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All sexually reproducing organisms arise from gametes and all gametes arise from primordial
germ cells (PGCs). In many animal groups, cell fate of PGCs is defined by maternal factors
localized in a histologically distinguishable region in the egg cytoplasm, so called “germ
plasm”. In mammals, however, the germ plasm has never been observed. Germ cell
specification takes place during early gastrulation stage after implantation of embryos and
requires some inductive factors from extraembryonic tissues. Although the mechanism
involved in PGC specification start to be understood, many unanswered questions remain,
which include how PGC retain their identity during migration in somatic environment and
how PGCs maintain their stem cell like property as keep differentiating as gametes. The
mechanism involved in germ cell specification could be quite different in mammals. However,
a conserved mechanism has also been indicated by the identification of mouse homolog genes
to components of germ plasm of Drosophila. -

Nanos gene 1is first identified in Drosophila as one of the components of germ
plasm, and encodes an RNA binding protein containing zinc-finger motif. In the absence of
Nanos, embryos form pole cells, but they are unable to migrate properly into the embryonic
gonads and do not differentiate as functional germ cells. To date, Nanos homologs have been
identified in both invertebrates and vertebrates. Among them, zebrafish nanos homolog
(nanos1) is also known as an essential protein in ensuring proper migration and survival of
PGCs. Therefore, it is inferred that »nanos homolog gene exists also in mouse and it would
participate in germline development. Indeed, narnos homolog (referred to as nanosl) was
isolated from mouse embryo but its expression was not observed in germ cells during

embryonic development. Therefore, it is likely that other as yet unidentified nanos family
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members may exist, and these are expressed during germ cell development. BLAST searches
of the NCBI EST database identified three human manos-related genes, which showed
significant homologies in the conserved zinc finger domains. This fact suggests that
additional nanos-related genes also present in the mouse and might be involved in germ cell
development.

In this study, to isolate mouse nanos homolog, PCR screening was carried out using
specific primers of human nanos homolog genes. As a result, two nanos homolog genes are
found in the mouse (referred to as nanos2 and nanos3). This thesis reports the cloning and
characterization of nanos3. The expression of nanos3 is first detected in nascent PGCs at late
streak stage at approximately 7.25 dpc, and then expressed in the migratory phase of PGCs
and also expressed in germ cells after the colonizing embryonic gonads. To determine the
functional requirement for mouse nanos3 in the germ cell development, nanos3 knockout
mice were generated. Both heterozygous and homozygous mice were viable and showed no
apparent abnormalities. However, in 4-weeks male, the size and weight of testis are greatly
reduced. Histological analyses showed that gametes were completely absent and that the
seminiferous tubules were populated only with Sertoli cells. Similar to testis, ovaries of adult
nanos3-null females were considerably atrophic, and exhibit complete absence of oocyte,
follicles and corpora lutea. In nanos3-null embryos, equivalent numbers of PGC were
observed at 7.5 dpc embryo, which indicates that nanos3 may not be required for PGC
specification. However, number of PGCs in homozygote was smaller than that in
heterozygote at 8.5 dpc-9.5 dpc and PGCs were completely absent at 13.5 dpc. Investigation
of changes in the number of PGCs between 7.5 dpc and 10.5 dpc embryos revealed that PGC
divided at least 2 or 3 times but the number declined gradually and most of PGCs disappeared

before 11.5 dpc. Therefore, nanos3 is involved in the maintenance of PGCs by supporting the
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proliferation and /or by suppression of cell death. To further address this question, cell death
by TUNEL assay and immnostaining of cleaved caspase3 were analyzed. However, so far no
apoptotic PGCs in the nanos3—null embryos were detected, although the morphological
hallmarks of apoptosis was observed in 9.5 dpc PGCs.

These results indicate that nanos3 plays important roles in the proliferation and/or
survival of PGCs, rather than fate specification. These studies also suggest that evolutionarily
distant organisms utilize conserved nanos genes to regulate early germ cell development. So
far, PGCs, which segregated from extra embryonic mesoderm are distinct from somatic cells
by their alkaline phosphatase activity and specific expression of ste//la. However, ALP or
stella knockout mice develop without any detectable abnormality in PGCs. This thesis reports
here for the first time specifically functional gene in nascent PGCs and elucidates a part of

mechanisms of “establishment” as germ cells after germ cell specification.
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