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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 SSCsis a
primary requirement for thestudy of their behavior, regulation, and
further biomanipulation. OBJECTIVES: In this paper, we studied
the development of the primary co-cultures of type A spermato-
goniaand prepubertal bovinesertoli cellsinthepresenceof 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 col oni zation activity of spermato-
gonial cellswasassessed 4, 7 and 11 daysafter the beginning of the
cultureby countingthetotal number of coloniesand measuringtheir
areain each group of the present experiment. Immunof|uorescent
staining against OCT4 and vimentin led to the confirmation of the
natureof boththe SSCsand sertoli cells. RESULTS: Resultsshowed
that the total number of colonies from day 4 to 11 increased
significantly inall groups, independent of CSF1 concentration. In
addition, thetotal number andtotal areaof col onieswerehigher (not
significant) in 10 and 50 ng/mL CSFL1 treatments than the control
and 100 ng/mL CSF1 groupsin al thethree evaluationsduring the
experiment. However, thisdifferencewasonly significant (p<0.05)
betweenthetotal areaof coloniesinthecontrol and 10 ng/mL CSF1
groupsat day 4 of co-culture. CONCL USIONS: Itwasconcludedthat
CSF1 can be asuitable growth factor for improving SSCs col oniz-
ation in vitro, particularly during the first days of culture where
accompanying sertoli cellsstill havenot proliferated sufficiently to
support the propagating spermatogonial cells.

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). SSCsare capable
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of both self-renewal and giving riseto differentiating
daughter spermatogonia. This dua capacity of
spermatogonia stem cells ensures the long-lasting
ability of thetestesto produce spermatozoa (Aponte
etal.,2005; Oatley etal., 2006; Dannetal ., 2008). The
regulation of the SSC self-renewal process and the
mechanisms that maintain a balance between dif-
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ferentiation and self-renewal are largely undefined
(Aponte, et al., 2008; Dann et a., 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. Oneway toreachthisgoal 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;
Aponteet a., 2008).

Inthemammalian, thetestisSpermatogonial stem
cells (SSCs; as spermatogonia) and their direct
descendants (Apr and Aa spermatogonia) reside
within specialized microenvironmentsin 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,
growthfactorsthat thisnursing cell produces, andthe
basement membrane (Kostereva and Hofmann,
2008).I1t is known that the SSCs niches are
preferentialy 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 Roaij,
2009). Sertali cells, theonly somatic cellswithinthe
seminiferous tubules, are able to produce growth
factors that stimulate the self-renewa of SSCs
(GDNF and FGF2) (Kubotaet a., 2004; Hofmann,
2008; Oatley and Brinster, 2008)and differentiation
of them (activinA, BMP4, and SCF) (DeRooij etal.,
1999; Nagano et al., 2003).Since no difference has
been observed between the characteristics of sertali
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 differentiationwill bepreferredinaparticular area
(DeRooij, 2009; Caireset a., 2010).

One of the factors that link the niche to the
interstitial tissueisFSH which hasthe highest levels
near the blood vessels within the interstitial tissue.
Therefore, the partsof seminfreoustubulesresideon
it. The FSH stimulates GDNF production by the
sertoli cells and consequently increases the SSCs
self-renewal (Tadokoroetal., 2002).

Another factor whichcouldbeconsideredasalink
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between the nicheand theinterstitial tissueiscolony
stimulating factorl (CSF1), astimulator of stem cell
proliferation (De Rooij, 2009). Leydig cells in the
interstitial tissuesof thetestisproduce CSF1 (Ryan et
al., 2001). It has been recently observed (K okkinaki
et al., 2009) that SSCs strongly express the colony
stimulatingthefactor 1 receptor (CSF1R). Therefore,
thisgrowth factor might bean important factor inthe
establishment of the niche as it might favor the
balance between self-renewal and differentiation in
thedirection of self-renewal.

In the present study, we evaluated the effects of
different concentrationsof CSF1 onthecolonization
activity of bovinespermatogonial cellsinashortterm
invitro co-culturewith testicular sertoli cells.

