www.nature.com/scientificreports

scientific reports

W) Check for updates

OPEN A rat study on the PTEN expression

in ovarian tissue in PCOS
and folliculogenesis

Muberra Naml Kalem®*, Elvan Anadol?, Ziya Kalem?, Perihan Yal¢inkaya Sezginer?,
Cigdem Elmas*, CananYilmaz® & Batuhan Bakirarar®

The objective of this investigation was to examine alterations in PTEN expression within ovarian
tissue in a rat model of polycystic ovary syndrome (PCOS). The analysis also encompassed the
examination of PTEN alterations in the ovarian tissue throughout the process of folliculogenesis in
rats with normal ovulatory cycles. The study involved 12 adult female Sprague—Dawley rats randomly
assigned to the letrozole-induced polycystic ovary syndrome (PCOS) group as part of an animal-based
research endeavour. The sections derived from the ovaries were subjected to immunohistochemical
staining for PTEN. The evaluation of PTEN staining levels in ovarian tissues was conducted using
electron microscopy. Follicle counts, as well as hormonal and biochemical analyses (serum luteinising
hormone (LH), follicle-stimulating hormone (FSH), anti-Mullerian hormone (AMH), testosterone,
oestradiol levels and serum glucose, triglyceride, HDL and LDL-cholesterol levels), were conducted
to provide evidence of the manifestation of polycystic ovary syndrome (PCOS) in rats. The number

of primordial and Graafian follicles in the PCOS group decreased significantly, and the number of
primary, secondary and antral follicles increased significantly. PTEN expression was found to be
significantly higher in the PCOS group than in the control group in the primordial follicle oocyte
cytoplasm, primordial follicle granulosa cells, primary follicle oocyte cytoplasm, primary follicle
granulosa cells, antral follicle oocyte cytoplasm, antral follicle granulosa cells, and corpus luteum
(p=0.007, p=0.001, p=0.001, p=0.001, p=0.001, p=0.002, and p=0.018, respectively). In the non-
PCOS group, a time-dependent comparison of the amount of oocyte cytoplasm and PTEN staining

in granulosa cells of the oocytes at different stages of development was performed. While the
follicles were developing from the primordial follicle to the primary and antral follicle, the amount of
PTEN staining in the oocyte cytoplasm decreased, whereas the PTEN activity in the granulosa cells
increased as the oocyte developed (p=0.001 and p=0.001, respectively). The current investigation
demonstrated changes in PTEN expression in ovarian tissue throughout the course of normal
folliculogenesis, as well as in instances of disrupted folliculogenesis, with a focus on rats with PCOS.

PCOS, a prevalent endocrine condition affecting women of reproductive age', is a complex disorder with vari-
ous clinical manifestations and associated morbidities’. The prevalence varies across different regions, with rates
ranging from 6 to 21%, according to the ESHRE/ASRM 2003 criteria®. Despite extensive research, the precise
molecular pathways involved in PCOS pathogenesis remain unexplored, highlighting the need for further analy-
ses and treatments®.

PCOS affects the development of a mature oocyte, which is a crucial part of human follicle development®.
Primordial follicles, grouped together as a cohort, are recruited for ovulation of a mature oocyte®. The intrafol-
licular hormonal environment is dynamic, and effective communication between granulosa cells and oocytes
determines the oocyte’s developmental competence. Granulosa cells surrounding the oocyte play a crucial role
in supplying nutrients and growth factors for oocyte development’. In PCOS, although there are more follicles
in the ovary than in that without PCOS, a mature oocyte is challenging to form due to impaired follicle devel-
opmental stages®. Granulosa cells that surround oocytes in PCOS exhibit abnormal patterns of proliferation and
apoptosis, which can be attributed to processes such as atresia, degeneration, and hypertrophy’.
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PTEN (phosphatase and tensin homologue) is a tumour suppressor gene that plays a crucial role in regulating
cell growth and division'’. PTEN regulates the Akt/PKB signalling pathway, affecting phosphoinositol triphos-
phate levels, which are essential for cell development and cell survival'’. The PI3K/AKT signalling pathway
can affect ovarian granulosa cells, and the PI3K catalytic subunit p110d has been shown to be an important
component of the PI3K pathway for follicular development stimulated by both follicle-stimulating hormone and
oestradiol in ovarian granulosa cells!>">. PTEN deletion on the tenth chromosome dephosphorylates PIP3 to
PI and P2, inhibiting the PI3K/AKT pathway and slowing biological processes, including proliferation, growth
and motility'.

