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Abstract: Purpose: We aimed to evaluate the impact of preconditioning adipose-derived
mesenchymal stem cells (ADMSCs) with the autophagy inducer rapamycin (Rapa) on Cisplatin
(Cis) induced ovarian toxicity in a rat model. Methods: ADMSCs were pretreated with 50 nmol/L
rapa for two h in vitro. Another in vivo study included 96 female Sprague-Dawley rats divided into
four equal groups: control, Cis, Cis +ADMSCs, and Cis +ADMSCs + Rapa. Rats were sacrificed after
2 and 6 weeks. Each group was subdivided into two equal subgroups: 6 rats were sacrificed to study
ovarian parameters, and six were left for mating to evaluate the fertility index. Results: Autophagy
activation was detected in ADMSCs + Rapa by increasing autophagosomes, high autophagy-specific
LC3-II gene and protein expression, and low expression of p62 and mTOR genes. Moreover,
transplantation of ADMSCs + Rapa restored balance between E2, FSH, and LH, increased
antioxidant activity, and improved follicular count and quality after 2 and 6 weeks of treatment.
Fertility index analysis manifested restoring reproductive capacity in the ADMSCs+ Rapa group at
both intervals. Conclusions: Autophagy induction could enhance the therapeutic capability of
ADMSCs by deactivating the mTOR pathway, which in turn promotes the ovarian folliculogenesis
process after exposure to Cis.
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1. Introduction

Cisplatin (Cis- diamminedichloroplatinum- II) (Cis) is a platinum alkylating agent used widely
for treating patients with various solid and gynecological tumors. But the clinical use of Cis is limited
due to the resulting side effects, such as kidney, liver, brain, nervous and reproductive toxicity [1].
Cis has contributed to ovarian follicles damage and premature ovarian failure leading to premature
menopause that ends with female infertility [2]. Therefore, females of reproductive age undergoing
chemotherapy must follow safe reproductive guidelines.

Although the precise mechanisms of Cis toxicity are not well known, the reactive oxygen species
(ROS) is thought to induce oxidative stress on the body, such as the hydrogen peroxide (H202),
superoxide anion (O2-), and hydroxyl radical (OH-) which are expected to induce toxicity by
interactions with DNA, lipids, and proteins [3]. Besides, inflammation is considered one of the
potential Cis pathways that by activated by the pro-inflammatory cytokines [4]. Moreover, Cis
toxicity can also be triggered by cell apoptosis by generating DNA cross-links that eventually cause
DNA breaks and adduct formation [5].

Oocytes and surrounding follicles are most affected in the early stages of cisplatin with follicular
abnormalities, stromal tissue damage, and low estradiol (E2) levels [6]. Cisplatin reduces ovarian
reserve through apoptosis of developing follicles and stimulation of resting follicles with further
apoptosis, causing a burn-out effect [7]. The antral, total viable, and atretic follicle discrepancies
indicate ovarian injury. Depletion of follicles diminishes estradiol secretion, which raises serum FSH
levels, attracting additional follicles, which are similarly destroyed [8].

Several studies have pointed to the ability of mesenchymal stem cells (MSCs) to treat the injured
tissues or even replace the damaged tissue by their anti-inflammatory, anti-fibrotic, and anti-
apoptotic properties enhancing angiogenesis and decreasing oxidative stress, thus improving the
microenvironment to promote the recovery of the damaged tissue [9].

Moreover, Wang et al., 2022 demonstrated that MSCs could restore ovarian function after Cis
induction by decreasing granulosa cell apoptosis, which raises E2 level production, promotes
follicular growth and maturation, and reduces FSH and LH hormonal levels [10].

However, the MSCs die within the first few hours after transplantation due to different
environmental stresses after transplantation and the harsh microenvironment in the injury result [11,
12]. Therefore, it is highly recommended to precondition the cells with chemicals that could maintain
their survival in the damaged tissue site.

Lately, autophagy induction has been reported as a novel method to enhance the survival rate
of cells and protect them from apoptosis [13]. Autophagy is negatively controlled through the
mammalian target of rapamycin (mTOR). Rapamycin (Rapa) can induce autophagy through
inhibition of mTOR and enhancement of light chain 3 (LC3 -I) proteins for maturations of
phagophores required for the formation of autophagy-lysosome, under which cells undergo
degradation and recycling their intracellular constituents, including organelles and proteins. Based
on the process, reactive oxygen species (ROS) accumulation subsequently reduces DNA damage, and
cells restore the proliferation capacity in response to cell cycle arrest [14].

Autophagy is essential for cellular mechanisms in eukaryotic cells. It regulates cellular growth,
metabolism, and homeostasis [15]. Moreover, autophagy promotes cell proliferation and
differentiation [16]. Therefore, it is considered a new approach potentially for improving the
therapeutic efficiency of MSCs.

Currently, modulation of autophagy as a unique process for improvement of therapeutic
features of MSCs has been evaluated in several diseases such as osteoporosis [17], diabetes [18], and
myocardial infarction [19] in animal models. To our knowledge, this is the first study evaluating the
impact of MSC preconditioned with autophagy inducer (Rapa) on the ovarian folliculogenesis
impairments induced by Cis.

