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Mini Review

Introduction
The ovaries are essential organs for maintaining fertility 
in women whose follicles are constantly growing and 
degenerating.1 Anticancer therapies often cause ovarian 
failure and infertility because the ovarian follicles 
storage is susceptible to the effects of radiotherapy and 
chemotherapy.2,3 Chemotherapy causes damage to the 
vascular network and stromal cells of the ovary. It reduces 
the reserve of the primary follicle by disrupting the 
signaling pathways involved in quiescence maintenance 
and increasing apoptosis.4 Infertility caused by cancer 
treatment causes anxiety and distress in many cancer 
survivors. There are many ways to maintain fertility, 
including oophoropexy or ovarian transposition, embryos 
cryopreservation, oocyte cryopreservation and ovarian 
tissue cryopreservation and transplantation (OTC/T).5 
Oophoropexy or ovarian transposition is a surgical 
manner, which mostly done by laparoscopic procedure, 
used for ovarian tissue preservation and fertility in patients 
treated with radiotherapy.3,6-9 Embryo cryopreservation 
needs the gonadotropins stimulation, which enhanced 
in estradiol levels that have opposite effect in therapy of 
estrogen sensitive tumors.10 However, This method is 
not suitable for patients who need to start chemotherapy 
immediately, troublous as for achieving oocytes, which 
need to partner or donor sperm and is improper for 
patients before puberty.11,12 Oocyte cryopreservation is 
more vulnerable to the risk of damaging intracellular ice 
formation because of wide surface area to volume ratio and 
low water penetrance.13,14 OTC/T as a new technology to 
maintain fertility is developing rapidly. Vitrification, slow 

freezing, and ultra-fast freezing are standard methods for 
ovarian tissue cryopreservation (OTC).15,16 The successful 
cryopreservation and transplantation of ovarian tissue is 
obtained by some following steps; first the ovarian tissue is 
exposed to cryoprotectants (CPAs) such as ethylene glycol 
and dimethyl sulfoxide. In the following, freezing and 
cooling should be done by the liquid nitrogen (-196 °C). The 
next step is tissue thawing and rewarming for CPA removal 
by thawing solutions, final step is transplanting ovarian 
tissue to resume its activity. OTC/T is a faster method than 
oocyte and embryo cryopreservation and does not require 
lengthy processes such as ovarian stimulation and finding 
donated sperm. In addition to these benefits, OTC/T can 
restore follicular storage and continuing the secretion 
of ovarian endocrine hormones by maintaining ovarian 
tissue.17-21 Some agents can decrease follicle surviving in 
OTC/T. Ischemia is the most critical injury during ovarian 
tissue transplantation ultimate to depletion of cellular 
energy storages, induction of apoptosis, accumulation 
of toxic metabolites and hypoxia in the ovarian tissue.22 
OTC/T without vascular anastomosis causes hypoxia and 
ischemia lasting up to 48 hours in rodents23 and five days 
in humans24 and thereby leads to loss of 50% to 65% of 
primordial follicles.4,25,26 Moreover, osmotic shock and 
oxidative stress (OS) increased morphological changes and 
mitochondrial damages to the follicles, which ultimately 
cause apoptosis and cell death during OTC/T.27,28 Recent 
studies have suggested that apoptosis is a main cause of 
failure in OTC/T.

Apoptosis is the underlying mechanism of ovarian 
tissue changes such as plasma membrane blebbing, cell 
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shrinkage, nuclear condensation and fragmentation and 
also DNA fragmentation.29 In general, apoptosis has two 
intrinsic and extrinsic pathways (Figure 1). The intrinsic 
pathway or mitochondrial pathway can be initiated due 
to the presence or absence of certain factors. For example, 
the lack of hormones and growth factors or exposure of 
cells to hypoxia, radiation, and reactive oxygen species 
(ROS) can cause apoptosis. The intrinsic pathway in 
response to stressful conditions is activated by the 
release of cytochrome-c from the mitochondria and the 
formation of apoptosome as well as caspase-9 activation.30 
Extracellular signals induce external apoptosis. The 
binding of the ligand to specific receptors leads to the 
construction of the death initiation-signaling complex and 
activates caspase-8. Eventually, cell death occurs with the 
activation of downstream caspases such as caspase-3.31,32

