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The aim of this study was to confirm the presence of stem cells in the ovarian surface epithelium of patients with premature ovarian
failure and no mature follicles and oocytes. In these patients, small round cells of unknown origin expressing SOX-2 marker of
pluripotency were observed among the epithelial cells just after the ovarian surface epithelium scraping. These cells were an integral
part of the ovarian surface epithelium. When the scraped cells were cultured in a medium with added follicular fluid to provide
some ovarian niche, primitive oocyte-like cells and typical round-shaped cell clusters positively stained on alkaline phosphatase,
and markers of pluripotency, such as SOX-2 and SSEA-4, were developed. These markers were expressed early and also later in
the culture. Single oocyte-like cells expressed genes OCT4A, SOX-2, NANOG, NANOS, STELLA, CD9, LIN28, KLF4, GDF3, and
MYC, characteristic for pluripotent stem cells. The results of this study confirmed the presence of putative stem cells in the ovarian
surface epithelium of these patients and provided some basis to create a stem cell line in the future.

1. Introduction

Human ovarian surface epithelium cell culture systems were
developed much earlier to study the biology of epithelial cells
[1–3]. Human ovarian surface epithelium cell cultures have
been set up mostly in order to study the anti-inflammatory
and proliferative responses of ovarian surface epithelium
cells [4, 5] and to elucidate the mechanisms of ovarian cancer
formation [6–9]. During the last few years, there have also
been more reports on the human ovarian surface epithelium
stemness, that is, on the epithelial-mesenchymal transitions
[10–12]. Gene expression profiling supported the hypothesis
that human ovarian surface epithelia are multipotent and
also capable of serving as ovarian cancer initiating cells.
Bowen and his coworkers performed comparative gene
expression profiling analyses on ovarian surface epithelium
removed from the surface of normal human ovaries and
ovarian cancer epithelial cells isolated by laser capture

microdissection from human serous papillary ovarian ade-
nocarcinomas [13]. The genes associated with adult stem cell
maintenance and with a multipotent capacity were highly
expressed in healthy ovarian surface epithelia and were not
expressed or expressed at very low levels in adenocarcinoma
[13]. Observations by Parrott and coworkers demonstrated
the production and action of the kit ligand/stem cell factor
by using normal human ovarian surface epithelial cells and
ovarian cancer cells [14]. It was confirmed that normal
ovarian surface epithelium expressed high levels of kit ligand
in vitro and in vivo. Kit ligand was found to stimulate the
growth of normal ovarian surface epithelial cells.

An aspect of normal ovarian surface epithelium function
is regeneration and repeated cell proliferation after ovula-
tions during the reproductive period of life. Ovarian surface
epithelium has also been confirmed as a source of oocytes
during the embryonic/fetal period of life in humans as based
on microanatomical studies by electron microscopy [15–
17]. In a similar way as for fetal ovaries the adult ovarian
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surface epithelium has also been proposed as a source of
oocytes early in the history of the reproductive physiology
[18–21]. Some experimental evidence has been brought
by Bukovsky and his co-workers who scraped the ovarian
surface epithelium in postmenopausal women, set up a cell
culture from the scrapings, and confirmed the presence
of oocyte-like cells which developed in vitro [22]. They
concluded that in the ovarian surface epithelium layer of
human postmenopausal ovaries precursor pluripotent stem
cells were present. Further, Virant-Klun and her co-workers
confirmed small round cells in the ovarian surface epithe-
lium layer of women with no naturally present follicles and
oocytes, which were positive for some pluripotent embryonic
stem cell markers and differentiated in vitro into oocyte-
like cells and parthenogenetic blastocyst-like structures [23–
25]. Recently, these results have been confirmed in the adult
ovarian surface epithelium of human and other mammalian
species by Parte and co-workers [26].

The aim of this study was to explore further the putative
stem cells in the ovarian surface epithelium of patients
with premature ovarian failure. In the majority of these
patients the underlying cause of premature ovarian failure
had not been identified. The known causes are genetic
aberrations, ovarian damage due to autoimmune disorders
(i.e., antiovarian antibodies), iatrogenic disturbances due
to surgical, radiotherapeutic or chemotherapeutic interven-
tions in cancer patients, and environmental factors such as
viral infections and toxins [27]. Recently, some studies have
also confirmed that the inhibition of the enzyme telomerase
and the shortening of telomeres can be seen in patients
with ovarian insufficiency [28]. In the field of reproductive
medicine, infertile patients with nonfunctional ovaries are of
interest, and any potential to regenerate their ovaries would
be of great importance.

