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Abstract

Purpose: The Ovarian cryopreservation is highly useful method is minimizing toxic due
to prefered for protect fertility. Mammalian target of rapamycin (mTOR) pathway is critical
to cell growth, proliferation, autophagy, nutrient signaling, and survival. Our aim was to
investigate the mTOR and Phosphorylated (p-mTOR) expressions before and after
frozen of the ovary by immunohistochemical method.
Material and methods: Control (C; n=6) group and vitrification and thawing group (V/T;
n=6) groups of ovaries. C group fixed for 48 hours in buffered formalin. V/T group were
frozen in liquid nitrogen at -196°C. One week later the tissues were thawed. Both groups
performed paraffin tracking. Following the Hematoxylin and Eosin staining of the ovaries,
a follicle count was made. Immunohistochemistry examination for mTOR and p-mTOR
expression were performed.
Results: Follicle numbers were not statistically different in the groups (p>0.05). The
strong expression of mMTOR was observed in follicles in C and V/T group ovary. Positive
p-mTOR expression was observed in oocytes and granulosa cells in the control group,
whereas the expression was negative in the VIT group.
Conclusion: Cryopreservation methods did not induce to alter mTOR expression in
ovarian tissue. However, the absence of p-mTOR activity associated with oocyte quality
in frozen ovarian tissues suggested that cryopreservation effected the quality of oocyte.
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Makale bashgi: Dondurulmus ve ¢6zilmis ovaryum dokusunda mTOR ve p-mTOR
ekspresyonunun immunohistokimyasal olarak gosteriimesi.

Kisa baglik: Ovaryum Dokusunda mTOR ve p-mTOR ekspresyonu.

0z

Amag: Ovarian kriyoprezervasyon, dogurganligi korumak igin tercih edilen toksik etkileri
en aza indiren oldukga faydali bir yontemdir. Mammalian target of rapamycin (mTOR)
yolag! hucre buyumesi, gogalmasi, otofaji, besin sinyalizasyonu ve hayatta kalmasi igin
kritk ~ 6neme  sahiptir.  Amacimiz  immidnohistokimyasal  yontemle  overin
dondurulmasindan 6nce ve sonra mTOR ve Fosforile (p-mTOR) ekspresyonlarini
arastirmaktir.

Gere¢ ve yontem: Kontrol (C; n=6) grubu ve vitrifikasyon ve ¢ézdurme grubu (V/T; n=6)
over gruplari. C grubu tamponlu formalin iginde 48 saat fikse edildi. V/T grubu -196°C'de
sivi nitrojen iginde donduruldu. Bir hafta sonra dokular ¢ozuldi. Her iki grupta da parafin
takibi yapildi. Ovaryumlarin Hematoksilen ve Eozin ile boyanmasini takiben folikil sayimi
yapildi. mTOR ve p-mTOR ekspresyonu icin immunohistokimya incelemesi yapildi.
Bulgular: Folikll sayilari gruplar arasinda istatistiksel olarak farkh degildi (p>0.05). C ve
V/T grubu overlerdeki folikillerde glcli mTOR ekspresyonu goézlendi. Kontrol grubunda
oositlerde ve granuiloza hucrelerinde pozitif p-mTOR ekspresyonu gdzlenirken, V/T
grubunda ekspresyon negatifti.
Sonug: Kriyoprezervasyon yontemleri over dokusunda mTOR ekspresyonunu
degistirmemistir. Bununla birlikte, dondurulmus ovaryum dokularinda oosit kalitesi ile
iliskili p-mTOR aktivitesinin olmamasi, kriyoprezervasyonun oosit kalitesini etkiledigini
dusundurmustar.

Anahtar kelimeler: Ovaryum, Kriyoprezervasyon, Vitrifikasyon, mTOR, p-mTOR.