Apoptosis in physiological condition of ovarian tissue 
The ovary is a dynamic organ that quickly removes 
excess and faulty germ cells to assure the ovulation of 
viable and high-quality ova for fertilization. During 
fetal development, millions of germ cells are present 
in the ovarian, but the ovary loses most of them before 
they start working. Apoptosis may play essential roles 
in mammalian ovarian germ cell depletion either alone 
or with autophagy.33,34 Ovarian reserve is dependent to 
genetics, age, and environment. A baby girl is born with 
about 2 million primordial follicles in the ovary, but by 
the time menarche occurs, about 400 000 follicles remain 
due to natural follicular atresia. In her mid-30s, due to 

the increased oocyte depletion, the number of follicles is 
decreased to around 25 000.35 Follicular apoptosis was first 
reported by Flemming in 1885 based on morphological 
changes36; and occurs in ovarian oocytes, granulosa, 
and luteal cells and is mainly restricted to the granulosa 
cells (GCs) of developing follicles in adult ovaries.37 
Apoptosis occurs as a physiological process at all stages 
of follicular development, especially in luteal regression 
and follicular atresia. Most follicles undergo apoptosis in 
the antral stage.38 Generally, apoptosis and degeneration 
of GCs lead to follicular atresia (Figure 2). One study 
showed that apoptosis in GCs depends on an imbalance 
between progesterone and estradiol in the follicular fluid. 
The level of Insulin growth factor-I can play a role in 
controlling apoptosis in GCs during follicular atresia.39 
Several molecular pathways appear to be involved during 
ovarian apoptosis, including the Bcl-2 family, caspases, 
Tumor necrosis factor, and transforming growth factor 
beta (TGF-β) proteins.40 Studies on miRNAs in the ovary 
have also shown that miRNAs are involved in the process 
of follicular atresia and GC apoptosis. The prominent 
miRNA families and clusters, including the let-7 family, 
miR-183-96-182, miR-17-92, and miR-23-27-24 clusters 
are involved in follicular atresia.41 MiR-146b as a pro-
apoptotic factor via suppressing cytochrome P450 family 
19 subfamily A member 1 (CYP19A1) expression 
promotes ovarian GC apoptosis.42 A study showed that 
miR-1275 via impairing the liver receptor homolog 
(LRH)-1/CYP19A1 axis and inhibiting estradiol (E2) 
release could promote GC apoptosis and initiate follicular 

Figure 1. The component of apoptosis primarily comprises of two center pathways induces apoptosis; extrinsic pathway and intrinsic pathway. extrinsic pathway 
alludes to extracellular ligands are attached to the extracellular domain of the transmembrane receptors and the intrinsic pathway may be a mitochondrial-
mediated pathway. Both of these apoptotic pathways can be led to same terminal (execution pathway)
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atresia in ovaries.43

Apoptosis in OTC/T
As mentioned above, during cryopreservation, ovarian 
tissue is exposed to high concentrations of CPAs and then 
frozen in liquid nitrogen. The process of freezing and 
thawing can cause damage to the ovaries.5,44 Changes in 
physical conditions and the production of ROS during 
freezing cause apoptosis and activation of the caspase 
cell death cascade, resulting in cell destruction.4 It has 
been observed that during the OTC, the expression of 
the Fas system is induced as one of the main pathways 
of apoptosis in normal primary follicles.45 Another 
limitation of ovarian tissue transplantation is ischemia-
reperfusion (IR) injury, which leads to inflammation and 
apoptosis due to the production of ROS and disruption 
of mitochondrial function.46 These changes via enhancing 
cytokine production and activating adhesion molecules 
lead to inflammatory responses and increase ovarian 
tissue swelling and microvascular permeability.47 Since 
the formation of new blood vessels after transplantation 
takes up to 10 days, the lack of oxygen flow to the tissue 
may destroy two-thirds of the ovarian tissue.24 Several 
studies have examined the extent of apoptosis during the 
cryopreservation process and it has been observed that 
the amount of apoptotic cells increases after vitrification 
of ovarian tissue.48 Apoptotic cell death in atretic follicles 
and decreasing in the number of primary follicles in 
frozen tissues have been identified.49 An experiment 
conducted by Adib and co-workers showed reduced 
normal follicles during cryopreservation compared to 
the control group. However, there was no significant 
difference in the expression of apoptosis-related genes 
in the two groups considerably.50 Another study showed 
that cryopreservation of the ovarian did not affect the 

