ORIGINAL ARTICLE

http://dx.doi.org/10.5653/cerm.2012.39.3.107
PISSN 2233-8233 - eISSN 2233-8241
Clin Exp Reprod Med 2012;39(3):107-113

CERM R
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Objective: To determine whether animal age impacts in vitro preantral follicle growth. Effects of hCG, stem cell factor (SCF), and/or insulin-like
growth factor (IGF) supplementation in growth medium were also investigated.

Methods: Intact preantral follicles were mechanically isolated from fresh ovaries of BDF1 mice and cultured in growth medium for 9 to 11 days.
Surviving follicles with antrum formation were transferred to maturation medium for 14 to 18 hours. Follicle survival, antrum formation, and re-
trieval of metaphase Il (MIl) oocytes were compared among three age categories (4-5, 7-8, and 10-11 week-old). By using 7- to 8-week-old
mice, preantral follicles were cultured in growth medium supplemented with hCG (0, 5, or 10 mIU/mL), SCF (50 ng/mL), IGF-1 (50 ng/mL), and
SCF+IGF-1.

Results: Seven- to eight-week-old mice showed a higher follicle survival and antrum formation and produced more Ml oocytes compared to
other groups. In the 7- to 8-week-old mice, supplementation of 5 mlU/mL hCG significantly enhanced the antrum formation but the percent-
age of Ml oocytes was similar to that of the control. Supplementation of SCF+IGF-1 did not enhance follicle survival or antrum formation but
the percentage of MIl oocytes increased modestly (39.1%) than in the control (28.6%, statistically not significant).

Conclusion: Seven- to eight-week-old mice showed better outcomes in growth of preantral follicles in vitro than 4- to 5- or 10- to 11-week-old
mice. Supplementation of hCG enhanced antrum formation and supplementation of SCF+IGF-1 yielded more mature oocytes; hence, these

should be considered in the growth of preantral follicles in vitro.
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Introduction

Ovarian cryopreservation is a valuable option for female fertility
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preservation in young patients submitted to aggressive chemothera-
py and/or radiotherapy treatment [1-3]. Long-term survival of frozen-
thawed tissue after transplantation has been a great concern. In ad-
dition, some cancers have an elevated risk of metastatic spread to
the ovary (e.g., leukemia, neuroblastoma, breast cancer); thus ovarian
autotransplantation may re-introduce aggressive cancer cells to the
recent survivors of their disease. To minimize the risk of re-introduc-
ing cancer cells, an in vitro follicle culture method as an alternative to
homologous transplantation of the stored ovarian tissue was devel-
oped [4].

Several culture systems have been developed to support preantral
follicle growth in vitro to produce meiotically competent oocytes that
can be fertilized and produce offspring in mice [5-7]. The production
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of live offspring from primordial and pre-antral follicles from cryopre-
served/thawed ovarian tissue that were cultured to mature in vitro
has been also reported from immature [8-10] and adult mice [11].
Wang et al. [11] demonstrated that preantral follicles isolated from
fresh or vitrified-warmed adult mouse ovarian tissue survive and de-
velop to the antral stage after 12 days of culture in vitro; follicle sur-
vival, oocyte maturation, fertilization rates, and subsequent develop-
mental potential including live births were similar from fresh and vit-
rified-warmed ovaries.

Itis unclear how patient-specific characteristics impact follicle growth
and quality during follicle culture. A recent report denoted that folli-
cles isolated from older and heavier mice contain oocytes with re-
duced meiotic competence and produced oocytes with greater spin-
dle defects [12]. Here we used a mouse model to determine how ani-
mal age impacts in vitro follicle growth. In addition, impacts of hCG,
stem cell factor (SCF), and/or insulin-like growth factor (IGF) supple-
mentation into growth media were also evaluated.

