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Abstract 

Background: As condition and component of culture determine fate map of 

spermatogonial stem cells (SSCs), the aim of this study was to evaluate of growth 

factors GDNF, LIF and RA on proliferation and differentiation of SSC. 

Materials and Methods: SSCs were cultured in two groups: The first group 

GDNF and LIF and the second group RA. The number of clumps and colony 

formation was monitored during 1 month in culture. To identification of the 

colony, stained with PLZF using immunostaining. Pluripotency gene Oct 4 and 

neural markers MAP2, NeuroD and Nestin were analyzed by RT-PCR.   

Results: In the presence of GDNF and LIF, cells proliferated rapidly and many 

compact clumps were appeared whereas after exposure to RA cells formed small 

clumps. The results of immunocytochemistry shows PLZF was detected in the 

group GDNF & LIF. RT-PCR showed high level expression Oct 4 in the group 

GDNF and LIF whereas neural markers MAP2, NeuroD and Nestin were 

expressed in the group RA.  

Conclusions: GDNF and LIF are essential for self-renewal and colony formation 

of SSCs that confirm the stem cells activity of these cells but RA inhibits stem cell 

activity of SSCs and induces neural differentiation of these. 
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Introduction  

Spermatogonia stem cells (SSCs) are a unique 

population of gremline stem cells in testis that has 

proliferation and self-renewal activity as well as 

genetic transfer using spermatogenesis (1). Recently, 

in vitro differentiation of SSCs has attracted wide 

interest as an experimental model for understanding 

developmental pathways and mechanisms. Also, the 

isolation of SSCs has raised the possibility that in 

vitro differentiation may provide a novel source of 

cells for medical treatment.  

Early work on mouse SSCs in vitro differentiation 

was performed by some researchers. These 

experiments proved that the SSCs are responds to 

culture conditions (2-4). It seems that undefined 

component of culture determined the fate map of 

SSCs whether they are cells that has proliferation and  

 

 

 

 

 

 

self-renewal activity or they are the cells with 

differentiation activity (1-2). The survival growth and 

differentiation of SSCs depends on the culture 

conditions; for example several growth factors are 

essential for SSCs proliferation and colony formation 

(2-5). Identification of specific growth factors for 

expansion of SSCs in vitro has been investigated in 

many laboratories (4-5).  Some investigators reported 

that glial cell line-derived neurotropic factor (GDNF) 

is an essential component for propagation of SSCs by 

preventing them of apoptosis as well as its 

combination with other growth factors elicits effect. 

These growth factors with variable range of 

biological actions in different tissues mediate 

activation of intracellular pathway (6-9) and an act 

synergistically to support in vitro expansion of SSCs 
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(10). In contrast, new research showed that 

transdifferentiation of SSCs into various cell types 

including ectodermal layer (neuroprogenitor, neuron 

and glial cells), mesodermal layer (cardiomyocyte 

and skeletal muscles) and endodermal layer 

(hepatocyts) (11-15). Since the effect of culture 

conditions component in proliferation or 

differentiation of SSCs, the objection of this study 

was to evaluation the effect of growth factors GDNF 

and Leukemia Inhibitory Factor (LIF) as well as 

inducer retinoic acid (RA) or proliferation or 

differentiation of SSCs. The growth factors of GDNF 

and LIF were added and hypothesis that stem cell 

activity and colony formation of SSCs could be sustain 

in this system in comparison with the addition of RA. 

 

Materials and Methods 

Collection and in vitro culture of spermatogonia cells  

Neonatal NMRI mice (2-4 days old, n=5 per each 

group) were used. Testis cells suspension were 

collected from each mouse following enzymatic 

digestions and purification steps. After decapsulation 

of the testis, tissue was mechanically dissected and 

dissociated via a two-step mechanical and enzymatic 

digestion with DMEM medium which contained; 0.5 

mg/ml collagenase-dispase, 0.5 mg/ml trypsin and 

0.05 mg/ml DNase, (with shaking and pipeting) at 37 

°C for 30-45 minute (min). Enzymes were purchased 

from Sigma Company (Sigma, St. Louis, MO, USA). 

