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I. INTRODUCTION

Recently intraovarian control of oogenesis and
ococyte maturation has become a subject of in-
terest. Non steroidal substances secreted locally
by the ovarian follicles have been implicated in
the control of oogenesis and oocyte maturation,
It 1s therefore desirable to see how these in-
traovarian regulators act to control oogenesis
and oocyte maturation. In addition it is of
interest to see what the chemical nature of
these intraovarian regulators is. In the present
talk recent advances in our study of intraov-
arian regulators of oogenesis and oocyte matu-

ration in mammals are discussed.

1. Oocyte growth and capillary networks
Most of the germ cell population rests in a

pool of non-growing small follicles in the mouse
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ovary. Only a small percentage of follicles are in
the process of development in fetuses and new-
borns. In our observation, follicles containing
oocytes 20~30um in diameter came to be sur-
rounded by apparent capillary networks, sugges-
ting that the association of follicles with
capillaries may influence the progress of growth
of the oocytes!. Epidermal growth factor (EGF)
is produced by interstitial cells in the ovary,
and, in cell culture systems, EGF was shown to
enhance the proliferation of vascular endothelial
cells, EGF also effects neovascularization in
vivo, EGF is soluble in tissue fluid, can be
translocated in tissues and induces endothelial
cells to proliferate and form capillaries. [t was
demonstrated that glycosaminoglycans (GAGs)
from ovarian extracts potentiated the angio-
genic activity of EGF in mice?, suggesting the
possibility that GAGs potentiate endogenous
EGF in inducing angiogenesis, so that the tissue
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specificity inducing angiogenesis may be due to
the localization of ovarian components, includ-
ing GAGs and EGF, to a specific region in ovar-
les allowing angiogenesis to occur. During fol-
licular growth, GAGs accumulate in the follicle
and outer layer of growing follicles containing
oocytes more than 30um in diameter in the ovar-
ies of 3-day-old newborn mice. It may be that
ovarian GAGs interact with EGF to induce vas-
cularization and then accelerate the growth of

oocytes in the follicles,

. PARACRINE REGULATION
OF OOCYTE MATURATION

Isolated follicle-enclosed oocytes remain ar-
rested in the dictyate stage. When released
from the follicles, the oocytes undergo spontan-
eous maturation, indicating that a maturation
-preventing factor within the follicles maintains
the oocyte in the dictyate stage. Several matu-
ration-preventing factors have been identified in
follicular fluid and granulosa cells. Based on our
findings, the following hypothesis is proposed to
explain the mechanism of meiotic arrest and the
resumption of metosis®. Meiosis arresting factor
(MAF) is located on the external surface and in
the intercellular spaces of the granulosa cells.
By direct contact between the granulosa cells
and the cumulus-oocyte complex, MAF can sus-
tain meiotic arrest. Gonadotropins stimulate the
production and accumulation of GAGs in the in-
tercellular space of the cumulus cells. The net
result is a disruption of the gap junctions be-
tween the cumulus cells and the oocyte. GAGs
can also prevent the action and flow of MAF on
the oocyte by binding MAF. In this manner, the
oocyte is protected from the arresting influence

of the MAF and resume meiosis.

M. CYTOPLASMIC REGULAT-
ORS OF OOCYTE MATURATION

During meiotic maturation, protein phosphor-
ylation and dephosphorylation play key roles in
a series of events such as nuclear envelope
breakdown, chromosome condensation and cytos-
keletal change. It is therefore important to in-
vestigate the regulation of protein kinase acti-
vation in elucidating the regulatory mechanisms
for the induction of M-phase events, Mitogen
-activated protein kinases (MAPKs), also ter-
med extracellular signal-regulated kinases(ER-
Ks), are intermediates in signal transduction pat-
hways that are initiated by a variety of mitogen-
s such as growth factors, tumor promoters and
protooncogene products in mammalian cultured
somatic cells. We have demonstrated for the fir-
st time that MAP kinases with molecular mas-
ses of 42kDa and 44kDa (ERK2 and ERK], re-
spectively) exist in porcine germinal vesicle
(GV)-stage oocytes, and that their amounts do
not change during oocyte maturation. MAP
kinase activity was low in GV-stage oocytes, its
activation might occur after germinal vesicle
breakdown (GVBD), and the high activity rem-
ained until metaphase II, showing a transient
slight decrease at the time of first polar body
extrusion, These results indicate that the acti-
vation of MAP kinase is involed in the regu-
lation of meiotic maturation in the pig.