2. Materials and Methods

In this study, 3 patients with premature ovarian failure
aged 21, 30, and 42 years were included after their written
consent. They were all characterized by amenorrhea before
the age of 40, high serum FSH and LH levels, and with
no naturally present follicles or oocytes, except primordial
follicles in the first patient. This study was confirmed by the
Slovenian Medical Ethical Committee (Ministry of Health,
no. 110/10/05).

In each patient, a routine laparoscopic ovarian cortex
biopsy with a volume of app. 0.3 cm3 was performed to
evaluate their potential fertility status. As in everyday medical
practice, a part of the retrieved ovarian tissue was sent to the
Service of Histopathology in our department to evaluate the
potential presence of follicles or oocytes after haematoxylin-
eosin staining. Additionally, the ovarian cortex sections
were stained with cytokeratin to evaluate the presence and
morphology of the ovarian surface epithelium.

Another part of the ovarian tissue was used to set up a cell
culture. The tissue was carefully rinsed using a sterile physi-
ologic solution to remove as many blood cells as possible. It
was put on a wet and sterile gauze and transferred to the lab

as soon as possible. In the lab it was placed in 2.5 mL of prein-
cubated DMEM/F-12 culture medium in a small Petri dish
and the ovarian surface epithelium was scraped using a sterile
blade (Romed, Netherland) in a flow hood. The scraped pop-
ulation of cells was used for research. Droplets of the scraped
population of cells were carefully monitored under the
heat-staged inverted microscope (Nikon ECLIPSE TE2000-S,
Japan) equipped with the Nikon Digital Sight DS-Ri1 camera
at 200/400-times magnification (Hoffmann illumination)
and 6,000-times magnification (immersion objective, dic-
Nomarski illumination) to find some cells of unknown origin
among the epithelial and blood cells. Putative stem cells
were supposed to be completely round and with the nuclei
filling almost the whole cell volumes. Drops of scraped cells
were also stained with DAPI to evaluate the nuclei of the
cells, immunocytochemically on the expression of SOX-2,
as a marker of pluripotency, and by May-Grünwald-Giemsa
staining to evaluate the presence of blood cells. In each
patient, the ovarian surface epithelium cell culture was set
up in a culture medium with added heterologous follicular
fluid from the in vitro fertilization program to provide
some kind of ovarian niche to the cells developing in vitro.
The development of cell clusters or the presence of single
cells positive on the expression of markers of pluripotency,
such as surface antigen SSEA-4, nuclear marker SOX-2, and
alkaline phosphatase activity was evaluated. At the same time
a human embryonic stem cell (frozen/thawed commercial
line H1, 38th–40th passage) culture was established to be
compared with the ovarian cell cultures.

2.1. Histological Analyses of Ovarian Tissue. A routine histol-
ogy of ovarian tissue was performed on a part of the cortex
tissue of each ovarian biopsy to evaluate the presence of fol-
licles and oocytes in the ovarian cortex after haematoxylin-
eosin staining. For the evaluation of ovarian surface epithe-
lium, cytokeratin staining was performed (cytokeratins are
proteins of keratin-containing intermediate filaments which
are present in the intracytoplasmic cytoskeleton of epithelial
tissue). The ovarian tissue was formalin-fixed, embedded in
paraffin, and 10 μm sections were collected on microscope
slides. The sections were deparaffinized and rehydrated by
the immersion of the slides in a 0.01 M citrate buffer,
pH 6.0, at 98◦C for 40 minutes. The slides were then
cooled to room temperature, incubated for 20 minutes
with a mouse monoclonal antibody against high molec-
ular weight cytokeratin, clone 34βE12 (Dako, Glostrup,
Denmark) then diluted 1 : 200 in phosphate-buffered saline
(PBS), washed, incubated with peroxidase-coupled rabbit
anti-mouse immunoglobulins (Dako, Denmark), and per-
oxidase visualized using a diaminobenzidine solution as
recommended by the vendor (Dako, Denmark). Finally, the
slides were dehydrated and mounted in Canada balsam. The
sections were evaluated under the light microscope at mag-
nifications 200/400-times for the presence of ovarian surface
epithelial cells exhibiting brown staining for cytokeratin.

2.2. DAPI Staining of Cells. To monitor the cell nuclei,
a small drop of the cell population scraped from the
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ovarian surface epithelium was put in a drop of Vectashield
mounting medium for fluorescence with the DAPI (Vector
Laboratories) and observed under a fluorescent microscope
(Nikon ECLIPSE E-600 with Nikon Digital Sight camera,
magnifications 200/400-times) after 20 minutes of incuba-
tion at room temperature and in the dark. The cell nuclei
were stained blue.

