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In Polycystic  Ovaries  (PCOs),  the  dynamics  of sex  hormone  receptors  and follicle-related  apoptotic  signal-
ing remain  unknown.  In  this  study,  we  investigated  the  expression  of  androgen  receptors  (AR),  estrogen
receptors  (ER�  and  ER�),  and  apoptosis-related  molecules  (BAX,  active  caspase-3,  Bcl-2  and  Survivin)
on  different  follicular  stages  of PCOs  in  adult  dogs.  Clinical  evidences  of  high  estradiol  and  testosterone
levels,  persistent  estrus  and  vaginal  discharge  were  observed.  Inhibin  B  immunolabeling  was  increased
in  primary  and 2 to  5-mm  follicles,  and  a  marked  epithelial  hyperplasia  was  common  in the  ovarian
surface.  Ovarian  epithelia  and primary  follicles  showed  low  expression  of  AR,  ER�,  and  ER�, whereas
a  moderate  immunoexpression  of AR was  found  in  theca  cells  of  secondary  follicles  and  cysts.  In  PCOs,
growing  follicles  displayed  ER� expression,  and secondary  follicles  exhibited  higher  ER�  expression.  In
addition,  while  few  ER�-positive  cells  were  found  in the  cysts,  ER�  was  moderately  expressed  in growing
follicles  and cysts.  BAX  was  upregulated  in the  ovarian  epithelium,  primary  follicles,  and  in  the  wall of
follicular  cysts.  Active  caspase-3  was  significantly  downregulated  in  the epithelium,  primary  follicles,

and  follicular  cysts,  whereas  growing  follicles  had a strong  immunoexpression  in the  granulosa  cells.
Bcl-2  and  survivin  were  increased  in the  epithelium  and  primary  follicles,  and  only  survivin  was  upreg-
ulated  in  secondary  and  growing  follicles.  While  Bcl-2  had  a diffuse  immunexpression  in  the  follicular
cysts,  survivin  was  overexpressed  by  these  cells.  We  concluded  that  sex  steroid  receptors  and  apoptotic
proteins  are  differentially  expressed  in the  follicles  of  adult  dogs  with PCOs.

© 2015  Elsevier  Ltd.  All  rights  reserved.
. Introduction

Polycystic ovary syndrome is a common pathophysiological
ondition affecting women at reproductive age, characterized by
hronic anovulation, polycystic ovaries, hyperandrogenism, and
nsulin resistance (Magoffin and Jakimiuk, 1998). Although it
s a heterogeneous disorder of unclear etiology, there is evi-
ence of genetic component as well as environmental factors
e.g. alterations in the expression and activity of sex steroid
eceptors (Xita et al., 2002; Palioura and Diamanti-Kandarakis,
013)).
Laboratory examination has detected an increase in andro-
en levels, which are linked to inhibition of follicle development,
novulation, menstrual changes, and microcysts in the ovaries

∗ Corresponding author at: Department of Anatomy, Bioscience Institute, UNESP
 Univ. Estadual Paulista, Zip Code: 510, P.O Box: 18618-970, Rubião Júnior, s/n,
otucatu, SP, Brazil.

E-mail address: chuffa@ibb.unesp.br (L.G.d.A. Chuffa).

ttp://dx.doi.org/10.1016/j.tice.2015.12.003
040-8166/© 2015 Elsevier Ltd. All rights reserved.
(Lombardi et al., 2012), but no description of their ovarian recep-
tors is provided. Importantly, experimental evidence indicated that
intrauterine exposure to androgens is associated with development
of PCOs (Xita and Tsatsoulis, 2006).

