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1. INTRODUCTION

There are thousands of follicles present in the
ovaries of mammals. But, most follicles fail before
ovulation, and the largest numbers are lost early in
life. At birth, more potential oocytes have degene-
rated than remain in the ovary; moreover, most of
the follicles surviving at birth degenerate even
before puberty. Very few, highly selected follicles
will reach ovulation. The ovarian follicle manage-
ment system is therefore highly inefficient and has
evolved for intense competition between gamates
(Hartshorne, 1997).

Procedures for IVM and IVF of oocytes have
progressed enormously over the past decade. In
vitro maturation of oocytes isolated from antral
follicles of ovaries has been throught to be
potentially useful of oocytes that are lost owing to
atresia of follicles (Eppig et al, 1990). The fully
grown mammalian oocytes isolated from antral
follicles can mature, be fertilized and developed
into live young mice (Schroeder and Eppig, 1984),
rat (Vanderhyden and Armstrong, 1989), sheep
(Staigmiller and Moor, 1984), cattle (Goto et al.,
1988), pig (Mattioli et al., 1989) and human (Cha
et al, 1991). However, harvesting of developmen-
tally competent oocytes only from large antral
follicles limits the number of available oocytes per
animal and thus optimal exploitation of the female
genetic material and propagation of valuable animal
stocks.

The ovarian preantral follicles are a large and
potentially valuable source of oocytes that could be
used for clinical, agricultural and zoological purpo-
ses. If oocytes are harvested in greater numbers
from preantral follicles and grown in vitro, this
would have various advantages. However, for use
of oocytes from preantral follicles, the ability to
bring preantral follicular stage with immature
oocytes to maturity in vitro is prerequisite. Previous
studies for culture of preantral follicles have
focused primarily on the development and function
of follicular somatic cells rather than on oocyte
development (Mouse: Boland et al, 19%4a,b;
Nayudu and Osborn, 1992; Hamster: Roy and
Greenwald, 1989; Cow: Figueiredo et al, 1993;
Pig: Hirao et al, 1994; Human: Roy and Treacy,
1993). Thus, the maturational or embryonic develo-
pmental competence of the oocytes in these studies
was not determined at either the beginning or end
of the culture periods. Nevertheless, these studies
have demonstrated dramatic development of an
antrum-like structure in the follicles.

Murine has been used for developing a culture
system for preantral follicles and studying growth
of follicles and oocytes, since they are small,
readily available and grow to preovulatory follicles
within a short life-span. Particularly, studies for
culture of mouse preantral follicles have demons-
trated growth and maturation as well as fertilization
and development of oocytes from follicles cultured
in vitro (Cortvrindt et al, 1996, Eppig and
Schroeder, 1989; Spears et al., 1994). Furthermore,
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live youngs were obtained by the transfer of
embryos derived from in vitro-grown oocytes
(Eppig and Schroeder, 1989; Kim, 2000; Spears et
al,, 1994), but these studies showed that mouse
oocytes grown, matured and fertilized in vitro were
low developmental capacity when compared to the
in vivo counterparts. Thus, further studies are
needed to improve the culture system for preantral
follicles of mammals.

Il. ISOLATION OF PREANTRAL FO-
LLICLES

Enzyme treatment and manual dissection have
been used to isolate preantral follicles in ovary of
mammals. Preantral follicles are readily dissociated
from the ovaries of many small mammals, such as
mice, by enzyme digestion, usually collagenase
assisted by DNase (Eppig and Schroeder, 1989).
However, the enzymatic dissociation of follicles
from coarser tissue, such as adult human ovaries, is
less easily accomplished. Enzyme treatment isolates
large numbers of small follicles that lack theca cells
and the basement membrane may be damaged.

Spears et al. (1994) isolated small preantral
follicles from mouse ovaries by microdissection
using 28 gauge needle. Because of the tough
fibrous matrix, isolation of preantral follicles from
ovaries of adult livestock animals and human is
difficult. With respect to cows, it is easier to make
slices of the tissue with a scalpel before attempting
manual dissection (Figueiredo et al., 1993). With
this mechanical method, primary follicles, and
mainly secondary follicles with two granulosa cells
layers can be isolated. Mechanical method has the
disadvantage that smaller number can be collected;
however, enzyme exposure is avoided, ensuring an
intact theca layer. The combination of collagenase
digestion and mechanical isolation resulted in more

follicles than mechanical isolation alone.