Introduction

Ovarian operations or cancer treatments, oocyte depletion may occur early,
leading to the loss of critical functions during the rest of life. In recent years, works on
cryopreservation of mature oocytes have been under way to prevent early infertility.
However, since a mature oocyte has a very complex structure, not many successful
results could be obtained, as it was damaged during the process. Therefore, the studies
into ovarian tissue freezing have gained momentum in recent years in an attempt to
preserve immature oocytes, especially in pre-pubertal girls and to protect fertility, mostly
in cancer patients [1]. Freezing and subsequent transplantation of ovarian tissue has
been shown to be sufficiently effective and feasible to preserve fertility in women.
However, challenges remain in terms of graft survival, significant follicular loss and
delays in revascularisation [2]. Studies have shown that vitrification is the most effective
and simple method in cryopreservation. So far, approximately 60 babies have been born
as a result of transplantation of frozen ovarian tissue [1]. These results indicate that this
method, which is fairly useful clinically, is of great value in maintaining fertility, particularly
in young patients. Hormone functions and fertility have also been showed to recover
when vitrified/thawed ovarian tissue is transplanted [3]. However, optimal vitrification
protocols, which prevent the formation of ice crystals known to cause physical and
mechanical damage to cells for tissue preservation, are used to protect ovarian tissues
for infertility treatments [4]. Despite this, deaths have been observed in ovarian follicle
cells during vitrification and other freezing protocols, resulting in a decrease in the
number of follicles.

The development and maturation of oocytes is organized by a large number of
intracellular and endocrine signaling molecules, one of which is Mammalian Target of
Rapamycin (mTOR) protein. As members of the P13K / Akt / mTOR complex, mTOR
plays a pivotal role in numerous biological processes, including survival, growth, and the
synthesis of large macromolecules The functions of mMTOR in the ovary have been
revealed by recent scientific studies, and this was possible through mTOR inhibitors. For
instance, it has been shown that the proliferation of granulosa cells in healthy mice is
inhibited when synthetic mTOR inhibitors are used [5-7]. The dysfunction of mMTOR brings
about an increase in pathological conditions such as cancer, obesity, type Il diabetes and
neurodegeneration [8-10].

MTOR must be phosphorylated to be active, and p-mTOR (2481 and 2448) are
intrinsic MTOR-activating catalysts. It is noteworthy that p-mTOR and mTOR having
many functions such as autophagy, proliferation in the ovary. The expression and

distribution of them have been investigated in ovarian follicle development, but not in



frozen ovarian tissue up till now. In this study, we tried to gain an insight into the
expression of mTOR and p-mTOR in frozen ovarian tissue through the vitrification

method immunohistochemically.

Materials and methods
Formation of experimental groups

Ethics approval was obtained from Pamukkale University Animal Experimentation
Ethics Committee (approval date: 08.11.2016 and approval number. PAUHADYEK-
2016/24). Twelve healthy Wistar-Albino female rats were obtained from Pamukkale
University Experimental Surgery Practice Center. Rats were selected at eight weeks of
age, with a weight range of 150-160 g, and divided into two groups: a control group (C;
n=6) and a vitrification and thawing group (V/T; n=6). (C; n=6) group and vitrification and
thawing group (V/T; n=6). Rats were kept in a 12-hour light / dark cycle regardless of
water and nutrient restrictions. After rats were sacrificed by applying anesthesia, their
ovaries were removed.
Vitrification and thawing protocol