In canines, the diagnosis of bitches with follicular cysts often
occurs around 8 years of age. Concurrent diseases observed in
dogs bearing ovarian cysts include cystic endometrial hyperpla-
sia, pyometra, mammary neoplasia, ovarian and uterine neoplasias,
and skin alterations, characteristic of hyperestrogenism, licheni-
fication, and hyperkeratosis (Johnston et al., 2001). In animal
models and humans, it is well-established the role of follicle-
stimulating hormone (FSH) and luteinizing hormone (LH) and their
receptor gene polymorphisms on follicular development and PCOs
(Bogovich, 2007; Singhasena et al., 2014; Wu et al., 2014). Unfortu-
nately, there is no information concerning sex hormone receptors
related to PCOs in dogs. Because sex steroid receptors orchestrate

a variety of ovarian events such as folliculogenesis, luteogenesis,
and even ovulation, a better knowledge of how these receptors
work in canine PCOs might be useful for exploring new strategies
of treatment.

dx.doi.org/10.1016/j.tice.2015.12.003
http://www.sciencedirect.com/science/journal/00408166
http://www.elsevier.com/locate/tice
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tice.2015.12.003&domain=pdf
mailto:chuffa@ibb.unesp.br
dx.doi.org/10.1016/j.tice.2015.12.003
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Apoptosis is a natural event responsible for ovarian functions.
here are many hormonal and intracellular factors coordinating life
nd cell death during the development and maintenance of ovar-
an activity (Tilly, 1996). In experimental PCOs, the involvement of
cl-2, an anti-apoptotic member, seems to be important during the
ransformation of growing follicles into cystic follicles (Bas et al.,
011). Bcl-2 activity is associated with another recently described
rotein termed BAX, which probably acts independently of Bcl-2
eterodimerization to induce apoptosis (Tilly, 1996). Survivin is a
ember of the inhibitor of apoptosis protein (IAP) family involved

n mitosis regulation and inhibition of apoptosis (Jiang et al., 2014).
onditional deletion of survivin in granulosa cells is associated with
ompromised follicle development and ovulation leading to defec-
ive ovarian function and subfertility (Jiang et al., 2014). To date,
o study has been conducted to trace the relationship between
poptotic and anti-apoptotic signals in different follicles of PCOs.

We therefore aimed to investigate the expression and distribu-
ion of sex steroid receptors (AR, ER� and �) and apoptosis-related

olecules (BAX, Active caspase-3, Bcl-2, and Survivin) in adult dogs
ith PCOs. The dog is considered an excellent model for compara-

ive studies of reproductive biology (Kirchhoff, 2002).

. Materials and methods

.1. Animal and tissues

Seven 7-year-old female dogs were presented with history of
ersistent estrus and vaginal discharge. Samples of the PCOs and
ontrol ovaries (n = 07/group) were obtained from adult Rottweiler
ogs (Canis familiaris) during castration surgery performed at the
linical Hospital of the Veterinary Medical School of UNESP at
otucatu. Large fragments of ovaries were collected, and rapidly

mmersed in 10% (v/v) buffered formalin as fixative solution.

.2. Morphometry

The PCOs were dissected under a surgical microscope D.F. Vas-
oncelos, and representative areas were dehydrated using 80%,
0%, 95%, and 100% alcohol for 4 h, followed by diaphanization and
araplast embedding (Oxford Labware, St. Louis, USA). The blocks
ere sectioned at 5-�m-thickness using a LEICA 2145 microtome,

nd then stained with Hematoxilin-Eosin (HE). For this procedure,
issue sections were hydrated and stained with hematoxilin for

 min  (nuclear staining) followed by eosin for 1 min  (cytoplasm
taining). The slides were analyzed and captured by digital pho-
omicroscope Axiophot II Zeiss. For histological analysis and follicle
ounting, every five slides per ovary in three different areas per
ection/animal were analyzed using 20× magnification (interval
etween the sections was 50 �m;  Chuffa et al., 2009, 2013a,b). A
eneral classification of the follicles in PCOs consisted of the fol-
owing categories: (1) primary follicle were comprised of one layer
f granulosa cells surrounding the oocyte; (2) secondary follicle
ere comprised of two to six layers of granulosa cells; (3) growing

ollicle were comprised of several granulosa cell layers with initial
ntrum (preantral follicles); (4) atretic follicle showed granulosa
ells undergoing apoptosis and oocyte degeneration; (5) ovarian
ysts with 2–9 mm in diameter and comprised of fluid collection
nd surrounded by a very thin follicular wall.

