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Preantral Follicles

Objective: This study was to establish in vitro culture system of mouse preantral
follicles and to obtain higher in vitro development rates and production of live
young.

Materials and Methods: Preantral follicles were obtained from 12-day-old FI
mouse (C57BLx CBA) by enzymatical methods. Oocyte-granulosa cell complexes
(OGCs) of preantral follicles were loaded on Transwell-COL insert and cultured in a
MEM supplemented with 5% FBS, 100 mlU/ml FSH and 100 miU/ml hMG for IVG
for 10 days or 12 days. IVM was performed in aMEM supplemented 1.5 IU/ml hCG
for 18 hrs and IVF was carried out in M16 medium for 4 hrs, 7 hrs and 9 hrs,
respectively. After washing, embryos were cultured in modified M16 medium
supplemented 10% FBS with or without cumulus cell for 4 days. Morphologically
normal 22 morula and blastocysts were transferred into the uterus of 2
pseudopregnant female ICR recipients.

Results: 1) When the effect of the OGCs size on the nuclear/cytoplasmic

maturation of mouse preantral follicle was evaluated, the results of 120-150



preantral follicle (MIl: 33.0%, =2-cell: 36.7%, = morula: 20.9%) were significantly
higher than those of 70-110 preantral follicle (MIl: 12.2%, =2-cell: 10.2%, =
morula: 4.8%) (p<0.001). 2) When the effect of period of the IVG days on the
nuclear/cytoplasmic maturation of mouse preantral follicle was investigated, the rate
of =2-cell was higher in 10 days (38.2%) than in 12 days (20.0%) (p<0.01). 3)
When the effect of period of IVF time on the cytoplasmic maturation of mouse
preantral follicle was checked, 9 hrs (=2-cell: 31.5%, =morula: 14.3%) indicated
significantly higher cytoplasmic maturation rate than 4 hrs (=2-cell: 17.5%, =
morula: 4.8%) and 7 hrs (=2-cell: 20.4%, =morula: 6.1%) (p<0.01). 4) When the
effect of co-culture environment on the cytoplasmic maturation was tested, there
was no difference between co-cultured preantral follicle (= morula: 17.4%) and
preantral follicle cultured in M16 (= morula: 17.4%). 5) When experiment was
performed as optimal results of size (120-150 ), in vitro growth (10 days),
insemination period (9 hrs), culture environment (medium only), the rates of MII, >
2-cell and = morula were 30.2%, 39.3%, 22.5%, respectively. When 22 morula and

blastocysts were transferred to uterus of 2 pseudopregnant recipients, 1 recipient

was pregnant and then born 1 live young.

Conclusion: This result demonstrates that in vitro culture system of preantral
follicles can be used efficiently as another method to supply mouse oocyte.
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Co-culture

There are a pool of preantral follicles in the ovaries of mammals. They are
valuable for the conservation of rare and endangered species and human. The
follicle provides the micro-environment for oocyte growth and maturation. There
are three basic types of follicle: (1) primordial follicles (2) preantral follicles and
(3) antral follicles.! Preantral follicles are surrounded by 1-3 granulosa cell layers
and 85-150 in size. The oocytes within preantral follicles are arrested in
prophase of meiosis |, undergo a great increase in mass and accumulate resources
essential for maturation, fertilization and preimplantation embryo development.z’3‘4
Previous studies for culture of preantral follicles have focused primarily on the

development and function of follicular somatic cells rather than on oocyte

development.5 When preantral follicles are cultured in the presence of follicle



stimulating hormone (FSH), antrum development appears to mimic closely that
process in vivo? However, systems for studies on follicle development are not
necessarily optimal for studies on oocyte development. Recently, some researchers
have focused on the development of the oocytes in preantral follicles and the
acquisition of the oocyte competence to undergo not only maturation but also
fertilization and embryonic development.z’6 Eppig et al. (1989) have developed OGCs
on the surface of a collagen matrix, and they obtained live young by embryo
transfer.®