2. Materials and methods

2.1. In vitro study
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2.1.1. Isolation and Expansion of adipose-derived mesenchymal stem cells (ADMSCs)

Paragonadal fats of Sprague-Dawley rat testis were isolated, minced, and digested with 0.075%
type I Collagenase (Invitrogen, US) at 37°C for 1 hour. Then they were centrifuged for 5 min at 600 g.
Cellular pellets were cultured in DMEM media containing 10% fetal bovine serum (FBS) and
streptomycin (100 pg/ml) (Gibco, Thermo, USA) in an incubator with 5% carbon dioxide at 37°C.
When these cells reached 70%-80% confluence, they were trypsinized and sub-cultured, and cells
were used at passages three in the following experiments.

2.1.2. Characterization of ADMSCs by flow cytometry

50 ul/106 ADMSCs incubated with antibodies conjugated with different fluorescent probes
(Becton, Dikinson) CD 105 PE and CD 45 FITC at room temperature for 30 min in the dark. After that,
wash with stain buffer 2ml and centrifugate for 10min 2000 rm. Discard the supernatant, then
dissolve the pellet with 500um of stain buffer. The labeled cells were identified by BD Accuri C6 flow
cytometry and result analysis by Flow JO BD software.

2.1.3. Assessment of cells Viability by MTT assay

Cellular viability was determined using MTT [3-(4, 5-Dimethylthiazol-2-Y1)-2, 5-Diphenyl-2
HtetrazoliumBromide] assay. In a 96-well plate, the cells were seeded and pretreated with Rapa with
different concentrations (0, 25, 50, 75, 100 nM) for two h. Subsequently, 10uL MTT (5 mg/mL;
Kumamoto, Japan) was added to the wells and incubated for four h. The supernatant was discarded,
and 100 pul DMSO was added to dissolve the formazan crystal. Absorbance was measured at 570 nm
using an Infinite F50 microplate Reader (Tecan, Mannedort, Switzerland).

2.1.4. Ethidium bromide /acridine orange staining for Rapa-ADMSCs

Acridine orange (AO) (Sigma-Aldrich) was used to detect the acidic vesicular organelles (AVO)
in cell autophagy, as mentioned before [20, 21]. Briefly, the cell suspension was prepared by minsing
with 10 ml PBS with 2 ml MgClz, and then the suspension was added to 1M of HCL solution at pH
1.2 and incubated on ice for 45 sec. Finally, cells were stained with 1 mg/ml AO and then analyzed
using the labeled cells identified by BD Accuri C6 flow cytometry and result analysis by Flow JO BD
software.

2.1.5. Gene expression for Rapa-ADMSCs

The impact of Rapa treatment on gene expression of the autophagic markers P62, LC3-1I, mTOR,
and the anti-apoptotic marker BCL2 were analyzed using a Rotor gene PCR system (Qiagen,
Germany). RNA was extracted from ADMSCs and Rapa-ADMSCs groups using the RNeasy Mini Kit
(Qiagen, 74104, Germany) according to the manufacturer's protocol. cDNA was obtained by cDNA
Reverse Transcription Kit (Applied Biosystem, USA) according to the manufacturer's protocol.
Quantitative RT-PCR analysis was performed using SYBER Green PCR Master Mix (Applied
Biosystems, USA) and primers. Primer and the reference gene GAPDH used were listed in Table 1.
The cycling parameters were carried out as mentioned before [22]. Data analysis was done by the 2-

AACtmethod.
Table 1. The primer sequence utilized for gene expression.
Genes Accession number Sequence (5’-3")
F: TCCTGCAGACCAAGAACTATGACATCG
P62 NM_175843.4 R: TCTACGCAAGCTTAACACAACTATGAGACA
F- CCAGGAGGAAGAAGGCTTGG
Les NM_022867.2 R- GAGTGGAAGATGTCCGGCTC
mTOR NM_ 019906.2 R- GCTCTTTGTAGTGTAGTGCTTTGG

F: GGCGATGAACTGGACAACAA
BCL2 NM_016993.1 F: GGTGAACTGGGGGAGGATTG
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R: GCATGCTGGGGCCATATAGT
F: GTTCCCAAACCCAGCAGAAGTC

GDE9 NM_021672.1 R: GTCCAGGTTAAACAGCAGGTCCA
F: CTGTAACCGGCGCCAGAA
OCT4 NM_001009178.2 R: TGCATGGGAGAGCCCAGA
F- CACTCCCGTGGCITCTAGTG
TCEpL NM_021578.2 R- GGACTGGCGAGCCTTAGTTT
16 NM._012589.2 F: GCCCTTCAGGAACAGCTATGA

R: TGTCAACAACATCAGTCCCAAGA
F: AGACAGCCGCATCTTCITGT

GAPDH NM_017008.4 R: TTCCCATTCTCAGCCTTGAC

2.1.6. Immunostaining of LC3 for autophagic structures for Rapa-ADMSCs

LC3 is a specific autophagic structure marker mainly expressed on autophagosomes. After two
h of Rapa treatment, the cells were fixed and permeabilized, then incubated overnight with rabbit
anti-LC3 antibody (Cat no: YPA1652) with dilution 1:100. The slides were rinsed with PBS and then
stained with DAB to determine the response color. The tissue sections were counterstained with
hematoxylin, dehydrated, mounted on a cover slip, and analyzed using an Olympus light microscope
for five randomly chosen fields on each slide [23]. As previously mentioned, immunohistochemically
stained ovarian cells were scanned under light microscopy. Slides were photographed using an
Olympus® digital camera attached to an Olympus® microscope with a 1/2 X photo adapter and a 40
X objective and then analyzed using a computer with an Intel® Core I5® processor and video Test
Morphology® software (Russia) with a specific built-in procedure for measuring area, percentage
area, and object counting [21].

