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Abstract  Polycystic ovary syndrome (PCOS) is a reproductive endocrine disease characterized by ovulation disorder, hyperandrogenism and/or polycystic ovary.
Follicular development disorder caused by PCOS accounts for up to 75% of anovulatory infertility, which is a common cause of infertility and affects up to 15% of
reproductive aged women worldwide. Oxidative stress, chronic inflammation, endoplasmic reticulum stress and other pathological conditions coexist in the ovarian
microenvironment of PCOS, which are further aggravated under the action of high levels of androgens, synergistically deteriorating the follicular microenvironment,

leading to ovulation disorders in PCOS patients. This paper briefly reviewed the research on the mechanism of PCOS ovulation disorder in recent years.
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Polycystic ovary syndrome (PCOS) is the most common re-
productive endocrine disease among women of childbearing age,
which is essentially developed due to the interaction of reproduc-
tive dysfunction and metabolic disorder’"’. PCOS is a clinical syn-
drome group characterized by ovulatory dysfunction (OD), hy-
perandrogenism ( HA ) and/or polycystic ovarian morphology
(PCOM), often accompanied by metabolic disorder, irregular
menstruation, signs of hyperandrogenism and oxidative stress' .
Ovarian follicle development disorder caused by PCOS is charac-
terized by slow follicular growth, abnormal morphology, stagnant
development, atresia and ovulation of young follicles™ , account-
ing for 75% of sterility due to anovulation, showing an increasing
trend year by year*'. PCOS is a common cause of infertility,
which affects as many as 15% of women of childbearing age in the
world, and may cause lifelong damage to patients’ health'"’.

PCOS is a gynecological disease regulated by multiple genes
and factors, with complexity and heterogeneity, and its pathogene-
sis is still unclear. In recent years, with the in-depth study on the
pathophysiology of PCOS, the follicular microenvironment has
gradually become a research hotspot, attracting extensive attention
from industry. The growth and development process of normal fol-
licles includes initial growth stage, selection stage of dominant fol-
licles, differentiation stage and mature stage of dominant follicles
growing and developing independently. Abnormal follicular devel-
opment is not only related to the imbalance of hypothalamus-pitui-

tary-ovary axis, but also related to the dysregulation of local ovarian

Received ; July 10, 2023 Accepted: August 12, 2023

Supported by Guangxi Natural Science Foundation (2020GXNSFAA238022);
National Natural Sciences Foundation of China (82060280 ) ; Doctoral Research
Start — up Fund of Guangxi University of Chinese Medicine (2017BS011) ; Sci-
ence and Technology Plan Project of Guangxi University of Chinese Medicine
(2018ZD003).

Chong ZHOU (1976 - ), male, P. R. China, Associate Professor, devoted to
research about Chinese herb medicine on prevention and treatment of reproduc-
tive disorder.

# Corresponding author.

Polycystic ovary syndrome; Ovulation disorders; Research progress

follicle microenvironment>'. The follicular microenvironment is
the site for the development and maturation of oocytes, mainly
composed of follicular fluid and granulosa/cumulus cells, and
plays a crucial role in ovarian diseases such as PCOS"™"". Studies
have shown that multiple pathological states such as oxidative

stress™ , chronic inflammation"”’

[10]

, and endoplasmic reticulum
stress'  coexist within the ovarian microenvironment of PCOS.
Various pathological conditions promote each other, and are fur-
ther aggravated by a high level of androgens. These pathological
conditions synergistically worsen the follicular microenvironment,
thus leading to ovulation disorder in PCOS patients'"’. This paper
briefly reviewed the research on the mechanism of ovulation disor-

der in PCOS in recent years.

High Level of Androgens
The development of follicles depends on the balance of andro-

21 Androgens ( mainly including an-

gens and their receptors
drostenedione, dehydroepiandrosterone and testosterone ) are the
most common serological feature of PCOS patients, and the in-
creased excessive secretion of testosterone (T) is an important
cause of follicular development disorder'’. Androgens play a du-
al role in the growth and development of follicles, and the defi-
ciency or excess of androgens will directly or indirectly lead to
follicular atresia. Androgens can directly promote the growth and
proliferation of early follicles through their receptors. In the late
stage of follicular development, estrogens replace androgens and
become the dominant factor of follicular development . Testos-
terone and androstenedione are converted into estrogens (estradiol
and estrone) under the action of aromatase, and excessive andro-
gens are converted into estrone in peripheral tissues and feed back
to the hypothalamus and pituitary gland, so that the secretion of
follicle-stimulating hormone (FSH) is reduced, and the sensitivity
of follicles to luteinizing hormone (LH) is increased. As a result,
the selection of dominant follicles cannot be carried out, which

further causes follicular development disorder and promotes follicular
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atresia.