The impairment of PTEN function can result in detrimental consequences for the intricate hormonal signal-
ling equilibrium within the ovaries, specifically with regards to folliculogenesis in PCOS. This phenomenon can
be attributed to the involvement of PTEN in the regulation of ovarian follicle growth and oocyte maturation®®.
The PTEN protein, acting as a regulatory factor, exerts a substantial influence on both the proliferation and dif-
ferentiation of granulosa cells and plays a critical role in the maturation of oocytes, facilitating the coordination
of essential events needed for successful and optimal ovulation'.

In this study, PTEN expression in ovarian tissue was compared in a PCOS rat model and normo-ovulatory
rats. PTEN tissue changes in a time-dependent manner during folliculogenesis in normo-ovulatory rats were
also shown.

Materials and methods

Animals and experimental design

For the purpose of our research, a total of 12 female adult Sprague—Dawley rats weighing 160-180 g were
acquired from Harlan Laboratories located in the Netherlands. These rats were subjected to a 12-h light and
dark cycle and had unrestricted access to a standard rat diet sourced from Korkuteli Food Industry in Turkey.
The female rats, which exhibited regular oestrous cycles as confirmed by vaginal cytologic examination, were
randomly allocated into two distinct groups. Aromatase inhibitor (Femara tablet; letrozole 2.5 mg, Novartis)
dissolved in 1% carboxymethyl cellulose (CMC) (2 ml/kg) was administered daily through oral gavage at 1 mg/
kg/day to Group 1 consisting of 6 rats for 21 days (the PCOS group), and 1% CMC (2 ml/kg) solution was
administered daily through oral gavage to Group 2 (the control group) for 21 days. The methodology and dosage
of the drug were established based on prior studies documented in the literature, wherein PCOS was induced
in rats using letrozole!’*°.

The sexual cycle was determined by microscopic analysis of the predominant cell type in vaginal smears
obtained daily until the end of the experiment. All control rats had a normal oestrous cycle of 4.5 days, whereas
letrozole-treated rats were completely acyclic, and vaginal smears showed leukocytes, the predominant cell type
of the diestrus phase. Hormonal and histological changes in the ovary and uterus in both the control group and
the letrozole group were evaluated in line with the data obtained as a result of vaginal cytological examination.
All rats in the control group were sacrificed in the proestrus phase of the oestrous cycle.

All procedures that used animals were approved by the Gazi University Animal Experiments Local Ethics
Committee in Turkey and were performed at the Laboratory Animal Breeding and Experimental Research
Center of the same university. All animals were sacrificed with ketamine (45 mg/kg, i.m.) and xylazine (5 mg/
kg, i.m.) anaesthesia. Female reproductive tissues (uterus and ovaries) were excised, and the dry weights of the
ovaries were determined with a precision digital scale sensitive to 0.01 g. Tissues were first fixed for 72 h in a
10% neutral formaldehyde solution for light microscopic examination, and paraffin blocks were provided using
routine procedures.

Blood samples were drawn intracardially into plain tubes without heparin on the 22nd day of administration
for endocrine and biochemical analyses, and serum was separated by centrifugation at 3000 rpm for 10 min and
stored at — 80 °C until analysis.

Hormonal and biochemical analysis

Serum luteinising hormone (LH), follicle-stimulating hormone (FSH), anti-Mullerian hormone (AMH), tes-
tosterone and oestradiol levels were estimated by enzyme-linked immunosorbent assays. FSH and LH analyses
were performed using an ELISA kit (SunRed; SunRed Biotechnology Company Shanghai China), AMH analyses
were performed with an ELISA kit (Ansh Labs, AL-113), and testosterone and oestradiol levels were determined
by an ELISA kit (Oxford; Serotec, Ltd., UK). Serum glucose, triglyceride, HDL and LDL-cholesterol levels were
measured by enzymatic methods using autoanalysers.

