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In mammals, cell to cell interactions work critically for the formation and maturation of
germ cells. For example, germ cells are first formed as primordial germ cell (PGC) precursor
cells from epiblast when they receive the BMP4/8b signals from adjacent extraembryonic
ectoderm. Subsequently, intercellular communication between oocytes and the surrounding
follicle cells through gap junction channels is crucial for oocyte development and maturation.
Furthermore, inside the follicles, oocytes go through germ cell specific events such as the
erasure and resetting of the genomic imprinting, meiosis.

These germ cell specific events have been mainly clarified by generating knockout or
transgenic mice. However, although this kind analysis enables us to reveal the role of an
individual gene, it is difficult to perform any cellular of molecular analysis which should
provide information not only for understanding the development of mammalian germ cells but
also for clinical purposes by this in vivo method. To achieve this, therefore, the establishment
of an appropriate in vitro experimental system that can follow the entire gametogenesis process
would be preferable. In this study, I tried out two in vitro experimental approaches to
understand the mechanism of germ cell development.

1. Elucidation of the role of gap junctions in folliculogenesis.

Our group previously reported the spatiotemporal expression of multiple connexin genes in
porcine follicle cells. Here, I searched for connexin genes specifically expressed in porcine
oocytes to elucidate gap junctions formed between oocytes and follicle cells. To achieve this,
I constructed an oocyte-specific cDNA library to identify connexin genes expressed and found
that CX60 and CX45 are the major connexins expressed in porcine oocytes. Immunostaining
and in situ hybridization of sectioned porcine ovaries confirmed oocyte expression of these
genes at three different stages of folliculogenesis. Furthermore, their gap junction channel
activity was assessed using a heterologous cell system. However, CX37, which is known to
be expressed in oocytes of several other mammals, was undetectable. I demonstrate that there
is diversity in the connexin genes expressed in mammalian oocytes, and hence in the gap
junctions connecting oocytes and cumulus cells. 7
2. Establishment of an in vitro model system for deriving follicles from mouse embryonic
stem cells

Pluripotent mouse embryonic stem (ES) cells can produce germ cells (GC) capable of
giving rise to normal offspring in vivo. However, functional oocytes are not generated from
ES cells. In this study, I generated a clone of male mouse ES cells that efficiently formed
follicle-like structures (FLSs) in vitro, and this allowed me to analyze folliculogenesis at a
molecular level. Induced FLSs were morphologically similar to primary/secondary follicles,
and several GC-specific genes were expressed in FLSs. However, the FSH receptor was not
expressed, and FLSs were arrested at the preantral stage of folliculogenesis. Finally, putative
oocytes in FLSs exhibited an androgenic genomic imprinting pattern. The data suggest that
the developmental dysfunction of the FLSs may be attributable to aberrant gene expression and
the epigenetic state induced by the vitro system.
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