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Abstract

The aim of our investigations was to compare tHecéffeness of two methods for
cryopreservation of sheep ovarian tissue, slowzingeand vitrification. The quality of
cryopreserved tissues was evaluated after 5 dayshaiing and chorioallantoic
membrane (CAM) transplantation. Follicular struetur stromal integrity and
neovascularization were assessed. The areas o$iland necrosis were measured using

MICROVISIBLE software, and proliferation was asssbsith Ki-67 immunostaning.
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After 5 days of culture, the proportion of primadifollicles decreased, whereas the
primary and intermediary follicles increased indiigantly (p>.05). Only necrosis in the
vitrified culture group increased significantly (08). It was established also that 5 days
CAM culture was not suitable methodology for datectof folliculogenesis. Follicular
guality decreased after culture, but was bettdrash and slow frozen tissues than after
vitrification (p<.05). Cellular proliferative actity fell, but it preserved to some extent in
all groups. In conclusion, follicles was preserveetter in grafted tissue after slow
freezing than vitrification and stroma was morecepsible to ischemia in vitrified rather
than conventional freezing in this view. Vitrifiocat may not be a suitable alternative to

the slow freezing.

Key words: Ovarian tissue, Slow freezing, Vitrification, Giwallantoic membrane,

transplantation

I ntroduction

Survival rates of cancer patients have increasetfrbatment regimens are associated
with the risk of premature ovarian failure. Nowaslagoncern is not only about the
quality of life of cancer survivors, but how to pesve their fertility [22, 2]. Before
starting treatment, giving appropriate informatigegarding fertility preservation can
reduce levels of psychological distress [25]. Thare three main methods for fertility
cryopreservation in women: cryopreservation of gmby oocytes, and ovarian tissues
[23, 30, 35]. Cryopreservation of human ovarian tissue is hiatde asset in fertility
preservation, because other methods are inapptepoachildren, adolescents or single
women with no partners or whose clinical coursesdnet permit delay for ovarian
hyperstimulation in an ART program [30, 16, 19]. astudies have investigated two

methods of ovarian cryopreservation; vitrificat@md slow-rate freezing to determine the
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effectiveness of the cryotechniques [2, 10], oroprgtective agents to optimize the
cryopreservation [21, 24, 28].

Comparative research on the vitrification and sfoxezing of mammalian ovarian tissue
is limited, and different conclusions were reporfge8]. Slow freezing is relatively time-
consuming and costly [39], but till 2015, 30 live births in humans had orbgen
achieved after slow-freezing [34]. Isachenko ansbeisites have reported that ovarian
slow freezing is a better option [16]. The safetyitrification is a potential problem in
terms of toxicity and osmotic shock due to high camtration of cryoprotectants, and
only a few births have been reported after vitafion [9, 1221]. Other than autografting
back to the patients with the aim of restoringifigyt it is difficult to determine which
cryopreservation method is the best, because inatednalysis after warming may not
show the cryodamage [37]. There are three expetahenethods for evaluating the
developmental potential of human ovarian tissueraftarming: 1) follicle development
after xenotransplantation; 2) in vitro culture;daB) culture on chick embryo chorio-
allantoic membrane (CAM) [17]. Xenografting needsess to the laboratory animals
[26] and long term development in vitro culture QYis difficult [36]. Moreover, the
IVC is not a suitable model for angiogenic stud2gj. Since the chicken CAM does not
have lymphoid system until later in development, can be used as a natural
immunodeficient host capable of showing rapid neoutarization. It can also support
the grafted tissues effectively [36, 6]. The CANusture is similar to the peritoneum and
prepares a microenvironment very close to the wo-gituation [26]. This inexpensive
system has been used by embryologists for dec&gjeallowing large scale screening
without needing the animal testing [27].

Despite the existing controversy regarding methaidseezing, there are many studies
that support the effectiveness of the slow freefdfig34]. So, our hypothesis is that if the
ovarian tissues are better preserved after slowziing, they will be better after
transplantation too. To verify this hypothesis, \gmfted the ovarian tissue after
cryopreservation by slow freezing and vitrificatiorethods, to compare which method

yields a better outcome after transplantation.

