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Abstract 
Background: Spermatogonial stem cells are subpopulation of spermatogonial cells 
in testis tissue that support beginning and maintenance of spermatogenesis. Ubiquitin 
carboxy-terminal hydrolase L1 (UCHL1) could be a specific marker for identifica-
tion of spermatogonial stem cells including spermatogonial sperm cells (SSCs) in 
testis tissue and during the culture; therefore we undertook this study to culture these 
human testicular stem cells (hTSCs) in vitro and approved the presence of human 
testicular stem cells (hTSCs) by UCHL1, also known as PGP9.5. 
Methods: Enzymatic digestion of human testicular biopsies was done by colla-
genase IV (4 mg/ml) and trypsin (0.25%). Differential plating of testicular cells in 
DMEM/F12 and 10% FBS was applied for 16 hr. Floating cells were collected and 
transferred onto laminin-coated plates with Stem-Pro 34 media supplemented with 
growth factors of GDNF, bFGF, EGF and LIF to support self-renewal divisions; tes-
ticular stem cell clusters were passaged every 14 days for two months. Spermato-
gonial cells propagation was studied through Expression of UCHL1 in testis tissue 
and the entire testicular stem cell culture.  
Results: Testicular stem cell clusters from 10 patients with obstructive azoospermia 
were cultured on laminin-coated plates and subsequently propagated for two months. 
The average of harvested viable cells was approximately 89.6%. UCHL1 was ex-
pressed as specific marker in testicular stem cells entire the culture.  
Conclusion: Human testicular stem cells could be obtained from human testicular 
tissue by a simple digestion, culturing and propagation method for long-term in vitro 
conditions. Propagation of these cells approved by specific marker UCHL1, during 
the culture period.  
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Introduction 
permatogonial stem cells (SSCs) provide the 
foundation for spermatogenesis that begins 
with self-renewal and differentiation of sper- 
 

matogonial stem cells (SSCs) (1). SSCs reside 
within a specialized microenvironment called 
niche that regulates testicular homeostasis by bal-
ancing SSC self-renewal and differentiation. A  
 

 

 
stem cell niche is comprised of cells, extracellular 
matrix components, and local soluble factors pre-
sent in the vicinity of the stem cell that regulates 
cell fate. The structural basis for the SSC niche in 
the mammalian testis is the basal compartment of 
the seminiferous tubules and omposed of sertoli 
cells and peritubular myoid cells (2). 
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The establishment of human SSC culture in vitro 
would provide a model for studying SSC self- 
renewal and differentiation in vivo (3). However, 
there are very few advances in human spermato-
gonia and SSC research due to the restrictions on 
respective experiments, such as limitations to gain 
sufficient amounts of normal human testis for re-
search intents (4). Another reason is the lack of 
specific markers for the identification of human 
SSCs. However, after more than forty years from 
the time Clermont constituted his findings, very 
little new progress is available on the identifica-
tion of human spermatogonial stem cells, their re-
newal or differentiation (5). 

Self-renewal division of SSCs is regulated by 
sertoli cells in the SSC niche. Growth factors such 
as Glial cell line-derived neurotrophic factor (GD 
NF) that support SSCs self-renewal are secreted 
by Sertoli cells (6). According to this observation, 
a long-term SSC culture was created which SSCs 
self-renewal and proliferation was promoted by 
the support of GDNF, Epidermal growth factor (E 
GF) or basic fibroblast growth factor (FGF2) and 
presence of fetal bovine serum (FBS) (7). Kanatsu 
shinohara et al. established serum-free and feeder-
free culture of SSCs in vitro in 2005 (5). They 
suggested that presence of serum or feeder cells 
complicates the culture conditions making them 
uncontrollable (6).  

In addition, to provide physical support for stem 
cell attachment, feeder cells also affect stem cells 
by producing various undefined factors through 
their interactions with stem cells (8). Sadri et al. 
cultured human testicular cells overnight in un-
coated dishes in supplemented MEM (Minimum 
Essential Medium) containing 10% FCS at 37°C 
and 5% CO2. After overnight incubation, floating 
cells were collected and cultured in uncoated 
dishes with supplemented StemPro-34 and human 
growth factors (9).  

He et al. isolated human spermatogonial cells by 
magnetic activated cell sorting (MACS), using 
GPR125 as a specific marker for spermatogonial 
cells in mouse. They studied more than six mark-
ers that have been identified for SSCs and progen-
itors in other species to characterize the pheno-
types of human spermatogonia and more differen-
tiated germ cells. They indicated that human sper-
matogonia share some but not all phenotypes with 
spermatogonial stem cells and progenitors from 
other species such as rodent, pig and nonhuman 
primates (10).  