2.1.7. Transmission Electron Microscope examination for Rapa-ADMSCs

The Rapamycin-ADMSCs were fixed overnight in 3% glutaraldehyde and then for 2 hours in 1%
osmic acid. Dehydrated cells were inserted in epoxy resin. The ultramicrotome was then employed
to obtain ultrathin sections. Cells were stained with the use of lead citrate and uranyl acetate. Using
a transmission electron microscope (JEOL JEM-2100 at 160 KV, Electron Microscope Unit, Mansoura
University, Egypt), phagosomes were subsequently identified in Rapa-ADMSCs. The structures of
autophagy were detected in 200 cells from each group.

2.2. Experimental Animals

Ninety-six mature female Sprague-Dawley rats weighing 180 + 20 g and aged 8-10 weeks were
kept at a density of 4 rats for each polycarbonate cage. They were placed in a controlled environment
with a 12-hour light/dark cycle, 24°C air conditioning, and 50-70 % relative humidity. Food and water
were available ad libitum throughout the experiment. All care and procedures adapted for the present
study were according to the NIH guide, and animals used the approval of the Institutional Animal
Ethics Committee of the Faculty of Science, Mansoura University MU-ACUC (SC.MS.23.03.20).

2.3. Animal groups

The rats were divided into four equal groups (24 in each):1) control group: animals were injected
intraperitoneally (i.p.) with 0.9% saline, 2) Cis group: animals were i.p. injected with 2.5 mg/kg of Cis
for five days, followed by a seven-day recovery and a second series of five i.p. injection as previous
to induce a sub-chronic exposure to Cis that mimics chemotherapy treatment regimens!24.3) ADMSCs
group: as Cis group with a single 0.1 mL intravenous (i.v.) administration of 2*106ADMSCs after one
week of the last injection of Cis ), and 4)ADMSCs+ Rapa: as Cis group with 0.1 mL iv.
administration of 2*10SADMSCs cells pretreated with 50nM of Rapa 2h before injection after one
week of the last injection of Cis. Rats were sacrificed at two different times after two weeks and six
weeks. Each group was subdivided into two equal subgroups (12 each). In each subgroup, six rats
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were sacrificed to study ovarian parameters 2% and six were left to mate with sexually mature normal
males to evaluate fertility capacity.

2.4. Fertility index

Every two females in pro-estrus were mated with one male rat overnight in a separate cage. The
female rats were checked the next morning for the presence of a vaginal plug, considered day 1 of
gestation. At the end of the gestation period, the number of corpora lutea, implants, and resorptions
were detected [26].

2.5. Collection of blood and tissue samples

At the end of the experiment, the female rats were weighed, blood samples were collected from
the heart under inhalational general anesthesia, and serum was isolated and stored at -20 °C for
measurement of fertility hormones. Then, animals were sacrificed by cervical dislocation, a midline
laparotomy was done, and both ovaries were removed. One ovary was placed in 10% buffered
formalin for histopathological examination, and the other was stored at -80°C for molecular and
biochemical studies.

2.6. Detection of fertility hormones

Follicle-stimulating hormone (FSH), luteinizing hormone (LH), and estradiol hormone (E2) were
measured in serum using an RT ELISA kit (Cusabio, USA) by using an Infinite F50 microplate Reader
(Tecan, Mannedort, Switzerland).

2.7. Evaluation of ovarian oxidative stress status

Ovarian tissues were evaluated for their catalase (CAT) activity and malondialdehyde (MDA)
level. The samples were weighed, sliced, homogenized, then centrifuged for 15 minutes at 10000x g.
Following the manufacturer's instructions, those markers were measured in the supernatant using
the commercial colorimetric kit (Bio-Diagnostics, Giza, Egypt).

2.8. Gene expression assays for ovarian tissues:

The impact of Rapa-MSCs on apoptotic, autophagic, stemness, and ovarian gene expression was
assessed by measuring the gene expression of apoptotic markers [BCL-2], autophagic marker [P62
and LC3], stemness marker [OCT4], inflammatory markers [ IL-6, TGF-b1], and ovarian marker
[GDEF-9] in ovarian tissues using real-time PCR. Briefly, RNA was isolated from tissue samples of all
groups, followed by cDNA synthesis, and the RT-PCR reaction was performed as pronounced before
[17].

