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Abstract

Mesenchymal stem cells (MSCs) are highly capable of self-renewal and differentiation. They can be isolated from a variety of sources such as
adipose tissue, bone marrow, umbilical cord, tooth pulp and can be cultured under in vitro conditions. MSCs have anti-inflammatory, anti-apoptotic,
angiogenic, immunomodulatory and many more therapeutic effects because of paracrine factors they secrete. Today, mesenchymal stem cells are
used for treatment in more than twenty diseases, from spinal cord injuries to diabetes. However, there is little mention in the literature of the use
of these cells in female reproductive system diseases. In this review, a limited number of clinical and experimental studies on the use of
mesenchymal stem cells in the treatment of polycystic ovary syndrome, which is quite common in women, were examined and analyzed.
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1. Introduction

Polycystic ovary syndrome (PCOS) is a multifactorial
metabolic and endocrine disease and has a high incidence in
women (Divyashree et al., 2019). Stein and Leventhal wanted
to provide information about the morphology and clinical
findings of the ovary and for the first time they used the term
‘polycystic ovary syndrome’ in 1935 (Stein, 1935). In PCOS
disease, the growth of early antral follicles is mostly arresting
at the early stage, and numerous follicular structures ranging in
diameter from 2 to 8 mm appears (Franks et al., 2008). In
addition to this, the main complications are abnormal
folliculogenesis and decrease in oocyte number (Huang et al.,
2013). PCOS affects approximately 5-20% of women of
reproductive age, as well as those in the premenopausal period
(Yildiz et al., 2012). It is also seen as one of the causes of
infertility or failed births in recent years (Corbould 2008,
Teede et al., 2010). Based on the diagnostic criteria, the
prevalence of PCOS was determined to be approximately 4% -
6.6% according to the NIH 1990 criteria and about 4% -21%
according to the Rotterdam 2003 criteria (Lizneva et al., 2016).
Treatment method in females with PCOS is determined
depending on symptoms such as infertility, menstrual
disorders, androgen-induced ovulation dysfunction (Badawy
and Elnashar, 2011).

Today, chemical agents are used in almost all PCOS
treatments. The most commonly used chemicals in treatment
are; clomiphene citrate (Legro et al, 2007), tamoxifen
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(Messinis and Nillius, 1982; Boostanfar et al., 2001),
metformin (Sam and Dunaif, 2003) and various gonadotropin
agonists (Artini et al., 1996). Although the therapeutic
properties of these chemicals have been demonstrated
clinically and experimentally, it has been noted that each of
them produces different results in their single or combined use
and thus have various advantages and disadvantages
(Parsanezhad et al., 2002; Nardo, 2004; Hwu et al., 2005;
Elnashar et al., 2006; Legro et al., 2007). In addition, there are
also studies that use alternative treatment methods such as
acupuncture, but acupuncture treatment has been found to be
unsuccessful in women with PCOS cases with high
testosterone and insulin levels (Stener-Victorin et al., 2000).

Mesenchymal stem cells (MSCs) were first found in the
bone marrow and have been used to support bone healing for
nearly 20 years (Hernigou et al., 1997) and later MSCs were
detected in adipose tissue (Lin et al., 2011). According to its
origins, bone marrow MSCs are called bone marrow stem cells
(BMSCs), adipose tissue derived MSCs are called adipose
stem cells (ASCs), and perivascular stem cells are called PSCs.
In recent years, the effectiveness of MSCs continues to be
investigated both experimentally and clinically. Minimum
criteria have been set for the identification of mesenchymal
stem cells. According to these criteria, MSCs should be cells
that can attach plastic surfaces and differentiate into
osteoblasts, chondroblasts and adipocytes. They should
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express CD73, CD90 and CD105 surface biomarkers at high
levels. However, CD14, CDI11b, CD34, CD45, CDI19 or
CD79a and human leukocyte antigen-D related surface
molecules should be expressed at low levels or not at all
(Dominici et al., 2006). The areas of use of mesenchymal stem
cells obtained from different sources in allogenic or autogenic
in vitro and in vivo treatments are increasing day by day. That
is; Arthritis-foot fusion, bone fracture, bone tumors, cartilage
defects,  menisectomy,  osteodysplasia,  osteogenesis
imperfecta, osteonecrosis, periodontitis, spine fusion,
cardiomyopathy, heart failure, ischemic heart disease,
myocardial infarction, extremity ischemia, kidney disease
transplant, lupus nephritis, cirrhosis, familial
hypercholesterolemia, chronic obstructive pulmonary disease,
multiple system atrophy, neuroblastoma, spinal cord injury,
multiple sclerosis, Parkinson disease, ALS, stroke, type 1
diabetes, type 2 diabetes, diabetic wounds, systemic sclerosis,
epidermolysis bullosa and many other diseases, the
effectiveness of mesenchymal stem cells obtained from various
sources was investigated with different injection methods
(Ankrum and Karp, 2010). Although it is less in number
compared to all these diseases, there are ongoing studies on the
use of mesenchymal stem cells in the treatment of reproductive
system disorders. The effects of BMSCs, ASCs and stem cells
isolated directly from endometrial tissue or menstrual blood on
the female reproductive system are investigated (Ding et al.,
2011; Mutlu et al., 2015; He et al., 2018). However, when the
literature review examined, we see that the studies mostly
focus on premature ovarian diseases, endometriosis,
endometrial tissue damage, and there are quite a limited
number of studies in the use of mesenchymal stem cells
directly in PCOS treatment. In this review, current studies
investigating the effects of mesenchymal stem cells in PCOS
treatment were evaluated.

