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Abstract
Objective: The properties of self-renewal and division in spermatogonial stem cells (SSCs) 
support spermatogenesis. There is a number of reported methods for in vitro SSC culture 
systems. The development of a culture system that effectively supports isolation and self-
renewal of germline stem cells (GSCs) is of tremendous benefit for clinical trials, experimental 
research, and as potential treatment for male infertility. The current study aims to consider the 
cultivation and behavior of GSCs in a non-adherent culture system.

Materials and Methods: In this experimental study, we cultured testicular cells from neo-
natal mice in agarose coated plates in the presence of Dulbecco’s modified Eagle’s medium 
(DMEM) medium (CTRL group), 10% fetal bovine serum (FBS)+DMEM (10% group), and 
growth factor (G group) that contained 2% FBS, glial cell-derived neurotrophic factor (GDNF), 
epidermal growth factor (EGF), and fibroblast growth factor (FGF). Mouse spermatogonial 
stem-like colonies were isolated approximately 3 weeks after digestion of the testis tissue.  
After passages 2-3, the identity of the mouse spermatogonial stem-like cells was confirmed 
by immunocytochemistry, reverse transcription-polymerase chain reaction (RT-PCR), and 
flow cytometry against the germ cell markers α6, β1, c-Kit, Thy-1, c-Ret, Plzf, and Oct4. The 
statistical significance between mean values in different groups was determined by one-way 
analysis of variance (ANOVA).      
Results: We observed spermatogonial stem-like colonies in the G and 10% groups, but 
not the CTRL group. Immunocytochemistry, flow cytometry, and RT-PCR confirmed ex-
pressions of germ cell markers in these cells. In the spermatogonial stem-like cells, we 
observed a significant expression (P<0.05) of germ cell markers in the G and 10% groups 
versus the testis cells (T). Their proliferative and apoptotic activities were examined by 
Ki67 and PI/annexin V-FITC. Alkaline phosphatase assay showed that mouse spermato-
gonial stem-like colonies were partially positive.                     
Conclusion: A non-adherent culture system could provide a favorable method for in vitro 
short-term culture of spermatogonial stem-like cell colonies.           
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Introduction
The capability for self-renewal and differentiation 

enables spermatogonial stem cells (SSCs) to 
maintain spermatogenesis. During in vitro culture, 
SSCs can convert to pluripotent stem cells (1). 
Several research groups have reported SSC isolation 
and adherent culture. Useful methods to enrich 

SSCs include the use of extracellular matrices 
(ECM) such as laminin and collagen (2-5). It has 
been confirmed, that SSCs express α6- and β1-
Integrin surface markers that bind to laminin (6). 
In addition, we employed fluorescence-activated 
cell sorting (FACS) or magnetic-activated cell 
sorting (MACS) against a number of different 
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surface markers of α6 (CD49) and β1 (CD29) 
integrins (6, 7), CD9 (8), E-cadherin (9, 10), 
THY-1 (CD90) (11), and GFRa1 (12, 13), which 
are expressed on the cell surface of SSCs. Finally, 
a morphology-based selection of SSCs after the 
cultivation of total testicular cells on gelatin-
coated dishes (14-19)  may be more valuable 
in comparison to other methods and due to the 
typical cellular morphology of SSCs (aligned or 
chain). The feeder layer is considered one of the 
main factors for growing SSCs. Different feeder 
layers enable researchers to observe diverse 
effects in the maintenance of SSCs. Mouse 
embryonic fibroblast (MEF) feeders are currently 
used in most SSC cultivations (20, 21). Similarly, 
testicular feeders that contain CD34 positive cells 
(22), SIM mouse embryo-derived thioguanine 
and ouabain-resistant fibroblasts (STO), or 
Sertoli cells (23, 24) at the feeder cell line can 
support SSC proliferation (25, 26). 

While TM4 or SF7 somatic Sertoli cell lines 
reduced in vitro maintenance and the stem cell 
numbers of mouse male germline stem cells 
(GSCs)  (27), it has been demonstrated that Sertoli 
cells can support the short-term cultivation of 
SSCs (23, 26). Unlike ST2 and PA6 bone marrow 
stromal cell lines, the OP9 bone marrow stromal 
cell line positively affected SSC maintenance 
(27). The extracellular nanofibrillar matrix 
could also support the maintenance of mouse 
neonate SSCs during short-term cultivation (28, 
29). In addition, cultivatable SSCs in the feeder-
free culture could expand under serum-free 
conditions or without feeder cells on a laminin-
coated plate, however they did not expand in 
the absence of both serum- and feeder cells 
(3, 30). According to research, the germline 
potential decreased under serum- and feeder-
free culture conditions as determined by a lower 
SSC frequency after germline transplantation 
(31). Soluble growth factors could play a crucial 
role during the cultivation of SSCs, whereas  
the combination of growth factors, such as the 
glial cell-derived neurotrophic factor (GDNF), 
epidermal growth factor (EGF), and the basic 
fibroblast growth factor (bFGF) maintained 
SSCs in an undifferentiated state (32).