Materialsand M ethods

Animals: In this study, 5 Holstein bull calves,
aged between 3to 5 months, were used asdonors. 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 theAnimal Ethics Committee at the University of
Tehran.

Obtaining Testicular Biopsy: 15minutesbefore
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 aswell 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 abugina 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 abugina 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 withanti-inflammatory drugs
and systemic antibiotics was considered for 5 days.
All animals recovered from the biopsy procedure
without any complications.

Cell I solation: Thetesticular biopsy samplewas
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 pg/ mL Penicillin-Streptomycinon (GIBCO) and
then transferred on ice to the laboratory within 2
hours. Individual tubular cellswereisolated in atwo-
step enzymatic isolation procedure, as previously
described by |zadyar 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 antibioticswith 3 minutesintervalsand
was minced into small piecesas much as possible by
means of a sterile scissor. Then, it was incubated in
DMEM containing antibiotics including 1 mg/mL
collagenase type |V, 1 mg/mL hyaluronidase type|
and 1 mg/mL trypsin (all from Sigma) at 37 °Cina
shaker incubator operated at 80 cyclesper minutefor
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 seminiferoustubul esremained. Seminiferous
tubules/cords were again incubated at 37°C in
DMEM containing antibiotics including 1 mg/mL
collagenasetypelV and 1 mg/mL hyaluronidasetype
Il and excluding trypsin. This step was continued
until  fragments of seminiferous tubules were
deconstructed and their comprising cells (i.e. sertoli
and spermatogonial cells) wereseparated. Individual
cells were separated from the remaining tubule
fragments by centrifugation at30 g for 2 min. After
filtrationthrough 77 and 55 mmnylonfilters, thecells
were pelleted. The pellet (consisting of spermato-
gonia and sertoli cells) was re-suspended in the
DMEM solution containing an antibiotic and 10 %
FBS. Asthe co-culture of spermatogonial cellswith
testis somatic cells (sertoli cells) was considered in
this study, differential plating, part of the isolation
proceduredescribedby Izadyar etal., (2002), wasnot
performed.

Viability Assay: Viability of theprimary 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 aconcentration of 300,000 cells/well
(88.2+3% viahility) and incubated at 37°C in a
humidified atmosphere with 5% CO,. Macrophage-
Colony Stimulating Factor (M-CSF or CSF1) human
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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 daysfor 2 weeks.

Evaluation of SSCsColonization: Spermatogonia
colonies in each well were counted using a dif-
ferentia interference contrast microscope (Olympus,
IX71® inverted mi croscope) at days4, 7and 11. Al so,
the area of these colonies was measured using the
same microscope equi pped with eyepiecegraticule.

Immunofluorescent Saining 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 slideswith
eachchamber containing50,000cellsinDMEM with
antibioticsand 10% FBS and incubated at 37 °Cina
humidified atmosphere with 5% CO,. Cultureswere
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 I1gG. Primary and
secondary antibodiesused for observing vimentinin
sertoli cells were mouse anti-vimentin (monoclonal
antibody ab8069, Abcam, Cambridge, UK) and
fluoresceinisothiocyanate (FI TC)-conjugated sheep
anti-mouselgG. Cell stainingwasperformed accord-
ingtotheprocedurepreviously described by Qasemi-
Panahi etd., (2011).

Satistical Analysis: Thedatafrom4independent
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 (SPSSInc., Chicago, USA) with
aP-value of lessthan 0.05 considered assignificant.