The high level of androgens in PCOS can induce the expression
of aldose reductase in the ovary, which leads to the hyperactivity of
the polyol pathway, and affects ovarian function by promoting
oxidative stress, significantly reducing the total number of follicles
in mice with PCOS, causing polycystic ovarian changes, increas-
ing the proportion of atresia follicles and reducing the number of
corpus luteum'”’. The high level of androgens in PCOS can en-
hance autophagic activity by increasing the content of homocys-
teine and inhibiting the mTOR signaling pathway *’. The high
level of CyplB1 in granulosa cells can transform estradiol into its
inactive metabolite, and its mRNA expression is related to PCOS
pathology'"”'. A high level of androgens may impair the develop-
mental ability of oocytes by affecting the signaling pathway of aryl
hydrocarbon receptor ( Ahr) and its downstream genes, such as
Amt, CypIAl and CypIBI'™ . The

Miillerianhormone ( AMH) is related to the concentration and ac-

secretion of anti-

tion time of testosterone, which promotes the secretion of AMH by
granulosa cells, while AMH inhibits the activity of aromatase,
thus inhibiting the transformation of testosterone and androstenedi-
one into estrogens, forming a vicious circle and further increasing

the level of androgens in the body™’.

Oxidative Stress

Oxidative stress is considered as one of the potential patho-
genesis of PCOS ovulation failure. It is closely related to the mo-
lecular pathogenesis of PCOS™' and plays a decisive role in the
development of PCOS™'. Oxidative stress affects follicular matu-
ration, ovulation rate and oocyte quality in PCOS™™'. Oxidative
stress is directly related to testosterone and androstenedione. Oxi-
dative stress participates in steroid production in the ovary, thus
[40]

promoting androgen production'™" , and the high level of andro-

gens promotes oxidative stress, forming a vicious circle and cau-

], Meanwhile, the disorder

sing irreversible damage to oocytes '
of sex hormone level will induce systemic and local oxidative stress
in the ovary, which further exacerbates sexual hormone disorders
and ultimately leads to ovulation disorders in PCOS patients >’
The Janus kinase (JAK)/signal transducers and activators of
transcription (STAT) signal pathway is a universally-expressed in-
tracellular signal transduction pathway, which can be activated by
reactive oxygen species ( ROS) and other cytokines, hormones,
growth factors and other ligands and their receptors, and partici-
pates in key physiological processes such as cell proliferation and
differentiation, apoptosis and survival, metabolism and
stress'™ ™. The JAK/STAT pathway is involved in the process of
antioxidant stress. ROS can cause abnormal metabolism of compo-
nents in extracellular matrix and abnormal expression of related
factors through the JAK2/STAT3 signaling pathway . Studies
have shown that the phosphorylation levels of JAK2 and STAT3 in
Oxidative

free radicals, malondialdehyde ( MDA) and reactive oxygen spe-

PCOS patients and rats are significantly increased ™.

cies (ROS) in follicular fluid and serum of patients are higher

than those in normal people, and they are oxidative markers that
destroy the homeostasis of ovarian environment and aggravate ovu-
lation disorder, hyperandrogenism and metabolic disorder. Nateg-

PCOS-induced

degenerative follicular damage through TLR-4, antioxidant and an-
[31]

linide and octreotide reverse atresia  and

ti-inflammatory pathways

Chronic Inflammation

Inflammatory factors in blood circulation, ovarian tissue ma-
trix and follicular fluid of PCOS patients, including c-reactive pro-
tein (CRP), tumor necrosis factors ( TNF-ot) and interleukin
(IL), increase to varying degrees, and the body is in a state of
low-grade chronic inflammation ™. A high level of TNF-ot in ser-
um can promote the reduction of granulosa cells and interstitial
cells of theca, and function declines, even apoptosis, which leads
to the decrease of estrogen content and the increase of androgen
content in vivo, which reduces the quality of oocytes, which devel-
op into immature follicles having no normal fertilization function,
and the eggs shrink by themselves, leading to ovulation difficulties
or infertility ™', 1L-6 and IL-8 can interfere with cell signal trans-
mission through the induction of inflammatory reaction, which
leads to insulin resistance and hinders the growth and development
of follicles and the selection of dominant follicles™** .

Total flavonoids regulate the serum sex hormone level of P-
COS and improve ovulation through the JAK2/STAT3 pathway me-
diated by 1L-6"'.

point catgut embedding can effectively improve the levels of sex

Bushen Huatan Formula combined with acu-

hormones and glucolipid metabolism in PCOS patients with kidney
deficiency and phlegm-dampness syndrome, which may play a role
by inhibiting the activation of TLR4/NF-kB signaling pathway and
alleviating inflammatory reaction™’ . TGF-B is highly expressed in
the serum of PCOS patients, and activated GF-BR1 and SMAD2/
SMAD3 participate in the regulation of PCOS diseases™ . Li-
uwei Dihuang Pill can effectively inhibit PCOS by inhibiting the
TGF-B1/SMAD signaling pathway, relieving polycystic ovary and

uterine cavity dilatation, and regulating endocrine metabolism'” .