1.1. Treatment by injecting bone marrow-derived
mesenchymal stem cells from the tail vein
In 2018, a study was published showing the therapeutic effect

of bone marrow derived stem cells (BM-MSCs) in the PCOS
mouse model. In this study, the PCOS model was established
using testosterone enanthate in mice. Mice were divided into
three groups as control, PCOS and PCOS + BM-MSCs. BM-
MSCs are marked with the nucleus dye Hoechst33342.
Following the formation of the PCOS model, injections of stem
cells from the tail vein were performed on the 1% and 14" days.
The animals were sacrificed two weeks after the last injection.
As aresult, a significant increase in total antral follicle number,
oocyte volume and shingles pellucida thickness and a
significant decrease in primary and preantral follicle groups
were seen in the PCOS + BM-MSC group compared to the
PCOS group (Table 1, 2, 3). In addition, there was a significant
increase in FSH and TAC serum levels in the PCOS + BM-
MSCs group compared to the PCOS group, while there was a
significant decrease in testosterone, LH, MDA serum level and
TUNEL positive apoptotic cell count. It has been suggested
that BM-MSC transplantation improves folliculogenesis in
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mice with PCOS and may be an operative treatment for PCOS
through its anti-inflammatory, antioxidant, antiapoptotic
properties (Kalhori et al., 2018).

Table 1. Comparison of the mean total volume of ovary, cortex, and
medulla (mm?) in different Groups of mice post PCOS induction and
treatment with BM-MSCs. (Values are means £SD, One-way analysis
of variance and Tukey test; P<0.05, (Kalhori et al., 2018)).

Volume of Volume of Volume of
Groups
ovary cortex medulla

Control 2.07+0.09 1.88+0.10 0.19+0.01
PCOS 1.58+0.12 1.42+0.10 0.16+0.02
PCOS +

BM-MSCs 1.85+0.11 1.68+0.11 0.17+0.01

Table 2. Comparison of the mean Number of follicles in different
stages of growth in different Groups of mice post PCOS induction and
treatment with BM-MSCs. (Values are means £SD, One-way analysis
of variance and Tukey test; P<0.05, (Kalhori et al., 2018)).

Groups| Primordial | Primary Preantral Antral
follicles follicles follicles Follicles

Control 1761.65+ 52423+ 339.46+ 130.44+
74.57 23.41 22.78 12.70
PCOS 1813.81+ 658.70+ 510.01+ 75.49+
75.08 30.8 32.57 10.12
PCOS 1795.32+ 58491+ 413.06+ 103.61+
+BM- 5043 28.53 21.79 6.86
MSCs

Table 3. Comparison of the mean thickness of zona pellucida (um) in
pre-antral and Antral follicles, in different Groups of mice post PCOS
induction and treatment with BM-MSCs. (Values are means £SD,
One-way analysis of variance and Tukey test; P <0.05, (Kalhori et al.,
2018)).

Groups Preantral Antral follicles
follicles

Control 12.14+ 0.42 17.38+ 0.60
PCOS 10.88+ 0.32 15.75+ 0.51
PCOS + BM-MSCs 11.94+0.38 17.01+0.42

1.2. Treatment by injection of mesenchymal stem cells of
umbilical cord origin from the tail vein
Chronic inflammation is considered one of the causes of

