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Introduction

Mammalian spermatogenesis produces millions
of spermatozoa each hour for the reproductive
lifetime of the animal. This highly efficient process
requires maintenance of a small population of
spermatogonial stem cells (SSCs). SSCs are capable

of both self-renewal and giving rise to differentiating
daughter spermatogonia. This dual capacity of
spermatogonial stem cells ensures the long-lasting
ability of the testes to produce spermatozoa (Aponte
et al., 2005; Oatley et al., 2006; Dann et al., 2008). The
regulation of the SSC self-renewal process and the
mechanisms that maintain a balance between dif-
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Abstract:

BACKGROUND: Spermatogonial stem cells (SSCs) are in-
frequent self-renewing cells among the type A spermatogonia
within the seminiferous tubules and are the basis of spermato-
genesis in mammalian testis. An adequate number of SSCs is a
primary requirement for the study of their behavior, regulation, and
further biomanipulation. OBJECTIVES: In this paper, we studied
the development of the primary co-cultures of type A spermato-
gonia and prepubertal bovine sertoli cells in the presence of Colony
Stimulating Factor 1 (CSF1), a potential contributor in the SSC
niche. METHODS: The effect of different concentrations of CSF1
(0, 10, 50 and 100 ng/mL) on the colonization activity of spermato-
gonial cells was assessed 4, 7 and 11 days after the beginning of the
culture by counting the total number of colonies and measuring their
area in each group of the present experiment. Immunofluorescent
staining against OCT4 and vimentin led to the confirmation of the
nature of both the SSCs and sertoli cells. RESULTS: Results showed
that the total number of colonies from day 4 to 11 increased
significantly in all groups, independent of CSF1 concentration. In
addition, the total number and total area of colonies were higher (not
significant) in 10 and 50 ng/mL CSF1 treatments than the control
and 100 ng/mL CSF1 groups in all the three evaluations during the
experiment. However, this difference was only significant (p<0.05)
between the total area of colonies in the control and 10 ng/mLCSF1
groups at day 4 of co-culture. CONCLUSIONS: It was concluded that
CSF1 can be a suitable growth factor for improving SSCs coloniz-
ation in vitro, particularly during the first days of culture where
accompanying sertoli cells still have not proliferated sufficiently to
support the propagating spermatogonial cells.



ferentiation and self-renewal are largely undefined
(Aponte, et al., 2008; Dann et al., 2008; Kostereva
and Hofmann, 2008). To study the characteristics of
SSCs, the populations of pure SSCs must be large
enough to be isolated, but SSCs are present in
extremely low numbers. One way to reach this goal is
to propagate these cells in vitro. Various attempts
have been made to achieve such cells in the vitro
system (Aponte et al., 2005; Oatley et al., 2006;
Aponte et al., 2008).

In the mammalian, the testis Spermatogonial stem
cells (SSCs; as spermatogonia) and their direct
descendants (Apr and Aal spermatogonia) reside
within specialized microenvironments in the semini-
ferous tubules called 'niches'. In the stem cell niche,
self-renewal will be preferred and outside of the
niche, differentiation is the preference. The main
components of the niche include the sertoli cell,
growth factors that this nursing cell produces, and the
basement membrane (Kostereva and Hofmann,
2008).It is known that the SSCs niches are
preferentially located in those areas of the semini-
ferous tubules that border on the interstitial tissue.
Fewer of these cells are present in the tubule areas
directly bordering on another tubule (De Rooij,
2009). Sertoli cells, the only somatic cells within the
seminiferous tubules, are able to produce growth
factors that stimulate the self-renewal of SSCs
(GDNF and FGF2) (Kubotaet al., 2004; Hofmann,
2008; Oatley and Brinster, 2008)and differentiation
of them (activin A, BMP4, and SCF) (De Rooij et al.,
1999; Nagano et al., 2003).Since no difference has
been observed between the characteristics of  sertoli
cells in the SSCs niches and the other parts of the
seminiferous tubules, other factors coming from
outside the tubules (i.e. interstitial tissue and blood
vessels) should  determine,  directly or indirectly via
sertoli cells, whether either the self-renewal of SSCs
or differentiation will be preferred in a particular area
(De Rooij, 2009; Caires et al., 2010).

One of the factors that link the niche to the
interstitial tissue is FSH which has the highest levels
near the blood vessels within the interstitial tissue.
Therefore, the parts of seminfreous tubules reside on
it. The FSH stimulates GDNF production by the
sertoli cells and consequently increases the SSCs
self-renewal (Tadokoro et al., 2002).

