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It was proposed that granulosa cells arise from the population of stem cells during follicular growth. According to previous studies hu-
man-derived luteal phase granulosa cells are able to differentiate into other cell lineages, such as osteoblasts, chondrocytes and neurons. In 
this study we investigated the differentiation potential of follicular-phase granulosa cells into sperm-like cells. First, we demonstrated the 
stemness of isolated GCs by flowcytometry and then we showed that granulosa cells can differentiate into advanced male germ cell lin-
eages including spermatid-like cells in vitro. Follicular-phase GCs were cultured then induced by sheep testis tissue extract to differentiate 
into sperm -like cells , as evidenced by their expression of Gpr125, as well as VASA and DAZL, which are markers of different steps of 
Spermatogenesis. Mesenchymal stem cell markers were expressed in these cells. Spermatogenesis markers, DAZL, VASA and GPR125, 
were also expressed from the second week after induction. Morphological analysis of induced cells showed that Producing sperm- like 
cells were similar to the normal sperm. Obtained results prove that isolated GCs are a kind of mesenchymal stem cells and have the capa-
bility to differentiate into sperm – like cells that may represent a novel strategy for studying spermatogenesis in vitro.
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Introduction

	 Stem cells are undifferentiated cells capable of self-re-
newing and differentiating into various types of cells in adult 
tissues influenced by proper molecular signals [1]. In mammals 
based on the origin of stem cells, these cells are categorized into 
three groups: embryonic stem cells, embryonic germ cells and 
adult stem cells [2]. Mesenchymal stem cells are a type of adult 
stem cell that because of some unique properties, are interest-
ed in cell therapy applications of regenerative medicine [3]. The 
main reasons of interest toward these cells are that mesenchymal 
stem cells can be isolated from various sources such as adipose 
tissue, peripheral blood, umbilical cord and placenta, and their 
ability to expand rapidly in vitro which let them reach the num-
ber of cells proper for cell therapy easily and quickly [4].

	 Granulosa cells (GCs) are a type of somatic cells sur-
rounding the growing follicles. These cells remain very close to 
the basement membrane and are essential for the production of 
estrogen and ovulation [5,6]. GCs have several specific functions 
including secretion of large amounts of hormones, response to 
FSH hormone (follicle stimulating hormone) and leuteinizing 
hormone (LH) and delivery of the follicle [5]. According to the 
previous studies, GCs have properties of stem cells [7]. GCs can 
survive for long periods when cultured in vitro in the presence 
of leukemia inhibitory factor (LIF). After culture of them, they 
lack the activity of follicle-stimulating hormone receptors and 
aromatase enzyme gradually while Oct-4, which is a common 
marker of stem cells, begins to express in them [8].

	 It has been detected that telomerase enzyme, which has 
activity in maintenance of chromosome ends during cell divi-
sion, was expressed in pig ovary [9]. Meanwhile, multipotency 
of GCs has been proved by differentiating these cells into other 
types of cells, such as neurons, chondrocytes, and osteoblasts in 
vitro [8]. Some other evidences indicated that in animal cloning 
experiments, GCs have been used as nuclei donors [10,11]. Var-
ras, et al. [12] showed expression of Oct-4 in GCs by analyzing of 
oct-4 mRNA and then these cells are multipotent stem cells [12].

	 To produce a functional sperm, male germ cells un-
dergo a series of processes which have collectively named sper-
matogenesis [13]. 123×106 sperms are produced daily in sem-
iniferous tubules of testis [14,15]. Clermont for the first time 

	 DAZL protein expression has been reported in human 
and rat granulosa cells [26,27] human teca cells [29] and luteal 
granulose cells [26,30]. By entering the genital ridge, germ cells 
express another specific marker named VASA, which is a cyto-
plasmic protein involved in the regulation of protein translation. 
DDX4, encode VASA, is evolutionary conserved and studies 
show that VASA protein has an important role in the function 
of germinal layer [31]. Synaptonemal complex proteins (SCPs) 
including SCP1, SCP2, and SCP3 are important in synapsis con-
struction in meiosis and are meiosis markers [32]. At the final 
stages of spermatogenesis TEKT1 expression was detected [23].