2.9. Histopathological and Immuno-histochemical investigation:

The ovarian tissues were fixed in buffered formalin and embedded in paraffin. Paraffin sections
with five pumthickness were stained with hematoxylin and eosin (H&E). Finally, dehydrated,
counted, covered, slipped, and examined under the light microscope (Olympus, Japan). The number
of primordial, primary, secondary, and graffian follicles were counted under the microscope, five
fields per slide [27, 28].

Ovarian deparaffinized sections were subjected to immunohistochemistry staining of the anti-
apoptotic marker BCL-2 (cat no: 60-0005-7). As previously mentioned, immunohistochemically
stained ovarian cells were scanned under light microscopy [21]. Slides were photographed using an
Olympus® digital camera attached to an Olympus® microscope with a 1/2 X photo adapter and a 40
X objective and then analyzed using a computer with an Intel® Core I5® processor and video Test
Morphology® software (Russia) with a specific built-in procedure for measuring area, percentage
area, and object counting [23].

2.10. Statistical analysis
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Normally distributed variables have existed as mean + SD. The significance between two
comparisons was detected by student t-test, while significance between multiple comparisons was
carried out using one-way ANOVA and post hoc test. The SPSS program (IBM Corp., USA)
performed a correlation between parameters. Statistical significance was considered for p-value
<0.05.

3. Results

3.1. Characteristics of ADMSCs

After 10-12 days, the ADMSCs reached 70 — 80 % confluence with long- spindle-shaped
fibroblast-like cells, as shown in Figure 1A.The phenotypic characterization showed that the isolated
ADMSCs were negative for the hematopoietic markers CD45 (92%) and positive for the mesenchymal
markers CD105 (91.2%) (Figure 1B, Figure 1C).
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Figure 1. A) ADMSC safter 5 days from isolation, B) ADMSCs at passage 3 pretreated with rapamycin,
C) Cells acquired positive high expression of CD105 (91.2%), and D) negative expression of CD45
(92%).

3.2. Impact of rapamycin treatment on the viability and activation of Autophagy on ADMSCs

MTT assay results showed that pretreatment of ADMSCs with 50nmol/l Rapa for 2hrs showed
the highest cellular viability (Figure 2A). Moreover, Flow cytometric analysis showed a significant
increase in the autophagic activity of Rapa-ADMSCscompared to untreated cells, that activation was
indicated by the increased rate of AVO-positive cells in Gland S phase (Figure 2B). Furthermore,
gene expression analysis for the autophagic marker P62 and mTORmanifested a significant decrease
in ADMSCs treated with Rapa compared to the control group (p < 0.05). In contrast, LC3 showed a


https://doi.org/10.20944/preprints202307.0798.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2023 do0i:10.20944/preprints202307.0798.v1

considerable increase in ADMSCs treated with Rapa compared to the control group(p < 0.05).
Additionally, the anti-apoptotic marker BCL2 showed a significant increase in ADMSCs treated with
Rapa compared to the control group (p < 0.05) (Figure 2C). On the other hand, the
immunohistochemical staining showed a more significant number of LC3-positive expression in
ADMSCs treated with Rapa than the control group (Figure 3A, B). Electron micrographs showed an
increase in the autophagic ultra-structures in the cells after induction of Rapa (Figure 3 C, D).
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Figure 2. Impact of ADMSCs treated with Rapa on A) Autophagy using a fluorescent dye AO through
flow cytometric assay, B) Cell viability by MTT assay.
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Figure 3. ADMSCs treated with Rapa illustrated A) increase of LC3-positive puncta by
immunohistochemistry Scale bar = 20um, B) increase of autophagic ultra-structures
(autophagosomes) through electron micrograph Scale bar = 100 nm. C) The mRNA level of LC3,
mTOR, P62 and BCL2 by real-time PCR. * Significance compared to ADMSCs.

3.3. Changes in body and ovarian weight after treatment

Compared to the control group, the Cis group exhibited a significant decrease in body and
ovarian weight (p< 0.05). Moreover, ADMSCs and ADMSCs + Rapa showed a considerable increase
in body weight compared to the Cis group at 2 and 6 weeks (p<0.05), and the body weight was more
increased in ADMSCs + Rapa compared to ADMSCs at six weeks (p<0.05). Also, the reduction in
ovarian weight was improved by treatment with ADMSCs + Rapa (p< 0.05) (Table 2).

Table 2. Body and ovarian weight of the studied groups at 2 and 6 weeks.
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9
Scarification .
. C Cis ADMSCs ADMSCs + Rapa
time(weeks)
Body weight (g) mean +SD
2 223429 167:280 0T 1994195
6 225+6.07 154+9.82 187+2 42> 210 +3.8abc
Ovarian weight (g) mean +SD
2 0.27+0.01 0.11+0.022 0.13+0.012 0.18+0.0120
6 0.32+0.02 0.09+0.012 0.17+0.012 0.21+0.012>

C: control group, Cis: cisplatin group, Cis + ADMSCs: cisplatin treated ADMSCs and ADMSCs + Rapa: cisplatin
treated with ADMSCs preconditioned with rapamycin.

Significant difference compared to 2 control, ® Cis group and < ADMSCs group by ANOVA test accompanied by
post hoc multiple comparisons (Scheffé test) at p<0.05.

