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Human oocyte maturation is considered as the
reinitiation and completion of the first meiotic division
from the germinal vesicle stage (prophase ) to
metaphase I, and the accompanying cytoplasmic
maturation for fertilization and early embryonic
development. Immature human oocytes obtained from
patients undergoing gynaecological surgery, or ovulation
induction or having polycystic ovary syndrome (PCOS)
can be matured and fertilizedin vitro. To date, 80% of
immature oocytes matured to metaphase Il when
cultured in maturation medium supplemented with
gonadotrophins and 85% of matured oocytes fertilized
and cleavedn vitro. Following transfer of these embryos,

pregnancies and live births have been achieved.

However, the capacity for oocyte maturation was
different when the immature oocytes were retrieved
from PCOS patients and when the oocytes were
cryopreserved at germinal vesicle stage.

Keywords: fertilization/germinal vesicle/human/
maturation/oocyte

Introduction

because one of the major problems encountered by IVF
clinics is to recognize the maturation state of oocytes
obtained from stimulated or unstimulated follicles. The
cytoplasm of the oocyte is of key interest in oocyte
maturation. The best way to improve embryo quality is to
improve oocyte quality. It is known that insufficient
cytoplasmic maturation of the oocyte will fail to promote
male pronuclear formation and will thus increase
chromosomal abnormalities after fertilization (Thibaaalt
al., 1975). Successful fertilization, development and
pregnancy have been achieved with immature human
oocytes matureth vitro in some infertility centres (Veeck
etal., 1983; Pringtal., 1987; Chatal., 1989, 1992, 1996;
Paulsoretal., 1994; Trounsoetal., 1994; Barnestal.,
1995, 1996; Nagwt al., 1996; Edirisinghest al., 1997;
Jaroudietal., 1997; Liuetal., 1997; Russe#tal., 1997);
however, little is known about what conditions are suitable
for in-vitro maturation of human oocytes, enabling IVF
and embryo development in culture. Although our
understanding is currently incomplete, it is now clear that
addition of gonadotrophins [follicle stimulating hormone
(FSH), luteinizing hormone (LH)] to the culture medium is
beneficial to cytoplasmic maturationvitro. In this paper,

we will review research and clinical applications utilizing
immature human oocytes.

Regulation of human oocyte maturation

Human oocytes usually become arrested in prophase | of
meiosis during fetal life. At birth, the oocytes remain in the
dictyate phase and each ovary has ~500 000 healthy
non-growing or primordial follicles (Baker, 1963).

Since the first successful human pregnancy from in-vitr@hroughout the reproductive life of the woman, cohorts of
fertilization (IVF) was achieved (Steptoe and Edwardspocytes are removed from this non-growing pool and
1978), assisted reproductive technology has become tbemmence growth. Near the completion of growth,
frontier of both infertility treatment and research. The coreocytes acquire the ability to reinitiate meiosis (Pincus and
of an assisted reproduction programme is oocyte qualisnzmann, 1935). Following resumption of meiosis, the
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nuclear membrane dissolves (germinal vesicle breakdowthus terminating the flow of these substances into the oocyte
GVBD) and chromosomes progress from metaphase | (Berridge and Irvine, 1984; Larsetal., 1987; Downstal.,
telophase I. The completion of the first meiotic division is1988; Fagbohun and Downs, 1991). LH-induced GVBD
characterized by the extrusion of the first polar body anghay be also mediated by theylB+ pathway (for review
formation of the secondary oocyte, both of which contain gee Eppig, 1993). It has been suggested that the hormone
haploid chromosome complement. The second meiotignalling mediate (4 transients may be important at the
division is initiated rapidly after completion of the firsttime of GVBD (for review see Whitaker, 1996).

meiotic division and the oocytes reach metaphase Il prior Results from animal experiments indicate that protein
to ovulation. Oocyte maturation is defined as theynthesis is required for GVBD (Steetal., 1972; Schultz
reinitiation and completion of the first meiotic division 4nq \Wassarman, 1977: Sirard and First, 1988:; Sitaid

from the germinal vesicle stage to metaphase I, withgg) |t seems that protein synthesis is also needed for
accompanying cytoplasmic maturation necessary fQ§yBp of human oocytes because protein synthetic
fertilization and early embryonic development. MOStpatterns differ before and after GVBD (Giffagthl., 1987;
knowledge of the regulation of oocyte maturation com Schultzet al., 1988). After GVBD, not all oocytes can

