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Abstract: This study was designed to examine the ef-
fect of EGF on meiotic maturation of bovine oocytes and
to evaluate the ability of wortmannin, a specific Pl 3-ki-
nase inhibitor, to modulate EGF-induced oocyte
maturation. EGF significantly improved meiotic matura-
tion of both cumulus-intact and denuded oocytes.
Wortmannin effectively and irreversibly blocked oocytes
from progressing to the Mll stage. When oocytes were
transferred to wortmannin-treated medium after being
cultured for 2 h in wortmannin-free medium, 36% of them
progressed to the Ml stage. By delaying the time of
transfer to 4 h, 64% of the oocytes developed to MIl, and
by further delaying to 6 h, the rate of Mll formation was
almost similar to that of oocytes cultured without
wortmannin supplementation. Culturing of the oocytes
with EGF for 2 h did not improve their meiotic matura-
tion. Increasing the incubation period with EGF for 4 or
6 h resulted in a maturation rate similar to that of those
cultured with EGF for the total period of incubation. Data
suggest that EGF is capable of stimulating bovine oo-
cyte meiotic maturation regardless of the presence of
cumulus cells, and that Pl 3-kinase is involved in this pro-
cess. Results also show that inhibition of Pl 3-kinase
from 6 h after the onset of culture does not block mei-
otic progression, and that EGF induces its positive
maturation signal during the first 4 h of culture period.
Key words: EGF, Wortmannin, Bovine, Oocytes, Mei-
otic maturation

We have recently demonstrated that wortmannin, a
specific phosphatidylinositol 3-kinase (P| 3-kinase) in-
hibitor, prevents bovine oocytes from developing to the
MII stage of meiotic maturation without affecting their
meiotic resumption [1]. This finding suggests a pos-
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sible role for Pl 3-kinase in regulating the process of
meiotic progression. In somatic cells, Pl 3-kinase has
been reported to be activated by, and implicated in the
signaling mechanism of, many growth factors with re-
ceptor-associated tyrosine kinase such as NGF, EGF,
IGF-I and insulin [2-5]. Several recent studies have
shown that growth factors stimulate oocyte maturation
in vitro. The positive effect of EGF on meiotic matura-
tion of cattle [6-8], pig [9], mouse [10], rat [11] and
rabbit [12] has been demonstrated. However, the bio-
chemical processes that mediate the stimulatory effects
of growth factors on oocyte maturation are not yet clearly
defined.

The present study was designed to examine the ef-
fect of EGF on bovine oocyte meiotic maturation and to
see whether EGF-induced meiotic maturation is depen-
dent upon Pl 3-kinase activity. The sensitive period
during which wortmannin inhibits EGF-mediated meiotic
maturation, and the time required for EGF to exert its
stimulatory effects were also investigated.

Materials and Methods

Preparation of oocytes

Bovine ovaries were collected from a slaughterhouse
and transported to the laboratory in saline at 30°C.
Oocytes were recovered by aspiration of 2 to 5 mm
follicles of the ovaries using a 10-ml syringe with an 18-
G needle. Oocytes with compact unexpanded cumulus
cells and with homogeneous coplasm were selected
under a steromicroscope and placed in a watch glass
containing Dulbecco’s phosphate buffered saline (PBS)
supplemented with 0.05% (w/v) polyvinyl pyrrolidone
(PVP; Sigma, St. Louis, Mo, USA) and 100 pg/ml kana-
mycin (Sigma). When denuded oocytes (DOs) were
used, the recovered cumulus-oocyte complexes (COCs)
were vortexed for 1 min in TCM 199 with Earle’s salts
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(Gibco BRL, Grand Island, NY) supplemented with 0.1%
(w/v) hyaluronidase (Sigma), and the remaining cumu-
lus cells were removed mechanically with a small-bore
pipette.