Suspension culture of embryonic stem cells has 
been reported. This culture system can support 

expansion, self-renewal, and pluripotency of 
pluripotent stem cells without their differentiation 
into embryoid bodies (33, 34). Floating aggregates 
in suspension culture express pluripotency markers 
and have the capability to differentiate into progeny 
of the three germ layers, both in vitro and in vivo 
(33). Larijani et al. (35) expanded pluripotent 
human embryonic stem cells (hESCs) and 
human-induced pluripotent stem cells (hiPSCs) in 
suspension aggregates by a simple, inexpensive and 
micro-carrier-free method. Similarly, according 
to research, a suspension culture of hESCs in 
the mTeSR medium is possible (36). However, 
as mentioned above, and although many studies 
have shown the in vitro culture of SSCs during an 
adherent culture system, limitations exist in terms 
of the maintenance of SSC self-renewal (37). In 
order to overcome this obstacle, the suspension 
culture system, which is known to have numerous 
advantages over adherent culture, has been used to 
cultivate germ cells (38, 39).

In the current study, we cultured digested 
testicular cells in a non-adherent culture plate 
coated with agarose in order to determine if 
neonatal testis germ cells had the capability to 
develop in a suspension culture. 

Materials and Methods
Isolation of mouse spermatogonial stem-like 
colonies

Royan Institutional Review Board and 
Institutional Ethical Committee (Tehran, 
Iran) approved the animal experiments. Male 
mouse pups (5-7 days old, NMRI mouse) 
were purchased from Pasteur Institute (Iran). 
Mice testes were collected in phosphate 
buffered saline (PBS, Invitrogen, USA). After 
decapsulation, the testes seminiferous tubules 
were minced into slight pieces in Dulbecco’s 
modified Eagle’s medium (DMEM, Invitrogen, 
USA). We used a one-step enzymatic digestion 
protocol to obtain a single cell suspension. In 
brief, dissociated testicular tissue was placed in 
a digestion solution that contained collagenase 
IV (0.8 mg/ml), DNAse (0.5 mg/ml) and 
dispase (0.8 mg/ml) in HBSS buffer with Ca2+ 
and Mg2+ (PAA, USA) at 37˚C for 10 minutes 
(Table 1). All enzymes were purchased from 
Sigma-Aldrich. Digestion enzymes were halted 
with 10% fetal bovine serum (FBS), and the 
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solution was pipetted to obtain a single cell 
suspension. After centrifugation, the specimens 
were washed with DMEM/F12, passed through 
a 70 μm nylon filter and centrifuged for 10 
minutes at 1500 rpm. The supernatant was 
removed and approximately 1×106 testicular 
cells were placed onto 10 cm2 tissue culture 
plates overlaid with 1% agarose. Cell viability 
was determined by the trypan blue exclusion 
assay. We divided the testicular cells into three 
groups for culture: i. Control (CTRL group) 
contained DMEM medium, ii. 10% FBS (10% 
group) contained DMEM medium+10% FBS, 
and iii. Growth factor (G group) that contained 
2% FBS, GDNF (40 ng/ml), EGF (20 ng/ml), 
and FGF (20 ng/ml). The isolated testicular cells 
were maintained at 37˚C in an atmosphere of 
5% CO2 in air for 21 days. The culture medium 
was changed every third day.

Freezing and thawing of spermatogonial stem 
cells 

The spermatogonial stem-like colonies were 
frozen in a cell freezing medium that consisted 
of 30% DMEM, 60% FBS and 10% dimethyl 
sulfoxide (DMSO). The cell pellets in the tube 
were re-suspended with a small volume of rest 
culture medium by gentle shaking. Then, 0.5-1 
ml of associated freezing medium were added to 
each vial, followed by a quick transfer of the vials 
into an isopropanol freezing container, which was 
placed into a -80˚C freezer. After 24 hours, the 
frozen vials were transferred to a liquid nitrogen 
tank. The cells were thawed after transfer to a pre-
warmed DMEM medium, centrifuged and placed 
in culture medium.

Immunofluorescence staining and alkaline 
phosphatase analysis 

The immunostaining was performed in a 24-well 
plate by direct attachment or after a single cell of 
spermatogonial stem-like colonies. The cultured 
cells were fixed with 4% paraformaldehyde (Sigma-
Aldrich, USA), then rinsed with PBS (Gibco, USA) 
and Tween20 (Sigma-Aldrich, USA). The cells were 
permeabilized by 0.2% Triton/PBS and blocked 
with 1% bovine serum albumin (BSA)/PBS. After 
removing the blocking solution, samples were 
incubated overnight with primary antibodies. After 
rinsing, the process was followed by incubation with 

species-specific secondary antibodies labeled with 
fluorescein isothiocyanate (FITC) fluorochrome 
(Table 1). Labeled cells were counterstained with 
0.2 µg/ml 4´, 6-diamidino-2-phenylindole (DAPI) 
for 3 minutes at room temperature and fixed with 
Mowiol® 4-88 reagent. Negative controls for all 
markers consisted of the samples without any primary 
antibody. A fluorescence microscope (Olympus, 
BX51, Japan) was utilized for the examination of 
labeled cells, and their depictions displayed by an 
Olympus D70 camera. The alkaline phosphatase 
assay was performed using a commercial kit (Sigma-
Aldrich, USA) as specified by the manufacturer.