Autophagy
Autophagy is involved in maintaining the reserve of ovarian
primordial follicles and regulating the development, atresia and

41 -42]
L . Under normal

formation and degeneration of corpus luteum
circumstances, autophagy is necessary for follicular granulosa cells
to maintain oocyte growth, follicular development and follicular
atresia. Autophagy abnormalities exist in ovarian granulosa cells of
PCOS patients' ™ ™.

Chemerin is an endogenous ligand of G protein-coupled re-
ceptor, chemokine receptor-like 1 (CMKLRI1), and it is a new
type of fat factor related to obesity and metabolic syndrome, which
mainly plays a role by activating the biological activity of
CMKLRI1. Chemokines can promote autophagy of PCOS granulosa
cells by inhibiting the PI3K/AKT/mTOR signaling pathway *'.

Metformin decreases the autophagy level in granulosa cells of
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PCOS rats through the PI3K/AKT/mTOR pathway, as well as the
oxidative stress and autophagy level in the cell model with high au-
tophagy level induced by hydrogen peroxide'*’. Guizhi Fuling Pill
can inhibit autophagy of granulosa cells and promote follicular
development by activating the PI3K/AKT/mTOR signaling path-
way, so as to alleviate ovulation disorder in PCOS-IR rats'"’. Ac-
upuncture can down-regulate the expression of LncMEG3, thus in-
hibiting the PI3K/AKT/mTOR pathway, reducing autophagy of
granulosa cells, normalizing their proliferation and correcting ab-

normal follicular development™®’.

Apoptosis
Follicular atresia is induced by the degeneration of theca cells

[9-9] " Under normal

after ovarian granulosa cells start apoptosis
conditions, apoptosis and normal division coexist in granulosa cells
in follicles, but when the apoptosis rate of granulosa cells exceeds
10% , it indicates that follicles suffer from atresia. In the process
of follicular development, the gap junction between granulosa cells

', and granulosa cells transmit ap-

and oocytes is very importantm
optosis information to oocytes, which leads to the decline of oocyte
quality. Therefore, ovarian granulosa cell apoptosis is considered
as the direct cause of follicular atresia ™ .

MiR-18b-5p produced by exosomes derived from follicular
fluid can reduce PTEN expression, promote the activation of the
PI3K/Akt/mTOR signaling pathway and inhibit apoptosis, so as to
improve PCOS™ ™', Curcumin can protect GCs from apoptosis
induced by androgen in PCOS model rats by inhibiting the IRE1
o/XBP1 pathway related to oxidative stress and activating the
PI3K/AKT signaling pathway[ss] . The MAPK signaling pathway is
related to the growth, differentiation and apoptosis of ovarian gran-

ulosa cells! ="

. Jiawei Shaoyao Gancao Decoction may inhibit
apoptosis and autophagy of ovarian granulosa cells in PCOS and
promote cell proliferation by inhibiting p38 AMPK signaling path-
way' ). miR-184 inhibits the proliferation of ovarian granulosa
cells by activating the expression of p38 MAPK and ERK1/2 pro-

teins'™’

Bushen Huatan Formula can promote and inhibit the
proliferation and differentiation of ovarian granulosa cells by re-
ducing APN/p38MAPK signal transduction'®’.
Decoction can restore ovarian lesions and improve apoptosis
through the PI3K/AKT/mTOR pathway mediated by estrogen re-
ceptor o, which may be partly helpful for the treatment of P-
Cos™".

In addition, microcirculation disturbance and intestinal flora

Bushen Zhuyun

imbalance are also important pathological factors for the occur-
rence and development of POCS. To sum up, pathological condi-
tions such as endoplasmic reticulum stress, oxidative stress, chro-
nic inflammatory autophagy and apoptosis exist in the follicular mi-
croenvironment of PCOS, and interact with the level of androgens
and glucose and lipid metabolism disorder to jointly damage and
worsen the follicular microenvironment, thus leading to abnormal
follicular development and maturation in PCOS patients and ulti-

mately to infertility in PCOS patients. Therefore, how to treat

PCOS and protect women’s fertility has become an urgent focus
scientific issue. This paper reviewed the molecular mechanism of
PCOS, hoping to provide molecular targets and therapeutic strate-
gies for the diagnosis and treatment of anovulatory infertility and

ovarian diseases.
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regulatory role of institutional mechanisms. Through institutional
construction, we aim to address the shortcomings of practical
teaching bases for agricultural masters in local colleges and uni-
versities under the background of new agricultural sciences,
thereby enabling students to focus their papers on practical prob-
lems discovered during practice processes, effectively solve agri-
cultural practical problems, and write papers on the land of Chi-
na to assist in the revitalization and construction of rural areas in
the country.

Conclusions

Under the background of " New Agricultural Sciences"
building stable research and teaching practice bases is an impor-
tant carrier for agricultural professional degree postgraduates to
exercise their practical ability. Constructing practice bases of
professional degree postgraduates with the characteristics of " in-
tegrating production and education" allows the organic integration
of industry-teaching and scientific research, which effectively
solves the problem of the absence of off-campus practice teaching
and provides a new idea for exploring the long-term operation
mechanism of practice bases.
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