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Objective: This study aimed to examine the effect of vitrification on apoptosis and survival in human preantral follicles after thawing. 
Methods: This experimental study was conducted at an acute tertiary care hospital from March 2012 to April 2013. Ovaries were sliced into 
5 × 5 × 1-mm pieces and divided into the following three groups: preantral follicle isolation, ovarian tissue vitrification-warming followed by 
follicle isolation, and immunohistochemistry of fresh ovarian tissue. For statistical analyses, the Student t-test, chi-square test, Kruskal-Wallis 
test, and Kaplan-Meier survival analysis were used.
Results: A total of 161 preantral follicles (70% secondary) were collected from ovarian cortex tissue of six women between 30 and 37 years of 
age who underwent oophorectomy due to cervical cancer or breast cancer. There were no significant differences in the follicular morphology 
of fresh preantral follicles and vitrified follicles after thawing. The mean Fas ligand (FasL) mRNA expression level was 0.43 ± 0.20 (relative to 
β-actin) in fresh preantral follicles versus 0.51 ± 0.20 in vitrified follicles (p = 0.22). The mean caspase-3 mRNA expression level in fresh preantral 
follicles was 0.56 ± 0.49 vs. 0.27 ± 0.21 in vitrified follicles (p = 0.233). One vitrified-thawed secondary follicle grew and developed to an antral 
follicle within 6 days of culture.
Conclusion: Vitrification did not affect preantral follicle morphology or mRNA expression of the apoptosis markers FasL and caspase-3. Further 
studies are required to establish whether vitrification affects the outcomes of in vitro culture and the maturation of preantral follicles.
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Introduction

The incidence of cancer is steadily increasing due to exposure to 
environmental carcinogenic agents and increases in life expectancy. 
Simultaneously, advances in chemotherapy and radiotherapy within 

the last 10 years have increased the 5-year survival rate, which has 
reached 90% for some types of cancer [1]. Maltaris et al. [1] reported 
that 20% of cancers occur in women of child-bearing age and 8% in 
women younger than 40 years of age . With improvements in cancer 
survival rates, many of these young women can expect to have a life 
after cancer, which may include the desire for a family. However, both 
chemotherapy and radiation therapy are cytotoxic and damage the 
ovaries, causing endocrine and reproductive malfunction [2]. Prema-
ture ovarian failure secondary to cancer treatment negatively im-
pacts not only fertility, but also tissues that rely on circulating ovarian 
estrogens, such as bone and the heart.

For young women who wish to preserve their fertility prior to cancer 
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treatment, several methods can be offered, including embryo, oocyte, 
or ovarian tissue freezing. The choice is determined by the type of 
cancer, patient age and marital status, the timing of the protocol, and 
the planned chemotherapy and radiation therapy schedule [3]. Ovari-
an tissue cryopreservation has some advantages over oocyte or em-
bryo freezing; the ovarian cortex contains 90% of all primordial folli-
cles, which are more resistant to cryo-injury than mature oocytes or 
embryos [4]. Women with cancer may need chemotherapy and radia-
tion therapy, which increase the risk of premature ovarian failure. Fur-
themore, in patients with hormone sensitive-cancer or aggressive 
cancer, it is not an option to use hormone therapy to hyperstimulate 
the ovaries. In order to prevent premature ovarian failure, ovarian tis-
sue cryopreservation can be done without ovarian hyperstimulation 
[5-13]. At a later date, thawed oocytes can be used for in vitro fertiliza-
tion (IVF) and embryos can be transferred, or thawed ovarian tissue 
can be transplanted to restore fertility and endocrine function [4].

The various drawbacks of embryo, oocyte, and ovarian tissue cryo-
preservation have led to the investigation of preantral follicle vitrifi-
cation as an alternative approach to fertility preservation. Preantral 
follicles 20–200 µm in size are located in the ovarian cortex, and can 
be isolated from the surrounding tissue mechanically or enzymati-
cally [14]. Preantral follicle vitrification eliminates the technical chal-
lenges of ovarian tissue cryopreservation, such as stromal damage 
and cryoprotectant perfusion, as well as issues with the transplanta-
tion of thawed tissue, such as perfusion, hypoxia, and vascular anas-
tomosis [15]. Because vitrified preantral follicles are thawed and cul-
tured in vitro for IVF, they also remove the risk of cancer micrometas-
tasis associated with ovarian tissue transplantation. 

