
Vol.2, No.3, 92-99 (2012)                                                                 Stem Cell Discovery 
http://dx.doi.org/10.4236/scd.2012.23014  

Enrichment of CD9+ spermatogonial stem cells from 
goat (Capra aegagrus hircus) testis using magnetic 
microbeads 

Gautam Kaul1,2*, Shashi Kumar1, Sunita Kumari1 
 

1Biochemistry Department, National Dairy Research Institute, Karnal, India; *Corresponding Author: gkndri@gmail.com 
2King Edward Memorial Hospital, University of Western Australia, Perth, Australia  
 
Received 17 April 2012; revised 13 May 2012; accepted 15 June 2012 

ABSTRACT 

The well documented source for adult multipo- 
tent stem cells is spermatogonial stem cells 
(SSCs) of mammalian testis. It is foundation of 
spermatogenesis in the testis throughout adult 
life by balancing self-renewal and differentiation. 
SSCs isolation from mammalian testis is difficult 
because of their scarcity and the lack of well 
characterized cell surface markers. Thus, the 
isolation of SSCs is of great interest for explo- 
ration of spermatogonial physiology and thera- 
peutic approaches for fertility preservation. CD9 
is a surface marker expressed in mouse and rat 
male germline stem cells. In this study, CD9 
positive SSCs were successfully isolated from 
the goat testis using enzymatic digestion fol- 
lowed by three step purification: Differential 
plating, percoll discontinuous density gradient 
followed by magnetic activated cell sorting 
(MACS). Percoll discontinuous density gradient 
showed significant differences in the percentage 
of CD9+ SSCs across individual fraction. The 
fraction 36% and 40% gave the highest per- 
centage of CD9+ SSCs i.e. 82% ± 1.2% and 9.2% ± 
1.3% respectively. Magnetic activated cell sort- 
ing of CD9+ cells in the magnetic fraction of goat 
testes was in the range of 15% - 18% which is 
upto threefolds. CD9+ SSCs were further recov- 
ered with appreciable efficiency after immu- 
nomagnetic isolation by using various bead: 
cells ratio in which 4:1 ratio gave the highest 
yield of 69.06 × 105 with 18% of CD9+ SSCs. 
Magnetic activated cell sorting using anti-CD9 
antibodies provides an efficient and fast ap- 
proach as compared to conventional approaches 
such as differential plating and percoll discon-
tinuous density gradient for enrichment strategy 
for spermatogonial stem cells from goat testes 

for undertaking research on basic and applied 
reproductive biology. 
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1. INTRODUCTION 

A great excitement and expectation in today’s bio- 
medical world is the study of stem cells, owning to their 
ability to exist in an undifferentiated state and trans- 
forming into differing tissue types, depending on what 
the cells ambient are. In recent years, interest in sper- 
matogonial stem cells (SSCs) have grown due to devel- 
opment of new research tools, which allow the isolation 
and culture of these cells. SSCs originate from the pri- 
mordial germ cells (PGCs) that have ability to self-renew 
and differentiate into committed progenitors, thus main- 
taining spermatogenesis by unipotent stem cell system 
throughout adult life for sustained male fertility. The 
SSCs reside in stem cell niches located on the basement 
membrane of seminiferous tubules and among the basal 
portions of sertoli cells [1-3]. SSCs are very unique 
among other adult stem cells because they can transmit 
the parental genetic information to subsequent generation. 
The ability to study SSCs biology has been difficult be- 
cause of their rarity in the testes and very limited avail- 
ability of unique phenotypic markers. Several surface 
protein markers are commonly found on stem cells such 
as ITGA6 (also known as α6-integrin), ITGB1 (also 
known as β1-integrin) [4] and CD9 [5]. These markers 
may facilitate interactions between stem cells and their 
cognate niches [6]. CD9 is a type III membrane protein 
having four transmembrane domain and involved in 
many cellular process such as cell adhesion, migration, 
proliferation and fusion [7-11]. Flow cytometry and im- 
munohistochemical technique revealed the expression of 
CD9 on mouse and rat testis cells. These cells were se- 
lected with the help of anti-CD9 antibody which resulted 
in an enrichment of spermatogonial stem cells from in-  
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tact testis cells by 5 to 7 folds [5]. Success of SSC boil- 
ogy study depends on successful obtaining of enough 
amounts of these cells. The availability of isolation and 
culture technique will undoubtedly pave the way for in- 
novative research into stem cell biology, leading to fur- 
ther breakthrough in the understanding of spermatogo- 
nial physiology and development of powerful tools. Re- 
cently magnetic micro beads connected with these mark- 
ers have been used to enrich SSCs, as the method em- 
ployed is rapid and effective. These techniques can fa- 
cilitate the harvesting, culture, cryopreservation or trans- 
fection of SSC to preserve the male germ potential and to 
colonize in the testes of recipient [12,13]. These stem 
cells can provide a lifetime gamete production in the 
testis of recipient throughout adult life by balancing 
self-renewal and differentiation. This can be used as an 
invaluable tool in modifying the male germ line to gen- 
erate transgenic animals, to restore male fertility for in- 
fertile man and for generation of pluripotent stem cells to 
differentiate into various cell lineages. Therefore, this 
present study was designed to enrich and sort goat sper- 
matogonial stem cells (SSCs) by immunomagnetic mi- 
crobeads, as a first step towards the manipulation and 
their further studies. 

