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Abstract: Purpose - Animal models offer a useful way to study the reproductive and metabolic abnormalities, including
polycystic ovary syndrome (PCOS). Mesenchymal stem cells (MSCs) have received increasing attention as a potential
cell-based therapy and regenerative medicine, due to their effects in modulation of different molecular and biological
pathways. The aims of the present work were to investigate modulation of the ovarian microenvironment by adipose-
mesenchymal stem cells (AdMSCs) in an animal model induced to PCOS. Methods - Female rats were divided into
control, polycystic ovary, and mesenchymal stem cell groups, evaluated at two different times after PCOS induction
and injection of AAMSCs. Results - The polycystic ovary group showed changes in ovarian cycles, the presence of
cysts in the ovaries, and hyperandrogenemia. In addition, changes in plasma insulin, glucose, leptin, and osteocalcin
were observed in the polycystic ovary group. These metabolic changes were modulated by the injection of AdMSCs
into the ovary. Data are presented for female rats in an animal model integrating PCOS with AdMSCs, together
with the relationships among ovaries, bones, and adipocytes. Conclusion - The results suggested the existence of
endocrine-metabolic-reproductive microenvironment relationships modulated by AdMSCs, which should help in
guiding further investigations to clarify pathophysiological mechanisms that have not yet been fully elucidated.

I{eywords: Ovary microenvironment. Mesenchymal stem cell. Biotechnology. Polycystic Ovary Syndrome. Animal
model.

Introduction

The mechanisms underlying ovarian dysfunction
in PCOS have not been definitively established.
Hyperandrogenism is a major PCOS characteristic,
with evidence indicating that it plays a Rey role in
PCOS pathogenesis!. Genetic, physiological, social,
and environmental causes appear to contribute to
the condition. Among fertility disorders, PCOS is the
most common endocrine disorder?, affecting 5.6 to
21.3% of women of reproductive age worldwidel,
depending on the diagnostic criteria applied.

Stem cell paracrine signaling has been
highlighted as an important mechanism underlying
stem cell mediated tissue regeneration and
immunomodulation, and as a potential cell-based

by activation of endogenous cells in host tissuel,
including female reproductive organ defects leading
to infertility, such as endometriosis, premature ovary
failure, and PCOSP,

Understanding the etiology of PCOS is important
for identifying biomarkRers and developing possible
therapies. Although studies are being carried out
in humans, there are important ethical restrictions.
Therefore,studieswithanimalmodelsareindispensable
for understanding the pathophysiological mechanisms
of this syndromel?™. Animal models have been
proposed that use steroid hormones and steroidogenic
enzyme inhibitors for the development of a phenotype
associated with PCOSI? 2021 However, there is no
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therapy*”. Mesenchymal stem cells derived from
bone marrow, cord blood, and adipose tissue have
been found to secrete a wide spectrum of growth
factors, cytoRines, and extracellular vesicles that
enhance angiogenesis, neurogenesis, and wound
healing [8-11]. The production of paracrine signals from
transplanted MSCs can improve tissue regeneration
and induce functional recovery of defective tissue

animal model that is totally effective for studying
PCOS, and the choice of a model must be guided by
the objectives of the study.

A suitable animal model could provide a useful
way to study the physiopathology of the characteristic
reproductive and metabolic abnormalities associated
with PCOS. So far, there is no consensus on the
best animal model, which should ideally reproduce
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the Rey features associated with human PCQOS
1822 Neonatal, peripubertal, and adult models
demonstrate that activational action postnatal
manipulations can generate sufficient POCS-like
traits %3,

The aims of the present work were to investigate
modulation of the ovarian microenvironment by
AdMSCs in an animal model induced to PCOS. The
resultsrevealedreproductive and metabolicchanges
that were possibly mediated by mesenchymal stem
cells.

