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Harnessing spermatogonial stem cell flexibility to increase transplantation efficiency
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Summary of Research: The following projects were developed to improve the efficiency of mammalian sperm stem
cell transplantation. First, we elucidated individual subpopulations of the sperm stem cells and studied each
subpopulation's fate dynamics and regulatory mechanisms. Second, we controlled the fate of mouse sperm stem cells
after transplantation and improved transplantation efficiency, bringing this technology closer to practical application.
Third, we analyzed the commonalities and species-specificities of human and mouse sperm stem cell populations. An
international collaboration between Yoshida (Japanese Pl; mouse developmental biologist), Benjamin Simons (UK PlI;
a biophysicist at Cambridge University), and Anne Goriely (UK co-Pl; Oxford University, a human sperm stem cell
research expert) was formed to these aims. As a result, 1) we clarified the heterogeneity and dynamics of mouse sperm
stem cells in detail and found a common operating principle in their behavior. 2) We improved transplantation
efficiency by suppressing the donor stem cells' differentiation using drugs. 3) By comparative informatics analysis, we
found characteristics of the human sperm stem cell population that is not found in that of mice.

Background: The testes of mammals, including humans, continuously produce a large number of sperm through the
function of sperm stem cells. In 1994, Brinster et al. developed a mouse sperm stem cell transplantation technique,
which has a high potential for a wide range of applications, including fertility restoration after treatment of children
with malignant tumors and conservation and restoration of endangered species. However, the low transplantation
efficiency of sperm stem cells, even in mice, has limited their practical use. Therefore, this project was undertaken to
increase the transplantation efficiency of sperm stem cells and to expand the use of sperm stem cells to animals other
than mice, including humans.

Results 1) Mouse sperm stem cell dynamics: Undifferentiated spermatogonia functioning as stem cells in adult mice
were purified and subjected to single-cell gene expression analysis to generate a high-resolution transcriptomic map.
The stem cell state transition inferred informatically from these data was consistent with the results of cell state and
pulse labeling cell fate tracking experiments that emphasized specific gene expression (Nakagawa et al., Cell Reports
2021). In addition, pulse labeling and single-cell gene expression analysis were combined to explore further the
dynamics of conversion between each state and the gene pathways that function there. We also analyzed the clonal
dynamics of sperm stem cells after transplantation and found that they can be commonly described by the
mathematical model of steady-state stem cell dynamics we had established (Nakamura et al., Cell Stem Cell 2021).
Results 2) Improvement of transplantation efficiency: Although many stem cells settled immediately after
transplantation, through random differentiation and cell death, the majority of donor clones disappeared, with only a
tiny fraction of clones forming long-term colonies. This suggested that temporary inhibition of differentiation, when
most clones disappear, may suppress clonal loss and improve transplantation efficiency. When the differentiation of
stem cells (undifferentiated spermatogonia) was temporarily inhibited by an inhibitor of retinoic acid synthase
(WIN18,446), many stem cells remained undifferentiated, and the long-term transplantation efficiency (reconstitution
efficiency of spermatogenesis) was improved by 5-10 fold (Nakamura et al., Cell Stem Cell Stem Cell 2021).

Results 3) Comparison of human and mouse sperm stem cells: In recent years, with the development of single-cell
gene expression analysis, human sperm stem cell research has accelerated drastically; single-cell gene expression
analysis of human testicular cells of various ages has been reported. Therefore, we integrated many human testicular
cell data by informatics to create a single-cell gene expression atlas containing a sufficient number of spermatogonial
cells. Data from other animal species, such as mice, were projected onto it to achieve interspecies comparisons. As a
result, spermatogonial populations that exist in large animals, such as humans, primates, and domestic animals, but

not in mice and rats were identified (unpublished).