2.3. May-Grünwald-Giemsa Staining. To evaluate the blood
cells in a scraped population of cells, smears of the cell
suspension were fixed in absolute methanol for at least 30
seconds. The methanol was removed by removing the slide
from the fixing jar. Then the filtered staining solution I (0.3 g
May-Grünwald powder in 100 mL absolute methanol left in
a closed container at room temperature for 24 hours) freshly
diluted with an equal part of buffer was applied for 5 minutes
on a horizontally positioned slide in a jar. Then the slide was
transferred from the jar without washing into the filtered
staining solution II (1 g Giemsa stain powder dissolved in
66 mL glycerol and heated to 56◦C for 90 minutes) that
had been freshly diluted with 9 parts of buffer for 10 to
15 minutes. The slide was transferred to a jar with a fresh
buffer for one rinse after removing the stain. Then the
slide was washed with water for 5 minutes by transferring
the slide to a jar with water. After washing, the slide was
dried in a tilted position and mounted with a cover glass.
The slide was not allowed to dry or evaporate between the
steps to prevent staining the artifacts and precipitates. The
slide was monitored under an inverted microscope (Hoffman
illumination, magnification 200-times). The cell nuclei were
stained blue.

2.4. Fluorescent Immunocytochemistry of the Scraped Cells on
SOX-2 Expression. Cells scraped from the ovarian surface
epithelium were fixed in 4% paraformaldehyde for 10
minutes and permeabilized with 0.2% Triton for 10 minutes
at room temperature. After fixation and permeabilization,
the cells were incubated for 20 minutes with 10% FBS to
block the nonspecific binding sites. Then the cells were
incubated for 1 hour with phycoerythrin (PE)-conjugated
antibodies against SOX-2 (BD Pharmingen, 1 : 50) in the
dark and at room temperature. After staining, the cells
were washed with PBS and observed under a fluorescent
microscope.

2.5. Set up of the Ovarian Surface Epithelium Cell Culture.
The ovarian surface epithelium cell cultures were set up using
scraped cells. In each patient, the cell culture was set up
in four 4-well dishes. Each well was filled with 350 μL of
preincubated culture medium: Dulbecco’s Modified Eagle’s
Medium (DMEM)/Nutrient Mixture F12 Ham with L-
glutamine, phenol red and 15 mM HEPES (Sigma), supple-
mented with 3.7 g/L NaHCO3, 1% penicillin/streptomycin,
0.5% gentamycin, and the pH was adjusted to 7.4 with
1 M NaOH. To culture the scraped cells, a solution of
DMEM/F-12 medium with 20% (v/v) of follicular fluid from
the in vitro fertilization program was prepared. Follicular
fluid was added to provide some ovarian niche to the cells

developed in the culture and to trigger the differentiation
of the putative pluripotent/multipotent stem cells into the
oocyte direction. Into each well, 5 droplets of scraped cell
suspension were added (1 droplet: app. 10 μL). The cells were
cultured for 4 weeks in a CO2-incubator (Haereus, Germany)
at 37◦C and 6% CO2 in air. The culture was monitored
daily under the heat-staged inverted microscope equipped
with the digital camera at 200/400/6,000-times magnification
and followed on the potential development of the oocyte-
like cells and the cell clusters resembling those formed by
human embryonic stem cells. At the same time, the human
embryonic stem cell culture was established to be compared
with the ovarian cell cultures; human embryonic stem cells
were cultured in the culture medium for human embryonic
stem cells and on a Matrigel (Invitrogen) as the feeder layer.

2.6. Follicular Fluid Retrieval. In the in vitro fertilization
program, the follicular fluid retrieved at the oocyte aspira-
tion and after a written consent was donated by a young
patient with a normal ovarian reserve and normal response
to the hormonal ovarian stimulation. Previous testing for
HIV and hepatitis viruses revealed that she was healthy. The
follicular fluid was used immediately after the removal of
oocytes (to be fertilized in vitro) so as not to coagulate.
To prepare the follicular fluid “serum,” it was centrifugated
for 10 minutes at 2,500 rpm. The supernatant was filtered
through a sterile Sartorius Minisart 0.45 μm filter to remove
all possible cells (i.e., granulosa cells, theca cells, blood
cells, and cells from the immunological system). The filtered
supernatant was heat-inactivated at 56◦C for 45 minutes.
Then it was aliquoted and stored at −20◦C until use. When
used, it was thawed at 37◦C and a supplemented DMEM/F-
12 culture medium with 20% (v/v) of follicular fluid “serum”
was prepared, as described above.