.3. Immunohistochemistry

Sections of PCOs and control ovaries (20 randomly selected sec-

ions/ovary/dog) were deparaffinized in xylene based on the areas
reviously identified during the morphological analysis. Tissues
ere microwaved (800 W)  while immersed in 0.01 M sodium cit-

ate buffer (pH 6.0) for antigen retrieval. After blocking endogenous
d Cell 48 (2016) 10–17 11

peroxidase activity, the tissues were incubated with 3% BSA for 1 h
to avoid non-specific binding. PCOs sections were then incubated in
a humid chamber overnight at 4 ◦C with primary antibodies (Abcam
Inc, MA,  USA): mouse monoclonal anti-Pan-cytokeratin (1:100,
ab7753), anti-AR (1:100, ab9474), anti-ER� (1:100, ab37438),
anti-ER� (1:100, ab3576), anti-BAX (1:50, ab7977), anti-active
caspase-3 (1:100, ab2302), anti-Bcl-2 (1:100, ab7973), or anti-
survivin (1:200, ab24479). After immunoreactions, the slides were
washed in TBS-T and incubated with secondary biotinylated
antibody (1:70 dilution), goat anti-rabbit IgG (Santa Cruz Biotech-
nology, Calif., USA). The slides were reacted with chromogen
diaminobenzidine (DAB; Sigma, St. Louis, MO,  USA) for 5 min, and
sections were counterstained with hematoxylin. Negative controls
were obtained by omission of the primary antibody. IHC results
were analyzed under a Zeiss Axiophot II microscope (Carl Zeiss,
Oberkochen, Germany) based on the levels of staining intensity as
absent, weak, moderate, and strong reactions, and percentage (%)
of positive cells for every 1000 or 100 counted cells by specific folli-
cle size were obtained using Axionvision software v.4.8 (Carl Zeiss,
Oberkochen, Germany).

2.4. Immunofluorescence

PCOs samples (n = 7) were washed with phosphate-buffered
saline, fixed in 4% paraformaldehyde for 10 min, and permeabi-
lized with PBS at room temperature. Nonspecific binding sites
were blocked with 1% bovine serum albumin (BSA) for 60 min.
Samples were incubated with anti-inhibin B primary polyclonal
antibody (dilution 1:100, overnight at 4 ◦C) followed by secondary
polyclonal anti-rabbit IgG conjugated to FITC (1:200, sc-2012,
Santa Cruz Biotechnology Inc., CA, USA) for 1 h at room temper-
ature (RT). Nuclei were stained with 6-diamidino-2-phenylindole
(DAPI, 5 min) at RT. For negative immunolabeling, no primary anti-
body was added. Immunopositive cells were analyzed under a
fluorescence microscope (Zeiss II, Oberkochen, Germany) at 40X
magnification (excitation 590 nm;  emission filter 650 nm)  and for
DAPI (excitation 365 nm;  emission filter 480 nm). The quantifica-
tion of fluorescence images was performed in different follicle sizes
(percentage of positive cells/total cells).

2.5. ELISA

Blood samples were collected from cephalic vein and directly
placed into conical sterile centrifuge tubes. Afterwards, serum was
obtained by centrifugation at 1.200 × g for 15 min  at 4 ◦C and stored
at −20 ◦C until they were assayed. Serum levels of Testosterone
(Catalog# KA2297, Abnova, Walnut, CA, USA) and 17�-estradiol
(Catalog# CA0961 Biotang) were measured by specific enzyme-
linked immunoassay (ELISA) and the reading was carried out in an
Epoch spectrophotometer (Biotek, Winooski, VT, USA) according to
the manufacturer’s instructions.