morphology of the pre-antral follicle and the expression 
of FasL and caspase-3 apoptotic markers.51 Another 
experiment indicated the lower expression of the anti-
apoptotic gene (BIRC5) and higher expression of pro-
apoptotic genes (Fas and caspase-8) in vitrified samples 
compared to the control group.52

The molecular pathways of ovarian follicle survival
Apoptosis, a mechanism that can start either in ovarian 
germ or follicle somatic cells depending on the stage of 
follicle organization, mediates ovarian follicle atresia in 
mammals.53 The healthiest and most viable germ cells are 
liberated thanks to the atresia selection process. But some 
pathological conditions cause excessive postnatal loss of 
germ cells that may severely compromise fertility.54

Steroid hormones and their receptors play vital roles 
in follicle growth and also participate in some signaling 
pathways in reproductive system.55 We try to summarize 
some signaling pathways including WNT, insulin and 
Notch pathways, which are important in ovarian follicle 
survival and apoptosis process.56

PI3K/AKT/FOXO3 signaling 
Phosphatidylinositol 3-kinase (PI3K) is a type of 
enzyme that phosphorylates the 3-hydroxyl group of 
phosphoinositides. Growth factor receptors (GFRs) 
activate PI3K.57 The serine/threonine kinase Akt, also 
known as protein kinase B, is a central node in cell 
signaling downstream of growth factors, cytokines, and 
other cellular stimuli.58 In the plasma membrane, PIP2 is 
converted to phosphoinositide PIP3. PI3K catalyzes this 
reaction.59 The result of this process is phosphorylation 
and activation of AKT. 60 After activation, AKT travels to 
the nucleus and cytoplasm. It induces metabolic effects 
due to some targets that they can identify AKT, such as 

Figure 2. Extrinsic and intrinsic pathways of apoptosis mechanism. The activation of initiator caspases leads to the activation of effector caspases (the execution 
phase), which ultimately causes cell death. Balancing this process is the potential of cell survival pathways to promote transcription of various antiapoptotic 
proteins (e.g. antiapoptotic Bcl-2 family members or inhibitor of apoptosis proteins)
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GSK3, BAD, TSC2, and FOXOs.58 The forkhead box O 
(FOXO) transcription factors are necessary adjusters of 
cellular homeostasis, OS responses and apoptosis.61 PI3K/
AKT signaling pathway has a negative effect on FOXO 
activity. FOXO is phosphorylated by AKT, which restrain 
transcription.62 Absence of GFR signaling causes the 
conversion of PIP3 to PIP2 by PTEN. Phosphorylation 
of PIP3 decreases AKT activity and non-phosphorylated 
FOX cumulates in the nucleus.63 Activation of the PI3K/
AKT pathway causes AKT to phosphorylate FOXO. 
Phosphorylation of FOXO causes its removal from 
the nucleus. Finally, the absence of FOXO leads to the 
inhibition of cell proliferation.64

WNT signaling
WNTs are glycoproteins that participate in the regulation 
of various signaling pathways. WNTs regulate signaling 
pathways through 3 ways. 1-β-catenin-dependent, 
β-catenin-independent and WNT/Ca2 + related 
mechanisms.65

