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Analyses of gene regulatory networks involved in murine
oocyte formation
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Mammalian oogenesis consists of two genetically distinct events. One is meiosis, which
starts in germline cysts in embryonic ovaries, and the other is folliculogenesis occurred
after birth. The latter process is initiated by the event termed primordial follicle
formation in neonatal ovaries, by which germline cysts are separated and oocytes are
enclosed by their supporting somatic cells, pre-granulosa cells. The interaction between
germ cells and granulosa cells is known to be important to generate functional oocytes.
However, the underlying mechanisms remain elusive.

In my thesis study, | addressed the mechanisms of oogenesis after birth via two
different perspectives regarding germ cells and somatic cells. In Chapter I, | described
my investigation of the function of a germ cell-specific factor, DAZL, in the postnatal
ovary, and in Chapter I, I discussed my analysis of gene expression changes in somatic
cells focusing on the pre-granulosa cell lineage during primordial follicle formation.

In Chapter I, I focused on an RNA-binding protein implicated in the
translational promoting factor, DAZL, which is known to be a critical factor for meiotic
progression and is expected to play a role in folliculogenesis. First, 1 examined Dazl
function in the postnatal ovary by generating postnatal oocyte-specific Dazl knockout
mice. However, | unexpectedly found that the Dazl gene is dispensable for oocyte
differentiation in postnatal ovaries as mutants were fertile and produced a normal
number of pups. In addition, DAZL protein expression was not detected in the postnatal
ovary, whereas Dazl mRNA was continuously observed, suggesting that DAZL is post-
transcriptionally suppressed after birth.

Next, | asked whether DAZL translation was suppressed via its 3’-UTR



sequence. To address this, I removed the Dazl 3’-UTR and examined DAZL expression.
As a result, DAZL expression was increased in the 3’-UTR-deleted transgenic ovaries,
even postnatally, suggesting that DAZL translation is suppressed in a 3’-UTR-
dependent manner. Furthermore, the increased DAZL expression caused the mothers to
have a reduced litter size due to the failure of pre-implantation development, indicating
that the 3’-UTR-dependent suppression of DAZL in postnatal oocytes may be required
for pre-implantation mouse development. Based on these results, | concluded that the
proper switching of DAZL expression from “on” in the embryonic stage to “off" in the
postnatal stage is essential to produce the next generation.

In Chapter-11, | described my transcriptome analyses of pre-granulosa cell
progenitors in wild-type and germ cell-deficient ovaries using a FACS method to
selectively isolate Lgr5-positive developing pre-granulosa cells. Through these
comparative analyses, | identified increased and decreased genes associated with pre-
granulosa cell differentiation. The most marked changes | found during primordial
follicle (PF) formation were the significant downregulation of Wnt and TGF-beta
signaling pathway genes, and the upregulation of Notch and PI3K pathway genes.
Although Lgr5-positive pre-granulosa progenitors developed in the absence of germ
cells, oocytes influenced pre-granulosa cell differentiation after birth, suggesting that
crosstalk between germ cells and Lgr5-positive cells is important for the differentiation
of pre-granulosa cells. Thus, | further classified the genes with increased or decreased
expression during PF formation as germ cell-dependent or -independent. Based on this
classification, gene upregulation was largely dependent on germ cells, whereas the
downregulated genes, which comprised putative factors involved in the retention of
germline cysts, were regulated in both germ cell-dependent and -independent manners.
These results provide insight into the gene regulatory networks functioning in
differentiating pre-granulosa cells during primordial follicle formation. Moreover, they

will help further analyses to identify unknown factors required for pre-granulosa cell



differentiation.

Taken together, my study revealed dynamic changes from the embryonic to
postnatal stages during oocyte development such as DAZL expression regulation in
oocytes and gene expression changes during pre-granulosa cell differentiation in
somatic cells. By focusing on different events related to oocyte development, as
described in Chapters | and IlI, my study helps clarify the complicated regulatory
mechanisms at the transcriptional and post-transcriptional levels necessary for making

a functional oocyte.
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