Flow cytometric analysis
PBS supplemented with 2% fetal calf serum (FCS) 

served as a staining buffer for the implementation 
of the flow cytometric reactions. After analysis of 
cell viability by trypan blue dye exclusion, the cells 
were washed twice in staining buffer, fixed in 4% 
paraformaldehyde, and permeabilized in 0.5% Triton 
X-100 (Darmstadt, Germany). The nonspecific 
antibody binding was blocked by a combination of 
10% heat-inactivated goat serum in staining solution 
buffer. Approximately 1-1.5×105 cells per sample were 
utilized. The incubation of the cells was performed 
with suitable amounts of primary antibodies or 
isotype-matched controls (Dako, X0927, 1:100). The 
samples were placed in staining buffer and incubated 
for 30 minutes at 4˚C with species-specific amounts of 
secondary antibodies. We conducted flow cytometric 
analysis with a BD-FACS Calibur Flow Cytometer 
system after the spermatogonial stem-like cells were 
washed. All experiments were conducted in triplicate 
and data were subsequently analyzed with WinMDI 
(2.9) software.

Apoptosis assay
We utilized combined staining of FITC-

conjugated annexin V and propidium iodide (PI, 
IQP-116F) in order to examine for the presence 
of apoptosis and live spermatogonial stem-like 
cells. The harvested cells were washed with Ca2+ 
binding buffer [10 mM HEPES (pH=7.4), 140 mM 
NaCl, and 2.5 mM CaCl2], then re-suspended in 
100 μL of the same solution buffer that contained 
FITC-conjugated annexin V. After a 20-minute 
incubation in the dark at 4˚C, the cells were diluted 
with 400 μL of binding solution buffer. The final 
step was followed by the addition of PI prior to 
flow cytometric analysis. 
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Table 1: List of materials

Materials Company Cat. no Store

Anti mouse-Integrin α6 (CD49) R&D MAB 13501 -20

Anti mouse-Integrin β1 (CD29) R&D MAB 2405 -20

Anti mouse-c-Kit (CD117) R&D MAB1356 -20

Rabbit polyclonal c-Kit Abcam Ab16832 4

Rat monoclonal Thy-1 (CD90) Abcam Ab3105 4

Anti mouse monoclonal Plzf Santa cruze Sc-28319 4

Rabbit polyclonal Plzf Abcam Ab38739 -20

Rabbit polyclonal Ki67 Abcam Ab15580 -20

Anti mouse Oct-4 Santa cruze Sc-5279 4

Anti rabbit Oct-4 Cell signaling C30A3 -20

Goat anti Rat IgG-FITC Sigma F6258 -20

Goat anti rabbit IgG Texas Red Jackson 315075003 -20

Anti rabbit IgG HRP Santa cruze Sc-2301 4

Anti mouse IgG FITC Sigma F9006 -20

Goat anti rabbit IgG FITC Abcam Ab6717 -20

Sheep anti rabbit IgG Texas red Abcam Ab6793 -20

Goat anti rabbit IgG cy5 Abcam Ab6564 -20

Rabbit anti mouse IgG Texas Red Jackson 315-075-003 -20

Anti mouse IgM Sigma F9259 -20

GDNF Sigma G1777 -20

bFGF Sigma F0291 -20

rmEGF R&D 2028-EG -20

DNASE I Roche 10104159001 4

Collagenase IV Gibco 17104-019 4

Dispase Gibco 17105-041 4

PI Fluka 81845 4

collagenase Sigma C0130 -20

collagenase Sigma C1889 4
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RNA extraction and reverse transcription-
polymerase chain reaction

For reverse transcription-polymerase chain 
reaction (RT-PCR), the total RNA was extracted 
from the testes and cells cultured using the 
NucleoSpin® RNA II kit (Macherey-Nagel, 
Düren, Germany). Prior to the RT step, RNA 
samples were purified with DNase I (EN0521, 
Fermentas, USA) to remove contaminating 
genomic DNA. cDNA synthesis was performed 
using 2 µg total RNA, oligo (dT)18, and a 
RevertAidTM H Minus First Strand cDNA 
Synthesis Kit (K1622, Fermentas) as specified 
by the manufacturer. The PCR reactions were 
performed in single PCR tubes and carried 

out using a Mastercycler gradient machine 
(Eppendorf, Germany). The cDNA samples 
were subjected to PCR amplification by mouse 
specific primers designed from different exons 
(Table 2). The reaction conditions for all primers 
were as follows: initial denaturation at 94˚C for 
5 minutes followed by 30 cycles of denaturation 
at 94˚C for 30 seconds, annealing temperature 
at 59-70˚C for 45 seconds, extension time for 
45 seconds at 72˚C, and a final polymerization 
at 72˚C for 10 minutes. The PCR products were 
examined by 1.5% agarose gel electrophoresis, 
stained with ethidium bromide (10 µg/ml), 
then visualized and photographed on a UV 
transilluminator (UVIdoc, UK). 