β-Catenin is the name of a protein that is encoded 
by the “CTNNB1” gene in humans.66 β-catenin is an 
important component in the WNT-β-catenin signaling 
pathway. Following omission of the Ctnnb1 gene, 
infertility occurs in mice. 67 The WNT-β-catenin signaling 
pathway regulates cell proliferation, differentiation and 
apoptosis in fetal and mature homeostasis.65 In the lack 
of WNT signaling, β-catenin is phosphorylated and then 
tolerate Ubiquitination and finally destroyed.65 It was 
concluded that Wnt/β-catenin signaling increases GC 
apoptosis. GC proliferation is inhibited by the activation 
of Foxo3a. Activation of Wnt/β-catenin pathway, reduces 
FOXO3a phosphorylation. opposed to this fact, Wnt/β-
catenin signaling inhibitor IWR-1 can increase FOXO3a 
phosphorylation.68

Insulin signaling 
Insulin is a hormone consists of 51 amino acids that 
is important in glucose homeostasis, cell growth and 
metabolism. Insulin attaches to insulin receptors (IRs) 
on the cell membrane.69 This connection leads to the 
phosphorylation of the insulin receptor (IRS). After 
the insulin receptor is phosphorylated, two signaling 
pathways, the PI3K/protein kinase B (Akt) pathway and 
the mitogen-activated protein kinase (MAPK) pathway 
are activated.70,71 Insulin signaling is very important in 
female fertility. Hypoinsulinemia and hyperinsulinemia 
has a direct effect on ovarian function.72 Insulin can 
regulate folliculogenesis. Insulin stimulation increases 
gonadotropin receptors and the sensitivity of LH to 
the receptors, which can increase oocyte growth.73 The 
simultaneous increase of insulin and FSH increases the 
differentiation and proliferation of theca-interstitial 
cells. Insulin causes steroidogenesis, the production of 
androgens in the human ovary and the formation of early 
follicles.74,75 Research shows that insulin is considered a 
survival factor. An increase in insulin levels cause an 

increase in the number of living follicles.76 FOXO3 As 
a nuclear transcription factor, is influenced by insulin 
signaling and affects the proliferation and differentiation 
of ovarian GCs.77

Notch signaling 
Notch signaling is an important pathway in cell 
proliferation, cell differentiation and apoptosis.78 
Notch signaling is initiated following receptor-ligand 
interaction. Notch receptors include Notch (Notch1-
Notch4) and Notch ligands include (delta-like1, delta-
like3, delta-like3, Jagged1, and Jagged2).79 The proper 
functioning of the vascular system is important for the 
ovary because it is responsible for delivering nutrients, 
oxygen and hormones. We conclude that the reduction of 
blood vessels is one of the main causes of follicular atresia. 
Previous researches have proven that the Notch signaling 
pathway is effective in angiogenesis. The function of 
Notch proteins and ligands was investigated in rodent 
ovaries and the following results were obtained. Notch 1 
is expressed in the endothelium of the theca layer in the 
follicular phase of ovary, in endothelial cells of new vessels 
of corpus luteum, and in mature vessels of the theca layer 
in the luteal phase. Notch2, Notch3 and Jagged 2 are 
expressed in GCs of developing follicles.80 Notch2 is one 
of the most important components of the Notch pathway 
and has an effective presence in the theca and GCs of 
ovarian follicles.8.

Approaches for Ameliorating Apoptosis in OTC/T 
Since ovarian tissue contains a variety of cells, including 
GCs, Theca cells, stromal cells, and follicles so OTC is 
very challenging.82 Many studies have shown that ovarian 
tissue develops ischemia during cryopreservation and 
transplantation, resulting in OS and the formation of 
ROS. Finally, leading to increased apoptosis and ovarian 
follicle death, which can affect the success rate of ovarian 
transplantation.83,84 Therefore, Researchers have described 
several approaches to minimizing apoptosis during ovarian 
tissue transplantation. Some successful approaches include 
using of the chemical compounds, antioxidants, and cell 
therapy (Figure 3). For example, Lee et al showed that the 
use of necrostatin-1 (Nec-1) during cryopreservation and 
transplantation has beneficial effects on ovarian tissue 
survival and reduces the rate of apoptosis. Nec-1 is a type 
of alkaloid that inhibits apoptosis by targeting receptor 
interacting protein-1.85 Also, it has been specified that the 
use of rapamycin before cryopreservation can inhibit the 
activation of the mammalian target of rapamycin (mTOR) 
pathway in thawed ovarian tissues and reduce caspase-3 
expression and apoptosis.86 Lysophosphatidic acid as a 
signaling molecule can improve follicular development 
in transplanted ovaries by providing a balance between 
the anti- and pro-apoptotic genes in association with an 
increase in miR-22 expression.87 A study showed that 
treatment of ovarian with sphingosine 1-phosphate (S1P) 
block follicle atresia, decrease the expression of cleaved 