Histology

The right ovary of all rats was bisected longitudinally. Fixation of the ovarian tissues was carried out in 10%
formalin solution, followed by routine tissue processing. Sections were obtained with a thickness of 5 um and
placed on glass slides. Sampling of consecutive sections was chosen systematically and randomly. These sections
were stained with haematoxylin and eosin and then photographed using a Leica DCM 4000 microscope and an
HD digital camera. Finally, stereological and histopathological investigations were carried out on micrographs.

Haematoxylin and eosin staining

Sections obtained from the ovaries were maintained in an incubator at 37 °C overnight. The paraffin sections were
deparaffinized in xylene and rehydrated. Then, the specimens underwent a dehydration process with a graded
series of ethanol (EtOH). The sections were then incubated in haematoxylin solution for 10 min and washed
again under running water for 10 min. Next, the sections were dipped 2-3 times in a mixture of 70% alcohol
plus three drops of glacial acetic acid, washed in running water for 10 min and stained with eosin solution for
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5 min. Finally, the sections were washed in running water for 10 min, passed through 3 changes of 95% EtOH
and 2 changes of 100% EtOH for 1 min each and cleared in 3 changes of xylene for 1 min each?. Coverslipped
images were taken and evaluated on a Leica DCM 4000 computer-aided imaging system.

Stereology (follicle counting)
Physical disector and Cavalieri methods were used to estimate the number of ovarian follicles and mean volume
of regions of interest in ovarian tissues®'. The mean ovarian tissue volume was determined by multiplying the
area of a point interval by the sum of the number of points that intersect the region of interest in each section.
The mean volumes of the regions of interest were calculated using the following formula: Volume (V1)=tx A,
where “t” represents the thickness and interval of each section, and “A” is the total area of the regions of interest.
The sampling and counting methodology was devised based on a preliminary pilot study, and particles were
enumerated using the Image] software program. The numerical density of follicles was determined using the fol-
lowing formula: Nv=YQ-XV disector. The morphological classification of follicles in the ovary was confirmed
through the validation of the coeflicient of error and coefficient of variation.

The morphological classification of follicles in the ovary was as follows: primordial follicle, unilaminar pri-
mary follicle, multilaminar primary follicle, antral follicle, Graafian follicle and corpus luteum?2.

Immunohistochemistry (IHC) staining for PTEN

Sections obtained from the ovaries were maintained in an incubator at 37 °C overnight. The study involved
deparafhinization of ovarian tissues using various methods. First, the sections were left in xylol for 5 min and then
dehydrated in a graded alcohol series for 3 min each. The sections were then fixed in EDTA buffer in a micro-
wave for 10 min to remove formaldehyde. After cooling to 25 °C, tissues were circled with a Pap pen, washed
with PBS three times, treated with 3% H202, and treated with Ultra-V block. The tissues were then subjected
to PTEN primary antibody at 4 °C overnight, followed by treatment with a biotinylated secondary antibody and
streptavidin peroxidase for 20 min. Nuclear staining was achieved using 4',6-diamino-2-phenolindole (DAPI),
and background staining was performed with haematoxylin. The slides were closed using Entellan, and image
analysis was performed using the Leica DCM 4000 computer-aided imaging system.

Evaluation of PTEN expression in ovarian sections

PTEN expression was scored using an immunoreactive scoring scale and evaluated by two researchers who did
not have any prior knowledge of the groups of rats. Accordingly, six zones (one central and five peripheral) were
selected from ovarian tissue sections (5 pm thickness) and subjected to IHC staining with anti-PTEN antibodies.
The HSCORE, defined below, was used to evaluate the immunoreactive density in these zones. The HSCORE was
determined by the following formula: HSCORE % Pi (i+ 1), where " was the intensity of labelling with a value
of 0, 1, 2 or 3 (none, weak, moderate or strong) and Pi the percentage of labelled cells for each intensity, within
a range of 0-100%'®. The rate of positive cells was scored by the extent of immunostaining and was assigned to
one of the following categories: 0 (0%, no positive cells), 1 (<30% positive cells), 2 (30-60% positive cells) and
3 (>60% positive cells)'®.

