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In the pathogenesis of polycystic ovary syndrome (PCOS), despite the importance of autophagy and transforming growth
factor-B1 (TGF-B1), there is scarce information about their inter-relationship. Therefore, here we assessed the correlations
between beclin-1, a cornerstone in autophagy, and TGF-B1 in a letrozole-induced PCOS rat model. Accordingly, a total of
45 female adult albino Wistar rats were randomly assigned into control, vehicle (carboxymethyl cellulose), and PCO groups.
To establish the PCOS model, letrozole (1.0 mg/kg body wt., p.o.) was given once daily for three successive weeks.
Circulating levels of luteinizing hormone, follicle-stimulating hormone, testosterone, estradiol, and progesterone were
assayed along with ovarian total antioxidant capacity (TAC), protein carbonyl content (PCC), beclin-1 level, and TGF-$1
level. Ovarian morphology and ultrastructure were examined by hematoxylin and eosin staining and electron microscopy,
respectively. Compared to control groups, hormonal levels and ovarian morphology in the letrozole-exposed animals
indicated the successful construction of the PCOS model. Further, the PCO group exhibited an oxidative stress status
reflected by a significant decrease in ovarian TAC and a significant elevation in the PCC. Moreover, ovarian beclin-1 and
TGF-B1 levels were significantly increased with an enhancement of autophagy as revealed by electron microscopy. In
multiple linear regression models, only TGF-B1 was observed in the final model where it explained the 62.3% variability of
Beclin-1. In conclusion, the ovarian level of TGF-1 might be a determinant factor of beclin-1 level in PCOS which may
provide new insight into the pathophysiology and therapy of the disease.

Keywords: Autophagy, Estradiol, Follicle-stimulating hormone, Luteinizing hormone, Oxidative stress, Progesterone,
Protein carbonyl content, Reactive oxygen species (ROS), Testosterone, Total antioxidant capacity

Polycystic ovary syndrome (PCOS) is a prevalent
condition affecting up to 20% of reproductive-aged
women. It is characterized mainly by chronic
anovulation, polycystic ovaries, and hyperandrogenism.
With multiple faceted endocrinal, reproductive,
metabolic, and psychological features, PCOS puts a
significant strain on healthcare resources which might
be attributed to unsatisfactory management'.

PCOS has been strongly related to oxidative stress
(OS) with subsequent deleterious alterations in the
cell signaling process, excessive apoptosis of
granulosa cells, and infertility’. Increased total
oxidant status and oxidative stress index alongside
decreased total antioxidant status have been reported
previously in PCOS patients compared to controls
suggesting the crucial role of OS in PCOS
pathogenesis’.
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Reactive oxygen species (ROS), the direct triggers
of OS, were shown to be the main inducers of
autophagy via mediating various signaling pathways
in the process of autophagosome formation®.
Autophagy is involved in the physiological and
pathological processes of reproduction’. In PCOS,
Li et al’ demonstrated that autophagy was activated in
the ovarian tissues of diseased humans and rats
compared to the corresponding controls. Further, it
was reported previously that the accumulation of
autophagosomes could induce apoptosis of granulosa
cells that may, in turn, account for anovulation and
steroidogenesis observed in PCOS’.

Beclin-1, encoded by the BECNI gene, is one of a
limited number of AuTophaGy-related (ATG) genes
that highly regulate autophagy®. Beclin-1 is the
mammalian ortholog of the Atg6 protein in yeast
required to initiate autophagy because of its
importance for the localization of autophagic proteins
to a pre-autophagosomal structure’.
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Transforming growth factor-betal (TGF-B1) is a
multifunctional cytokine engaged in the molecular
regulation of several reproductive processes spanning
oocyte  development and  ovulation, early
embryogenesis, embryo implantation, and placental
morphogenesis'’. Further, the role of TGF-BI in the
pathogenesis of PCOS and reproductive dysfunction
has been demonstrated in knockout mice'".

The potential cross-talk between autophagy and
TGF-B has received a great deal of attention in
different diseases'™®, but this is not the case with
PCOS. Thus, in the current study, we investigated the
relationship between TGF-B1 and beclin-1, as a cellular
autophagy marker, in a letrozole-induced PCOS model
to provide an impetus for identifying therapeutic
strategies in the management of the disease.