The follicle size is very important in the in vitro culture for development of
oocytes from preantral follicles. Oocytes from follicles with a mean diameter =16
mm had significantly higher fertilization rates than ones from follicles with a mean
diameter <14 mm. Oocytes from small antral follicles that complete nuclear
maturation are rarely competent to develop to the blastocysts.?”® In the mouse, Wu
et al. (2000) demonstrated that it took small preantral follicles 2 days longer to
reach antral follicle than standard follicles reached.’ Eppig (1992, 1996)
demonstrated that the period taking oocytes grown in vitro recovered from
preantral follicles to reach 50% germinal vesicle breakdown (GVB) was 2 hrs longer
than that of oocytes isolated from 18- and 22-day-old mice.>*° Zhang et al. (1995)
suggested that cumulus cell co-culture started at various stages had no effect on
fertilization and cleavage development but significantly improved rates of embryo
development to morula or blastocyst stage.9 During the maturation of oocytes, they
undergo nuclear and cytoplasmic processes. Nuclear maturation is a term that
refers to the resumption of meiosis and progression to metaphase Il (MIl),
cytoplasmic maturation is other maturation events that prepare the oocyte for
fertilization and preimplantation development® Therefore, this study was to test
whether follicle size, prolong of IVG days and IVF time and co-culture environment
affect to the rates of oocyte maturation and cytoplasmic maturation of mouse

preantral follicles.

MATERIALS AND METHODS

1. Animals



12-day-old FI (C57BLx CBA) female mice were used as donors of ovaries. Male

mice (FI) that provided sperm for IVF were at least 3 months old.

2. Isolation of preantral follicles

The ovaries were digested in M2 medium containing 1 mg/ml collagenase (Type
1A: Sigma) and 0.2 mg/ml DNase | (Sigma) for 20 min at 37 and repeatedly

drawn in and out of the pipette.

3. In vitro culture of preantral follicles (IVG/IVM/IVF/IVD)

Oocyte-granulosa cell complexes (OGCs) from mouse preantral follicles were
collected according to the size. OGCs were washed three times with M2 and culture
medium. Culture medium was oMEM (Gibco) supplemented with 0.06 g/l penicillin G,
0.05 g/l streptomycin sulfate, 5% FBS?'®, 100 mIU/mlI FSH and 100 mlU/ml hMG.
The 300-400 OGCs were grown in vitro (IVG) on Costar Transwell-COL membrane
insert (3.0 pore size, 24.5 mm diameter) in Costar six-well cluster dish (Fig.
1A-B). Each dish contained 4 ml of medium and each insert contained 300
medium. OGCs were cultured for 10 days (standard, Fig. 1C) or 12 days at 37 in
5% CO». Half of the culture medium was replaced with fresh medium every other
day. After 10 days or 12 days of IVG, OGCs were recovered, washed three times
with fresh medium and allowed to mature in vitro (IVM) for 18 hrs (Fig. 1D) in a
MEM supplemented with 5% FBS, 100 mlU/ml FSH, 100 mlU/ml hMG and 1.5 1U/ml
hCG. And then 20-30 OGCs were transferred in 50 drop of M16 medium
containing 0.4% BSA and fertilized in vitro (IVF) with 2x10° cells/ml of FI sperm
for 4 hrs (standard), 7 hrs and 9 hrs (Fig. 2A). Oocytes were transferred into
medium for in vitro development (IVD) and then oocytes undergoing GV, GVB, MIl
and =2-cell were counted and oocytes diameter was observed at 24 hrs after
fertilization. The rate of = 2-cell was counted from matured oocytes (GVB and MII).
The rate of =2morula was counted from GVB and MIl. The percentages of morula,
blastocysts and hatching blastocysts were also counted from = morula stage (Fig.
2C-D) at day 4 after IVF. In addition, the 2-cell embryos (Fig. 2B) were divided

into two groups, co-cultured group with bovine cumulus cells and group cultured in



M16 medium only. Culture medium for IVD was modified M16 supplemented with
10% FBS, 1% essential amino acids (Sigma) and 0.5% non-essential amino acids

(Sigma), and replaced with fresh medium every day.

4. Embryo transfer (ET) and production of live young

Morphologically normal 22 morula and blastocysts produced at day 4 after IVF
were transferred into the uterus of 2 pseudopregnant female ICR recipients on 3

days from plug check (D-1).

5. Measurement of oocyte diameter

OGCs size was measured with an ocular micrometer incorporated in
stereomicroscope after collection. At 24 hrs after fertilization, oocyte diameter was
measured excluding the zona pellucida with an ocular micrometer attached to an

inverted microscope.