Statistical analysis

For the data analysis, the SPSS 11.5 program was used. Mean + standard deviation and median (minimum-maxi-
mum) were used as descriptors for quantitative variables, and number (percentage) was used for qualitative
variables. If normal distribution assumptions were provided, Student’s t test was used to determine whether
there was a difference between the qualitative variable categories and the two quantitative variable categories; the
Mann—Whitney U test was used if they were not. Repeated measures ANOVA was used to determine whether
there was a statistically significant difference between quantitative repeated measurements. The Tukey test was
used as the post hoc test. The statistical significance level was taken as 0.05.

Ethical approval
This study was carried out in compliance with the ARRIVE guidelines and all methods were carried out in
accordance with relevant guidelines and regulations.

Results
Rats administered letrozole for the induction of PCOS showed significant increases in ovarian size, and the mean

ovarian weight in the PCOS group was found to be approximately twice that of the control group (p <0.001)
(Table 1).

Histopathological findings

The follicle numbers of the control and PCOS groups in different developmental stages were compared after
H&E staining. Table 1 summarises the comparisons between the control and PCOS groups for follicle numbers.
The PCOS group had significantly lower primordial follicle and Graaf follicle counts than the control group
(p<0.001). Furthermore, the PCOS group had significantly higher unilaminar primary follicle, multilaminar
primary follicle, and antral follicle numbers than the control group (p <0.001) (Table 1).

Hormones and biochemical findings
Comparisons between the control and PCOS groups for hormones and biochemical findings are summarised in
Table 2. LH, FSH, and oestrogen levels in the PCOS group were found to be significantly lower than those in the
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Control group (n=6) PCOS group (n=6)
Variables Mean+SD | Median (Min-Max) | Mean+SD | Median (Min-Max) | p-value
Ovarian weights (gr) 0.08+0.01 0.08 (0.07-0.10) 0.16£0.02 0.16 (0.13-0.18) <0.001
Primordial follicle (n) 48.00+7.62 | 47.38 (37.50-59.00) 16.88+3.45 | 17.13 (11.25-22.00) <0.001
Unilaminar primary follicle (n) 6.54+0.53 6.50 (5.75-7.25) 12.75+0.69 | 12.63 (12.00-13.75) <0.001
Multilaminar primary follicle(n) 5.00+1.08 | 4.75(3.75-6.75) 9.79+0.81 9.63 (9.00-11.00) <0.001
Antral follicle (n) 229+0.19 | 2.25(2.00-2.50) 7.29+0.87 | 7.25(6.25-8.50) <0.001
Graafian follicle (n) 2.67+0.34 2.75(2.25-3.00) 1.83+0.30 1.88 (1.50-2.25) 0.001

Table 1. Comparisons between the control and PCOS groups for follicle counts and ovarian weights. SD,
standard deviation; Min, minimum; Max, maximum; student t-test was used. In the process of follicle
counting, a sample size of 48 sections was utilised, with each rat contributing one ovary and four sections
being taken from each ovary.

Control group (n=6) PCOS group (n=6)
Variables Mean +SD Median (Min-Max) Mean +SD Median (Min-Max) p-value
LH (IU/L) 0.22+£0.02 0.22 (0.20-0.26) 0.19+0.02 0.19 (0.16-0.21) 0.012
FSH (mIU/ml) 13.17+2.38 12.74 (10.51-17.57) 5.48+1.44 5.10 (3.68-7.90) <0.001
AMH (ng/ml) 2.42+0.38 2.43 (1.90-2.94) 3.55+0.55 3.33 (3.03-4.31) 0.003
Estrogen (pg/ml) 80.58+7.01 81.33 (69.73-88.47) 48.32+13.05 48.76 (31.36-62.59) 0.001
Testosterone (ng/dl) 7.33+0.57 7.24 (6.70-8.30) 14.47 £2.06 15.13 (11.77-16.50) <0.001
Total cholesterol (mg/dl) 42.83+8.38 43.00 (32.00-53.00) 43.17£6.85 42.50 (36.00-53.00) 0.941
HDL (mg/dl) 29.75+£5.58 29.45 (20.80-35.80) 24.32+4.24 23.10 (19.80-31.10) 0.087
Triglyceride (mg/dl) 41381520 | 40.20 (26.00-62.10) 132.48+62.32 | 118.40 (52.20-230.40) 0.015
Glucose (mg/dl) 179.83+10.33 | 180.60 (163.40-191.70) | 249.33+£37.41 | 242.40 (203.90-317.20) 0.001
LDL (mg/dl) 6.67+0.82 6.50 (6.00-8.00) 11.17+£2.14 11.00 (9.00-14.00) 0.002

