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Abstract: Mice preantral follicles were cultured in vitro for 12 days to achieve metaphase [[ (M I ) oocytes. Oocyte
growth differentiation factor-9 (GDF-9) gene expression was measured during different growth stages to explore the rela-
tionship between oocyte maturation and GDF-9 gene expression. Preantral follicles of 10-day old mice were isolated from
the ovaries and were cultured for 12 days. Oocytes from day 2 (D2), D4, D6, D8, D10, D12 cultured in vitro were
named the in vitro group and oocytes of day 12 (D12), D14, D16, D18, D20, D22 grown in vivo were named the in vivo
group. Follicle survival, antrum formation and maturation rate were 89.5% , 51.8% and 56.6% respectively in follicles
cultured in vitro . After RT-PCR and agarose gel electrophoresis, relative mRNA abundance of GDF-9 was measured in
each group of oocytes. At day 8 — 12, the GDF-9 gene expression level of oocytes in vitro was significantly lower than that
in vivo (P <0.05). We conclude that M [ oocytes can be obtained from in vitro culture of preantral follicles. The GDF-
9 gene expression of oocytes varies at different growth stages in vivo . The low expression of GDF-9 in oocytes cultured in

vitro may be the cause of their low developmental capacity .
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The interaction of oocytes and their associated fol-
licle cells are very important for oocyte growth and de-
velopment (Matzuk et al, 2002). Oocytes might regu-
late functions of granulosa cells in a paracrine way and
consequently influence follicle growth and oocyte matu-
ration (Gilchrist et al, 2004). Growth differentiation
factor-9 (GDF-9), a member of the transforming growth
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factor 3 superfamily, is released from oocytes from the
primary follicle period. GDF-9 contents varied greatly
at different growth stages of oocytes (Elvin et al,
1999a) . GDF-9 was essential for follicle growth be-
cause it could mimic some functions of oocytes and
GDF-9 knocked-out

mice were infertile and follicles could not grow over the

maintain the follicle structure.
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3a stage (Elvin et al, 1999b), because the recruitment
and proliferation of granulose cells and theca cells were
blocked (Dong et al, 1996). GDF-9 in culture media
helped vacuolated follicles grow in a spherical shape
and induced the cumulus expansion when the oocytes
were removed . In vacuolated follicles, luteinization in-
evitably occured (El-Fouly et al, 1970; Eppig et al,
1998) . GDF-9 could inhibit the premature luteinization
of follicles especially at later growth stages (Yamamoto
et al, 2002) as it can inhibit LH receptor synthesis and
progesterone and estrediol production in granulosa cells
(Vitt et al, 2000). The roles of GDF-9 during oocyte
growth and maturation are not completely known yet.
We aimed to measure the relative abundance of GDF-9
mRNA in oocytes grown in vitro and in vivo at different
points to explore the change of GDF-9 gene expression
and its potential roles during oocyte growth and matura-
tion.

1 Materials and Methods

1.1 Animals and reagents

Ten-day old Kunming female mice were housed
with their mothers in an environmentally controlled
room. Animals were bred according to the national
standards for animal care.

The reagents used were: Minimal essential medi-
um alpha (a-MEM, GIBCO), recombinant human
follicle stimulating hormone (rFSH, Sereno), insulin,
(FBS),
penicillin, streptomycin (Sigma), lysis buffer (0.5%
NP-40, 10 mmol/L tris-HCI pH 8.0, 10 mmol/L
NaCl, 3 mmol/L MgCl,), superscript [l reverse tran-

transferrin, selenium, foetal bovine serum

scriptase enzyme, trizol, poly (T) primers, 100 bp
DNA marker, RNase inhibitor (Invitrogen) .
1.2 Follicle isolation and culture

Mice were killed by the cervical dislocation
method and their ovaries were delivered to the laborato-
ry immediately. Early preantral follicles were mechani-
cally isolated with fine needles under an stereoscope
from the ovaries of 10-day old mice. Follicles with a di-
ameter between 80 and 110 pm were selected and
placed in the a-MEM drops in a culture dish overlaid
with mineral oil. The medium and oil were balanced
overnight beforehand. Two to four follicles were placed
in the 20 pL of media drops. Culture media was sup-
plemented with 0.1 U/mL recombinant human FSH, 5
pg/mL insulin, 2.75 pg/ml transferrin, 2.8 ng/mL
selenium, 10% FBS, 100 IU/mL penicillin, 100 pg/
ml streptomycin. The follicles were incubated at 37 C
in 5% CO;, for 12 days. Media was changed by refresh-

ing half (10 pL.) of the media every two days. At day

12 of culturing, follicles were treated with 2.5 TU/mL

HCG. Mucified cumulus oocyte complexes were collect-

ed 16 — 20 h later and oocytes were denuded from com-

panion cumulus cells by repeated pipetting. Oocyte nu-
clear maturation was evaluated under an invert micro-

scope .

