereology of blood vessel (%) 2.31+0.82 5.73+2.62*

Note: The data are expressed as mean =SD (n =5).
*Significant difference between the groups (p <.05).

immunopositive to AR was lower in the epithelial region, the fre-
quency immunopositive to ERa was higher in the stromal region of
the ventral prostate of the EE PRE/PUB group than the control group
(Figure 4m,o).

We observed a positive ERB immunoreaction in the nuclei of the
epithelial cells in both groups, but in the cytoplasmic region of the
prostatic epithelium this immunoreaction was evidence in the gland
of the EE PRE/PUB group (Figure 4i,j). The frequency of this im-
munorreactivity was not significant (Figure 4q).

3.6 | Upregulation of the AR in the female prostate
of senile gerbils exposed to EE during development

In the female prostate, we also verified immunoreaction of AR and
ERa both in the epithelial and stromal regions (Figure 4c,d and 4g,h).
The frequency immunopositive to AR was significantly higher in the
stromal compartment of the female gland of the EE PRE/PUB group
than the control group (Figure 4n).

Generally, the ERB immunoreactivity is observed in the epithelial
cells, however, in cytoplasm of the epithelial cells of the gland of the

EE PRE/PUB group, this immunoreaction was evidence (Figure 4k,l,q).

3.7 | EE promoted no changes in the frequency of
proliferative or basal cells, but decreased the
immunoreactivity for a-actin in the muscular layer in
foci of prostatic lesions in male senile gerbils

We observed the presence of proliferative cells in the prostatic
epithelium and stroma of males in the experimental groups
(Figure 5a,b), and by using immunohistochemistry for pé3, it was
possible to observe the basal cells in the glands of these animals
(Figure 5e,f). However, these immunoreactions presented no changes
after exposure to EE (Figure 5m,n).

Parameters Control EE/PRE-PUB
Acini/sectional area 11.65+3.50 14.23+4.62"
Thickness of muscle layer (um) 6.22+3.13 7.14+1.51
Epithelial height (um) 14.81+7.95 20.87 +15.05*
Stereology of epithelium (%) 20.85+12.38 35.81+14.42*
Stereology of lumen (%) 50.33+20.53 25.43+16.61*
Stereology of collagen fiber (%) 10.04 + 6.05 15.02 £ 6.60
Stereology of reticular fiber (%) 5.81+242 11.28 £4.92
Stereology of stroma (%) 12.73+4.71 17.01+£8.28
Stereology of blood vessel (%) 777471 3.53+246

In regions where we observed PIN and foci of inflammation, the
immunoreactivity for a-actin was absent or lower in the muscular
layer of the ventral prostate of the EE PRE/PUB males than in that of
the control group males (Figure 5i,)).

3.8 | Exposure to EE caused an increase in
epithelial cell proliferation and the immunoreactivity
for a-actin in the muscle layer of the female prostate

Proliferative cells were observed in the prostatic epithelium and stromal
regions using immunohistochemical staining for PCNA (Figure 5c¢,d), and
we observed an increase in the frequency immunopositive of proliferative
cells in the epithelium of the female prostate of senile gerbils exposed to
EE compared to control group (Figure 5m). The frequency im-
munopositive of basal cells was not altered in the female prostate, which
was verified by immunohistochemical staining for p63 (Figure 5g,h,n).

In the surrounding muscular layer to the regions with PIN, we noted
an increase in the immunoreactivity for a-actin in the female prostate of
the EE PRE/PUB group compared to the control group (Figure 5k).