Oocytes culture and staining

Ten to 20 COCs or denuded oocytes were trans-
ferred to 100-ul droplets of culture medium in a 35-mm
polystyrene culture dish (Falcon plastic, no. 1008,
Becton Dickinson and Company, Lincoln park, NJ) cov-
ered with mineral oil (Sigma). The basic culture medium
(BM) was TCM-199 with Earle's salts supplemented
with 0.2 mM Na-pyruvate (Sigma), 0.3% PVP and 50
pg/ml gentamicin (Sigma). All cultures were carried
out at 39°C in a humidified atmosphere of 5% CO,in
air. At the end of the incubation period, the COCs
were denuded by vortexing for 1 min in PBS supple-
mented with 0.1% (w/v) hyaluronidase. The denuded
oocytes were mounted on slides, fixed for 48 h in ace-
tic acid and ethanol (1:3), stained with 1% lacmoid in
45% acetic acid and examined under a phase-contrast
microscope for the stage of meiosis. Oocytes were
classified as being at the germinal vesicle (GV),
prometaphase | (Pro.Ml), metaphase | (Ml), anaphase
| (Al), telophase (Tl) or metaphase Il (MIl) stages.
Degenerated oocytes (with no visible chromatin or with
chromatin configuration that could not be recognized
at any stage of meiotic division) were excluded from
the calculations after the statistical analysis showed
no treatment effect.

Preparation of wortmannin

Wortmannin (Sigma) was initially dissolved in dim-
ethyl sulfoxide (DMSO; Sigma) to 5 mM and kept at
—20°C. Before use it was diluted again in DMSO and
readjusted with the culture medium to a final concentra-
tion of 10-7 M. The final DMSO concentration in the
culture medium was 0.098% (v/v). A medium with the
corresponding volume of DMSO was included and served
as control. Due to its instability in agueous solutions
[13] wortmannin-treated medium as well as control me-
dium were changed every 5 h during the culture period
(24 h).

Experimental design

Experiment 1 was conducted to examine the effect
of EGF on meiotic maturation of bovine oocyte, and to
see whether wortmannin can modulate EGF-induced
oocyte meiotic maturation. Half of the recovered oo-
cytes were denuded, and both denuded and
cumulus-intact oocytes were cultured for 24 h with the

following treatments: BM (control), BM+50 ng/ml EGF
(E-4127, from mouse submaxillary glands, Sigma, Lot.
065H8821), and BM+50 ng/ml EGF+10-" M wortmannin.

In Experiment 2, to assess whether the inhibitory
effect of wortmannin on EGF-induced meiotic matura-
tion is reversible, COCs were cultured for 24 h in the
presence of both EGF and wortmannin, then half of the
cultured oocytes were examined for their meiotic stage
and the remaining oocytes were washed with, and cul-
tured in EGF-supplemented medium for a further 12 h.
Some of the oocytes were cultured for 24 h with EGF
and served as a control.

In Experiment 3, to determine the sensitive period in
which it is possible to block EGF-mediated meiotic matu-
ration by wortmannin, COCs were cultured with EGF for
2,4 and 6 h. They were then washed with, and cul-
tured in medium supplemented with EGF and wortmannin
for an additional 22, 20 and 18 h, respectively. Some of
the COCs were cultured throughout the 24 h with EGF
or with EGF and wortmannin and served as controls.

In Experiment 4, to assess the period required for
EGF to induce oocyte meiotic maturation, COCs were
cultured in EGF-treated medium for 2, 4 and 6 h. They
were then washed with, and cultured in EGF-free me-
dium for an additional 22, 20, and 18 h, respectively.
Some of the COCs were cultured for the whole 24 h in
the absence or presence of EGF and served as con-
trols.

Statistical analysis

Results are presented as the mean percentages +
SEM. All percentage data were subjected to arc-sine
transformation and statistically analyzed by one-way
ANOVA. When significance was found in the ANOVA
analysis, the treatments were compared by Fisher's pro-
tected least significant difference test. A value of P<0.05
was considered significant.