3.4. Impact of ADMSC treated with rapamycin on ovarian function

Hormonal levels of FSH, LH, and E2 were evaluated in the studied groups (Figure 4). Cis group
revealed a significant increase in FSH and LH levels compared to the control group (p <0.05). This
increase was attenuated with the administration of ADMSCs and ADMSCs treated with Rapa at 2
and 6 weeks (p <0.05). In contrast, E2 levels showed a significant drop in the Cis group compared to
the control group (p <0.05). Estradiol levels exhibit a considerable increase in the ADMSCs pretreated
with Rapa and ADMSCs treated groups compared to the Cis group at 2 and 6 weeks (p< 0.05).

A mC wCis mADMSCs m ADMSCs+ Rapa B =C =Cis =ADMSCs = ADMSCs+ Rapa
14 - 12 ~ a
12 - 2 = 10 - a
T 10 - ab g 8 - ab ab
3 8- £
[ = 6 7
T 6 a T
2 4 a 4 abc b
5 - abc 2 - ¢
0 - 0 -
2 Weeks 6 Weeks 2 Weeks 6 Weeks
C mC = Cis mADMSCs m ADMSCs+Rapa
250 -
= 200
E
B 150
7]
100
50

2 Weeks 6 Weeks

Figure 4. The effect of ADMSCs pretreated with rapamycin on the mean level of FSH, LH and E2
hormones in all studied groups at 2 and 6 weeks.

3.5. Assessment of oxidative stress markers on ovarian tissue
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The MDA levels in the ovarian tissue were expressively higher in the Cis group than in the
control group (p< 0.05). In contrast, ADMSCs and ADMSCs pretreated with Rapa groups reduced
MDA concentration at six weeks. In contrast, the activity of the catalase enzyme was significantly
decreased in the Cis group compared to the control group. The administration of ADMSCs elevated
the MDA level and showed more improvement with ADMSCs pretreated with Rapa groups(p<0.05)

(Table 3).
Table 3. CAT and MDA levels of the studied groups at 2 and 6 weeks.
Scarification
time(weeks) C Cis ADMSCs ADMSCs+ Rapa
CAT (U/ gm) mean +SD
2 22.58+0.49 8.25+0.332 12.85+0.492b 20.46+0.76V¢
6 23.33+0.51 4.3+0.382 13.46+0.7620 22.91+0.49bc
MDA (nmol/gm) mean +SD
2 19.26+0.37 30.5+0.442 26.91+0.392 21.7+2.86°
6 19.93+0.43 50.91+0.66* 25.78+0.35% 18.31+0.57b¢

C: control group, Cis: cisplatin group, Cis + ADMSCs: cisplatin treated ADMSCs and ADMSCs + Rapa: cisplatin
treated with ADMSCs preconditioned with rapamyecin.

Significant difference compared to 2 control, ® Cis group and ¢ ADMSCs group by ANOVA test accompanied by
post hoc multiple comparisons (Scheffé test) at p<0.05.

3.6. Gene expression

The anti-apoptotic gene BCL2 revealed a significant reduction in its expression in Cis group
compared to the control group (p <0 .05), whereas its expression was increased with the treatment of
ADMSCs, and was more increased in ADMSCs pretreated with Rapa group at 6 weeks (p < 0 .05)
(Figure 5A). Furthermore, Cis administration amplified the expression of autophagic marker p62 in
ovaries in comparison with the control group (p < 0.05), while injection of ADMSCs and ADMSCs
treated with Rapa considerably declined P62 levels in the ovaries at 2 and 6 weeks (p <0 .05) (Figure
5B). Ovarian marker (GDF-9) decreased significantly in Cis group (p <0 .05), while, ADMSCs and
ADMSCs treated with Rapa groups showed a significant increase in the GDF-9 expression compared
with Cis group at 2 and 6 weeks (p <0 .05) (Figure 5C). Similarly, OCT4 expression dropped in Cis
group contrasted to the control groups (p < 0 .05) and its level elevated again after rats treated by
ADMSCs and the highest value was expressed in ADMSCs pretreated with Rapaat 2 and 6 weeks (p
<0.05) (Figure 5D).
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Figure 5. The effect of ADMSCs pretreated with rapamycin on the gene expression of a) BCL2 b)
P62 ¢)GDF9 d) OCT4 e) TGF-b f) IL-6g) LC3-1I in all experimental groups at 2 and 6 weeks.

Additionally, the pro-inflammatory markers IL-6 and TGF-b1l were significantly upregulated
in the Cis group at 2 and 6 weeks groups compared to the control group (p <0 .05). At the same time,
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and their levels were downregulated to a preferable level in ADMSCs and ADMSCs + Rapa at 2 and
6 weeks groups compared to Cis group (p <0 .05) (Figure 5E, F).