Table 2. Comparisons between control and PCOS groups for hormones, glucose and lipids. SD, standard
deviation; Min, minimum; Max, maximum,; student t-test was used. Significant values are in [bold].

control group (p=0.012, p<0.001, and p=0.001, respectively). Furthermore, AMH, testosterone, triglyceride,
glucose, and LDL levels in the PCOS group were found to be significantly higher than those in the control group
(p=0.003, p<0.001, p=0.015, p=0.001, and p=0.002, respectively).

Immunohistochemical findings for the ovary

As a result of THC staining, PTEN primary antibody immunoreactivity was detected at every stage of follicular
development. PTEN expression was observed in oocyte cytoplasm, granulosa cells, theca cells and the corpus
luteum of follicles belonging to the control group (Figs. 1, 2, 3) and PCOS group (Figs. 4, 5).

PTEN expression was strong in the oocyte cytoplasm of primordial follicles but weak in granulosa cells
(Fig. 1 and a). Similarly, PTEN immunoreactivity was moderate in the granulosa cells surrounding the oocyte
in unilaminar primary follicles, but it was significantly strong in the granulosa cells belonging to multilaminary
primary follicles and antral follicles (Fig. 2 and a). In the control group, during the transition from the primor-
dial follicle to the primary follicle, PTEN immunoreactivity was observed to be strong in the primordial follicle
cytoplasm, weak in the squamous granulosa cell surrounding the oocyte, and varying from weak to moderate
in the oocyte cytoplasm with cubic granulosa cells (Fig. 3, a and b).

In the PCOS group, moderate PTEN immunoreactivity was observed in the oocyte cytoplasm of the antral and
Graafian follicles, but this expression was strong in the granulosa cells of these oocytes. PTEN immunoreactivity
was also strong in the cystic structures and in the corpus luteum (Fig. 4 and a). The PTEN immunoreactivity of
the primordial and primary follicles was quite strong compared to that in the control (Fig. 5, a and b).

PTEN expression in the control and PCOS groups is presented in Table 3. PTEN staining levels were found to
be significantly higher in the PCOS group than in the control group in the primordial follicle oocyte cytoplasm,
primordial follicle granulosa cells, primary follicle oocyte cytoplasm, primary follicle granulosa cells, antral fol-
licle oocyte cytoplasm, antral follicle granulosa cells, and corpus luteum (p=0.007, p=0.001, p=0.001, p=0.001,
p=0.001, p=0.002, and p=0.018, respectively).

In the final section of the study, PTEN staining levels in the primordial follicle, primary follicle, and antral fol-
licle stages were compared to demonstrate the change in PTEN immunoreactivity in the follicular developmental
stages in the control group. These findings are shown in Table 4. A time-dependent comparison of the amount
of PTEN staining in the oocyte cytoplasm and granulosa cells of the follicles at different stages of development
was made. While the follicles were developing from the primordial follicle to the primary and antral follicle, the
amount of PTEN staining in the oocyte cytoplasm decreased, whereas the PTEN activity in the granulosa cells
increased as the oocyte developed (p=0.001 and p=0.001, respectively).
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Figure 1. THC staining with PTEN primary antibody of ovarian tissues in the control group; Primordial
follicles (red arrows), the multilaminar primary follicle (MPF), oocyte cytoplasm (white arrows), corpus luteum
(CL), stroma (white star) (x 100). (Ia) Primordial follicles (red arrows) (x400). Strong PTEN involvement

was observed in the oocyte cytoplasm of the primordial follicle, and weak involvement in the granulosa cell
cytoplasm surrounding the follicle. A moderate uptake was observed in the granulosa cell cytoplasm of the
primary follicle growing in the surrounding area. Corpus Luteum involvement was moderate.