Another factor which could be considered as a link

between the niche and the interstitial tissue is colony
stimulating factor1 (CSF1), a stimulator of stem cell
proliferation (De Rooij, 2009). Leydig cells in the
interstitial tissues of the testis produce CSF1 (Ryan et
al., 2001). It has been recently observed (Kokkinaki
et al., 2009) that SSCs strongly express the colony
stimulating the factor 1 receptor (CSF1R). Therefore,
this growth factor might be an important factor in the
establishment of the niche as it might favor the
balance between self-renewal and differentiation in
the direction of self-renewal.

In the present study, we evaluated the effects of
different concentrations of CSF1 on the colonization
activity of bovine spermatogonial cells in a short term
in vitro co-culture with testicular sertoli cells.

Materials and Methods

Animals: In this study, 5 Holstein bull calves,
aged between 3 to 5 months, were used as donors. At
the time of biopsy, their scrotal circumference (SC)
approximately ranged from 13 to 15 cm. Animals
were handled and treated according to the guidelines
of the Animal Ethics Committee at the University of
Tehran.

Obtaining Testicular Biopsy: 15 minutes before
surgery, animals were sedated with xylazine, the
scrotal skin was completely shaved and prepared
aseptically. Biopsy was performed under local
anesthesia with lidocaine injected into spermatic
chord as well as under scrotal skin. Spermatic chord
was covered with tampons and temporarily legated
by an Alice forceps. Scrotum, both layers of tunica
vaginalis and tunica albugina were incised with a
surgical blade in the equatorial region of the testis,
and the protruded testicular tissue  was cut from the
incision site (dimensions: 1x1x1 Cm) with a sterile
scissor. Tunica albugina and tunica vaginalis were
sutured separately with USP 0 polyglactin 910, and
then the scrotal skin was closed with USP 1 Nylon.
Post-surgery follow up with anti-inflammatory drugs
and systemic antibiotics was considered for 5 days.
All animals recovered from the biopsy procedure
without any complications.

Cell Isolation: The testicular biopsy sample was
placed into a 15 mL tube containing Dulbecco's
Minimal Essential Medium (DMEM, GIBCO), 10%
Fetal Bovine Serum (FBS, Sigma) and 100 iu/ mL-
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100 µg/ mLPenicillin-Streptomycinon (GIBCO) and
then transferred on ice to the laboratory within 2
hours. Individual tubular cells were isolated in a two-
step enzymatic isolation procedure, as previously
described by Izadyar et al., (2002)and Van Pelt et al.,
(1996) with minor modifications. In brief, the
obtained testis tissue was washed three times in
DMEM with antibiotics with 3 minutes intervals and
was minced into small pieces as much as possible by
means of a sterile scissor. Then, it was incubated in
DMEM containing antibiotics including 1 mg/mL
collagenase type IV, 1 mg/mL hyaluronidase type II
and 1 mg/mL trypsin (all from Sigma) at 37 °C in a
shaker incubator operated at 80 cycles per minute for
approximately 60 minutes. In this stage most of the
connective and interstitial tissues were digested and
after three to four times of washing with DMEM,
mostly seminiferous tubules remained. Seminiferous
tubules/cords were again incubated at 37°C in
DMEM containing antibiotics including 1 mg/mL
collagenase type IVand 1 mg/mLhyaluronidase type
II and excluding  trypsin. This step was continued
until fragments of seminiferous tubules were
deconstructed and their comprising cells (i.e. sertoli
and spermatogonial cells) were separated. Individual
cells were separated from the remaining tubule
fragments by centrifugation at30 g for 2 min. After
filtration through 77 and 55 mm nylon filters, the cells
were pelleted. The pellet (consisting of spermato-
gonia and sertoli cells) was re-suspended in the
DMEM solution containing an antibiotic and 10 %
FBS. As the co-culture of spermatogonial cells with
testis somatic cells (sertoli cells) was considered in
this study, differential plating,  part of the isolation
procedure described by Izadyar et al.,  (2002), was not
performed.

Viability Assay: Viability of the primary isolated
cells was evaluated by trypan blue staining and the
total number of the cells present in suspension was
determined using a hemocytometer under a light
microscope.

Short-term Culture: Cells were seeded in
DMEM with antibiotics and 10% FBS, and cultured
in a 24-well cell culture-treated plate (TPP®,
Switzerland) at a concentration of 300,000 cells/well
(88.2±3% viability) and incubated at 37°C in a
humidified atmosphere with 5% CO2. Macrophage-
Colony Stimulating Factor (M-CSF or CSF1) human

recombinant (Sigma, St. Louis, MO, USA) was add-
ed to the culturing medium in different concentr-
ations (0, 10, 50 and 100 ng/mL). The cultures were
refreshed every 3 days for 2 weeks.