Table 2: List of primers

Name Primer sequence (5ˊ-3ˊ) Product size Annealing 
TM (˚C)

α6-Intergrin F: CTC AGA ATA TCA AGC TCC CT
R: AAA CAC TAA TAG AGC CAG CA

148 60

β1-Integrin F: GAC ATT ACT CAG ATC CAA CCA
R: AGG TAG TAG AGA TCA ATA GGG T

115 60

c-kit/(CD117) F: CTA AAG ATG AAC CCT CAG CCT
R: GCA TAA CAC ATG AAC ACT CCA

142 60

Thy-1/CD90 F: CTC TCC TGC TCT CAG TCT TG
R: AGT TAT CCT TGG TGT TAT TCT CAT

119 60

Nanog F: CTG ATT CTT CTA CCA GTC CCA
R: AAA CCA GGT CTT AAC CTG CTT AT

235 60

Klf4 F: ACG ATC GTC GCC CCG GAA AAG GAC C
R: TGA TTG TGA TGC TTT CTG GCT GGG CTC C

 

Sox2 F: GCT GGG AGA AAG AAG AGG AG
R: ATC TGG CGG AGA ATA GTT GG

180 60

c-Myc F: GCC TAC ATC CTG TCC ATT CA
R: AAC CGT TCT CCT TAC TCT CA

 

GAPDH F: CAA CTC CCA CTC TTC CAC TT
R: GCA GCG AAC TTT ATT GAT GGT A

319 60

TM; Melting temperature.
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Ultrastructure of spermatogonial stem-like cell 
colonies

Spermatogonial stem-like cell colonies grown 
in the G and 10% groups were washed twice with 
PBS, pre-fixed with 2.5% buffered glutaraldehyde 
in 0.1 M PBS for 2 hours, then post-fixed with 
1% aqueous osmium tetroxide for 1.5 hours. After 
dehydration through an ascending ethanol series 
(30, 50, 70, 80, 90, and 100%), the samples were 
dried in an air-dryer, mounted on a stab, and gold-
coated using a sputter coater (EM/TECH, K 350, 
England). The samples were observed by scanning 
electron microscope (VEGA\TESCAN, Czech 
Republic).

Results

We sought to determine if testicular cells 
could form GSC colonies in a non-adherent 
culture system. In this study, approximately 
1×106  testicular cells obtained from NMRI 
strain pups were cultured on 10 cm2 tissue 
culture plates overlaid with 1% agarose. In 
this protocol, testicular cells divided into three 
groups (CTRL, G and 10%) were cultured for 
21 days (Fig.1A). We observed the formation 
of spermatogonial stem-like cell colonies in 
the G and 10% groups 7 days after cultivation 
in a non-adherent system (Fig.1B-D). In order 
to generate additional pure colonies and to 
decrease the amounts of single cells in the 
primary culture, we picked up spermatogonial 
stem-like cell colonies for further cultivation 
in new culture plates after trypsinization 
(Fig.1E). There were no spermatogonial stem-
like cell colonies observed in the CTRL group; 
however, these cells reconfigured in the G and 
10% groups after cryopreservation (Fig.1F). 
Electron micrograph analyses showed that 
spermatogonial stem-like cell colonies in the 
G and 10% groups had a similar morphology 
compared to SSCs in vivo, which localized 
on the basement membrane of seminiferous 
tubules and had a high nucleus/cytoplasm ratio 
(Fig.1G).

Spermatogonial stem-like cells were 

characterized by immunocytochemistry assays 
21 days after cultivation. Immunofluorescence 
staining proved that the colonies were positive 
for α6-Integrin, Plzf, Oct4, and c-Ret (Fig.2). 
Flow cytometry analysis of the cells 21 days 
after culture showed cells in isolated colonies 
that were positive for the surface markers α6-
Integrin, β1-Integrin, c-Kit, and Thy-1 (Fig.2E).  
We observed significantly higher expressions 
of α6-Integrin, c-Kit, and Thy-1 in the G and 
10% groups compared to the testis group (at 
least P<0.05). Similarly, the expressions of 
transcription factors Plzf and Oct4 resembled 
their expressions in the G and 10% groups 
(Fig.2F).

