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Nanos3 is required for proper expansion of spermatogonial
progenitors in mice
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Summary (Abstract) of doctoral thesis contents

In adult mouse testes, all spermatogenic cells originate from the spermatogonial stem
cells (SSCs) established within 7 days after birth. SSCs give rise to undifferentiated
and differentiating spermatogonia, which are the amplifying progenitor population for
spermatogenesis. Both undifferentiated and differentiating spermatogonia expand their
pool size with incomplete cytokinesis. Thus, the mitotic divisions produce
spermatogonial clusters with each cell interconnected. Undifferentiated
spermaotognial clusters are called Asingle (As, single cell), Apaired (Apr, two
interconnected cells) or Aaligned (Aal, more than three connected spermatogonia)
according to the number of connected cells in a cluster. The expanded Aal
undifferentiated spermatogonia initiate differentiation to become Al differentiating
spermatogonia. Following 6 further mitotic divisions, differentiating spermatogonia
enter meiosis to produce haploid spermatozoa. The number of SSCs is small due to the
lower proliferation rate, representing only 0.03% of all germ cells in the testis. Thus,
the expansion of the progenitor population is an extremely important process to
constantly produce millions of sperm. However, the mechanisms which regulate this
process are poorly understood.

NANOS family proteins are evolutionarily conserved RNA-binding proteins
that play crucial roles during germ cell development in many organisms. Three Nanos
genes (Nanosl, Nanos2 and Nanos3) were identified in the mouse, among which
Nanos2 and Nanos3 are expressed specifically in germ cells. Previous studies
demonstrated that NANOS2 is predominantly expressed in As and Apr
undifferentiated spermatogonia, which are the most primitive spermatogonia, and
plays a crucial role in maintaining the stem cell population through suppressing genes
involved in spermatogonial differentiation. On the other hand, NANOS3 is mainly
detected in Aal undifferentiated spermatogonia and its expression is down-regulated
during spermatogonial differentiation. This expression profile raises the possibility of
NANOS3 involvement in the maintenance of the spermatogonial progenitor population.
However, functional analysis of NANOS3 in spermatogenesis has not been performed
because Nanos3 is also expressed in embryonic germ cells and mice deficient for
Nanos3 completely lose germ cells before birth.

In this study, | show the requirement of Nanos3 in the expansion of
undifferentiated spermatogonia. | examined the importance of Nanos3 in
spermatogenesis by analyzing Nanos3 conditional knockout (cKO) mice. The
postnatal Nanos3-deletion resulted in formation of small testes and reduction of sperm
counts compared with the wild type. Immunofluorescence staining for marker genes of
spermatogonia and differentiated germ cells revealed that the numbers of both
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undifferentiated spermatogonia and differentiated spermatogenic cells were
significantly reduced. In particular, longer Aal undifferentiated spermatogonia were
markedly decreased in Nanos3-cKO testes, suggesting that NANOS3 is required for
proper expansion of Aal undifferentiated spermatogonia. This reduction of the Aal
population is likely to influence the number of terminally differentiated spermatozoa.
To further confirm that Nanos3 functions in the amplification step of undifferentiated
spermatogonia, | conducted gain of function experiments by the artificial induction of
NANOS3. As expected, | observed an increase of undifferentiated and differentiating
spermatogonia in Nanos3 overexpression (OE) mice, opposite of the Nanos3-cKO
phenotype. Importantly, even though Nanos3 is expressed in part of the As and Apr
clusters, which are the putative SSC population, | did not observe significant changes
in the population either by loss or gain of NANOS3, indicating that NANOS3 is
dispensable for the maintenance of stem cells. Taken together, these results indicate
that NANOS3 is a positive regulator of spermatogonial progenitor expansion.

The reduction of undifferentiated spermatogonia in Nanos3-cKO testis may be
caused by precocious differentiation and/or cell proliferation defects of spermatogonia.
Indeed, | observed premature expression of the differentiation marker in the
undifferentiated spermatogonial population in Nanos3-cKO mice, suggesting that
precocious differentiation occurred in the absence of NANOS3. On the other hand,
proliferation abnormalities were not detected in the Nanos3-cKO testes. These results
suggest that precocious differentiation may be the main cause of the phenotype.
Further analyses are required for understanding the mechanisms by which NANOS3
regulates the expansion of spermatogonial progenitors.

In summary, I conclude that NANOS3 is required for proper expansion of the
spermatogonial progenitor population. This is the first report for a germ cell specific
gene proven to be involved in this process. Therefore, this study should contribute to
the understanding of mechanisms that underlie the production of the large number of
sperm in spermatogenesis.
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