6. Experimental design

Experiment |. Effect of the OGCs size on the nuclear/cytoplasmic maturation of

preantral follicles

OGCs from preantral follicles were collected according to their size (70-110
120-150 ). 70-110 preantral follicles consisted of 1-2 layers of granulosa
cells and 120-150 preantral follicles consisted of 2-3 layers of granulosa

4,11,12

cells. And then they were taken into IVG for 10 days, IVM for 18 hrs, IVF for

4 hrs and IVD for 4 days, respectively. The rates of GVB, MIl, =2-cell and =

morula were observed.

Experiment II. Effect of the IVG period on the nuclear/cytoplasmic maturation of

preantral follicles

OGCs (120-150 ) were grown in vitro for 10 days or 12 days at 37 in 5%



CO, incubator. And they were taken into IVM, IVF for 4 hrs and IVD for 4 days,

respectively. GVB, MIl, = 2-cell and = morula were recorded.

Experiment IIl. Effect of insemination period on the cytoplasmic maturation of

preantral follicle

OGCs (120-150 ) were grown in vitro for 10 days and matured in vitro. And
then 20-30 complexes were transferred in 50 drop of M16 medium and fertilized
with 2x10° cells/ml FI sperm for 4 hrs, 7 hrs or 9 hrs. And they were taken into

IVD. The rates of =2-cell and = morula were recorded.

Experiment |V. Effect of co-culture with bovine cumulus cell on the in vitro

development of preantral follicles

OGCs (120-150 ) were grown in vitro for 10 days, matured for 18 hrs and
fertilized for 9 hrs, respectively. At 24 hrs after fertilization, the =2-cell was
observed. The 2-cell embryos were divided into two groups. Co-cultured group
was cultured with bovine cumulus cell and M16 group was not. Bovine cumulus
monolayer cell was cultured in 50 drop of M16 supplemented with 10% FBS, 1%
essential amino acids and 0.5% non-essential amino acids. And their rate of =

morula was compared.

Experiment V. Production of live young

OGCs (120-150 ) were grown in vitro for 10 days, matured in vitro and
fertilized for 9 hrs, respectively. IVD was performed in M16 supplemented with
10% FBS, 1% essential amino acids and 0.5% non-essential amino acids for 4 days.
And morula and blastocyst were transferred into the uterus of pseudopregnant

recipients.

7. Statistics

The development rates of GVB, MIl, =2-cell and = morula in each treatment were



compared using Chi-square analysis.

RESULTS

Experiment |. Effect of the OGCs size on the nuclear/cytoplasmic maturation of

preantral follicles

To observe nuclear/cytoplasmic maturation of preantral follicles according to the
follicle size, preantral follicles were divided into 70-110 and 120-150 . The
effect of size on nuclear/cytoplasmic maturation of preantral follicles was
summarized in Table 1.

The rate of recovered oocytes from IVG follicles was higher in 120-150 (53.9%)
than in 70-110 (49.5%) (p<0.05). A high percentage of oocytes were underwent
GVB and MIl in 120-150 (62.1%) than in 70-110 (35.8%) (p<0.001). In the
nuclear maturation, there were significantly different between 70-110 and
120-150 . The rate of =2-cell in 120-150 and 70-110 was 36.7% and
10.2%, respectively (p<0.001). Also, the rate of = morula in 120-150 and 70-110

was 20.9% and 4.8%, respectively (p<0.001). Significantly higher percentage in
the nuclear/cytoplasmic maturation was 120-150 than 70-110 . Oocytes
diameter ( ) in 70-110 and 120-150 was 63.3+9 and 70.1+7 ,

respectively.

Experiment Il. Effect of the IVG period on the nuclear/cytoplasmic maturation of

preantral follicles

To evaluate effect of the period of in vitro growth on the nuclear/cytoplasmic
maturation of preantral follicles, they were divided into group grown in vitro for 10
days or 12 days as the IVG period. The result was indicated in Table 2. The rates
of recovered oocytes were 53.6% and 43.2% in IVG for 10 days and 12 days,
respectively and there was significantly different (p<0.05). The proportion of GVB
and MIl was 76.2% and 74.0% in IVG for 10 days and 12 days, respectively.
Therefore, in the nuclear maturation, there was no difference. And the rate of =

2-cell was 38.2% and 20.0% in IVG for 10 days and 12 days, respectively (p<0.01).