We sought to determine if spermatogonial 
stem-like cells in the non-adherent culture 
could play a role in the proliferation of cells 
in the colonies by conducting the Ki67 cell 
proliferation assay at 21 days after cultivation 
(Fig.3A). Immunofluorescence staining showed 
that colonies positive for Ki67 co-stained with 
β1-Integrin (Fig.3B). Flow cytometry analysis 
has confirmed the expression of Ki67 in the 
cells from isolated colonies in the G and 10% 
groups. Ki67 is a nuclear non-histone protein 
expressed during cell proliferation (40). A 
flow cytometry quantification for cells stained 
with annexin V indicated a large number of 
surviving cells and a few apoptotic cells in 
the G and 10% groups (Fig.3C). The alkaline 
phosphatase assay for spermatogonial stem-
like colonies in the G and 10% groups showed 
alkaline phosphatase expression after 21 days 
during suspension cultivation (Fig.3D). We 
also evaluated the mRNA expression of germ 
cell genes α6-Integrin, β1-Integrin, c-Kit, Thy-
1, Nanog, Klf4, Sox2, and c-Myc on isolated 
spermatogonial stem-like cells in the G, 10%, 
and control groups. We observed that α6-
Integrin, β1-Integrin, c-Kit, Thy-1, and c-Myc 
clearly expressed in all groups, whereas Klf4 
expressed in the G and 10% groups, but not in 
testis cells. We did not observe or could only 
observe a very low expression of Nanog and 
Sox2 in all groups (Fig.3E).
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Fig.1:  Generation of spermatogonial stem-like colonies. A. Protocol for the generation of spermatogonial stem-like colonies from mouse 
testis, B. Testis cells after: digestion, C. Culture on a non-adherent plate after 3 days, D. 7 days, E. Passage-3, F. Spermatogonial stem-like 
cell colonies form after cryopreservation, and G. Electron micrograph analysis for spermatogonial stem-like cell colonies.
FBS; Fetal bovine serum.
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Fig.2: Characterization of spermatogonial stem-like colonies. Immunocytochemistry results showed that spermatogonial stem-like 
colonies expressed germ cell markers: A. α6-Integrin, B. Oct4, C. Plzf, D. c-Ret, E. Flow cytometry analyses for expression of surface 
markers: α6-Integrin, β1-Integrin, c-Kit, and Thy-1 in the testis (T), 10%, and G groups, and F. Flow cytometry analyses for expressions of 
Oct4 and Plzf transcription factor in the 10% and G groups.
a; P<0.05 versus the T group and b; At least P<0.005 versus  the T group.

E F

A 1 A 2 A 3

B 1 B 2 B 3

C 1 C 2 C 3

D 1 D 2 D 3
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Fig.3: Characterization of spermatogonial stem-like colonies. A. Expression of Ki67 in the spermatogonial stem-like colonies, B. Double 
staining of Ki67 with β1-Integrin, C. Flow cytometry analysis for expression of Ki67 and also quantification for annexin V in isolated 
colonies from the G and 10% groups, D. Alkaline phosphatase assay for spermatogonial stem-like colonies in the G group, and E. mRNA 
expression of germ cell genes: α6-Integrin, β1-Integrin, c-Kit, Thy-1, Nanog, Klf4, Sox2, and c-Myc in the G, 10%, and testis groups.

A 1 A 2 A 3

B 1 B 2 B 3

C D
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Discussion
In this study, we reported the effect of a non-

adherent culture system on mouse testicular cells. 
The isolated spermatogonial stem-like cell colonies 
in a suspension culture expressed germ cell 
markers, and featured proliferation and survival 
characteristics. These phenomena possibly evinced 
an ideal culture system for analyzing differences 
in the testes niche microenvironment. Several 
reports demonstrated the beneficial influence of 
suspension culture for embryonic stem cells (33-
35, 41). We cultured mouse neonate testicular cells 
on tissue cultures coated with agarose in order to 
provide a non-adherent surface and to avoid the 
adhesion of testicular cells. As mentioned earlier, 
spermatogonial stem-like colonies did not form in 
the control group that lacked growth factors. The 
growth factors GDNF and either FGF2 or EGF 
have been shown to be essential for self-renewal, 
expansion, and differentiation of SSCs (21, 42). In 
our experiment, we did not observe any obvious 
differences between the 10% FBS and G groups 
during the short-term culture period. It seemed 
that spermatogonial stem-like colonies, which 
enriched in both groups, had the same germ cell 
gene expression patterns. Recently, researchers 
used suspension bioreactors for the enrichment of 
testicular germ cells (38, 39).

While it has been demonstrated that a low 
concentration of serum was beneficial for the 
short-term culture of goat SSCs Bahadorani et 
al. (43) showed that the long-term culture of 
SSCs depended on an slight increments of serum 
concentration.  Although a high concentration of 
serum in SSCs culture has been demonstrated (21, 
23, 27), Kanatsu-Shinohara et al. (20) presented 
a defined medium with growth factors and low 
percentage of FBS for short- and long-term 
SSC cultivation. We demonstrated that isolated 
spermatogonial stem-like cell colonies in both 
groups clearly expressed germ cell markers, 
which confirmed previous reports (44, 45). The 
GSCs expressed some transcription factors 
(Pou5f1, Sox2, c-Myc, and Klf4) usually required 
for reprogramming (46). In the spermatogonial 
stem-like colonies, we have observed a low 
expression of Nanog, which might be the cause of 
PTEN and TRP53 suppression (47). Plzf plays an 
important role in maintenance and proliferation 
of SSCs (48, 49).

We also observed that colonies in a non-adherent 
culture exhibited strong survival and proliferative 
characteristics (45, 50). It has been demonstrated 
by activation of specific signaling pathways that 
several factors are essential for the survival of 
cultured SSCs (51-53).