2.6. Statistical analysis

The values are presented as the mean ± SD, using total sam-
ples for analyses (n = 07/group). Student’s t-test was performed for
parametric data and Mann–Whitney U-test for non-parametric dis-
tribution. Significant results were set at p < 0.05. Sigma Plot Version
12.5 graphing software was  used.

3. Results
3.1. General characteristics of PCOs in adult dog

The clinical characteristics of PCOs are shown in Table 1. While
PCOs had a 90.2% increase in ovarian area, there was  a severe
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Fig. 1. Histological evaluation of PCOs and inhibin B immunofluorescence. Longitudinal section of the canine PCOs enclosed in a relatively thickened capsule of fibrous
stroma, showing multiple large and small cysts (Cy) around the cortex (A–C). (D) Control ovary displaying normal follicle development (arrow) and corpora lutea (CL). HE;
Bar  = 200 �m.  (E) Detail of the follicular cyst showing granulosa and theca cells (arrowhead). Bar = 40 �m.  (F) Detail of the CL and secondary follicle (arrow) in the control
ovary.  Bar = 40 �m.  (G) Percentage of inhibin B-positive cells in different follicular stages
in  primary and 2–5 mm follicles; details of the cytoplasm staining (white arrowhead, Ale
follicles. Bar = 40 �m.  N = 07/group.

Table 1
General characteristics of the polycystic ovaries (PCOs) and hormone levels in adult
dogs (n = 07/group).

Parameters Control PCOs

Age (years) 7.0 ± 0.5 7.0 ± 0.8
Ovarian area (cm2) 3.8 ± 0.9 7.7 ± 1.3*

Number of primary follicles 42.4 ± 8.4 17.9 ± 6.6*

Number of growing follicles 79.0 ± 14.2 20.3 ± 7.1*

Number of mature follicles 6.0 ± 1.7 Absent
Number of atretic follicles 7.0 ± 2.3 4.0 ± 1.9*

Number of total corpora lutea 22.0 ± 6.8 Absent

Number of cysts
2–9 mm 0 9 ± 1
2–5  mm 0 6 ± 2
6–9  mm 0 3 ± 2

E2  levels (pg/mL) 41.2 ± 13.6 119.4 ± 23.8*

T levels (ng/mL) 0.22 ± 0.07 0.60 ± 0.11*

S
D

r
I
F
p
(

tudent t-test. For number of cysts and E2 levels was used Mann–Whitney U-test.
ata are expressed as the mean ± SD. E2: 17-�-estradiol, T: testosterone.
* p < 0.05.

eduction in the number of primary, growing, and atretic follicles.

n addition, mature follicles and corpora lutea were absent in PCOs.
ollicular cysts characterized by a thin layer of theca cells and com-
acted granulosa cells varied according to the size and number
Table 1, Fig. 1A–F), and were ranged within categories of 2–9 mm
. (H–I) Merged images of inhibin B immunofluorescence and DAPI nuclear staining
xa fluor® 488). (J–K) Absence of fluorescence in large cyst (6–9 mm) and growing

(∼9 per ovary), 2–5 mm (∼6 per ovary), and 6–9 mm (∼3 per ovary)
of follicular diameter. Notably, serum levels of 17�-estradiol (E2)
and testosterone (T) were elevated (65.8% and 60% respectively vs.
controls) in these animals as expected for PCOs (Table 1).

Because the arrest of follicular development in PCOs occurs
when dominant follicles are selected, inhibin levels in the folli-
cles may  exert an important action. In this study, inhibin B was
presented only in primary and 2–5 mm follicles (Fig. 1G, H, and
I). Conversely, growing follicles and 6–9 mm follicles showed a dis-
crete inhibin B immunolabeling (Fig. 1G, J, and K); fluorescence level
reduced from 84% ± 7.7 to 23% ± 9.3.