The vitrification protocol was based on the experiment protocol in the study by
Nasrabadi et al. [11]. According to the conventional vitrification seventh protocol in the
study, 7.5% Ethyl Glycol (EG), 7.5% Dimethyl sulfoxide (DMSO), 0.5 M sucrose, 20%
Fetal Bovine Serum (FBS) are mixed to obtain the vitrification solution. After the ovaries
dissected from rats were in Phosphate-buffered saline (PBS), they were placed in 1.8 ml
cryovials to which conventional vitrification seventh protocol solution was added. Tissues
were placed in cryovial, kept in liquid nitrogen vapor for 10 minutes, and then put into
liquid nitrogen tank. Thawing protocols were applied to the ovaries kept in liquid nitrogen
tank for one week. To thaw the vitrified ovaries, they were first warmed to room
temperature for 10 seconds, then transferred in a water bath at 25°C for 10 seconds.
Sucrose was then added at concentrations of 1 M, 0.5 M and 0.25 M, along with DPBS at
room temperature for a period of 10 minutes [11]. Then the ovaries were embedded into
10% buffered formalin as the tissue fixation solution. After 48 hours of fixation, tissue
follow-up process was administered.
Hematoxylin & eosin staining and follicle counting method

After the rats were decapitated and both ovaries of them were removed, these
ovaries were fixed in 10% of formaldehyde for 24 hours. Following the fixation, the
ovaries were embedded in the paraffin blocks. Then, 5 pym thick sections from the
paraffin blocks were stained with hematoxylin and eosin for ovarian histology and follicle

counting. The follicles were classified as atretic and normal, and the normal ones were



classified according to their developmental phases. Primordial, primary, secondary,
developing, tertiary and atretic follicles were counted in the 1%, 51" and 10" sections [12].
Accordingly, 1. Primordial follicles: Oocyte is surrounded by a single-layer flat epithelium.
2. Primary follicle: Oocyte is surrounded by a single layer of cubic or very few cell layers.
3.Secondary follicle: Oocyte is surrounded by multi-layer granulosa cell layer with antrum
4. Tertiary follicle: Oocyte is surrounded by multilayered cubic epithelium and has a large
antrum.
Immunohistochemical staining

Immunostaining was performed using the avidin-biotin peroxidase complex
method. After deparaffinization and rehydration, citrate buffer (pH 6.0) was used for
antigen retrieval through microwave. Later, endogenous peroxidase activity was blocked
with 3% hydrogen peroxide inside methanol at room temperature for 15 minutes. The
sections were then incubated at 4°C overnight with primary antibodies (MTOR:#29725,
cell signal, Danvers, Massachusetts, USA, 1/100, p-mTOR:#D0617, Santa Cruze,
Dallas, Teksas, ABD, 1/100). After washing the primary antibodies, the sections were
incubated with secondary antibody (1:1000) at room temperature for 60 minutes,
followed by its incubation with the avidin-biotin complex for 30 minutes.
Immunohistochemical reactions were visualized with diaminobenzidine chromogen
under a light microscope. For opposite staining, Mayer's hematoxylin was administered
for 15 minutes. The staining intensities within these areas were determined by two
investigators in a blindly. Immunohistochemical staining was evaluated in accordance
with the following scale:(+++): strong staining, (++): moderate staining, (+): weak
staining, (/+/-): very weak staining, (-): negative, (/): no established pattern The semi-
guantitative evaluation of mMTOR and p-mTOR expression levels in the C and V/T groups
was conducted utilising the H-score formula: H SCORE=}Pi (I+1). The scale of staining
intensity is delineated (0 = no expression, 1 = mild, 2 = moderate, and 3 = strong). Pi is
defined as the percentage of cells that have been stained for each intensity [13].
Statistical analysis

Subsequent to the follicle counting, the within-group differences were analyzed
with Independent Samples T-test and Mann-Whithey U test. Statistical analysis were
performed using SPSS 21 package program, and the significance level was p<0.05. The
H scores were analyzed using Tukey post hoc tests to reveal the differences between the

groups.



Results
Histological findings

In the sections, primordial follicles, primary follicles, secondary follicles and tertiary
follicles were normal in appearance in the ovary of C group (shown in Figure 1a, 2).
Granulosa layer, theca interna and externa layers were seen regularly and firmly
attached to oocyte. In the V/T group, follicles were also observed in all stages of
development in the ovary. Majority of the follicles were normal in structure (shown in
Figure 1B, 2). However in some of the primary and primordial follicles vacuoles were
seen between oocyte and granulosa cell layer. In the secondary follicles, thinning of
granulosa layer as well as cell accumulation in lumen were identified. And also it was
interesting that some follicles lost their normal shape and became oval (shown in Figure
1B, 2).

