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INTRODUCTION 
The spermatogonial stem cells are the source of potentially totipotent diploid cells in adult 
male organism that are capable of self – renewaling. As a result of consecutive cytological 
transformations the part of spermatogonia stem population is differentiated into spermatozoas. 
A proliferation and differentiation of stem cells are complex process, which involves many 
regulatory factors as well as cell – cell interactions that have been difficult to study in vivo. 
The cultivation of type A spermatogonia stem cells can be used as a perspective model of 
spermatogenesis in vitro. However, as a lots explorers report, there are series of problem at 
cultivation of these cells (Izadyar et al., 2000 ; Nagano and Brinster, 1998 ; Morena et al., 
1996). Therefore, the selection of suitable culture condition for type A spermatogonia stem 
cells is an important stage for the further researches in this direction. Theoretically, one male’s 
stem cell is capable of producing 4096 spermatozoas (Russel et al., 1990). The unique 
properties of type A spermatogonia opens wide possibilities of realizing of their potential in 
biotechnology. Recently a promising approach for producing of transgenic animals by use of 
type A spermatogonia stem cells has been published by Brinster and Avarbock (1994). They 
demonstrated a new technique has provided the transplantation of donor cells in seminiferous 
tubules of sterile recipients (Brinster and Zimmermann, 1994). It was reported that transplanted 
stem cells had the ability to renew a normal spermatogenesis in mice and rats. 
To apply the given approach to agricultural animals in particular to pig, it is necessary to 
overcome difficulties connected with the isolation of type A spermatogonia stem cells, their 
transformation and maintenance during cultivation in the undifferentiated form, sterilization of 
recipients and transmission’s method of cell suspension into tubules of sterile pigs. 
The aim of this study was to isolate porcine type A spermatogonia stem cells and examine their 
possibilities to renew a pig spermatogenesis after transplantation. 
 
MATERIAL AND METHODS 
Cell preparation. The testis of crossbreed male pigs (Large White Χ German Landrace) were 
used for the isolation of spermatogenic cells. Approximately 15 g of testes were used for each 
cell isolation and sample was taken for histological examination. The decapsulated testis were 
minced into small pieces and suspended in calcium – free phosphate – buffered saline. 
Seminiferous epithelial cells were then enzyme – dispersed and separated by the procedure of 
Van Pelt et al. (1996) with minor modifications. Briefly, after enzymatic digestion, the cells 
were separated from remaining tubule fragments by centrifugation at 1000 g during 5 min and 
after filtration, were pelleted and subjected to differential plating to eliminate the somatic cells 
(Savchenkova et al., 2000). The pooled cells were incubated for 3 h in DMEM supplemented 
with 10 % FCS, 2 mM L - glutamine and 50 mg/ml gentamicin (all from Sigma) at 370C in 

Session 27. Use of biotechnology in animal breeding Communication N° 27-04 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

5 %CO2. After removal of Sertoli and myoid cells, spermatogonia, which remained in 
suspension, were collected, washed, counted and used. 
 
Characterization of porcine type A spermatogonia. The cells recovered from differential 
plating were examined by phase – contrast microscopy for an approximation of size and 
identification of morphological attributes. 
 
Recipient and donor pigs. Our previous histological research has shown that optimal term for 
isolation of the enriched culture of porcine type A spermatogonia stem cells was 60 – 80 days 
after boar’s birth (Kostereva et al., 2001). Relying on that result, two bunches of prepubertal 
pigs were formed for the experiment with transplantation of spermatogenic cells. Each group 
consisted of 8 boars (recipients and donors). The animal donor groups were selected in 35 days 
after birth of recipient animals. The 60 and 80 – days recipients were injected with busulfan 
(50 mg/ml, intraperitoneally) to destroy spermatogenic stem cells (Bucci and Meistrich, 1987). 
They have been served  for 35 days. We used three variants of treatment : once, twice and three 
time. 
 
Histological analysis. The efficacy of spermatogenesis’s destruction was estimated by 
histological analysis of testis after each busulfan’s injection. The peaces of tissue from 8 
randomly chosen areas of testes were fixed in Buin’s fixative, then they poured over in parafin. 
The histological sections 3 µ thick were stained with gallocyanine and Schiff – technique. We 
used to count and measure well discernable and maximum spherical objects by means of light 
microscope (X640, X1600). 
 