Material and Methods
Chemicals

Carboxymethyl cellulose (CMC) was purchased
from Sigma-Aldrich Co (MO, USA), and Letrozole
was purchased as Femara® tablets manufactured by
Novartis Pharma (Stein, Switzerland). All other
chemicals and solvents used were of the highest
purity grade available.

Animals

Forty-five female adult albino Wistar rats aged 6
weeks and with average weights of 180 g were
obtained from the Laboratory Animal Research
House, Medical Research Center, Faculty of
Medicine, Ain Shams University, Cairo, Egypt.
Animals were housed in a well-ventilated room with a
12/12 h light/dark cycle in polypropylene cages at
2542°C where they were kept on a standard diet and
provided with food and water ad [libitum. Animals
were adapted to the laboratory conditions for one
week before experimentation.

Experimental design

Animals were randomly divided into three groups,
each of fifteen animals, as follows: Group I served as
a normal control group, Group II (vehicle control
group) received 1% of CMC aqueous solution
(2.0 mL/kg body wt.) once daily per oral route (p.o.)
for three successive weeks, and Group II (PCO
group) administered letrozole dissolved in 1% CMC
at a dose of 1.0 mg/kg body wt. once daily p.o. for
three successive weeks'”.

Twenty-four hours after receiving the last dose, rats
were anesthetized with urethane after an overnight

fasting period. Blood was collected by the retro-
orbital puncture into a vacutainer tube with clot
activator, left to clot for 10 min, and centrifuged at
3000 rpm for 10 min to separate serum which was
subsequently divided into several aliquots and stored
at —70°C for further use. After the completion of
blood sampling, animals were sacrificed by cervical
dislocation and laparotomy was performed to expose
the abdominal viscera. The gut was displaced to
reveal the ovaries that were excised, immediately
cleaned of fat, washed with saline, dried with filter
papers, and weighed. Ovaries were homogenized in
ice-cold phosphate-buffered saline (PBS; 0.02 M
sodium phosphate buffered with 0.15 M sodium
chloride, pH 7.4) to form 10% w/v homogenate for
biochemical assays. A small part of the ovaries was
fixed in aqueous Bouin's fluid for histopathological
examination, whereas a third part was cut into ~1 mm
sections and fixed in 4% buffered glutaraldehyde
solution for electron microscopy.

Hormonal analyses

Serum levels of gonadotropins, follicle-stimulating
hormone (FSH) and luteinizing hormone (LH), were
quantitatively determined using commercial competitive
enzyme-linked immunosorbent assay (ELISA)
kits (Cat# CSB-E06869r, and Cat# CSB-E12654r,
respectively) according to manufacturer’s instructions
(Cusabio, TX, USA). The lower limit of detection
(LLD) of the assays was <0.07 mIU/mL for FSH and
<0.15 mIU/mL for LH. The intra-assay and inter-
assay coefficients of variation (CV) of the assays
were <15%. The test was performed on Stat Fax®
303 plus microstrip reader (Awareness Technology
Inc., FL, USA).

Serum levels of gonadal hormones including total
testosterone, estradiol (E2), and progesterone were
quantitatively  determined by the VIDAS®
immunoassay  kits based on enzyme-linked
fluorescent assay (ELFA) (BioMérieux Diagnostics,
Marcy-1'Etoile, France) using VIDAS® Testosterone
II kit, VIDAS® Estradiol II kit, and VIDAS®
Progesterone kit, respectively. The lower limit of
quantitation (LLoQ) of the testosterone assay was
0.05 ng/mL while the functional detection limit of the
E2 assay was 25 pg/mL and the detection limit of the
progesterone assay was 0.25 ng/mL. The intra-assay
and inter-assay CV of the assays were <8% and
<10%, respectively. The test was performed on
VIDAS® 30 immunoassay system (BioMérieux
Diagnostics, NC, USA).
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Assessment of ovarian oxidative stress

Ovarian homogenates were used to estimate
oxidative stress parameters. Total antioxidant capacity
(TAC) and the protein carbonyl (PC) content, the
most commonly used marker of protein oxidation
caused by ROS, were determined in rat ovarian
tissues using colorimetric assay kits (Cat# ab65329
and Cat#ab126287, respectively) provided by Abcam.
Protein concentration was determined in rat ovarian
tissues using a colorimetric assay kit (Cat# ab102535)
provided by Abcam (MA, USA) based on the method
of Bradford.