Clumps of cells remained of this treatment (a mixture 

of spermatogonia and sertoli cells) were centrifuged 

and washed twice and fresh medium was added. The 

Sertoli cells were isolated from spermatogonia cells 

according a procedure described by Scarpino (16). 

Briefly, Petri dishes were coated with a solution of 5 

µg/ml of datura stramonium agglutinin (DSA; Sigma, 

USA) in phosphate-buffered saline (PBS) for 30 min. 

The mixture population of the cells was incubated in 

lectin-coated dishes for 1 hour (hr). Then non 

adherent cells (spermatogonia cells) were collected 

and cultured in Dulbecco’s modified Eagle’s medium 

(DMEM) (Invitrogen) supplemented with 15% FBS, 

1 mM L glutamine (Invitrogen), 0.1 mM nonessential 

amino acids (Invitrogen), 0.1 mM-mercaptoethanol at 

37 °C and 5% CO2, in a humidified atmosphere. The 

cells were divided in three groups. The first group 

which received GDNF and LIF (experimental 1), the 

second group which received RA (experimental 2) 

and control group which received no growth factors. 

The cells were cultured for one month and monitored 

every day and their medium was changed twice a 

week.  
 

Morphological evaluation of colonies  

Evaluation of SSCs derived colonies was started after 

4 days of culture and carried on every seven days 

during one month culture by inverted microscopic 

and the numbers of colonies were determined in each 

groups. Results from three separate experiments were 

used to calculated means ±SD. During this period, the 

cellular morphology and the ability of colony 

formation were evaluated and compared between 

mentioned groups. 

 

Alkaline phosphates (ALP) activity 

ALP reaction as a marker of SSCs was evaluated in 

our study. For detection of ALP activity in colonies, 

the Spermatoginial derived cell colonies were washed 

three times in PBS and were fixed in a solution 

containing 2.5 ml citrate, 6.5 ml acetone and 0.6 ml 

formaldehyde in distilled water for 30 min at room 

temperature (RT) and incubated in a solution 

containing 0.5 mg/ml Fast Red Violet (Sigma) and 40 

μl/ml α-naphthol phosphate (0.25% solution) for 30 

min. The ALP activity of these colonies was 

observed using light microscopy (17). 

 
Table 1. Quantitative RT-PCR Primer Sequences. 

Gene 
 

Primer(forward/reverse) 
 

Significance 

GAPDH 

 

5'- ACCACAGTCCATGCCATAC-3' 
5' - TCCACCACCCTGTTGCTGTA-3' 

 

Internal Control                                                                                                                                                                                                                                                                     

Oct-4                                        

 

5'- GTTCTCTTTGGAAAGGTGTTC-3' 

5'- GCATATCTCCTGAAGGTTCTC-3' 
 

Pluripotency marker 

MAP2 

 

5'- AATAGACCTAAGCCATGTGACATCC-3' 

5'- AGAACCAACTTTAGCTTGGGCC-3' 

 

Neuroprogenitor marker 

NeuroD 
 

 

5'- AAGCACCAGATGGCACTGTC-3' 
5'- CAGGACTTGCATTCGATACAC-3' 

 

Neuroprogenitor marker 

Nestin   

 

5'- AGTGTGAAGGCAAAGATAGC-3' 

5'- TCTGTCAAGATCGGGATGGG-3'   
 

Neuroprogenitor marker 
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Immunocytochemical evaluation 

The colony cells in each group were washed with 

PBS and fixed in 4% parformaldehyde (PFA) for 30 

min at RT. Fixed cells were permeabilized with 0.2% 

Triton X-100 for 10 min at RT followed by three 

washes with PBS. To block unspecific binding of the 

antibody, the cells were incubated with 10 % goat 

serum for 30 min at RT. The cells were incubated 

with primary antibody promyelocytic leukemia zinc-

finger (PLZF, Rabbit polyclonal IgG, ab39354, 

abcam system) which diluted 1:200 in PBS/1% 

bovine serum albumin (BSA) for overnight (O/N) at 

4°C. Further incubation with the secondary antibody 

Phycoerythrin (PE) -conjugated Donkey polyclonal 

secondary antibody to Rabbit IgG (ab7007, abcam 

system) was performed for 45 min at RT in dark and 

the cells were washed three times in PBS. Nuclei 

were detected by DAPI (sigma) staining. Images 

were captured with an Olympus phase contrast 

microscope (BX51, Olympus, Tokyo, Japan) (18-19). 