4 | DISCUSSION

Ethinylestradiol affects the functions of the endocrine system organs and
causes endocrine disruption (Saaristo et al., 2019; Schug et al., 2011). In
our study, we observed that the exposure to EE during development
periods is associated to decrease in the testosterone levels in male and
increase in the estradiol levels in female of the old gerbils. We observed
the development of lesions, morphometrical and stereological alterations
in both the prostatic glands, further was noted that exposure to EE
promoted down and upregulation of the AR frequency, respectively in
male and female. The immunoreactivity for ERa and a-actin were lower in
the ventral male prostate of EE/PRE-PUB group, whereas in the female
prostate of this groups was observed an increase in epithelial cell
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FIGURE 3 Histological sections of the female
prostate from 12-month old gerbils stained with
HE (a-c, e-g) and Gémori's reticulin (d, h). Control
group (a-c): Female prostate with paraurethral (u)
localization and the presence of the acini

(a). Prostatic epithelium (Ep) with the presence of
a luminal region (L), smooth muscle layer (Mu),
and stroma with blood vessels (vs.). EE PRE/PUB
group (e-g): The presence of PIN, an apparent
increase in the number of secretory vesicles
(dashed arrow) is indicated—observed in detail
also, muscular HP. Control group (d): Prostatic
epithelium (Ep), type Il collagen (reticular) fibers
(white asterisk). EE PRE/PUB group (h):
Disarrangement of the type Il collagen (reticular)
fibers (arrow). HE, hematoxylin and eosin; HP,
hyperplasia; PIN, prostatic intraepithelial
neoplasia

proliferation and immunoreactivity for a-actin. The exposure to EE during
developmental phases caused different morphophysiological changes in
the ventral male prostate and female prostate during aging.

Among these morphological changes, we observed an increase in
the epithelial height, an apparent increase in secretory vesicles and
the presence of smooth muscle cell hyperplasia in the female pros-
tate of EE PRE/PUB group. In adult females, the estrous phase
showed maximum epithelial height and the typically secretory phe-
notype, been the phase characterized by intense prostatic develop-
ment (Fochi et al., 2008). The female prostate normally develops in an
environment with high endogenous estrogen concentrations
(Biancardi et al., 2017) and possibly the exposure to EE, a synthetic
estrogen, might have increased of the prostatic development during
aging.

~WILEY—
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Testosterone levels increased in senile female gerbils exposed to
EE only during the prenatal period (Perez et al., 2016). Androgen
hormones induce the morphogenesis, maturation, and functionally of
the female prostate (Biancardi et al., 2017). We verified an increase in
the frequency AR in the prostatic stroma of EE PRE/PUB females.
Testosterone (DHT) by
5a-reductase, and DHT has a higher affinity for AR, inducing the
transcription of growth factors such as epidermal growth factor,

is converted to dihydrotestosterone

keratinocyte growth factor, fibroblast growth factor, and insulin type
growth factor (Taboga et al., 2009). Since DHT is, a potent stimulator
of prostatic stromal cells (Pej¢i¢ et al., 2017) these changes verified in
the female prostate might be related to the development of smooth
muscle cell hyperplasia in this gland. In addition, AR has a mediating
action in the epithelial-stroma interactions, which might explain the
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FIGURE 4 Histological sections of the ventral prostate and female prostate from senile gerbils submitted to immunohistochemical staining
for AR (a-d), ERa (e-h), and ERB (i-I). (a-d) Epithelium (Ep), stromal cells (St), and epithelial cells staining positive for AR (arrows). (e-h)
Immunostaining for ERa in the epithelial (arrows) and stromal cells (large arrows). (i-) Immunostaining for ERB in the epithelial cells (dashed
arrows) and cytoplasmic region (arrowhead). Frequency of positive cells for AR, ERa, and ERB (m-q) in the male and female prostate of senile
gerbils in the experimental group. The data are expressed as mean £ SD (n = 5). *Significant difference between the groups (p <.05). AR,

androgen receptor; ERa/p, estrogen receptor a/f

alterations in glandular secretory activity and the development of
prostatic lesions.