Material and methods

Animals

Adult female Wistar Hannover rats (6 months old
at the end of the experiments, n = 30) were obtained
from the Ribeirao Preto Medical School (FMRP-USP,
Ribeirao Preto, SP, Brazil). The animals were Rept
in the laboratory at the University of Araraquara
(UNIARA, Araraquara, SP, Brazil), under controlled
conditions of 22 + 2 °C and 12-h light / darR cycles
(lights on at 7:00 a.m.). Water and commercial chow
diet were offered ad libitum. All the experimental
procedures were approved by the Committee of
Ethicsin Animal Use (CEUA/UNIARA, n° 030/2016),
following the norms of the National Council for
Control of Animal Experimentation (CONCEA/
MCTI, Brazil).

Polycystic ovary syndrome induction

The PCOS induction was performed with a single
dose of estradiol valerate (EV) (Sigma-Aldrich, MO,
USA) dissolved in mineral oil (20 mg/0.2 mL /
rat, intramuscular) [22]. Control animals received
intramuscular injection of 0.2 mL of mineral oil. In
additionto practicality and low cost, this PCOS model
induced by EV showed important signs related to the
syndrome, including hyperandrogenemia, irregular
estrous cycles, and polycystic ovarian morphology.

Adipose-Mesenchymal stem cell injection

Female dog AdMSCs were used (Regenera
Stem Cells®, Campinas, SP, Brazil). The cells were
thawed in a water bath (37 °C), resuspended in 3
mL of defrosting medium (Regenera Stem Cells’,
Campinas, SP, Brazil), centrifuged at 1000 rpm for
5 min, washed twice with 3 mL of washing solution
(Regenera Stem Cells®, Campinas, SP, Brazil),
centrifuged again,andresuspendedin 1 mL of saline.
The animals were anesthetized using intraperitoneal
Retamine (75 mg/Rg, Agener,SP, Brazil),and xylazine
(10 mg/Rg, Coopers, SP, Brazil), and laparotomy was
performed to access the ovaries. The ovaries were
exposed, and the AAMSCs were injected (1 x 10° cells
/ 0.2 mL of saline / ovary), using 1 mL syringes. The
control group animals underwent the same surgical
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procedures, and 0.2 mL of saline was injected into
each ovary. After surgery, the animals were treated
with subcutaneous enrofloxacin (10 mg/Rg, Bayer,
SP, Brazil). The AdAMSCs application was performed
on the same day as the PCO induction.

Experimental protocol

After PCO induction and AdMSCs injection,
the rats were divided into 6 groups (n =5 / group),
according to the time after induction (30 and 60
days), and the treatment (C, PCO, or MSC). The
evaluation times were based on the time required
for PCOS to appear?* 2 and for observations of
possible responses modulated by biologically
factors secreted by the MSCs [26]. The groups were
labeled as follows: C 30 and C 60 (control, C groups);
PCO 30 and PCO 60 (polycystic ovary, PCO groups);
MSC 30 and MSC 60 (adipose-mesenchymal stem
cell, MSC groups).

Estrous cycles and body mass

Estrous cycle analysis was performed daily for
four weeRs, prior to induction of PCO, to confirm the
occurrence of normal and consecutive cycles. The
animals used in the experiment had at least four
consecutive regular 4-day cycles!'> 2?4, The estrous
cycles checks were continued daily until the end
of the experimental period. Body mass analysis of
the rats was performed on the day of arrival at the
University Animal Facilities, on the day of induction
of PCO and AdMSCs injection, weeRly after the
day of induction and injection, and on the day of
euthanasia.