Evaluation of SSCs Colonization: Spermatogonial
colonies in each well were counted using a dif-
ferential interference contrast microscope (Olympus,
IX71® inverted microscope) at days 4, 7 and 11. Also,
the area of these colonies was measured using the
same microscope equipped with eyepiece graticule.

Immunofluorescent Staining against OCT-4
and vimentin: For immunostaining, cells (from the
cell suspension acquired from step-2 of enzymatic
digestion) were plated in 4-well chamber slides with
each chamber containing 50,000 cells in DMEM with
antibiotics and 10% FBS and incubated at 37 °C in a
humidified atmosphere with 5% CO2. Cultures were
stopped and fixed after 5 days. Primary and
secondary antibodies used for detecting OCT4 in
SSCs were rabbit anti-OCT4 (polyclonal antibody
ab18976, Abcam, Cambridge, UK) and FITC-
conjugated goat anti rabbit IgG. Primary and
secondary antibodies used for observing vimentin in
sertoli cells were mouse anti-vimentin (monoclonal
antibody ab8069, Abcam, Cambridge, UK) and
fluorescein isothiocyanate (FITC)-conjugated sheep
anti-mouse IgG. Cell staining was performed accord-
ing to the procedure previously described by Qasemi-
Panahi et al., (2011).

Statistical Analysis:The data from 4 independent
experiments were analyzed using one-way ANOVA
and Duncan's multiple range tests. All statistical
analyses were performed using the SPSS statistical
software, version 16 (SPSS Inc., Chicago, USA) with
a P-value of less than 0.05 considered as significant.

Results

Short-term Coculture: During the first week of
culture, sertoli cells in all groups would keep
developing so that 4 days after the incubation they
partially covered the well and around day 6 or 7
formed a complete monolayer on top of which germ
cells could proliferate. Spermatogonial colonies
started to appear around day 4 and increased their
number through time in all the experimental groups
(Figure 1). The increase in the total number of
colonies in each group was significant when compar-
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ing day 4 with day 11 of the culture. However, the
change was not significant from day 4 to day 7 and

from day 7 to day 11 in none of the groups (Figure 2).
It was also observed that the total number of colonies
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Figure 1. (A)Developing sertoli cells (arrows) and small spermatogonial colonies (arrow heads) at day 4 of culture (magnification ×100).
(B) Day 11 of culture, Sertoli cells has formed a complete layer (arrows) covering the well and Spermatogonial colonies (arrow heads) have
grown on top of it (mag. ×40). (C) Spermatogonial colonies (arrows) at day 14 of culture (×40). (D,E) same colonies (arrows) at higher
magnifications (×100 and ×400).

Figure 2. Total number of colonies (Mean±SE) in each experi-
mental group in different evaluation days. Similar letters
represent significant difference (p<0.05).             day 4           day 7

day 11 

Figure 3.  Total area of colonies (Mean±SE) in each experimental
group in different evaluation days. Asterisks represent
significant difference (p<0.05).         day 4         day 7         day 11 



in cultures with 10ng/mL and 50 ng/mL CSF1 was
higher than the cultures with 100 ng/mLCSF1 and the
control groups. Such a difference was not significant
when the comparison was made at days 4, 7 and 11 of
the experiment (Figure 2).

The total area of colonies (mm2) in each well (i.e.,
each experimental group) increased through the
incubation period but these changes were not
significant in any of the groups (p>0.05) (Figure 3).
Similar to the total number of colonies, the total area
of colonies was also higher in cultures with 10 ng/mL
and 50 ng/mL CSF1 than 100 ng/mL CSF1 and the
control groups at days 4, 7 and 11 but this difference
was only significant between CSF1 10 ng/mLand the
control at day 4 of the culture (Figure 3).

Changes in the mean area of colonies throughout
the experiment were not significant in none of the
treatments and control groups. Similarly, no signific-
ant difference was observed in the mean area of
colonies between the groups.

Immunofluorescent Staining: At day 5 of
culture, vimentin was detected in sertoli cells which
developed a feeder monolayer (Figure 4), and OCT4
was demonstrated in the spermatogonial colonies
(Figure 5).