[l. IN VITRO CULTURE OF PREAN.
TRAL FOLLICLES

According to the experimental purpose, various
culture methods of growing preantral follicles to
maturity in vitro have been developed, such as agar
or collagen gel embedding (Carroll et al, 1991;
Roy and Treacy, 1993; Torrance et al., 1989), colla-
gen impregnated membranes (Eppig and Schroeder,
1989), 96-V-well microtitre plates (Hartshorne et
al., 1994a,b; Spears et al., 1994) and micro droplets
covered with mineral oil (Cortvrindt et al., 1996).
Table 1 summarizes the culture methods for prean-
tral follicles according to their isolation methods.

Basic concept of these culture methods is to
maintain three-dimentional structure between the
oocyte and granulosa cells as a complex. In general
culture method, three-dimentional structure between
the oocyte and granulosa cells easily collapses and
then follicles degenerates. Particularly, preantral
follicles isolated by enzyme treatment are more
difficult to maintain three-dimensional structure
between the oocyte and granulosa cells, because
theca cells and basal lamina were partially damaged

by enzyme, such as collagenase.

IV. IN VITRO GROWTH AND MATU-
RATION OF MOUSE PREANTRAL FO-
LLICLES

Mouse preantral follicles were grown in the
various media, such as Waymouth (Eppig et al.,
1992), ¢MEM (Cortvrindt et al, 1996; Nayudu
and Osborn, 1992), DMEM (Liu et al, 1998),
F12-DMEM (Li et al, 1995) and TCM 199
(Christmann et al., 1994; Harada et al., 1997). Kim
(2000) reported that @MEM was an optimal
culture medium for mouse preantral follicles when

compared to other medium. It is known that ¢
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Table 1. Culture methods for preantral follicles

Isolation Culture method Uses Species References
Enzyme Gel (collagen, agar) Follicle growth Mouse Carroll et al., 1991
Endocrine study Human Roy and Treacy, 1993
Transplantation Cow Hulshof et al., 1995
Pig Hirao et al., 1994
Collagen coated Production of large Mouse Eppig et al, 1992
membrane numbers oocytes
Mechanical ~ V-shape plate Follicle metabolism Mouse Spears et al., 1994
Steroidogenesis Sheep Cecconi et al., 1999
Oocyte development Cow Gutierrez et al., 2000
Micro drop Hormonal influence Mouse Cortvrindt et al., 1996

Oocyte development

MEM medium includes precursors of DNA and is
suitable for rapidly dividing cell types (Hartshorne,
1997).

The medium was usually supplemented with a
protein source, and this may affect the growth of
preantral follicles (Hulshof et al., 1995). Homolo-
gous mouse serum (5%) is suitable, as is serum
from hypogonadal mice (Boland et al., 1993). Fetal
calf serum and fetal bovine serum were successful
in supporting the development of follicle and
oocyte maturation of attached cultures (Cortvrindt
et al., 1996; Kim, 2000). But, human follicular fluid
and bovine or human serum albumin were resulted
in poor growth of mouse preantral follicles (Kim,
2000; Nayudu and Osborn, 1992).

It is known that addition of FSH to the culture
medium plays an important role in survival and
maturation of follicles and oocytes and also
alleviates oxidative stress by enhancing superoxide
dismutase and other scavenger systems (Tilly and
Tilly, 1995), promoting the survival follicles.
Previous studies on the culture of mouse preantral
follicles have reported that FSH promotes the
growth of follicle and the formation of antrum
(Hartshorne et al., 1994b) by stimulating prolife-
ration of granulosa cells (Kim et al, 1999),

increases GVBD and extrusion of the first polar
body of the in vitro grown oocytes (Cortvrindt et
al., 1997; Eppig and Schroeder, 1989). Moreover,
FSH stimulates the production of estrogen and
lactate by isolated preantral follicles (Boland et al.,
1993; Nayudu and Osborn, 1992). LH is also an
important factor for the growth of granulosa cells
(Yong et al., 1992). Qvist et al. (1990) reported that
FSH was effective in producing large antral
follicles only when adequate amounts of LH were
present. Studies in the culture of preantral follicles
have shown that an optimal LH:FSH ratio has an
impact on follicle survival and oocyte's meiotic
maturation (Cortvrindt et al., 1998). Particularly, the
addition of 10 mIU/ml LH and 100 mIU/ml FSH
(1:10) was more effective for the survival of
follicles and the maturation of oocytes (Kim et al.,
1999).