3.7. Impact of ADMSCs treated with rapamycin on ovarian structure

The microscopic examination of ovarian tissue revealed fewer primary and secondary follicles,
with approximately no graafian follicles in the Cis group compared to the control group. The
interstitial tissues showed hyperemia besides many atretic follicles and mononucleated cells
penetrations. In the ADMSCs group, primary and secondary follicles were increased, contrasted to
the Cis group. Mild hyperemia with low infiltration of mononuclear cells and minor degenerated
follicles in the interstitial tissue were also illustrated. In the ADMSCs+ Rapa group, the most
improvement of the ovarian structures and stroma was observed. Furthermore, primordial, primary,
secondary, and graafian follicles were achieved near the control at 2 and 6 weeks (Table 4; Figure 6).

Table 4. The histological scores of the microscopic examined ovarian tissues in all considered groups
at 2 and 6 weeks.

Variables C Cis ADMSCs ADMSCs+ Rapa
2 weeks mean +SD

Primordial follicle 6.2+0.14 3.6+0.122 4.3 +0.132 5.2 +0.14bc
Primary follicle 5.8+0.12 2.7+£0.142 2.8+0.12 4 +(.1abc
Secondary follicle 4.7+0.13 1.9+0.112 2.3+0.812 3.5 £0.81P¢
Graafian follicles 2.5+0.12 0.25+0.12 0.95 +0.122b 2 +0.09bc

6 weeks mean +SD

Primordial follicle 72+0.21 2.2+0.172 4.8 +0.172 5.9 +0.1
Primary follicle 6.7+0.1 2+0.092  3+0.09 4.8 +(0.14abe
Secondary follicle 5.1+0.89 0.7+0.162 2.1+0.812b 3.1+£0.1b
Graafian follicles 3.6 £0.08 0.35+0.12 1.4+0.112 2.2 +0.15bc

C: control group, Cis: cisplatin group, Cis + ADMSCs: cisplatin treated ADMSCs and ADMSCs + Rapa: cisplatin
treated with ADMSCs preconditioned with rapamycin.

Significant difference compared to 2 control, ® Cis group and < ADMSCs group by ANOVA test accompanied by
post hoc multiple comparisons (Scheffé test) at p<0.05.
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2 Weeks

6 Weeks

Figure 6. Microscopic investigation of H&E stained ovarian tissue at 2, 6 weeks respectively,
exhibited; A,E) standard histological findings in control group; oocyte (O),follicles (F), graafian
follicles (GF), and corpus luteum (CL). B, F) Ovarian tissue from Cisplatin group showing hyperemia
(star), many dilated follicles (cross arrow), degenerated follicles (twisted arrows), degenerated corpus
luteum (arrowhead) and congested zona granulosa (tailed arrow). C, G) ADMSCs group and D, H)
ADMSCs +Rapa group showing significant modification of ovarian structures. X: 400.

3.8. Effects of ADMSCs pretreated with Rapa on the expression of Bcl-2 in the ovarian tissues

The immune-scoring of BCI-2 in the ovarian sections was shown in Figure 7A. Control group
showed high expression of BCL-2 in 2 and 6 weeks (Figure 7B). While the expression of Bcl-2 was
significantly lower in the Cis group compared to the control group (Figure 7C). ADMSC sand
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ADMSCs treated with Rapa showed a significant increase in BCL2 protein expression compared to
Cis group at 2 and 6 weeks (Figure 7D, E)

2 Weeks

6 Weeks

| Mc Cis WADMSCs mADMSCs+Rapa

percent areaof BCL-2
w

2 weeks 6 weeks

Figure 7. A)Microscopic pictures of immunostained ovarian sections against BCI-2 at 2 and 6 weeks,
respectively showing;(A,E) Positive brown staining in follicular cells , stromal cells and leuteal cells
in control group. (B, F) The BCIl-2 expression disappeared in Cisplatin group. (C, G) The positive
brown expression is re-appeared in follicular cells, stromal cells and luteal cells in ADMSCs treated
groups. (D, H) The highest levels of BCI-2 are seen in ovarian sections from ADMSCs + Rapa group.
I) Immunoreactivity score of BCL2.White arrows point to positive staining. IHC counterstained with
Mayer's hematoxylin. X: 400.

3.9. Fertility evaluation
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The transplantation of ADMSCs pretreated with Rapa improved ovarian function and increased
the reproductive outcome parameters. It showed a significant increase in the number of live embryos
and a reduction in the percentage of absorbed fetuses compared toCis group at 2 and 6 weeks (p <0
.05) (Tables 5, 6).

Table 5. Fertility guidelines for examination the pregnancy achievement and the well-being of the
pups for different studied groups at 2 and 6 weeks.

Guidelines C Cis ADMSCs ADMSCs+ Rapa
2 weeks
No. of females 6 6 6 6
No. of dams 6 2 3 4
No. of born pups/ dam 8+1.26 283040  4.66:1.122 616437
mean +SD
No- of live pups / dam 6.83+1.32 156034 3.16:04%  4.66:172°
mean +SD
No- of dead pups / dam 1.16:0.4 16:0060  15:0.6° 1.3:0.1°
mean +SD
No. of resorbed embryos/ dam 0 0.6:023  0.4+0.1° 0.2:0.04°
mean *5D
6 weeks
No. of females 6 6 6 6
No. of dams 6 2 3 5
No- of born pups/ dam 6.5:0.8 2:3.1° 416+1.57%  55+1.8°
mean +SD
No- of live pups / dam 5.5:0.83 116:05 316148  5.5:1.88%
mean *SD
No- of dead pups / dam 0.120.03 0.83:0.32°  0.69:0.15  0.420.09%
mean *SD
No. of resorbed embryos/ dam mean +SD0 0.5+0.132 0.33+0.08* 0.15+0.05%

C: control group, Cis: cisplatin group, Cis + ADMSCs: cisplatin treated ADMSCs and ADMSCs + Rapa: cisplatin
treated with ADMSCs preconditioned with rapamycin.