Discussion

In this study, it was observed that during the co-
culture of bovine spermatogonial cells with sertoli
cells isolated from the testis of prepubertal Holstein
calf, sertoli cells proliferated and formed a feeder
layer on top of which, SSCs colonized. This is an
expected result according to previous studies in this
context (Izadyar et al., 2003; Oatley et al., 2004;
Aponte et al., 2006; Aponte et al., 2008). In all the
treatment groups considered in this study (0, 10, 50
and 100 ng/mLCSF1), the total number and total area
of the colonies per culture well increased during the
culture. This increase was significant on the total
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Figure 4. Immunofluorescent staining of Sertoli cells for vimentin (green) at day 5 of culture. DAPI staining is used to demonstrate the nuclei
(blue) of sertoli cells.



number of colonies per well in all groups when day 4
and day 11 of the experiment (p<0.05) are compared
together.

In each evaluation (day 4, 7 and 11),  the total
number of colonies was higher in 10 and 50 ng/mL
CSF1 treatments than that of the control and 100
ng/mL CSF1groups, but this difference was not
statistically significant. Similarly, the total area of
colonies was higher in 10 and 50 ng/mL CSF1
treatments than that of the control and 100 ng/mL
CSF1 groups. Statistical analysis revealed that the
difference in the total area of colonies is only
significant between the 10 ng/mL CSF1 treatment
and the control. This means that adding CSF1 to the
culturing medium of SSCs improves the colonization
of these cells. The reason why a significant difference
was not observed between the control and other
treatments in these evaluations, except for day 4,
might be associated to the status of sertoli cells.  At
day 4, the number of sertolli cells was not enough  to

form a complete feeder layer, so their physical and
chemical support for developing spermatogonial
colonies was lower compared to day 7 and 11. This
means that at day 7 and 11, the effect of adding CSF1
to the culturing medium might be covered, at least,
partially by the effects of sertoli cells. Further experi-
ments are necessary to investigate this possibility. 

To this date, no study has been carried out to
investigate the effects of CSF1 on culturing bovine
SSCs.. However, Kokkinaki et al., (2009) showed
that CSF1 stimulates the proliferation of GFRα1
positive spermatogonia (As and Apr spermatogonia)
isolated from mouse testis during in vitro culture.
Oately et al., (2004) observed that CSF1R (CSF1
receptor) is highly expressed in Thy1 positive
spermatogonial cells (including SSCs) on mouse
SSCs. They also showed that CSF1 does not increase
the overall proliferation of SSCs in vitro, although it
increases the self-renewal mitotic divisions of these
cells.
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Figure 5. Immunofluorescent staining of SSCs for OCT4 (green) at day 5 of culture. DAPI staining is used to demonstrate the nuclei (blue)
of SSCs.



In this study,  no significant change was observed
in the mean size of colonies either in each treatment
group during the culture period or between the groups
in any of the evaluation days. This observation was
not in agreement with results obtained from previous
studies (Aponte et al., 2006; Aponte et al., 2008). As
the size of certain colonies would grow in all groups,
inconsistence between the results of this study and
previous studies regarding the mean size or area of
colony may be associated to the method used for
calculating these parameters; where, in this study,
both newly formed small colonies and larger growing
colonies would be used simultaneously for calculat-
ing the mean colony size.

In conclusion, the results of the present investig-
ation suggests that CSF1 can be a suitable growth
factor for improving the SSCs colonization during
vitro culture, especially during the first days of
culture when accompanying sertoli cells would not
still sufficiently proliferate to support the propagat-
ing spermatogonial cells.
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ìXéú  |ÆI kAìþ AüpAó, 2931, kôoû 7, yíBoû 2,  09-38     

WlAuBqÿ uéõë|øBÿ AuLpìBOõâõðþ AqGýÃú âõuBèú ðBGBèÔ ôøíßzPþ GB uéõë|øBÿ upOõèþ
koìdýÈ ÞzQ cBôÿ |1FSC

yýõA y×ýÏþ
1

KpôürOBWýà
1*

cíýl ÚBuî qAkû ðõA
1

ìñ¿õoû ìõclüò
2

ìvÏõk ÆBèI gBó âpôuþ
1

GBGà ÚBuíþ KñBøþ|
3

KýíBó ocýíþ Öýéþ
1

1) âpôû Îéõï koìBðãBøþ, kAðzßlû kAìLryßþ kAðzãBû OùpAó, OùpAó, AüpAó
2) âpôû @ðBOõìþ, kAðzßlû Îéõï Kryßþ kAðzãBû OpGýQ ìlox, OùpAó, AüpAó