Gonadosomatic index and ovarian morphology

The animals were weighed before euthanasia.
Subsequently, the ovaries were removed, cleaned,
and weighed. The values obtained were used to
determine the gonadosomatic index (GSl): (ovarian
mass / body mass) x 100. The ovaries were
removed, properly cleaned, placed in histological
cassettes, and Rept for 24 hours in 4% formaldehyde
(prepared from paraformaldehyde), in O.1 M sodium
phosphate buffer (pH 7.2), at room temperature, and
subsequently in running water for another 2 hours
to remove excess formaldehyde. The ovaries were
then dehydrated in increasing concentrations of
alcohol (70°, 80°, 90°, and 100° GL), diaphanized
in xylol, infiltrated, and included in paraffin. Serial
longitudinal cuts of 5 ym were made. After every
10 cuts, histological glass slides were mounted,
stained with hematoxylin-eosin (HE), and analyzed
by optical microscopy (Eclipse TS100, NyRon, ToRyo,
Japan). The images were analyzed using ISCapture
IS500 v.4.3.1 software (TUCSEN Photonics, Fujian,
China). Cystic follicles were defined as those devoid
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of oocyte and displaying a large antral cavity, a thin
granulosa cell layer, and a thickened theca interna
cell layer!? 24,

Hormones and glucose assays

At the end of the experimental periods, the rats
were euthanized using pentobarbital sodium (MercR,
NJ, USA) at 3% (0.6 mL / 100 g, intramuscular), and
a 5 mL blood sample was obtained from the heart
into heparinized syringes. Plasma was separated by
centrifugation at 3000 rpm for 20 min, at 4°C, and
was stored at -20 °C for subsequent determination
of progesterone (P4), testosterone (T), luteinizing
hormone (LH), and follicle-stimulating hormone
(FSH), by radioimmunoassay (RIA). Plasma P4
and T concentrations were determined by double-
antibody RIA, using Rits provided by Biochem
Immunosystem (Bologna, Italy). The lower limits for
detection of progesterone and testosterone were
0.03 and 4.8 ng/mL, respectively. The intra-assay
coefficients of variation were 6.5% for P4 and 4.5%
for T. Plasma LH and FSH were assayed using a
Rit provided by the National Hormone and Peptide
Program (Harbor-UCLA, USA). The antiserum for
LH was LH-SIO, using RP3 as reference. The FSH
primary anti-body was anti-rat FSH-SI1, with FSH-
RP2 as standard. The lower limits of detection for
LH and FSH were 0.04 and 0.2 ng/mL, while the
intra-assay coefficients of variation were 3.4% and
6.3%, respectively.

Plasma levels of leptin, osteocalcin (OCN),
and insulin were determined using commercially
available ELISA Rits, following the instructions
of the manufacturer (EMD Millipore Corporation,

MA, USA). Glucose was determined using a drop
of blood obtained by cardiac puncture. The blood
was added to a test strip that was inserted into
the measurement device (Accu-CheR® Performa,
Roche, SP, Brazil), according to the manufacturer's
instructions.

Statistical analysis

The results are reported as means + SD. The data
were analyzed using ANOVA (analysis of variance)
to compare the means, while the Fisher test was
used for multiple comparisons. Statistical analyses
were performed using a software program (Sigma
Stat, Systat Software, CA, USA). Significant statisti-
cal differences among the means of the treatment
groups were considered for P-values < 0.05.

Results

Morphometric data

The morphometric data of body weight, ovarian
weight, and gonadosomatic index are presented
in Table 1. 30 days: Higher body weight was obser-
ved for the C group, compared to the PCO and MSC
groups. The GSI was higher for the PCO and MSC
groups, compared to the C group. 60 days: Higher
body weights were obtained for the C and PCO
groups, compared to the MSC group. Comparison of
the values obtained at 30 and 60 days showed a
reduction of body weight for the C group. For the C
and MSC groups, the ovarian weight and GSI| were
lower at 60 days of the experiment, compared to 30
days.

Table 1 - Body weight, ovary weight, and gonadosomatic index (GSl) for the control (C), polycystic ovary
(PCO), and adipose-mesenchymal stem cell (MSC) groups, after 30 and 60 days of the in vivo experiments.
The results are presented as mean + SD (nh=5). * Indicates statistically significant differences between
means for different times in the same group. Different letters indicate statistically significant differences

between groups for the same time (P < 0.05).

