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Stem cells derived from testis show promise for treating a 
wide variety of medical conditions
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The continuation of the spermatogenic process through-
out life relies on a proper regulation of self-renewal and 
differentiation of germline testis stem cells, the spermatogo-
nial stem cells. These are single cells situated on the basal 
membrane of the seminiferous epithelium. Only 0.03% of 
all germ cells are spermatogonial stem cells (SSCs) [1-3]. 
To maintain spermatogenesis, the processes of self-renewal 
and differentiation of SSCs must be precisely regulated by 
intrinsic gene expression in the stem cells and extrinsic sig-
nals, including soluble factors or adhesion molecules from 
the surrounding microenvironment, the stem cell niche. 

Spermatogonial stem cells are descendants of the 
primordial germ cells (PGCs), which migrate from extra-
embryonic sites to colonize the gonadal ridge early during 
embryonic life. In the females, the primordial germ cells 
proliferate extensively and enter meiotic prophase at around 
the time of birth. In males, cessation of germ cell prolifera-
tion and blockade of meiotic entry are important steps in the 
morphogenetic cascade initiated by the expression of the 
SRY gene. The male germ cells associate with somatic cells 
of the presumptive gonad and form testicular cords, which 
mark the differentiation of PGCs into gonocytes. Different 
stages of germ cell development to spermatogonial stem 
cells are shown in Figure 1. 

Several lines of evidence have suggested extensive 
proliferation activity and pluripotency of germline stem 
cells, including spermatogonial stem cells.

In an early embryo a cell has the potential to generate 
many different cell types. During development cells gener-
ally lose this potential or ‘potency’, and become restricted 
to making one or a few cell types. Cells can become un-
determined and undifferentiated in special circumstances. 
These undifferentiated cells which are capable of self-re-
newal and differentiation into more specialized cells are 

termed as stem cells [4, 5]. Stem cells have the remarkable 
potential to develop into many different cell types in the 
body. Serving as a sort of repair system for the body, they 
can theoretically divide without limit to replenish other 
cells as long as the person or animal is still alive. When a 
stem cell divides, each new cell has the potential to either 
remain a stem cell or become another type of cell with a 
more specialized function, such as a muscle cell, a red 
blood cell, or a brain cell. Embryonic stem cells, as their 
name suggests, are derived from embryos. 

There are several lines of evidence which show the 
potency of germ cells in prenatal and postnatal stages. 
Cultured PGCs exposed to a specific cocktail of growth 
factors give rise to embryonic germ cells, pluripotent stem 
cells that can contribute to all the lineages of chimeric 
embryos including the germline. The conversion of PGCs 
into pluripotent stem cells is a remarkably similar process 
to nuclear reprogramming in which a somatic nucleus is 
reprogrammed in the egg cytoplasm. The conversion of 
PGCs into pluripotent stem cells may be linked in some 
way with their deregulated proliferation [6, 7]. Other evi-
dence is the pluripotency of testicular germ cell tumors. 
Testicular teratomas are highly unusual benign tumors 
containing derivatives of the three primary germ layers. 
Different studies have shown that embryonal carcinomas 
(EC) are derived from PGCs [8]. Assays of developmental 
potency show that isolated EC cells are pluripotent stem 
cells, but when they lose the ability to differentiate they 
form malignant teratocarcinomas. Understanding the genet-
ics of embryonal carcinoma cell formation and the growth 
factor signaling pathways controlling embryonic germ cell 
derivation could tell us much about the molecular controls 
on developmental potency in mammals [9, 10].

After birth, two stages of germline stem cell differentia-
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Figure 1 Different stages of germ cell development in vivo and pluripotency of germline stem cells after isolation and culture in 
vitro. Several lines of evidence indicate the pluripotency of germ cells in all developmental stages. ES cells: embryonic stem cells; 
EG cells: embryonic germ cells, mGSCs: multipotent germ line stem cells; maGSCs: multipotent adult germline stem cells, SPCs: 
spermatogonial progenitor cells.

tion have been discussed: neonatal and adult stages. Cells 
isolated from neonatal testis are able to differentiate to the 
cells of all three germ layers [11, 12], including mesodermal 

cells, namely cardiomyocytes and endothelial cells and 
therefore these cells are termed as multipotent germline 
stem cells (mGSCs, Figure 1). In adult, germline stem cells 
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develop to spermatogonial stem cells or spermatogonial 
progenitor cells. Recently, two groups showed success-
ful isolation, culture and characterization of these cells 
[13-15]. The first group used a genetic selection strategy 
using a spermatogonial specific promoter (Stra8) and green 
fluorescence protein (GFP) to isolate the cells from adult 
mouse testis. They were able to isolate and culture these 
cells in culture medium containing the precise combination 
of cellular growth factors needed for the cells to reproduce 
themselves in vitro [13]. These cells called multipotent 
adult germline stem cells (maGSCs) are pluripotent (Figure 
1). More recently, the group of Shahin Rafii could confirm 
the pluripotency of spermatogonial stem cells and were able 
to isolate these cells by a specific surface maker, GPR125.  
Expression of GPR125 in the testis was detected exclu-
sively in spermatogonia and not in differentiated germ cells 
[15]. They isolated GPR125 positive cells and termed the 
cells as spermatogonial progenitor cells (SPCs). Stemness 
of SPCs was shown by testicular transplantation assay and 
reconstruction of spermatogenesis. GPR125+ cells gener-
ated derivatives of the three germ layers and contributed to 
chimaeric embryos. These cells are also able to differentiate 
into contractile cardiac tissue in vitro and formed functional 
blood vessels in vivo [15]. 

These data clearly indicate the pluripotency of adult 
germline stem cells, spermatogonial stem cells (Figure 1). 
These cells were characterized concerning their molecular 
profiling and these were compared to molecular profiling 
of ES cells using a stem cell array which contains relevant 
genes related to stem cell metabolism. The results indicate 
that spermatogonial stem cells share many molecular 
characteristics with embryonic stem cells. On cellular 
level, spermatogonial stem cells resemble embryonic 
stem cells; they form embryoid body structure after two 
weeks of culture. In contrast to ESCs, use of SSCs for 
cell transplantation will allow establishment of individual 
cell-based therapy, because the donor and recipient are 
identical. In addition, the ethical problem is avoided. These 
characteristics provide new and unprecedented opportuni-
ties for the therapeutic use of spermatogonial stem cells for 
regenerative medicine. 

If researchers can isolate such cells from human, germ-
line stem cells can be reprogrammed to have the ability 
to differentiate into cells that can be used therapeutically, 
thus could serve as a new promising source of stem cells 
for cell-based regenerative medicine.
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