2.7. Immunocytochemistry of Cells and Cell Clusters for
SSEA-4 and SOX-2 Expressions (ABC Method). The cells
were fixed in 4% paraformaldehyde and permeabilized with
0.2% Triton (for SOX-2), incubated with 3% H2O2 for 5
minutes to block the endogenous peroxidase activity and
for 20 minutes with 10% FBS to block the non-specific
binding sites. Then the cells were incubated with primary
antibodies specific for SOX-2 (Abcam, 1 : 100) or SSEA-
4 (Millipore, 1 : 100) for 1.5 hours at room temperature.
After washing with PBS, the cells were incubated with
biotinylated secondary antibodies (Polyclonal Rabbit Anti-
Mouse Immunoglobulins, DakoCytomation, 1 : 400) for 45
minutes and then with an ABC reagent (Vectastain Elite
ABC Kit) for 30 minutes. Finally, the cells were incubated
in a DAB substrate (Sigma) for 5 minutes, washed with
PBS, and observed under an inverted microscope (Hoffman
illumination) to detect positive-brown stained cells or cell
colonies. Human embryonic stem cells were used as a positive
control. For a negative control, the primary antibodies were
omitted from the procedure and replaced with 1% FBS.

2.8. Alkaline Phosphatase Staining. An alkaline phosphatase
detection kit (Millipore) was used for alkaline phosphatase
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(AP) staining for the presence of pluripotent or multipotent
(mesenchymal) stem cells in the cell cultures. Briefly, the cells
were fixed in 4% paraformaldehyde for 3 minutes, permeabi-
lized with 0.2% Tween-20 for 10 minutes, and incubated for
30 minutes in a working solution of reagents, which consisted
of Fast Red Violet, Naphthol AS-BI phosphate solution, and
water in a 2 : 1 : 1 ratio. The culture was observed under an
inverted microscope (Hoffman illumination) to confirm AP
activity. The cells or cell colonies expressing AP activity were
stained from pink to a red color. Human embryonic stem
cells were used as a positive control.

2.9. Single-Cell Gene Expression Analyses by Fluidigm BioMark
System. Gene expression analyses of 11 single oocyte-like
cells developed in vitro in one patient with no naturally
present follicles or oocytes in comparison with single hESCs,
groups of 5, 10, 20 hESCs (H1 line; positive controls) and
single human fibroblasts, groups of 5, 10, 20 fibroblasts
(F161; negative controls) were performed using the Biomark
Real-Time quantitative PCR (qPCR) system (Fluidigm).
Each oocyte-like cell was mechanically removed from the
cell culture by a glass pipette (Swemed, denudation pipette,
0.134–0.145 mm), and expressions of 11 genes, characteristic
for pluripotent stem cells: STELLA, OCT4A, LIN28, GDF3,
NANOG, MYC, KLF4, SOX-2, TERT, CD9, NANOS, and
of the housekeeping gene GAPDH were analyzed. The
inventoried TaqMan assays (12x, Applied Biosystem) were
pooled to a final concentration of 0.2x for each of the
12 assays. Cells to be analyzed were harvested directly
into 9 μL RT-PreAmp Master Mix (5.0 μL CellsDirect 2x
Reaction Mix (Invitrogen); 2.5 μL 0.2x assay pool; 0.2 μL
RT/Taq Superscript III [Invitrogen]; 1.3 μL TE buffer). The
harvested cells were immediately frozen and stored at−80◦C.
Cell lysis and sequence-specific reverse transcription were
performed at 50◦C for 15 min. The reverse transcriptase was
inactivated by heating to 95◦C for 2 min. Subsequently, in
the same tube, cDNA went through limited sequence-specific
amplification by denaturing at 95◦C for 15 s and annealing
and amplification at 60◦C for 4 min for 14 cycles. These
preamplified products were diluted 5-fold prior to analysis
with Universal PCR Master Mix and inventoried TaqMan
gene expression assays (ABI) in 96.96 Dynamic Arrays on a
BioMark System. Each sample was analyzed in two technical
replicates.

Ct values obtained from the BioMark System were
transferred to the GenEx software (MultiD) to analyze gene
expressions. Missing data in the Biomark system were given
a Ct of 999. These were removed in GenEx. Also Ct’s
larger than 25 were removed (cutoff value more than 25),
since samples with such high Ct’s in the Biomark 96 ×
96 microfluidic card were expected to be negative and
these readings were unreliable. Technical repeats were then
averaged. Missing data were then replaced by the highest
Cq+1 for each gene. This corresponded to assigning a
concentration to these samples that was half of the lowest
concentration measured and was motivated by sampling
ambiguity. There was also need to handle missing data for
downstream classification with multivariate tools. Linear

quantities were calculated relative to the sample having
lowest expression and data were converted to log2 scale.
The data were now prepared for multivariate analysis to
classify the samples based on the combined expression of
all the genes. Heatmap, corresponding hierarchical clus-
tering (Ward’s Algorithm, Euclidean Distance Measure)
and principal component analysis (PCA) were performed.
Groups of cells-oocyte-like cells (OLCs), hESCs, fibroblasts-
were compared using unpaired 2-tailed Student’s T-Test.
Statistical significance was set at P < 0.00465 (Dunn-
Bonferroni correction) to account for false positives due to
multiple testing.