Results

In Experiment 1 (Table 1), when EGF was not added
to the maturation medium, the rate of Mll formation was
significantly higher for COCs than DOs. EGF signifi-
cantly (P<0.01) increased the proportion of COCs as
well as that of DOs which progressed to the MIl stage
of meiotic maturation. The magnitude of the increase in
MIl oocytes in response to EGF treatment was almost
similar for both COCs and DOs (33.1 vs 28.5%, respec-
tively). For either COCs or DOs, wortmannin did not
affect the proportion of oocytes undergoing GVBD and
progressing to the Pro.MI, M| stages of maturation.
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Table 1. Meiotic maturation of bovine cumulus-oocyte complexes (COCs) or denuded oocytes (Dos) cul-

tured in vitro with EGF and wortmannin

EGF Wortmannin No. of Percentage of oocytes
50 ng/ml 1x107 M oocytes GV PMI, MI Al TI MII
- - 111 0.9+09 33.3+19a 1.8+09 640+192
COCs + - 108 0.0+0.0 148+19¢b 0.0+0.0 852+ 18¢
+ + 109 3.7+0.8 798+ 16¢ 0.9+0.8 156+1.6¢
- - 104 29+0.3 365+0.67 7.7+15 529+234d
DOs + - 103 29+02 223+040 6.8+14 68.0+1.72
+ + 97 6.2+1.7 763+16¢ 41+1.7 134+27¢

ab.c.d Different superscripts within the same column are significantly different (p<0.05). Values are mean

percentages + SEM for three replicates.

Table 2. Reversibility of the inhibited effect of wortmannin on EGF-induced meiotic maturation of bovine cumulus-

oocyte complexes

First culture Second culture No. of Percentage of oocytes
EGF (24 h) Wortmannin (24 h) EGF (12 h) oocytes GV PMI, MI Al TI MII
- - - 0.0+ 0.0 225+1.2a 14+1.5 76.1+032
- + 1.5+2.3 87.9+45°b 15+23 91+0.1°
+ + + 1.7+19 845+26F 00+£0.0 13.8+0.7°

b Different superscripts within the same column are significantly different (p<0.05). Values are mean percentages +

SEM for three replicates.

Wortmannin abolished the stimulatory effect of EGF and
significantly (P<0.05) decreased the number of oocytes
developing to the MIl stage compared to the control for
both types of oocytes.

Results of Experiment 2 (Table 2) show that the in-
hibitory effect of wortmannin was irreversible. The
proportion of oocytes cultured for 24 h with
EGF+wortmannin that developed to the MIl stage was
significantly (P<0.05) lower than those cultured in the
absence of wortmannin (9.1 vs 76.1%, respectively).
When the oocytes were initially cultured with
EGF+wortmannin for 24 h, then cultured in EGF-treated
medium for further 12 h, their Mll rate remained similar
to that of oocytes cultured with wortmannin for 24 h
(13.8 vs 9.1%, respectively), and was significantly
(P<0.05) lower than that of oocytes cultured without
wortmannin (13.8 vs 76.1%, respectively).

In Experiment 3, the sensitive period during which it
is possible to inhibit EGF-mediated meiotic maturation
was examined. As in Experiment 1, wortmannin, when
added from the start of the culture, significantly (P<0.05)
decreased the number of oocytes developing to MIl stage
compared to the control (17.9 vs 79.2%, respectively;
Table 3). When the oocytes were cultured with EGF for
2 h followed by 22 h incubation with wortmannin, their

maturation rate was significantly (P<0.05) higher than
that of oocytes cultured with wortmannin from the start
of culture (42.5 vs 17.9%, respectively). The matura-
tion rate was further increased (60%) when the oocytes
were incubated with EGF for 4 h before transferring
COCs to the wortmannin-treated medium. By transfer-
ring the oocytes to the wortmannin-treated medium at 6
h after the onset of the culture, the maturation rate be-
came statistically similar to that of oocytes cultured with
EGF for the total period of incubation (76.4 vs 79.2%,
respectively).

The result of Experiment 4 is summarized in Table
4. Culturing of the oocytes with EGF for 2 h followed by
22 h in EGF-free medium resulted in a maturation rate
comparable to that of the oocytes cultured without EGF
treatment for the whole period of maturation (69.2 vs
63.5%, respectively). When the oocytes were cultured
with EGF for 4 or 6 h and then transferred to EGF-free
medium and cultured up to the end of the maturation
period, their maturation rates were statistically similar to
that of oocytes cultured with EGF for the whole period
of maturation (75.0, 77.1 and 81.0%, respectively).
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Table 3. Time-dependent inhibitory effects of wortmannin on EGF-induced meiotic maturation of

bovine cumulus-oocyte complexes in vitro

First culture Second culture

(hiouie) (ticure) No. of Percentage of oocytes
oocytes

EGF EGF + wortmannin GV ProMI, M1 Al TI MII
0 24 106 4.7 +0.7 774+192 00+0.0 179+13a
2 22 94 43409 489+26b 43+10 425+22°b
4 20 115 52+0.1 348+1.0c 0.0+00 600+11c¢
6 18 106 19112 19.8+294 19+09 7641394