Conclusion
These results may prove that spermatogonial 

stem-like cell colonies do not only form in 
a non-adherent culture system, but that this 
system also supports the maintenance of cells by 
affecting expressions of associated genes. Another 
advantage of this culture method for testicular cells 
is the ability to analyze different growth factors 
and associated signaling pathways that concern 
spermatogonial stem-like cell colonies without 
directly affecting the ECM. ECM interactions lead 
to signal transduction mechanisms in the cells, 
regulating their fate and behavior. Therefore, the 
application of our non-adherent culture system or 
its combination with an adherent culture may be 
useful for future applications of testicular cells in 
stem cell therapy or regenerative medicine.

Acknowledgments
We would like to express our appreciation to our 

colleagues at Royan Institute for assistance with this 
project-Dr. Malak Shakeri, Dr. Morteza Koruji, and 
Hassan Rasouli. This work has been supported by 
Royan Institute and the Center for International Sci-
entific Studies and Collaboration (CISSC). There is 
no conflict of interest in this study.

References
1. Azizi H, Conrad S, Hinz U, Asgari B, Nanus D, Peterziel 

H, et al. Derivation of pluripotent cells from mouse SSCs 
seems to be age dependent. Stem Cells Int. 2016; 2016: 
8216312.

2. Conrad S, Renninger M, Hennenlotter J, Wiesner T, Just 
L, Bonin M, et al. Generation of pluripotent stem cells from 
adult human testis. Nature. 2008; 456(7220): 344-349.

3. Kanatsu-Shinohara M, Miki H, Inoue K, Ogonuki N, 
Toyokuni S, Ogura A, et al. Long-term culture of mouse 
male germline stem cells under serum-or feeder-free con-
ditions. Biol Reprod. 2005; 72(4): 985-991.

4. Conrad S, Azizi H, Hatami M, Kubista M, Bonin M, Hen-
nenlotter J, et al. Differential gene expression profiling of 
enriched human spermatogonia after short- and long-term 
culture. Biomed Res Int. 2014; 2014: 138350. 

5. Sadri-Ardekani H, Mizrak SC, van Daalen SK, Korver 
CM, Roepers-Gajadien HL, Koruji M, et al. Propagation 
of human spermatogonial stem cells in vitro. JAMA. 2009; 
302(19): 2127-1234.

6. Shinohara T, Avarbock MR, Brinster RL. beta1- and al-



          CELL JOURNAL(Yakhteh), Vol 19, No 2, Jul-Sep (Summer) 2017 248

Spermatogonial Cell Floating Culture

pha6-integrin are surface markers on mouse spermato-
gonial stem cells. Proc Natl Acad Sci USA. 1999; 96(10): 
5504-5509.

7. de Barros FR, Worst RA, Saurin GC, Mendes CM, As-
sumpção ME, Visintin JA. α-6 integrin expression in bo-
vine spermatogonial cells purified by discontinuous Per-
coll density gradient. Reprod Domest Anim. 2012; 47(6): 
887-890. 

8. Kanatsu-Shinohara M, Toyokuni S, Shinohara T. CD9 is 
a surface marker on mouse and rat male germline stem 
cells. Biol Reprod. 2004; 70(1): 70-75.

9. Zhang Y, Su H, Luo F, Wu S, Liu L, Liu T, et al. E-cadherin 
can be expressed by a small population of rat undifferenti-
ated spermatogonia in vivo and in vitro. In Vitro Cell Dev 
Biol Anim. 2011; 47(8): 593-600.

10. Tokuda M, Kadokawa Y, Kurahashi H, Marunouchi T. 
CDH1 is a specific marker for undifferentiated spermato-
gonia in mouse testes. Biol Reprod. 2007; 76(1): 130-141.

11. Reding SC, Stepnoski AL, Cloninger EW, Oatley JM. 
THY1 is a conserved marker of undifferentiated spermato-
gonia in the pre-pubertal bull testis. Reproduction. 2010; 
139(5): 893-903.

12. Hofmann MC, Braydich-Stolle L, Dym M. Isolation of male 
germ-line stem cells; influence of GDNF. Dev Biol. 2005; 
279(1): 114-124.

13. Nagai R, Shinomura M, Kishi K, Aiyama Y, Harikae K, Sato 
T, et al. Dynamics of GFRalpha1-positive spermatogonia 
at the early stages of colonization in the recipient testes of 
W/W(nu) male mice. Dev Dyn. 2012; 241(8): 1374-1384.

14. Guan K, Wolf F, Becker A, Engel W, Nayernia K, Hasen-
fuss G. Isolation and cultivation of stem cells from adult 
mouse testes. Nat Protoc. 2009; 4(2): 143-154.

15. Ko K, Arauzo-Bravo MJ, Kim J, Stehling M, Scholer HR. 
Conversion of adult mouse unipotent germline stem cells 
into pluripotent stem cells. Nat Protoc. 2010; 5(5): 921-
928.

16. Ko K, Tapia N, Wu G, Kim JB, Bravo MJ, Sasse P, et al. 
Induction of pluripotency in adult unipotent germline stem 
cells. Cell Stem Cell. 2009; 5(1): 87-96.

17. Grisanti L, Falciatori I, Grasso M, Dovere L, Fera S, Mu-
ciaccia B, et al. Identification of spermatogonial stem cell 
subsets by morphological analysis and prospective isola-
tion. Stem Cells. 2009; 27(12): 3043-3052.