Significant difference compared to 2 control, ® Cis group and < ADMSCs group by ANOVA test accompanied by
post hoc multiple comparisons (Scheffé test) at p<0.05.

4. Discussion

Despite the significant increase in cancer survivor patients, many troubles with
chemotherapeutic side effects remain a critical concern. Ovarian toxicity is one of the main
complications of chemotherapy that negatively affects the reproduction capacity in premenopausal
women. Moreover, alterations in folliculogenesis after exposure to Cis strongly correlate to the risk
of female infertility [29]. To the best of our knowledge, the present study was conducted to assess the
potential role of autophagy in enhancing ADMSC survival and evaluate their capacity in
folliculogenesis recovery after receiving Cis.

Our study showed that ADMSCs pretreated with Rapa promote the cells' survival and
differentiation capacity. Rapacould enhance the cellular viability at a dose of 50nM for 2 hours in
accordance with Zhi-hua et al. [30]. Moreover, Rapa-induced autophagy in the cells was confirmed
by increasing in the gene and protein expression of the autophagic marker LC3 II, the down-
regulating of P62 and mTOR genes expression, the augmenting of acidic vesicular organelles (AVO)
found on the surface of autophagosomes in G0/1 phase of interphase, and increasing the autophagic
ultra-structures. These findings agree with Karim et al. [29] and Li et al. [30], who demonstrated that
LC3-II is expressed specifically on the membrane of theautophagic structures and increased with
Rapa treatment.

Wang et al. [31] reported that mice treated withCis (2 mg/kg) for seven consecutive days showed
a significant decrease in their body and ovarian weight at 21 days, suggesting that Cis induced
ovarian failure, which did not recover naturally until 21 days after treatment [31]. Our results are
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similar to these findings, which showed that Cis caused a significant reduction in the body and
ovarian weights, and their weights weren't restored until six weeks after Cis injection. Treatment
with ADMSCs showed enhancement in the body and ovaries' weight. This argument was compatible
with the findings of Chen et al. [32]. Moreover, preconditioning of the cells with Rapa showed more
improvement in body weight and ovarian weight, suggesting its therapeutic role in the ovaries.

Follicular growth is principally controlled by gonadotropins FSH hormone produced through
the anterior pituitary gonadotrophic cells. FSH induces the granulosa cells to produce aromatase,
which transforms the androgens from thecal cells to estrogen, promoting follicle proliferation and
protecting them against apoptosis by autocrine mechanisms [33]. FSH peaks at the same time as LH,
causing ovulation. Several studies reported that Cis would damage folliculogenesis, causing ovaries
to produce little to no estrogen. This damage disturbs the negative feedback system to the
hypothalamus and pituitary gland, producing high levels of FSH [25, 34]. This mechanism confirms
our results that showed a significant decrease in E2 levels and an increase in FSH and LH levels in
the Cis group.

On the other hand, treatment with ADMSCs showed a significant rise in E2 levels and reduction
in FSH and LH hormonal levels and became more significant with ADMSC pretreated with Rapa.
Our findings have demonstrated that Rapa pretreated ADMSCs can effectively minimize ovarian
lesions and boost ovarian function by improving coordination between fertility hormones. These
results were in the same line with previous studies that described the role of MSCs in improving
ovarian function in rats with chemotherapy induction [19, 35].

In pathological cases, long-term exposure to Cis contributes to mitochondrial malfunction
leading to a reduction in ATP synthesis that puts the cells under stress. These results in unbalance
between the reactive oxygen species (ROS) production and antioxidant defense mechanisms.
Abnormal lipid peroxidation formed due to the stressed cells ends with ROS production as MDA [35-
37].CAT enzyme can decompose H202 and degrade O, reducing oxidative stress [38]. Our results
showed a remarkable elevation in the MDA levels in the Cis group and a drop in CAT activity. In
contrast, injection of ADMSCs pretreated with Rapa could restore the balance between the
antioxidant and oxidant system by increasing CAT activity and decreasing MDA level, suggesting
its role in enhancing the antioxidant activity.

The apoptosis process is one of the main consequences of disrupting the balance between
oxidant and antioxidant systems [39]. Cis is known to induce ROS, which is associated with apoptosis
in cancer cells and normal cells [40]. That was observed in the Cis group through the significant drop
in the gene and protein expression of the anti-apoptotic marker BCL-2. In contrast, the ADMSCs+
Rapa group showed modulation in the BCL-2 gene and protein expression. These results indicated
that Cis-induced ovarian damage might be related to decreased Bcl-2 expression in ovaries, and
ADMSCs preconditioned with Rapa could promote Bcl-2 in the ovaries.

