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Abstract
Spermatogenesis is supported by a certain type of stem cell known as spermatogonial stem cell (SSC), which 

transforms information to the next generation. There is currently a wide acceptance of the great potential applications 
of SSCs for infertility treatment and production of transgenic farm animals. However, rodents are the only thoroughly 
studied mammals with respect to SSCs due to presence of specific antibodies for SSC markers such as PLZF and 
THY1 or germ cell marker such as VASA. However, limited information is available about the specific markers of 
SSCs in farm animals. Moreover, while it is generally believed that stem cell markers are mainly conserved among 
mammalian species, it is not clear if SSC markers have also remained conserved during species evolution. Through 
comparative immunohistochemical analysis of testis tissue of sheep, and goats with mice, rats and cattle, for which 
the original antibodies were rose, this study suggests that, despite the long evolutionary distance which exists 
between rodents and farm animals, germ cells and SSC markers may have remained conserved between these 
species. In addition, the results of this study suggest that these antibodies can be used to isolate, propagate and 
further explore SSCs in goat or sheep and possibly other species.  

Keywords: Spermatogonial stem cell; Immunohistochemistry;
Rodent; Farm animals

Introduction
Like other organs in the body, testes have tissue-specific stem 

cells known as spermatogonial (SSCs) or germ line stem cells (GSCs)
[1]. Developmentally, SSCs originate from gonocytes in the prenatal 
testis, which in turn originate from primordial germ cells (PGCs) 
existing in the fetal genital ridge. Postnatally, gonocytes convert 
to undifferentiated A-spermatogonia at a species-specific time 
window (i.e. around day 6 in mice and day 180 in cattle) [2]. The 
undifferentiated A-spermatogonia include As (single), Apr (paired), 
and Aal (aligned) [3]. Then, through a highly orchestrated series of cell 
divisions, different classes of cells develop from Aal, that broadly divide 
into differentiating spermatogonia (A1, A2, A3, A4, intermediate, and 
B) and sperm (spermatocyte, spermatid, and spermatozoid) [4]. Daily,
millions of spermatozoids are produced in an adult testis through the 
balance which exists between SSC self-renewal and differentiation [5,6]. 

Great potential applications have been envisaged for SSCs in 
medicine and agriculture [7]. Under controlled in-vitro conditions, 
SSCs can attain embryonic stem cell (ESC)-like properties without 
the need for specific manipulations for pluripotency acquisition. This 
great flexibility of SSCs subverts the problems associated with induced 
pluripotent stem cells (iPS) and embryonic stem cells (ESCs) [7,8]. 
Moreover, it has been suggested that the state of naive pluripotency 
of mouse ES cells may be achieved in-vitro by the induction of PGCs 
[9]. However, considering the minute innate number of SSCs in the 
testis, development of efficient methods for characterization, isolation, 
enrichment and culture/expansion is imperative [10,11]. 

The mouse is the most thoroughly studied animal with respect to 
SSCs, and undoubtedly, this great progress is due to the establishment 

of several SSC-specific markers that facilitate the isolation, purification, 
manipulation and transplantation of SSCs in mice. However, progress 
with other animals has been modest, mainly due to limited information 
about specific SSC markers [12]. One approach to this limitation is to 
investigate the potential application of criteria, tools, and approaches 
that have been established for rodents over the past two decades. 
Such studies also provide an important platform for investigating the 
evolutionary conservation of SSC phenotypes and functions across 
different species. 

To achieve this end, comparative immunohistochemical analysis 
has been suggested. Indeed, Hermann et al. (2007) observed a similar 
pattern of immunoreactivity with the stem/progenitor marker PLZF 
(Promyelocytic leukaemia zinc finger) in humans, monkeys and 
rodents [6]. Considering the limited information available about SSC 
markers in farm animals, particularly sheep and goats, this study was 
carried out to investigate whether specific germ cell markers such as 
VASA, PLZF and THY1 are conserved in these species. Therefore, 
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antibodies against these markers were used with their corresponding 
control. 

Materials and Methods
Chemicals and antibodies

Unless otherwise specified, all chemicals were obtained from Sigma 
Chemical Co. (St. Louis, Mo, USA). The primary antibodies used 
were rabbit anti-VASA (VAS-ATP-dependent RNA helicase) DDX4 
(DEAD-box protein 4, Abcam, UK), rabbit anti-THY1 (thymocyte 
antigen, Abcam, UK), and goat anti-PLZF (Santa Cruz Biotechnology, 
USA). Goat anti-rabbit IgG-FITC (Fluorescein isothiocyanate 
conjugated) and mouse anti-goat IgG FITC (Chemicon, Germany) 
were used as secondary antibodies.