The increase in ERa immunoreactivity in the prostatic stroma of
senile females in the group exposed to EE might reflect an inhibitory

mechanism of proliferation promoted by AR pathways. Changes in
the frequency of these receptors have been related to the estrogen
imprint, in which the exposure to endocrine disrupters during the
developmental period promotes, through epigenetics, a cellular
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FIGURE 5 Histological sections of the ventral prostate and female prostate from senile gerbils submitted to immunohistochemical staining
for PCNA (A-D), p63 (e-h), and a-actin (i-1). (a-d) Immunostaining for PCNA in the epithelial (Ep) (arrows), stromal cells (large arrows) and
the presence of PIN. (e-h) Epithelial cell positive for p63 (dashed arrows) and the presence of PIN. (i-1) Immunostaining for a-actin in the
muscular layer (arrows), the absence of immunostaining (large arrow) in the region with adenocarcinoma (asterisks), and the presence of IF. The
frequency of positive cells for PCNA and p63 (m, n) in the male and female prostate of senile gerbils in the experimental group. The data are
expressed as mean = SD (n = 5). *Significant difference between the groups (p <.05). IF, inflammation; PCNA, proliferating cell nuclear antigen;

PIN, prostatic intraepithelial neoplasia

reprogramming, altering the expression of specific genes, which can
lead to prostatic morphological changes in gerbils, thus resulting in
the emergence of potentially malignant lesions during later phases
(Perez et al.,, 2011, 2012, 2016).

Male rodents, when exposed to high estrogenic doses during
developmental phases, present permanent disturbances in the
prostate gland, such as changes in development and differentia-
tion and a reduced androgenic response in adulthood (Hess &
Cooke, 2018; Risbridger et al., 2005). Another effect might be the

increase in ERa expression, which subsequently causes
prostatic morphogenesis to be directed by estrogens (Hess &
Cooke, 2018). According Putz et al. (2001) neonatal low-dose
exposure to exogenous estrogen (0.015-15 pg/kg/day) increased
reproductive organ weights, as prostatic gland. In our study, the
dosage was considered as low (15 ug/kg/day). However, the
concomitant exposure in the prenatal and pubertal periods pro-
moted similar effects to high estrogen dosages, such as decreased

immunoreactivity of the AR in the epithelium and an increase in
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the immunoreactivity of ERa in the prostatic stroma of senile
males in the EE PRE/PUB group compared to controls.

Modification of the predominant ERa site might also be due to
estrogen imprinting. ERa is related to abnormal cell proliferation
pathways, the induction of inflammation, and the onset of potentially
malignant lesions (Rochel-Maia et al, 2012). Increased im-
munosuppression of this associated with EE exposure during devel-
opment might be related to the increase in the incidence of
metaplasia and PIN in the prostate of adult (Perez et al., 2011) male
gerbils and during aging (Perez et al., 2016), which is consistent with
our observations during the morphological analysis of the male
prostate in this study.

The p63 protein belongs to the same family of transcription
factors as the p53 protein, which is associated with the aging process
through its function in response to DNA repair (Nicolai et al., 2015).
Therefore, these proteins are expressed in higher quantities in re-
gions with neoplastic foci, and are important mechanisms of sup-
pression in the case of malignant alterations (PelGzio et al., 2006). The
immunoreactivity of p63 was observed in the basal cells of the pro-
static acinar epithelia of the females in the experimental groups.
However, the frequency of this immunostaining was not altered by
exposure to EE, as the presence of malignant lesions in the prostates
of the analyzed groups was not observed.

The presence of epithelial proliferative cells and nuclear atypia
was also observed in the male prostate of the EE PRE/PUB group
gerbils, characterizing the presence of PIN (Shappell et al., 2004). The
immunohistochemical technique for p63 has been considered an
important tool for the histopathological diagnosis of the prostate
gland (Fonseca-Alves et al., 2018). Although exposure to EE did not
significantly alter the frequency of p63 in the prostatic epithelium of
the male gerbils, it was possible to observe a few cells that were
positive for this marker in foci with PIN in senile males exposed to EE
during the prenatal period (Perez et al, 2017). This low im-
munoreactivity is often observed in high-grade PIN.

The exposure to low doses of EE during the prenatal
(Perez et al., 2016), pubertal (Perez et al., 2017), and neonatal
(Falleiros-Junior et al., 2016) periods increases the frequency of
PCNA immunoreactivity and is associated with proliferation of
prostate epithelial cells in male gerbils during later phases. In our
study, exposure to EE did not affect PCNA immunoreactivity in the
stroma and prostate epithelium. Although the dosage of EE used in
this study was low (Putz et al., 2001), the period of exposure was
long, since it was carried out concomitantly at two stages of devel-
opment: prenatal and puberty. In addition to the dosage used for EE,
the exposure time and duration are important factors that influence
the effects of this compound on the glandular tissue.