Results

Short-term Coculture: During the first week of
culture, sertoli cells in al groups would keep
developing so that 4 days after the incubation they
partialy 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 al the experimental groups
(Figure 1). The increase in the total number of
coloniesin each group wassi gnificant when compar-
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Figure 1. (A)Developing sertoli cells (arrows) and small spermatogonial colonies (arrow heads) at day 4 of culture (magnification x100).
(B) Day 11 of culture, Sertoli cellshasformed acompletelayer (arrows) covering thewell and Spermatogonial colonies(arrow heads) have
grown on top of it (mag. x40). (C) Spermatogonial colonies (arrows) at day 14 of culture (x40). (D,E) same colonies (arrows) at higher
magnifications (x100 and x400).
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ing day 4 with day 11 of the culture. However, the _
It wasal so observed that thetotal number of colonies

change was not significant from day 4 to day 7 and
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Vimentin

Figure4. Immunofluorescent staining of Sertoli cellsfor vimentin(green) at day 5 of culture. DAPI stainingisusedtodemonstratethenuclei

(blue) of sertali cells.

in cultures with 10ng/mL and 50 ng/mL CSF1 was
higher thanthecultureswith 100ng/mL CSF1andthe
control groups. Such adifferencewasnot significant
when the comparison wasmade at days4, 7 and 11 of
theexperiment (Figure 2).

Thetotal areaof colonies(mm2) ineachwell (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 thetotal number of colonies, thetotal area
of colonieswasal so higher incultureswith 10 ng/mL
and 50 ng/mL CSF1 than 100 ng/mL CSF1 and the
control groupsat days4, 7 and 11 but this difference
wasonly significant between CSF1 10 ng/mL andthe
control at day 4 of theculture (Figure 3).

Changesin the mean area of coloniesthroughout
the experiment were not significant in none of the
treatmentsand control groups. Similarly, nosignific-
ant difference was observed in the mean area of
col onies between the groups.
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Immunofluorescent Saining: At day 5 of
culture, vimentin was detected in sertoli cellswhich
devel oped afeeder monolayer (Figure4), and OCT4
was demonstrated in the spermatogonia colonies
(Figureb).

Discussion

In this study, it was observed that during the co-
culture of bovine spermatogonial cells with sertoli
cellsisolated 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 studiesin this
context (Izadyar et a., 2003; Oatley et a., 2004;
Aponte et a., 2006; Aponte et a., 2008). In al the
treatment groups considered in this study (0, 10, 50
and 100ng/mL CSF1), thetotal number andtotal area
of the colonies per culture well increased during the
culture. This increase was significant on the total
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Figure 5. Immunofluorescent staining of SSCsfor OCT4 (green) at day 5 of culture. DAPI stainingisused to demonstrate the nuclei (blue)

of SSCs.

number of coloniesper well inall groupswhen 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 CSFlgroups, but this difference was not
stetistically 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 meansthat adding CSF1 to the
culturing medium of SSCsimprovesthecol onization
of thesecells. Thereasonwhy asignificant 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 cellswasnot enough to
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form a complete feeder layer, so their physical and
chemical support for developing spermatogonial
colonies was lower compared to day 7 and 11. This
meansthat at day 7 and 11, the effect of adding CSF1
to the culturing medium might be covered, at least,
partialy by theeffectsof sertoli cells. Further experi-
mentsare necessary to investigatethispossibility.

To this date, no study has been carried out to
investigate the effects of CSF1 on culturing bovine
SSCs.. However, Kokkinaki et a., (2009) showed
that CSF1 stimulates the proliferation of GFRal
positive spermatogonia(Asand Apr spermatogonia)
isolated from mouse testis during in vitro culture.
Oately et al., (2004) observed that CSF1R (CSF1
receptor) is highly expressed in Thyl positive
spermatogonial cells (including SSCs) on mouse
SSCs. They a so showed that CSF1 doeshot increase
theoveral proliferation of SSCsin vitro, athough it
increases the self-renewal mitotic divisions of these
cells.

1JVM (2013), 7(2):83-90
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Inthisstudy, no significant changewasobserved
in the mean size of colonies either in each treatment
groupduringthecultureperiod or betweenthegroups
in any of the evaluation days. This observation was
not in agreement with resultsobtai ned from previous
studies (Aponteet al., 2006; Aponteet al., 2008). As
the size of certain colonieswould grow inall 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 formedsmall coloniesandlarger growing
colonieswould be used simultaneously for cal cul at-
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
till sufficiently proliferate to support the propagat-
ing spermatogonial cells.
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