	 15% of couples have infertility, that male factors con-
tribute 40%–60% of cases of infertility [33]. Azoospermia, some 
men are affected, is a condition in which there is no sperm in 
semen sample . This condition affects about 1% of the men and 
may cause 20% of male infertility. Nayernia, et al. [34] reported 
differentiation of murine embryonic stem cells (ESCs) into male 

	 When cells enter meiosis, in male and female gono-
cytes DAZL protein and VASA transcripts are expressed and 
the expression of Oct-3/4 decreases [23]. DAZL protein is an 
RNA-binding protein that belongs to DAZL family including 
DAZ and BOULE. DAZL gene family code proteins with con-
served RNA binding motifs and DAZ sequence of 24 amino acids. 
It is thought that these proteins are involved in post-transcrip-
tional regulation of mRNA [24,25]. In men during spermato-
genesis DAZL express in gonocyte, spermatogonia and primary 
spermatocytes. As meiosis progress, DAZL can be exited from 
the nucleus into cytoplasm of spermatogonia, secondary sper-
matocytes, spermatids and spermatozoa [25-28]. Reduction of 
DAZL expression can be seen in human testes which have low or 
no sperm production [26].

identified spermatogonia type Adark and Apale in human testis, 
and demonstrated that spermatogonia type Adark acts as reserve 
stem cells while spermatogonia type Apale acts as renewing stem 
cells [16-18]. It is suggested that spermatogonia type A inside 
seminiferous tubules divides every 16 days and differentiates into 
spermatogonia type B which then in a mitotic division, coverts 
to primary spermatocyte [18]. Spermatocytes convert to haploid 
spermatids after meiosis and then transform into mature sper-
matozoa which this process takes 64 days in human [19,20]. Im-
munohistochemistry results show that GPR125 (Gprotein- cou-
pled receptor 125) is expressed in a subset of spermatogonia type 
A cells, and is used as a marker for mouse spermatogonia and 
progeny [21,22].

Stem Cells

Granulosa Cells
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	 Staining methods in evaluation of sperm quality and 
sperm health are apparent. In the present study to compare the 
morphology of differentiated cells with normal sperm shape, the 
sperm quick staining kit was used. After the end of considered 
induction period for each group, one flask from each group was 
stained according to the kit instructions, and cells were studied 
under the microscope.

	 A total of 50 µg of total protein extract was loaded in 
each well and subjected to SDS- page electrophoresis. Separated 
proteins were transferred onto nitrocellulose membranes and the 
membranes were probed by one of primary antibodies: GPR125 
(P-15): sc-164512, VASA Antibody (H-80) sc-67185, DAZL (H-
90): sc-366304 all from Santa Cruze Co. in the ration of 1/1000 
. Cruz marker molecular weight standards (sc-2035 santacruze 
Co.) was used as protein size markers. The murine testis extract 
was used as positive control and non-induced granulosa cells 
extract was used as negative control. Detection of proteins was 
achieved by using secondary antibodies (goat anti- rabbit IgG-
HRP: SC2004 and donkey anti-goat IgG-HRP: SC2020) with the 
ration of 1/7000. In order to compare protein expression in differ-
ent weeks of induction, image J software was used.

Materials and Methods

	 Isolated GCs were cultured and identified mesen-
chymal stem cell surface markers as described previously [38]. 
Follicles were collected by aspiration of infertile women’s ova-
ries according to assisted reproductive technology (ART). Then 
GCs that isolated enzymatically, were cultured in T25 cell cul-
ture flasks (orange scientific, Belgium) containing DMEM/F12 
supplemented with 20% FBS and 1%penicillin and streptomy-
cin and incubated at 37 oC and 5% CO2 in humidifier incubator. 
Then GCs analysed by flow cytometry for mesenchymal stem cell 
markers (R&D system, USA) including anti- Stro-1, anti- CD90, 
anti- CD105, anti- CD106, anti-CD146, anti- CD166, anti- 
CD44, anti-CD45 and anti- CD19 anti-bodies.

	 Sheep testicles transferred under hood after alcohol 
spray, epididymis and external part of testes was cut and com-
pletely removed. Testes were weighed then testicular tissue was 
cut into tiny pieces using a surgical blade and mixer. For every 
16.5 gr of testicular tissue, approximately 5 ml of HBSS was add-
ed. The mixture was transferred to a 50 mL falcon and centri-
fuged for 10 minutes at 4400 rpm. Supernatant was transferred 
to a 15 mL falcon and sediment discarded. This step was repeated 
three times. The last supernatant was collected, passed through 
a filter paper. 1 ml antibiotic Pen / Strep 100X was added per 12 
ml of collected extract. The obtained extract was transferred to a 
1.5 cc micro-tubes and was ultra-centrifuged for 5 minutes with 
14000 rpm. Supernatants were transferred to new micro-tubes 

	 Furthermore, meiotic marker gene, SYCP3, was de-
tected in differentiated cells. Therefore, this study resulted that 
human ESCs of both sexes can enter in germ line development 
pathway [35]. For men that have a problem in sperm producing 
without a genetic cause, stem cell transplantation thought to be 
the proper method [36]. Some studies show that human plurip-
otent stem cells (hPSCs) have the capacity to enter meiosis and 
result haploid cells [37]. In current study we have investigated 
stemness of the GCs and their ability to differentiate into sperm- 
like cells.

and the precipitates discarded. Two last steps were repeated three 
times. Obtained extracts were determined for concentration of 
testosterone. Remained extracts were stored at -20ºc. Extracts in 
which testosterone level was 4- 7ng/ ml was used as inducer.