24 0 101 20+1.1 168+1.04 20+15 792+0.8¢

a b ¢ d Different superscripts within the same column are significantly different (p<0.05). Values are

mean percentages + SEM for three replicates.

Table 4. Effect of culturing bovine cumulus-oocyte complexes with EGF for specific periods on their

meiotic maturation in vitro

First culture Second culture

hors) thours) No. of Percentage of oocytes
oocytes
EGF Without EGF GV ProMI, MI Al TI MII

0 24 115 0.0+0.0 356+262 0.9+0.6 6351222
2 22 94 0.0+0.0 287+18a4 21+1.0 69.2+1.2a
4 20 128 08+05 21.1+09b 31+15 75.0 £ 0.8 be
6 18 96 0.0+£0.0 229+05% 00+£00 771+04c¢

24 0 100 1.0+£13 17.0+£07¢ 1.0+12 81.0+08¢

a.b.< Different superscripts within the same column are significantly different (p<0.05). Values are mean

percentages + SEM for three replicates.

Discussion

Although the stimulatory effect of EGF on maturation
of cumulus-enclosed oocytes has been reported in vari-
ous species [6, 7, 9-12, 14—16], many of these reports
have failed to find any positive effect for EGF on the
denuded oocytes, suggesting that EGF acts through the
cumulus cells [7, 12, 14-16]. The results of this study
show that EGF can stimulate bovine oocyte meiotic matu-
ration irrespective of the presence or absence of cumulus
cells. The magnitude of the increase in the proportion
of oocytes developing to the MIl stage as a result of
EGF treatment was similar for both cumulus-intact and
denuded oocytes, suggesting that EGF does not totally
depend on cumulus cells to exert its stimulatory effects.
In agreement with this finding, Das ef al. [17] and more
recently Lonergan et al. [6] have reported direct evi-
dence of a maturation-promoting effect for EGF on
murine, human and bovine denuded oocytes. The use
of only denuded oocytes that were derived from the
healthy collected cumulus-intact oocytes rather than
those found denuded at the time of aspiration might be

the reason behind the contradiction in the results of the
present study to those of other investigators who have
been able to demonstrate the stimulatory effect of EGF
only in the present of cumulus cells. Lonergan et al. [6]
also suggested that oocytes found to be nude on aspi-
ration are probably inherently less competent. Moreover,
we have recently compared the effect of EGF on mei-
otic maturation of both types of denuded oocytes and
found that whereas EGF promoted maturation of de-
nuded oocytes derived from the collected COCs, it had
no effect on those found denuded at the time of aspira-
tion [18]. Thus it is likely that the positive effect of EGF
is dependent upon the source of ococytes rather than
the presence of cumulus cells. This assumption is sup-
ported by the fact that the presence of EGF receptors in
bovine and porcine oocytes has been reported [6, 19],
and that the stimulatory effect of EGF on meiotic matu-
ration of mouse oocytes was shown to be independent
of cumulus expansion [10].

Our results also show that in the absence of EGF,
the proportion of oocytes developing to the MIl stage of
maturation was significantly higher for cumulus-intact
oocytes than denuded oocytes, and it was assumed



that the surrounding cumulus cells are beneficial for
oocytes during meiotic maturation as reported by many
other investigators [20-23]. With EGF treatment, the
proportion of denuded oocytes developing to the MII
stage was similar to that of COCs cultured without EGF
supplementation. Therefore, it appears likely that the
difference in the maturation rate between the two types
of oocytes was due to the action of endogenous EGF
secreted by the cumulus cells. This is further supported
by the findings of Singh et al. [19] who provided an
evidence that EGF is synthesized by the cumulus cells.