BODY WEIGHT (g) OVARY WEIGHT (g) GSI (%)
GROUPS 30 days 60 days 30 days 60 days 30 days 60 days
C 5144 +14.1%" 477.6+1472 0.065+0.008" 0.041+0.01 0.049 + 0.001 0.008 +0.003
PCO 4604 +30.7° 446 £2272 0.073+0.03 0.041+0.01 0.015+0.007°* 0.009+0.003
MSsC 3914 +268¢ 4048 +254° 0.06+0.01° 0.038 + 0.006 0.015+0.002" 0.009 + 0.001
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Plasma glucose and insulin

The variations of plasma glucose and insulin are
shown in Figure 1. 30 days: There were decreases
of blood glucose in the PCO and MSC groups,
compared to the C group (Fig. 1A). In addition, there
were reductions of plasma insulin in the PCO and
MSC groups, compared to the C group (Fig. IB). 60
days: Plasma insulin was higher in the MSC group,

The importance of the fourth dimensions of fundamental...

compared to the PCO and C groups (Fig. 1B). The C
group showed a reduction of blood glucose at 60
days of the experiment, compared to 30 days. The
C and PCO groups showed decreased of plasma
insulin at 60 days, compared to 30 days. Finally, the
MSC group showed an increase of plasma insulin at
60 days, compared to 30 days.

Figure 1 - Plasma glucose (A) and insulin (B) for the control (C - circles), polycystic ovary (PCO - squares),
and adipose-mesenchymal stem cell (MSC - triangles) groups, after 30 and 60 days of the in vivo expe-
riments. The results are presented as mean + SD (n=5). * Indicates statistically significant differences (P <

0.05).
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Plasma progesterone and testosterone

Plasma progesterone and testosterone are
shown in Figure 2. 30 days: There were reductions
of plasma P4 in the MSC and PCO groups, compared
to the C group (Fig. 2A). 60 days: Plasma P4 showed
a similar pattern to that at 30 days., with reductions
in the MSC and PCO groups, compared to the C
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group (Fig. 2A). Higher plasma T was observed for
the PCO group, compared to the C and MSC groups
(Fig. 2B). The comparison between 30 and 60 days
showed a reduction of plasma P4 in the PCO and
MSC groups at 60 days, compared to 30 days.
There was an increase of plasma T in the PCO and
C groups at 60 days, compared to 30 days.

Figure 2 - Plasma progesterone (A) and testosterone (B) for the control (C - circles), polycystic ovary (PCO -
squares), and adipose-mesenchymal stem cell (MSC - triangles) groups, after 30 and 60 days of the in vivo

experiments. The results are presented as mean * SD (n=5). * Indicates statistically significant differences
(P <0.05).
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Plasma gonadotropins

The plasma variations of pituitary gonadotropins
and the LH/FSH ratio are shown in Table 2. 30 days:
The LH concentration was higher for the C group,
compared to the MSC group. The FSH concentration
was higher for the C group, compared to the PCO
and MSC groups. The LH/FSH ratio was higher for
the MSC group, compared to the PCO and C groups.
60 days: The LH concentration was higher for the
MSC and PCO groups, compared to the C group.
The FSH concentration was higher for the MSC

group, compared to the PCO and C groups. The LH/
FSH ratio was higher for the C group, compared
to the PCO and the MSC groups. For the PCO and
MSC groups, LH was higher at 60 days than at 30
days. For the C group, FSH was higher at 30 days
than at 60 days, while for the MSC group, FSH was
higher at 60 days than at 30 days. Finally, for the
C and PCO groups, the LH/FSH ratio was higher at
60 days than at 30 days, while for the MSC group, it
was higher at 30 days than at 60 days.

