Germ cell transplantation
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Spermatogonial transplantation involves the removal of stem cells from a donor testis and their replacement into a recipient testis largely deprived or lacking endogenous spermatogenesis, where the transplanted germ cells grow to form mature fertile sperm with genetic characteristics of the donor. Since spermatogonial transplantation from mouse-to-mouse was first reported by Brinster and colleagues in 1994, many important developments in this fascinating methodology such as interspecies transplants, transplants from cryopreserved and cultured spermatogonial stem cells have been made. In this regard, this technique has been shown a powerful approach to studying the biology of spermatogonial stem cells and their microenvironment, the stem cell niche. Also, several important functional questions regarding Sertoli-germ cell interactions and the role of the Sertoli cell and germ cells during spermatogenesis have now been answered. Transplantation of cultured spermatogonial stem cells is now opening exciting possibilities for in vitro multiplication of male germ cells and transfection or retroviral transduction has shown that it is now possible to produce transgenic mice. By freezing and storing testicular tissue, it should be possible to preserve indefinitely the genetic stocks of valuable farm animals, endangered species and unique experimental animals, until a suitable recipient can be found that will maintain the germ line. Also, because many cases of male infertility have proved intractable to therapy, spermatogonial transplantation has also potential clinical applications to address human infertility. For instance, if the testis of infertile individuals contains at least spermatogonial stem cells, it might be possible to transplant these cells into a host testis of the same or different species to obtain sufficient sperm of donor origin to achieve a pregnancy using ICSI. Another potential clinical use of spermatogonial transplantation technique is the replacement of the germ line in patients whose endogenous stem cells had been eliminated (or damaged) as a result of gonadotoxic chemo-or radiotherapeutic treatment.
The spermatogonial transplantation efficiency is still relatively poor and presents limitations related to the preparation of donors, recipients, and the quality of germ cell development after transplant. Also, although germ cells from rabbits, dogs, large domestic animals (boar, bull and horse), primate (baboon) and humans into nude mice were able to colonize the testis at different degrees, no spermatogenesis of the donors occurred. These results suggest that the success of transplantation might be positively related to the degree of phylogenetic proximity of species during evolution. To bypass this limitation, recent investigation grafting small pieces of testis tissue from several species into nude mice hosts showed that male germ cells could be propagated and produce fertile spermatozoa. This approach created a totally new scenario in this field allowing, for instance, the production of transgenic domestic animals. To provide even more possibilities for studying spermatogonial stem cells in their environment, more recently, two novel and very important methodolgies were reported - de novo morphogenesis of seminiferous tubules from immature rats and pigs testicular cells in xenografts – and a co-culture of spermatogonia with somatic cells in three dimensional soft-agar-culture-system. However, regardless of its limitation germ cell transplantation has been proved to be an extraordinary and powerful technique to investigate reproductive biology and stem cell biology in mammals and in other vertebrates such as fish. Particularly for fish, studies recently published and in development, including those from our laboratory with tilapias, show that germ cells transplantation in teleosts is now possible, offering a great potential for studies involving spermatogonial stem cell biology, biotechnology, transgenic animals, and the preservation of the genetic stock of valuable animals or endangered species.
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