Growth factors play an important role in the in
vitro growth of preantral follicles. EGF inhibits
FSH-mediated LH receptor expression, oestradiol
production in granulosa cells and follicular growth
(Almahbobi et al., 1995; Hsueh et al., 1984; Mason
et al, 1990). However, the addition of EGF in
preantral follicle culture is known to stimulate

oocyte maturation and promotes development to
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blastocyst after fertilization (De La Fuente et al.,
1999). It is reported that IGF-1 had a stimulatory
effect on follicular growth in vitro when admini-
stered with FSH (Liu et al., 1998). And, insulin
shows frequently beneficial to cultures, increasing
uptake of metabolic precursors such as amino acids
and glucose (Hurwitz et al., 1987). Moreover, it is
known that growth differentiation factor-9 (GDF-9),
oocyte-derived factor, is an important factor for the
in vitro growth and differentiation of early ovarian
follicles (Hayashi et al., 1999).

Activin is known to stimulate the differentiation
and proliferation of granulosa cells, and promotes
the development of mouse and rat preantral follicles
cultured in virro (Li et al., 1995; Liu et al., 1999).
Particularly, Liu et al. (1998) reported that the
combination of FSH and activin acted synergistica-
lly on the in vitro growth of follicles.

Nuclear maturation inhibiting factors are known
to influence the culture of preantral follicles.
Hypoxanthine has been shown to stimulate antrum
formation (Hartshorne et al., 1994b) and increases
the proportion of oocytes able to resume meiosis at
the end of preantral follicles culture (Carroll et al.,
1991; Eppig and Down, 1987). It is known that the
addition of dibutyryl cyclic AMP (dbcAMP) yields
oocytes which are larger and more competent to
resume meiosis (Carroll et al., 1991) and increases
steroidogenesis (Carroll et al., 1991; Hsueh et al.,
1984).

V. DEVELOPMENT OF THE IN VI-
TRO GROWN OOCYTES

It is reported that oocytes grown and matured in
vitro reduced the capacity to be fertilized (Spears et
al., 1994) and showed the higher rate of abnormal
fertilization (Hirao et al., 1990) as compared with
oocytes grown and matured in vivo. The cause of

this phenomenon was probably due to incomplete

cytoplasmic maturation of oocytes (Hirao et al,
1990). And, it is assumed that long-term in vitro
culture results hardening of the zona pellucida,
thereby prevents the penetration of the sperm into
the oocyte (Kim, 2000).

According to the previous studies about develop-
mental capacity of oocytes grown and matured in
vitro, less than 50% of fertilized oocytes underwent
development to the blastocyst stage (Eppig and
Schroeder, 1989; Kim, 2000; Spears et al., 1994). It
has been several reports available for the production
of live youngs after transfer of embryos derived
from the in vitro-grown, matured and fertilized
mouse oocytes. Eppig and Schroeder (1989) and
Kim (2000) reported the production of live youngs
from oocytes grown in vitro from preantral follicles
by oviduct transfer of 2-cell embryos. Spears et al.
(1994) showed the production of live youngs from
oocytes grown in vitro by uterine transfer of
blastocysts. However, these results showed that
below 5% of the transferred embryos developed to
the live youngs.

VI. COMPARISON OF THE IN VITRO
GROWN AND IN VITRO GROWN 00-
CYTES

The diameter of oocytes is important index for
cytoplasmic maturation and developmental compete-
nce of oocytes. In the culture of preantral follicles,
it is reported that none of the in vitro-grown
oocytes grew as large as the oocytes isolated from
the antral follicles (Eppig and O'Brien, 1998; Hirao
et al., 1990; Kim, 2000). However,

nuclear maturation are reported that in cultured

studies on

mouse ovarian follicles, the chromatin organization
in the oocytes was normally changed from NSN
(non-surrounded nucleolus), meiotic incompetence
type, to SN (surrounded nucleolus) configuration,

meiotic competence type (Hartshorne et al. 1994a),
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and the transition rates of oocyte chromatin
organization from NSN to SN were similar to the
in vivo-grown oocytes (Kim, 2000).