Cell transplantation procedure and analysis. Cell suspension of spermatogenic cells in 
physiological solution was injected either just or after one – day cultivation. The 
transplantation of donor cells was carried out via injection into mediastinum of testis. 
Following cell transplantation, the recipient pigs were maintained for 27, 29 days and 
10 months after injection, and the testes were then estimated by histological analysis and by 
composition of primary recipients’s culture (27 and 29 days) and DNA microsattelite analysis 
of sperm after first ejaculation (10 month). The renewal of spermatogenesis was determined by 
the evident presence of late stages of seminiferous epithelium. 
 
Statistical analysis. All of the experiments were performed with separate cell preparations of 
type A spermatogonia stem cells from different 60–80 – days – old pigs. Each experiment 
involved 3 replicate samples for each point. Significance between controls and experimental 
samples was established by the Student’s t – test. The difference was considered significant 
when p was less than 0.05.  
 
RESULTS AND DISCUSSION 
The analysis of cell population from testes of 60–80 – days – old pigs, inclusive, has revealed 
the presence of four cell kinds. The first one appeared to be approximately 30 microns in 
diameter and had a large spherical nucleus with narrow rim of cytoplasm. We identified those 
cells as type A spermatogonia stem cells because they reminded the ones seen in histological 
section of fixed testes. The most multiple bunch of cells with improper outlines, large nucleus 
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and indistinct cytoplasm was accepted for Sertoli cells. The futty inclusions were visible 
frequently in those cells. The small spherical cells (diameter 10-13 microns) could be myoid 
cells. The interstitial cells differed among themselves on morphology. Some of them were 
similar to connective tissue cells – fibroblasts, and some other to Leydig cells. Our clearing 
method has allowed to receive a population on 90 % submitted by stem cells. The comparative 
analysis of culture’s conditions has shown that maintenance of type A spermatogonia stem 
cells in culture required the medium used for embryo stem cells supplemented with 15 % fetal 
bovin serum and feeder. We have found that cultivation of spermatogonia stem cells on all 
kinds of layers maintained its in undifferentiated state for 10-12 days, however, the presence of 
STO stimulated growth of the colonies on morphology reminding embryo stem cell ones.  
Then, we tested the transplantation technique of porcine spermatogonial cell. First, we 
estimated different variants of  busulfan treatment on recipient’s testes. During this period of 
time we have lost 5 of 8 animals (survival rate – 38 %). The observed mortality likely resulted 
from natural mortality (6-8 % at this age) and unfavorable influence of chemical (Brinster and 
Zimmermann, 1994 ; Bucci and Meistrich, 1987). The histological analysis has shown that 
only three time treatment of recipients resulted into the complete destruction of spermatogenic 
epithelium. Their seminiferous tubules were considerably decreased in dimention and testes’s 
tissue got red with crimson impregnation. Second, we tested a transplantation technique of cell 
mixture directly in mediastinum of testis that had appeared much more effective in comparison 
with a method of multiple injection because of targeted hit of cells into tubules. Analysis of 
cell composition obtained 27 and 29 days after transplantation has shown spermatogenic cells 
at different stages of development (90 %), small quantity of Sertoli cells (9 %) and 
spermatozoas (1 %). The terms of busulfan treatment and castration after transplantation were 
chosen issue from the duration of spermatogenesis at adult pigs. 
The experiment has shown that donor germ cells are capable of renewaling and maintaning 
spermatogenesis at least about one month after transplantation. The spermatogenesis had 
normal morphological characteristic and leaded to appearance of mature spermatozoas.  
To evaluate completely the transplantation effiency in pigs we compared DNA of recipient 
pig’s sperm in 10 months after injection of cell suspension with DNA of their tissue (ear). It 
was found DNA of both samples had identical pattern. 
These data show that busulfan treatment is temporal contraception for animals. This is agreed 
with recovery of spermatogenesis after busulfan treatment in the rats (Jiang, 1998). Thus, our 
study has revealed that own recipient’s spermatogenesis recovered gradually for 10 months and 
forced out transplanted spermatogonial stem cells in pigs. 
 
CONCLUSION 
These studies demonstrate that stem cells can be harvested from donor testis, maintained in 
vitro, transferred to the sterile recipient testis and subsequently establish normal 
spermatogenesis with the production of mature spermatozoas for at least 1 month after 
transplantation. This study represents a first step toward successful spermatogonial 
transplantation in pigs. 
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