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I. INTRODUCTION

Immature pig oocytes in wivo remain arrested
in the first meiotic prophase until maturation is
immduced by the follicular secretions are con-

tained stimulating factors. These stimulating
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factors during oocyte maturation involve not
only acquisition of meiotic competency, but also
cytoplasmic maturation (Motlik et al., 1986).
Yoshida et al. (1992) reported that the sti-
mulatory effect of follicular fluid on oocyte nu-
clear maturation was lost after heating at 56°¢

for 30 min, but there was no significant decrease
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after defatting. These results suggest that at

least some of the stimulatory factors may be pol-

ypeptides.

Recent studies show that growth factors foun-
d within the ovary may act as both autocrine
and paracrine regulators of ovarian function
(Hammond et al., 1988; Carson et al., 1989). Cul-
ture ovarian cells in a number of species have
been shown to synthesize growth factors (cat
tle, Neufeld et al., 1987: pig, Hammond et al.,
1985; rat, Skinner et al., 1987). Epidermal grow-
th factor (EGF) has been found in pig ovarian
follicles and there are binding sites for EGF wit-
hin the ovary (Balwant et al., 1995). EGF has
been shown to stimulate DNA synthesis and cell
proliferation in pig granulosa cells while inhibit-
ing differentiation (May et al., 1983). In wvitro
studies showed that EGF could stimulate nu-
clear maturation in rats (Dekel and Sherizly,
1985 Fening et al, 1987: Ueno et al., 1988),
mice (Downs, 1989: Das et al.,, 1991), cattle
(Harper and Brackett, 1993), pigs (Ding and
Foxcroft, 1994), and human (Das et al., 1991).
The developmental potential of /n witro matured
bovine oocytes to the eight-cell stage (Coskun
et al., 1991) and to the blastocyst stage (Harper
and Brackett, 1993) was also stimulated by
EGF. These results suggest that EGF might be
one of the major follicular factors responsible
for stimulating oocyte cytoplasmic, as well as
nuclear maturation. The objective of this study
was to examine possible beneficial effects of
EGF on nuclear maturation of pig oocytes i wif-

Fo.

I. MATERIALS AND METHODS

1. Recovery of immature oocytes
Ovaries were collected from prepubertal gilts
at a local slaughterhouse and transported to the

laboratory in saline (35 to 39C) within lhr. The

follicular oocyte-cumulus complexes (OCCs)
were recovered by aspiration from the follicles
(2~6 mm in diameter) using a 18-gauge needle
and a 10 ml disposable syringe. The OCCs were
washed three times with TLL-HEPES (1 mg /ml
PVP) and the maturation medium, respectively.
Qocytes possessing a compact cumulus cell mass
and evenly granulated ooplasm were used for
this study.

2. I'n vitro maturation (IVM)

The OCCs were transferred into a 50 x4 drop-
let of maturation medium equilibrated for 2 hr in
5% CO, and 95% O. incubator under warm min-
eral oil in a polystyrene culture dish (60Xx10
mm). The maturation medium consisted of
TCM-199 (with Earle's salts: Gibco, USA) sup-
plemented with 25 mM NaHCO; (Sigma, USA),
0.2 mM pyruvate (Sigma, USA), 1 ug/ml
estradiol-174 (Sigma, USA), and 25 xg /ml gen-
tamycin (Sigma, USA). FSH (Schering-Plough
Animal Health, USA), EGF (Sigma, USA), and
fetal bovine serum (FBS: Sigma, USA) were
added to culture according to the experimental
designs, Culture was carried out at 39°C in 5%
CO; in atr for 42 hr,

3. Examination of nuclear status

After 42 hr maturation culture, oocytes inten-
ded for direct fixation were denuded of cumulus
cells by incubation with 1% hyaluronidase for 5
min and pipetting. After the cumulus cells were
removed, the oocytes were fixed for a minimum
of 10 min in a buffered 2% formalin solution, the
oocytes were then placed on a slide with a drop
of mounting medium consisting of 1:1 gly-
cerol:phosphate-buffered saline, containing 2.5
mg /ml sodium azide and 2.5 mg/ml Hoechst
33342 DNA label (Sigma, USA). A cover slip
was placed on top of the oocytes, and the edges

were sealed with fingernail polish. Nuclear stat-
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us (GV, Diakinesis, M I, MI) was identified
(Fig. 2).