Figure 2. THC staining with PTEN primary antibody of ovarian tissues in the control group; Primordial
follicles (red arrows), the unilaminar primary follicle (UPF), the antral follicle (AF), corpus luteum (CL), stroma
(white star) (x 100). (ITa) Unilaminar primary follicle (UPF) (x400). PTEN involvement was strong in the
oocyte cytoplasm of the primordial follicle, weak in the granulosa cell cytoplasm of the primordial follicle, and
strong in the granulosa cells of the secondary and antral follicles. PTEN immune reactivity was moderate in the
granulosa cells of the unilaminar primary follicle.

Discussion
In this study, PCOS was modelled with letrozole in adult female Sprague—Dawley rats, and PTEN expression in
ovarian tissues was compared between the PCOS group and the normo-ovulatory (control) group. The results
of our study indicate that there was a significant rise in PTEN staining levels in the oocytes of the PCOS group
compared to the control group. This study additionally examined the alterations in PTEN expression within the
ovary across various stages of folliculogenesis. The study revealed that PTEN expression became more prominent
in granulosa cells as the follicles developed, whereas its presence in the oocyte cytoplasm decreased.

Hormonal and biochemical assessments, as well as follicle counting sections, were incorporated into the
study to provide additional support for the development of the PCOS model. The utilisation of letrozole-induced
rat models for the study of PCOS is widely favoured in the academic literature due to the notable matching of
ovarian morphology and hormonal profiles to those observed in human PCOS'-*°. The hormonal, biochemical,
and histopathological analyses of the PCOS group in our study were comparable to those of human PCOS. In
the PCOS group of the study, the observed reduction in primordial follicles, along with an elevation in primary
and secondary follicles, may suggest atypical premature activation and commencement of development in pri-
mordial follicles. Alternatively, it is plausible that these findings could be attributed to potential discrepancies in
the methodology employed for follicle quantification.

The histopathological analyses revealed a decrease in the number of granulosa cells within the follicles of
individuals with polycystic ovary syndrome (PCOS) compared to that of the control group. Additionally, the
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Figure 3. In the ovarian tissue of the control group stained with PTEN primary antibody; primordial Follicle
(»), Multilaminar Primary Follicle (MPF), Antral Follicle (AF), Oocyte Cytoplasm (), Corpus Luteum (CL),
Stroma () (DAP—Hematoxylin x 100). (IITa) Primordialfolicula (@), Multilaminar Primer Follicle (MPF),
Oocyte Cytoplasm (>>) (DAP—Hematoxylin x 400). (IIIb) Primordial Follicle- Primary Follicle Transition (=
) Unilaminar Primary Follicle (UPF) (DAP—Hematoxylin x 400). PTEN immunoreactivity was strong in the
oocyte cytoplasm of the primordial follicle, weak in the granulosa cells surrounding the oocyte, and varying
from weak to moderate in the oocyte cytoplasm of the cubic granulosa cells. PTEN involvement was moderate
in the surrounding unilaminar primary follicle granulosa cells and moderate to strong in the multilaminar
primary and antral follicle granulosa cells. In the corpus luteum, PTEN immunoreactivity was moderate.

Figure 4. THC staining with PTEN primary antibody of ovarian tissues in the PCOS group; Antral follicle
(AF), Graaf follicle (GF), corpus luteum (CL), Cyst (C), stroma (white star) (x 100). (Iva) Antral follicle (AF),
Graaf follicle (GF), oocyte cytoplasm (white arrows), granulosa cells (black arrows), Cyst(C), stroma (white star)
(x400). Moderate PTEN involvement was observed in the oocyte cytoplasm of the antral and Graafian follicles
and strong PTEN involvement was observed in the granulosa cells surrounding the oocytes in the PCOS group.
Once more, strong PTEN immunoreactivity was observed in both cystic structures and the Corpus Luteum.

arrangement of these cells appeared to be more loosely organised. The data presented in this study demonstrate
a correlation between decreased ovulation and impaired granulosa cell function, despite an observed increase
in the number of antral follicles. Furthermore, the ovaries of the PCOS group had many cystic forms and the
absence of corpus luteum structures, which can be attributed to anovulation.