EGF is a polypeptide growth factor that exerts its
biological effects by binding to a membrane receptor.
Binding of EGF to its receptor will lead to the activation
of the receptor-associated tyrosine kinase, a first step in
the signal transduction pathway [24]. The stimulatory
effect of EGF on bovine oocyte meiotic maturation was
blocked by erbstatin, a specific tyrosine kinase inhibitor
[18, 25], indicating that this growth factor acts through a
tyrosine kinase pathway to stimulate oocyte maturation.
However, the biochemical process following the activa-
tion of EGF receptor-associated tyrosine kinase and the
second messenger systems which mediate its stimula-
tory effect on oocyte meiotic maturation is not well
understood. Tyrosine kinase activation following EGF
binding to its receptor initiates phosphorylation of sev-
eral cellular proteins that act as tyrosine kinase
substrates. These include Pl 3-kinase, Ras, MAP ki-
nase and raf kinase [24]. We have recently
demonstrated that inhibition of Pl 3-kinase prevented
bovine oocytes from developing beyond the MI stage of
maturation, suggesting a possible role for this enzyme
on MI to MIl meiotic progression [1]. Based on these
observations, and the fact that the activation of PI 3-
kinase by EGF and many other growth factors with
receptor-associated tyrosine kinase, it is assumed that
Pl 3-kinase is one of the components of the signal trans-
duction pathway of EGF-induced meiotic maturation. To
verify this speculation, the effect of wortmannin, a spe-
cific Pl 3-kinase inhibitor, on EGF-induced meiotic
maturation was examined.

Our results showed that incubation of the oocytes
with wortmannin and EGF resulted in a significant de-
crease in the percentage of oocytes developing to the
MIl stage, indicating that Pl 3-kinase activity is needed
for EGF-mediated oocyte maturation. Since wortmannin
also blocked the action of EGF on denuded oocytes, we
speculate that cumulus cells do not mediate the inhibi-
tory effect of wortmannin, and thus Pl 3-kinase in the
oocyte itself might mediate the effect of EGF. The re-
sults also showed that the inhibitory effect of wortmannin
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was irreversible. This irreversibility is consistent with
the finding of Yano et al. [26] who reported that
wortmannin inhibited Pl 3-kinase activity through an ir-
reversible binding to a 110 catalytic subunit of the
enzyme.

We then examined the sensitive period during which
it is possible to inhibit EGF-induced meiotic maturation
with wortmannin. The results showed that whereas
the presence of wortmannin from the start of the cul-
ture significantly inhibited the oocytes from developing
to MII, it had no effect when added 6 h after the start
of culture, suggesting that at this time PI 3-kinase has
already been activated. These results indicate that
although PI 3-kinase seems to be activated earlier dur-
ing meiotic maturation, its activity is linked with the
transition from MI to MIl rather than the earlier stages
of maturation. Thus it is reasonable to assume that
activation of P| 3-kinase is followed by a cascade (s)
of other kinase (s) which regulate the meiotic progres-
sion beyond MI.

On the basis of this finding, if EGF induces meiotic
maturation through this Pl 3-kinase pathway, then we
speculate that this growth factor induces its stimulatory
signal at an early stage of meiotic progression. To test
this hypothesis we examined the period required for
EGF to stimulate the meiotic maturation. The results
revealed that culturing of oocytes with EGF for4to 6 h
is sufficient to promote their maturation to a rate similar
to that of those cultured with this growth factor through-
out the total period of maturation. This evidence
suggests that EGF generates its positive signal neces-
sary to complete oocyte meiotic maturation at an early
stage of the maturation period. This finding, the result
of the inhibitory effect of wortmannin, and the existence
of EGF receptors on the oocytes [6, 19], led us to con-
clude that EGF stimulates oocyte maturation through a
receptor-mediated signal transduction pathway of which
Pl 3-kinase is likely to be involved.

In conclusion, it was demonstrated that EGF does
not depend totally on the cumulus cells to exert its stimu-
latory effect on oocyte meiotic maturation, that PI
3-kinase activity is needed for EGF-induced oocyte matu-
ration, and that EGF generates its stimulatory signal at
an early stage of nuclear maturation.
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