Methods

1. Invitro growth of preantral follicle

Female BDF1 mice (Orient Co., Seoul, Korea) were maintained un-
der a 12 hours light:12 hours dark cycle at 23°C and fed ad libitum.
The experimental protocols and animal handling procedures were
reviewed and approved by the Animal Care and Use Committee of
Seoul National University Bundang Hospital. After one week of the
adaptation, the mice were sacrificed by cervical dislocation and the
bilateral ovaries were collected in a 1 mL L-15 medium (WelGENE,
Daegu, Korea) supplemented with 0.4% bovine serum albumin (BSA,
Sigma, St. Louis, MO, USA).

Intact preantral follicles were mechanically isolated from fresh ova-
ries. Preantral follicle culture medium was composed of a-Minimum
Essential Medium (aMEM, WelGENE), 10% fetal bovine serum (FBS,
Gibco, Paisley, UK), and 10 mIU/mL recombinant FSH (rFSH, Serono,
Geneva, Switzerland). Individual follicles were cultured in embryo
culture dishes (GPS, Life global, Guilford, CT, USA) and maintained at
37°Ciin 5% CO; for a maximum of 11 days. Each droplet contained a
single follicle with 100 pL of medium under mineral oil (Sigma). Every
three days, the medium was exchanged and follicle survival and for-
mation of the antrum were assessed using an inverted Leica DM IRB
microscope with transmitted light and phase objectives (Leica, Ban-
nockburn, IL, USA). Follicles were designated as dead if the oocyte
was no longer surrounded by a granulosa cell layer or if the granulo-
sa cells had become dark and fragmented and the follicle decreased
in size. The diameter of the follicle containing the oocyte was mea-
sured in duplicate from the outer layer of the theca cells using a cali-
brated ocular micrometer.
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2. Maturation of antral follicle and oocyte retrieval

After 9-11 days’ culture, the surviving follicles with antrum forma-
tion were transferred to maturation media composed of aMEM, 20%
FBS, 10 mIU/mL rFSH, 1.5 IU/mL hCG (Serono), and 10 ng/mL recom-
binant epidermal growth factor (rEGF, Invitrogen, Carlsbad, CA, USA)
for 14 to 18 hours at 37°Cin 5% CO.. The oocytes were then released
from the follicles and denuded from the surrounding cumulus cells
by treatment with 0.3% hyaluronidase (Sigma) and gentle aspiration
through a polished drawn glass pipette. The oocytes were consid-
ered to have reached the germinal vesicle (GV) stage if the GV was
visible; if not, they were recorded as having GV breakdown (GVBD). If
a polar body was present in the perivitelline space, the oocytes were
classified as metaphase Il (MIl). Fragmented or shrunken oocytes were
classified as degenerated. If GV or GVBD oocytes were obtained, they
were matured in vitro by additional culture for 13 to 14 hours using
IVM medium which was composed of aMEM, 20% FBS, 75 mIU/mL
rFSH, 0.5 IU/mL rhCG, and 10 ng/mL rEGF.

3. Study design

First, in vitro growth outcomes of preantral follicle were compared
among three age categories: 4- to 5-week-old, 7- to 8-week-old and
10-to 11-week-old. Four mice were used for each group and the num-
ber of isolated preantral follicles in each group was 294, 174, and 202,
respectively. Second, preantral follicles were cultured in growth me-
dium supplemented with 0, 5, or 10 mIU/mL hCG: 7- to 8-week-old
mice were used and sixty follicles were obtained from three mice for
each group. Third, preantral follicles were cultured in growth medium
supplemented with 50 ng/mL SCF (Sigma), 50 ng/mL IGF-1 (Sigma),
or 50 ng/mL SCF + 50 ng/mL IGF-1: 7- to 8-week-old mice were used
and sixty follicles were obtained from three mice for each group. In
the present study, the primary outcome measures were follicle sur-
vival, antrum formation, and retrieval of MIl oocytes. All variables were
also presented as the rate per initiated follicle.

4, Statistical analysis

Each parameter was pooled from three or four replicates. The chi-
squared test was used to compare the proportions among the groups.
Continuous parameters in different groups were compared by the
analysis of variance test. The statistical software package SPSS ver.
17.0 (SPSS Inc., Chicago, IL, USA) was used and p-values less than 0.05
were always considered significant.