2. MATERIALS AND METHODS 

2.1. Collection of Goat Spermatogonial Cell 

Testis of normal and healthy goat (5 - 8 month) was 
collected from slaughter house maintained at karnal, 
Haryana India. Immediately after slaughter, testis was 
washed in PBS solution supplemented with 100 IU/ml 
Penicillin and 100 µg/ml streptomycin. Testis was stored 
in ice cold PBS and transported to the laboratory. The 
testis was again washed in sterile PBS containing antibi- 
otic and dissection was done aseptically under laminar 
airflow hood. Spermatogonial cells (Donor cell) were 
collected from seminiferous tubule of the testis. 

2.2. Donor Cell Preparation 

Donor spermatogonial cell from goat testis was col- 
lected by following the protocol of Honaramooz et al., 
2002 with some minor modifications [14]. In brief, the 
tunica albuginea and visible connective tissue of testis 
were aseptically removed. The exposed seminiferous 
tubules were sequentially digested. First digestion was 
done by incubating tissue at 30˚C in 2 mg/ml Colla- 
genase type IV (Sigma chemical Co., USA, #D5758) in 
Dulbecco’s minimum essential medium (DMEM) for 30 
min with intermittent agitation. Further tissues were di- 
gested with 1 mg/ml Hyaluronidase (Sigma Chemical Co., 
USA, #D5758) for 20 min at 37˚C followed by rinsing 
tissue two times in Ca2+ free Dulbecco’s phosphate  

buffer saline (DPBS). The tissues were further digested 
with trypsin at the concentration of 2.5 mg/ml in DPBS. 
Finally the cells were treated with 7 mg/ml DNaseI 
(Sigma chemical Co., USA, #D5758) followed by addi- 
tion of 10% fetal bovine serum (FBS) to terminate en- 
zyme digestion. The resulting cell suspension was fil- 
tered subsequently through two nylon mesh with pore 
size 80 µm and 40 µm, sequentially. The filtrate was cen- 
trifuged at 500 ×g for 15 min at 16˚C. The pellet so ob- 
tained was resuspended in small volume of DMEM. Cell 
viability was assessed using 0.2% trypan blue in DMEM. 

2.3. Identification of SSC 

In the cell suspension, SSCs were identified on the ba-
sis of their morphology in phase-contrast microscopy. 
SSCs are large cells with typical spherical shape and a 
large nucleus/cytoplasm ratio. 

2.4. Enrichment of Spermatogonial Cell 

The enrichment of spermatogonial cell was done to 
eliminate contaminating somatic cells (myoid and sertoli 
cells) from cell suspension. Enrichment was done by 
incubating the above cell suspension in DMEM contain- 
ing 10% FBS for overnight at 37˚C, 5% CO2 and 85% 
relative humidity. During the incubation the sertoli cell 
and myoid cell were attached to the wall of culture plate 
due to its anchorage dependency. On the other hand the 
spermatogonial cells remain in suspension which was 
removed carefully using pipette. The collected cell sus- 
pension was washed in DMEM and viability assessment 
was done. 