Materials and M ethods
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The experimental procedures were reviewed and apgroy the Research Council in the
Research and Clinical Center for Infertility , Yahustitute for Reproductive Sciences
(approved number; 40668/2017). The use of slaulgbtese derived ovaries and the
CAM culture system does not raise ethical or legaicerns, nor does it violate the

animal protection laws[19].

Tissue Collection and dissection

Whole ovaries from adult mixed breed sheep (n=1@yewobtained from a local
slaughterhouse. They were transported to the l&trgran phosphate-buffered saline
(PBS) (ATOCEL) supplemented with 5% fetal bovineruse (FBS) and 100 IU

penicillin/ml and 10Qug streptomycin sulfate/ml (Life Technologies) oawater at 4°C.

Under the laminar flow hood, the tissues were drtbeee times in PBS for washing off
possible blood contamination. From each ovary, éloger 1-mm thick cortex was
removed, and then cut into 1x1x5 mm strips. Dissectmedium was DPBS

supplemented with 10% FBS. We had two main grodpsoultured and cultured and
three sub groups of fresh (group 1), vitrificatig@roup 11) and slow freezinfg (group III).
One piece from each sheep ovary was fixed in 7% dtin for future examination, one
group was prepared for fresh CAM grafting and twecps were processed for

vitrification and slow freezing for later grafting.

Vitrification and war ming

The vitrification protocol was described by Kagawa al (2009) [19] with some

modification at the end immersing into liquid ngem. It contained two cryoprotectants
ofMe2S0O and EG, and the base medium was TCM199aumpepted with 20% serum

substitute supplement (SSS). It consisted of tvepsstof equilibration. Firstly, 7.5%

Me2SO+7.5% EG in the base medium for 25 min, andhm second step, 20%
Me2S0+20% EG+0.5 mol/L sucrose used for 15 mintiAdl equilibrations were done at
4°C. At the end of this stage,the tissues werdfieidr using the needle immersion
method. Thevitrified strips were then transferretb istandard 1.8-ml cryovials and put

into liquid nitrogen (LN) tanks for one week.



116  For warming, the vials were taken out from theagén tank, and the frozen tissues were
117  extracted and transferred to three warming solstidine first one was 40ml handling
118  medium (HM, TCM199 supplemented with 20% SSS) smtusupplemented with 1.0
119  mol/l sucrose for 1 min. The second was 15 ml of Bl 0.5 mol/l sucrose, for 5 min,
120  and the third consisted of washing the ovariapstm HM solution for 10 min twiceat
121 room temperature (RT).

122

123 Slow freezing and thawing

124  The protocol was base on the protocol used by &dah et al (2009)[16]with some
125  modifications at the end as described by his giaupe other work [13]. Base medium
126  in the slow freezing program was L-15 medium (Le&ibg with L-glutamine (Sigma) +
127 10% SSS (Irvine Scientific). The freezing mediunmteaned 1.5 M Me2SO and 0.1 M
128  sucrose which were added to HM. The ovarian tigseees (OPs) were incubated in this
129  freezing medium for 30 min,then they were placed programmable freezer (Cryologic,
130 CL-8000). We used 5 ml cryovials for this purpo3de freezing program was as
131  follows; starting temperature was 2°C, then atta od 2°C/min, temperature decreased
132 from 2 to -6 °C. Manual seeding was done at -6After crystal formation in the top of
133 the cryovials, the temperature increased to -5ati€ held at this temperature for 10min.
134  Temperature was cooled from -5.7 °C to -36 °C speed of 0.3 °C/min and at the end,
135  the cryovials were plunged into LNThe equilibration process was done on the icewater
136 at4°C.