Slow freezing and vitrification have been investigated for ovarian 
tissue cryopreservation [16,17]. Slow freezing is a more established 
protocol, but it is associated with a greater risk of follicle damage be-
cause it promotes membrane cell permeability, increases the cell vol-
ume, and induces ice crystal formation. Ultra-rapid freezing, or vitrifi-
cation (−1,500°C/min), protocols using cryoprotectant agents lead to 
a “glass-like” appearance of the cells and protects them from cryo-in-
jury [18,19]. Optimization of preantral follicle vitrification methodol-
ogy is needed to maximize follicle survival after thawing for in vitro 
culture, maturation, and IVF. 

Only a few studies have examined the survival of human preantral 
follicles after vitrification and thawing [20,21]. Preantral follicle sur-
vival is related to apoptosis of the oocyte and its surrounding sup-
port cells. Apoptosis in the follicle is initiated in mitochondria by the 
intrinsic pathway [13] or via the extrinsic pathway with the activation 
of membrane receptors [22]. Both the intrinsic and extrinsic path-
ways of apoptosis activate caspase-3 to stimulate the caspase cas-
cade [23,24]. In this study, we compared the survival of fresh and vit-
rified-thawed human preantral follicles isolated from fresh ovarian 

cortical pieces based on morphology (basal membrane, granulosa 
cells, zona pellucida, and oocytes), expression of apoptosis-related 
genes and proteins, and outcomes of in vitro follicle culture. 

Methods

1. Study design
We compared markers of apoptosis and survival in fresh and vitri-

fied-thawed preantral follicles isolated from fresh ovarian cortical 
fragments (Figure 1). The study design and use of human ovarian tis-
sue was approved by the Ethical Research Committee of the Faculty 
of Medicine at Universitas Indonesia. After obtaining written in-
formed consent, ovaries were removed from women undergoing 
oophorectomy after a diagnosis of cervical or breast cancer at Dr. 
Cipto Mangunkusumo General Hospital and Fatmawati General Hos-
pital in Jakarta. Immediately after removal, ovaries were suspended 
in Dulbecco’s phosphate-buffered saline (DPBS) solution at 37°C and 
transferred to the laboratory within 15 minutes.

2. Statistical analysis
The Student t-test was used to assess the relationship between folli-

cle vitrification and morphology scores, as well as the relationship be-
tween follicle vitrification and Fas ligand (FasL) and caspase-3 gene 
expression. The relationship between the isolation method and pre-
antral follicle count was analyzed using the Kruskal-Wallis test. The 
chi-square test was used to evaluate the relationship between each 
category of isolated preantral follicle and the preantral follicle stage. A 
Kaplan-Meier survival analysis was conducted for the fresh preantral 
follicles and the post-vitrification follicles under culture condition.

3. Sample characteristics
Ovaries were isolated from six women, 30–37 years of age, who un-

derwent oophorectomy due to cervical cancer or breast cancer. From 
three of the six patients, we obtained serum samples and measured 
anti-Müllerian hormone (AMH) levels using a Beckman-Coulter sec-
ond-generation AMH assay (Beckman Coulter Inc., Brea, CA, USA).

4. Ovarian cortex excision and vitrification
A tissue slicer (Square Measure, Kitazato, Japan) was used to cut the 

ovarian cortex into 5 × 5 × 1-mm pieces as described previously by 
Kagawa et al. [19]. Three pieces of ovarian cortex from each patient 
were directly randomized to undergo immunohistochemistry, pre-
antral follicle isolation, and ovarian tissue vitrification-warming fol-
lowed by follicle isolation. For vitrification, the ovarian cortex pieces 
were equilibrated in 7.5% ethylene glycol (EG) and 7.5% dimethyl 
sulfoxide (DMSO) for 25 minutes followed by a second equilibration 
in 20% EG and 20% DMSO with 0.5 mol/L sucrose for 15 minutes. The 
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ovarian cortex pieces were then placed in a minimum volume of so-
lution onto a thin metal strip (Cryotissue, Kitazato BioPharma, Fuji-
nomiya, Japan) and submerged directly into liquid nitrogen. For 
warming, the tissue pieces were immediately covered with vitrifica-
tion thawing medium at room temperature until the tissue was re-
leased from the Cryotissue device. The first vitrification thawing me-
dium was composed of 1.0 mol/L sucrose. Then, the ovarian strips 
were transferred into warming solution 1 and 2 containing 0.5 M su-
crose for 5 minutes each at room temperature. The ovarian cortical 
pieces were then ready to use for preantral follicle isolation.