	 Cultures that had reached more than 80% of confluence 
were selected for induction. Medium inside the flask was com-
pletely removed and about 5 ml of fresh induction medium was 
filtered into it. The composition of the induction culture medium 
was obtained by adding DMEM / F12, 20% FBS, 1% Pen / Strep 
and 30% of sheep testicular extracts. Then flasks were transferred 
into the CO2 incubator, and medium was changed every three 
days. Induced flasks were evaluated in four groups: Groups were 
categorized by culturing granulosa cells in the induction medium 
for 7days, 14 days, 21 days, and 28 days respectively. Then cell ex-
tracts were prepared and analyzed by western blotting method. 
One flask of each group was stained using the Diff Quick kit (Diff 
Quick, Avicenna institute Production Catalog No. ARI-And-01) 
for morphological analysis.

Culture and Confirming the Nature of Granulosa Cells 
as Mesenchymal Stem Cells

Investigating the Ability of Human Granulosa Cells 
Differentiation into Sperm Cell Lineage

Preparing Sheep Testis Extract

Western Blotting

Morphological Study of Differentiated Cells using 
Sperm Quick Staining Kit (Diff Quick)

gametes and injected these sperm- like cells into oocytes that re-
sulted viable mice [34]. Clark, et al. [35] evaluated potency of hu-
man ESCs to production of germ cells. They established that dif-
ferentiated cells have specific markers of germ line development 
such as DDX4, DAZL by using PCR and immunohistochemistry.
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	 Granulosa cells after isolation and during the first day of 
culture were roughly spherical shape, but gradually attached to the 
plastic culture flask and, began to cytoplasmic extension that get the 
fibroblastic- like shape after 7 days. (Figure 1A) cell line prepared 
after cell volume reach to about 80% of confluent (Figure 1B).

Results
Cell Culture Results

Figure 1: A) Primary culture (×20) arrows shows non adherent round shape GCs. B) Cell line (×4)

Figure 1: A) Primary culture (×20) arrows shows non adherent round shape GCs. B) Cell line (×4)

	 After cell gating (R region), and use of control isotopes to 
remove cellular debris fragments, the stem cells had a different per-
centage of expression of each surface marker. The results showed 
that the percentage of cell markers Stro-1, CD19, CD105, CD146, 
CD90, CD106, CD44, CD166 and CD45 are respectively 34.08, 
41.99, 21.47, 26.82, 13.47, 25.73, 35.90, 20.23 and 8.84 (Figure 2).

Flow Cytometry Analysis Results

Figure 2: The results of flow cytometry analysis. R-1 Gating Zone show stem cells based on cell distribution in 
cell size (FSC = Forward Scatter) and complexity (SSC = Side Scatter). IgM and IgG are control isotype antibodies 
conjugated with FITC. Percentage of each markers expressed is shown in the upper right corner of each figure
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	 Morphological analysis of four experimental groups 
showed that, during the first week of induction, cells began to lose 
their fibroblastic- like shape. Nucleus of some cells was placed in 
the middle of the cell and two extensions on both sides of the cell 
were observed (Figure 3A). During the second week of induction, 
in each of differentiated cells, the nucleus was completely drawn 

into one side of the cell and a small extension was observed on 
the other side of the cell. The cell was formed almost like a club 
(Figure 3B). At the end of the third week the extension at the end 
of the cell was longer, head of the cell also became longer, get a 
short neck and the nucleus of the cell was placed in the middle 
of it (Figure 3C). At the end of induction time, 28 days culturing 
cells in sperm inducing medium, tail and head got more clear and 
cells were more similar to sperm morphology (Figure 3D).

Induction Experimental Results

Figure 3: A) Experimental group 1: 7 day cell culture in sperm - inductive medium. Nucleus was still concentrated in the 
central core of the cell with two appendages from both sides. B) Experimental group 2: 14 day cell culture in sperm - induc-
tive medium. Morphology of the cells had noticeable changes compared to primary cells. The nucleus of a cell was pulled at 
one end and got a small tail. C)  Experimental group 3: 21 day cell culture in sperm - inductive medium. During this week tail 
had become longer and the shape of the head has changed. D) Experimental group 4: 28 day cell culture in sperm - inductive 
medium. Tail and head was clear and cells were more similar to sperm morphology. Figures are zoomed after photography.
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	 Western blotting results of GPR125 protein that was 
used as a marker protein for spermatogonial cells, showed no 
expression of this protein in the first week of culture in terms 
of induction, but expression started from the second week of 
induction and showed a slight increase in the next weeks (Fig-
ure 4A). Results for two other proteins, VASA (Figure 4B) and 
DAZL (Figure 4C), were similar. In the control group GCs with-
out treatment for induction were used as negative control and, 
testis extract was considered as positive control.