The follicle count of each group is presented in Table 1. As the size of the follicles
increased, their number decreased following the vitrification procedure, but that decrease
was not statistically significant (p>0.05). No significant difference was noted between all
groups regarding primordial follicle, primary follicle, secondary follicle, tertiary follicle and
atretic follicles (p>0.05) (Table 1).

Immunohistochemical findings

H score analyzes are illustrated in Table 2. The distrubition and localization of
MTOR expression in C and V/T groups was shown in Figure 3. Immunohistochemical
staining showed strong expression of mTOR in granulosa cells of pimordial, primary,
secondary and tertiary follicles as well as in oocytes within C and V/T groups ovarian
tissues. But that increase was not statistically significant between groups (p>0.05).
Oocytes demonstrated more diffuse and stronger immunostaining compared to granulosa
cells. What was also notable is that the degree and location of the reaction were the
same in the C and V/T group. Also cytoplasmic and prevalent mTOR activity was also
observed in the corpus luteum (shown in Figure 3).

Positive expression was observed in oocytes and granulosa cells in the C group,
whereas the expression was negative in the V/T group (p=0.002). In the C group, p-
MTOR expression reacted moderately in oocytes and weakly in granulosa cells (shown in
Figure 4).

Discussion
In this study, we investigated that the expression of mMTOR and p-mTOR in frozen
ovarian tissue through the vitrification method immunohistochemically. To the best of our

knowledge, this study was the first in investigating mTOR and p-mTOR expression in a



vitrified tissue. The degree of expression and location of mMTOR protein in ovarian tissue
where C and V/T group were applied were similar. However positive p-mTOR expression
was observed in the C group, whereas the expression was negative in the V/T group.

In a study, the number of primary follicles was lower in the frozen/thawed group
compared to the control group (p<0.05). There was no significant difference between the
groups in the number of secondary follicles [14]. In ovarian tissue transplantation, the
main problem is follicular loss due to follicular activation. Rapamycin, an mTOR inhibitor,
has been shown to prevent follicular activation induced by ovarian cryopreservation in
mause transplantation models. Rapamycin was observed to prevent follicle proliferation
stimulated by cryopreservation through the AKT and mTOR pathways [15]. Another study
found that activation of the mTOR pathway in tissues was effectively inhibited by short-
term incubation with rapamycin just prior to freezing during tissue cryopreservation. An
increase in the ratio of primordial follicles and a decrease in apoptosis were observed
after transplantation [2]. In our study, the number of primordial, primary, secondary and
tertiary follicles decreased in the V/T group, and the number of atretic follicles and corpus
luteum was high. But it was not found statistically significant.

A study using recombinant AavLEA1 protein in the cryopreservation of ovarian
tissue reported that this protein protected ovarian follicles, increased their proliferative
capacity and reduced apoptosis [16]. In frozen-thawed ovarian autografts in rats,
Adipose-derived stem cells (ASCs) therapy has maintained the viability of ovarian grafts
and increased the expression of genes related to apoptosis and inflammatory cytokines.
ASC application has supported a decrease in caspase-3 expression in the theca interna
layer of follicles and increased cell proliferation in the granulosa layer without altering
VEGF [17]. In our study, one of the culture media used for cryopreservation was FBS,
which contains numerous proteins. Contrary to previous studies, there was a decrease in
follicle count in the V/T group compared to the C groups in our study, although not
statistically significant.

