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The molecular dissection of NANOS2 function required for

male germ cell differentiation
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Germ cells are highly specialized cells capable of transmitting genetic information to
the next generation, which is accomplished by sexually differentiated gametes, sperm
and eggs. Therefore, understanding the precise mechanism of sex-specific
differentiation of germ cells is an important issue in reproductive biology.

In mice, sexually bi-potent germ cells begin the sex-specific differentiation
after colonizing gonads, whereupon male germ cells stop the mitotic cell cycle at the
GO phase and female germ cells initiate meiosis. In male germ cell development, the
evolutionarily conserved RNA-binding protein, NANOS2 is essential because
NANOS2-null germ cells exhibit several abnormalities; the failure of male-type protein
expression, resumption of mitosis, initiation of meiosis and escape from seminiferous
tubules. Therefore, elucidating the molecular function of NANOS2 is vital to
understanding male germ cell development. As NANOS2 is known to act as a post-
transcriptional suppressor of its target mMRNAs, identification of NANOS2-targets is an
important issue. Although efforts have been made to identify NANOS2 targets, only a
few relevant RNAs have been reported.

In my thesis study, | used two distinct strategies to analyze NANOS2 function.
One was the conditional knock out (cKO) analysis to examine the NANOS2 function as
an RNA-regulatory molecule. NANOS2 localizes to processing bodies (P-bodies),
which are cytoplasmic ribonucleoprotein complexes involved in the suppression of

mMRNASs, suggesting that the P-body localization of NANOS2 is required for its



functionality. However, this remains unclear.

To address this issue, | tried to eliminate P-bodies from male germ cells. For
this purpose, | deleted a core component of P-bodies, DDX6. As DDX6 is ubiquitously
expressed in embryos, | planned to delete it only in male germ cells using a cKO strategy.
In general, producing cKO mice is time consuming. To overcome this problem, |
employed a new method, chimera analysis. For this analysis, | established an ES-cell
line containing a germ cell-specific and tamoxifen-inducible Cre recombinase and a
reporter. | then generated floxed-Ddx6 allele homozygously into this ES-cell line. By
generating chimera with floxed-Ddx6 ES-cells and injecting tamoxifen, | obtained
Ddx6-cKO germ cells quickly. I found that the deletion of DDX6 resulted in P-body
loss without affecting NANOS2 expression. Even the presence of NANOS2, DDX6-null
germ cells exhibited similar abnormalities to NANOS2-null germ cells, i.e., the
resumption of mitosis and the lack of male-type gene expression. These results
suggested that the localization of NANOS2 to P-bodies is required for NANOS2 to
regulate its target RNAs. On the other hand, other abnormalities observed in NANOS2-
null germ cells, such as initiation of meiosis and germ cells escaping from the
seminiferous tubules, were not observed in DDX6-null germ cells. Therefore, NANOS2
functions can be separated into P-body-dependent and -independent functions.

Another strategy was single-cell transcriptomic analyses to explore possible
target RNAs. NANOS2 has been considered to act as a male determinant because
NANOS2-null male germ cells abnormally initiate meiosis, similar to female germ cells,
and fail to express male-marker genes. This idea is supported by the ectopic expression
of NANOS2 in female germ cells that results in the induction of male-type gene
expression. However, the target responsible for the promotion of male differentiation
has not been identified due to the complexity of NANOS2-targets and the limitations of
applicable technology.

To address this issue, | took advantage of the cutting-edge technology of single-



cell RNA-sequencing (scRNA-seq) to analyze NANOS2 function more precisely during
male germ cell development in the second part of my thesis. | found that germ cells
start sexual differentiation before Nanos2 expression. This result is supported by the
analyses of Nanos2-KO germ cells, which retained male properties; however, it is in
contrast to the idea that NANOS2 functions as a male determinant. Further analysis
revealed that several male-type genes increased expression in the E14.5 Nanso2-KO
cells compared to E13.5 KO cells. These data indicate that NANOS2 is not the male
determinant and other pathways also regulate the male-type differentiation. By
correlating gene expressions and the cell cycle status, | found that the earliest function
of NANOS2 was the induction of cell cycle arrest. To clarify the mechanism of cell
cycle regulation by NANOS2, | analyzed the expression of cell cycle regulators. As a
result, NANOS2 was suggested to regulate the cell cycle by suppressing mTORC1
signaling. In addition, | found that another cell cycle suppressor, p38 MAPK signaling,
was active in Nanos2-KO cells, raising the possibility that parallel signaling cascades
are involved in cell cycle arrest in male germ cells. Lastly, by comparing scRNA-seq
data with Ddx6-KO RNA-seq data, | identified possible targets involved in P-body-
dependent and -independent NANOS2 pathways. Thus, my thesis study provides the
new insights into the regulatory mechanism of the male-type differentiation of germ

cells.
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