2.5. Enrichment of Spermatogonial Stem 
Cell by Discontinuous Density Gradient 

The spermatogonial stem cells were enriched from 
above cell suspension by following the method of van 
Pelt et al., 1996; Morena et al., 1996 using discontinuous 
percoll gradient technique [15,16]. In brief, percoll was 
first sterilized by autoclaving and used for preparation of 
iso-osmotic percoll suspension. Iso-osmotic percoll was 
prepared by mixing 0.6% BSA, 45 µg/ml DNase in 
82.2% percoll in DMEM. A discontinuous density gra- 
dient (28%, 30%, 32%, 36%, 40%, 50% and 65%) of 
percoll was prepared by diluting iso-osmotic percoll in 
diluting medium with final densities of 1.0513, 1.054, 
1.056, 1.058, 1.061, 1.077 and 1.095 respectively. The 
gradient was made in 15 ml graduated tube by adding 1 
ml each of percoll solution with different density in a 
sequence that highest density percoll solution comes in 
bottom and that of lowest in the top of the tube. The cell 
suspension containing 0.6% BSA, 45 µg DNase in 
DMEM was layered on the top of the above gradient and 
centrifuged at 800 ×g for 30 min at 18˚C. The cells were 
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found in the interface between the different density per-
coll solution were collected and marked as fraction 1 - 8 
from top to bottom. 

2.6. Enrichment of SSC(s) with Magnetic 
Beads 

Spermatogonial stem cells from above fractionated 
cells were done by using antibody coated magnetic beads 
[17]. In this method, cluster of differentiation-9 (CD-9) 
surface protein was used as marker of spermatogonial 
stem cell [5]. The paramagnetic beads (Calbiochem) 
were labelled with anti-CD9 antibody (Miltenyi Biotech) 
using following the protocol of Cristea et al., 2005 [18]. 
For magnetic sorting of SSC, percoll fractionated cell 
suspension (1 - 8) was split to two aliquot. One aliquot 
was mixed with anti-CD9-labelled magnetic bead in a 
ration of 1:6 bead per target cell and incubated for 1 hr at 
38˚C. Another aliquot was used as control. The sorting 
was done by passing this cell suspension in the steel 
wool column under magnetic field. For this, the steel 
wool column was washed in PBS. The non-specific 
binding sites in the steel wool column were blocked by 
incubating column in 5% BSA in PBS for 60 min. The 
column was then flushed with ice-cold PBS containing 
1% BSA. Loaded cells were applied to the column under 
magnetic field. The column was then rinsed three times 
by 500 µl of PBS containing 1% BSA, under magnetic 
field. CD9+ cells carry magnetic bead remain in the ma-
trix of the column as long as it is maintained in the mag-
netic field. The CD9+ cells were finally eluted by remov- 
ing magnetic field and by rinsing column with PBS with 
1% BSA, the collected fraction was designate as sorted 
fraction. Mature spermatozoa was prepared by same way 
and used as negative control. The entire sorted fraction 
obtained after magnetic sorting were analysed in phase 
contrast microscope under 200× magnification. The 
number of unsorted, sorted and depleted cells was also 
counted. 

2.7. Immunocharacterisation of SSC 

For immunocharacterisation, the sorted fraction was 
centrifuged at 500 ×g for 15 min. The pellet containing 
cells were immunostained with anti-CD9 antibody con-
jugated with phycoerythrin for 1 hr at room temperature 
[19]. After incubation the cells were rinsed first in PBS 
with 1% BSA, then PBS only and finally PBS with 1% 
BSA. The slides were then analysed in a fluorescent mi-
croscope under blue filter at 400× magnifications. 

2.8. Statistical Analysis 

The results are presented as means ± SEM and statis-
tical analysis was performed. Differences were consid-
ered significant when the P-value was < 0.05. 

3. RESULTS 

3.1. Cytological Analysis of Spermatogonial 
Stem Cell 

The phase-contrast microscopy was used to identify 
spermatogonial stem cells in all the fraction on the basis 
of SSCs morphology. The unsorted fraction consisted of 
a heterogeneous single-cell fraction. The magnetic frac-
tion (sorted fraction) consisted of relatively homogenous 
population of cells (Figure 1). whereas the depleted frac-
tion was very much similar to that of the unsorted cell 
fraction. 