ovarian dysfunction. Increasing evidence in animal studies and
preclinical ~ studies have shown that MSCs have
immunomodulatory effects by interacting with immune cells
(Augello et al., 2005). In the study conducted by Xie et al. In
2019, in the PCOS model induced with
dehydroepiandrosterone (DHEA) in mice, the human umbilical
cord-derived mesenchymal stem cells (hUC MSC's) were
applied by injection from the tail vein. And this practice has
been shown to effectively improve pathological changes,
including ovarian histopathology and function. As a result of
their experiments, hUC reported that MSCs significantly
reduce the expression of proinflammatory factors (TNF-a, IL-
1B and IFN-y) (Fig. 1). Fibrosis-dependent genes (CTGF) in
the ovarian and uterine tissues and affect the systemic
inflammatory response (Fig. 2). In the spleen, neutrophils
showed that the percentage of M1 macrophages, IFN y+ CD19
+ B cell, IFN-y + CD4 + T cells (Thl) and IL-17 + CD4 + T
cells (Th17) decreased significantly in hUC-MSC-treated
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mice. With these results, they suggested that hUC-MSC
therapy can alleviate ovarian dysfunction by inhibiting local
and systemic inflammatory responses (Xie et al., 2019).
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Fig. 1. hUC-MSC treatment alleviates ovarian and uterine local
inflammatory response and tissue fibrosis in PCOS mice. Quantitative
RT-PCR analysis of the expression of proinflammatory factors (TFN-
a, IL-1p, and IFN-y) and anti-inflammatory factor (IL-10) in the
ovaries and uterus (Values are expressed as the means £+ SEM. n =8
per group. *P < 0.05 and **P < 0. 01, (Xi et al., 2019)).
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Fig. 2. Quantitative RT-PCR analysis of the expression of connective
tissue growth factor (CTGF) in the ovaries and uterus. (Values are
expressed as the means + SEM. n = 8 per group, *P < 0.05 and **P <
0.01, (Xie et al., 2019)).

1.3. The use of mesenchymal stem cells in enrichment of
IVM culture medium
Women with PCOS are at high risk of ovarian

hyperstimulation syndrome (OHSS) when they receive
infertility treatment (Shalom-Paz et al. 2012). Therefore,
immature oocytes from small antral follicles are collected to
prevent OHSS, and their in vitro maturation (IVM) is then
achieved (Lim et al. 2013). However, since the maturation and
fertilization rate of oocytes maturing in vitro is not sufficient,
the clinical applications of IVM face limitations. To eliminate
this, studies examining the effects of cultural media containing
different additions are performed (Jee et al., 2008; Demyda and
Genero, 2011; Ishizuka et al., 2013; Ellenbogen et al., 2014;
Sanchez et al., 2015). MSCs secrete various cytokines and
growth factors such as, insulin-like growth factor - 1 (IGF - 1),
VEGF, EGF, fibroblast growth factor (FGF), interleukin - 6,
leukemia inhibitory factor (LIF), TGF — B (Yoon et al., 2010).
EGF and IGF - 1 are thought to play important roles in

improving meiotic maturation directly or through cumulus
cells (Ling et al., 2008). In addition, female bone marrow
MSCs have been shown to differentiate to steroidogenic cells
in a culture medium supplemented with high glucose, thereby
increasing the potential for estrogen secretion (Li et al., 2015).
Thus, in 2018, Jafarzadeh et al. used the medium (hBM - MSC
- CM) in which human bone marrow-derived stem cells were
grown to improve the [IVM culture medium in vitro maturation
of oocytes collected from polycystic ovary syndrome mice. In
this study, oocytes at germinal vesicle (GV) and metaphase 11
(MII) stages were collected from dehydroepiandrosterone-
induced PCOS mice. GVs were randomly divided into four
groups. Classical IVM media (TCM199) used as control group.
The dose groups are 25%, 50% and 75% supplemented with
TCM199 ((PCOS-CM25E, PCOS-CM50, CM75-PCOS) IVM
mediums used, and 24 hours incubated. The results suggest that
supplementing the IVM medium with 50% hBM - MSC - CM
increases cytoplasmic and nuclear maturation of GVs (P
<0.001), as well as fertilization, two cell stage (P <0.001) and
blastocyst (P<0.001) formation rate (Fig. 3). In general,
considering the result in the PCOS - CM50 group with higher
oocyte maturation and fertilization, it has been suggested that
enrichment of the [IVM medium with hBM - MSC - CM can be
considered as a promising approach in improving the IVM of
PCOS oocytes (Jafarzadeh et al., 2018).
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Fig. 3. Fertilization and early embryo development of resultant
matured oocyte, supplemented by MSC-CM after IVF. Representative
phase-contrast micrographs (A, C, E) and quantitative data for each
stage of preimplantation embryo development (B, D, F) are presented.
The graphs show that supplementation of IVM medium by 50% of
MSC-CM significantly improves the fertilization outcome of PCOS
oocytes. These improvements in the PCOS-CM50 group have made
the fertilization, two-cell, and blastulation rates to be significantly
superior to those of the PCOS-CM0 and PCOS-IVO groups. Data are
presented as mean + SEM. *, @, and # are statistically significant
compared with the PCOS-CMO, normal-CMO, and PCOS-IVO
groups, respectively (* and # = P < 0.05, **, ®®, and ## = P<0.01,
and *** = P<0.001). CM, conditioned media; IVF, in vitro
fertilization; MSC, mesenchymal stromal cell; PCOS, polycystic
ovary syndrome; SEM, standard error of mean. (Jafarzadeh et al.,
2018).
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1.4. The use of exosomes of stem cells originating from
adipose in treatment

