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Autologous Transplantation of Adult Mice Spermatogonial 
Stem Cells into Gamma Irradiated Testes
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Abstract

We evaluated structural and functional changes of fresh and frozen-thawed 
adult mouse spermatogonial stem cells following auto-transplantation into gamma-irra-
diated testes.

 In this experimental research, the right testes from adult mice 
(n=25) were collected, then Sertoli and spermatogonial cells were isolated using two-step 
enzymatic digestion, lectin immobilization and differential plating. Three weeks after culti-
vation, the Bromodeoxyuridine (BrdU)-labeled spermatogonial cells were transplanted, via 

-
toli cells (control 2), the frozen-thawed cells (experimental 1) and frozen-thawed cells co-
cultured with Sertoli cells (experimental 2). The morphological changes between different 
transplanted testes groups were compared in 8 weeks after transplantation. The statistical 

testis weight and normal seminiferous tubules following spermatogonial stem cells trans-
plantation in the recipient’s testes. The normal seminiferous tubules percentage in the 
co-culture system with fresh cells and frozen-thawed groups were more than those in 

Our results demonstrated that spermatogonial stem cells in the colonies 
could result sperm production in the recipient’s testes after autologous transplantation.
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Introduction

-
-

differentiated spermatogonial stem cells (SSCs) 
and production of differentiated daughter cells to 

sub-population of testicular stem cells is believed 

in vitro sys-
tem that supports SSCs survival and proliferation 
is useful for enhancement of stem cell number 
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systems have already been developed for in vitro

maintenance and propagation of spermatogonial 

been reported that somatic cells can support the 
proliferation of isolated adult (11) or prepubertal 

-

and maintain their capability of establishing sper-

testis (7, 19, 20).

-

SSCs transplantation is to identify the functional 
SSCs in a germ cell suspension and to compare 
SSCs numbers after various treatments or cul-

Although homologous and heterologous 
transplantation have been reported in mice and 

-
plantation has just been investigated in mon-

restoration of spermatogenesis has not been 

limited restoration of spermatogenesis has been 
reported in bovine after autologous transplan-
tation. These studies clearly have showed that 
the efficiency of transplantation is highly de-
pendent on the phylogenic distance between the 
donor and the recipient species. Yet, an autolo-
gous transplantation of adult mouse SSCs has 
not been reported in mice.

For most children diagnosed with cancer, cure 

treatment successes in young boys with cancer 
have led to substantial increase in survival rate 

eradicate cancer cells can damage spermatogen-
esis and lead to temporary or permanent infertility 
in young prepubertal patients. Theoretically isola-
tion, propagation and cryopreservation of SSCs 
from the patients undergoing chemotherapy or ra-
diotherapy could provide a source of endogenous 
SSCs for possible auto-transplantation in the fu-

-
rent study was to evaluate structural and functional 

SSCs following autologous transplantation within 
gamma-irradiated testes.

Materials and Methods

Animals

-

under the standard conditions with free access to 
food and water at the Animal Facility of Tarbiat 

conducted in accordance with the guidelines of the 
-

Germ cell collection, cryopreservation and 

each group) were hemi-castrated to allow au-
tologous transplantation. Accordingly, the right 
testis from each mouse was collected for prepa-

-
-

collected and either cultured or cryopreserved 

decapsulation, the right testis was minced sep-

-

and some spermatids cells were removed by 

-

cells were used for the removal of spermatocyte 
cells. The spermatocyte cells were removed us-

The Sertoli cells were also isolated using a pro-
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Then, the coated plastic dishes were washed three 

-

was placed on lectin-coated dishes and incubated 

2
. After incubation, the non-adherent cells 

were collected by washing with handling medium 
twice. Immediately after cell isolation, cell viabil-
ity was assessed.

The isolated cells were cryopreserved using 

some modification (17). Cell suspensions in 
 cells per mL) were pre-

-

to the Eppendorf vial containing the cell sus-

gently mixed by inverting the vial; afterward, a 

-

-

C water bath for 2 minutes. The contents of the 
vial was transferred to a tube and diluted slowly 

-
ed with 10% fetal calf serum (FCS). Then, the 

the remainders of the cells were used for culture 
experiments.

cultured in two groups: simple culture (ex-
perimental 1) and co-culture with Sertoli cells 
(experimental 2). In addition, fresh spermato-
gonial cells were cultured and processed along-

simple culture (control 1) and co-culture with 
Sertoli cells (control 2). In co-culture groups, a 
monolayer of Sertoli cells was previously pre-

pared, then spermatogonial cells were co-cul-

2
 and the presence of 10% FCS. The 

-
phatase activity of the obtained colonies were also 
performed as described elsewhere (11).

Recipient testis preparation, BrdU incorporation, 
and transplantation procedure

-

endogenous spermatogenesis were tested and 

radiation treatment). The culture of experimental
mouse spermatogonial cell colonies from right 

-

labeled-cells were transplanted into the semi-
niferous tubules of the other testis of the same 

and 2 µl trypan blue (to assess the efficiency 
of cell transplantation) were injected into the 

of transplanted cells was assayed by immuno-

-

was irradiated without transplantation in other 
hemicastrated mice was considered as the non-
transplanted group.

of transplantation are as follows: Testicular mass 

testes.

The transplanted mouse testes were examined 
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-

sections were then immunostained with the pri-

For assessment of morphological changes in 
-

lected tubular profiles (round or nearly round) 
were determined and classified based on the 

seminiferous tubule with sperm, normal semi-
niferous tubule without sperm, and depleted 
seminiferous tubule. 