137  For thawing, the cryovials were removed from ligmidfogen and placed for 30sec at
138  RT. Then, they were immersed into a boiling wathl{100°C) until the ice was melted
139  (60sec). The next step was transferring OPs irtdGanl sterile container that contained
140 10 ml of L-15 medium supplemented with 0.75 M sserand 10% SSS. 50 ml of the
141 handling medium was gradually added to the OPsinvitbntainer. This stage was done
142  under continuous agitation at 200oscillations/nan I5 min at RT[16]. At the end, the
143  OPs were washed three times in DPBS supplementdd Mi% SSS at RT. Before
144  transplanting on CAM,tissues were incubated inucaltmedium for 30 min, in 5% GO
145  and 37 °C and 98% humidity.

146
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CAM -culturevitrified and slow freezing tissue

After transport to the laboratory, newly laid fereed eggs of Ross chickens were
incubated at 37°C with 60% humidity. They were pthan the incubator on their sharp
pole for 6 days. Then, they were taken from thaulator, washed with warm 70%
ethanol and placed on the blunt-pole. With a digllmachine, a small hole was made on
the blunt-pole of the egg and the hole was covesitda 22 cm square of Leukosilk. We
created a 1.5-2 cm window in the egg shell withlsmaved scissors. After sealing the
window with Leukosilk, they were incubated agaim @ay 7, a 0.5 mm thick and 5mm
diameter sterile silicone ring was placed on theab&ayer of the CAM. CAM has two
epithelial layers. The outer layer must be openeatlg. We tried to put these rings on
the large blood vessels on intact basal layer. \ti¢haid of a microsurgical forceps, the
warmed ovarian strips were transferred onto thlisosie rings and the window was
covered with a tape, and put in the incubator agaimday 5 of culture, the transplanted

tissues were retrieved. We evaluated only the paskies that were well vascularized.

M orphology of folliclesand stroma

Samples were taken from the fresh ovary, afterzinge(vitrification or slow freezing),
and after 5 days of CAM culture, all were evaludtedologically in a blinded fashion by
one person. Cortical tissue was fixed in 7%formalnd embedded in paraffin. 5 mm-
thick sections were cut. Since, diameter of anyteom primary stage is about 50 pum,we
selected and stained only one in every tenth seetith Hematoxylin and eosin to avoid
double counting.Numbers of each developmental stEgéollicles were counted to
compare the ovarian follicles in fresh with culrevaries. We classified follicles as
described by Martins et al (2008) into primordiatermediary, primary, secondary, pre-
antral and antral follicles[27]. Follicles were &wwed and counted at x400
magnification.

Classifications of follicles were based on follel@nd stromal morphology. Three
categories of good (A), fair (B) and poor (C) gtiei were considered. Follicles were
classified as good if their morphology showed ragyl shaped granulosa cells, which
did not detach from the basement membrane anddbges were in contact with their

surrounding granulosa cells, with no pyknotic nucte signs of shrinkage or
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degeneration. Follicles that had pyknotic nuclal gnanulosa cells to some extent with
detachment from the basement membranes were juaggyéadr. Follicle were considered
poor, when granulosa cells were completely detadh@ch the basement membrane
witha degenerated oocyte that lost its contact witirounding granulosa cells, with
pyknotic nuclei and shrinkage of cytoplasm (figije

For analysis of the stroma, three distinguishablees in the sections were considered as
described by Martinez-Madrid (2009) [26].These weealthy, fibrotic and necrotic areas
(figure 2). In addition, a clear zone around eaphfted section that could be
distinguished from the ovarian tissue by the presesf thin and very low density cells
(CAM invasion to the grafted tissue) was seen. Weasured these zones by using a

micros camera and MICROVISIBLE software.

Ovarian tissue viability and transplantation

We considered that all the tissues that graftedcesstully to the CAM were viable.
Grafts which had only partial adherence to the CABte excluded and considered as
transplant failure. The criteria for a successfansplant were pink color of tissue,
neovascularization around tissue with no shrink&gthis case, avian vessels were easily
detectable by nucleated erythrocytes, tight jumctaf tissue to the CAM, and an
important sign of invasion of CAM to the tissueatatined by white to gray color tissue
that encapsulated the ovarian pieces. This wasobroeir criteria to determine which

tissues grafted successfully (Figure 2).