Results
After in vitro culture of preantral follicles for 9 to 11 days, the surviv-

ing follicles showed a marked increment in their size (Figure 1). The
increment of follicle size was remarkable in 4- to 5-week-old mice,
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Figure 1. Microphotographs showing in vitro growth of mouse pre-
antral follicles and the resultant oocytes in three age groups. GV, ger-
minal vesicle; GVBD, germinal vesicle breakdown; MII, metaphase |.

and this was significantly greater than that of the 7- to 8-week or 10-
to 11-week-old mice (Table 1).

The follicle survival rate was significantly higher in the 7- to 8-week-
old mice, but antrum formation per surviving follicle was significantly
higher in the 10- to 11-week-old mice. However, antrum formation
per initiated follicle was significantly higher in the 7- to 8-week-old
mice (Table 1). All antral follicles produced oocytes, but the majority
were GV stage oocytes. Some of the GV or GVBD oocytes had ma-
tured in vitro from the 7- to 8- and 10- to 11-week-old mice; thus, the
final number of MIl oocytes was enhanced in these groups. Although
the proportion of MIl oocytes was similar among the three groups,
the acquisition of MIl oocytes per initiated follicle was significantly
higher in the 7- to 8-week- and 10- to 11-week-old groups than the
4-to 5-week-old group.

After culture in growth medium with or without hCG supplementa-
tion, follicle survival was similar (Table 2). However, the antrum for-
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mation rate per initiated follicle was significantly higher in the group
supplemented with 5 mIU/mL of hCG when compared to the non-
supplemented control. All of the antral follicles produced oocytes but
none of the GV or GVBD oocytes matured in vitro in this experiment.
Acquisition of MIl oocytes per initiated follicle was higher in the two
hCG-treatment groups but not significantly different than that of the
control.

Supplementation of SCF (50 ng/mL) and/or IGF-1 (50 ng/mL) did
not enhance follicle survival or antrum formation (Table 3). Acquisi-
tion of Mil oocytes was highest in the group supplemented with SCF+
IGF-1 but not significant compared to the non-supplemented control.

Discussion

In the present study, we attempted to determine the postpubertal
mouse age with better efficiency for in vitro culture of preantral folli-
cles. In our setting, 7- to 8-week-old mice showed better outcomes in
terms of follicle survival, antrum formation, and acquisition of mature
oocytes. Contrary to our expectation, preantral follicles isolated from
very young mice (i.e., 4- to 5-week-old mice) did not retain the high-
est developmental competence.

Prepubertal mice (i.e., 8 to 14 days old) were used in the majority of
studies with regard preantral follicle culture experiments [7,9,13-19].
However, for the translation into humans, experiments with regard
to fertility preservation should be focused on postpubertal mice with
full reproductive potential. In general, 8- to 11-week-old mice are con-
sidered to be adults with active sexual activity. In the present study,
as representatives of mice with full reproductive potential, we choose
4- to 5-week-, 7- to 8-week-, and 10- to 11-week-old mice, respec-
tively. As a result, acquisition of mature oocytes per initiated prean-
tral follicle was similar in 7- to 8-week- and 10- to 11-week-old mice,
and both groups showed better production of mature oocytes than
did 4- to 5-week-old mice.

According to the observations of Hirshfeld-Cytron et al. [12], follicles
isolated from 7- and 14-week-old mice appeared to have similar in
vitro growth outcomes; however, follicles from 38-week-old mice show-
ed a significantly lower survival rate than those from 7- or 14-week-
old mice. They also observed a significantly lower percentage of oo-
cytes that reached Mll in 38-week-old mice (20% vs. 38.2%, and 39%)
than in the other groups. Greater spindle defects of Mil oocytes were
also observed in 38-week-old mice. Interestingly, they did not ob-
serve any statistically significant differences in meiotic progression in
oocytes obtained from mice at different stages of the estrous cycle.