Food deficiency and various hormones play a role in mTOR activity. mTOR is of
pivotal importance in cytogenesis of meiosis in oocytes, and pSer2448 or pSer2481(p-
mTOR) is indicative of intrinsic mMTOR catalytic activity in dividing cells [18-21]. The V/T of
ovarian tissue has become more of an issue recently, becoming a glimmer of hope in
preserving fertility, especially for young cancer patients [9, 22-24]. Furthermore,
minimizing follicle loss in V/ T ovaries will accelarate the clinical use of the technique.
Here we elucidated the role of the mTOR and its phosphorylated p-mTOR proteins, which
are effective not only in cell proliferation and differentiation but also in triggering

autophagy, in V/T ovaries.



In a study, the effects of sericin, an antioxidant, on the freezing and thawing of
mouse ovarian tissue were investigated. The study found that after thawing, 1% sericin
reduced oxidative stress and could protect ovarian tissue during freezing and thawing via
the PIBK/AKT/mTOR signalling pathway [25]. However, in our study, the cryoprotectants
used did not affect mTOR expression but inhibited p-mTOR expression.

The investigators have reported that mTOR may have a function in cytokinesis
and that in particular the p-mTOR activity in cumulus cells may play a role in the
production and secretion of meiosis-inducing products. The proliferative effect of cumulus
cells during meiosis has been reported to occur in the formation of high quality oocytes
that can go further to the oocytes [21]. Our study revealed that mTOR was strongly
expressed in both granulosa cell cytoplasm and oocytes in pimordial, primary, secondary
and tertiary follicles within both C and V/T groups ovaries. The expression in the oocyte
turned out to be stronger than the granulosa cells and was observed in all the follicles at
every stage of development. What is also remarkable is that the expression in oocytes
took place both in the ooplasm and in the nucleus. The degree and location of the mTOR
reaction did not differ in the ovarian tissues which the control and vitrification procedures
were carried out. Nevertheless, the p-mTOR expression did differ in both groups. Positive
expression was observed in oocytes and granulosa cells in the C group, while both
oocytes and granulosa cells were negative in the V/T group. On the other hand, p-mTOR
expression reacted moderately in the oocytes and weakly in granulosa cells in the C
group.

High levels of p-mTOR expression have been identified in cancer cells; for
instance, the p-mTOR is expressed intensively in liver, colon and pancreatic cancers [26-
28]. Generally, the p-mTOR expression was evaluated in cancerous tissues, but
Kogasaka et al. [29] were the first to investigate the expression and distribution in normal
tissues. They studied the expression of pSer2448 and p2481 mTOR in oocyte and follicle
development in vitro and in vivo. They found that the expression of pSer2448 mTOR or
pSer2481 mTOR in oocytes and cumulus cells was widespread in the cytoplasm during
the interphase phase, around the chromosomes in the prophase, and around the spindle
strands in the metaphase and telophase [29]. In our study the p-mTOR expression, only
detected in the C group, was also apparent in both the oocyte and granulosa cell
cytoplasm. However, the p-mTOR expression in the V/T group was not detected in either
oocyte or granulosa cell nuclei. In other words, the p-mTOR is heavily involved in high
guality oocyte formation. The last but not the least, the p-mTOR was positively expressed
only in the C group in our study. The negative oocytes in which the vitrification is applied

may be indicative of poor quality of oocytes.



In conclusion, the degree of expression and location of mMTOR protein in ovarian
tissue were similar in both groups. Positive expression of mTOR leads to the inhibition of
autophagy, while its negative expression activates autophagy. The positive expression of
mTOR in both groups demonstrated that vitrification did not induce autophagy in the
ovary. However, when we consider that p-mTOR is associated with oocyte quality in line
with the literature, the absence of p-mTOR positive expression in the vitrification ovaries
suggests that vitrification deteriorates oocyte quality and may reduce fertilization
capacity.

Funding: None.

Acknowledgment: This work was supported by Pamukkale University Scientific

Research Projects Coordination Unit (grant number 2017SABEQ0Q7).