Proliferation assay

Ki-67, a nuclear antigen was used as a marker lbpodiferation in the ovarian tissue.
For detection of this marker, an En Vision monoealamtibody system was used. If there
was at least one Ki-67-positive granulosa cell liidies, it was considered as
proliferating [38, 7]. In addition, we evaluatedetstromal cell positive and negative
immunoreactivity. All the sections were countedhapbsitive stromal cells and presented

as proportion on each group (figure 3).

Statisticalanalysis
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Mean and SD were used in presenting continuous. diateependent sample t- test
comparisons were done within each group for culmamed uncultured groups, alsofor
comparisonsof fibrosis and necrosis between twdaus of freezing. The variables of
fibrosis and necrosis were also compared betweee troups of fresh and two freezing

groups by using analysis of variance (ANOVA). p<&vias considered as significant.

Results

Follicular structure

The data showed that the primordial, intermediargt primary follicles were the most
abundant in all groups. In analysis, intermediargt arimary were classified together in
one group. Fifty one percent of the follicles ir thncultured groups, and 47 % in the
culture groups were primordial. Although, there veaslecrease in primordial and an
increase in the growing follicles, the differencasn’t significant. Also no significant
differences were found in the percentage of thésges in three cultured groups (p>.05;
Table 1). In connection with the follicular structuthe follicles had significantly better
structure in the control than cryopreserved groupstween the two cryopreserved
groups, there was a better follicular structureeraflow freezing rather than after
vitrification (p>0.05; Figurel; Table 1). After CAMulturing, the quality of follicles
decreased (p<.05) and it was preserved bettertim the fresh and slow cooled groups

(p>.05), rather than in the vitrified group (p<.05)

Stromal mor phology

Although, some areas of fibrosis and necrosis widreerved after thawing, general
stromal appearance was preserved well after crgepration. Significantly better
stromal cell structure was observed after vitrifima as compared to the slow freezing
(fibrosis area/mm(p<.05)). After CAM culturing, fibrosis areas inased compared to
uncultured tissue (p<.05), but, there were no figant differences between the groups
(p>.05) (Figure 2). The necrotic areas increaséer @llture in all groups (p<.05), but

was significantly higher only in the vitrificatiazulture group (p<.05) (Table 2).

Transplantation status
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We transplanted 120 pieces of fresh, vitrified afwv cooled tissues. Fifty one percent
of the slow cooled group, 44% in the fresh and 44 %e vitrification group transplanted
successfully. Avian vessels were visible more atlibrder between ovarian tissue and

CAM invasion (Figure 2).

Proliferative activity

Ki-67 immunoreactivity was observed in folliclesdastromal cells of fresh, and three
groups of ovarian CAM cultured tissue. Positivdiétés in fresh uncultured group were
significantly higher than those in the cryopresdrgeoups (p<.05) and the results were
almost the same with slow freezing and vitrificati@5.3% and 41.8%, respectively).
Although, results in the culture groups were lotam the uncultured groups, there were
no significant differences between cultured gro{ges05). The Ki-67 immunoreactivity
in the stromal tissue was the same for fresh atrdied groups, but was lower in slow
freezing(p<.05). After culture, fewer cells were-&f immunoreactive in all groups

(Table 3) and there were no significant differenoesveen cultured groups (p>.05).