frqm animal exp_er!ments. The reader should keep this Mature and extrude the first polar body. The competence to
mind although similar concepts may be relevant to hum"ﬂhdergo GVBD and to progress from metaphase | to
oocytes. metaphase Il is acquired separately during cuituvéro
(Szybek, 1972; Iwamatsu and Yanagimachi, 1975;
Nuclear maturation Sorensen and Wassarman, 1976). Some human oocytes
undergo GVBD when culturedh vitro, but become
GVBD is initiated by either the pre-ovulatory surge ofarrested at metaphase I. Thus, the competence to undergo
gonadotrophins (LH) or the atretic degeneration of thgvBD and competence to progress through metaphase | to
follicle in vivo. The competence to undergo GVBD wasmetaphase Il are separately and sequentially acquired. It is
previously thought to be acquired during follicle growthnot clear, however, what causes oocytes to complete
However, it has been reported that the acquisition haturation from metaphase | to metaphase Il. It is well
GVBD competence is not dependent on oocyte growighown that the cytoplasmic maturation during this period
(Canipariet al., 1984). Therefore, the acquisition of thejg very important in order to support early development.
competence to undergo GVBD could be a multi-steptein synthesis is needed for the progression of cocytes
process. In humans, some germinal vesicle 00CYles, the germinal vesicle stage to metaphase I, as well as

cqllected from both stlmglated ahd gnstlmulated OVaN&R the maintenance of the metaphase Il arrest (Clarke and
fail to undergo GVBD during cultuiia vitro. It seems that !ylasui 1983; Gerhasttal., 1984)

only the competence to undergo GVBD is only acquire

ggnggilit];? I]J'O(:rlzvgég\'\:tsh’sti”Slijr?]ggftt;r;]gt that an Inheremfailure to activate maturation promoting factor (MPF)
P P ' ctivity (Masui and Clarke, 1979; Maller, 1985;

Many potential factors mediate the cumulus cells’ Contr(%ashimoto and Kishimoto, 1988). Cytoplasmic proteins

of GVBD (Figure 1). High levels of cyclic adenosine ) . .
monophosphate (CAMP) and purine hypoxanthine in thMPF and cytostatic factor (CSF; Shlbuya_and Masui, 1989)
regulate  oocyte nuclear maturation. Molecular

culture medium prevent oocyte GVBD (Heliial., 1981, o _ _
Downsetal., 1985; Eppigetal., 1985; Hillensjcetal., 1985; characterization of MPF has shown that active MPF is a

Témell and Hillensjo, 1993). The oocyte and cumulus cellBrotein dimer composed of catalytic ﬁé@serlne/ threo-

are coupled by gap junctions, suggesting that granulosa c&l|8€ kinase, and regulatory cyclin B subunits (Dunghy
control GVBD via the cumulus cells. The gap junction€l-» 1988; Gautieet al., 1988; 1990; Pines and Hunter,
permit regulatory molecules, such as steroids!@aositol ~ 1989). The p3¥#Zserine/threonine kinase is the product
1,4,5-trisphosphate (i cCAMP and purines, to pass freely of the cdc2 gene, first identified in fission yeast. The
between the cytoplasm of the oocyte and cumulus ceP349%cyclin heterodimer, a protein kinase, has four
(Dekeletal., 1981). Addition of luteinizing hormone (LH) to phosphorylation sites that are regulated by kinase and
the culture medium induces GVBD. LH probably induceghosphatase activities. Activation of MPF requires
GVBD by an indirect action mediated by cumulus cellslephosphorylation at Thr 14 and Tyr 15 and phosp-
because there are no LH receptors on oocytes (Dekel, 1988)rylation of Thr 161 (for review see Piwnica-Worats
The mechanism involves LH inducing the loss ofal., 1993). Kinases and phosphatases capable of modifying
communication between oocyte and cumulus cell complep34°9c2have been identified by genetic analysis in yeast

Inhibition of protein synthesis in oocytes results in
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Figure 1. Hypothetical model for the possible participation of factors in germinal vesicle breakdown (GVBD) of human oocytes. hiz= lutei
ing hormone; GV = germinal vesicle; MPF = maturation promoting factor; CSF = cytostatic fagterindsitol 1,4,5-trisphosphate.