3.2. Ovarian surface epithelium and sex steroid receptors in
different follicles of PCOs

In PCOs, the ovarian surface epithelium displayed a marked
hyperplasia with some papillary projections (Fig. 2A and B). A
strong immunoreaction for Pan-cytokeratin (95% of total positive
cells) revealed that epithelial cells appeared located in multiple lay-
ers at the surface and showed no cellular atypias or pleomorphisms.

Differential expression of sex steroid receptors was analyzed

in the PCOs and controls. Ovarian epithelia and primary follicles
showed weak but continuous expression to AR, ER�,  and ER� com-
pared to controls (Table 2, Fig. 3A, B, D, H, I, K, O, Q, and U).  Although
the number of AR-positive cells was  significantly reduced in the
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Fig. 2. Ovarian surface epithelium. (A) Pan-cytokeratin-positive cells revealed a multilayer epithelial hyperplasia with regular cell shape and no atypical nucleus. (B)
Papillomatosis (*) supported by a delicate fibrovascular stroma was common in specific areas of PCOs. Bar = 20 �m.

Fig. 3. Immunoexpression of AR, ER� and ER� in PCOs. Expression and location of AR-positive cells in the ovarian epithelium, primary and secondary follicles (A–C) of control
ovaries,  and in the epithelium, developing follicles, and follicular cysts (D–G) of PCOs. Expression and location of ER�-positive cells in the ovarian epithelium, primary and
secondary follicles (H–J) of control ovaries, and in the epithelium, developing follicles, and follicular cysts (K–N) of PCOs. Expression and location of ER�-positive cells in
the  ovarian epithelium, primary and secondary follicles (O, P) of control ovaries, and in the epithelium, developing follicles, and follicular cysts (Q–T) of PCOs. Percentage
of  positive nuclei within the epithelium and different follicles (U). * p < 0.05, Mann–Whitney U-test, Mean ± SD, N = 07/group. ep: epithelium; arrow: primary follicle; g:
granulosa cells; tc: theca cells; arrowhead: positive immunostaining. Bar = 20 �m;  For cysts, Bar = 50 �m.
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Table 2
Immunolocalization and intensity of sex steroid receptors (AR, ER�,  and ER�) in the
control and PCOs animals (n = 07/group).

Location AR ER� ER�

Control PCOs Control PCOs Control PCOs

Epithelium ++ + ++ + ++ +
Primary follicles + + + + ++ +

Secondary follicles
(g) ++ + ++ + + +++
(tc)  ++ ++ ++ + − +

Growing follicles
(g) + + ++ ++ ++ ++
(tc)  + + ++ ++ − −
Follicular cysts ++ + ++
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R

eactions were as strong (+++), moderate (++), weak (+), and absent (−). g: granulosa
ells; tc: theca cells.

pithelium and secondary follicles, a moderate immunoexpression
o AR was found in theca cells of the secondary follicles and in fol-
icular cysts (Table 2, Fig. 3C, E, G, and U). ER�-positive cells were
ower in the epithelium and secondary follicles, whereas granulosa
nd theca cells of the growing follicles showed a moderate reaction
o ER� (Table 2, Fig. 3H–M, and U). Only a few ER�-positive cells
howing low intensity were found in the cysts (Table 2, Fig. 3N).

hile ER� levels were reduced in the epithelium and primary fol-
icles, a strong upregulation of ER� was observed in the granulosa
ells of secondary follicles, whereas growing follicles and cysts pre-
ented a moderate immunoexpression (Table 2, Fig. 3 O-U).