	 In order to compare documents obtained by Western 
blotting, Image J software was used. Comparison of protein ex-
pression in different weeks showed that the expression of GPR125 
protein during four weeks was 0.125%, 12.96%, 17.08%, 25.07% 
respectively (Figure 5A). And the VASA protein expression in 
4 different times was respectively 0.73%, 17.924%, 19.378%, 
27.501% (Figure 5B). The results for DAZL protein were 0.79, 
17.10, 13.79, 22.69 respectively (Figure 5C). Numbers do not 
indicate the exact expression level of proteins and the basis for 
comparison between weeks in this software was considered the 
widths of the bands obtained from the western blotting analysis.

Western Blotting Analysis Image J Software Analysis 

Figure 4: Western blotting analysis: A) GPR125 protein expression analysis B) VASA protein analysis C) DAZL protein analy-
sis. Lane 1 to 4 was loaded with induced cell extract. W indicates for week and the index shows the time of induction. Granu-
losa cells extract without induction used as negative control  and murine testis extract used as positive control
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	 The importance of spermatogenesis process and its 
possible clinical application in the treatment of infertility, made 
many scientists to try to produce sperm in vitro. Although sperm 
production in men is a natural process in which various numbers 
of somatic cells are involved, producing healthy and functional 
sperm in vitro has been a goal of many scientists for about a cen-
tury. There were two reports on the differentiation of immature 
germ cells into haploid cells in 1990 [39,40]. Later in the 2002, 
it was reported that mouse spermatogonia typeA cells are able 
to differentiate up to haploid spermatid in the presence of stem 
cell factor (SCF) [41]. However, some undifferentiated germ cells 
were observed and there was no evidence about fertilization and 
embryo production ability of these cells. In humans have been re-
ported that Cells isolated from human testicular biopsy with pre-
meiotic arrest are able to differentiate to haploid germ cells when 
cultured for 48 hours [42]. These in vitro produced spermatids 
significantly showed conception ability and led to formation of a 
healthy baby after transplantation to receptive females [42].

	 In the present study, mesenchymal stem cell markers 
analysis showed that CD44 which has a role in cell migration 
and cell homing and also CD105, CD106, CD146 and CD166 
which all have the role in differentiation capacity of cells had 
high expression in the cells. Obtained results confirm previous 
findings. Since these cells show the properties of stem cells, their 
differentiation into sperm-like cells is likely. To evaluate the dif-
ferentiation potential of GCs to sperm like cells markers of dif-
ferent steps of spermatogenesis were analyzed. Gpr125 protein 
known as spermatogonial cell marker was used as a first marker 
of differentiation. Its expression from the second week showed 
that GCs have entered the spermatogenesis pathway. Expression 

ies have been based on differentiation of spermatogonial stem 
cells into sperm. Nayernia, et al. [34] reported successful dif-
ferentiation of embryonic stem cells to haploid mouse gamete 
[34]. However there is no report of human somatic cells ability 
to differentiate into haploid spermatid. Human granulosa cells 
are somatic cells that have stem cells characteristics. Oct-4 which 
its role in remaining self-renewing ability of stem cells and their 
pluripotency is known has expression in unfertilized oocytes 
[44]. According to the previous studies, cell surface markers 
CD29, CD90, CD44, CD105, CD117 and CD166 are expressed 
in GCs. These cells ability to differentiate into three types of cells 
including chondrocyte, osteoblast and neurons is also shown [8].

	 Recently on 2011 Sato, et al. [43] reported first success-
ful in vitro sperm production from immature germ cells. These 
scientists used organ culture and could produce healthy sperms 
that could fertilize the egg and led to pregnancy [43]. Most stud-

Discussion

Figure 5: Image J software analysis: A) GPR125 B) VASA C) DAZL
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	 Morphological analysis and expression of different sper-
matogenesis marker proteins indicates that, GCs can differentiate 
into sperm lineages and may exist new potentials in reproductive 
biology and clinical treatments. 

	 There is no conflict of interest that could be perceived as 
prejudicing the impartiality of the research reported.

	 This research did not receive any specific grant from any 
funding agency in the public, commercial or not-for-profit sector.

	 This study was conducted at the stem cell research center 
of ACECR (Academic center of Education, Culture and research). 
We wish to thank the staffs of this institute. We also thank Royan 
institute for their technical assistance. 

of VASA and DAZL proteins started from the second week and 
increased during the 2 other weeks. These proteins have the most 
expression before meiosis during spermatogenesis. These results 
indicate that differentiation could proceed until the meiosis stage 
of spermatogenesis and show the ability of GCs to differentiate 
into sperm like cells. Morphological adaptation of the produced 
cells with a normal sperm also confirmed obtained results [45].

Conclusion
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