Table 2 - Luteinizing hormone (LH), follicle-stimulating hormone (FSH), and LH/FSH ratio values for the
control (C), polycystic ovary (PCO), and adipose-mesenchymal stem cell (MSC) groups, after 30 and 60
days of the in vivo experiments. The results are presented as mean + SD (n=5). *Indicates statistically sig-
nificant differences between the times for the same group. Different letters indicate statistically significant
differences between the groups at the same time (P < 0.05).

LH (ng/mL) FSH (ng/mL) LH/FSH ratio
GROUPS 30 days 60 days 30 days 60 days 30 days 60 days
Cc 0334:+0.062 0366+0.05° 4078+0.632" 0293:+058¢ 0.082:0.018°> 233:+0.88
PCO 0.231:0.06*> 1.017+0.28°?" 2994+ 092 235:029° 0.09:0.052° 0.43:0.092""
MSC 0.179+0.03° 1.062+0.13 %" 0.612+:044 4716042 0422:0.0852" 0228+ 0.046¢

Plasma leptin and osteocalcin

Figure 3 presents the results for plasma leptin
and osteocalcin. 30 days: Plasma leptin was
higher for the PCO group, compared to the C and
MSC groups (Fig 3A). There was no significant
difference in plasma osteocalcin between the C
and PCO groups, but both values were higher than
for the MSC group (Fig. 3B). 60 days: There were

reductions of plasma leptin in the PCO and MSC
groups, compared to the C group (Fig. 3A). There
was no significant difference in plasma osteocalcin
between the C and PCO groups, but both values
were higher than for the MSC group (Fig. 3B). In the
PCO and MSC groups, leptin was lower at 60 days,
compared to 30 days. In all the groups, osteocalcin
was reduced at 60 days, compared to the 30 days.

Figure 3 - Plasma leptin (A) and osteocalcin (B) for the control (C - circles), polycystic ovary (PCO - squares),
and adipose-mesenchymal stem cell (MSC - triangles) groups, after 30 and 60 days of the in vivo expe-
riments. The results are presented as mean * SD (n=5). *Indicates statistically significant differences (P <

0.05).
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Ovarian morphology

Figure 4 shows images of the ovaries from all the
groups for experimental times of both 30 and 60
day. At 30 days, the presence of follicles and corpus
luteum could be seen for all the groups. Currently,
there was no presence of ovarian cysts (Fig. 4A-F).
After 60 days, there were ovarian cysts in the PCO

The importance of the fourth dimensions of fundamental...

groups C (Fig. 4 G-H) and MSC (Fig. 4 K-L). In the
latter groups, there were healthy follicles and corpus
luteum. At 60 days, the numbers of healthy follicles
were higher in the C and MSC groups, compared to
the PCO group. On the other hand, the number of
follicular cysts was higher in the PCO group, compa-
red to groups C and MSC (Table 3).

group (Fig. 4l1-J), while these cysts were absent in

Figure 4 - Histological photomicrographs of sections of the rat ovaries after 30 days (A-B: control group
(C); C-D: polycystic ovary group (PCO); E-F: adipose-mesenchymal stem cell group (MSC)) and 60 days (G-
H: control group (C); I-J: polycystic ovary group (PCO); K-L: adipose-mesenchymal stem cell group (MSC))
of the in vivo experiments. Red arrows indicate follicles. CL: corpus luteum; C: follicular cysts. Sections
stained using hematoxylin-eosin; 100 x magnification; bars = 20 pm.

Table 3- Number of follicles, corpus luteum, and follicular cysts from control (C 30 and C 60 days), polycystic
ovary (PCO 30 and PCO 60 days), and adipose-mesenchymal stem cell (MSC 30 days, and MSC 60 days)
rats. Data are shown as the mean + SEM (n=5). *Indicates statistically significant differences between
means for different times in the same group. Different letters indicate statistically significant differences
between groups for the same time (P < 0.05).