4. Design and analysis

The experiment was designed to determine an
effective dose of EGF for cocyte nuclear matu-
ration in our culture system. OCCs were random-
ly divided into cuture dish (8~10 OCCs per 50 4
drop). In experiment 1. the effects of 0, 1, 10
or 100 ng EGF /ml added to medium were com-
pared to the effects of the same treatment with
10 g /mi FSH added. In experiment 2, the
interactive effects of 10 ng /ml EGF, 10 ng /ml
FSH or 10% FBS during IVM. A chi-square
test was used to ascertain statistical differences
between treatments. A p value of less 0.001 was

_considered statistically significant.
. RESULTS AND DISCUSSION

Experiment 1.

Influences of differnt EGF concentration dur-
ing IVM

Nuclear maturation of OCCs in 0, 1, 10 or 100
ng EGF /ml added medium was compared to the
same treatment with 10 ng /ml FSH added (see
Table 1). EGF significantly stimulated nuclear

maturation. All three EGF-treated groups had
higher rates of nuclear maturation (M 1) than
the EGF control group (no EGF and no FSH ;
27.3%). Also, EGF-treated group (83.0%, 86.
7%, 87.5%) and FSH-treated group (60.3%) had
higher rate of nuclear maturation (M1II) than
the EGF control group. But nuclear maturation
rates were not significantly different among the
1, 10 and 100 ng EGF /ml groups.

Result of experiment 1 revealed significant dif-
ferences in the morphological evaluation of
OCCs undergoing cumulus cells expension be-
tween the EGF control group and 1, 10 and 100
ng EGF/ml in IVM treatments, and also
FSH-treated group was not expanded of cumu-
lus cells. Normal cumulus cells expansion during
culture was characterized by expanded cumuli
and dispersed cumulus cells loosely surrounding
the oocytes, and had mucification, Most of the
cumulus cells were still clumped together in
EGF-treated groups although they had separat-
ed from, or only loosely maintained contact
with, oocytes. They were revealed of cumulus
cells disaggregation, and cumulus cells of 10 ng
EGF /ml treatment (Fig. 1-F) were disaggreg-
ated more than 1 ng EGF /ml treatment (Fig.
1E). These had lost almost all their cumulus cel-

Table 1. In vitro maturation of pig immature oocytes according to the addition of FSH or EGF

————

EGF (ng /ml)
Treatment FSH (10 gg /ml) —

1 10 100
No. of eggs examined 126 118 128 128
No. of GV 28 7 . 6 2
(%) (22.2) (50.0) (5.9) (4.7) (1.6)
No. of GVBD 19 3 1 5
(%) (15.1) (12.7) (2.5) (0.8) (3.9)
No. of Metaphase I 3 10 10 9
(%) (2.4) (10.0) (8.5) (7.8) (7.0)
No. of Metaphase [I 76 93 111 112
(%) (60.3)= (27.3)° (83.1)¢ (86.7)¢ (87.5)¢

#¢ Different superscripts indicate that percentages were significantly different at p<0.001.
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Is including the corona radiata were classified as

cumulus-disaggregated oocytes. Cumulus cells
were dark-looking with no mucification and was
easily removed from the cocyte by pipetting a
few times. Oocytes from the EGF control group
were showed no cumulus cells expansion or dis-
aggregation, and cumulus cells were compact
and dark-ooking with no mucification and was
removed with difficulty from the oocyte by re-
peated pipetting (Fig. 1-A). Also, cumulus of
oocyte complexes from FSH-treated group were
very sticky with mucification and was very dif-

ficult to remove from oocytes by repeated pipet-

Fig. 1. Photomicrographs of live oocyte-cumu-

lus complexes cultrue different treatmen-
ts for 42 hr.