(weel, cdc25) and in frog oocytes (cak: cdc activatinmeiosis Il (O'Keefeetal., 1991), and thus maintain high
kinase) (for review see Whitaker, 1996). MPF activity (Kubiaketal., 1993) because Mos is required
G2/M arrest always finds the oocyte with a high conterfor cyclin B accumulation and this newly synthesized
of inactive p349c2complex in its tyrosine-phosphorylated protein is required to maintain MPF activity during meiosis
form. It induces GVBD when p3#2cyclin is activated of oocytes (O'Keefeet al., 1989; Minshullet al., 1991).
(Ookataetal., 1992). Before fertilization, human oocytesThus, inhibition of protein synthesis will block the effects
arrest firmly at metaphase Il. At this point, MPF kinasef Mos activity. Thec-mosgene is an abundant maternal
activity is high and cyclin destruction has been inhibitednessage in the oocytes. Expression-nfoshas recently
This is due to CSF. Itis known that mos protein, the produbten reported in human oocytes (Goldreaal., 1987;
of thec-mosproto-oncogene, has the same effect as CSFMutter and Wolgemuth, 1987; Ralal., 1994), suggesting
arresting mitosis at metaphase with highf¥3activity.  that Mos may be a critical regulator of human oocyte
Clearly, meiotic arrest is usually explained in terms ofmeiosis. Surprisingly, using reverse transcriptase—
activation and inactivation of cell cycle control proteinspolymerase chain reaction (RT-PCR), dtial. (1993)
particularly p349c2 Oocytes need p8¥2 activation to  detectedc-mos mRNA in various human cell lines,
enter meiotic metaphase and $82 inactivation to suggesting a wider role farmoskinase.
proceed through anaphase into the next cell cycle.Like Mos, MAP kinase was first identified in somatic
Therefore,the metaphase Il arrest is due to the transcriptioells and has now been revealed as central to the regulation
of c-mosas the oocyte matures. of meiotic arrest in oocytes. MAP kinase is also a
Thec-mosgene plays a critical role in regulation of MPFserine/threonine kinase but is activated, not inhibited, by
activity during meiosis. The product@imosis expressed tyrosine phosphorylation. It is known that MAP kinase is
early in oocyte maturation and disappears immediateBctivated during oocyte maturation, that it regulates
after fertilization (Sagatat al., 1989; Watanabet al., meiosis and has CSF activity. Activation of MAP kinase
1989). c-mosencodes a protein-serine/threonine kinasprecedes activation of p3%2 Blocking MAP kinase
known as Mos. Mos has been proposed to enhance MBEtivity prevents GVBD. Mos protein stimulates MAP
activity via several mechanisms (Figure 2). Direckinase activity, but does not activate §34 (Nebreda and
activation of MPF occurs through phosphorylation of thédunter, 1993). The time course of MAP kinase activation in
cyclin-B subunit of MPF (Rowtal., 1990), or indirectly oocytes parallels that @fmostranscription (Sagatet al.,
via mitogen-activated protein kinase (MAP kinase)l988; Ferreletal., 1991); therefore, it seems that the MAP
(Nebreda and Hunter, 1993). In addition, Mos may inhibiinase activity in oocytes is due to Mos. The phosphorylation
proteolytic degradation of cyclin-B between meiosis | andascade of Mos and MAP kinase may play an important role
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Figure 2. The regulatory pathways surrounding maturation promoting factor (MPF{%88dmbines with its activating subunit, cyclin B. The
p34de2eyclin B heterodimer, a protein kinase, has four phosphorylation sites that are regulated by kinase and phosphata3éagitvities
phorylation cascade of Mos and MAP kinase plays an important role in MPF activity for germinal vesicle breakdown (GVBD).

in meiotic and mitotic cell cycles. Mos activates MAP kinas&ytoplasmic maturation
to arrest oocytes at metaphase Il; however, the connection