Determination of beclin-1 and TGF-f1 levels

Ovarian beclin-1 and TGF-B1 levels were
determined using sandwich ELISA kits (Cat# CSB-
EL002658RA and Cat# CSB-E04727r, respectively)
according to the manufacturer’s instructions (Cusabio,
TX, USA). The test was performed on Stat Fax® 303
plus microstrip reader (Awareness Technology Inc.,
FL, USA).

Protein-protein interaction network analysis

To construct the protein-protein interaction (PPI)
network, beclin-1, TGF-B1, and their connected
proteins in autophagy and TGF-B1 signaling pathway
were retrieved from the Kyoto Encyclopedia of
Genes and Genomes (KEGG) under the entry ID
of map04140 and  hsa04350, respectively
(Supplementary figure 1). The protein set was then
imported into the Search Tool for the Retrieval of
Interacting Genes (STRING) database (http://
string.embl.de/) to build up and visualize the
interaction network wusing a minimum required
interaction score of medium confidence >0.4.

Histopathology

Immediately after dissection, autopsy samples were
taken from ovarian tissues, cut into small pieces, and
fixed in freshly prepared aqueous Bouin's fluid for
24 h. Samples were then dehydrated in graded
concentrations of alcohol, cleared in terpineol, and
embedded in parablast. Blocks were cut at 5 um
thicknesses on a rotary microtome, mounted on slides,
and stained with hematoxylin and eosin. Slides were
evaluated for histological changes under light
microscopy.

Electron microscopy

Small pieces of the rat ovary were fixed in 3%
glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) for
2 h at 4°C. The tissues were then washed in 0.1 M
phosphate buffer containing 5% sucrose and post-
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fixed in Osmium tetraoxide (OsO,) for 2 h at 4°C.
After that, the samples were dehydrated in an
ascending ethanol series, treated with propylene
oxide, infiltrated, and embedded in epoxy resin at
60°C. Semi-thin sections (1 pm) were cut with the
RMC-MT?7 ultra-microtome (Boeckeler Instruments
Inc., AZ, USA), stained with toluidine blue, examined,
and photographed. Ultra-thin sections were cut,
stained with uranyl acetate and lead citrate, and then
examined under the JEOL 1200EX II transmission
electron microscope (JEOL Ltd., Tokyo, Japan) at the
Electron Microscope Unit, The Central Laboratory,
Faculty of Science, Ain Shams University.

Statistical analysis

Statistical analyses were performed using SPSS
version 20.0 (IBM Corp, NY, USA). All data were
expressed as meant=SEM. Statistical significance of
differences among the different studied groups was
evaluated by one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test for multiple
comparisons. Pearson’s correlation analysis was used
to assess the relationship between two variables. After
a significant crude correlation was found, multiple
linear regression models with a subsequent backward
stepwise procedure were used to assess the
association of beclin-1 with different parameters. All
stepwise selection models used a P <0.05 level for
entry and a P <0.10 for removal; the variables to be
included in these models were based on previous
simple regression analyses. All P values were two-
sided and a P value <0.05 was taken as a criterion for
a statistically significant difference.

Results
Hormonal levels

Among the hormonal analytes, the serum levels of
LH and testosterone turned out to be significantly
elevated in letrozole-induced group compared to
normal control (by 134 fold and 9.2 fold,
respectively; P <0.001) as well as to CMC vehicle
group (by 1.65 fold and 5.37 fold, respectively;
P <0.001).