FOLLICLE CORPUS LUTEUM FOLLICULAR CYST
GROUPS 30 days 60 days 30 days 60 days 30 days 60 days
C 1012 9+07°2 61+08=? 58+0.6° 028:+03° 028+03¢
PCO 31x12°%° 23:06° 39+0.7% 21+08° 4+009°2 7112
MSC 6.4+08"° 8+00° 6+06°2 48+09-° 03+0.2° 04+01°
Discussion testosterone may have caused important metabolic
Rodents and sheep induced to PCOS like changes that resulted in body weight and GSI

women with PCOS have increased ovarian volume
and multifollicular ovarian morphology. The body
weight of animals induced to PCOS can increase or
decrease, depending on the animal model and the
PCOS induction method!'?2227-2] |n the present study,
the PCO and MSC groups had lower body mass and
higher GSI, compared to the control group. Body
weight analyses were performed considering weight
gain between the two experimental times, with the
greatest weight gain 60 days after PCOS induction
being observed for the PCO group. In addition, the
plasma levels of insulin, leptin, osteocalcin, and
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modifications. Women with high T values exhibit
increased body mass index, central adiposity, and
insulin resistancet®. Abnormal metabolic conditions
could result from a sustained positive energy
balance, when the energy intake is higher than the
energy expenditure, and exacerbated body weight
gain is associated with irregular fat accumulation,
which leads to obesity°3! in women with PCOSE®
32331 and in animals induced to PCOS 3!, Overweight/
obese women with PCOS are at increased riskR of
developing lipotoxicity due the excess fat free acid
into non-adipose cells, including the muscle, liver,
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pancreas, and ovaries39,

Women with PCOS seem to have a level of
peripheral insulin resistance that is much like that of
women with type 2 diabetes, which is characterized
by a 35-40% decrease in insulin-mediated
glucose uptakRe, and insulin resistance might
contribute to hyperandrogenism and gonadotropin
abnormalities®®° 331, Insulin resistance and glucose
intolerance have also been described in animal
models induced by PCOS? 3201 The present results
showed that up to 30 days after PCOS induction,
plasma glucose and insulin levels were normal, with
lower concentrations for the MSC group. However,
60 days after PCOS induction, all the groups
showed high blood glucose, with only the MSC
group showing functional relationships between
insulin and glucose levels. MSCs transplantation
has been found to reduce glucose levels in diabetic
ratsB4. In human, it has been found to attenuate R
cell dysfunction by reversing R cell differentiation
in an IL-IRa-mediated manner, in response to
the elevated expression of proinflammatory
cytoRines®l. Soluble factors, extracellular vesicles,
and miRNAs secreted by mesenchymal stroma
cells can reach many organs, modulating their
functions®. Therefore, the results suggested that
the injection of AMSCs into the ovaries could have
restored follicular steroidogenic activity, especially
T synthesis, which modulated plasma glucose and
insulin levels. In addition, chemical signals from
the AAMSCs injected into the ovaries could have
reached the pancreas, modulating insulin secretion.

Animals induced to PCOS develop anovulatory
cycles 3371 However, the causes for such cyclical
changes are variable and depend on the treatment
usedt® |n the present study, the PCO group
showed changes in ovarian cycles, with the cyclicity
returning to normal about 45 days after AdMSCs
injection. The observation of ovarian changes,
such as the presence of cysts in the ovaries of the
PCO group and changes in plasma levels of P4, T,
and pituitary gonadotropins, suggested that such
cycle changes were probably mainly due to ovarian
steroidogenic changes that altered the secretion of
pituitary gonadotropins.