3.2. Enrichment of SSCs by Differential 
Plating 

Enzymatic digestion of testicular tissue was done with 
collagenase in combination with trypsin and hyaluroni-
dase. Sequential enzymatic digestion of the decapsulated 
testis resulted in a single-cell suspension. After filtration 
of the cell suspension final cell concentration was found 
in the range of 5 - 8 × 106 cells/g testicular tissue and a 
mean of 85.5 × 106 cells were isolated from a single tes-
tis. The cell suspension was checked for CD9+ sper-
matogonial stem cells and found to be 5.8 ± 1.09 percent. 
Enrichment of cells by differential plating resulted sig-
nificant (P < 0.05) increase in CD9+ cells (6.9 ± 1.2, Fig-
ure 2). Viability of the cells were observed using trypan 
blue and found to be 73 ± 5.1 percent. 

3.3. Enrichment of Spermatogonial Stem 
Cell by Percoll Discontinuous Density 
Gradient 

Second phase of enrichment of spermatogonial stem 
cells was done by using a gradient of percoll ranges from  

 

 
Figure 1. Phase-contrast micrograph showing a homogeneous 
cell population aggregated with magnetic beads forming large 
to small clusters in the magnetically sorted faction. 
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Figure 2. Enrichment of spermatogonia by differential plating 
method. Number of CD9+ cells slightly enhanced by different- 
tial plating then the control. Values reported are the mean ± 
SEM. 

 
28% to 65%. For enrichment gradients were made, cells 
from differential plating was applied on top and centri-
fuged. At 28% enrichment of SSC was found to be 
minimum (0.8 ± 0.22) among all gradient. With increase 
in percentage of percoll in gradient, the number of CD9+ 
cells increased significantly upto 36% percoll and de- 
creased gradually upto 65% (Figure 3). Enrichment of 
CD9+ cells were found to be significantly (P < 0.05) 
higher in 36% and 40% percoll compared to other den- 
sity gradient. Statistically non significant (P > 0.05) in- 
crease in CD9+ cells were recorded at 40% (9.2 ± 1.30) 
compared to 36% (8.2 ± 1.2). The results indicate that 
significant differences in the percentage of CD9+ SSCs 
population in individual fraction (Figure 3). Viability of 
cells in all the fractions were observed and found to be 
almost similar (70 ± 3.1). 

3.4. Enrichment of Specific Fraction of 
Percoll Discontinuous Density Gradient 
by Immunomagnetic Beads 

Cell suspension of 36% and 40% fraction were further 
enriched by immunomagnetic beads tagged with anti-CD9 
antibody, showing significantly higher percentage of 
CD9+ cells in sorted fraction (36%: 17.05 ± 0.5; 40%: 
18.2 ± 1.2) compared to unsorted (36%: 8.2 ± 1.2; 40%: 
9.2 ± 1.1) and depleted fraction (36%: 4.5 ± 1.02; 40%: 
4.4 ± 1.08) in both 36% and 40% percoll gradient. Per-
centage of CD9+ cells in sorted fraction was statistically 
non significant (P > 0.05) in both 36% and 40% percoll 
gradient (Figure 4). Viability of cells in all the fractions 
were observed and found to be almost similar (68 ± 5.1). 

3.5. Effect of Bead:Cell Ratio on Cell  
Recovery 

Although SSCs represent only 4% of the cells in the 
testis, these were recovered with appreciable efficiency 
and purity using a target beads:cell ratio of 4:1 (Figure 
5). Total number of cells isolated at 4:1 ratio of bead: 
cells were 69.06 × 105 with 18% of CD9+ cells. If a 
lower number of beads, 2:1, were used, the recovery of 

the total cell isolated were 41.43 × 105 that contain 14% 
of CD9+ SSCs. When the bead:cell ratio was increased to 
6:1, a total of 70.68 × 105 cells were isolated but the per-
centage of CD9+ spermatogonial stem cells recovery was 
not increased rather its percentage decreased to 8%, as 
more non target cells were trapped in cell-bead aggre-
gates. 
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Figure 3. Number of CD9+ cells in different fractions of per- 
coll discontinuous density gradient. The 36% and 40% frac- 
tion of the gradient contained the highest percentage of SSCs. 
Fraction 28% and 30% of the gradient contained the lowest 
percentage of SSCs. Values reported are the mean ± SEM. 
Mean showing different letters are significantly different at (P 
< 0.05). 
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Figure 4. Magnetic sorting of specific fraction of percoll gra-
dient (36% and 40%). Sorted fractions contain more number 
of CD9+ SSCs in comparison to unsorted fraction. Values are 
Mean ± SEM of three experiments. Mean showing different 
letters are significantly different at (P < 0.05). 