.3. Pro-apoptotic and anti-apoptotic molecules in different
ollicles of PCOs

Apoptotic and anti-apoptotic proteins were evaluated in devel-
ping follicles and in follicular cysts. In PCOs, BAX was upregulated
n the ovarian epithelium, primary follicles, and in the wall of follic-
lar cysts (Table 3, Fig. 4A1–A7). On the other hand, active caspase-3
as significantly downregulated in the ovarian epithelium and pri-
ary follicles compared to control ovaries. While growing follicles

ad a strong immunoexpression of active caspase-3 mainly in the
ranulosa cells, no positive immunoreaction was found in the follic-
lar cysts (Table 3, Fig. 4B1–B7). Anti-apoptotic Bcl-2 and survivin

evels were increased in the ovarian epithelium and primary fol-
icles compared to control ovaries. Only survivin was  upregulated
n secondary and growing follicles with an intense immunoreac-

ion in granulosa and theca cells. In growing follicles and follicular
ysts, Bcl-2 had a moderate and diffuse immunoreaction in the
ytoplasm of these cells, whereas survivin was overexpressed in
he wall of follicular cysts (Table 3, Fig. 4C1–D7 and E). Negative

able 3
mmunolocalization and intensity of apoptosis-related proteins (BAX, Active caspase-3, B

Location BAX Active Caspase-3 

Control PCOs Control 

Epithelium + ++ +++ 

Primary follicles + ++ +++ 

Secondary follicles
(g) + + ++ 

(tc)  ++ + + 

Growing follicles
(g) + + + 

(tc)  + + + 

Follicular cysts +++ 

eactions were as strong (+++), moderate (++), weak (+), and absent (−). g: granulosa cell
d Cell 48 (2016) 10–17

immunohistochemical controls without primary antibodies were
used and showed no positive reaction.

4. Discussion

Ovarian cysts are fluid-filled structures of different sizes inside
the ovary (Johnston et al., 2001). Our data demonstrated that multi-
ple cysts were often present in both ovaries, and the number of cysts
varied from 4 to 24, considering their different sizes. Most cysts
were 2–9 mm in size (average size of 2.8–7.2 mm in diameter). Due
to these ovarian follicular cysts, the bitches had showed high serum
E2 levels in accordance to the literature regarding PCOs-related
hyperestrogenism (Johnston et al., 2001; Knauf et al., 2014), which
further resulted in prolonged estrus. Physiological estrus cycle in
bitches is around 2–4 weeks (Feldman and Nelson, 2004a) followed
by metaestrus and anestrus, and prolonged estrus is defined as
persisting for longer than 28 days (Feldman and Nelson, 2004b).

To better understand the role of inhibin B on these PCOs, flu-
orescence assays were conducted to verify their localization in
different follicle sizes. Unexpectedly, an intense immunolabeling
was observed in primary and 2–5 mm follicles as compared to a
weak reaction in growing and 6–9 mm  follicles. There seems to be a
consensus that inhibin B, produced by the granulosa cells of normal
and PCOs follicles, acts in an endocrine manner to suppress FSH, and
locally stimulates follicle development (Welt et al., 2002). Although
some studies have correlated PCOs with elevation in inhibin levels,
there are many inconsistent results found in humans and animals
regarding the activity of inhibin (Welt et al., 2002; Tsigkou et al.,
2008). In our study, we believe that the follicle development may
be triggered by another mechanism(s) independent of inhibin B.

The ovarian surface epithelium (OSE) showed hyperplasia with
no cellular or nuclear atypias. High E2 levels and expression of
their receptors ER� and ER� were strongly related to hypertro-
phy and hyperplasia in mouse ovaries (Gulliver and Hurst, 2012).
Because the canine PCOs were accompanied by increased E2 lev-
els and epithelial expression of their receptors, hyperplasia but not
hypertrophy may  be one of the cellular responses to this E2-ER
signaling.

Despite their clinical significance, few reports have focused
on the relationship between PCOs and expression of sex steroid
receptors and apoptotic proteins. We  have reported a differen-
tial expression of AR, ER� and �, and apoptotic molecules (BAX,
caspase-3, Bcl-2 and survivin) in specific follicle subtypes of canine
PCOs. Here, our results supported an increased AR levels in the
theca cells of secondary follicles and in the cysts wall. The exces-

sive androgen levels in ovary can inhibit follicle development and,
in turn, makes it difficult to form a dominant follicle. Conversely,
high E2 levels secreted by early follicles affect the hypothalamus
and pituitary in a positive feedback for LH secretion (Yu et al.,

cl-2 and Survivin) in the control and PCOs animals (n = 07/group).