In a previous study, an increase in PCNA immunoreactivity was
observed in the prostate of a group of senile female gerbils exposed
to EE during the prenatal period (Perez et al.,, 2016), a result also
observed in the present study. However, we quantified this im-
munoreactivity in the epithelial and stromal compartments of the

prostates in the experimental groups, since the increase in the

thickness of the epithelium of the EE PRE/PUB group might be re-
lated to a high proliferation index of these cells.

The female prostate of gerbils is predisposed to the development
of different prostatic lesions in senile life (Custodio et al., 2010). In
the present study, there was an increase in the relative volume of the
epithelial compartment and a decrease in the luminal compartment in
the prostate of the EE PRE/PUB group compared to the control
group. This increase in the epithelial compartment might be a con-
sequence of the increase in proliferation of the epithelial cells, as
evidenced by the high PCNA immunoreactivity in these cells. PCNA is
a crucial protein for DNA replication and repair, chromatin structure
maintenance and cell-cycle progression (Glover et al., 2017). Che-
mical components, as synthetic estrogen, alter the levels of PCNA,
interfering with cell cycle control pathways, resulting in the increase
of the cell proliferation and the formation of neoplasia (Strzalka &
Ziemienowicz, 2011). These changes contribute to the increase in
prostatic lesions during senile life and are a consequence of exposure
to the EE during phases of the development.

The reorganization of types | and Ill (reticular) collagens fibers, as
well as the synthesis of new protein components and the degradation
of the basement membrane, are events related to prostate neoplastic
progression and factors that promote genetic reprogramming during
the epithelial-stroma interaction (Goncalves et al., 2014). Although
the relative volume of types | and Il collagens fibers did not differ
significantly between the two experimental groups, in our study, it
was possible to observe a disorganization of these fibrillary structures
in the female prostate of senile gerbils in the EE PRE/PUB group. This
disorganization is also associated with the appearance of neoplastic
lesions in the glands of these animals during aging.

Previous studies have shown that exposure to EE during the
prenatal period is more detrimental to the morphology of the ventral
prostate of adult and senile male gerbils than to the morphology of
the females prostate (Perez et al., 2011, 2012, 2016). When exposure
occurred during puberty, there were divergences in the alterations in
these glands; the effects on the ventral prostate of senile males were
inhibitory, whereas in the female prostate, the effects were con-
sidered anabolic (Perez et al., 2017). Taking into account that during
the pubertal period, the levels of endogenous estrogen increase in
females, exposure to EE in this phase intensifies the effects of the
hormone on the prostate gland. However, when exposure occurs
concomitantly at different periods of development, an anabolic effect
is not observed, as demonstrated in our study. In this case, the
changes in both sexes were very similar, confirming that exposure to
EE clearly modifies the prostate glands, however, the type and degree
of the changes depends on the periods of exposure and might ac-
centuate prostatic lesions during aging.

The results of this study shed light on the action of EE as an
endocrine disrupter and highlight that the timing and duration of
exposure to this compound are significant. Thus, we have gained a
better understanding of the pathogenesis of prostatic lesions in both
sexes, providing new avenues to be studied to reduce the incidence
of this disease.
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The present study shows that exposure to EE during the prenatal and
pubertal period promoted histopathological changes in the male and
female prostate during aging. Many of these changes, caused by
changes in the frequency of receptors that control prostate devel-
opment in both phases, may predispose to potentially malignant le-
sions. The circumstances presented may be a means of
understanding the action of EE as an endocrine disrupter, for this, the
period and duration of exposure to the compound should be con-
sidered. Thus, we can better understand the pathogenesis of pro-
static lesions in both sexes, providing new avenues to be studied to
reduce the incidence of this disease.
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