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Abstract: Localization of androgen receptor (AR) was investigated in ovarian follicles developing and undergoing atresia
during pregnancy in the pig. Immunohistochemical staining was conducted on ovarian antral follicles isolated on different
days of gestation: 10, 18, 32, 50, 70, and 90. Paraffin sections were also subjected to in situ DNA labeling. TUNEL staining
revealed the presence of positive follicles on all days of pregnancy but the amount of atretic follicles increased with time.
However, even on day 90 of gestation many follicles were normal, with no signs of atresia. In atretic follicles, apoptotic cells
were localized predominantly in the granulosa while theca was much less affected. Atretic follicles with many apoptotic cells
were negative for AR. Nuclear immunostaining for AR was positive in follicles with limited amount of apoptotic cells. The
same relationship was observed in ovarian follicles isolated at various days of pregnancy.
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Introduction

In mammalian ovaries more than 99% of follicles under-
go a degenerative process known as atresia [10, 13, 24].
Less than 1% of all follicles present at birth mature and
ovulate, while the others are eliminated. The total num-
ber of ovulations is an important parameter of the repro-
ductive efficiency of farm animals (horses, cows, pigs).
Factors directly or indirectly regulating ovulation rate
have been studied by many investigators [12, 14, 23].

Recent studies have suggested that follicle atresia in
chicken, porcine and rodent ovaries is demonstrated by
the internucleosomal fragmentation of cellular DNA [1].
Therefore, the molecular mechanism of follicular atresia
in porcine ovaries has been described [13] and reported
to be dependent on granulosa cell apoptosis.

Many factors have been examined to reveal the role
they play in granulosa cell apoptosis in porcine ovarian
follicles [3, 11]. Earlier studies have shown that gona-
dotropins [9] and gonadal steroids [8] modulate the
incidence of atresia in the ovary. The effects of estrogens
and androgens on follicle apoptosis were described in
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rat ovaries [1]. Follicular growth and atresia are known
to affect the expression of androgen receptor and steroi-
dogenic enzymes during the estrous cycle in pigs [5].
Distribution of androgen receptor in rat ovarian follicles
undergoing atresia at the beginning of pregnancy was
recently described [20]. Our previous investigation de-
monstrated the localization of AR in porcine ovaries
obtained on different days of pregnancy [4]. The present
study was performed to examine the distribution of AR
in follicles undergoing atresia during pregnancy.

Materials and methods

Animals. Ovaries were obtained from pregnant pigs on days 10, 18,
32,71 and 90 post coitum. For each investigated day of pregnancy,
the material was collected from two animals and 10-20 follicles per
ovary were used. All procedures involving animals were approved
by the Animal Care and Use Committee.

The excised follicles were fixed in 4% paraformaldehyde, dehy-
drated in an increasing gradient of ethanol and processed through
paraplast.

Immunohistochemistry. A polyclonal antibody against androgen
receptors (NCL-Arp) was obtained from Novocastra Lab, New-
castle-upon-Tyne, UK. Secondary antibody, biotinylated goat anti-
rabbit IgG, was from Vector Lab, Burlingame, CA, USA.
Streptavidin-HRP complex was from Dako/AS, Denmark. Paraplast
was purchased from Monoject Scientific Division of Scherwood
Medical, St. Louis, MO, USA. DPX medium was from Fluka. All
other chemicals were from Sigma-Aldrich. Immunohistochemistry
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Fig. 1. Follicles obtained from the same porcine ovary from day 18 of pregnancy. TUNEL staining is shown in A and C, while expression
of AR in B and D. Adjacent sections of the investigated follicle (A, B) show intense apoptosis (A) in cumulus (arrow) and granulosa cells
(arrowhead) and no immunostaining for AR (B), neither in cumulus (arrow) nor in granulosa cells (arrowhead). In another follicle from the
same ovary (C), almost no apoptotic cells are present (arrow, arrowhead) but very strong AR immunostaining (D) is observed (cumulus -
arrow, granulosa cells - arrowhead). x 200.

was performed as described in our earlier paper [ 18]. Briefly, sections
were incubated overnight with anti-AR (1:10) antibody followed by
biotinylated goat anti-rabbit IgG (1:400) and streptavidin-horserad-
ish peroxidase complex (ABC/HRP; 1:100). The color reaction was
developed in TBS buffer, pH 7.4, containing 0.01% H»0O,, 0.05%
diaminobenzidine and 0.07% imidazole. The primary antibody was
omitted or replaced by normal rabbit serum in control sections. The
sections were carefully rinsed with Tris-buffered saline (TBS) pH
7.6 after each step of the described procedure. Slides were dehydrated
and mounted in DPX.

In situ DNA labeling by TUNEL assay. The in situ DNA fragmen-
tation was visualised by a modification of the TUNEL method [21].
Briefly, dewaxed tissue sections were predigested with 20 mg/ml
proteinase K for 20 min and incubated in phosphate buffered saline
solution (PBS) containing 3% H»O» for 10 min to block the endogen-
ous peroxidase activity. After incubating in 0.1% Triton X-100 in
0.1% sodium citrate for 2 min on ice, the sections were incubated
with the TUNEL reaction mixture, fluorescein-dUTP (In Situ Cell
Death Detection, POD kit, Roche, Germany), for 60 min at 37°C.
The slides were then rinsed three times with PBS and incubated with
secondary antifluorescein-POD-conjugate for 30 min. After washing
three times in PBS, diaminobenzidine-H,O» chromogenic reaction

was performed on sections followed by counterstaining with hema-
toxylin. As a control for method specificity, the step using the
TUNEL reaction mixture was omitted in negative control sections,
and nucleotide mixture in reaction buffer was used instead.