5. Follicle isolation
Preantral follicles were isolated from both fresh and vitrified-thawed 

ovarian cortex samples using three different procedures. In the first 
group, isolation was performed using 0.04 mg/mL Liberase DH (Roche, 
Indianapolis, IN, USA) according to the method described by Dolmans 
et al. [25]. In the second group, isolation was performed using 0.04 
mg/mL Liberase DH+10 IU of DNAse, and in the third group, isolation 
was performed using 0.5 mg/mL collagenase+10 IU of DNAse.

The ovarian tissue was then incubated in a water bath at 37°C for 
75 minutes in the first group, 60 minutes in the second group, and 45 
minutes in the third group. The ovarian digestion reaction mixture 
was periodically shaken and drawn up every 15 minutes with a pi-
pette to mechanically disrupt the digested tissue. Digestion was 
completed by the addition of an equal volume of DPBS at 4°C sup-
plemented with 10% fetal bovine serum (FBS) (Gibco, Thermo Fisher 
Scientific, Waltham, MA, USA). The resulting suspension was centri-
fuged at 50 × g for 10 minutes at 4°C. The supernatant was discarded, 
the pellet was filtered through a cell strainer and transferred to Petri 
dishes, and the presence of follicles was investigated under a stereo-
microscope. Preantral follicles isolated from fresh ovarian tissue were 
subjected to morphological analysis, in vitro culture, vitrification, and 
real-time polymerase chain reaction (RT-PCR).

6. Preantral follicle vitrification
Vitrification of preantral follicles isolated from fresh ovarian cortex 

(Figure 1) was performed according to the method proposed by 
Kagawa et al. [19] using cryovials. At the time of vitrification, follicles 

Figure 1. Study design flowchart. RT-PCR, real-time polymerase chain reaction. 
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were transferred into equilibration solution consisting of 7.5% EG 
and 7.5% DMSO for 25 minutes. After initial shrinkage, the follicles 
regained their original volume, and were transferred into vitrification 
solution consisting of 20% EG, 20% DMSO, and 0.5 mol/L sucrose. Af-
ter incubation for 15 minutes, the follicles were loaded into a cryovial 
and plunged into liquid nitrogen. For warming, the preantral follicles 
were taken from the liquid nitrogen tube, then immediately intro-
duced into a heated warming solution medium at 37°C until the tis-
sue was released from the cryovial. The follicles were then transferred 
into a diluent solution medium (1.0 mol/L sucrose) for 3 minutes at 
37°C. Then, they were transfered into warming solutions 1 and 2 (0.5 
mol/L sucrose) at room temperature for 5 minutes. After warming, 
the preantral follicles immediately underwent RNA isolation, fol-
lowed by RT-PCR.

7. Morphological assessment
In the fresh and vitrified-thawed ovarian cortex samples, the prean-

tral follicle basal membrane, granulosa cells, zona pellucida, and oo-
cytes of preantral follicles were evaluated under a light microscope. 
Isolated fresh and vitrified-thawed preantral follicle morphology was 
evaluated under an inverted microscope. A morphological scoring 
criterion was developed for the basement membrane, granulosa 
cells, zona pellucida, and oocytes. The total possible score for follicle 
morphology was 4 (1 for an intact basement membrane, regular 
granulosa cells, intact zona pellucida, and completely regular oocyte, 
and 0 for the opposite condition of each criterion).

8. Immunohistochemistry 
Six to eight sections from the middle of every fresh and vitrified-

thawed ovarian fragment were immunostained with antibodies 
against caspase-3 and FasL. The antibodies used were mouse anti 
human monoclonal caspase-3 and mouse anti human monoclonal 
FasL (Biogenex, Fremont, CA, USA). All parrafin-embedded samples 
were deparaffized and rehydrated. Antigen retrieval was performed 
by microwaving the slides in 1% sodium citrate at the high setting 
for 20 minutes. The slides were then immersed in 0.5% H2O2 to 
quench endogenous peroxidase. The sections were incubated with 
blocking solution for 1 hour, followed by overnight incubation with 
primary antibodies against caspase-3 and FasL at 4°C. After being in-
cubated in TrekAvidin–horseradish peroxidase to bind the antibodies 
with the chromogen, the sections were stained with 3,3′-diamino-
benzidine as a chromogen for 5 minutes. Blood vessels were used as 
positive and negative controls, since it has been demonstrated that 
smooth-muscle cells of blood vessels express FasL [26], while cas-
pase-3 expression is proven to be associated with the normal intima 
of blood vessels [27]. The antibodies against caspase-3 and FasL were 
omitted in the negative control tissue. 