Wang et al. [11] used 6- to 7-week-old mice, as similar in our study,
and obtained a 79.4% survival rate and 80% antrum formation rate;
a total of 172 oocytes were recovered and 107 (62.2%) matured to
the MIl stage. We obtained an 82.8% survival rate and 73.6% antrum
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Table 1. In vitro growth outcomes of preantral follicles according to different mouse age

Variable Mice age ()
4-5 7-8 10-11

No. of mice 4 4 4
No. of preantral follicles isolated 294 174 202
No. of follicles survived at day 9-11 (% per isolated) 151 (51.4)° 144 (82.8)° 115 (56.9)°
Diameter of preantral follicles isolated (um)P 149.3+20.5 149.1+16.0 145.6+14.6
Diameter of follicles survived at day 9-11 (um)P 394.7+96.4° 3026+71.6° 293.3+64.8°
Ratio of follicle size increment® 27408 20+04° 20+0.5°
No. of follicles with antrum formation 83 106 98

% per survived 55.0° 73.6° 85.2*

% per isolated 28.2° 60.9° 48.5°
No. of oocyte 83 106 98

Degenerated 7 7 4

GV 47 47 50

GVBD 8 31 28

Mil 21 21 16

% per total oocyte 253 19.8 16.3
% per isolated follicle 7.1 121 79

MIl derived from GV 0 9 9

MIl derived from GVBD 0 1 6
Final no. of MIl oocyte 21 31 31

% per total oocyte 253 29.2 316

% per isolated follicle 7.0° 17.8° 15.3°

Data are pooled from four replicates.
GV, germinal vesicle; GVBD, germinal vesicle breakdown; MIl, metaphase |l.

*Different superscript means a statistical significance within same row (p < 0.05); ®Presented as mean + SD; the data were compared by analysis of variance test.

Table 2. Effect of supplementation of hCG in preantral follicle culture
invitro

Concentrations of hCG (mIU/mL)

Variable
0 5 10

No. of mice 3 3 3

No. of preantral follicles isolated 60 60 60

No. of follicles survived at day 9-11 37(61.7) 46(76.7) 44(73.3)
(% per isolated)

No. of follicles with antrum formation 31 43 35
% per survived 83.8 935 79.5
% per isolated 51.7 nr 583

No. of oocyte 31 43 35
Degenerated 0 0 0
€% 10 22 14
GVBD 14 10 9
Mil 7 1 12

% per total oocyte 226 256 343

% per isolated follicle 1.7 183 20
MIl derived from GV 0 0 0
MIl derived from GVBD 0 0 0

Final no. of Mil oocyte 7 1 12
% per total oocyte 226 256 343
% per isolated follicle 1.7 18.3 20

Data are pooled from three replicates.
GV, germinal vesicle; GVBD, germinal vesicle breakdown; MIl, metaphase |I.
*Statistically significant (p < 0.05) when compared to control (no hCG).

formation rate; a total of 106 oocytes were recovered and 31 (29.2%)
matured to the MIl stage. Despite a similar survival and antrum for-
mation rate, a relatively lower percentage of mature oocytes might
be attributed to our culture system in which several growth-promot-
ing additives were not included. Our experiments were undertaken
without insulin, transferrin, selenium, or fetuin to explore the pure
effects of hCG or SCF/IGF-1 supplementation.

A recent report indicated that mature oocytes, cleaving embryos,
and blastocysts could also be obtained from cultured preantral folli-
cles retrieved from highly aged (63- to 67-week-old) mice but gener-
al retardation of follicle development and oocyte maturation and de-
velopment after IVF was observed [20].

In general, FSH supplementation is essential for in vitro growth and
survival of preantral follicles [17,21,22]. The follicles cultured in fetal
calf serum alone, without FSH supplementation, did not form an an-
tral cavity [23]. Whereas FSH promotes the differentiation of granulo-
sa cells from preantral follicles in vitro, LH can stimulate GVBD and
cumulus expansion [24]. Nonetheless, LH supplementation in growth
medium was reported to be helpful for in vitro growth of preantral
follicles [25]. Liu et al. [19] found that an initially high ratio of LH/FSH
(1:1) followed by a low ratio (1:10) could be optimal for obtaining
mature oocytes [13]. A recent report also indicates that oocyte matu-
ration was significantly higher in FSH+LH treatment (48.9%) than
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Table 3. Effect of supplementation of SCF and/or IGF-1 in preantral follicle culture in vitro