18. Ogawa T, Ohmura M, Tamura Y, Kita K, Ohbo K, Suda 
T, et al. Derivation and morphological characterization of 
mouse spermatogonial stem cell lines. Arch Histol Cytol. 
2004; 67(4): 297-306.

19. Tavakolifar F, Shahverdi A, Pirouz M, Shakeri M, Koruji 
M, Baharvand H. Comparison of neonatal and adult mice-
derived sertoli cells in support of expansion of mouse 
spermatogonial stem cells in vitro. Int J Fertil Steril. 2012; 
5(4): 217-224.

20. Kanatsu-Shinohara M, Ogonuki N, Inoue K, Miki H, Ogura 
A, Toyokuni S, et al. Long-term proliferation in culture and 
germline transmission of mouse male germline stem cells. 
Biol Reprod. 2003; 69(2): 612-616.

21. Kubota H, Avarbock MR, Brinster RL. Growth factors es-
sential for self-renewal and expansion of mouse sper-
matogonial stem cells. Proc Natl Acad Sci USA. 2004; 
101(47): 16489-16494.

22. Seandel M, James D, Shmelkov SV, Falciatori I, Kim J, 
Chavala S, et al. Generation of functional multipotent 
adult stem cells from GPR125+ germline progenitors. Na-
ture. 2007; 449(7160): 346-350.

23. Koruji M, Movahedin M, Mowla SJ, Gourabi H, Arfaee AJ. 
Efficiency of adult mouse spermatogonial stem cell colony 
formation under several culture conditions. In Vitro Cell 
Dev Biol Anim. 2009; 45(5-6): 281-289.

24. Nasiri Z, Hosseini SM, Hajian M, Abedi P, Bahadorani M, 
Baharvand H, et al. Effects of different feeder layers on 
short-term culture of prepubertal bovine testicular germ 
cells in-vitro. Theriogenology. 2012; 77(8): 1519-1528. 

25. Oatley JM, Avarbock MR, Brinster RL. Glial cell line-de-
rived neurotrophic factor regulation of genes essential 
for self-renewal of mouse spermatogonial stem cells is 
dependent on Src family kinase signaling. J Biol Chem. 
2007; 282(35): 25842-25851.

26. Mohamadi SM, Movahedin M, Koruji SM, Jafarabadi MA, 
Makoolati Z. Comparison of colony formation in adult 
mouse spermatogonial stem cells developed in Sertoli 
and STO coculture systems. Andrologia. 2012; 44 Suppl 
1: 431-437.

27. Nagano M, Ryu BY, Brinster CJ, Avarbock MR, Brinster 
RL. Maintenance of mouse male germ line stem cells in 
vitro. Biol Reprod. 2003; 68(6): 2207-2214.

28. Shakeri M, Kohram H, Shahverdi A, Shahneh AZ, Tava-
kolifar F, Pirouz M, et al. Behavior of mouse spermatogo-
nial stem-like cells on an electrospun nanofibrillar matrix. 
J Assist Reprod Genet. 2013; 30(3): 325-332.

29. Eslahi N, Hadjighassem MR, Joghataei MT, Mirzapour T, 
Bakhtiyari M, Shakeri M, et al. The effects of poly L-lactic 
acid nanofiber scaffold on mouse spermatogonial stem 
cell culture. Int J Nanomedicine. 2013; 8: 4563-4576.

30. Kanatsu-Shinohara M, Ogonuki N, Matoba S, Morimoto 
H, Ogura A, Shinohara T. Improved serum- and feeder-
free culture of mouse germline stem cells. Biol Reprod. 
2014; 91(4): 88.

31. Kanatsu-Shinohara M, Inoue K, Ogonuki N, Morimoto H, 
Ogura A, Shinohara T. Serum- and feeder-free culture of 
mouse germline stem cells. Biol Reprod. 2011; 84(1): 97-105.

32. Heidari B, Rahmati-Ahmadabadi M, Akhondi MM, Zarnani 
AH, Jeddi-Tehrani M, Shirazi A, et al. Isolation, identifica-
tion, and culture of goat spermatogonial stem cells using 
c-kit and PGP9.5 markers. J Assist Reprod Genet. 2012; 
29(10): 1029-1038.

33. Steiner D, Khaner H, Cohen M, Even-Ram S, Gil Y, It-
sykson P, et al. Derivation, propagation and controlled dif-
ferentiation of human embryonic stem cells in suspension. 
Nat Biotechnol. 2010; 28(4): 361-364.

34. Amit M, Chebath J, Margulets V, Laevsky I, Miropolsky Y, 
Shariki K, et al. Suspension culture of undifferentiated hu-
man embryonic and induced pluripotent stem cells. Stem 
Cell Rev. 2010; 6(2): 248-259.

35. Larijani MR, Seifinejad A, Pournasr B, Hajihoseini V, Has-
sani SN, Totonchi M, et al. Long-term maintenance of un-
differentiated human embryonic and induced pluripotent 
stem cells in suspension. Stem Cells Dev. 2011; 20(11): 
1911-1923.