between Mos/MAP kinase and {§3% activation at @ puring oocyte growth and maturation, products are
molecular level is not clear. After fertilization, Mos activity synthesized and stored. These products support development
is lost (Lorcaet al., 1993). Cyclin disappears before Mosafter fertilization until the embryonic genome becomes
(Kubiaketal., 1993). The evidence indicates that calcium i%anscriptionally active and embryo-derived messages begin
the signal to break the metaphase Il arrest of oocytes (f@y regulate embryogenesis. Most of the RNA present in
review see Swann, 1996). mammalian oocytes is synthesized and accumulated during
Cyclin was originally identified in sea urchin oocytes as ghe period of oocyte growth (Bachvarova, 1974; Jdlah,
protein whose level greatly increased upon fertilization angg76: Bachvarova and DelLeon, 1980; Sternlicht and
subsequently oscillated during the early cell divisions of thgchultz, 1981; Piko and Clegg, 1982). RNA synthesis
embryo (Evangtal., 1983). The level of cyclin increases continues at a low level to within 1 h of GVBD and some of
steadily through interphase, peaks at the G2/M phagge newly synthesized RNA is released into the cytoplasm
transition, and falls precipitously at each mitosis. Cyclingefore GVBD (Bloom and Mukherjee, 1972; Rodman and
have been divided into three classes, G1, A and B, basedBychvarova, 1976; Wassarman and Letourneau, 1976). It is
their amino acid similarity and the timing of their appearancknown that the metabolism of the oocyte is characterized by
during the cell cycle (Minshult al., 1989; Hunter, 1991; active transcription and translation during the pre-ovulatory
Pines and Hunter, 1991). Two isoforms of cyclin-B haveeriod (Telforcetal., 1990; Wassarman and Kinloch, 1992);
been described in the mouse (Chapman and Wolgemukimwever, transcription ceases at the time of ovulation, so the
1992, 1993). The expression patterns of cyclin-B1 and -Bébcyte and early pre-embryo are dependent upon the pool of
differ, with the cyclin-B1 isoform predominantly expressednRNA and protein accumulated during the pre-ovulatory
in the oocytes. Cyclin B is also phosphorylated angeriod (Telfordetal., 1990).
dephosphorylated during oocyte maturation (Whitaker and The quality of the oocyte predominantly depends upon the
Patel, 1990). Cyclin-B1 was expressed in oocytes, embrynsaturity of the ooplasm. The cytoplasm prepares for
and granulosa cells from both the human and monkegrtilization and early embryonic development in parallel
(Heikinheimo et al., 1995, 1996), indicating that the with nuclear maturation. If cytoplasmic maturation does not
expression patterns afmos cyclin-B1 andp-actin are occur properly, the oocyte will fail to fertilize and develop
important for proper oocyte development in human oocytesiccessfully (Thibaultet al., 1975; Thibault, 1977).
and preimplantation embryos. Mammalian oocytes are surrounded by a compact cumulus
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cell layer during folliculogenesis. Cumulus cells respond tanmature human oocytes in a more rapid or normal manner
gonadotrophins and are known to secrete various substan¢gbangetal., 1997).
These substances not only control nuclear maturation butlt is also known that different culture conditions for oocyte
also perform an important role in cytoplasmic maturatiormaturation in vitro affect fertilization and embryonic
Beneficial effects of cumulus cells on early developmerdevelopment. Normally, FSH is added to the culture medium
have been reported for rabbit (Robertson and Baker, 1968)r oocyte maturatioim vitro, but addition of FSH does not
mouse (Cross and Brinster, 1970), rat (Vanderhyden aimtrease the nuclear maturation of rat (Vanderhyden and
Armstrong, 1989), human (Kennedy and Donahue, 1968ymstrong, 1989), monkey (Morgatal., 1991) and human
Gregory and Leese, 1996), ovine (Staigmiller and MoofDurinzi et al., 1997) oocytes and FSH initially has an
1984), and bovine (Siraetal., 1988; Fukui, 1990; Chiget  inhibitory action on mouse oocyte maturation (Doets.,
al., 1994) oocytes. Besides cytoplasmic changes involved 1988). It has been reported that mouse oocyte GVBD is
the control and direction of meiotic progression, otheinhibited by FSH due to the rise in the levels of cCAMP in
important cytoplasmic changes occur during oocyteumulus cells (Eppigtal., 1983; Schultzetal., 1983).
maturation (Mattioli 1992). In pigs, the formation of a male FSH is important in the development of pre-ovulatory
pronucleus within a fertilized oocyte depends on théollicles. The enhanced FSH responsiveness of
presence of cumulus cells during oocyte maturation (Mattigtire-ovulatory follicles appears to result from an increase in
etal., 1988). The events of male pronucleus formation aftehe content of the stimulatory G-protein of the adenyl cyclase
sperm penetration are also affected by the presence system (for review see Richards and Hedin, 1988). FSH is
absence of cumulus cells during bovine oocyte maturiation necessary for the induction of LH receptors in pre-ovulatory
vitro (Chianet al., 1994). These results suggest that théollicles; however, the mechanism of FSH on nuclear and
ability for male pronuclear formation is acquired during lateytoplasmic maturation of oocytes is not clear. It was found
folliculogenesis. The protein synthesis pattern is differerthat FSH levels in the follicular fluid of metaphase | and
between oocytes with and without cumulus cells and FShietaphase Il oocytes were significantly higher than in
modulates the protein synthesis pattern of cumulusllicles containing germinal vesicle oocytes in women
cell-intact oocytes (Chian and Sirard, 1995). undergoing oocyte retrieval for stimulated IVF cycles
The cumulus cells are distinct from the mural granulos@Lauferetal., 1984). The addition of FSH to oocyte culture
cells. The cumulus cells have different levels of progesteromeedium does not significantly increase the ability of the
secretion and different responses to gonadotrophim®cyte to reach metaphase Il (Durigial., 1997); however,