The rate of =morula was 20.6% and 10.0% in IVG for 10 days and 12 days,

respectively. However, there was no difference in the rate of = morula.

Experiment Ill. Effect of the insemination period on the cytoplasmic maturation of

preantral follicles

To evaluate effect of insemination period on the cytoplasmic maturation of
preantral follicles, preantral follicles were divided into IVF for 4 hrs, 7 hrs or 9 hrs
according to insemination period. Effect of insemination period was shown in Table
3. At 24 hrs after fertilization, the rate of = 2-cell was 17.5%, 20.4% and 31.5% in
IVFE for 4 hrs, 7 hrs and 9 hrs, respectively. The group of 9 hrs was significantly
higher in the rate of =2-cell than that of 4 hrs and 7 hrs (p<0.01). At 96 hrs
after fertilization, the rate of = morula was 4.8%, 6.1% and 14.3% (p<0.01) and the
rate of > blastocysts was 16.7%, 31.6%, 30.8% in IVF for 4 hrs, 7 hrs and 9 hrs,
respectively. Therefore, the group of 9 hrs had significantly higher rate in = morula
than that of 4 hrs and 7 hrs but there was not different in = blastocyst stage

among three groups.

Experiment 1V. Effect of co-culture with bovine cumulus cell on in vitro

development of preantral follicles

This experiment was performed to evaluate effect of co-culture with bovine
cumulus cell on in vitro development of preantral follicles. Preantral follicles were
divided into two groups, group co-cultured with bovine cumulus cell in M16 medium
and group cultured in M16 medium only. As indicated in Table 4. At 96 hrs after
fertilization, the rate of =morula was 17.4% and 17.4% in co-cultured group and

medium only group, respectively. There was no difference between two groups.

Experiment V. Production of live young

This experiment was performed to evaluate application of collection of 120-150

preantral follicles, IVG for 10 days, IVM for 18 hrs, IVF for 9 hrs and then IVD

without bovine cumulus cell. As shown in Table 5. The total rate of GVB and MIlI



was 60.7% and the rate of >2-cell was 39.3%. The rate of =morula was 22.5%.
When morphologically normal 22 morula and blastocysts were transferred into the
uterus of 2 pseudopregnant female ICR recipients, 1 recipient was pregnant and

then 1 live young was born on day 21 of gestation.

DISCUSSION

This study demonstrates that in vitro culture system of preantral follicles can be
used efficiently as another method to supply mouse oocyte. In experiment |, the
size of mouse preantral follicle was decided by report of Wu et al. (2000): 65-75

(class 1 small), 85-110 (class 2 small), 120-140 (class 3 small), 150-160

(standard).4 The ability of oocytes to complete all stage of development is
directly related to oocyte size and consequently the follicle size.?  Generally,
oocytes isolated from 12-day-old mice were 56.00% 0.29 in diameter and the
mean size increased to 68.00+ 0.23 during the 10-day culture period.6 Eppig et
al. (1994) demonstrated that oocytes from small preantral follicles that complete
nuclear maturation are rarely competent to develop to the blastocyst stage.2 In the
contrast, oocytes from large preantral follicles are often competent to develop to
the blastocyst stage. The increase in oocyte volume is correlated with increased
protein content. For example, Wu et al. (2000) demonstrated that preantral follicle
of standard size didn't require LH to proceed through antral development but
smaller follicles require LH.* Also, the time of development from small to large
preantral follicle needs the resolution of the specific molecules. Transport of
nutritional or regulatory molecules is mediated by gap junction between the oocytes
and granulosa cell.’® In this study, we compared the in vitro development capacity
of 70-110 and 120-150 of preantral follicles. Oocyte diameter was 63.3% 9
in 70-110 and 70.0+7 in 120-150 , respectively. Preantral follicles of
70-110 has sparse granulosa cells but preantal follicles of 120-150 has dense
granulosa cells. Preantral follicles of 120-150 showed higher nuclear/cytoplasmic
maturation than those of 70-110 . Different size of preantral follicle needs