 

 

Figure 5. Spermatogonial stem cells were isolated at various 
bead:cell ratios. The optimal ratio was 4:1 at which the yield 
of SSCs was highest. 
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3.6. Immunological Characterization of the 
Isolated Cell Fractions 

The live cells in unsorted, sorted and depleted frac- 
tions were characterized using antibody directed against 
CD9 surface protein by immuno microscopy which re- 
vealed that the unsorted fraction contained 5.8% ± 0.66% 
CD9+ cells. The sorted fraction contained 18.2% ± 1.2% 
CD9+ cells, indicating three fold enrichment from un- 
sorted fraction (Figure 6). The depleted fraction had no 
significant (P > 0.05) depletion of CD9+ cells as com- 
pared to the unsorted fraction. 

4. DISCUSSION 

The isolation of undifferentiated SSCs from mammal- 
ian testicular tissue will expand the knowledge of male 
fertility and aid in developing technologies to enhance 
reproductive efficiency along with further exploration of 
SSC characteristics and mechanisms involved in cell fate 
decisions between self-renewal and differentiation. The 
conventional techniques that were used in recent years 
for spermatogonial cell enrichment was either elutriation 
[20] or velocity sedimentation in a BSA gradient at unit 
gravity [21,22]. Out of the large population of differenti- 
ating germ cells within seminiferous tubules, only a 
small population of spermatogonia resides at the base- 
ment membrane of the adult and fully active seminifer- 
ous tubule. The isolation of this small spermatogonial 
population is technically challenging because of their 
small number, so magnetic beads are specifically useful 
for their isolation including stem cells from various tis- 
sues [23-25] and organ such as bone marrow, muscle and 
liver [26-28]. Many molecular markers have been used to 
identify and study undifferentiated spermatogonia and 
gonocytes such as promyelocytic leukemia zinc finger 
protein (PLZF) in rodents, non human primates and pigs 
[29-32], ubiquitin carboxyl esterase L1 (UCHL1) in the 
bull [33] and boar [32,34,35], VASA in many species  
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Figure 6. Bar chart of the number of CD9+ cells in the cell 
fractions obtained after magnetic separation using anti-CD9 
antibody conjugated magnetic beads. Cells were isolated from 
goat testis. The results are shown as mean ± SEM. The un- 
sorted fraction and depleted fraction consisted of low CD9+ 
cells. The sorted fraction showed high level of CD9+ cells. 

including bulls [36], boars [37], primates [31] & mice 
[38], CD9 in mouse and rat [5]. The sorting efficiency of 
intact cells mainly rely on the availability of specific or 
particular surface markers on the membrane of stem cells. 
CD9 acts as a surface marker on the spermatogonial stem 
cells as several literatures reveals its presence [4,5]. Zou 
et al. reported enrichment of female germline stem cells 
using short-type pituitary gland and brain-cadherin (Stpb- 
c), CD9 and interferon inducible transmembrane protein 
3 (Iftm3, Fragilis) [39]. However, spermatogonial stem 
cells can be enriched by selection with an antibody 
against CD9 of these cell surface molecules. Magnetic 
cell separation has been described as a successful tool for 
enrichment of SSCs [40,41]. 