Preparation of testis sections

Testes of a healthy young mature bull (Bos taurus, Holstein, 
9-12 months), ram (Ovis aries, Bakhtiari, 9-15 months), and buck 
(Capra hircus, Naieni, 12-15 months) were collected immediately 
after slaughter and transported to lab on ice within one hour. Young 
mature rats (Rattus norvegicus, two months) and mice (Mus musculus, 
strain NMRI, two months) were killed by cervical dislocation and 
their testes were removed. After removal of scrotum and tunica 
albuginae, testes were washed with ice-cold phosphate buffer saline 
(PBS, Gibco, UK). The testes were then cut to small pieces, fixed 
with 4% paraformaldehyde and embedded in paraffin[13,14]. For the 
histological analysis, the samples were sectioned into 5-µm thickness 
and stained with immunofluorescence antibodies.

Immunostaining

Immunostaining was performed according to Borjigin et al. [15] 
with minor modifications. Briefly, five slides were washed thrice 
with PBS containing 0.05% tween-20 (PBST) for 15 minutes. Since 
aldehyde fixatives such as PF induce protein cross-link formation 
which masks the antigen sites in tissue specimens, giving weak or 
false negative immunostaining, antigen retrieval was carried out to 
remove masking and cross-linked proteins [16-18]. For this purpose, 
the trypsin based solution was prepared freshly by mixing the same 
volumes of 0.5% trypsin (Gibco, UK) and 1% calcium chloride in 
distilled water. The slides were exposed to antigen retrieval solution 
for 15-20 minutes. To preclude non-specific binding sites, slides were 
also treated with blocking solution containing 5% BSA in PBST for 
one hour at 37°C. An additional incubation with 0.5% triton-X100 was 
performed before blocking for detection of VASA and PLZF markers. 
Slides were then immunostained with primary antibodies [(rabbit 
anti-VASA antibody (1:400), rabbit anti-THY1 (1:100), and goat 
anti-PLZF (1:100)] overnight at 4°C. Primary antibodies were diluted 
with PBST containing 2.5% BSA. Slides were then washed thrice with 
PBST, ten minutes each and treated with an appropriate secondary 
antibody (goat anti-rabbit IgG-FITC (1:80) for anti-THY1 and anti-
VASA primary antibodies, or mouse anti-goat IgG-FITC (1:50) for 
anti-PLZF). All secondary antibodies were diluted with PBST and 
used for one hour at 37°C. Immunostained sections were rinsed three 
times with PBST followed by nuclear staining with 4’,6- diamidino-2-
phenylindol (DAPI, 5 µg/ml, two minutes). Slides were then washed 
and cover slipped with a drop of Enthelan glue. Slides were observed 
under an epi-fluorescent microscope (Olympus IX71, Japan) equipped 
with a stabilized HBO100 mercury vapor lamp and 490 nm excitation 

and 525 nm emission filters. Digital images were taken with a high 
sensitivity camera (Olympus DP-72, Japan) operated on DP2-BSW 
software. Positive controls for each primary antibody were prepared 
according to its data sheet. Accordingly, rat, bull, and mouse testicular 
sections were used as positive controls for anti-THY1, anti-VASA, and 
anti-PLZF, respectively.

Results and Discussion
SSCs are known to be located on the basement membrane of 

seminiferous tubules. Therefore, in this study SSCs were recognized 
according to their basal location [19], in addition to their high nucleus/
cytoplasm ratio [20] and dense appearance of the nuclei H&E staining 
[21].

VASA distinguishes all germ cells, except sperm, in goats and 
sheep

The family of VASA genes comprises highly conserved genes 
specifically expressed in the germ cell lineage. The expression of 
VASA was first detected in germ line stem cells (GSCs) in the 
ovary and during the early stages of spermatogenesis in the testis in 
Drosophila [22]. VASA expression, which has been detected in both 
vertebrates and invertebrates, is necessary for germ cell formation 
and development [23]. Importantly, knockout mice lacking mvh 
(mouse VASA homologue) were infertile due to testicular atrophy 
resulting from abnormal proliferation and colonization of the PGCs 
[24]. It has been established in humans that anti-VASA antibody 
staining is relatively weak to intermediate in spermatogonia, strong in 
spermatocytes/spermatids, and absent in spermatozoa [25]. Reactivity 
of VASA antibody has been demonstrated in mice and predicted in 
humans (100% identity with immunogen), rats (92% identity with 
immunogen), cattle (92% identity with immunogen) and pigs (100% 
identity with immunogen) due to sequence homology [26]. However, 
its reactivity with other species has not been determined. Accordingly, 
the results of this study indicate that in addition to cattle, mice and rats, 
VASA antibody can be used for recognition of germ cells in sheep and 
goats. This cytoplasmic protein was detected from spermatogonia (the 

Figure 1: Comparative immunohistochemical analysis reveals cytoplasmic 
germ cell marker VASA, in goat, sheep and cattle. Left panel shows VASA 
staining, and middle panel shows merge of VASA and DAPI. Right panel 
shows higher magnification of the marked area in the middle panel. Cattle 
were considered as positive control according to the data sheet for the VASA 
antibody. Bar= 50 µm..
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base of seminiferous tubule) through spermatid (at the lumen) stages 
in goats and sheep in parallel to cattle (Figure 1). In agreement with our 
results, the VASA protein, as a member of an ATP-dependent RNA 
helicase of the DEAD-box family protein [27], has been reported to have 
a conserved structure and therefore, the PCR technique has been used 
to verify this point across a wide range of species from Caenorhabditis 
elegans to humans [24]. Toyooka et al. [28] reported that VASA was 
exclusively expressed in germ cells following colonization of gonads 
and also in germ cells in meiotic stage in mice of both sexes. In addition, 
Raz [23] suggested that this marker is essential for the maintenance 
of toti-potentiality of PGC, even though it remains present during the 
differentiation of germ cells up to the spermatid stages. 