The isolation of SSCs is commonly performed 
through digestion of testicular tissue with a multi-
step enzymatic process by using four proteolytic 
enzymes (11). In this study, we developed two 
enzyme digestion processes for SSC separation. 
Results demonstrate that two-step enzymatic di-
gestion is a good method to isolate testicular cells. 
Digestion developed in our experiment was a 
modified one pursuant to the procedures described 
by previous researchers on the separation and cul-
ture of SSCs. 

In the current study, we chose to examine the ex-
pression of ubiquitin carboxyl-terminal esterase 
L1 (UCHL1); also known as protein gene product 
9.5, because it is expressed in spermatogonia of 
many species including bovine (2), pigs (12), mice 
(13), monkeys (14), etc. This marker may be in-
volved in the asymmetric divisions (12). UCHL1 
is a specific marker identified for spermatogonial 
and progenitors cells, but not for differentiated 
spermatogonia or sertoli cells. UCHL1 is ex-
pressed in type A (As, Apr, and Aal) spermato-
gonia located at the basement membrane (BM) of 
seminiferous tubules at high and low concentra-
tions, but not in differentiated germ cells distant 
from the BM (12). We demonstrated the prolifera-
tion of human spermatogonia by in vitro culture 
for a long-term and identified them by UCHL1 as 
their specific marker. 
 

Methods 
Preparation of testicular cell suspension: Testicular 

tissues were obtained by biopsy from 10 patients 
with non-obstructive azoospermia at Avicenna 
Infertility Clinic after they signed an informed 
consent form. The volume of each biopsy was 
25−35 mm3. The biopsies were immediately trans-
ferred to Avicenna Research Institute in αMEM 
solution supplemented by penicillin 100 U/ml and 
streptomycin 100 mg/ml at 37°C. The testicular 
tissues were placed in culture plates containing 
PBS. Tissues were minced into small pieces di-
gested with 4 mg/ml type IV collagenase (type IV, 
Sigma-Aldrich, USA) at 37°C with up and down 
for 30 min followed by 0.25% trypsin/1 mM 
EDTA (Invitrogen, USA) for 10 min with up and 
down. Trypsin activation was stopped by adding 
10% fetal bovine serum. A nylon mesh with 100 
µm pore sizes (BD falcon Cat No. 8343702) was 
used for removing cell clots or disturbing parti-
cles. We approximately collected 8×105 cells per 
each biopsy by this procedure. We calculated vi-
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abile cells by trypan blue for the estimation of 
their percentage after enzymatic digestion was 
performed. Cell suspention was centrifugated at 
1200 rpm for 10 min at 25°C. Supernatant was 
discarded and pellet was suspended in DMED/F12 
supplemented by nonessential amino acids, 15mM 
4-[2-hydroxyethyl]-1 pi-perazineethanesulfonic 
acid [HEPES], 0.12% sodium bicarbonate, 4 mM 
L-glutamine (all from Invitrogen), 100 IU/ml pen-
icillin, 100 μg/ ml streptomycin (Sigma-Aldrich), 
40 μg/ml fangizone and 10% FBS.   

Differential plating of testicular cells: Testicular 
cells were cultured in uncoated plates at 37°C and 
5% CO2 for 16 hr. After the collection of floating 
cells and their culture in uncoated dishes with 
StemPro-34 SFM, supplemented with StemPro-34 
supplement, 1-nonessential amino acids, 15 mM 
4-[2-hydroxyethyl]-1 pi-perazineethanesulfonic 
acid [HEPES], 0.12% sodium bicarbonate, 4 mM 
L-glutamine (all from Invitrogen), 100 IU/ml pen-
icillin, 100 μg/ml streptomycin, 40 μg/ml fangi-
zone, 25 mg/ml insulin, 100 mg/ml transferrin, 60 
mM putrescine, 30 nM sodiumselenite, 6 mg/ml 
D-(1)-glucose, 30 mg/ml pyruvic acid, 1 mg/ml 
DL-lactic acid (all from Sigma-Aldrich), 5 mg/ml 
bovine albumin (ICN Biomedical, USA), 2 mM L-
glutamine, 5×10-5 M 2-mercaptoethanol, minimal 
essential medium (MEM) vitamin solution, MEM 
nonessential amino acid solution (all form Invi-
trogen), 10-4 M ascorbic acid, 10 mg/ml d-biotin, 
30 ng/ml β-estradiol, 60 ng/ml progesterone, (20 
ng/ml) recombinant human EGF, (10 ng/ml) re-
combinant human GDNF (all from Sigma-Aldri-
ch), (10 ng/ml) recombinant human LIF (Chem-
icon International Inc., USA) and 5% fetal bovine 
serum, they were incubated at 37°C in a humidi-
fied atmosphere with 5% CO2. The number of 
dead cells was generally less than 5% as assessed 
by trypan blue staining. Germ line stem cell colo-
nies were transferred on laminin-coated dishes (20 
μg/ml) (Sigma-Aldrich) in supplemented Stem-
Pro-34 after 14 days from initiating the cultures 
by pipet mouth or trypsination. Germ stem cell 
clusters were passaged by short-term trypsination 