9. Real-time polymerase chain reaction 
FasL and caspase-3 expression levels in the isolated fresh and vitri-

fied-thawed preantral follicles were determined by RT-PCR (Figure 1). 
Preantral follicles were suspended in lysis binding buffer solution and 
digested by homogenization. Total RNA was extracted using the 
High Pure RNA Isolation Kit (Roche, Mannheim, Germany) according 
to the manufacturer’s instructions. The FasL and caspase-3 genes 
were amplified using specific primers, and the mRNA expression 
from both groups was read on the 50th cycle of amplification. β-actin 
was used as the reference gene for each sample. 

The sequences of the primers used for FasL, caspase-3, and β-actin 
expression by RT-PCR were as follows. FasL: forward (FW), 5′-GCA 
GCC CTT CAA TTA CCC AT-3′; reverse (RV), 5′-CAG AGG TTG GA-3′C 
AGG GAA GAA-3′ (101 bp); caspase 3: FW, 5′-TGC ATA CTC CAC AGC 
ACC TGG TTA-3′; RV, 5′-CAT GGC ACA AAG CGA CTG GAT GAA-3′ (82 
bp); β-actin: FW, 5′-ACTCTTCCAGCCTTCCTTCC-3′; RV, 5′- AGCACTGT-
GTTGGCGTACAG-3′ (117 bp). 

10. In vitro follicle culture
This study used alpha minimal essential medium as the culture medium 

(α-MEM; Gibco), supplemented with 5% FBS, 100 mIU/mL recombinant 
follicle-stimulating hormone (Gonal F; Merck Serono, Darmstadt, Germa-
ny), 5 μL/mL insulin, 5 μL/mL transferrin, 5 μL/mL selenium (Merck Sero-
no), and 100 μL/mL streptomycin (Gibco). Preantral follicles with normal 
morphology were cultured in four-well culture dishes containing 1 mL/
well of culture medium at 37°C in 5% CO2. The follicles were incubated for 
8–10 days. Half of the medium was exchanged every other day and the 
diameter of the follicles was measured using an inverted microscope. 
Two perpendicular diameters were measured using a calibrated ocular 
micrometer at 10 × 40 μm magnification to assess the growth of each fol-
licle and the oocyte diameter. Viable follicles were defined as those that 
retained an oocyte completely embedded within the granulosa cell mass.

Results

1. Sample characteristics
Of the three patients in whom serum AMH levels were measured, 

the highest level of AMH was 6.7 ng/mL. A total of 82 preantral folli-
cles were isolated from the fresh ovarian cortex samples, and 79 pre-
antral follicles were isolated from vitrified-thawed ovarian cortex 
samples (Tables 1, 2).

2. Preantral follicle isolation from fresh ovarian cortex 
The proportion and distribution of preantral follicles successfully 

isolated from fresh ovarian cortex samples using three proteolytic 
enzymes can be seen in Table 3. No difference was found in the num-
ber and type of preantral post-isolation follicles using the three pro-
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teolytic enzymes from the fresh ovarian cortex samples. In addition, 
DNAse facilitated the follicle isolation process, with a shorter incuba-
tion time than the group without DNAse.