(Dirnfeld etal., 1993; Goldmametal., 1993). The cumulus maturation medium with FSH significantly increases
cells also differ in the expression of specific mRNA infertilization (Schroederet al., 1988) and early embryo
comparison with the mural granulosa cells (Braw-Tal, 1994)levelopment (Jinnetal., 1989; Morgaretal., 1991). The
Several regulatory factor transcripts have been demonstratdallity of FSH to increase the developmental capacity of
in human oocytes by RT-PCR, including oestrogen receptonouse oocytes maturimgvitro varies depending on the age
c-mos and c-raf mRMA (Wu et al.,, 1993; Wu and and prior gonadotrophin primimgvivo (Eppigetal., 1992).
Wolgemuth, 1995). Therefore, these regulatory factors may Sperm penetration triggers the events that signal the oocyte
be involved in the events of cytoplasmic maturation of thhas been activated and has entered the programme of
oocyte. Thyroid hormone, tri-iodothyronineTsynergizes embryonic development. The activated oocyte causes the
with FSH to increase LH receptors and to increasexocytosis of the cortical granules, which prevents
progesterone secretion by granulosa cells from porcimwlyspermy and the completion of meiosis to start the first
follicles (Maruoetal., 1987, 1992). A recent report indicatedembryonic mitosis. These events of oocyte activation at
that T3 may also be important for oocyte maturation sincéertilization are mediated by a sperm-induced increase in the
four isoforms of thyroid hormone receptor (TR) mRnA (TR-concentration of intracellular free €a(Kline and Kline,
o-1, TR3-1, TRB-2 and c-erbA-2) are expressed in the 1992; Whitaker and Swann, 1993). The development of the
human oocyte, and the granulosa cells as well as on thiility of the oocyte to release €ain response to the
cumulus cells (Zhangtal., 1997). These results suggest thafertilizing spermatozoa is an essential step during oocyte
thyroid hormone may both have direct effects on the oocytematuration (for review see Carradt al., 1996). Recent
and indirect effects via the cumulus cells. The expression efidence has revealed that?Caelease mechanisms are
TR mRNAs in the oocyte, cumulus cells and granulosa celtaodified during oocyte maturation (Chitet al., 1990;
raises the question of whether addition of © the Fujiwaraetal., 1993; Mehimann and Kline, 1994). When
maturation medium would improve maturationvitro of  immature human oocytes were culturedtro, they acquired
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the capacity to undergo a single large oscillation obocytes, especially during oocyte maturation. Moreover,
intracellular C&*; however, subsequent sustained oscillationeptin, a 16 kDa protein product of the obese gene, and its
were not observed in some immature oocytes, indicating thaceptor isoforms are in human pre-ovulatory follicles and in
these oocytes failed to develop fully competeng*Ca mature oocytes, suggesting that leptin may play some role in
signalling mechanisms during maturatiorvitro (Herbertet  transcriptional regulation of the oocyte and early embryo
al., 1997). It seems that the maximal sensitivity of"Ca development (Cioffetal., 1997).
release is reached in the final stages of oocyte maturation, justt is only after activation of the embryonic genome that the
before the optimal time for fertilization. embryo begins to be controlled by its own unique genome.
In oocytes, cytosolic free €4is increased by the release The information required for the embryonic cells to
of C&* from intracellular C&" stores in the endoplasmic reorganize their surface according to their special orientation
reticulum. The release of &afrom the stores is controlled within the embryo is probably part of the maternal genetic
by two types of receptors/€a release channels, one message inherited from the oocyte in the form of
sensitive to IRand the other to ryanodine (letial., 1988; pre-synthesized RNA or proteins and utilized to guide
Furuichietal., 1989). These two C4release channels are developmental processes in the early embryo. In humans,
sensitive to cytosolic G4 such that low concentrations this is thought to occur between the 4- and 8-cell stages
stimulate opening while high concentrations inhibit thédTesariketal., 1986; Braudet al., 1988). Early cleavage
receptors (Bezprovzaneyal., 1991; lino and Endo, 1992). arrest has been demonstrated in most animals (Elath
The mechanism of the &aoscillations that occur during 1982; Davis, 1985; Crosbst al., 1988; Freiet al., 1989;
fertilization of mammalian oocytes is still unclear. There i$Sakkaset al., 1989). In human pre-embryos, themos
considerable evidence to indicate thaipRys a primary transcripts disappear rapidly and are not detectable beyond
role in generating (4 signals in mammalian oocytes the 5-cell stage and expression of cyclin-B1 is somewhat
(Miyazaki etal., 1992; Tesarik and Sousa, 1996; Berridgeparalleled and increased after the 6-cell stage (Heikinheimo
1996; Swann and Lawrence, 1996) It has been Sugges@@l., 1995) This SUggeStS that active transcription of these
that human oocyte activation at fertilization is mediated bgenes in human pre-embryos is from the 4-cell stage
the IR C&* release system because thé*Qascillations onwards. However, Artlegtal. (1992) have examined the
were inhibited by caffeine (Herbegt al., 1997). The relationship between gene expression and cleavage arrest by
development of G4 release mechanism during oocytelnvestigating the patterns of protein synthesis in
maturation so that the fertilizing sperm initiates &'Gignal ~ Cleavage-arrested human pre-embryos  cultumeditro,
sufficient to stimulate oocyte activation is still a mysteryindicating that cleavage arrest is not always accompanied by
Changes may be brought about by modifications in tn@ilure of activation of the genome. The underlying
sensitivity of C&* release through the 4Receptors. G4 mechanlsms respo_nable fqr cleavage arrest are un_glear.
release channels are also regulated by phosphorylatiBHSS'ble causes include inadequate culture conditions