Previous studies have recommended that apoptosis and autophagy might be triggered by
common pathways [41]. Regarding Cis-induced ovarian toxicity, alleviating endoplasmic reticulum
stress protects against granulosa cell apoptosis and ovarian damage [42]. In this study, we
demonstrated that ADMSCs pretreated with Rapa could modulate autophagy in the damaged ovary
as a protective mechanism for cell survival by decreasing the p62 level that was increased with Cis
induction. Our findings were compatible with the studies indicating that extra oxidative stress causes
permanent damage that reduces autophagy and enhances apoptosis [41]. Rapa, as an autophagy
inducer, could improve the ability of ADMSCs to reduce the p62 gene expression in ovarian tissues
[14].

Octamer binding transcription factor (Oct4) is mainly expressed in embryonic stem cells and
primordial germ cells in mice and humans [43]. Its potential role is the oocyte enrollment for their
development [44]. The Cis group showed a significant down-regulation in Oct4 expression. That
confirms the toxic effect of Cis on ovaries that inhabit the folliculogenesis and oogenesis [41]. On the
other hand, overexpression of Oct4 was observed in the Rapa-ADMSCs group. These results agree
with the data reported by Liu et al. [18]. Cisplatin-induced ovarian toxicity includes multiple
complicated multifactorial mechanisms, and inflammation is viewed as a critical component. In


https://doi.org/10.20944/preprints202307.0798.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 July 2023 do0i:10.20944/preprints202307.0798.v1

17

response to ovarian damage, leukocyte infiltration induces inflammation, by which neutrophils,
monocytes, and lymphocytes contribute to the development of ovarian injury. Several cytokines,
such as transforming growth factor bl (TGF-b1) and interleukin-6 (IL-6), are elevated in the ovary
during the inflammatory cascade caused by cisplatin; these cytokines can be used as diagnostic
markers to determine the severity of the lesion[45]. Down-regulation of the inflammatory response
is an effective strategy to prevent cisplatin-induced ovarian damage. This study indicated that
treatment with ADMSCs decreased cisplatin-induced production of pro-inflammatory cytokines,
TGF-bl and IL-6 compared to cisplatin-treated rats. In addition, rapa-pretreated MSCs displayed
significant anti-inflammatory action that was «crucial for protecting -cisplatin-induced
ovarian impairment.

Our findings are harmonious with Sun et al., 2019 [45], who conducted their study to determine
the underlying mechanisms of cisplatin-induced renal toxicity. They found that rats treated with Cis
exhibited upregulated levels of TGF-b and IL-6.

Similarly, Takahashi et al., 2019 [46] reported that MSCs could migrate to injured tissues by
increasing peripheral immunological tolerance and inhibiting the production of pro-inflammatory
cytokines such as TGF-b and IL-6, promoting the survival of damaged cells. Moreover, Takahashi et
al. 20190observed that MSCs transplantation in a premature ovarian failure model was related to the
reduction in TGF-b and IL-6 cytokines and restored ovarian function, suggesting that MSCs had a
regenerative effect through their anti-inflammatory properties.

Growth differentiation Factor-9 (GDF-9) is a significant member of the TGF-f family that
encodes proteins secreted by the oocytes into the ovarian follicles[47].GDF-9 is essential for female
reproduction. It promotes ovarian follicle growth, ovulation, and fertilization and optimizes the
oocyte microenvironment [48]. Therefore, GDF-9 mRNA expression may represent new biomarkers
for predicting the potentiality of oocyte development [49]. Our result showed a significant decrease
in GDF-9 gene expression in the Cis group, which was compatible with Liu et al. [18] findings that
revealed a considerable reduction in GDF-9 level in the premature ovarian failure group.
Interestingly, the ADMSCs+ Rapa group showed a significant increase in GDF-9 expression. Our
result contrasts with the findings of Bahrehbar et al. [39], who found no significant difference in GDF-
9 expression in both MSC transplantation groups compared to premature ovarian failure groups.

Experimental studies showed high doses of Cislead to aggressive loss of ovarian reserve due to
the over-activation of undeveloped primordial follicles [50]. Also, it's thought that the gonadal
toxicity is due to direct oocyte damage, depletion of the primordial and primary follicles, and atresia
of the growing follicular population [6]. When ovaries were examined histopathologically, there was
a decreased number of primary, secondary, and graffian follicles in the Cis group. These findings are
in the same line with Liu et al. [18]. Administration of ADMSCs pretreated with Rapa could restore
the normal architecture of the ovary with a significant improvement in the follicles, indicating its
therapeutic role in promoting folliculogenesis.

Interestingly, the results of the fertility index showed that Cis increased the embryonic loss
compared to the control, while transplantation of Rapa pretreated ADMSCs showed the greatest
pregnancy rate.

5. Conclusion

In the present study, the results manifested that autophagy induction could enhance the survival
of ADMSCs, which in turn promoted the folliculogenesis process after exposure to Cis. Therefore,
targeting the autophagic pathway may provide a promising strategy for improving the transplanted
MSCs.
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