Discussion

Our study showed that CAM culture was unable tovatg folliculogenesis in a short
period of time. There are similar studies that skdwulture onto the CAM hasn’t been
able to activate folliculogenesis [5, 11, 32]. histregard, it was reported that in CAM
system, the amounts of nutrients and oxygen supglye grafted tissue are lower than in
vivo. In addition, they believed that one specifactor in the chick blood must be
responsible for this inhibitory effect [5]. Anti-Nlarian hormonédAMH) that is secreted
by chick gonads is one of the inhibitory factorghis system [11]. Despite these negative
results pertaining to the folliculogenesis on theMG in one study Martinez-Madrid et al.
(2009) reported folliculogenesis by CAM. One reasothat the inhibitory or activatory
role of AMH is dependent on the species and the @y different results may be due to
different specimens and ages [26]. Data about CAMitya to promoting follicle
activation is very low, and more studies must beedtw prove follicular activation and

maturation in this system.
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Our findings showed that slow freezing had betternral follicular structure than
vitrification, however differences were not sigoént. Results about preservation of
follicles are controversial, many of them verifigge slow freezing method [10, 20, 13],
and some others are in favor of vitrification. Threported that there were no differences
in the oocyte viability [20] or follicular structar[15] between two methods of freezing.
High concentration of cryoprotectant agents (CPi@hbits formation of ice crystals and
results in good morphology, but this dosage is doxsrowing follicles are more
susceptible to the toxic effects. They have lagjee and more cells, and CPA doesn’t
penetrate easily. A lower concentration and loregrosure (what tackes place in slow
freezing) may be one solution.

According to our data, after 5 days of cultureliétés in fresh and conventional freezing
had better structure than vitrified- warmed cultgreup. One probable reason may be the
fact that follicles preserve better structure a$lewv freezing, though it was insignificant.
To our knowledge, present study was the first dwahpared follicle steucture between
conventional and vitrification methods. Follicleestia (grade c¢) also was more obvious
in the vitrification cultured tissues. As theseemia weren't significant before culturing,
we concluded that slow freezing seems to bettardt¢ transplantation than vitrified
tissues. This result is in accordance with a resardy by Abir et al. (2017) that reported
better transplantation of slow freezing tissueraftarming compared to vitrified ones in
immunodeficient mice [2].

It was shown that stroma preserved well after fication [33] and even with better
results than slow freezing [20, 14, 10]. In thisdst, we also observed better stromal cells
preservation after vitrification rather than sloredzing. One logical reason for better
stromal preservation after vitrification is avoidanof ice crystal formation in this
method [20]. If vitrification can preserve strontalls well, why isn’t it true for follicles
too? It may be related to the ovarian cortex cetluheterogeneity and different
permeability. Other studies also referred to thigllenge, and this heterogeneity seems to
be the reason why vitrification isn’t optimal fdnet follicles [28, 4]. The findings also
showed that necrosis was significantly higher i@ witrified culture group. One reason
may be the fact that stroma is more susceptibleypmxia and oxygen deprivation [3],

and vitrified tissue probably transplanted with godelay than slow freezing. This result
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is in accordance with other studies that reportedenmecrotic areas after transplantation
of ovarian tissue onto the CAM or grafted to SClizefil7, 29]. In this regard, there is
one theory by Isachenko and colleagues (2012) wbported hypoxia before
revascularization can increase ischemic areas Thé.other one by Nisolle et al. (2000)
showed that the interval between neovascularizatioreased fibrosis zones [29]. This
theory also was reported by Martinez-Madrid et(2D09) who believed fibrosis and
necrosis areas appeared before neovascularizadiot, ischemic damage occurred
because of this delay in new vascular supply [28Ye hypothesized that
neovascularization doesn’t take place at the same in all grafted tissues and this
different delay in timing will be related to higheoncentration of CPA that is used in
vitrification and this may damage the tissue neowtasization ability. We believe that
this episode (ischemic damage) will be unique ichegrafted tissue and this different
timing in neovascularization onset is an importamd evaluable criterion.

After five days culture only pink and well vascutad tissues were fixed in formalin for
later evaluations. The low number of successfuhgpiantation was one of our
limitations while it was reported at 100% in anotstudy [26]. One reason may be our
strict criteria to include a grafted tissue in anbai to technical point for transplantation
such as the day of egg incubation when a tissue wansferred and equipment as well
as non technical factors such as strain of eggsr&uilts were in accordance with other
studies that showed follicular proliferation can fireserved after vitrification or slow
freezing [38, 8] and after CAM ovarian culture [2B)].