1.3 GDF-9 mRNA analysis by semi-quantitative
RT-PCR in oocytes grown in vivo and in vit-
ro

Ten oocytes per day were collected from the in vii-
ro cultured follicles at day 2, 4, 6, 8, 10, 12 (D2 -
D12; the in vitro group), cumulus cells were removed
completely from oocytes by pipetting with 0.1%
hyaluronidase and washed three times with PBS. In the
same way, ten oocytes of in vivo growth were collected
from every mouse of 12, 14, 16, 18, 20, 22 days old
(D12 -D22; the in vivo group). The growth stage of
oocytes collected in mice of 12, 14, 16, 18, 20, 22
days old corresponded to the oocytes collected from in
vitro cultured follicles at day 2, 4, 6, 8, 10, 12, re-
spectively .

Each oocyte was put into a drop of 0.5% pronase
for 15 s to digest the zonal pellucida and was then
rinsed three times in PBS. One single oocyte was put
into 10 L of lysis buffer, and was stored at — 80 °C
until assayed. RT-PCR reactions were carried out fol-
lowing the manufacturer’ s instructions using a mixture
of poly (T) primers and Superscript [l reverse tran-
scriptase enzyme in a volume of 20 pL to produce ¢D-
NA. The mixture was incubated at 25 °C for 25 min,
50 °C for 60 min and 70 °C for 15 min, and the solu-
tion was stored at — 20 °C before half of the volume was
assayed for B-actin, and the other half was assayed for
GDF-9. The oligonucleotide primers for [-actin were
5'-TCGTGGGCCGCTCTAGGCAC-3" 5'-TGGCCTTAG-
GGTTCAGGGGG-3" and for GDF-9 was 5'-AGCA-
GAAGTCACCTCTACAATAC-3" 5'-GTGTCGTTGAGA-
TACAAGATGA-3'. The amplification profile of $-actin
included an initial step of 94 °C for 2 min, followed by
30 cycles of dissociation at 95 °C for 30 s, annealing at
60 °C for 40 s and then extension at 72 °C for 30 s.
Similarly the amplification profile of GDF-9 included an
initial step of 94 °C for 2 min, followed by 35 cycles of
dissociation at 95 °C for 30 s, annealing at 56 °C for 40
s then extension at 72 °C for 30 s. The amplified prod-
ucts were stored at — 20 °C. The PCR products were
electrophoresised on a 2% agarose gel and an 100 bp
DNA marker was used to show approximate sizes of the
amplified fragments. Moreover, sequence analysis was
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performed to confirm the identity of PCR products. The
bands were quantified by OPIDI (AREA x OPTDM),
the AREA and OPTDM were measured automatically by
densitometry. The mRNA level was normalized on the
basis of B-actin mRNA content. Therefore the GDF-9
mRNA was expressed as the ratio of GDF-9 to S-actin.
1.4 Statistical Analysis

The data were analyzed using the paired Student’s
t-test.

2 Result

Morphological changes were observed everyday
during in vitro culturing of preantral follicles (Fig. 1):
at D2 — 3, the follicles stuck to the bottom of the cul-
ture dishes; at D4, granulosa cells obviously increased
in quantity; at D5 - 6, granulosa cells duplicated
quickly and crossed over the follicle basal membrane,
oocytes could not be seen clearly since they were veiled
by the granulosa cells; at D7 — 10, a translucent
antrum-like cavity appeared in the centre of the folli-
cles, and became bigger with time. Fourteen hours af-

ter the simulation of HCG, mucified cumulus oocyte

complexes (COCs) were seen outsides the follicles.
When stripped of the cumulus cells MI[ , M I and GV
oocytes could be seen. Three hundred and six preantral
follicles were cultured for 12 days; 274 survived until
D12, antral-like cavities were seen in 143 follicles and
155 M [l oocytes were obtained in total. The follicle
survival, antrum formation and maturation rate was
89.5% ,51.8% and 56.6% , respectively. Follicles
degenerated mostly at D4 when the follicle basal mem-
brane ruptured and oocytes were split out of the folli-
cles.

Oocytes were collected at different stages and a to-
tae of 120 oocytes were assayed. After semi-quantita-
tive RT-PCR, two kinds of products were obtained:
416 bp fragments of GDF-9 and 227 bp fragments of {3-
actin (Fig. 2). The OPIDI bands of PCR products
were observed and the ratio of GDF-9 to B-actin was
calculated (Tab. 1). At D2, the relative mRNA abun-
dance of GDF-9 in mice oocytes collected in vitro was a
little higher than that collected in vivo, but the differ-
ence was not significant (P >0.05). At D4 and D6,
the GDF-9 mRNA of in vitro oocytes decreased dramat-

Fig. 1

Follicles cultrued in witro for 2(a), 4(b), 6(c), 8(d), 10(e), 12(f) and 13(g)

days, a—d x200; e,fx 100; gx400; h:M ][ oocytes obtained from in vitro culture x 400.