Oocytes grown and matured in vitro showed the
lower fertilization (Spears et al, 1994) and the
higher abnormal fertilization (Hirao et al., 1990).
This phenomenon might be due to incomplete
maturation of oocyte cytoplasm and the inappropri-
ate activation with sperm penetration (Hirao et al.,
1990). It is already assumed that long-term culture
results hardening of the zona pellucida preventing
the sperm penetration into the oocyte. This assu-
mption is supported by the observation that the
time required for digestion of zona pellucida of
oocytes grown and matured in vitro, using ¢
-chymotrypsin, was longer than in vivo-grown
oocytes (Kim, 2000).

It is shown that development of oocytes grown
and matured in virro to the blastocyst stage was
less than 50% which was significantly lower
compared to that of oocytes grown and matured in
vivo (Eppig et al., 1989; Kim, 2000; Spears et al.,
1994). In addition, it is reported that total cell
number, which regarded as an important index for
developmental capacity of blastocyst, is less in the
in vitro grown oocytes than in vivo counterparts
(Kim, 2000).

During oocyte growth, gene expression is highly
active in order to accumulate the maternal products
that are required, after fertilization, to sustain the
first steps of embryonic development (Telford et
al., 1990). Kim (2000) was compared the expre-
ssion of specific genes, such as f-actin, GDF-9
and insulin-like growth factor-I (IGF-I), in
mature oocyte grown ir vitro and in vivo. In the 8
-actin which is an housekeeping gene and a key
component of the cytoskeleton, in vitro-grown
oocyte was significantly lower when compared to

the in vivo counterpart. GDF-9 that an important

factor for the growth and differentiation of early
ovarian follicles was also reduced in the in vitro
grown oocyte. Meanwhile, IGF-II that stimulates
growth and metabolism of early embryos and
protects cells from apoptosis was not found in the

in vitro-grown oocyte.

VI. IN VITRO CULTURE OF PREANT-
RAL FOLLICLES IN OTHER THAN
MOUSE

In culture studies of various species, preantral
follicles were isolated with or without enzyme
treatment of the ovarian tissue. Enzymatic treatment
of preantral follicles was demonstrated for cow
(Figueiredo, et al., 1993), sheep (Newton et al,
1999), pig (Hirao et al., 1994) and human (Roy and
Treacy, 1993). Human (Abir et al, 1997) and cow
(Ralph et al, 1995) preantral follicles were also
isolated mechanically without enzymatic treatment.

Roy and Treacy (1993) enzymatically isolated
human preantral follicles, cultured them in agar
gels. The cultured preantral follicles developed
antral stage. In the cow, Gutierrez et al. (2000)
used microdissection to isolate preantral follicles
and cultured them in micro plate. These follicles
reached the antral stage and this occurred between
Days 10 and 28 of culture. In the study of pig,
Hirao et al. (1994) enzymatically isolated preantral
follicles and these follicles were cultured in
collagen gels. The cultured follicles reached
preovulatory size after 16 days. After aspiration of
the oocyte its granulosa cell and further culture,
some oocytes reached the metaphase [[. When
oocytes grown and matured in vitro were insemina-
ted, sperm penetration was observed, but deconde
nsation of the sperm was incomplete. The progress
of the culture of preantral follicles in mammals is
showed in the Table 2.
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Table 2. In vitro culture of preantral follicles in mammals

Animal  Isolation Growth  Antrum Maturation Embryo Birth References

Baboon [ ) [ ) Fortune et al.,, 1998

Human ° [ ) Roy & Treacy, 1993

Cow [ [ [ Gutierrez et al., 2000

Sheep ® ] ® Cecconi et al.,, 1999

Pig ® ) ° ) Hirao et al., 1994

Rat o ) ° ) ) Daniel et al., 1989

Mouse L L] L L ® ® Eppig & Schroeder, 1989
Kim, 2000

V. CONCLUSION

Studies on the culture of mouse preantral
follicles have demonstrated growth and maturation
as well as fertilization and development of oocytes
from follicles cultured in vitro. Finally, live youngs
were obtained by the transfer of embryos derived
from in vitro-grown oocytes. However, the in vitro
production efficiency of embryos from preantral
follicies is still very low. Therefore, further studies
to improve the culture system for preantral follicles
are demanded.

In human and farm animals, such as cow and
pig, to grow oocytes from preantral follicles until
meiotic competence stage, dramatic improvement of
present culture system or development of new
culture system are probably needed. The visible
progress in the establishment of the in vitro culture
of preantral follicles of human and farm animals
could help to enlarge the populations of valuable
agricultural, phamaceutical product-producing and
endangered animals, and to rescue the oocytes of
women about to undergo clinical procedures that

jeopardize oocytes.
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