The plasma P4 concentrations were lower for the
PCO group,compared to the control group, indicative
of lower ovarian synthesis due to reduced follicular
activity, fewer ovulations, and a reduced quantity of
corpus luteum. The plasma P4 concentration in the
MSC group was higher than in the PCO group, but
lower than in the control group. It is interesting to
note that in the MSC group, the ovary morphology
did not show cysts, only follicles and corpus luteum.
The results suggested that the higher P4 levels in
the MSC group were related to the return of ovarian

International Journal Of Advances In Medical Biotechnology - JAMB

activities such as folliculogenesis, ovulation, and
corpus luteum activity. MSC can both reducing
nitric oxide synthase reducing fibrose and can also
exert their healing effects by donating mitochondria
to target cells, as an important mechanism in
apoptosis prevention and metabolic damagel.. In
this way, since follicular steroidogenesis occurs in
the mitochondrial matrix, of theca and granulosa
cells, it appeared that paracrine effects on ovarian
steroidogenesis could be driven by AdMSCs.

Rats and mice induced to PCOS present
hyperandrogenism, with endocrine, reproductive,
and metabolic characteristics likRe those found in
women with PCQOS, including adipocyte hypertrophy,
insulin intolerance, increase in the size of the
ovaries, and anovulatory cycles?®3°. In the present
work, the MSC group presented plasma T levels
liRe those of the control group. The plasma T levels,
ovarian morphology with the presence of cysts, and
absence of cyclicity indicated that this animal model
was suitable for the intended purpose, especially at
60 days after induction of PCOS, providing a model
for reproductive studies related to this syndrome. It
is interesting to note that after PCOS induction and
AdMSCs injection, plasma T levels did not change
in the MSC group, compared to the control group.
In addition, the ovary morphology of the MCS group
showed a reduction in the number of follicular cysts,
together with increases of the number of follicles
and corpus luteum, compared to the PCO group,
suggesting that the AdMSCs injection strategy
would be appropriate for use in studies employing
animal models to investigate ovarian dynamics.
This potential is based on ovarian actions that are
modulated by the factors secreted by the MCSs,
including transforming growth factor (TGF), insulin
growth Ffactor (IGF-1), hepatocyte growth Ffactor
(HGF), interleuRin (IL), platelet-derived growth factor
(PDGF), and vascular endothelial growth Ffactor
(VEGF)-8401 and as previously mentioned, MSC
can donate mitochondria to target cell, and they
can reduce ovary fibrosis and apoptosis activities.
However, future studies will be needed for molecular
investigations.