3. Evaluation of morphological and molecular markers of 
apoptosis in preantral follicles from fresh and vitrified-
thawed ovarian cortex

No significant differences were found in basal membrane, granulo-
sa cell, zona pellucida, and oocyte morphology in the preantral folli-

cles between the fresh and vitrified-thawed ovarian cortical frag-
ments (Figure 2). The immunohistochemistry of FasL and caspase-3 
in fresh ovarian cortex and vitrified-thawed ovarian cortex samples 
showed no significant differences (Figures 3-6). Some scoring sys-
tems used to evaluate the immunohistochemistry of progesterone 
and estrogen receptors are the Allred score, immunoreactive score, 
and the H-score. A qualitative evaluation of apoptosis marker stain-
ing was conducted in this study using the H-score, defined as: 

[H-score = ∑Pi(i+1)]

Table 1. Subject characteristics      

Characteristics Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6

Age (yr) 37 35 37 31 37 30
Type of cancer Cervical cancer Cervical cancer Cervical cancer Cervical cancer Cervical cancer Breast cancer
Anti-Müllerian hormone NA NA NA 6.7 4.08 0.16
No. of preantral follicles from fresh ovary samples 
 (n = 82)

Primordial 0 0 0 6 0 0
Primary 0 0 0 15 0 3
Secondary 0 4 0 51 0 0
Total 0 4 0 72 1 3

No. of preantral follicles from warmed-vitrified ovary 
 samples (n = 79)

Primordial 0 0 0 4 0 0
Primary 0 3 0 20 0 1
Secondary 0 4 0 46 1 0
Total 0 7 0 70 1 1

NA, not available.

Table 2. Distribution of isolated preantral follicles from fresh and vitrified-thawed ovarian cortex samples 

Variable
Preantral follicle stage 

Total p-valuea)

Primordial Primary Secondary

Group 0.998
Fresh ovarian cortex 6 18 58 82
Vitrified-thawed ovarian cortex 4 24 51 79

Age (yr) 1.000
< 35 10 39 99 148
≥35 0 3 10 13

AMH (ng/mL)   0.961
< 1.4 0 4 4 8
≥1.4 10 35 97 142
No data 0 3 - 11

AMH, anti-Müllerian hormone. 
a)Chi-square test.

Table 3. The number and distribution of post-isolation preantral follicles from fresh ovarian cortex samples using three proteolytic enzymes  

No. Technique No. of follicles
Type of follicle

p-value
Primordial Primary Secondary

1 Liberase DH 75′ 10 0 4 6 0.013
2 Liberase DH+DNase 60′ 32 1 10 21
3 Collagenase+DNase 45′ 40 5 4 31
Total 82 6 18 58

Kruskal-Wallis test.  
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Pi, percentage of stained follicles; i, intensity of stained follicles

The intensity of the stained follicles was defined on a scale ranging 
from 0 to 3 (0, negative; +1, weak; +2, moderate; +3, strong). The H-
score ranges from 0 to 300 (0, no staining; 300, diffuse staining) and 
consists of two categorical scores (negative ≤ 1, positive ≥ 1). The 
mean H-score for FasL immunohistochemistry in the preantral follicles 
from fresh ovarian cortex samples was 50.02 ± 0.81 vs. 47.08 ±  4.13 
for the preantral follicles from vitrified-thawed ovarian cortex samples 
(p = 0.211). The mean H-score for caspase-3 immunohistochemistry 
in the preantral follicles from fresh ovarian cortex samples was 
23.67 ± 1.60 vs. 20.54 ± 1.69 for the preantral follicles from vitrified-
thawed ovarian cortex samples (p = 0.080) (Table 4). 

4. Morphological evaluation of preantral follicles isolated from 
fresh and vitrified-thawed ovarian cortex

Secondary follicles were the most frequent type of follicles isolated 
from the ovarian cortex (Tables 2, 3). Oocytes whose intact zona pel-
lucida was surrounded by two layers of granulosa cells and an intact 
basal membrane were classified as secondary follicles (Figure 7).

The mean morphology score for primordial, primary, and secondary fol-
licles isolated from fresh ovarian cortex samples was 2.75 ± 1.5, 
2.83 ± 1.15, and 2.83 ± 1.15, respectively. In comparison, the mean mor-
phology score for primordial, primary, and secondary follicles isolated 
from vitrified-thawed ovarian cortex samples was 3.5 ± 1.0, 2.79 ± 1.44, 
and 3.07 ± 1.04, respectively (Figure 8). There was no significant differ-
ence in the mean morphology score for preantral follicles isolated from 
fresh or vitrified-thawed ovarian cortex samples (unpaired Student t-test).

5. Morphological evaluation of freshly isolated vitrified-
thawed preantral follicles

Vitrification was performed on 65 preantral follicles isolated from fresh 

Figure 2. Follicles from fresh ovarian frag-
ments: (A) primordial follicle (prf), (B) primary 
follicle (pmf), (C) atretic follicle (af). Follicles 
from vitrified-thawed ovarian fragments: (D) 
pmf, (E) secondary follicle (sf). 