Meanwhile, serum levels of FSH, progesterone,
and estradiol were significantly decreased in PCOS
animals compared to both the control group
(by 33.85%, p=0.031, 41.96%, p=0.006, and 46.44%,
p=0.010; respectively) and the CMC vehicle group
(by 30.98%, p=0.047, 39.43%, p=0.008, and 40.59%,
p=0.033; respectively) (Table 1).
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Table 1 — Hormonal and biochemical characteristics of the studied groups
Control group Vehicle (CMC) group PCO (Letrozole) group
FSH (mIU/mL) 1.92+0.17 1.84+0.21 1.27+0.11*°
LH (mIU/mL) 0.92+0.11 0.8+0.1 2.12+0.19*°
Testosterone (ng/mL) 0.05+0.00 0.05+0.00 0.51+0.09*°
Estradiol (pg/mL) 30.17+£5.52 27.20+1.76 16.16+2.00*°
Progesterone (ng/mL) 6.22+0.81 5.96+0.49 3.61+0.36™°
Ovarian PCC (nmol/mg protein) 17.61+0.68 18.07+1.40 23.33+0.95%°
Ovarian TAC (umol Trolox/mg protein) 4.509+0.416 4.343+0.340 3.307+0.169*°
Ovarian Beclin-1 (ng/mg tissue) 2.00£0.11 2.0040.08 2.45+0.07*°
Ovarian TGF-B1 (Pg/mg tissue) 90.42+4.86 86.74+4.62 159.00+5.93*°

[Data are expressed as mean+=SEM. n=15 for each experimental group. CMC: Carboxymethyl cellulose, PCO: Polycystic ovary, FSH:
Follicle-stimulating hormone, LH: Luteinizing hormone, PCC: Protein carbonyl content, TAC: Total antioxidant capacity, TGF-p1:
Transforming growth factor-betal. In multiple comparison, *P <0.05 vs. normal control group and °P <0.05 vs. vehicle group]

Oxidative stress parameters

Although the ovarian PC content was significantly
increased in PCO group in comparison with normal
and CMC vehicle groups (23.33+0.95 vs. 17.61%0.68
and 18.07£1.40 nmol/mg protein, respectively;
p=0.003), letrozole produced only a slightly
significant decrease in TAC in the ovarian tissue of
the induced group by 26.61% (p=0.027) and 23.73%
(»=0.044) compared to normal and CMC vehicle
groups, respectively (Table 1).

Ovarian levels of beclin-1 and TGF-p1

Table 1 shows that the ovarian level of beclin-1 in
the PCO group was significantly increased by 22.50%
compared to control and CMC vehicle groups (2.45+
0.07 ng/mg tissue vs 2.00+£0.11 and 2.00+0.08 ng/mg
tissue, respectively; P <0.001). In the same context, a
significant increase in the ovarian TGF-B1 level by
75.85% was observed in the PCO group compared to
the control group (159.00+£5.93 pg/mg tissue vs.
90.4244.86 pg/mg tissue, P <0.001) and 83.31%
(159.00+5.93 pg/mg tissue vs 86.74+4.62 pg/mg tissue,
P <0.001) compared to the CMC vehicle group.

Correlation between beclin-1 and various factors

The increased beclin-1 level in ovarian tissue of
PCOS animals correlated positively and significantly
with TGF-B1 whereas, it showed a negative
significant correlation with TAC (Table 2). When a
significant crude correlation was found, multiple
linear regression models with a subsequent backward
stepwise procedure were used to assess the
association  between beclin-1 and  different
parameters. Table 3 shows the initial model, an
intermediate model, and the final model of the
multiple linear regression models. The final model
revealed just one relationship; it was a positive
relationship between beclin-1 and TGF-f1 that
explained the 62.3% variance in beclin-1.