3. Results and Discussion

As can be seen from Figure 1, immunohistochemistry con-
firmed the severe premature ovarian failure in all patients. In
the first patient, haematoxylin-eosin staining of the ovarian
cortex sections revealed some primordial follicles in the
ovarian cortex (Figures 1(a)–1(d)), whereas in both other
patients there were no follicles or oocytes in the ovarian
cortex (Figures 1(e)–1(h)). In all patients, the cytokeratin
staining confirmed the presence of ovarian surface epithe-
lium at the ovarian surface. In the first patient cells forming
primordial follicles also positively stained on cytokeratin. It
is known that in the human fetal ovaries, sex cords also
give rise to cytokeratin positive cells in primordial follicles
[29]. In adult human ovaries, Löffler and co-workers found
that cytokeratin-positive follicular or granulosa cells were
present in the primordial and primary follicles as well as in
the preovulatory follicles, whereas they were not detected in
the granulosa cells of growing follicles. They concluded that
the heterogeneous morphology of the granulosa cells in adult
human ovaries may be explained by their twofold origin from
the surface epithelium and the rete thus reflecting cytokeratin
positivity or negativity [30]. The cytokeratin positive cells
might represent immune-like granulosa cells involved in
ovarian remodeling processes [31] or related to follicular
atresia or cystic ovarian disease, as revealed in the animal
model [32].

In all 3 patients with POF, small round cells of yellow
color and with diameters of 2 to 4 μm were found as
captured among epithelial cells in ovarian surface epithelium
scrapings (Figure 2). Ovarian surface epithelium scrapings
did not only consist of epithelial cells but also from small
round cells with diameters of 2 to 4 μm which were captured
among the epithelial cells or were attached to them (Figures
3(a)–3(d)). These small round cells did not originate from
the blood stream but were an integral part of the ovarian
surface epithelium. In a scraped population of cells there
were similar small round cells with diameters of 2 to 4 μm
(Figure 3(e)). These cells appeared among the epithelial cells
and blood cells (mostly erythrocytes).

The small round cells scraped from the ovarian surface
epithelium had completely round nuclei which filled almost
the entire cell volumes, as revealed using DAPI staining
(Figures 4(a)–4(d)). After May-Grünwald-Giemsa staining,
small round cells with diameters of 2 to 4 μm scraped from
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Figure 1: Histology of ovarian cortex sections in patients. (a) Ovarian cortex with primordial follicles after haematoxylin-eosin staining in
the first patient (magnification 100-times). (b–d) Ovarian surface epithelium (arrow) and primordial follicles positively (brown) stained on
cytokeratin in the first patient (magnifications 100-times and 200-times). (e, f) Fibrous ovarian cortex without follicles after haematoxylin-
eosin staining and ovarian surface epithelium (arrow) positively (brown) stained on cytokeratin in the second patient (magnification 100-
times). (g, h) Fibrous ovarian cortex without follicles after haematoxylin-eosin staining in the third patient (magnification 100-times). (Light
microscope.)

(a) (b)

Figure 2: Small round cells (arrows)—putative stem cells with diameters of 2 to 4 μm in the ovarian surface epithelium scrapings. (a, b)
Among the epithelial cells. (Inverted microscope, Hoffman illumination, magnifications 100 and 200-times.)

the ovarian surface epithelium did not stain or were weakly
stained (Figure 4(e)). All blood cells, including lymphocytes,
nicely stained blue (Figure 4(f)). Similarly, this has been
observed by Parte and co-workers who experienced difficult
DAPI staining of comparable small round cells scraped from
the human adult ovarian surface epithelium; they explained
that these cells might have a highly compacted nuclear
chromatin which impeded staining [26]. In our study, ery-
throcytes were the predominating blood cells in a population
of cells scraped from the ovarian stem cells, and small round
cells were significantly lower than the erythrocytes. Other
types of blood cells represented about 1% of all scraped
cells, as revealed by May-Grünwald-Giemsa staining. Small
round cells could be comparable to lymphocytes due to
their round shape and high nuclear/cytoplasm ratio, but

were significantly smaller. The lymphocytes were slightly
bigger than the erythrocytes and strongly stained using May-
Grünwald-Giemsa, while the small round cells did not stain
or weakly stained (Figures 4(e), and 4(f)).