Rezaei Zarnaghi et al

ImmunoAnalysis, 2024, 4: 2 5

caspase-3, and improved their steroidogenic activity 
significantly.88 In addition, S1P via activating the PI3K/
Akt pathway inhibits the apoptosis of GCs in response 
to OS induced by H2O2. S1P is a bioactive signaling 
molecule that plays a crucial role in inflammation, 
immunity, and cell proliferation.89 In other studies, it was 
found that the treatment of ovarian tissue with Z-VAD 
FMK (a broad-spectrum caspase inhibitor) during in vivo 
transplantation of ovarian cortex could improve primary 
follicular preservation and reduce apoptosis after 3 weeks 
of transplantation.90 In another study researchers have 
shown that treatment of ovarian with fibroblast growth 
factor 2 (FGF2) and vascular endothelial growth factor 
(VEGF), and autologous subcutaneous transplantation 
of the vitrified-thawed ovarian tissue could improve 
angiogenesis and significantly increased the survival rate 
of ovarian tissues.91 In another study, the incidence of 
apoptosis in ovarian tissue following cryopreservation 
and in vitro culture in the presence of leukemia inhibitory 
factor (LIF) as an anti-apoptotic agent was evaluated. 
This study showed that all groups treated with LIF had 
higher levels of progesterone and 17-β estradiol and lower 
Caspase-3/7 activity.92 As well as it has been shown late 
embryogenesis abundant proteins protect various cells 
from water stress and cause decreased apoptosis, improve 
the proliferative ability of follicles, and retain DNA/RNA 
integrity against cryoinjury during OTC.93,94

Antioxidants
Free radicals and antioxidants actions are discussed 
numerously in the medicine literature. OS that is the 
cause of imbalance between free radicals and antioxidants 
capacity may be an important factor in numerous 
pathological conditions.95 And in reproductive biology 
OS is related to infertility, endometriosis, ovarian cancers, 

etc. Antioxidants that mainly scavenge ROS and reactive 
nitrogen species and also prevent their activity may play 
a crucial role in prevention of these adverse conditions.96

With this in mind, a wide range of compounds has been 
known to act as antioxidants in female reproductive system. 
And many studies have considered the use of antioxidants 
as an important strategy to reduce the production of 
ROS after ovarian tissue transplantation.97,98 In support 
of this notion, recent studies have shown that the use of 
Resveratrol with strong anti-inflammatory, antioxidant 
properties can reduce several factors associated with 
OS (MDA, SOD2) and inflammation (NF-κB and IL-
6) during transplantation and improve the efficiency of 
frozen-thawed ovarian transplantation and ultimately 
lead to increased survival rates and decreased follicular 
apoptosis.99 In another experiment conducted by Kim, 
and co-workers, they showed that adding Klotho protein 
as a modulator of OS to the cryopreservation process 
can reduce apoptosis and DNA damage caused by ROS. 
Klotho is a transmembrane protein that controls OS.100 
Likewise, taurine as a powerful antioxidant accelerates 
angiogenesis and reduces OS and apoptosis, improving 
follicular survival and the function of transplanted 
ovaries.101 Using selenium during the freezing-thawing 
process via upregulation of Bcl-2 and downregulation 
of P53 at transcription level could reduce the apoptosis 
induced by freezing-thawing stress.7 Also, pre-treatment 
of ovarian tissue with Trolox antioxidant followed by 
heterotopic transplantation can improve follicular quality 
and prevent apoptosis in stromal cells.102 High doses of the 
antioxidant N-acetylcysteine during autologous ovarian 
transplantation also lead to promote graft viability with 
the recovery of the estrous cycle.103 Liu et al observed that 
the use of melatonin reduced the production of ROS and 
inhibited follicular cell apoptosis. Melatonin increased 