Statistical analysis

-
tistical significance between mean values was 

-
ysis of variance in efficiency of transplantation. 

-
cant.

Results

Effect of cryopreservation on viability rate after 
thawing

Viability rate of cells after isolation pro-

-

the thawing procedure.

Colonization assay of transplanted cells

To trace the fate of spermatogonial cells after trans-

-
ferent culture groups were grafted into the seminifer-

after transplantation, the labeled cells were traced in 

-
-

in the testis (Fig 1-F).

Fig 1: Auto-transplantation of adult mouse spermatogo-
nia resulted in spermatogenesis in recipient testis, The 
spermatogonial cells were labeled with BrdU in vitro 
and transplanted into the recipient testes via rete testis. 
Donor-derived spermatogonial cells were traced in the re-
cipient testes (A) two weeks. (C) 8 weeks after transplan-
tation elongated spermatids were detected within the tes-
tis (Arrows). (E) Control group without adding primary 
antibody. The cells showing nuclear BrdU staining were 
considered as transplanted cells. (B, D, F) Phase contrast 
photographs. (Bar=50 µm). 

Testicular mass weight 

th

-
esis and only a small percentage of the tubules 
contained spermatocytes in the irradiated testes. 

testis in comparison to those of non-irradiated mice 
-

after autologous transplantation of germ cells co-
cultured with the Sertoli cells group in compari-
son to non-transplanted group. The mean of testis 
mass after autologous transplantation increased up 

-
radiated testis mass at non-transplanted group (12 

A

C

E

B

D

F
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g/testis. Overall, the testis mass after autologous 
transplantation in all groups was increased sig-

Morphological changes in the recipient testes

Examination under a light microscopy revealed 
spermatogenesis in some tubules in the non-trans-

was observed in testis histology between the non-
transplanted and all autologous transplanted groups, 
especially the one co-cultured with Sertoli cells 

normal and depleted tubules in the fresh cells 

transplanted group (control 2 and experimental 

tubules were depleted in the non-transplanted 
group. The depleted tubules in the transplanted 
groups were altered commensurate with normal 

-
ference in the percentages of normal tubules 
without sperm among all groups (Table 1).

Table 1: 

Experimental 2Experimental 1Control 2Control 1Non-transplanted

Testicular mass (g)

Depleted tubules (%)

Normal tubules with sperm (%)

 Normal tubules without sperm (%)

Results are expressed as mean ± SD. 

Fig 2: (A, C) A non-transplanted testis in 12 weeks after irradiation, the majority of the seminiferous tubules still contained 
only Sertoli cells. (B, D) Eight weeks after the auto-transplantation, more differentiated germ cell types are seen in seminifer-

ous tubules. (Bar=1000 µm in A, B; Bar=500 µm in C, D).

A

C

B

D
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-
niferous tubules is possible via the efferent ducts, 
which is feasible with mouth pipette and a ster-

testis of recipient using these simple tools. The 

testes resumed spermatogenesis which was evi-

freshly and cryopreserved SSCs were functional 
and produced more advanced germ cells in the re-

-
genetic proximity between the donor and the re-
cipient species. Our results were consistent with 

that after homologous transplantation in goats, the 
recipient goats became sexually mature and pro-

et al. showed that heterologous transplantation of 
neonate spermatogonial cells after co-culture with 

in the epididymal lumen of recipient mice (9). 
Also, Kanatsu-Shinohara et al. showed that live 

more advanced germ cells in xenogeneic spermat-

compared to the simple culture groups. The in-
creased numbers of SSCs in the transplanted cell 

-
plantation. In our previous studies, we demonstrat-
ed that a co-culture system with Sertoli cells could 
increase in vitro colony formation or the number 

of SSCs enhance their homing into tubules and the 

that it also may result to restore the spermatogen-
esis in the arrested tubules. In previous autolo-
gous and homologues transplantation have been 

arising from transplanted donor germ cells were 
in vivo (20) and in vitro

-

Discussion

In this study, we demonstrated that autologous 

spermatogonial cells after cultivation can resume 

There are several critical factors to achieve a 
successful transplantation of SSCs, including: a. 
the number of SSCs in donor cell suspension for 

To increase the number of SSCs in donor cell 
suspension, we co-cultured adult germ cells with 
Sertoli cells and obtained colony formation. Our 
previous results showed that the number of the 
colonies and their diameters in the fresh and fro-

SSCs. On the other hand, we had to transplant SSCs 

of mouse and bovine spermatogonia with Sertoli 

-
onstrated when donor testis cells were transplant-
ed without enrichment for SSCs, only 10% of tu-

study, increase in the number of tubules containing 

by co-culturing with Sertoli cells in vitro and the 
improvement of colony formation before trans-
plantation.

Various reports have shown that the species, dosage 

term outcome of the testes transplantation model (17, 

-
enous spermatogenesis in the seminiferous tubules of 

a model for transplantation (11).
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tubules contain donor-derived spermatogenic cells 

donor-derived spermatogenic cells in the fresh 

groups, still the recipient mice were infertile. The 
previous studies have showed that the restoration 

Conclusion

Finally, our results might have some clinical 
implications, mostly in application of auto-trans-
plantation of SSCs for the restoration of sper-
matogenesis in cancer patients undergoing intense 
chemo- and radiotherapy. This provides new meth-
odology in handling spermatogenesis, particularly 
in transplants.
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