Variable None SCF IGF-1 SCF+IGF-1
No. of mice 3 3 3 3
No. of preantral follicles isolated 60 60 60 60
No. of follicles survived at day 9-11 (% per isolated) 46 (76.7) 43(71.7) 48(80.0) 49 (81.7)
No. of follicles with antrum formation 35 35 45 46
% per survived 76.1* 814 93.8 93.9°
% per isolated 583 583 75 76.7
No. of oocyte (% per antral follicle) 35 35 45 46
Degenerated 10 8 1 7
GV 8 10 7 "
GVBD 10 15 16 14
Mil 7 2 1 14
% per total oocyte 20 5.7° 244 30.4°
% per isolated follicle 1.7 33 18.3 233
MIl derived from GV 0 1 0 0
MIl derived from GVBD 3 3 2 4
Final no. of Mil oocyte 10 6 13 18
% per total oocyte 286 17.1 289 39.1
% per isolated follicle 16.7 10 21.7 30

Data are pooled from three replicates.

SCF, stem cell factor (50 ng/mL); IGF-1, insulin-like growth factor (50 ng/mL); GV, germinal vesicle; GVBD, germinal vesicle breakdown; MIl, metaphase 1.

*Different superscript means a statistical significance within same row (p <0.05).

FSH only (30.1%) or LH only (22.2%) [15]. In the experiments with
monkeys, the addition of LH to FSH was detrimental to follicle surviv-
al and growth and resulted in reduced progesterone production [26].
Therefore, it remains to be determined whether synergistic action of
two gonadotropins is required for full competence of follicular matu-
ration.

In the present study, the addition of hCG, instead of LH, in the growth
medium was not helpful for follicle survival or retrieval of Mil oocytes.
However, antrum formation was significantly improved in the group
supplemented with 5 mIU/mL of hCG when compared to the non-
supplemented control. The resultant Ml oocytes were higher in the
two hCG-treatment groups (18.3% and 20%) but the difference was
not significant when compared to the control (11.7%).

IGF-1 is involved in the regulation of ovarian folliculogenesis in mam-
mals; it stimulates the proliferation and steroidogenesis of granulosa
cells cultured in vitro [27]. When added during in vitro culture of mouse
preantral follicles, IGF-1 promotes follicular growth in synergy with
FSH [28]. SCF, alternately known as c-kit ligand, plays important roles
in mammalian oogenesis and folliculogenesis [29-33]. In the present
study, supplementation with SCF (50 ng/mL) and/or IGF-1 (50 ng/
mL) did not enhance follicle survival or antrum formation; however,
oocyte maturation was much improved by the addition of SCF/IGF-1.
Hence, supplementation with hCG or SCF/IGF-1 appears to be help-
ful for in vitro growth of preantral follicles.

Here, we used the conventional, two-layered culture system for in
vitro growth; however, an alginate-based three-dimensional culture
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system has recently been developed to support the growth and mat-
uration of multilayered secondary follicles [34,35]. This system has
been reported to produce oocytes that successfully completed meio-
sis, fertilization, and development to the blastocyst stage [13]. Other
researchers have reported that the rate of meiotically competent oo-
cytes produced by culture in fibrin-alginate matrices was significantly
greater than in alginate alone [36]. In a subsequent study, isolated
secondary follicles cultured for 12 days showed larger increases in
oocyte diameter and more frequent antrum formation and theca cell
differentiation in the fibrin-alginate matrices compared with those in
the alginate alone [16].

Extensive efforts are still being undertaken to derive developmen-
tally competent oocytes from cultured preantral follicles. The current
challenges are to understand better the role of gonadotropins, ste-
roids, and peptide hormones in follicle growth and the integration of
hormones with the physical environment. These fundamental stud-
ies will be of great impact for the development of a robust system for
human follicle development and oocyte maturation. The future opti-
mization of these factors will be needed to fine tune application for
in vitro growth of human preantral follicles.
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