Results

The ovaries of pigs on various days of pregnancy con-
tained follicles at different stages of development and
atresia. The presence of apoptotic cells in the granulosa
and theca interna layers of some follicles was demon-
strated histochemically by the TUNEL-method on all
investigated days of pregnancy. Follicles in which many
granulosa cells were apoptotic (Fig. 1A), were usually
AR-negative (Fig. 1B). In other follicles, in which only
few cells exhibited apoptosis (Fig. 1C), the immuno-
staining for AR was very strong. (Fig. 1D). The serial
sections of the investigated follicle collected on day 18
of pregnancy showed pyknotic cumulus cells forming a
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Fig. 2. A fragment of the ovarian follicle from day 90 of pregnancy
with positive TUNEL staining both in granulosa (arrowhead) and in
theca cells (arrow). x 400.

thin ring around the oocyte (Fig. 1A ). Adjacent section
of the same follicle clearly showed that almost all cells
forming that follicle were negative for AR. Similar
pattern was observed in atretic follicles isolated from
ovaries collected on other studied days of pregnancy. In
follicles showing advanced stages of atresia many apop-
totic granulosa cells were detached and released into the
follicular antrum (Fig. 2) Moreover, many apoptotic
cells were scattered in the theca interna layer. On the
other hand, in the ovary obtained on day 90 of preg-
nancy, many follicles looked normal by morphological
criteria, and their cells were negative in TUNEL stain-
ing. These follicles expressed very high level of AR in
granulosa cells and in some theca cells.

Discussion

In the present study we investigated the localization of
androgen receptor in ovarian follicles which undergo
atresia during pregnancy. The obtained results revealed
that follicles with many apoptotic cells were negative for
AR while nuclear immunostaining for AR was positive
in follicles in which very few (or none) cells were
apoptotic.

Androgens appear to be atretogenic in rodents [8] but
may stimulate ovarian growth in primates [25]. AR gene
expression was most abundant in the granulosa cells of
small growing preantral and antral follicles where gra-
nulosa cells proliferated. The lack of AR expression in
atretic follicles where granulosa cells apoptosis was
observed, suggests that androgens can be involved in the
stimulation of early primate follicle development [8].

We demonstrated cyclic changes in AR immunos-
taining in the ovary of the cycling pig [18]. However,
there is little information concerning the localization of
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AR in the atretic follicles. It has been shown in swine
that atresia increases among small and medium-sized
follicles during early luteal phase of the estrous cycle
following ovulation [5, 26]. AR immunoreactivity was
unchanged in nonatretic small follicles, which suggested
that its expression was not regulated by FSH. The de-
cline in AR expression that occurs with growth and
increase in follicle size was described both in rats [19,
22] and pigs [18].

In all mammalian species, atresia is a prominent
feature of ovarian follicular development [1]. Although
follicle atresia has been found during the whole repro-
ductive life, its hormonal mechanism is largely un-
known.

In the rat, antral follicles which develop and undergo
apoptosis during pregnancy, grow in the hyperprolac-
tinemic microenvironment, and synthesize much lower
than physiological amount of estradiol [21]. However,
such estradiol level is sufficient to support normal but
slower development of antral follicles. Atresia is char-
acterized by apoptosis of the granulosa cells, especially
cumulus oophorus complex (COC), and by the lack of
hyperthrophy of the theca layer. The degeneration of
follicles is accompanied by loss of AR in the cumulus
granulosa cells, while a strong positive AR immunore-
activity persists in the oocyte nucleoli [20].

A large number of atretic follicles is present in the
ovary during pregnancy but little information on AR
distribution during follicular degeneration is available.
Weak or absent AR immunoreactivity in the granulosa
cells of some atretic follicles was described in porcine
ovaries during the estrous cycle [2, 5]. Species-specific
differences in the process of apoptosis in granulosa and
theca layers were described during follicular atresia in
porcine and bovine ovaries [17]. The data indicate that
in the ovaries of both species, theca interna but not theca
externa is the site where apoptosis occurs. Our data is in
accordance with such observations, since in the pregnant
pig ovary apoptotic cells were localized in granulosa and
theca interna layers of follicles. As reported by others
[7, 9] granulosa cell proliferation and apoptosis may
occur simultaneously in the same follicle.

Follicular atresia is primarily induced by granulosa
cell apoptosis, but the description of the apoptotic path-
way in granulosa cells has not yet been completed [13].
To date, at least five cell death ligand-receptor systems
have been reported in granulosa cells of porcine ovary.
Moreover, the porcine granulosa cell is a type II apop-
totic cell, which has the mitochondrion-dependent apop-
tosis-signaling pathway [14]. Recently, two intracellular
inhibitor proteins (cellular FLICE-like inhibitory pro-
tein short and long form: cFLIPs and cFLIP.) were
found. They are strongly expressed in granulosa cells
and may act as antiapoptotic/survival factors [6, 16].
Thus, porcine granulosa cells have some cell death li-
gand and receptor systems, and their actual role on the
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regulation of follicle atresia have yet to be determined.
The degeneration of ovarian follicles can be explained
by apoptotic cell death of granulosa cells and endocrine
cells of the theca interna layer [14, 15]. Many re-
searchers proved hormonal control of follicular atresia
through peptide hormones and cytokines as well as
steroid hormones [1, 7, 9].

Apoptosis which occurs in granulosa cells is an initial
symptom of follicular atresia in the ovaries and the
apoptosis inducing/survival factors may be species-spe-
cific [17].

In conclusion, the obtained results showed changes
in AR distribution during early follicular atresia and
indicated that these changes did not depend on the day
of pregnancy. AR can be one of the factors influencing
follicular apoptosis. Reduced androgen receptor ex-
pression in atretic follicles suggests a decreased ability
of these follicles to respond to androgens.
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