We used c¢-mos knockout mouse oocytes and
examined the role of Mos in mouse oocyte matu-
ration, including whether Mos controls MAPK
and MPF activity”, The kinetics of GVBD and
the first polar body emission were similar in
wild-type, heterozygous mutant and homozygous
mutant mice, Activities of MPF were also not

significantly different among the three gen-
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otypes until the first polar body emission. In con-

trast, MAPK activity in ¢-mos knockout ococ-

ytes did not significantly fluctuate throughout

maturation, and the oocytes had abnormal diffus-

ed spindles and loosely condensed chromosomes,
although a clear increase in MAPK activities
was observed after GVBD in wild-type and het-
erozygous mutant oocytes that had normal spin-
dles and chromosomes. After the first polar
body emission, 38% of c-mos knockout oocytes
formed a pronucleus instead of undergoing sec-
ond meiosis, indicating the crucial role of Mos in
MPF reactivation after first meiosis, When ooc-
ytes that reached the second metaphase were
fertilized or stimulated by ethanol, many c-mos
knockout oocyted emitted a second polar body
and progressed to the interphase, indicating
that Mos deletion leads to compensatory factors
that might not be degraded after fertilization or
parthenogenetic activation. These results of
ours indicate that Mos is located upstream of
MAPK in mouse oocytes, but independent of
MPF activity, and that Mos /MAPK is not es-
sential for GVBD and first polar body emission,
but 1s essential for maintaining condensation of
chromosomes and a normal spindle by increasing
MAPK activity. In addition, one of the most
important roles of Mos may be to maintain high
MPF activity after the first polar body emission
to enable oocytes to progress from first meiosis
to second meiosis and to correctly degrade after

fertilization in order to deactivate MPF,

IV. POSSIBLE PHYSIOLOGICAL
ROLES OF EXPANDED CUMULUS

The intercellular matrix of the expanded cum-
ulus contains abundant GAGs, and the expan-
sion of the cumulus 1s quite positively correlated
with the production of the GAGs-HA by the

cumulus-oocyte complex®. Our results suggest

GAGs may play significant roles in oocyte vi-
ability”. Namely, porcine oocytes cultured for
72h or longer underwent, spontaneous fragmen-
tation, and the percentage of fragmented ooc-
ytes increased thereafter.

The fragmented oocytes consisted of several
“blastomeres” showing uneven distribution of
DNA among the “blastomeres”. Cytoplasmic bod-
ies were also identified on the surface of frag-
mented oocytes and in the space among frag-
mented “blastomeres”. DbcAMP at concentra-
tions exceeding 50.M moticeably increased the
induction of fragmentation. Porcine follicular
fluid-GAGs added to the suspending medium at
concentrations of 10ug’/ml or greater prevented
the occurrence of dbc AMP-stimulated fragmen-
tation of isolated porcine oocytes in a dose-de-
pendent manner.

We clarified that the morphometrical features
of oviductal wall changed locally under the in-
fluence of the cumulus-oocyte complexes, al-
though no apparent differences were observed
in the height of epithelial cells®, The height of
the mucosal fold and muscle layer of the oviduct
was less at the site facing the cumulus-cocyte
complexes than in the adjacent portion where no
cumulus-oocyte complexes were included, and
the decrease in the height of the mucosal fold
and muscle layer corresponded to the number of
cumulus cells in cumulus-oocyte complexes that
occupied the oviductal lumen. These results ap-
pear to indicate that cumulus cells surrounding
the ovulated oocytes influence the stucture of
the oviductal wall during passage through the
oviduct, especially affecting the relaxation of
the muscle coat surrounding the oviductal mu-

Cosa.
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