Table 2 — Correlation analysis of Beclin-1 levels with biochemical
parameters in the studied groups

Control Vehicle PCO
(bl (CMO) (Letrozole)
Variable Ovarian Beclin-1 (ng/mg tissue)
rp r P r P
Serum FSH (mIU/mL) 0307 0359 0417 0.138 0.172  0.540
Serum LH (mIU/mIL) 0267 0428 0359 0207 0.059 0.835
Serum testosterone
0055 0872 0424 0.141 —0.146 0.560
(ng/mL)
Serum progesterone
0046 0.894 0.198 0497 0.116 0.681
(ng/mL)
Serum estradiol (pg/mL) —0.102 0765 0554 0.040 0.062 0.825
Ovarian PCC (nmolimg 77 0006 0452 0105 0251 0367
protein)
Ovarian TAC (umol 316 (341 0172 0557 ~0703 0.003
Trolox/mg protein)
Ovarian TGF-f1 0892 <0.001 0554 0.040 0781 0.001
(pg/mg tissue)

[CMC: Carboxymethyl cellulose, PCO: Polycystic ovary, FSH:
Follicle stimulating hormone, LH: Luteinizing hormone, PCC: Protein
carbonyl content, TAC: Total antioxidant capacity, TGF-l:
Transforming growth factor-betal]

Table 3 — Backward stepwise multiple regression models with
Beclin-1 as a dependent variable

Initial model Intermediate Final
Variabl (All variables) model model
anable R’=0651  R’=0.648 R*=0.623
4 p p B p B »p
Ovarian PCC . 0029 0851
(nmol/mg protein)
Ovarian TAC
(umol Trolox/mg protein) —0.052 0.684
Serum LH (mIU/mL) -0.153  0.337 -0.157 0.313

-0.148 0.261 —0.155 0.225
0.974 <0.001 1.006 <0.001 0.790 <0.001

Serum testosterone (ng/mL)
Ovarian TGF-B1

(pg/mg tissue)
[PCC: Protein carbonyl content, TAC: Total antioxidant capacity, LH:
Luteinizing hormone, TGF-B1: Transforming growth factor-betal.
Beclin-1 and TGF-B1 were independently and positively associated.
TGF-B1 explains the 62.3% variability of Beclin-1. In the backward
stepwise procedure, the variables were sequentially removed as
follows: PCC, TAC, LH, and testosterone. Only one of the
intermediate models (three variables) obtained through this procedure
was reported]
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Moreover, the integrated protein set obtained
from KEGG was mapped into the PPI network
complex using the STRING online database
(Fig. 1). The results confirmed that the TGF-B1
signaling pathway interacts with autophagy via
beclin-1 as a connection point (PPI enrichment
P value <1.0e-16).

L=

- 4; \/'{ZAML Sas1a

Fig. 1 — Protein-protein interaction (PPI) network between
autophagy and TGF-B1 signaling pathway using STRING tool.

Histopathological examination

In the control and vehicle groups, ovaries exhibited
a typically normal appearance with follicles and
corpora lutea in different stages of development and
regression (Fig. 2A). The ovaries of such groups had
mostly primary, secondary, and tertiary follicles. The
oocyte was surrounded by a single layer of cuboidal
granulosa cells in the primary follicle; whereas, it was
surrounded by a few layers of granulosa cells with no
visible antral space in the secondary follicle.
Moreover, the tertiary follicles were characterized by
numerous layers of granulosa cells with small antral
space (Fig. 2B).

On the other hand, follicular cysts in the ovarian
surface were evident macroscopically in the letrozole-
induced group. Further, the ovaries displayed typical
PCO-like changes that are characterized by the
presence of numerous atretic follicles (cysts) which
were seen as fluid-filled sacs under the ovarian
surface (Fig. 2C). In addition, the primary, secondary,
and Graafian follicles, as well as corpora lutea, were
significantly lower than those of the control and
vehicle groups and had severe histopathological

Fig. 2 — Photomicrographs of hematoxylin and eosin stained sections of ovarian tissues. [Ovaries of control groups exhibited a typically
(A) normal appearance of follicles and corpora lutea (4X) ; (B) primary (= ), secondary (—), and tertiary (%) follicles, in addition
to granulosa cells (—), antral space (%), and oocyte (%) (10X); and (C) Ovarian tissue in polycystic ovary (PCO) group showed a
typical PCO with numerous atretic follicles (4X), altered primary (= #) and secondary (—) follicles (D; 10X), and altered Grafiaan

(—) follicles (E; 10X)]



HAMDY et al.: RELATIONSHIP BETWEEN BECLIN-1 AND TGF-B1 IN LETROZOLE-INDUCED PCOS 337

alterations (Fig. 2 D & E). Graafian follicles
generally possessed a single large antral space of
follicular fluid.