3) âpôû Îéõï kAìþ, kAðzßlû ÞzBôoqÿ kAðzãBû OHpür, OHpür, AüpAó

|(||koüBÖQ ìÛBèú:  52  @GBó ìBû  1931,  Knüp} ðùBüþ:  7  Au×ñl ìBû  1931)

|̂ßýlû 
qìýñú ìÇBèÏú:uéõë|øBÿ GñýBkÿ AuLpìBOõâõðþ |)sCSS(| âpôû Þõ̂ßþ Aq uéõë|øBÿ AuLpìBOõâõðþ ðõÑ |A| øvPñl Þú ìþ|OõAðñl uéõë|øBüþ

ÞBìç« ìzBGú gõk AüXBk ðíõkû (gõkuBqÿ) ôøí̀ñýò OíBürüBGñl ôkoKBüBó oôðl AuLpìBOõsðr, AuLpï oA Oõèýl ðíBüñl. Öp@üñl gõkuBqÿ |sCSS|

Gú ÆõoÞBìê yñBgPú ðzlû AuQ. GpAÿ ÖpAøî yló AìßBó ìÇBèÏú g¿õ¾ýBR ôÎíéßpk Aüò uéõë|øB Þú ìñXpGú gõkuBqÿ ôOíBür@ðùB ìþ| âpkk,

kuPpuþ Gú OÏlAk ÞBÖþ Aq @ðùB Âpôoÿ AuQ. ølÙ:koAüò ìÇBèÏú ASpkôqøBÿ ìhPéØ |1FSC| oôÿ ÞéõðýrAuýõó |sCSS| koøíßzPþ GB

uéõë|øBÿ upOõèþ Gpouþ yl. |1FSC| Aq ÎõAìéþ AuQ Þú KýzñùBk ylû ìíßò AuQ ko|ehcin CSS|(WBüãBû ÚpAoâýpÿ |sCSS| koèõèú|øBÿ

uíýñý×pôx) Þú ko@ó gõkuBqÿ Gú OíBürGpOpÿ kAok, ðÛ{ kAyPú GByl. oô} ÞBo:OÏlAk ôìvBcQ Þéõðþ|øBÿ AuLpìBOõâõðþ AüXBk ylû ko

cÃõokôqøBÿ ìP×BôR1FSC(Lm/gn ||0, 01|, 05 ô001 ) Æþ oôqøBÿ 4, 7 ô11 ÞzQ AoqüBGþ âpkül. OõuÈ oðä| @ìýrÿ AüíýõðõuýPõÖéõouñQ

Îéýú ìBoÞpøBÿ |4TCO| ô|nitnemiv| ìBøýQ |sCSS| ôuéõë|øBÿ upOõèþ OBCüýl yl. ðPBüY:OÏlAk Þéõðþ øB Aq oôq 4 OB oôq 11 koOíBìþ âpôû|øB

ìvPÛê Aq cÃõoôüB kôq |1FSC| Gú yßê ìÏñþ kAoÿ AÖrAü{ ðzBó kAk. ìzBølû âpkül Þú OÏlAk Þê Þéõðþ øB ôìXíõÑ ìvBcQ @ðùB koâpôû|øBÿ

|011FCS| ôLm/gn05ðvHQ Gú âpôû|øBÿ 001 FSCô0 (ÞñPpë) GBæOpAuQ AìB Aüò OÛBôR OñùB koìõok ìÛBüvú ìXíõÑ ìvBcQ Þéõðþ øB

Gýò âpôû |Lm/gn 011FSC| ôÞñPpë ôOñùB kooôq 4 ìÏñþ kAoGõk (50/0<p). ðPýXú âýpÿ ðùBüþ:ðPBüY Gú kuQ @ìlû Aq Aüò ìÇBèÏú KýzñùBk

ìƒþ| Þñƒl 1FSC| ìƒþ|OƒõAðl ÖBÞPõooyl ìñBuHþ GpAÿ GùHõk ÞéõðýrAuýõó |sCSS| koìdýÈ ÞzQ GByl, Gú g¿õÁ kooôqøBÿ AGPlAüþ Þú

uéõë|øBÿ upOõèþ øñõq Gú AðlAqû ÞBÖþ GpAÿ cíBüQ Aq Þéõðþ øBÿ AuLpìBOõâõðþ, oyl ôOßTýpðýBÖPú Aðl.

ôAsû øBÿÞéýlÿ:| |uéõë|øBÿ GñýBkÿ AuLpìBOõâõðþ, øíßzPþ, |1FSC, AuLpìBOõâõðþ âBô
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