different specific molecules and so culture condition may be improper in 70-110

In experiment Il (Table 2) or lll (Table 3), the periods of IVG days or IVF time



were prolonged to supplement retardation of growth, maturation and antrum
formation of preantral follicles. Generally, 12-day-old mice are cultured for
10-days to be grown in vitro to the same total chronological age (22 days). Wu et
al. (2000) demonstrated that small preantral follicles took 2 days longer to reach
antral follicle than standard follicles reached.® However, in this study, prolong of
IVG was not significant and rather decreased the rate of =2-cell. The result was
due to aging of oocyte from large follicles in vitro. Eppig (1992, 1996)
demonstrated that the period taking oocytes grown in vitro recovered from
preantral follicles to reach 50% GVB was 2 hrs longer than that of oocytes isolated
from 18- and 22-day-old mice.®>® The results may be due to deficiency of
molecules necessary to derive the resumption of meiosis.? Generally, the period of
IVF time was 4 hrs, but in experiment Ill, the period of IVF time was prolonged as
well as 3-5 hrs regarding the period that GV reaches GVB. In this study, as
insemination time for IVF, 9 hrs had significantly higher cytoplasmic maturation rate
than 4 hrs and 7 hrs (P<0.01). This result demonstrated that the maturity and
fertilization potential of oocytes were obtained during IVF.

Experiment IV was performed to evaluate the effect of co-culture. Eppig (1979)
suggested that the junction association between oocytes and granulosa cells must
be maintained to promote oocytes growing and development in vitro and that the
co-culture of oocytes with granulosa cells is not a sufficient condition for oocyte
development.14 Also, in present study, there was not different between M16 and
co-cultured medium in vitro development to stage of =morula of preantral follicle.
On the other hand, there are a few data on in vivo development of in vitro
produced embryos from preantral follicles. Eppig et al. (1989) reported that 137 of
2- to 4-cell stage embryos were transferred to oviducts of 7 pseudopregnant

females and bore 7 live young (5.1%)%"

However, we transferred blastocysts
developed in vitro for the first time, when 22 morula and blastocysts produced from
in vitro culture of preantral follicles were transferred into uterus of 2
pseudopregnant female ICR recipients, 1 recipient was pregnant and then bore 1
live young.

In conclusion, lager size (120-150 ) of preantral follicles, longer period of IVF

time and IVG for 10 days improved nuclear/cytoplasmic maturation of preantral

follicle. However, preantral follicles were not affected by co-culture.



preantral follicles

: Preantral follicles oocyte-granulosa cell complexes (OGCs)

12 FI (C57BLx CBA)

complexes 10 12 Transwell-COL
membrane insert 5% FBS, 100 mlU/ml FSH, 100 mIU/ml hMG a
MEM . 1.5 IU/ml hCG oaMEM 18 hrs
M16 4 hrs, 7 hrs, 9
hrs 10% FBS modified M16 4 bovine
cumulus cell  co-culture . 22
2 (ICR)
: 1) OGCs mouse preantral follicle
120-150 preantral follicle (MIl: 33.0%, 1 36.7%,
1 20.9%) 70-110 (MI1I: 12.2%, 1 10.2%,
1 4.8%) (p<0.001). 2) mouse preantral
follicle 10 ( 1 38.2%) 12
( : 20.0%) (p<0.01). 3)
mouse preantral follicle 9 hrs (
31.5%, 1 14.3%) 4 hrs ( 1 17.5%, 1 4.8%), 7 hrs (
1 20.4%, 1 6.1%)
(p<0.01). 4) mouse preantral follicle
( : 17.4%) M16 ( : 17.4%)
. 5) preantral follicle (120-150 ),
(10 ), (9 ), ( medium )
MII , , 30.2%, 39.3%,
22.5% 22 2 1

, preantral follicle oocyte
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Figure 1. In vitro grown preantral follicles. (A) Day 0 of in vitro growth. (B) Day 2



of in vitro growth. (C) Day 10 of in vitro growth. (D) In vitro grown and matured
oocyte-cumulus cell complexes. (A)-(D): x 200.



Figure 2. In vitro development of oocytes derived from the in vitro grown preantral
follicles. (A) Fertilized oocytes. (B) 2-cell embryos. (C) Morula. (D) Blastocysts
and hatching blastocysts. (A)-(D): x 200.