(Nakadeetal., 1994) and changes in redox state (Saletma (Gandolfi and Moor, 1987; Meneetal., 1_99_0)’ inherent or
al., 1992) as well as by interactions with cytoplasmidnduced abnormality (Macaet al., 1990; Pickeringet al.,

proteins such as ankyrin (Bourgguigneirel., 1993) and 1990) and failure of embryonic gene g_xprc_assion (Bratide
FK506-binding protein (Brillantestal., 1994; Camerost al., 1990). The optimal culture conditiamvitro seems to

al., 1995). Therefore, it is an important that the OOCytgromote the expression of the embryonic genome. It has
develops the ability to respond to spermatozoa wiit caPeen reported that transcription activity of mouse blastocysts
transients during cytoplasmic maturation. can be enhanced by alterations in culture conditionse{Ho

Oocyte polarity and spatial patterning during maturatioft~+ 1994)- Thus, it is important for effective gene
should also receive attention (for review see Gardner, 19d§anscription of the human pre-embryo that the culture
Edwards and Beard, 1997). Microvilli are distributed eVen|§ond|tlons of assisted reproductive techniques are correct.

during human oocyte maturation (Pickergtgl., 1988) and

a microvillus-free region was observed as a consequencelﬁhization of immature human oocytes
ageing in culture in human oocytes (Santetlal., 1992).

Several proteins display a polarized cortical distribution asttempts to study human fertilization in culture were first
different maturation stages of human oocytese{dal., reported by Rock and Menkin (1944). It was confirmed by
1996). The maternally encoded mRNA to establish a critic&ldwards (1965a,b) that human follicular oocytes are able to
polarity and spatiality seems to be involved in oocyte growthaturein vitro when they are isolated from follicles and
and maturation. However, very little is known about theplaced in appropriate culture medium. Human oocytes
polarity and the spatiality of maternal MRNA in mammaliarsurrounded by cumulus cells have a higher maturation rate
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than those without these cells (Kennedy and Donahuinat have not completely matured at the time of retrieval
1969). The first successful fertilization vitro of human (Trounsoretal., 1982). Increasing FSH levels within the
oocytes matureth vitro was reported by Edwards al.  follicle is coincident with the generation of a positive signal
(1969). Subsequently, the first successful human pregnanogcessary to complete oocyte maturation in hunians
from IVF of the oocytes retrieved from natural ovulatoryvivo. This suggests that this signal may be linked to the
cycles was achieved by Steptoe and Edwards (1978ynamics of growth factors within the follicle itself
Thereafter, the successful fertilization, development an@Gomezetal., 1993a,b). Recently, it has been reported that
pregnancy with immature human oocytes matimedtro  LH is required during the peri-ovulatory period for normal
has been reported continuously (Veetdl., 1983; Pringt  embryo developmentn vivo (Weston et al., 1996).

al., 1987; Chatal., 1991, 1992, 1996; Paulsetal., 1994; Fertilization and cleavage rates were improved by the
Trounsoretal., 1994; Barnestal., 1995, 1996; Naggtal.,  addition of 150 mlU/ml HMG into the medium if oocytes
1996; Edirisinghetal., 1997; Jaroudital., 1997; Livetal.,  derived from different size of follicles were cultured
1997; Russelét al., 1997). However, very little is known vitro shortly before insemination (Zhaatal., 1993; Table
about the maturation and developmental capacity of). This indicates that the presence of gonadotrophin dur-

immature human oocytes for clinical application. ing the short period of culture before insemination may
also have provided the oocytes with a proper hormonal
Oocytes from stimulated ovaries environment for both nuclear and cytoplasmic maturation.