Contributions of the authors to the article: U.D., M.S.U., N.C. and G.A.M. designed

the experiments; U.D. and N.C. performed experiments and collected data; U.D., N.C.,

and G.A.M. discussed the results and strategy; G.A.M. Supervised, directed and

managed the study; U.D., M.S.U., N.C. and G.A.M. Final approved of the version to be

published.

Conflict of interest: No conflict of interest was declared by the authors.

References

1. Donnez J, Dolmans MM. Ovarian cortex transplantation: 60 reported live births brings
the success and worldwide expansion of the technique towards routine clinical
practice. J Assist Reprod Genet. 2015;32(8):1167-1170. doi:10.1007/s10815-015-
0544-9

2. Liu W, Zhang J, Wang L. et al. The protective effects of rapamycin pretreatment on
ovarian damage during ovarian tissue cryopreservation and transplantation. Biochem
Biophys Res Commun. 2021;534:780-786. d0i:10.1016/j.bbrc.2020.10.110

3. Donnez J, Dolmans MM, Pellicer A, et al. Fertility preservation for age-related fertility
decline. Lancet. 2015;385(9967):506-507. doi:10.1016/S0140-6736(15)60199-4

4. Suzuki N, Yoshioka N, Takae S, et al. Successful fertility preservation following
ovarian tissue vitrification in patients with primary ovarian insufficiency. Hum Reprod.
2015;30(3):608-615. doi:10.1093/humrep/deu353

5. Alessi DR, Pearce LR, Garcia Martinez JM. New insights into mTOR signaling:
MTORC2 and beyond. Sci Signal. 2009;2(67):pe27. doi:10.1126/scisignal.267pe27

6. Dunlop EA, Tee AR. Mammalian target of rapamycin complex 1: signalling inputs,
substrates and feedback mechanisms. Cell Signal. 2009;21(6):827-835.
doi:10.1016/j.cellsig.2009.01.012



10.

11.

12.

13.

14.

15.

16.

17.

. Foster KG, Fingar DC. Mammalian target of rapamycin (mTOR): conducting the

cellular signaling symphony. J Biol Chem. 2010;285(19):14071-14077.
doi:10.1074/jbc.R109.094003

Juhasz G, Neufeld TP. Experimental control and characterization of autophagy in
Drosophila. Methods Mol Biol. 2008;445:125-133. doi:10.1007/978-1-59745-157-4_8.
Soleimani R, Heytens E, Oktay K. Enhancement of neoangiogenesis and follicle
survival by sphingosine-1-phosphate in human ovarian tissue xenotransplants. PLoS
One. 2011;6(4):€19475. doi:10.1371/journal.pone.0019475

Saxton RA, Sabatini DM. mTOR Signaling in Growth, Metabolism, and Disease. Cell.
2017;168(6):960-976. doi:10.1016/j.cell.2017.02.004 Erratum in Cell. 2017;169(2):361-
371. doi:10.1016/j.cell.2017.03.035.

Tayefi Nasrabadi H, Gavami M, Akbarzadeh A, Beheshti R, Mohammadnejad D,
Abedelahi A. Preservation of mouse ovarian tissue follicle morphology and ultra-
structure after vitrifying in biotechnological protocols. J Ovarian Res. 2015;8:7.
doi:10.1186/s13048-015-0137-3

Caldwell AS, Middleton LJ, Jimenez M, et al. Characterization of reproductive,
metabolic, and endocrine features of polycystic ovary syndrome in female
hyperandrogenic  mouse  models. Endocrinology. 2014;155(8):3146-3159.
doi:10.1210/en.2014-1196

Cil N, Oguz EO, Mete E, Cetinkaya A, Mete GA. Effects of umbilical cord blood stem
cells on healing factors for diabetic foot injuries. Biotech Histochem. 2017;92(1):15-28.
doi:10.1080/10520295.2016.1243728

Celik S, Ozkavukcu S, Celik Ozenci C. Altered expression of activator proteins that
control follicle reserve after ovarian tissue cryopreservation/transplantation and
primordial follicle loss prevention by rapamycin. J Assist Reprod Genet.
2020;37(9):2119-2136. doi:10.1007/s10815-020-01875-7