Based on the existing scientific evidence, the mechanism governing the proliferation of granulosa cells is
highly intricate and is acknowledged to be intricately linked to numerous elements®. A growing body of literature
has demonstrated that PTEN exerts regulatory control over the differentiation process in granulosa cells and is
important in the aberrant proliferation of granulosa cells in polycystic ovaries?*?. In a study conducted by Yeung
et al, the researchers examined the impact of PCOS on women by investigating PTEN expression in rat ovaries.
The findings revealed a decrease in PTEN expression in PCOS-affected ovaries, leading to the hypothesis that
PTEN may play a role in diminishing the proliferative potential of granulosa cells in polycystic ovaries. Conse-
quently, this mechanism may contribute to the progression of follicular apoptosis and follicular atresia®?’. In
the investigation conducted by Andreas et al.?s, it was proposed that the decrease in PTEN expression leads to an
augmentation in the proliferation of bovine granulosa cells. The variations observed in the outcomes of studies
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Figure 5. THC staining with PTEN primary antibody of ovarian tissues in the PCOS group; Antral follicle
(AF), antrum (A), cyst (C), stroma (white star) (x 100). (Va) Antral follicle (AF), the unilaminar primary follicle
(UPF) (x400). (Vb) Antral follicle (AF), granulosa cells (black arrows), Cyst(C), stroma (star) (x400). Moderate
PTEN involvement was observed in the oocyte cytoplasm of the antral follicle in the PCOS group, whereas
strong PTEN involvement was observed in the granulosa cells surrounding the oocyte. Additionally, strong
PTEN immunoreactivity was observed in both cystic structures and the Corpus Luteum. PTEN involvement in
primordial and primary follicles was quite strong.

Primordial follicle cytoplasm of oocyte | 1.33+0.52 | 1.00 (1.00-2.00) 2.67+0.52 | 3.00 (2.00-3.00) 0.007
Primordial follicle granulosa of oocyte 1.00+0.00 1.00 (1.00-1.00) 3.00+£0.00 | 3.00(3.00-3.00) 0.001
Primary follicle cytoplasm of oocyte 1.00+0.00 | 1.00 (1.00-1.00) 3.00+0.00 | 3.00 (3.00-3.00) 0.001
Primary follicle granulosa of oocyte 1.00+0.00 | 1.00 (1.00-1.00) 3.00+£0.00 | 3.00 (3.00-3.00) 0.001
Antral follicle cytoplasm of oocyte 1.00£0.00 | 1.00 (1.00-1.00) 3.00+£0.00 | 3.00(3.00-3.00) 0.001
Antral follicle granulosa of oocyte 1.33+£0.52 1.00 (1.00-2.00) 3.00+0.00 | 3.00 (3.00-3.00) 0.002
Corpus luteum 1.83+0.41 | 2.00 (1.00-2.00) 2.67+0.52 | 3.00 (2.00-3.00) 0.018

Table 3. Comparisons between the control and PCOS groups for PTEN staining in ovarian tissues in different
stages of folliculogenesis. SD, standard deviation; Min, minimum; Max: maximum; Mann-Whitney U test was
used. PTEN staining levels in both groups of rats were evaluated using an immunoreactive scoring scale, a total
of six zones (consisting of one core zone and five outer zones) were chosen from the sections of ovarian tissue.