For clinical application, most oocytes are obtained from
ovarian follicles of women who have been treated Witﬂ'able I. Meiotic maturation and fertilization rates of immature
hormones to induce multiple follicular growth. The use OIguman oocytes (germinal vesicle) derived from stimulated cycles2

superovulation hormones has resulted in follicular Group | Group II
asynchrony (Laufeet al., 1984; Bomsel-Helmreicht al., (no HMG)  (+ HMG)
1987). When oocytes were retrieved from stimulated ovarie®tal no. of oocytes 31 34

before the LH surge, most of the oocytes were at th@ocytes matured (1st polar body) (%) 11 (356) 25 (735)b
germinal vesicle Stage (BomseI'Helmrebhal-’ 1987); Oocytes fertilized/inseminated oocytes(%) 4/11 (36.4)  16/25 (64.0)P
however, oocytes retrieved after human  CchorioniCocytes fertiizedrotal oocytes (%) 431 (129) 16134 (47.0)°
gonadotrophin  (HCG) administration are frequently
maturing (metaphase 1) and pre-ovulatory (metaphase Hpocytes were cultured with Ham's F-10 medium supplemented
oocytes from the cohort of developing follicles. At the sameith 7.5% maternal serum in the absence (group 1) and pres ence
time, a few germinal vesicle oocytes may be retrievedgroup 1) of 75 miU human menopausal gonadotrophin (HMG).
despite having been exposed to an ovulatory dose of HCG 3@ from Prins ét al. (1987).
h before aspiration. These oocytes are capable of undergoirg Tca different from group I
spontaneous nuclear maturationvitro, and then normal  Different ovulation induction protocols may result in
fertilization and development. Studies on oocytes fromariations in oocyte quality, fertilization and cleavage rates
animals have shown that the endocrine environment plays@oué and Boué, 1973; De Suttet al., 1991a,b).
important role in ensuring normal cytoplasmic maturatioff-ertilization rates are different when using clomiphene
with respect to subsequent fertilization (Moor and Trounsogijtrate (CC)/HCG and gonadotrophin analogue (GnRHa)
1977). The inclusion of human menopausal gonadotrophprotocols (De Sutteet al.,, 1992). GnRHa is now used
(HMG) in the culture medium for immature human oocytesoutinely to prevent spontaneous gonadotrophin surges
results in improved maturation and fertilization rates (Prinduring ovarian stimulation for IVF programmes. The short
etal.,1987; Table I). It has been reported that pregnanciesd long GnRHa protocols are usually used and both
have been obtained following the transfer of immaturesgimens prevent premature LH surges. Although there is no
oocytes from stimulated cycles (Veestial., 1983; Pringt  significant difference with respect to clinical pregnancy rates
al., 1987; Nagyetal., 1996; Liuetal., 1997; Jaroudttal.,  per cycle between the long and short protocols (Frydran
1997; Edirisinghestal., 1997). al., 1988; Garciatal., 1990; Marouligtal., 1991; Acharya