Results showed that stromal cell Ki67 was the santiee fresh and vitrified group, but it
was lower in slow freezing and these results aftdture were considerably lower in all
groups (table 2).

Conclusion

Since culture onto the CAM was unable to promotdictdogenesis, there was not
feasible to determine which method of freezing W&l better for follicle activation but
short term in vivo culture is a valuable methodettsure viability and developmental
potential of warmed ovarian tissue. In this sitomtifollicles were better preserved after
slow freezing than vitrification, so it is early $ay that vitrification is a viable alternative

method to slow freezing. Vitrification and its atyilto preserve stroma is applicable only
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when the most demanding need (oxygen) fulfilledlvegld as soon as possible after
transplantation. In this study we compared only tdistinct protocol for freezing,
although changing the times (exposure to the coteptants) and different CPA’'s

concentration may change the outcomes.
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Table 1: Proportion (%) of follicles in fresh and two fréeg method groups and after culturing.

Intermediary
Primordial (%) & primary Secondary (%) Pre antral (% Antral (%)
(%)
fresh 40.3 30.3 8.8 17.4 3.2
Uncultured m
vi 53.4 29.2 13 35 0.9
Slow 60.3 228 109 3 3

Fresh/culture 441 307 9.9 12.9 24
culture Vitlculture 45.8 355 127 4.25 175
Slowfculture 50.1 30.1 5.1 14.6 0.1

There were no significant differences in the preiparof these stages before and after culture and
between three cultured groups (p>.05).

Table 2: fibrosis and necrosis relative area (%) and nurobeapillaries

Fibrosis area surface (%) Necrosis area surfage [(¥o. of capillaries/mm
fresh* 24.3+5.5 13.6%6.2 -
uncultured** Vitrify* 28.819 22.2+10.1 -
Slow freeze* 38.6 +11.3 24.3+8.7 -
Fresh **=* 48.6+20.5 28.5+13.1 88
culture** Vitrify*** 44.2+18.8 40.3+14.4 63
Slow freeze*** 47.1+11.6 30.5%11.2 71

* The amount of fibrosis was higher after slow fieg rather than fresh and vitrified group (p<.05).

**the amount of fibrosis and necrosis increasedrattilture (p<.05)
*** Necrotic area was higher after vitrificationtteer than fresh and slow freezing culture group@px




Table3. Proportion of follicles and stromal cell positivecultured and uncultured groups

Groups Follicle (%) Stroma(%)
fresh 55.7* 75.3%+*
Uncultured ** Vit 41.8* 78.1%*
slow 45.3* 55.4%**
Fresh culture 29.9 46.6
Cultured ** Vit culture 19.2 48.8
Slow culture 21.6 38.1

* Positive follicles were significantly higher ingsh than freezing groups (p<.05)
** Positive follicles and stroma were significantijgher in uncultured than cultured group (p<.05)
*** Positive stroma was significantly higher iregh and vitrification than slow freezing methoddvefculture (p<.05)



Figure 1. A fresh good quality secondary follicle. B- A fair condition secondary, transitory, primary
and primordia follicle after vitrification. C- A fair condition secondary follicle after slow freezing.
D- preantrd follicle after fresh culture. E- A fair condition secondary follicle after vitrified culture.
F- Two fair condition primary follicles after slow culture.
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Figure 2. Good, fair and poor quality folliclesin each group. In the uncultured groups, the fresh group
had the better follicular structure (p<.05) There was no significant differencein follicular structure
between the two cryopreserved groups (p>.05). Good quality follicles decreased significantly after CAM
culture and in the vitrified culture group significantly was lower than the other group (p<0.05).

Figure 2: A- Border between CAM and ovarian grafted tissue. B- Invasion of CAM into
ovarian tissue C and D- avian vessels (arrows)
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Figure 3: A Ki-67 positive stroma and follicles. B- Ki-67 negative stromaand follicles.