Hypergonadism due to LH excess, observed
in women with PCQS, is also a characteristic in
monReysi9 37 41 sheep!?, and rats*? induced to
PCQOS. Such an endocrine change may reduce the
sensitivity of the neuroendocrine system to negative
feedback from ovarian steroids, especially lower
sensitivity to testosteronel. Follicular granulosa cells
from women with PCOS demonstrated abnormal
responses in E2 secretion to gonadotropin stimuli44!,
It has been reported that MSCs improve ovarian
function and assist ovarian functional recovery, but
it remains unclear whether this effect is achieved
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by the differentiation of MSCs into oocytes or by
supporting steroidogenesis of the follicular and
stromal cells!™ 36 40.45 The results showed that the
control group present normal feedback between
plasma T levels and pituitary gonadotropins.
However, the PCO group showed an increase
of plasma LH at 60 days, despite high plasma T
concentrations, suggesting lower sensitivity of the
pituitary to T. This corroborated the vicious cycle
of hyperandrogenemia, ovarian cysts, follicular
hyperthecosis, increased LH, greater stimulus for
T synthesis by theca cells, increased plasma T,
and more cysts. On the other hand, there was an
apparent restoration of feedback mechanisms
between plasma T and LH in the MSC group, again
suggesting paracrine modulation of the ovarian
steroidogenesis microenvironment by AdMSCs.
Circulating leptin levels have been positively
correlated with body fat, independent of PCQOS,
according to some studies!#l but not others“&47,
Leptin directly affects steroidogenesis of thecal
cells, and normally fluctuating concentrations of
leptin in blood may be important in communicating
the metabolic status of the animal to the
reproductive systemP°. A low dose of leptin was
found to increase P4 accumulation by luteinized
porcine granulosa cells in vitro, whereas a high dose
was inhibitoryP!. Leptin deficiency in female mice
was associated with impaired folliculogenesis and
increased follicular atresia®?. The results showed
that the highest leptin level occurred 30 days after
PCOS induction, which could have inhibited ovarian
steroidogenesis, since plasma levels of P4 and T
were very low. In addition, folliculogenesis could
also have been affected by leptin, because the
ovarian morphology analyses showed the highest
number of ovarian cysts in the PCO group. However,
the MSC group showed a reduction in leptin levels,
compared to the PCO group. As mentioned earlier,
the reduction in leptin levels, the increase in P4
levels, and reduction in the number of ovarian cysts
suggested that the injection of AAMSCs into the
ovaries could have modulated ovarian activities
such as steroidogenesis and folliculogenesis.
Osteocalcin, a polypeptide secreted by osteoblasts,
is found at high concentrations in the bone
extracellular matrix, and it also possesses several
characteristics of a hormone™, Studies indicate that
osteocalcin can regulate fat mass, insulin secretion,
male fertility, and energy expenditure, according to
multiple mechanisms, although fasting indices are
not always well correlate with insulin resistancel>-53!,
The results of the present study revealed metabolic
changes that could be associated with OCN,
especially in the MSC group. In this group, the
lowest OCN concentration could be related to
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reductions of body weight, ovary weight, and GSl.
In other worR, osteocalcin decreased fat mass
and serum triglycerides levels, with the effect of
osteocalcin on fat mass possibly being indirect
and secondary to another physiological actionPZ.
This was corroborated by the present results, with
such changes probably being a consequence of
the integrated effects of OCN, leptin, and insulin,
especially for the 60-day time. However, future
studies are needed to clarify these relationships.
Osteocalcin can control glucose metabolism by
directly affecting pancreatic islet biology, as well
as insulin synthesis and secretion. Different to the
present results, Hinoi et al’¥, found that insulin
secretion was increased by OCN, due to its ability
to increase cytosol calcium levels. In the animal
model used in the present worR, the injection
of AdMSCs induced decreases of plasma OCN
and leptin, increase of insulin, and decreases of
body weight, ovary weight, and GSI, compared
to the control and PCO groups. Soluble Factors
secreted by MSCs include TGF, IGF-1, HGF, IL, and
PDGF [8], which can modulate hepatic, adipocyte,
pancreas, skeletal muscle, and bone metabolism,
affecting insulin synthesis and secretion, glucose
metabolism, and body weight. In addition, as PCOS
patients and rodent models are characterized by
hyperandrogenism, it may not be surprising that
OCN levels may change in PCOSF3, and results
present here showed the relationship among OCN
and testosterone were modulated by AdMSCs,
compared to the PCO group.

In conclusion, the results revealed endocrine-me-
tabolic-reproductive functions modulated by Ad-
MSCs in the ovaries. However, despite the results
showing changes among the P4, T, leptin, insulin,
and OCN levels, and the LH:FSH ratio, it was not pos-
sible to determine whether the AdMSCs modulated
ovarian activities directly or indirectly. The action of
the AdMSCs injected into the ovaries could be di-
rect, with modulation of the ovarian functions invol-
ving the hypothalamic-pituitary axis, or indirect, by
the effects of leptin, osteocalcin, and insulin on the
ovarian dynamics. The findings described here are
interesting, because they present data from female
rats, in an animal model integrating PCOS with Ad-
MSCs, considering their effects and the relationships
among ovaries, bones, and adipocytes. The results
suggested the existence of endocrine-metabolic-re-
productive microenvironment relationships modula-
ted by AdMSCs, which could assist in guiding further
investigations to clarify pathophysiological mecha-
nisms that have not yet been fully elucidated.
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