(3 min) every 2 weeks. 
Gene Expression: In this study, we specifically 

applied UCHL1 for the identification of human 
germ stem cells. Presence of spermatogonial stem 
cell clusters during the entire culture, was proved 
by studying the expression of spermatogonial 
genes (12, 13). Total RNA from cultured testicu-
lar cells, sub- cultured germ line stem cells and 
testicular tissue, as a positive control, were ex-
tracted. Reverse transcriptase polymerase chain 
reaction (PCR) was carried out by first-strand 
cDNA synthesized by random hexamers and the 
Superscript II preamplification system (Invitro-
gen). RT-PCR reaction was proceeded with spe-
cific primers for UCHL1 (PGP9.5) (Forward: GGC 
TGGAAGAGGAGTCTCTG, Reverse: CACAGG 
AATTCCCAATGGTC) with master mix kit (Taq 
DNA polymerase master mix RED Amplicon). 
 

Results 
Cell viability after enzymatic digestion of human tes-

ticular tissue: As we isolated SSCs through a sim-
ple digesting protocol, viable cells were counted 
in the cell suspension after two-step enzymatic di-
gestion. Results demonstrated that the mean per-
centage of viable cells was approximately 89.6%. 
This result suggested viability of isolated cells 
after enzymatic process (Table 1). 

Morphology of spermatogonial clusters during the 
culture: After culturing for 16 hr, a great number 
of testicular cells, mostly including somatic cells, 
adhered to culture plates. We isolated floating 
cells, containing germ, cells and transferred them 
into a new dish with StemPro34 supplement and 
5% FBS. Under inverted microscope, the SSCs 
were seen as round or oval in shape with a large 
nucleus and little cytoplasm after one week of 
culture. The isolated SSCs tended to aggregate 
and form small cell clusters (Figure 1A) and at-
tach to the remaining somatic cells. After 2 weeks 
of culture, SSCs began to form cell clusters (Fig-
ure 1B). These clusters were transferred into lam-
inin-coated plates containing the same media and 
2% FBS. The medium was changed every 3−5 

Table 1. Cell viability after tow-step enzymatic digestion 
 

Number of Counts Total count (106) Viable cells (106) Cell viability (%) 
1 3.56 3.25  91.29 
2 4.85 4.42 91.13 
3 4.71 4.25 90.23 
4 3.78 3.32 87.83 
5 2.89 2.53 87.54 
Average  3.95 3.55 89.60 
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days. Under feeder-free conditions in laminin-
coated plates, extension of SSCs was observed for 
up to 6 weeks (Figure 1C and D).  

The number of spermatogonial clusters in se-
cond, fourth and sixth weeks were 12.83±13.92, 
69.95±24.79 and 178.15±65.65, respectively; there-
fore, the proliferative increase in the number of 
spermatogonial clusters from the second week 
until sixth week of culture was statistically signif-
icant (p<0.001) and demonstrated the colony 
growth under culture conditions (Figure 3). 

Gene expression: RT-PCR was performed to con-
firm the expression of spermatogonial specific 
gene UCHL1 (ubiquitin carboxyl-terminal esterase 
L1; also known as protein gene product 9.5) in 
adult human testis and throughout the entire cul-
ture period at passages 2, 4 and 8, relative to a 
normal human testis sample. GAPDH primer 
proved cell presentation during RT-PCR process. 

Results demonstrated that the during culture hTS 
Cs express spermatogonial specific gene UCHL1 
in the testis as shown in figure 2.  
 

Discussion 
SSCs are special types of stem cells that can 

transfer genetic information to the next generation 
(15). Studying the biology of SSCs provides better 
understanding of stem cell self-renewal and dif-
ferentiation in the testis and a novel target for 
therapy in male infertility and testicular cancer 
(16). Spermatogenesis is a complex process that 
begins from SSC differentiation. In seminiferous 
epithelium during the fetal period, spermatogenic 
cells are hardly seen at different levels except for 
SSCs and supporting cells (7).  