Bcl-2 Survivin

PCOs Control PCOs Control PCOs

+ ++ +++ + +++
+ ++ +++ + +++

+ − + + +++
+ + + + +++

+++ + ++ + +++
+ + ++ + +++

− ++ +++

s; tc: theca cells.
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Fig. 4. Immunoexpression of BAX, Active caspase-3, Bcl-2, and Survivin in PCOs. Expression and location of BAX-positive cells in the ovarian epithelium, primary and
secondary follicles (A1–A3) of control ovaries, and in the epithelium, developing follicles, and follicular cysts (A4–A7) of PCOs. Expression and location of active caspase-3-
positive cells in the ovarian epithelium, primary and secondary follicles (B1–B3) of control ovaries, and in the epithelium, developing follicles, and follicular cysts (B4–B7) of
PCOs.  Expression and location of Bcl-2-positive cells in the ovarian epithelium, primary and secondary follicles (C1–C3) of control ovaries, and in the epithelium, developing
follicles, and follicular cysts (C4–C7) of PCOs. Expression and location of survivin-positive cells in the ovarian epithelium, primary and secondary follicles (D1–D3) of control
o Os. Pe
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varies,  and in the epithelium, developing follicles, and follicular cysts (D4–D7) of PC
ann–Whitney U-test, Mean ± SD, N = 07/group. ep: epithelium; arrow: primary fo

ollicular antrum. Bar = 20 �m;  For cysts, Bar = 50 �m.

014). The increase in AR expression may  probably be due to an
ndirect effect of LH on theca cells of these follicles; however, the
imited expression of AR in other follicles may be reducing the
ctivity of androgens or even its synthesis. Both ER� and ER�
xert essential regulatory mechanisms in orchestrating folliculo-
enesis, luteogenesis, and ovulation process (Chuffa et al., 2011,
013a,b). As previously confirmed, the expression of ER� is higher
han ER� in different follicles of women with PCOs (Artimani
t al., 2015). In this regard, we found high levels of ER� in the
ranulosa cells of secondary follicles, but a moderate reaction in
rowing follicles and cysts. This allow us to consider that ER�
s highly expressed during early follicle development and down-

egulated toward the cystic formation. Otherwise, ER� expression
eems to be unaltered among the follicles. The role of ER� in
COs is not well elucidated and requires new approaches involv-
ng proper and specific functions. Notably, this is the first study to
rcentage of positive cells within the epithelium and different follicles (E). * p < 0.05,
 g: granulosa cells; tc: theca cells; arrowhead: positive immunostaining; asterisk:

characterize these components in PCOs through an immunohisto-
chemical assay.

There is a variety of experimental models for studying PCOs.
The administration of estradiol valerate as well as dihydrotestos-
terone and letrozole can mimic  the syndrome as a result of
metabolic and physiological disturbances and a sudden appear-
ance of PCOs (Mahajan, 1988; Rezvanfar et al., 2014; Nikolić  et al.,
2015). Recently, Lombardi et al. (2014) proposed a model of PCOs
submitting rats to constant lighting at 400 lx for a period of 60 con-
secutive days. They observed persistent estrus, absence of corpora
lutea and several ovarian cysts due to a fail in the preovulatory
LH surge. Similar to our results, Lombardi et al. (2014) reported

higher levels of cleaved caspase-3 in granulosa cells and lower lev-
els in the theca cells of follicles, suggesting stromal accumulation
of interstitial cells derived from theca cells that broken off during
its intense proliferation activity. This event may  contribute to the
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aintenance of a static state, leading to the persistence of large
ysts surrounded by considerable amount of interstitial cells and
dapted to a microenvironment highly dependent on hormonal
evels. Interestingly, dogs with PCOs presented high levels of E2
nd T as shown in other animal models and humans. Further-
ore, despite the developing follicles appeared to be continuously