Ovarian ultrastructure

Results obtained from the electron microscopy
showed that oocytes in the control and CMC vehicle
groups conserved their junctions and maintained a
close relationship with the granulosa cells (Fig. 3A).
The oocytes' cytoplasm was homogeneous and
contained mitochondria, endoplasmic reticulum,
microtubules, and a nucleus with prominent nucleolus
(Fig. 3B & O).

In the PCO group, the oocytes in the cell death
process had altered junctions with granulosa cells
leading to the detachment of the latter from the wall
of the former (Fig. 3D). Moreover, the chromatin
in the nucleus began to condense (Fig. 3E). An
interesting ultrastructural characteristic in the altered
oocytes was the presence of numerous dispersed
autophagic vesicles in the cytoplasm, which contain
cytoplasmic structures in different phases of
degradation (Fig. 3 F & G).

Oocyte

o
Granulosa cells

2 um )
HV-100.0kV
Direct Mag: 1000x

Nucleus

2 um
HV-100.0kV
Direct Mag: 1000x

groups. In

5 microns
TEM Mag = 2000x

Discussion

Being the most widespread metabolic and endocrine
disorder, PCOS has become immensely prevalent
among women of fertile age'®. Kumariya et al.'’
demonstrated that autophagy plays a significant role
in the pathogenesis of PCOS. Moreover, the TGF-B1
signaling pathway has been associated with
reproductive dysfunction'’. Although autophagy can
be induced by a variety of stimuli under different
conditions, the relationship between TGF-f3 signaling
and autophagy has been poorly understood, therefore,
the current study aimed to explore the putative link
between the cellular autophagy marker beclin-1 and
TGF-B1 in a letrozole-induced PCOS model.

In the current study, the administration of letrozole
caused a significant elevation in serum testosterone
level accompanied by a significant decrease in
serum estradiol level. This can be attributed to the
blocking effect of letrozole, as a non-steroidal
aromatase inhibitor, on the conversion of testosterone
into estrogens'®. Hyperandrogenism is the main
characteristic of PCOS; it plays a pivotal role in the

2um
HV-100.0kV
Direct Mag: 1000x

nm
HV-100.0kV
Direct Mag: 5000x

300 um
HV-100.0kV
Direct Mag: 5000x

10 um )
TEM Mag: 3000x

Fig. 3 — Electron micrograph of the ovarian tissues in the studied
the control
(A) possess normal relation with the granulosa cells; (B) contains
mitochondria (M),
(C) contains normal nucleus with prominent nucleolus. In the PCO group, it
depicted (D) an altered junction of the oocyte with granulosa cells;
(E) altered oocyte with condensed nuclear chromatin; and (F & G)
autophagic vesicles]

groups, it depicted normal oocyte that

endoplasmic reticulum (ER), and microtubules;
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pathogenesis of the disease and may contribute to
reproductive and metabolic dysfunctions'’. Moreover,
hyperandrogenism impairs the feedback signaling
from ovarian sex hormones to the hypothalamus-
pituitary axis affecting, in turn, the normal release of
gonadotropin-releasing hormone, LH, and FSH”.
This is supported by the results of the present work
that showed a significant increase in serum LH level
in the letrozole-induced group compared to control
groups. This elevation in the LH level might prevent
follicular maturation and lead to ovulation failure®'.

In the same context, the significant reduction of
serum progesterone level observed in letrozole-
exposed animals indicates anovulation and echoes the
results reported by Begum et al*’. Further, the
numerous atretic follicles found in the histo-
pathological examination could be a result of
disturbed folliculogenesis and oogenesis™.

Furthermore, it was reported that
hyperandrogenism induces OS status in the ovary*.
The elevated OS interferes with many pathological
conditions of reproduction such as infertility,
abortion, preeclampsia, endometriosis, and PCOS”.
Herein, a disrupted equilibrium was observed in the
letrozole-induced PCO group between endogenous
antioxidant capacity, as pointed from the diminished
ovarian TAC, and toxic oxygen-derived products that
are insufficiently detoxified leading inevitably to
oxidative burden and harmful consequences targeting
cellular biomolecules, as evident by the elevated
ovarian PC content. This is in agreement with the
results of previous studies conducted on both humans
and animals™*’.