A B C

D E

Table 4. Mean H-scores for the expression of apoptosis markers in preantral follicles  

Immunohistochemistry mean H-score Fresh ovarian cortex Vitrified-thawed  ovarian cortex p-value

FasL 50.02 ± 0.81 47.08 ± 4.13 0.211
Caspase-3 23.67 ± 1.60 20.54 ± 1.69 0.080

Values are presented as mean ± standard deviation. 
FasL, Fas ligand.

Table 5. Morphological evaluation of freshly isolated vitrified-thawed 
preantral follicles  

Follicle type Follicular diameter (μm)

Primordial follicle 27.25 ± 1.89
Primary follicle 96.00 ± 4.00
Secondary follicle 125.55 ± 17.63

Values are presented as mean ± standard deviation.
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D E

F G

ovarian cortex samples. The storage time after vitrification varied be-
tween 1 and 3 months depending on the time when the sample was 

taken. There were no significant morphological differences between the 
isolated fresh and vitrified-thawed preantral follicles (Table 5, Figure 9).

A B C

Figure 3. Expression of caspase-3 in fresh ovarian cortex. (A) H&E staining of blood vessels (control). (B) Caspase-3 expression in blood vessels 
(positive control). (C) Lack of caspase-3 expression (negative control). (D, E) H&E staining of fresh ovarian cortex. (F, G) Caspase-3 expression in 
granulosa cells, oocyte, and stroma of primary follicles. prf, primordial follicle. 

Caspase-3

Positive control 
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6. Apoptotic markers in isolated preantral follicles
The expression levels of FasL and caspase-3 mRNA in the isolated 

fresh and vitrified-thawed preantral follicles were not significantly dif-
ferent. The mean FasL mRNA expression level in the fresh isolated pre-
antral follicles was 0.43 ± 0.20 (relative to β-actin) vs. 0.51 ± 0.20 in the 
vitrified-thawed group (p = 0.22). The mean caspase-3 mRNA expres-

Figure 4. Expression of Fas ligand (FasL) in fresh ovarian cortex. (A) H&E staining of blood vessels (control). (B) FasL expression in blood vessels 
(positive control). (C) Lack of FasL expression (negative control). (D, E) H&E staining of fresh ovarian cortex. (F, G) FasL expression on granulosa 
cells (gc). prf, primordial follicle; pmf, primary follicle. 

A B C

D E

F G

sion level in the fresh isolated preantral follicles was 0.56 ± 0.49 vs. 
0.27 ± 0.21 in the vitrified-thawed group (p = 0.233). 

7. In vitro culture of isolated preantral follicles 
Out of the 18 preantral follicles isolated on day 0, only one follicle 

from a fresh ovarian cortex sample developed into an antral-stage 
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Figure 5. Expression of caspase-3 in vitrified-thawed ovarian cortex. (A, B) H&E staining of fresh ovarian cortex. (C, D) Expression of caspase-3 in 
oocytes. 

A B

C D

Figure 6. Expression of Fas ligand (FasL) in vitrified-thawed ovarian cortex. (A) H&E staining of fresh ovarian cortex. (B) FasL expression in a pri-
mary follicle. trf, transitional follicle.

A B

Caspase-3

Trf FasL

FasLFasL

Caspase-3

Caspase-3
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follicle after 8 days of culture. The yield of follicles isolated from wom-
en younger than 35 years old was markedly higher in comparison 
with those isolated from older women. Furthemore, a higher yield of 
follicles was observed in participants with a serum AMH level above 
1.4 ng/mL than in those with lower AMH serum levels (Table 6). 

One secondary follicle isolated from a fresh ovarian cortex sample 

developed to the antral stage within 6 days of culture. On the second 
day of culture, granulosa cells proliferated and produced antral fluid 
within a well-defined antrum (Figure 10). The follicle diameter in-
creased from 100 µm to 180 µm, 290 µm, and 400 µm within 6 days 
of culture. The oocyte diameter was measured every other day, with 
an average of 98–100 µm.

Figure 7. Preantral follicles from fresh ovarian cortex (A-D) and vitrified-thawed ovarian cortex (E-H).  BM, basal membrane; Gc, granulosa cell; 
ZP, zona pellucida; O, oocyte.