 

 
 
Figure 1. The number of clumps in D2 to D14 in GDNF & LIF 

group, RA group and control group. Asterisks represent 
significance. 

 

RNA isolation and RT-PCR Analysis 

The colony cells were collected at the designated 

periods of the culture by aspiration into an eppendorf 

tube, centrifuged, and the supernatant discarded. 
Total RNA was extracted using the qiazol lyses reagent 
(Qiagen) according to the manufacturer’s instructions. 

Total RNA was quantified and 5 μg was used for 

cDNA synthesis using random primers (Fermentas) 

under standard conditions. RT-PCR amplifications 

were conducted for 3 minutes at 95 °C (95 °C, 30 

seconds; 60 °C, 45 seconds; and 72 °C, 45 seconds) 
for 40 cycles and 72 °C for 7 min for the final extension. 
Primer sequences are shown in table 1 (20-22). 

 

Statistical analysis 

Quantitative data was expressed as mean plus or 

minus SEM from at least three experiments. ANOVA 

was used for statistical analysis with P values less 

than 0.05 which was significant. 

Results 

In vitro proliferation and colonization ability of SSCs 

cultured in different condition mediums 

Our results showed in the presence of GDNF and 

LIF, SSCs proliferated greater than those cultured 

exposure with RA. Addition of growth factors GDNF 

and LIF to the culture medium increased significant 

expansion of the germ cell clumps in compare to RA 

(Figure 1). These slightly attached clump-like 

structures (≥10 cells) on the bottom of dishes were 

appeared 2 days after seeding. The clumps were 

dissociated by trypsinization and then re-plated every 

2 weeks using the same medium. In addition after 

each subculture cells divided and regenerated clumps 

again, whereas after exposure to RA cells formed 

small clumps, that gradually disappeared after 

subsequent subculture (Figure 1). 

In the presence of GDNF and LIF, approximately 1 × 

106 colonies (mean ± SEM, n = 5) formed after one 

month of culture but no colony was observed in 

cultures exposure to RA (Figure 2). Also the colony 

formation that is a criterion proves stem cell activity 

was gradually disappeared without GDNF and LIF 

(Figure 2).  

 

 
 
Figure 2. The number of colonies in D2 to D14 in GDNF & LIF 

group, RA group and Control Asterisks represent significance. 

 

These evidences show that the growth factors GDNF 

and LIF are essential for proliferation and 

colonization of SSCs. 

 

ALP reactivity 

The colonies appeared in group treated GDNF & LIF 

show ALP reactivity (Figure 3). 

 

Immunocytochemistry staining 

The results of immunocytochemistry staining shows 

that PLZF, which is a nuclear marker for SSCs, was 

detected in the group received GDNF & LIF (Figure 

4C and 4F). 
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Expression of subset of spermatogonia gene (Oct4) 

and neural genes (NeuroD, MAP2 and Nestin) in 

SSCs cultured in different condition medium 

The results of RT-PCR evaluation showed high level 

expression of pluripotency gene Oct 4 in the group 

which received GDNF and LIF, whereas this gene 

has no expression in the cells exposured to RA. 

Furthermore to confirm neural characteristic of 

differentiated cells after treatment with RA, we 

investigated and detected sharp bands of some neural 

markers microtubule-associated protein 2 (MAP2), 

NeuroD and Nestin in these cells, whereas 

approximately no neural gene expression were 

detected in the group treated with GDNF and LIF 

(Figure 5).  

 

 
Figure 3. SSCs colonies are positive to ALP staining which treated 

with GDNF and LIF. 

 

Discussion 

The culture conditions and components can affect the 

maintenance of stem cell pluripotency or limit 

potential of SSCs to pluripotency. This makes 

valuable model which clear the molecular and 

cellular events that occur in male germ stem cells 

development and it is useful in therapeutic strategies 

for treatment of male infertility (7, 17, 23). 