After immunocytochemical staining in our study, a
proportion of small round cells positively stained on SOX-
2, a marker of pluripotency just after the scraping (Figure 5).
These results confirmed our previous observations of puta-
tive stem cells in the adult human ovarian surface epithelium
[23–25] and recent observations of Parte et al. [26]. These
cells could be quite comparable to very small embryonic-like
stem cells (VSELs) found in other adult human tissues and
organs (i.e., bone marrow) by the group of Ratajczak [33–
35] and differentiated into different types of cells, that is,
cardiomyocytes [36]. Experimental data showed that VSELs
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Figure 3: Small round cells (arrows)—putative stem cells in the ovarian surface epithelium. (a–d) Among the epithelial cells in the ovarian
surface epithelium scrapings (magnification 6,000-times). (e) Among the erythrocytes in a scraped population of cells (magnification 200-
times). (Inverted microscope, dic-Nomarski illumination, immersion objective for magnification 6,000-times, and Hoffman illumination
for magnification 200-times.) e: epithelial cells, er: erythrocytes.
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Figure 4: Small round cells (arrows)—putative stem cells in a population of cells scraped from the ovarian surface epithelium. (a) Just after
scraping (magnification 100-times). (b) After DAPI staining (magnification 100-times). (c) Just after scraping (magnification 100-times). (d)
After DAPI staining (magnification 100-times). (e) Weakly-stained small round cell-putative stem cell after Giemsa staining (magnification
200-times). (f) Blue-stained lymphocyte (arrow) after Giemsa staining (magnification 200-times). (Light, fluorescent, inverted microscopes.)

may originate from epiblast/migrating primordial germ cell-
like cells and, in spite of the expression of pluripotent
stem cell markers, the changed epigenetic regulation of the
imprinted genes keep these cells silent in adult tissues and
prevent teratoma formation [37]. The small round cells we
found in this study are therefore proposed as very small

embryonic-like stem cells in the ovarian surface epithelium
of patients with premature ovarian failure.

After 4 days of culture some bigger round cells with
diameters of up to 20 μm developed in the ovarian surface
epithelium cell cultures of all patients. These cells were not
present in the scraped population of cells, and they developed
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Figure 5: Small round cells (arrows)-putative stem cells in a population of cells scraped from the ovarian surface epithelium. (a) Just after
scraping (magnification 400-times). (b) Just after scraping (magnification 1,000-times). (c) After DAPI staining (magnification 400-times).
(d) Positively (red) stained on the SOX-2 marker of pluripotency (magnification 400-times). (Light and fluorescent microscope.)
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Figure 6: In vitro culture of cells scraped from the ovarian surface epithelium. (a) Oocyte-like cell developed in vitro on autologous ovarian
fibroblasts and small round cells (arrow) with diameters of 2 to 4 μm proliferating in the surroundings as attached to fibroblasts on day 4
of the culture (magnification 100-times). (b) Oocyte-like cell developed in vitro on autologous ovarian fibroblasts on day 10 of the culture
(magnification 200-times). (c, d) Cell clusters developed in vitro on autologous ovarian fibroblasts on day 4 of the culture (magnification
100-times). (Inverted microscope, Hoffman illumination.) f: autologous ovarian fibroblast, o: oocyte-like cell.

in vitro. They were mostly attached to the autologous ovarian
fibroblasts in the cultures (Figure 6(a)). Fibroblasts might
provide them some substances, which were important for
their growth and development, that is, fibroblast growth
factor-2 (FGF-2). This was similar to human embryonic stem
cells which can successfully proliferate and grow only on the
fibroblast (or other) feeder layer to provide them FGF-2 (and
other substances) and to maintain their nondifferentiated
state [38]. Fibroblasts also possess aromatase which catalyzes
the conversion of C(19) steroids into estrogens, important
for oocyte development [39]. Surrounding some of these
bigger round cells, small round cells with diameters of 2
to 4 μm and of unknown origin were present and were
similarly attached to the autologous fibroblasts in the culture
(Figure 6(a)). These small round cells were similar to those
present among the epithelial cells just after the ovarian
surface epithelium scraping. It is not excluded that bigger
round cells developed in vitro from smaller ones. After
10 days of culture, some bigger round cells reached a
diameter of up to 60 μm (Figure 6(b)). These cells resembled
primitive oocytes, but were much smaller (average diameter
of human oocytes is more than 100 μm) and did not develop
zona pellucida-like structures, characteristic for oocytes.
The development and growth of these bigger round cells

was induced by heterologous follicular fluid serum rich
in substances needed for oocyte growth and development.
Follicular fluid has already been used for in vitro maturation
of human oocytes in the in vitro fertilization program [40].
Follicular fluid contains high levels of hormones-estrogens,
progesterone, FSH, and androgens [41], proteins [42], amino
acids [42], a high concentration of lipids, free cholesterol and
meiosis-activating sterol (FF-MAS) [40, 43], growth factors
[44], and other substances, and therefore might “push”
the development of stem cells in the direction of primitive
oocytes.