A: non-treated group B: FSH alone treat-
ed group C: FBS alone treated group D:
FSH and FBS combination treated
group E: 1 ng EGF/ml-treated group. F:
10 ng EGF/ml-treated group G: EGF
and FBS combination treated group H:
EGF, FSH and FBS combination treated
group I: FSH and EGF combination
treated group.

ting through a fine bore pipette (Fig. 1-B). The
fact that we postulate that EGF may accelerate
the disruption of gap junctions between cumulus
cells and between cumulus cells and the ooc-
ytes, which probably provide one of mechanisms
by which EGF stimulates nuclear maturation of
oocytes, This data was similar to Ding and Fox-
croft (1994) reported that although the addition
of EGF to the /n vifro maturation media stimulat-
ed nuclear maturation of oocytes, EGF alone did
not stimulate cytoplasmic maturation, but EGF
interacted with gonadotropins in stimulating

cytoplasmic maturation (male pronuclear forma-
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tion). Coskun et al. (1991) reported that EGF
could improve the developmental potential of in
vitro matured bovine oocyte. But culture con-
dition (condition medium added serum) of these
results was different our data, that nuclear mat-
uration of our FSH-treated group was lower
than that of them. However, this data indicate
that, at least in the pig, EGF is a potential stim-

ulator of nuclear maturation of oocytes.

Experiment 2.

Influences of EGF, FSH or FBS during IVM

Effects of EGF, FSH or FBS on nuclear mat-
uration are shown in Table 2. The proportion of
oocytes maturating beyond M I after 42hr mat-
uration culture were significantly affected by
EGF alone (E group: 86.7%), EGF plus FSH (F
group: 90.2%) EGF plus FBS (G group: 87.
1%), FSH plus FBS (D group: 89.6%), and
EGF plus FSH added FBS (H group: 92.6%)
treatments. The proportion of oocytes maturat-
ing beyond Ml by FBS (B group: 42.3%) and
FSH (C group: 52.2%) alone-treated groups
were higher than non-treated (A group: 22.3%)

group. Nevertheless, these two groups (B and C
groups) were significantly lower than from D to
H groups oocytes reaching M I, No significant
differences were observed from D to H groups
oocytes reaching M I, but these were signifi-
cantly differnt with B and C treatments.
Significant differences were observed for
OCCs showing cumulus cells expansion among
all groups. Normal cumulus cells expansion was
observed on FSH plus FBS treatment (Fig.
1-D). Cumulus cells of EGF plus FBS treatment
(Fig. 1-G) were observed disaggregation and
dark-looking with no mucification. Especially,
cumulus cells debris separated from OCCs on
FSH treatments were not or a few observed in
drop, but many cumulus cells debris on others
treatments were observed in dish. Cumulus cells
debris in drop of FBS-treated groups were at-
tached on dish, but cumulus cells debris in drop
of non- and EGF alone-treated groups were float-
ed on dish. Also,

alone-treated group (Fig. 1-C) were not expan-

cumulus cells of FBS

ded of cumulus cells, but were separated from

oocyte and attached on dish. Cumulus cells of

Table 2. The interactive effects of EGF, FSH or FBS during in vitro maturation of pig immature

oogytes
Treatments
A B C D E F G H

EGF (10 ng /ml) - - - — + + + +
FSH (10 xg /ml) - - + + - + - +
FBS (10%) - + - + - - + +
No. of eggs examined 121 123 113 106 105 133 101 148
No. of GV 62 34 27 0 4 2 3 1
(%) (51.2) (27.6) (23.9) (0.0) (3.8) (1.5) (3.0) (0.6)
No. of GVBD 18 14 20 1 2 2 2 4
(%) (14.9) (11.4) (17.7) (0.9) (1.9) (1.5) (2.0) (2.7)
No. of Metaphase [ 14 23 7 10 8 9 8 6
(%) (11.6) (18.7) (6.2) (9.5) (7.6) (6.8) (7.9) (4.1)
No. of Metaphase Il 27 52 59 95 91 120 38 137
(%) (22.3)  (42.3)>  (52.2)> (89.6)¢ (86.7)c (90.2)¢ (87.1)¢ (92.6)°

@< Different superscripts indicate that percentages were significantly different at p<0.001.
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Fig. 2. Hoechst 33342 staining of pig oocyte nuclear after 42 hr.
A. Germinal Vesicle (GV) B. Diakinesis