Time 1 | 3.00+0.00 | 3.00 (3.00-3.00)
Time2 |2.50+0.55 | 2.50 (2.00-3.00) 0.076 <0.001 0.001 0.001
Time 3 | 1.17+0.41 | 1.00 (1.00-2.00)
Timel | 1.17+0.41 | 1.00 (1.00-2.00)
Time2 | 1.67+0.52 | 2.00 (1.00-2.00) 0.076 <0.001 0.001 0.001
Time 3 | 3.00+£0.00 | 3.00 (3.00-3.00)

PTEN immunoreactivity scores in
oocyte cytoplasm

PTEN immunoreactivity scores in
granulosa cells

Table 4. A comparative analysis of time-dependent PTEN staining levels in oocyte cytoplasm and granulosa
cells across various stages of follicular development. Time 1, primordial follicle stage; Time 2, primary

follicle stage; Time 3, antral follicle stage. SD, standard deviation; Min, minimum; Max, maximum. PTEN
immunoreactivity scores were evaluated using an immunoreactive scoring scale, a total of six zones, consisting
of one core zone and five outer zones, were chosen from the sections of ovarian tissue.
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documented in the literature can be ascribed to the diverse origins of the granulosa cells utilised. Additionally,
disparities may arise from the evaluation of distinct stages of cell development. Notably, the sources of these
cells encompass rats, cattle, and female subjects, while the stages of follicle development examined encompass
the primordial, primary, and antral stages. Hence, we conducted an investigation to analyse the fluctuation of
PTEN expression during various developmental stages, with a focus on temporal dynamics. Our work revealed
the presence of variation in PTEN expression inside both cytoplasmic and granulosa cells. Our study provides
insights into the literature in this regard.

The primary constraint of our study is the limited sample size of rats employed in the research. The limited
number of rats used in each study group was permitted by our ethics committee. A further constraint of this
work pertains to the exclusive demonstration of time-dependent alterations in PTEN expression within follicular
developmental stages solely in the control group. This particular aspect of the study was not conducted because
the PCOS group did not have oestrous cycles and was deemed to be unable to ovulate.

There has been an emerging trend in recent years in the literature on PCOS and PTEN, wherein research-
ers have begun to challenge the plausibility of regulating PTEN expression. Researchers conducted a study to
examine the fundamental mechanisms that contribute to the excessive proliferation observed in granulosa cells
affected by PCOS. In this study, He et al., presented evidence indicating that miR-200b and miR-200c exert inhibi-
tory effects on the proliferation of KGN cells through the targeting of PTEN. These findings contribute to the
existing knowledge on the aberrant proliferation of granulosa cells in PCOS™. Zhou et al., investigated whether
microRNA (miR)-18b-5p is one of the miRs that could functionally mediate PCOS progression via PTEN in rats
that developed PCOS with letrozole, as in our study. miR-18b-5p targeted PTEN, reduced PTEN expression and
activated the PI3K/Akt/mTOR signalling pathway to improve PCOS. As a result of this study, it was shown that
circulating miR-18b-5p levels can contribute to the progression of PCOS complications®.

The objective of ongoing investigations on the PI3K/AKT/PTEN signalling system in polycystic ovary syn-
drome (PCOS) is to ascertain the viability of a pharmacological intervention capable of effectively addressing
ovarian dysfunction®. Onal et al.*! conducted a recent study to determine whether PCOS treatment agents alter
PTEN expression in the polycystic ovary, and the study highlighted the importance of PTEN pathway studies
for PCOS treatment research groups.

Ongoing research is being conducted to investigate the importance of PTEN expression in polycystic ovary
syndrome. Additionally, there is a parallel focus on examining the various elements that exert an influence on
PTEN activity. The findings from these studies have paved the way for potential future therapies that can effec-
tively modulate the mechanisms behind follicle and oocyte growth in patients with PCOS. The ability to modulate
uncontrolled follicular development in patients with PCOS or the atretic process during follicular developmental
stages holds great potential for minimising difficulties associated with PCOS and may have substantial implica-
tions, particularly in the field of assisted reproductive techniques.

Our research is anticipated to have a major impact on the existing body of literature, as it uncovers alterations
in PTEN expression during the process of normal oocyte development, as well as diminished ovarian functions
observed in those with PCOS.

Conclusion

The present study investigated the alterations in PTEN ovarian tissue expression during the process of normal
folliculogenesis as well as in cases of impaired folliculogenesis, with a specific focus on rats with PCOS. The
results of our study will provide a basis for further research on the relationship between PTEN and the processes
of folliculogenesis, both in normal and disturbed contexts, particularly in PCOS.

Data availability
The datasets utilised in this investigation may be obtained from the corresponding author upon a reasonable
request.
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