After 4 days of culture, round-shaped cell clusters with
clearly distinguished margins also appeared in the cultures of
all patients (Figures 6(c) and 6(d)). These cell clusters were
abundant and relatively small. They were attached to the dish
bottom and were spontaneously developed on autologous
ovarian fibroblasts, similar to human embryonic stem cells
which need fibroblasts or other feeder layers to proliferate
and form cell clusters in vitro. Similar ovarian cell clusters
were appearing all the time during the culture, and the old
ones did not show any signs of degeneration. More cell
clusters reached diameters larger than 100 μm.

After alkaline phosphatase staining, some of the cell
clusters did not positively stain on alkaline phosphatase
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Figure 7: Alkaline phosphatase staining of cells and cell clusters during the culture of cells scraped from the ovarian surface epithelium. (a)
Nonstained cell cluster (magnification 40-times). (b) Positively stained oocyte-like cell (arrow) (magnification 200-times). (c, d) Positively
stained small round cells with diameters of 2 to 4 μm proliferating in a cell culture (magnification 200-times). (e, f) Positively stained cell
clusters (magnification 40-times). (g) Positively stained cell cluster developing on the layer of autologous ovarian fibroblasts (magnification
100-times). (h) Small round cells (arrow) with diameters of 2 to 4 μm proliferating in the near surroundings (magnification 200-times).
(inverted microscope, Hoffman illumination.)
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Figure 8: Immunocytochemical staining of cell clusters and oocyte-like cells developed during the in vitro culture of cells scraped from the
ovarian surface epithelium on markers of pluripotency SOX-2 and SSEA-4. (a, b) Non-stained cell clusters (negative control) (magnifications
40-times and 100-times). (c, d). Cell clusters positively (brown) stained on SOX-2 (magnification 40-times). (e) SOX-2 non-stained round
cell (negative control) (magnification 200-times). (f) Round cell positively (brown) stained on SOX-2 (magnification 200-times). (g, h) Cell
clusters positively (brown) stained on SSEA-4 surface antigen (magnification 100-times). (Inverted microscope, Hoffman illumination.)
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Figure 9: Single-oocyte-like cell gene expression analyses in comparison with human embryonic stem cells and human fibroblasts. (a)
Heatmap clustering. (b) Hierarchical clustering (Ward’s Algorithm, Euclidean Distance Measure). (c). Principal component analysis (PCA).
Legend: OLC: single oocyte-like cells, H1 hESC: human embryonic stem cells (H1 cell line), F161: human fibroblasts (F161 cell line), 1: single
cell, 5: group of five cells, 10: group of ten cells, and 20: group of twenty cells.

(Figure 7(a)) but most of them did (Figures 7(e)–7(h)).
Some bigger round cells positively stained (Figure 7(b)). In
cultures, also some smaller round cells with diameters of
2 to 4 μm were positively stained on alkaline phosphatase
activity (Figures 7(c) and 7(d)). Most of the positively
stained cell clusters were stained in some parts, but rarely
the whole clusters were positively stained thus reflecting the
fact that cell clusters were possibly composed of different
types of cells, including a proportion of cells with a pluripo-
tent/multipotent character. Around some positively stained
cell clusters (Figure 7(g)) small round cells were present
(Figure 7(h)). Single cells or cell clusters were positively
stained on the alkaline phosphatase early, on day 6 of the
culture, and also later, on day 20 of the culture.

Many cell clusters (Figures 8(c), 8(d), 8(g), and 8(h)) and
bigger round cells resembling primitive oocytes (Figure 8(f))
positively stained for markers of pluripotency SOX-2 and
SSEA-4, as revealed by immunocytochemistry. Similar to

those in the alkaline phosphatase, only some parts of the cell
clusters were positively stained on SOX-2 and SSEA-4. This
might reflect the fact that ovarian cell clusters were composed
of different types of cells, including a proportion of stem
cells. Ovarian cell clusters or single cells were positively
stained early, on day 7 of the culture and also later, on
day 30 of the culture. Analyzed cell clusters did not show
any signs of degeneration or differentiation at the time of
immunocytochemistry.