Exosomes are special nano-sized endocytic vesicles secreted
by many cell types (Zomer et al., 2010). Exosomes are
important mediators in intercellular communication that enable
the transfer of functional miRNAs and proteins (Zhang et al.,
2015). Mesenchymal stem cells (AMSCs) derived from
adipose tissue can produce many exosomes. This suggests that
AMSCs can be used as an agent to transfer miRNAs in
exosome-mediated cell interactions (Yeo et al., 2013). AMSCs
can communicate with brain parenchymal cells and provide
miR-133b transfer via exosomes to regulate neurite growth
(Xin et al., 2012). Exosomes produced by AMSCs modified
with MiR-181-5P suppress hepatic fibrosis in hepatic stellate
cells (Qu et al., 2017). In addition, exosomes derived from
AMSCs designed with miR-122 have been reported to cause
greater sensitivity to chemotherapeutic treatment in
hepatocellular carcinoma cells (Lou et al., 2015). However, the
therapeutic approach through exosomes has rarely been
reported in PCOS. Recently, miR-323-3p has been reported to
play arole in the regulation of steroidogenesis and apoptosis in
the cumulus cells (CC) of women with PCOS (Wang et al.,
2019). In 2019, Zhao et al conducted a study to determine the
effects of exosomal miR-323-3p on cumulus cells (CC) of
PCOS patients in the letrazol-induced mouse PCOS model.
Exosomal miR-323-3p was isolated from modified AMSCs
and collected. Real-time PCR, western blot, MTT, flow
cytometry and luciferase analyze were performed to identify
exosomal miR-323-3p mechanisms in CCs in PCOS mice. The
results showed that miR-323-3p expression was upregulated in
AMSCs, exosomes and CCs. The upregulated miR-323-3p
promotes cell proliferation in CCs and suppresses apoptosis,
while the miR-323-3p inhibitor plays opposite roles in
exosome-treated CCs (Fig. 4). They reported that the
upregulation of miR-323-3p suppresses the apoptosis of CCs
and alleviates PCOS by targeting PDCD4 (Programmed cell
death protein 4) (Fig. 5) (Zhao et al,, 2019).

With this study, it has been revealed that mesenchymal stem
cell exosomes may contribute to the development of new
therapeutic strategies as well as it can be understood that their
paracrine effects can be benefited by direct injection of
mesenchymal stem cells in the treatment of PCOS.
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Fig. 4. Upregulation of miR-323-3p promoted cell growth and
inhibited apoptosis in cumulus cells (CCs). Detection of miR-323-3p
expression in (A) human adipose tissue-derived mesenchymal stem
cells (AMSCs), (B) AMSC exosome and (C) CCs. (D) Cell
proliferation. (E) Cell cycle distribution. (F) Bax Bcl-2, and caspase-
3 protein expression in CCs transfected miR-323-3p-modified
exosomes. (G) Apoptosis level in CCs transfected miR-323-3p-
modified exosomes. (*) Denotes differences from the control group
(p<.05). Values are means = SEM. For each experiment, at least four
samples were available for the analysis. (Zhao et al., 2019).
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Fig. 5. MiR-323-3p promoted cell growth and inhibited apoptosis in cumulus cells (CCs) by targeting PDCD4. CCs were transfected with miR-
323-3p and miR- 323-3p+PDCD4-pcDNA. (A) Cell proliferation. (B) Cell cycle distribution. (C) Apoptosis level. (*) Denotes differences from
the control group (p<.05). Values are means + SEM. For each experiment, at least 4 samples were available for the analysis. (Zhao et al., 2019).
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2. Discussion

PCOS is a multi-factor reproductive and endocrine system
disorder. However, positive results can be obtained in the long
term with correct diagnosis and treatment guidelines. In recent
years, mesenchymal stem cells are the focus of restorative and
regenerative medicine. In many different disease types, the use
of mesenchymal stem cells isolated from different sources has
positive results. However, a limited number of studies have
been conducted in female reproductive system disorders,
especially in the treatment of PCOS. This creates a reliability
problem in the use of mesenchymal stem cells in the treatment
of PCOS. For this reason, experimental and clinical studies on
the use of MSCs in the treatment of PCOS should be increased.
Thus, according to changing diagnostic criteria, the use of
MSCs with the most accurate injection technique and doses has
the potential to be a promising new approach in the treatment
of PCOS.
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