Fig. 2 RT-PCR analysis of GDF-9 (a) and B-actin (b) expression of oocytes grown
in vitro (lanes 1 -6, D2 - 12) and in vivo (lanes 7-12, D12 -22)
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127 e invito  —m invivo ically, which was similar to the in vivo oocytes. At
1ot D8, D10 and D12, the relative mRNA abundance of
‘§ osl GDF9 of in vitro oocytes was significantly different
‘g osl from that of in vivo oocytes (P <0.05) (Fig. 3).
E 04l 3 Discussion
=
° 02 Obtaining mature oocytes after in vitro culturing of
0 preantral follicles has been successful in many labora-
o2 D4Days Offfcytes Cul?ﬁe din w,zio b2 tories. We also obtained M I| oocytes after 12 days in
vitro culturing of preantral follicles, with a maturation
Fig. 3 OPIDI (GDF-9/B-actin) of oocytes grown in vitro rate of 56.6% . The problem is that the developmental
and in vivo at different growing stages potential of the obtained oocytes is lower than the
Tab. 1 Relative mRNA abundance of GDF-9 in oocytes cultured in vitro and growing in vivo
OPIDI D2 D4 D6 D8 D10 D12
GDF-9 28650+6311 17281+1236 15370+2543 15758+3371 15843+1546 18 040+2 001
In vitro [-actin 346015223 33206+2700 34331+2311 32395+4849 32012+3033 33823+2 997
GDF-9/B-actin 0.83+0.08 0.52+0.09 0.45+0.13 0.49+0.09 0.50+0.09 0.54+£0.08
GDF-9 18226+2207 15861+3303 16418+4 120 21 688+3457 24798+3652 29 858+2239
Invive Bractin 342704897 32900+3320 34850+1982 35309+1493 34829+2009 34 033 x4 064
GDF-9/B-actin 0.53+0.35 0.48+0.10 0.49+0.10 0.62+0.08" 0.72+0.09" 0.88+0.11"
" P<0.05.

oocytes growing in vivo, which is demonstrated by a
lower blastocyst rate (Eppig et al, 1989; Liu et al,
2002; Adam et al, 2004). Although there are still
many ambiguous points on oocyte maturation, some ex-
periments provide clues to clarify the points. In mice, a
follicle diameter of 300 pm is the threshold for forming
sinus cavities which is essential for oocyte maturation
(Bishonga et al, 2001; Boland et al, 1993). Therefore
the proliferation and differentiation of follicle cells is
believed pivotal to the development of oocytes. Howev-
er, in recent years, oocytes have evoked great interest
for research. A series of experiments on vacuolated fol-
licles and reorganized follicles infer that oocytes them-
selves control the growth and development of follicles
(Eppig et al, 2002). The paracrine factor GDF-9 se-
creted by oocytes plays important roles in the intercom-
munication between oocytes and follicle cells. Although
Kim et al (2004) had worked on oocytes matured in
vitro and in vivo and found no difference of the GDF-9
gene expression between them, the GDF-9 oscillation at
different growth stages of oocytes was still unknown .
We cultured preantral follicles of 10-day old mice
for 12 days and traced the GDF-9 gene expression of the
oocytes growing in vivo and in vitro . The relative abun-
dance of GDF-9 mRNA varied as the follicles grew. At
D12 of in vivo growth oocytes, the relative abundance

of GDF-9 mRNA was high. At D14, the curve descend-

ed dramatically and reached the lowest point. Later the
curve increased slowly. As we know, during this period
of time, in wvivo follicles morphologically changed;
granulosa cells differentiated and the sinus cavity
formed. We conferred that GDF-9 is related to the folli-
cle construction. GDF-9 is involved in stimulating pro-
liferation of granulosa cells and inhibiting their differen-
tiation. When GDF-9 expression is high in oocytes, fol-
licles grow. On the other hand, when GDF-9 expression
is low, granulosa cells surrounding the oocytes differen-
tiate into cumulus cells and mural cells and sinus cavi-
ties appear. Different growth stages correspond to differ-
ent GDF-9 gene expression levels.

The GDF-9 oscillation curve of in vitro oocytes was
different from in vivo oocytes. The relative abundance
of GDF-9 was at a high level at D2 when the follicles
stuck to the walls of dishes and began to grow. GDF-9
descended sharply at D4. Two days later, antrum-like
cavities formed in cultured follicles. From D8 to D12,
we observed significantly different GDF-9 gene expres-
sion between in vitro oocytes and in vivo oocytes. The
relative abundance of GDF-9 stayed at a very low level
in vitro until it increased at D12 (not significant),
while GDF-9 in wvivo increased dramatically after the
antrum formation. Since the antrum formation stage is
very important for oocyte maturation (Fair, 2003), the

low GDF-9 expression during the antrum-like cavity for-
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mation stage in oocyles cultured in vitro might be the
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