C. Metaphase 1 (MI) D. Metaphase 1 (M 1)
FSH, EGF and FBS combination treatment (Fi- of FSH plus FBS treated group. Ding and Fox-
g. 1-H) were shown normal cumulus cells expan- croft reported (1994) that cytoplasmic matu-
sion, but many cumulus cells debris were at- ration of pig oocyte was affected by gonadotrop-
tached on dish. Especially, cumulus cells of in, EGF was shown high nuclear maturation rate
EGF plus FSH treated group (Fig. 1-1) were of pig oocyte, but was not shown cytoplasmic
shown normal cumulus cells expansion, but this maturation, The fact that disaggregation of cum-
was observed less than cumulus cells expansion ulus cells by EGF affect the interruption of gap
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junctions between cumulus cells and between
cumulus cells and oocyte, can be associated one
of mechanisms by which EGF stimulates nu-
clear maturation of oocytes {Ding and Foxcroft,
1994). The cumulus cells expansion seems to be
consistent with the fact that in vivo meiosis is
reinitiated when the gap junctions are rapidly
eliminated in the entire cumulus cells interrup
tion of oocyte maturation inhibitors transport to
the oocyte (Mattioli et al., 1988b). Normal cum-
ulus cells expansion of FSH treated group was
shown mucification, and these were observed
cytoplasmic as well as nuclear maturation (Ding
and Foxcroft, 1994). Probably, the role of muc-
ification 1s the transport of cytoplasmic matu-
ration factors in the oocyte after the meiotic re-
sumption, and this is very important on cyto-
plasmic maturation. These results were in con-
trast to Harper and Brackett (1993) reported
that bovine ococyte complexes of gonadotropin
treatment not added serum were shown not only
cumulus expansion, but also higher nuclear mat-
uration. Also, further studies were examined
that pig oocytes were shown significant en-
hancement of cytoplamsic maturation (indicated
by the high male pronuclear formation rate)
when cumulus-enclosed ococytes were cocultured
with follicular shells or cultured in the follicular
shell-conditioned medium or in the medium sup-
plemented with follicular fluid (Ding and Fox
croft, 1992, 1993a,b; Mattioli et al., 1988a, 1989;
Nagai et al., 1993: Naito et al., 1988, 1989: Yos-
hida et al., 1992; Zheng and Sirard, 1993). How-
ever, these results implicated that normal matu-
ration of pig oocyte complexes firstly necessi-
tate factor like EGF for the meiotic resumption,
and gonadotropin necessitate the transport of
factors in order to continue cytoplasmic matu-
ration, Also, serum has various factors as well
as EGF, and these associate cytoplasmic matu-

ration as well as nuclear maturation by interac-

tion with gonadotropin.
IV. SUMMARY

The objective of this experiment was to test
the effect of EGF on nuclear maturation of pig
immature oocytes in wvitro. Basic medium used
TCM-199 supplemented with (0.2 mM pyruvate,
1 pg /ml estradiol-178 and 25 g /ml gentam-
yein, this medium treated with EGF, FSH and
FBS. Experiment ] examined to the effect ac-
cording to the addition of FSH or EGF (0, 1. 10
and 100 ng EGF /ml) in oocytes maturation, Nu-
clear maturation rates (M Il %) of 1, 10 and 100
ng EGF /ml (83.0, 86.7 and 87.5%) treatments
were significantly higher than those of non- and
FSH-treated groups (27.3 and 60.3%, p < 0.
001). Experiment 2 examined to the interactive
effects of EGF, FSH or FBS during oocytes mat
uration. Nuclear maturation rates (Ml %) of
EGF alone, EGF plus FSH, EGF plus FBS,
FSH plus FBS, and EGF plus FSH added FBS
treatments (86.7, 90.2, 87.1, 89.6% and 92.6%)
were significantly higher than those of non,
FSH, and FBS alone treatments (22.3, 52.2 and
42.3%, p < 0.001). Also. cumulus cells expan-
sion of oocytes maturation was examined to tot-
al treatments. Normal cumulus cells expansion
was shown by FSH plus FBS. EGF or EGF with
FBS combination treatments, but cumulus cells
of oocyte complexes were still clumped together
in EGF-treated groups although they had sep-
arated from oocytes. However, EGF showed a
positive on nuclear maturation, These results
conclude that EGF alone can stimulate nuclear

maturation in pig immature oocytes.
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