PLZF is a conserved marker of undifferentiated germ cells in 
cattle, sheep, and goats

Promyelocytic leukaemia zinc finger (PLZF) is a DNA sequence-
specific transcriptional repressor that represses the transcription 
of kit, a hallmark of spermatogonial differentiation and thereby 
maintains the source of SSCs in mice [29]. PLZF has a regulatory 
role on differentiation pathways, particularly involved in stem cell 
maintenance [30]. Accordingly, it was demonstrated that PLZF-null 
mice have defective sperm production which is caused by the inability 
of spermatogonial stem cells to self-renew. Considering the fact that 
germ cells may be epigenetically regulated through DNA methylation, 
it has been proposed that PLZF may regulate stem cell maintenance 
through modification of epigenetic marks and transcription [31,32]. 
Through several studies, it has been established that PLZF antibody 
specifically reacts with stem cells, and there are several reports about 
the cross-reactivity of the PLZF antibody with a wide range of animal 
species, from Caenorhabditis elegans to humans [32]. This study, for 
the first time, indicated that undifferentiated spermatogonia in goats 
and sheep expressed PLZF, which was evident from positive reaction 
with the anti-PLZF polyclonal antibody (Figure 3). Previously, it has 
been established that PLZF reacts with only SSCs in mice, cattle, and 
rats. Therefore, since positive PLZF-stained cells were only observed 

at the base of seminiferous tubules (Figure 2), it seems that PLZF is 
specifically expressed in undifferentiated spermatogonia. 

THY1 (CD90) is a conserved SSC-specific marker in goats 
and sheep

Unlike VASA and PLZF which are cytoplasmic and nuclear markers 
respectively, THY1 is a surface marker also known as CD90 (cluster 
of differentiation 90). THY1 is a 25–37 kDa GPI (N-glycosylated, 
glycophosphatidylinositol) anchored protein originally discovered as a 
thymocyte antigen [33] and later observed to be present in some sources 
of stem cells including SSCs [34]. THY1 was initially introduced as a 
specific marker of murine spermatogonial stem cells [35] and recently, 
Reding et al. demonstrated that THY1 can also be considered as a SSC-
specific marker in cattle [36]. The results of this study indicate that 
the reactivity of anti-THY1 with the surface area of certain cells, on 
the basement membrane of seminiferous tubules, is a characteristic of 
SSCs (Figure 3). Therefore, it seems that THY1 may be considered as a 
SSC-specific marker in goats and sheep. 

Concluding Remarks
Considering the scarce innate number of SSCs in the testis, 

establishment of the antigenic profile that is specially expressed in 
SSCs is crucial for their selective separation and enrichment. In this 
respect, the mouse is the most thoroughly studied mammalian species 
[35] and PLZF, VASA, and THY1 are the established germ cell markers 
in rodents. The results of this study suggest the potential application 
of VASA, PLZF and THY1 as suitable markers for the assessment and 
manipulation of SSCs in goats and sheep. Among animals, there is 
conservation of proliferation and differential pathways. In this study, 
it was suggested that the three germ cell markers VASA, PLZF and 
THY1 can be used for goat and sheep germ cell studies, despite a long 
evolutionary distance between rodents and ungulates. These results 
show that sheep, goats, cattle and mice share some specific SSC antigen 
despite lineage differences. These results indicate that the antibodies 
used in this study can also be used for the assessment of in-vitro 
research on SSCs when fixed similarly.  

Figure 2: Comparative immunohistochemical analysis reveals nuclear germ 
cell marker PLZF, in goat, sheep, cattle and mouse. Left panel shows PLZF 
staining, and middle panel shows merge of PLZF and DAPI. Right panel shows 
magnification of the marked area in the middle panel. White arrows represent 
germ cells. Mice were taken as positive control according to the data sheet for 
the PLZF antibody. Bar= 50 µm. 

Figure 3: Comparative immunohistochemical analysis reveals cell surface 
germ cell marker THY1, in goat, sheep, cattle and rat. Left and middle panel 
shows THY1 staining and merge of THY1 and DAPI, respectively. Right panel 
shows the marked area in the middle panel with higher magnification. White 
arrows represent germ cells. Rats were taken as positive control according to 
the data sheet for the THY1 antibody. Bar= 50 µm.
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