36. Singh H, Mok P, Balakrishnan T, Rahmat SN, Zweigerdt 
R. Up-scaling single cell-inoculated suspension culture of 
human embryonic stem cells. Stem Cell Res. 2010; 4(3): 
165-179.

37. Huleihel M, Abuelhija M, Lunenfeld E. In vitro culture of 
testicular germ cells: regulatory factors and limitations. 
Growth Factors. 2007; 25(4): 236-252.

38. Sakib S, Dores C, Rancourt D, Dobrinski I. Use of stirred 
suspension bioreactors for male germ cell enrichment. 
Methods Mol Biol. 2016; 1502: 111-118.

39. Dores C, Rancourt D, Dobrinski I. Stirred suspension bio-
reactors as a novel method to enrich germ cells from pre-
pubertal pig testis. Andrology. 2015; 3(3): 590-597.

40. Schlüter C, Duchrow M, Wohlenberg C, Becker MH, Key 
G, Flad HD, et al. The cell proliferation-associated antigen 
of antibody Ki-67: a very large, ubiquitous nuclear protein 
with numerous repeated elements, representing a new 
kind of cell cycle-maintaining proteins. J Cell Biol. 1993; 



CELL JOURNAL(Yakhteh), Vol 19, No 2, Jul-Sep (Summer) 2017 249

Azizi et al.

123(3): 513-522.
41. Krawetz R, Taiani JT, Liu S, Meng G, Li X, Kallos MS, et 

al. Large-scale expansion of pluripotent human embryonic 
stem cells in stirred-suspension bioreactors. Tissue Eng 
Part C Methods. 2010; 16(4): 573-582.

42. Carlomagno G, van Bragt MP, Korver CM, Repping S, 
de Rooij DG, van Pelt AM. BMP4-induced differentiation 
of a rat spermatogonial stem cell line causes changes 
in its cell adhesion properties. Biol Reprod. 2010; 83(5): 
742-479.

43. Bahadorani M, Hosseini SM, Abedi P, Hajian M, Hos-
seini SE, Vahdati A, et al. Short-term in-vitro culture of 
goat enriched spermatogonial stem cells using different 
serum concentrations. J Assist Reprod Genet. 2012; 
29(1): 39-46.

44. Rastegar T, Minaee MB, Habibi Roudkenar M, Raghardi 
Kashani I, Amidi F, Abolhasani F, et al. Improvement of 
expression of alpha6 and beta1 integrins by the co-culture 
of adult mouse spermatogonial stem cells with SIM mouse 
embryonic fibroblast cells (STO) and growth factors. Iran J 
Basic Med Sci. 2013; 16(2): 134-139.

45. Shakeri M, Kohram H, Shahverdi A, Shahneh AZ, Tava-
kolifar F, Pirouz M, et al. Behavior of mouse spermatogo-
nial stem-like cells on an electrospun nanofibrillar matrix. 
J Assist Reprod Genet. 2013; 30(3): 325-332.

46. Kanatsu-Shinohara M, Lee J, Inoue K, Ogonuki N, Miki H, 
Toyokuni S, et al. Pluripotency of a single spermatogonial 
stem cell in mice. Biol Reprod. 2008; 78(4): 681-687.

47. Kuijk EW, van Mil A, Brinkhof B, Penning LC, Colen-

brander B, Roelen BA. PTEN and TRP53 independently 
suppress Nanog expression in spermatogonial stem cells. 
Stem Cells Dev. 2010; 19(7): 979-988.

48. Costoya JA, Hobbs RM, Barna M, Cattoretti G, Manova K, 
Sukhwani M, et al. Essential role of Plzf in maintenance of 
spermatogonial stem cells. Nat Genet. 2004; 36(6): 653-659.

49. Mu H, Li N, Wu J, Zheng L, Zhai Y, Li B, et al. PLZF-In-
duced Upregulation of CXCR4 promotes dairy goat male 
germline stem cell proliferation by targeting Mir146a. J 
Cell Biochem. 2016; 117(4): 844-852.

50. Steger K, Aleithe I, Behre H, Bergmann M. The prolifera-
tion of spermatogonia in normal and pathological human 
seminiferous epithelium: an immunohistochemical study 
using monoclonal antibodies against Ki-67 protein and 
proliferating cell nuclear antigen. Mol Hum Reprod. 1998; 
4(3): 227-233.

51. Zhang Y, Wang S, Wang X, Liao S, Wu Y, Han C. Endog-
enously produced FGF2 is essential for the survival and 
proliferation of cultured mouse spermatogonial stem cells. 
Cell Res. 2012; 22(4): 773-776.

52. Tian R, Yang S, Zhu Y, Zou S, Li P, Wang J, et al. VEGF/
VEGFR2 Signaling Regulates Germ Cell Proliferation in 
vitro and Promotes Mouse Testicular Regeneration in 
vivo. Cells Tissues Organs. 2016; 201(1): 1-13.

53. Guo Y, Liu L, Sun M, Hai Y, Li Z, He Z. Expansion and 
long-term culture of human spermatogonial stem cells via 
the activation of SMAD3 and AKT pathways. Exp Biol Med 
(Maywood). 2015; 240(8): 1112-1122.