A B C D

E F G H

100 µm 100 µm 
100 µm 100 µm 

100 µm 100 µm 
100 µm 100 µm 

Figure 8. (A, B) Primordial follicle. (C, D) Primary follicle. (E-G) Secondary follicle. (H) Oocyte. BM, basal membrane; O, oocyte; Gc, granulosa cell; 
ZP, zona pellucida.  

A B C D

E F G H

100 µm 
100 µm 

100 µm 
100 µm 

100 µm 100 µm 

100 µm 100 µm 
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Figure 9. Vitrified-thawed preantral follicles isolated from fresh ovarian fragments. (A) Primordial follicle. (B) Primary follicle. (C, D) Secondary follicle. 

A

100 µm 

Primordial follicle B

100 µm 
Primordial follicle

C

100 µm 

Secondary follicle D

100 µm 

Secondary follicle

Figure 10. In vitro culture of preantral follicles from fresh ovarian cortex. Culture of follicles on day 2 (A), day 4 (B), day 6 (C), and day 8 (D). Gc, 
granulosa cell; O, oocyte; ZP, zona pellucida; BM, basal membrane. 

A

100 µm 

Gc

O

BM

B

100 µm 

C

100 µm 

D

100 µm 

ZP

ZP

O

BM

Table 6. In vitro culture of isolated preantral follicles       

Variable
Culture day 

Description
0 2 4 6 8

Age (yr) 1 Antral follicle growth
< 35 26 20 15 8 1
≥35 5 5 2 0 0

AMH (ng/mL) 1 Antral follicle growth
< 1.4 2 0 0 0 0
≥1.4 24 20 15 8 1
No data 5 5 2 0 0

AMH, anti-Müllerian hormone. 
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Discussion

In this study, we found that vitrification of ovarian tissue or isolated 
preantral follicles did not lead to an increase in morphological or mo-
lecular markers of apoptosis compared to follicles in fresh ovarian tis-
sue. Apoptosis normally occurs in granulosa cells of secondary and an-
tral follicles at all stages of folliculogenesis [24], through either the ex-
trinsic or intrinsic pathway. In our study, both FasL and caspase-3 ex-
pression were seen in granulosa cells, oocytes, and stroma of preantral 
follicles from both fresh and vitrified-thawed ovarian cortex samples. 

Our results are consistent with those of Sheikhi et al. [8,28], who 
also reported normal human follicle morphology after vitrification 
based on an analysis of electron microscopy findings and caspase-3 
expression. A non-randomized study by Keros et al. [29], in which 20 
ovarian biopsy tissues were cryopreserved using slow freezing versus 
vitrification, found no significant difference in the number and mor-
phology of follicles between the two groups. 

Cryopreservation of preantral follicles can be performed while the 
follicles remain within the ovarian cortex or following enzymatic and 
mechanical isolation of the follicles. Most studies have reported the 
cryopreservation of follicles within the ovarian cortex, rather than of 
isolated preantral follicles [30]. We showed no significant difference in 
apoptosis markers between preantral follicles vitrified and thawed 
within the ovarian cortex or as isolated follicles. In addition, we 
showed no significant difference in apoptosis markers among prean-
tral follicles isolated using three different enzymatic protocols, with 
Liberase DH, collagenase, and DNAse. In addition, the expression of 
the apoptosis markers FasL and caspase-3 were not significantly dif-
ferent between freshly isolated and vitrified-thawed preantral follicles. 

Our yield of 161 preantral follicles isolated from the ovarian cortex 
tissues from six women is similar to that reported by Hovatta et al. 
[31], who isolated 248 primordial follicles from women 25–41 years 
of age. The most follicles were successfully isolated from women less 
than 35 years of age with serum AMH levels above 1.4 ng/mL (Table 
2). This result is consistent with that of Wiweko et al. [32], who report-
ed that a serum AMH level of 1.4 ng/mL was the best predictor to de-
termine the follicle reserve (number of primordial follicles) and ovari-
an age. Age is one of the most important factors in the success of fer-
tility preservation. This study revealed no significant difference in 
morphology of isolated preantral follicles from fresh and vitrified-
thawed ovarian cortex samples. Wiweko et al. [32,33] reported the 
same results among four women 31–37 years old. 