Bindels J, Squatrito M, Bernet L, Nisolle M, Henry L, Munaut C. The mTOR Inhibitor
Rapamycin Counteracts Follicle Activation Induced by Ovarian Cryopreservation in
Murine  Transplantation Models. Medicina  (Kaunas). 2023;59(8):1474.
doi:10.3390/medicina59081474

Wang J, Zhang Y, Wu C, et al. Effects of AavLEA1 Protein on Mouse Ovarian Tissue
Cryopreservation by Vitrification. Biopreserv  Biobank. 2022;20(2):168-175.
doi:10.1089/bi0.2021.0048

Damous LL, Shiroma ME, Carvalho AETS, Soares Jr JM, Krieger JE, Baracat EC.

Gene expression profile in experimental frozen-thawed ovarian grafts treated with



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

scaffold-base delivery of adipose tissue-derived stem cells. Clinics (Sao Paulo).
2022;77:100066. doi:10.1016/j.clinsp.2022.100066

Wu YT, Tan HL, Huang Q, Ong CN, Shen HM. Activation of the PI3K-Akt-mTOR
signaling pathway promotes necrotic cell death via suppression of autophagy.
Autophagy. 2009;5(6):824-834. doi:10.4161/auto.9099

Zha X, Hu Z, He S, Wang F, Shen H, Zhang H. TSC1/TSC2 inactivation inhibits AKT
through mTORC1-dependent up-regulation of STAT3-PTEN cascade. Cancer Lett.
2011;313(2):211-217. doi:10.1016/j.canlet.2011.09.006

Hunzicker Dunn ME, Lopez Biladeau B, Law NC, Fiedler SE, Carr DW, Maizels ET.
PKA and GAB2 play central roles in the FSH signaling pathway to PI3K and AKT in
ovarian granulosa cells. Proc Natl Acad Sci USA. 2012;109(44):E2979-2988.
doi:10.1073/pnas.1205661109

Guo J, Zhang T, Guo Y, et al. Oocyte stage-specific effects of MTOR determine
granulosa cell fate and oocyte quality in mice. Proc Natl Acad Sci USA.
2018;115(23):E5326-E5333. doi:10.1073/pnas.1800352115

Carvalho AA, Faustino LR, Silva CM, et al. Catalase addition to vitrification solutions
maintains goat ovarian preantral follicles stability. Res Vet Sci. 2014;97(1):140-147.
doi:10.1016/j.rvsc.2014.05.006

Lee JR, Youm HW, Kim SK, Jee BC, Suh CS, Kim SH. Effect of necrostatin on mouse
ovarian cryopreservation and transplantation. Eur J Obstet Gynecol Reprod Biol.
2014;178:16-20. doi:10.1016/j.ejogrb.2014.04.040

Lee J, Lee JR, Youm HW, Suh CS, Kim SH. Effect of preoperative simvastatin
treatment on transplantation of cryopreserved-warmed mouse ovarian tissue quality.
Theriogenology. 2015;83(2):285-293. doi:10.1016/j.theriogenology.2014.09.027

Shu WH, Yang SH, Wei M, et al. Effects of sericin on oxidative stress and
PI3BK/AKT/mTOR signal pathway in cryopreserved mice ovarian tissue. Cryobiology.
2023;111:16-25. doi:10.1016/j.cryobiol.2023.03.003

Pham NA, Schwock J, lakovlev V, Pond G, Hedley DW, Tsao MS.
Immunohistochemical analysis of changes in signaling pathway activation downstream
of growth factor receptors in pancreatic duct cell carcinogenesis. BMC Cancer.
2008;8:43. d0i:10.1186/1471-2407-8-43

Chen JS, Wang Q, Fu XH, et al. Involvement of PISK/PTEN/AKT/mTOR pathway in
invasion and metastasis in hepatocellular carcinoma: Association with MMP-9. Hepatol
Res. 2009;39(2):177-186. doi:10.1111/j.1872-034X.2008.00449.x



28. Johnson SM, Gulhati P, Rampy BA, et al. Novel expression patterns of

29.