xpressing hormone receptors in PCOs, the lower levels of these
eceptors in the cysts wall suggest the imbalance in hormone-
eceptor responsiveness; however, the critical period and the key
lements for a complete understanding of how a cyst develops in a
og remain unclear. Although it is widely accepted that disorders
f the hypothalamic-pituitary-ovary axis represent an important
actor for cystic formation, delay of follicle regression after ovula-
ion failure may  be considered an alternative cause of cysts (Salvetti
t al., 2009). Considering the hormonal-receptor interplay associ-
ted to the apoptotic and anti-apoptotic signals, we  believed that
he combination of these conditions are responsible for cyst forma-
ion and maintenance.

The granulosa cells are lost in the late stage of cystic folli-
le (Isobe and Yoshimura, 2007). Because there was a negative
orrelation between anti-apoptotic proteins and caspase-3 in gran-
losa cells of the dog cysts, probably these cells are trying to
scape from cell death in an early stage. We  have showed that
AX expression had a high intensity in follicular cysts while Bcl-2
nd survivin were increased in different follicular stages. Interest-
ngly, Bas et al. (2011) demonstrated by immunohistochemistry
hat the expression of Bcl-2 and BAX are mainly localized in granu-
osa cells of antral follicles. Also, they proposed that BAX expression

as increased in these follicles of PCOs. It is important to con-
ider that a balance between pro- and anti-apoptotic components
xists, and an overexpression of pro-apoptotic molecules (e.g. BAX)
ay  lead the cells to apoptosis. Our results demonstrated that Bcl-

 immunostaining was weak in secondary follicles and increased
oward follicle cysts. To evaluate the effective role of Bcl-2 in cyst
ormation, it would be essential to investigate the complete devel-
pment stage of the follicles and in which stage transition the
ells overexpress Bcl-2. Notably, high Bcl-2 levels and low active
aspase-3 in the follicular cysts probably ensure that granulosa
ells do not activate apoptotic signaling (Isobe and Yoshimura,
007), which implies in maintenance of the cysts. According to

sobe and Yoshimura (2007), this low frequency in the cysts is dif-
erent from atretic follicles, in which a high rate of apoptotic cells
n the granulosa and thecal layers are observed. Due to this low
poptotic frequency and weak proliferative activity, the cystic fol-
icle grows slowly without degeneration, while maintain a static
ondition for long-term persistence. Besides high Bcl-2 levels, sur-
ivin also showed a marked activity in granulosa and theca cells
f secondary follicles and in follicular cysts. This anti-apoptotic
ignaling can make the cysts able to evade apoptosis. In cultured
ranulosa cells from growing follicle, the survivin expression was
levated specifically during the G2/M phase of cell cycle together
ith a severe inhibition of caspase-3 activity, acting as a bifunc-

ional protein (Johnson et al., 2002). Indeed, to conclude on the role
f survivin in suppressing caspase-3 activity in follicular cysts, inhi-
ition and activation assays are required for granulosa and theca
ells.

In summary, no correlation between inhibin B and follicle devel-
pment was evidenced regarding the follicle sizes of adult dogs
ith PCOs. Otherwise, sex steroid receptors and apoptosis-related
roteins were differentially regulated in the follicles. AR, ER�,  and
R� showed to be continuously expressed in developmental folli-
les, but only a moderate reaction to AR and ER� was found in the

ollicular cysts. Anti-apoptotic proteins were upregulated in early
nd late follicular development, and active caspase-3 was down-
egulated in primary and secondary follicles and follicular cysts,
nsuring the long-term permanency of the ovarian cysts in dogs.
d Cell 48 (2016) 10–17

Further studies are needed to better explain the mechanism(s)
related to apoptotic signaling pathway in follicular cysts.
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