Preantral follicle isolation in this study was carried out using a com-
bination of enzymatic methods and mechanical dissection given the 
very dense stroma and cortex of human ovarian tissue. The use of 
DNAse helps to destroy the connective tissue DNA of the ovarian 
stroma because the isolation process can cause cell clumps, which 

cause the follicle to be incompletely isolated [31,34]. Previously, we 
reported that the addition of DNAse in follicular isolation resulted in 
a clearer picture of the preantral follicle [33]. In accordance with the 
previous study, the findings of this study showed a better result com-
pared with several previous studies that utilized only Liberase to iso-
late preantral follicles [25,35].

The addition of DNAse allowed the incubation time to be reduced 
to 60 minutes in the Liberase group and 45 minutes in the collage-
nase group. It has been proven that partial isolation of human ovari-
an follicles can be performed using a combination method of 0.25 
mg/mL and 0.5 mg/mL collagenase for 1–2 hours followed by me-
chanical dissection using a 27-G needle [29]. Furthermore, more folli-
cles were successfully isolated using enzymatic methods than when 
using mechanical dissection. However, enzymatic methods undermine 
the integrity of the follicle, resulting in lower oocyte survival [31]. To 
prevent this, we reduced the incubation time to 75 minutes (Liberase), 
60 minutes (Liberase+DNAse) and 45 minutes (collagenase+DNAse).

To our knowledge, this is the first study to report no significant dif-
ference in the number, morphology, and survival rate of preantral 
follicles isolated from fresh and vitrified-thawed human ovarian sam-
ples. A novel aspect of this study is the use of the preantral follicle vit-
rification method of Kagawa et al. [19] with the cryovial device, 
which is also used for ovarian tissue vitrification. The follicle isolation 
procedures used in this study resulted in viable follicles with intact 
basal membranes and zona pellucida, which is important for the fol-
licle to survive after vitrification. A good zona pellucida and basal 
membrane are also very important for the in vitro culture of follicles.

An apoptosis analysis and in vitro culture were done to evaluate the 
survival of follicles after vitrification. The expression levels of FasL and 
caspase-3 mRNA were evaluated because vitrification is known to 
stimulate the extrinsic and common pathway of intrafollicular apop-
tosis [24]. Caspase-3 was expressed in theca cells of the corpus lute-
um and granulosa cell of atretic follicles. Increases in both FasL and 
caspase-3 would be expected to initiate apoptosis in granulosa cells. 
This study revealed no significant difference in the expression of ei-
ther FasL or caspase-3 mRNA, suggesting that vitrification of prean-
tral follicles did not stimulate apoptosis in granulosa cells. 

In vitro culture of isolated fresh preantral follicles was the most 
technically challenging part of this study. Both Dolmans et al. [25] 
and Vanacker et al. [35] did not report culturing isolated follicles. Pre-
antral follicle culture provides a way to evaluate follicle survival and 
health after vitrification. Only one secondary follicle isolated from a 
fresh ovarian cortex sample developed into an antral follicle in cul-
ture; the follicle was isolated from a woman younger than 35 years of 
age with a serum AMH level above 1.4 ng/mL (Table 6). Serum AMH 
is related to the number of follicles, but is not directly related to folli-
cle quality. It has been found that biological age is not identical to 
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chronological age, because it is also determined by genetics and en-
vironmental factors [32]. 

The main issue now is how to develop an appropriate in vitro ga-
metogenesis system that can preserve the three-dimensional struc-
ture of isolated ovarian follicles and enable their full growth and de-
velopment. Isolated preantral follicles need extracellular matrix for 
nutrition and oxygen supplementation during growth and develop-
ment in vitro, and it has been previously reported that synthetic ex-
tracellular matrix from alginate beads could support the growth of 
macaque preantral follicles in vitro [36]. A limitation of the present 
study is the relatively small number of subjects; therefore, further 
studies with more subjects comparing the capacity of fresh and vitri-
fied-thawed preantral follicles to grow in a three-dimensional culture 
system are needed.

It was shown that vitrification did not affect preantral follicle mor-
phology and mRNA expression of the apoptotic markers FasL and cas-
pase-3, in either preantral follicles within ovarian cortex samples or 
isolated preantral follicles. Further studies are required to establish 
whether vitrification affects the in vitro culture of preantral follicles, 
and future research could investigate the in vitro culture of human 
preantral follicles using an alginate bead synthetic extracellular matrix.
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