Single oocyte-like cells developed in vitro expressed
most of analyzed genes, characteristic for pluripotent stem
cells (STELLA, OCT4A, LIN28, GDF3, NANOG, MYC,
KLF4, SOX-2, CD9, NANOS), except TERT, whereas hESCs
expressed all analyzed genes of pluripotency (Figure 9(a)).
Oocyte-like cells were relatively big cells, which strongly
expressed genes of pluripotency. They expressed genes
STELLA (P = 4.701 × 10−6), LIN28 (P = 0.000127455),
NANOG (P = 0.001412627), SOX-2 (P = 0.002365882),
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Figure 10: Cell culture of human embryonic stem cells as positive control. (a,b) Early cell clusters (magnification 100-times). (c) Developing
cell cluster (magnification 100-times). (d) Developed cell cluster (magnification 100-times). (e,f) Cell clusters positively stained on alkaline
phosphatase activity (magnification 100-times). (g) Cell cluster surrounded by small cells positively (brown) stained on the SOX-2 marker of
pluripotency (magnification 100-times). (h) Cell cluster positively (brown) stained on surface antigen SSEA-4 characteristic for pluripotent
stem cells (magnification 100-times). (Inverted microscope, Hoffman illumination.)

CD9 (P = 3.136 × 10−6), and NANOS (P = 1.965 × 10−6)
to significantly higher extent than hESCs, as revealed by
Student’s T-test. Human fibroblasts did not express genes of
pluripotency (GDF3, NANOG, TERT) or expressed them to
very low extent (Figure 9(a)). Comparing with oocyte-like
cells they underexpressed genes STELLA (P = 1 × 10−8),
OCT4A (P = 7.200 × 10−8), LIN28 (P = 1 × 10−8),
SOX-2 (P = 1 × 10−8), CD9 (P = 2.815 × 10−6), and
NANOS (P = 1 × 10−8). Single oocyte-like cells clustered
together with groups of 10 and 20 hESCs, while single
hESCs and a group of 5 hESCs clustered together with
human fibroblasts and represented another group of cells
because of low expression of analyzed genes, as revealed by
heatmap clustering (Figure 9(a)), corresponding hierarchical
clustering (Figure 9(b)), and principal component analysis
(Figure 9(c)). Oocyte-like cells were cells expressing analyzed
genes of pluripotency and not fibroblasts, as proposed for
human adult germline stem cells [45, 46]. They might
be ovarian stem cells growing in the presence of donated
follicular fluid, including different triggers of oocyte growth
and maturation.

All the results in this study—the presence of small
putative stem cells among epithelial cells, SOX-2-positive
small cells just after the scraping, and alkaline phosphatase,
SOX-2 and SSEA-4-positivity of cell clusters cultured in
vitro—confirmed that in the adult ovarian surface epithe-
lium of patients with premature ovarian failure there were
naturally present stem cells which expressed some markers
of pluripotency just after the ovarian surface epithelium
scraping and also during the prolonged culture in vitro.

When we compared the morphology of the cell clusters
developed in the cultures of cells scraped from the ovarian

surface epithelium to human embryonic stem cells (Fig-
ure 10) cultured at the same time, we found that they could
be quite comparable to the early cell clusters formed from the
human embryonic stem cells (Figures 10(a) and 10(b)). Sim-
ilar to the ovarian cell clusters, the cell clusters formed from
the human embryonic stem cells were not homogenously
positively stained on alkaline phosphatase, but only partially
(Figures 10(e) and 10(f)). On the other hand, the whole
cell clusters developed from human embryonic stem cells
were positively stained on SOX-2 (Figure 10(g)) and SSEA-
4 markers of pluripotency (Figure 10(h)), thus confirming
the fact that possibly they only consisted of pluripotent stem
cells.

4. Conclusions

We can conclude that naturally present stem cells from
the ovarian surface epithelium of patients with premature
ovarian failure expressed some markers of pluripotency
just after the scraping and during the culture in vitro.
These cells did not originate from the blood stream but
were an integral part of the ovarian surface epithelium, as
observed in the scrapings. In spite of their specificity in
terms of the morphology and dimensions, further research
of the character of these cells is needed to elucidate if
these are really embryonic-like stem cells expressing markers
or pluripotency, or something else. They appeared to be
comparable to very small embryonic-like cells found in other
adult human tissues [33–36]. There have also been more
reports about potential epithelial-mesenchymal transitions
of the human ovarian surface epithelium [10–12] and
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about the expression of some markers of pluripotency in
mesenchymal stem cells [47–49] from other human tissues;
therefore ovarian stem cells need to be critically researched in
the future in terms of their character. Our results showed the
possibility of creating human ovarian stem cell lines, like in
the previous reports in the mouse models [50–52]. Stem cells
in the ovarian surface epithelium are an important subject
to be studied further in terms of their possible regenerative
role: potential oogenesis in vitro, differentiation into different
types of somatic cells for regenerative medicine, and better
understanding of the manifestation and potentially a more
individualized treatment of aggressive ovarian epithelial
cancers in these patients.
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