Furthermore, recent researches show another new 

differentiation activity of SSCs into all three germ 

layers including ectodermal, mesodermal and 

endodermal layers (13, 15, 24-25). Generation of 

pluripotent stem cells which has differentiated 

activity from both neonatal and adult SSCs is proved 

by Shinohara and Guan (25-26). The condition 

culture described in our research evaluated the 

individual growth factors (GDNF and LIF) for SSCs 

proliferation and furthermore, we compare it with 

differentiation culture conditions using RA. The 

effect of different growth factors on SSCs 

proliferation was reported by some investigators for 

example Kubota demonstrated that GDNF increased 

SSCs proliferation (23, 27-28). These results are the 

same as Nagano reported similar finding in SSCs 

culture exposure to GDNF (10). Similar results have 

obtained from in vitro culture of SSCs from other 

species so, in our research we culture SSCs with 

growth factors GDNF and LIF. LIF used in our 

research has a notable value in germ cell 

development and function (4, 19, 29). The other 

factor which used to enhance proliferation activity of 

SSCs was GDNF, proposed to be an important 

growth factor for communication between 

spermatogonia and sertoli cells that promotes the 

proliferation of undifferentiated spermatogonia both 

in vitro and in vivo (7, 30-31). 

 

 
Figure 4. Expression of PLZF protein in group that received 

GDNF and LIF was analyzed by Immunocytochemistry. (A) PLZF 
(red), (B) Nuclei were stained by DAPI (blue) and (C) merged, 

magnification is × 10. (D) PLZF (red), (E) Nuclei DAPI (blue) and 

(F) merged, magnification is × 40. Scale bars: 20 μm. 

 

Several recent studies have demonstrated that GDNF 

is an important factor for promoting spermatogonial 

self-renewal and that its receptor GFRA1 is 

expressed on undifferentiated spermatogonia, 

possibly including SSCs .(17-19, 30). 

The combination of GDNF and LIF very used to 

optimize a culture condition media to support 

proliferation and self-renewal in SSCs for generation 

of high percentage of colonies (9). Our resulted 

showed that this mentioned growth factors provide a 

useable environment for proliferation and colony 

formation of SSCs. In our experiment some criteria 

such as; morphology and alkaline phosphates activity 

were utilized as parameter for colony 

characterization, in addition germ cells specific 

marker detection was carried out using PLZF 

immunocytochemistry techniques. Also the stem cell 

activity characteristic of SSCs colonies was 

confirmed by the expression of Oct4 gene in 

molecular level. 

In contrast no colony was appeared in the group 

received RA and cells showed some morphological 

changes seems they differentiated into neural cells 

with long numerous process. The neural 

differentiation was confirmed by morphological 

changes and expression of some specific neural genes 

such as NeuroD, MAP2 and Nestin. In addition the 

expression of pluripotency gene (Oct4) in the 
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differentiated cells was not expressed which confirms 

the reduction of undifferentiated characteristic of this 

cells. In fact Oct4 has been shown to function as core 

transcription factor in maintain self-renewal of 

embryonic stem cells and SSCs. 

 

 
 
Figure 5. Reverse transcription–polymerase chain reaction (RT-
PCR) for markers of Oct4 (O), MAP2 (M), NeuroD (ND) and 

Nestin (N). (A) RNA was prepared from the group that received 

GDNF and LIF (Exp1). (B) RNA was prepared from group that 
received RA (Exp2). GAPDH served as an internal mRNA control. 

 

This data is similar to previous results that reported 

the differentiation of SSCs into different lineage 

specifically neural precursor under the define culture 

conditions (13, 15, 32-33). Mizrak et al mentioned 

that culture conditions support the differentiation of 

SSCs (14). In a study by Glaser, the positive effect of 

RA was reported in neural differentiation of SSCs 

(26, 33). 

 Conclusion: Based on the result obtained in our 

research, using GDNF and LIF was effective in 

proliferation and colony formation, in other word in 

comparison with control group the addition of GDNF 

and LIF leads to a large compact colonies whereas in 

cells treated with RA there was small colonies 

disappeared gradually during subculture. This finding 

is an agreement with that reported by how 

demonstrated effects of growth factors on colony 

formation of SSCs.  
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