Figure 3. Adverse effects of OTC on ovarian tissue. New approaches such as using antioxidant therapy, cell therapy, etc have emerged to increase angiogenesis 
and decrease apoptosis
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expression Bcl-2 and decreased expression of Bax.104 Also, 
melatonin via the nuclear factor erythroid 2-related factor 
2 (Nrf2) pathway could activate anti-oxidative enzymes 
and inhibit OS and apoptosis during cryopreservation 
of ovarian tissue.105 Adding melatonin to the culture 
medium via reducing expression of the p53 apoptotic gene 
could improve the survival rate and in vitro maturation 
in isolated follicles from vitrified ovaries.106 Another 
antioxidant used in ovarian transplantation is the vitamin 
E improves the survival of follicles via reducing ischemia-
reperfusion injury.107 Another case is erythropoietin 
antioxidant. A study showed that using this antioxidant 
can significantly reduce OS and MDA concentration.108

Cell therapy 
Cell therapy is another efficient strategy to reduce 
follicle loss during ovarian tissue transplantation.109 
Recent studies have shown that the use of stem cells 
in cryopreservation and transplantation of ovarian 
tissue increases angiogenesis, oxygenation, and follicle 
survival.110 Adipose tissue-derived stem cells (ASCs) have 
been shown to interact with cell death signal pathways 
and reduce ovarian follicle death after transplantation.111 
ASCs have proangiogenic effects through growth factor 
secretion and endothelial lineage differentiation.112 
In support of this notion, Manavella et al have shown 
that ASCs in a fibrin implant improves ovarian tissue 
transplantation and enhance neovascularization in the 
transplant site.113 These stem cells have a role in negatively 
modulating PI3K/Akt signaling pathways related to 
follicle activation and growth and positively affect the 
ovarian reserve by reducing follicular apoptosis.111 Two-
stage transplantation with ASCs is a promising step for 
success in ovarian tissue transplantation due to faster 
re-oxygenation, increased follicle survival rate, and 
decreased apoptosis.114 According to many reports, 
mesenchymal stem cells (MSCs) derived from bone 
marrow, umbilical cord, amniotic fluid, placenta, etc., 
improve ovarian function through inhibition of follicular 
atresia and GC apoptosis by upregulating of the anti-
Mullerian hormone.115 These cells play an essential role in 
supporting angiogenesis by releasing angiogenic factors 
and differentiating them into the endothelial cell.116 
The study of Xia and colleagues that used MSCs during 

ovarian tissue transplantation, demonstrated that the 
expression levels of FGF2 and VEGF, especially the level 
of angiogenin in the ovary increased, and these stem cells 
significantly increased neo-angiogenesis, and decreased 
primordial follicles’ apoptotic rates.117 Mesenchymal 
stem cell-derived angiogenin functioned as a supportive 
agent for ovarian tissue and promoted angiogenesis and 
follicle survival.118 In another study, cord blood-derived 
endothelial progenitor cells were injected subcutaneously 
into mice, and after 1 week, vitrified/warmed ovaries 
were transplanted to injection sites. The results showed 
the survival of follicles and the formation of more blood 
vessels.119 According to the review of available articles, 
there is limited information about cell therapy during 
cryopreservation and ovarian transplantation. In Table 1, 
important and effective factors on apoptosis in OTC/T 
are briefly mentioned.