In the Present study, we sought to isolate enriched 
spermatogonial stem cell from goat testis. Our results 
clearly demonstrated that three step purification viz dif- 
ferential plating, percoll discontinuous density gradient 
followed by magnetic activated cell sorting (MACS) not 
only decontaminated mature spermatids, spermatozoa 
and other somatic cell but also substantially enriched the 
pool of proliferative SSCs from the enzymatic digested 
heterogeneous testicular cell population. Spermatogonial 
stem cells were enriched by conventional method of dif- 
ferential plating leading to 7% purification of CD9+ cells 
by eliminating the somatic cells (myoid and sertoli cells). 
This is in correlation with PLZF-positive cells of ovine 
testis study [42]. Thus, suggesting that efficiency of iso- 
lation and/or enrichment of cells appears to depend on 
the maturity of the testis, as at maturity CD9+ cells seem 
to be abundant [42]. Further an enrichment of SSCs by 
using discontinuous percoll gradients were performed 
and showed maximum enrichment at 36% and 40% frac- 
tion which was 8% and 9% respectively. Our result is 
very much consistent with other enrichment studies such 
as Polychromatin erythroblasts (PCE) from rat bone 
marrow [43] and Cardiomyocytes derived from human 
embryonic stem cells [44] in which percentage of PCE 
and cardiomyocytes were highest at (1.040/1.058 = 36%) 
and (40.5%/58.5% and within 58.5%) percoll fraction 
respectively. The maximum enriched percoll fraction 
namely 36% and 40% fraction were further enriched by 
immunomagnetic beads, showing significantly (P < 0.05) 
high SSCs enrichment in sorted fraction as compared to 
unsorted and depleted fraction. Thus, giving an overall 
enrichment upto 15% - 18% which is in correlation with 
other study in which spermatogonial cells were enriched 
upto 25% - 54% when normal testes from Djungarian 
hamsters, mice and marmoset monkeys were used [45]. 
The magnetic separation of these two fractions (36% and 
40%) of percoll gradient did not show much more en- 
richment of CD9+ SSCs in comparison to magnetic 
separation after enzymatic digestion, which indicates that 
the efficiency of recovery is independent of the number 
of SSCs in the starting material but was dependent on the  
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ratio of magnetic beads to SSCs. Hence, SSCs were re- 
covered with appreciable efficiency and purity using a 
target bead cell ratio of 4:1. If a lower number of beads, 
2:1, was used, the recovery decreased significantly. 
When the bead:cell ratio was increased to 6:1, the CD9+ 
SSCs recovery was not increased, but more non target 
cells were trapped in cell-bead aggregates. This is con- 
sistent with rat mast cell isolation studies where the op- 
timal bead:cell ratio was 3:1 which gave the highest yield 
and purity of mast cell [19]. We therefore calculated and 
characterized the unsorted, sorted and depleted fractions 
indicating that the CD9+ cells were enriched upto three 
fold as compared to the presorted fraction and the de- 
pleted fraction is widely identical to the unsorted fraction 
because it contains approximately 98% of all the isolated 
cells and approximately 90% of the CD9+ cells that were 
present in the unsorted total cell suspension. This is in 
correlation with enrichment studies of GFRα1 + sper- 
matogonia from adult primate testes where monkey and 
human testicular cells enriched GFRα1 + cells were 
threefold and fivefold respectively [46]. Although the 
procedure to isolate and to enrich SSCs takes about 5 - 6 
hr, the viability of the cells is still high ranging between 
65% - 70%. This makes these cells suitable for analysis 
of mRNA expression and protein synthesis and can also 
be used for culture, preservation and transplantation. 

In this study it has been shown that spermatogonial 
stem cells were enriched upto 15% - 18% when testes 
from goats were used. The efficiency of separation is 
probably determined by the binding affinity of the anti- 
body. Magnetic cell sorting is specifically useful for 
separation of a few cells from a larger number of un- 
wanted cells in the cell preparation [47-49]. Magnetic 
cell sorting allows the separation of rare target cells with 
frequencies down to 1 in 1 × 108. These methodological 
features render this approach appropriate for the isolation 
of spermatogonia from mature testes. The availability of 
isolation and enrichment technique would help in study- 
ing underlying molecular mechanisms that regulate germ 
cell development, mitotic proliferation and differentia- 
tion of stem cells, meiosis and their regulation in a ver- 
tebrate. Additionally, these tools could provide a novel 
avenue for genetic modification of the male germline and 
subsequent generation of transgenic livestock with fa- 
vourable traits such as disease resistance and production 
of meat or milk containing components beneficial for 
human consumption. This method will enable the prepa- 
ration of enriched spermatogonial suspensions for ex- 
ploration of physiology, reproductive medicine and 
therapeutic approaches for fertility preservation. 
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