Figure 1. Control; (A) and Vitrification and T'héwi“ng group; (B) ovarian tissue

PI3K/Akt/mTOR signaling pathway components in colorectal cancer. J Am Coll Surg.
2010;210(5):767-776, 776-778. doi:10.1016/j.jamcollsurg.2009.12.008

Kogasaka Y, Hoshino Y, Hiradate Y, Tanemura K, Sato E. Distribution and association

of mTOR with its cofactors, raptor and rictor, in cumulus cells and oocytes during
meiotic  maturation in  mice. Mol Reprod Dev. 2013;80(4):334-348.
doi:10.1002/mrd.22166

500 ym =

Secondary follicle; (sf), tertiary follicle; (tf), corpus luteum;(cl), atretic follicle; (af). Hematoxylin
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Figure 2. In Control group ovary tissue (A-D) and Vitrification and Thawing group ovary

(E-H) tissue

Primordial follicle; (prf), primary follicle; (pf), secondary follicle; (sf), tertiary follicle; (tf), corpus
luteum; cl, theca cell; (arrow), vacuoles; (thick arrow), oocyte: (star) Hematoxylin & eosin. Bar A,
B, C,E, F,G:50um, D, G: 100 um



Figure 3. The expression of mTOR in control group ovary tissue (A-D) and Vitrification

and Thawing group ovary (E-H) tissue

Primordial follicle; (prf), primary follicle; (pf), secondary follicle; (sf), tertiary follicle (tf), granulosa
cell; gc, theca cell;( arrow), oocyte: (star). Immunoperoxidase&Hematoxylin. Bar A, B, C, E, F, G:
50um, D, G: 100 um



Figure 4. The expression of p-mTOR in control group ovary tissue (A-D), Vitrification and
Thawing group ovary tissue(E-H)

Primordial follicle; (prf), primary follicle; (pf), secondary follicle; (sf), tertiary follicle (tf), granulosa

cell; gc, theca cell;( arrow), oocyte: (star). Immunoperoxidase&Hematoxylin. Bar A, B, C, E, F, G:
50um, D, G: 100 um



Table 1. Follicle count in rat ovaries of experimental groups

C VIT

Mean £SD Mean £SD P value
Primordial Follicles 9.75+4.75 9.25+5.29 0.805
Primary Follicles 4.75+1.00 3.331£1.20 0.265
Secondary Follicles 7.00£3.79 5.331£2.01 0.179
Tertiary Follicles 2.5012.62 2.41+0.90 0.853
Atretic Follicles 8.00+£2.21 9.504£3.00 0.177
Corpus Luteum 6.50+2.57 7.661£3.14 0.331

p<0.05 was considered statistically significant
C: Control, VIT: vitrification and thawing group, SD: Standard deviation

Table 2. HSCORE values of mTOR and p-mTOR immunoreactivity in oocytes of

primordial, primary, secondary and tertiary follicles in groups

mTOR p-mTOR

C VIT D C VIT D

meanzSD meanzSD value meanzSD meanzSD value

gl'lnfég'a' 236.50+30.38 226.16+33.12 0417 99.00+15.15  10.00+0.00 0.002
Primary

olliojes  226.66£18.16 219.83+16.09 0423 10583:11.03 10.00:0.00 0.002

iﬁﬁgll‘iary 226.00420.15 218.00+#17.43 0.336 102.83+9.45  10.00+0.00 0.002

fTOeITIt(':"I"g 240.00+13.66 218.00+#13.31 0420 103.33+16.40 10.00+0.00 0.002

p<0.05 was considered statistically significant
C: Control, VIT: vitrification and thawing group, SD: Standard deviation
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