Preclinical studies
To analyze the preclinical stages of cryopreservation and 
transplantation technology, we refer to a study conducted 
by Suzuki et al in 2015. Seven adult female cynomolgus 
monkeys were used in this research. Animals were 
examined for 1 month in terms of infections, physical 
and behavioral characteristics. The monkeys were kept in 
separate cages and the correct functioning of their estrous 
cycle was vouched. The animals were anesthetized with a 
2:1 mixture of ketamine and xylazine, then the ovaries of 
both sides were resected. The cortex tissue of the ovaries 
was cut into small cubes. The vitrification solution used 
in this study contains H199 along with 20% SSS, 5.64 M 
ethylene glycol, 5% (w/v) polyvinyl pyrrolidone and 0.5 
M sucrose. After vitrification, the samples were immersed 
in liquid nitrogen. Cortical sections were placed in H199 
augmented with 20% SSS and 1.61 M ethylene glycol 
for 10 minutes, shifted to H199 supplemented with 
20% SSS and 3.22 M ethylene glycol for 10 minutes and 
equilibrated in VSEGP for 5 minutes. The prepared 
tissues were transplanted into the posterior iliac cavity, 
omentum, uterine serosa, and mesosalpinx as autograft 
transplantation. After transplantation, the monkeys 
were stimulated with GnRH agonist for 14 days from 
the first day of menstrual period. They also received 
pregnant mare serum gonadotrophin from day 1 to day 

Table 1. Approaches and related mechanisms for ameliorating apoptosis in ovarian tissue cryopreservation/transplantation

Preventive factors of 
Post-transplantation 
angiogenesis 

Apoptosis reduction mechanism Examples

wound angiogenesis
Tissue damage leads to hypoxia. After injury, angiogenic factors are secreted. 
Peripheral blood monocytes accumulate at the site to reduce apoptosis.15 

-

Antioxidants
ROS has the ability to destroy the cell membrane. As a result, by reducing ROS, the 
level t of apoptosis in the follicles decreases.

Ascorbic acid, mannitol, oxytetracycline, 
vitamin E10, Resveratrol and melatonin120,121 

Growth factors Growth factors are endothelial cell mitogens which induce angiogenesis. FGF-1, FGF-2 and VEGF120

Cell therapy Use of stem cells can increase angiogenesis, oxygenation, and follicle survival. 
 ASCs and MSCs derived from bone marrow, 
umbilical cord, amniotic fluid, placenta, etc.

ROS, reactive oxygen species; FGF, fibroblast growth factor; VEGF, vascular endothelial growth factor; ASCs, adipose tissue-derived stem cells; MSCs, 
mesenchymal stem cells.
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9. In addition, recombinant human follicle stimulating 
hormone was administered twice a day. On the day 10 
of menstruation, the monkeys received human chorionic 
gonadotrophin. Oocytes were collected after 40 hours. 
For fertilization, sperms of male monkeys were collected 
and washed in 10% PVP. Then sperms were injected into 
mature oocytes in TALP-HEPES containing 0.3% BSA. 
The results of this study stated that hormonal cycles of 126 
days did not show any significant difference. New blood 
vessels developed to supply the ovary were visualized by 
contrast-enhanced CT. Nine oocytes were taken from two 
monkeys after ovarian cortical transplantation, and six 
oocytes were fertilized after ICSI.122

Clinical applications
The survival rate of children with cancer has increased to 
80% in most high-income countries. One of the reasons 
for this progress is the change in conventional treatments 
and lifestyle modification. Ovaries are sensitive to 
treatment and may be damaged during chemotherapy. 
To preserve the fertility of children who have survived 
cancer, there should be a focus on OTC/T.123 In addition 
to the reproductive function, the ovary also has an 
endocrine function. Damage to the ovary can lead to many 
clinical problems. Amenorrhea, menstrual disorders, 
decreased sexual desire, failure to develop secondary 
sexual characteristics, infertility and premature ovarian 
failure are among the complications of ovarian damage. 
In addition to cancer, premature ovarian failure caused 
by genetic, infectious and autoimmune factors can reduce 
fertility. Ovarian cryopreservation and transplantation 
technology can also be used to restore the fertility of these 
cases.124

Conclusion
Ovarian tissue cryopreservation and transplantation 
are one of the suitable options for restoring fertility in 
cancer survivors. However, there are many challenges 
in this area yet, including ROS production, ischemia 
and hypoxia during transplantation, leading to follicular 
apoptosis and ovarian damage. The usage of various 
chemical compounds, antioxidants, and cell therapy 
during the cryopreservation and transplantation process 
could reduce OS and apoptosis and also increase 
neovascularization and oxygenation. As a result, success 
in these areas may result in obtaining an effective method 
to overcome these shortcomings and preserving fertility 
after OTC/T. 
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