There are different methods for the digestion of 
testicular tissue. Complex digestion processes and 
time-consuming protocols cause injury cells and 
increase the possibility of cell infection (15, 17). 
Therefore, a simple digestion method is important 
for preparing uni-cell suspensions. In our study, 
we performed a two-step enzymatic digestion with 
less contamination through which we obtained a 
high rate of cell viability (89.6%) without reduc-
ing the total cell count. These results are similar to 
the results of He et al. in testicular tissue digestion 
protocol (10). They used 4 enzymes including col-
lagenase, trypsin, DNase and hyaluronidase. In 
our study, digestion method was more simple and 
feasible in comparison to those of others. This 
study provided the first step to reproduce the self-
renewal division of spermatogonial stem cells in 
vitro, and clearly showed the necessity for an im-
proved culture system to allow more analysis of 
self-renewal division and its related niche.  

Figure 1. Spermatogonial Stem Cell (SSC) Clusters in vitro 
culture condition. A: cultured human testicular cells (arrows) 
before colony formation (7 days after digestion); B: Germ 
stem cell colonies (arrow) after 2 weeks; C and D: germ stem 
cell clusters (arrows) after 4 and 8 weeks of culture after be-
ing transferred into laminin. Scale bar 50 μm 

 

Figure 3. Number of spermatogonial cluster proliferation 
during culture on laminin-coated plates, p<0.001 
 

Figure 2. RT-PCR representation for spermatogonial stem 
cell marker UCHL1 in adult human testis (AHT) tissue and 
throughout the entire culture. GAPDH was used for cell 
presence 
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Although, laminin was able to replace somatic 

cells as feeder layer, it is also important to estab-
lish culture conditions that direct a specific type of 
self-renewal division (18). In the current study, 
spermatogonial cells were transferred to laminin-
coated dishes after cluster formation for better 
stability and proliferation. The identification of 
crucial factors will increase our knowledge about 
the regulation of the self-renewal division of sper-
matogonial stem cells and lead us to develop more 
improved techniques for male germline modifica-
tion (6). Currently, the conditions needed for a 
long-term stabilization of SSCs usually consists of 
adding growth factors such as bFGF, LIF, EGF 
and GDNF to the media. Kanatsu-Shinohara et al. 
established a long-term in vitro culture system of 
SSCs by a combination of growth factors such as 
GDNF that induced long-term survival and sus-
tainable differentiation of SSCs (6). 

In our culture condition, human spermatogonial 
stem cells increased in number by self-renewal in 
vitro after transfer to laminin. In this culture con-
dition, germ stem cell (GSC) clusters presented as 
clumps of individually visible cells up to 8 weeks. 
We could characterize them by the expression of a 
specific marker, UCHL1, that had been proved 
earlier as a germ stem cell marker in many species 
(12).  

According to previous studies, there are two 
strategies to continue SSC culture. The first is 
transferring colonies to plates that are coated with 
mytomycin C-inactivated somatic cells as feeder 
layer, thus, SSCs could maintain and proliferate 
for a long time (9). The second is to culture SSCs 
in feeder free plates or laminin-coated plates. 
Laminin is secreted by sertoli cells as an adhesion 
molecule and bind to ITGα6/β1 receptors on the 
spermatogonial cell surface. Therefore, laminin 
provides the best condition for SSC maintenance 
and proliferation for a long time (19).  

Ubiquitin-dependent proteolysis has played an 
important role in the control of mammalian game-
togenesis. UCHL1 is a deubiquitinating enzyme 
that regenerates monoubiquitin from ubiquitin-
protein complexes. In the testis, UCHL1 is ex-
pressed in spermatogonia among male germ cells 
in many species (12). In mice, the specific role of 
UCHL1 has been proved in apoptosis, meiosis, 
and mitotic proliferation of germ cells. Lack of 
UCHL1 decreased apoptosis rate and increased 
the number of premeiotic germ cells in immature 
mice (13), but in adult mice spermatogenesis was 
damaged by spermatogonial reduction and prima-

ry spermatocytes which mainly undergo apoptosis 
(13). Overexpression of UCHL1 was associated 
with the limitation of apoptosis in spermatogonia 
and primary spermatocytes undergoing apoptosis. 
According to previous studies, co-expression of 
UCHL1 and promyelocyticleukaemia zinc finger 
protein PLZF in gonocytes and spermatogonia 
induced self-renewal and prevented differentiation 
(20). Ubiquitin-proteasome system regulates es-
sential processes in mammalian stem and progeni-
tor cells of embryonic, neural, hematopoietic, and 
mesenchymal origin (12). Establishment of human 
SSC culture from testicular biopsies might allow 
individual cell-based therapy for fertility preserva-
tion in cancer patient after completion of the treat-
ment by SSC transplantation without ethical viola-
tions or immunological problems. Thus, SSCs will 
provide new possibilities in fertility preservation, 
biotechnology and medicine (21). 
 

Conclusion  
In conclusion, these results show that long-term 

culture and propagation of human spermatogonial 
stem cells in vitro is achievable. Propagation of 
these cells could be approved by specific marker, 
UCHL1, during the culture period. 
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