The imbalanced redox potential has been suggested
to enhance OS, this effect might be associated with
increased autophagy. Among all autophagy-associated
proteins, beclin-1 appears to be a key regulator™.
Studies on the beclin-1 levels in PCOS are relatively
sparse and offer contradictory findings. Li et al.”
observed an increase in the BECNI mRNA abundance
in ovarian granulosa cells from PCOS patients
compared to non-PCOS patients. Similarly, Yi et al.*
found that the increased beclin-1 protein level was
linked to PCOS pathogenesis. This is in accord with
the results of the present study that showed a
significant increase in ovarian beclin-1 level in the
letrozole-exposed animals compared to controls.
Moreover, electron microscopy revealed an increased
autophagosomes number in the PCO group. However,

Li et al.® demonstrated a slightly, but not significant,
increasing trend in the expression of beclin-1 protein
in human PCOS ovarian tissues in comparison with
normal ovaries, although the authors reported that
autophagy was activated in the ovarian tissue of
PCOS patients and dehydroepiandrosterone (DHEA)-
induced PCOS rats. On the other hand, Sumarac ef al.*'
reported that the endometrial gene expression level of
BECNI was significantly reduced in anovulatory
PCOS patients compared to the control group.

In the same direction, the increased production of
both ROS and OS was connected to TGF-f1
activation and production, indicating their crucial role
in the fibrotic process®>. Consequently, a relationship
between the TGF-B1 level and the pathogenic events
in PCOS was suggested”. TGF-pl was proven to
increase the production of the proinflammatory
cytokines and profibrogenic molecules responsible for
the marked inflammatory responses and fibrosis in
PCOS™.

In the current work, letrozole induced a significant
increase in the ovarian TGF-f1 level compared to
control groups. This concurs with the results of Raja-
Khan et al.*>, who reported a high level of TGF-B1 in
PCOS patients. Further, Kabel et al.*® reported that
ovarian TGF-B1 level was significantly elevated in
letrozole-induced PCOS animals.

Notably, the increased ovarian beclin-1 level in the
present study showed only a positive relationship with
ovarian TGF-B1 level in the final regression analysis
model, which seems consistent with the proautophagy

effects of TGF-B1 demonstrated previously®”.

TGF-B binds to type I and II receptors and
transduces  signals  through  receptor-regulated
Smad2/3 and common-partner Smad4, and it was
reported previously that TGF-B1/Smad3 pathway
induces  beclin-1’.  Further, TGF-p activated
autophagy by inducing the accumulation of
autophagosomes and increasing the mRNA
expression levels of several autophagy-related genes
including BECNI in human hepatocellular carcinoma
cell lines. The knockdown of Smad2/3 or Smad4
attenuated the TGF-B-induced autophagy'*. Moreover,
Li et al'* found that fucoidan, a long chain sulfated
polysaccharide, inhibits TGF-B1 that, in turn, reduces
the phosphorylation of Smad2/3 and impedes the
transfer of the latter to the nucleus to combine with
specific DNA sequences of BECNI gene, therefore,
Beclin-1 could not promote the autophagosome
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biogenesis and autophagy was eventually hindered.
This concurs with the results of the current work’s
STRING analysis that confirmed the interaction of
TGF-B1 signaling with autophagy via Beclin-1.

Conclusion

This work highlights the relationship between
TGF-B1 and beclin-1 ovarian levels in a letrozole-
induced PCOS model indicating a significant increase
in the ovarian beclin-1 and TGF-B1 levels with an
enhancement of autophagy as revealed by electron
microscopy. In multiple linear regression models,
TGF-B1 appeared to be a determinant factor of beclin-
1 and the increased level of the latter might be
associated with the high level of the former. Thus,
there is a need for additional studies to explore
therapeutic strategies targeting TGF-B1signaling that
may regulate autophagy and subsequently present
promising remedies in the treatment of PCOS.
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