In addition to the nuclear events, oocyte cytoplasmiet al., 1992; Hughest al., 1992), the oocyte maturity,
maturation is necessary for normal fertilization andertilization and cleavage rates are different (Greenbtatt
subsequent embryonic development. Human IVF pral., 1995). Furthermore, several studies have suggested that
grammes have indicated that delaying inseminationigh concentrations of LH during the follicular phase of
improves fertilization rates, presumably by allowing thestimulation can have a negative effect on oocyte quality,
completion of cytoplasmic maturation for those oocytepregnancy rate and the incidence of miscarriage (Stanger and
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Yovich, 1985; Howlet al., 1986; Homburget al., 1988; defects, suggesting that these genetic abnormalities may
Regaretal., 1990). HMG, which is a 1:1 mixture of FSH develop during the pre-ovulatory stages in association with
and LH, and some centres have substituted HMG partially or as a result of degenerative cytoplasmic alterations (Van
completely by pure FSH (Ventureital., 1986). The highly Blerkom and Henry, 1992). Some chromosomal anomalies
purified FSH short-term stimulation protocol synchronizesre first detectable during early meiotic metaphase, therefore
oocyte maturation better than a comparable stimulation withis also possible that the damage of DNA may occur in
HMG (Imthurn et al., 1996). Moreover, increased earlier oogenesis (for review see Ashwood-Smith and
fertilization rates have been reported with the addition dEdwards, 1996). Increasing maternal age in naturally cycling
granulosa cells to culture medium used to mature oocytesomen (Battagaliatal., 1996a) and the unsuitable micro-
with compact cumulus cells for 5-8 h after recovery irenvironment for cytoplasmic maturatiomvivo (Delhanty
CC/HCG-stimulated protocols (Dandelaral., 1991). In  and Handyside, 1995), such as a lowering of intracellular pH
addition, it must be noted that 18% of in-vitro maturingVan Blerkom, 1996) may be associated with high
oocytes had gross meiotic aberrations (Racowsky arficequencies of spindle defects and chromosomal segregation
Kaufman, 1992). It is possible that these abnormalities alstisorders. Cytoplasmic maturation is also important to the
occur during maturatiom vivo and after gonadotrophin development of microtubule organizing centres (MTOC) in
stimulation of follicular growth for mature oocyte recovery.the oocyte (Van Blerkom, 1991; Wickramasingtteal.,
It is reported that aneuploidy occurs at high rates in matu®91). A recent report indicated that the human oocyte
oocytes (20—31%) recovered in stimulated cycles (Wramslgevelops MTOC as meiotic maturation proceeds beyond the
and Liedholm, 1984; Martiet al., 1986; Bongsat al.,  prophase | arrest (Battagkal., 1996b).
1988; Djalalietal., 1988; Papadopoulesal., 1988; Plachot Anaesthesia might also affect oocyte maturation,
etal., 1988; Maet al., 1989; Pellestor, 1991; Grasal., fertilization and early cleavag® vitro. Normally, the
1992; Racowskgtal., 1997). procedure of ultrasound-guided transvaginal oocyte retrieval
Cellular, metabolic and cytoplasmic studies of matures carried out under either general, epidural or local
human oocytes obtained from stimulated cycles providenaesthesia. Propofol (diprivan) is one of the commonest
explanations for some types of early developmental failuresiedications used for anaesthesia in this situation. Propofol
Developmentally lethal chromosomal abnormalities are las been reported to accumulate in the follicular fluid (Palot
common defect in mature human oocytes that may affeet al., 1988). Its concentrations in follicular fluid seem to
>25% of normal-looking mature human oocytes retrievethcrease steadily throughout the oocyte retrieval procedure,
from stimulated cycles (Plachet al., 1988; Tarinetal.,  suggesting that Propofol may have deleterious effects on
1991; Delhanty and Handyside, 1995; Wlial., 1996). reproductive outcome following IVF (Coetsgral., 1992).
Specific cytoplasmic pathologies present in the oocyte at tlusing a mouse IVF model, it has been suggested that
time of insemination correlate with both the ability toPropofol is detrimental to oocyte maturation, fertilization
fertilize and the ability of the fertilized oocyte to developand subsequent cleavaigevitro (Depypereet al., 1991,
progressively (Van Blerkom, 1994). Metabolic differencedanssenswilleatal., 1996; Alsalilietal., 1997). However, it
between morphologically equivalent metaphase Il oocytés unclear how Propofol affects oocyte maturation during
retrieved from the same ovary have been observed aodlturein vitro. It is possible that the oocyte chromatin may
related to the developmental ability of the resulting embrybe damaged by such anaesthetic agents since it is known that
(Van Blerkometal., 1995; Barnett and Bavister, 1996; Vanmammalian oocytes are unable to recognize damaged
Blerkom, 1996). Very high frequencies of chromosomathromatin but will continue meiosis (Chiat al., 1992;
aneuploidy have been observed in oocytes with cytoplasnityrzynskaetal., 1996; Fulkaetal., 1997).

Table II. Effect of human menopausal gonadotrophin (HMG) in maturation medium (MT6 medium +10% maternal serum) on in-
vitro fertilization and cleavage of human oocytes derived from stimulated cycles?

Follicle No. of Cumulus HMG Fertilization Cleavage
size (ml)P oocytes expanded (mlU) (%) (%)

32 44 3 0 10 (23) 4 (40)

32 51 5 150 25 (49) 19 (76)
>2 178 178 0 116 (65) 113 (97)

2Data from Zhang et al. (1993).
byvolume of follicle fluid aspirated.
CSignificantly different from each other (P < 0.05).
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Figure 3. Human germinal vesicle oocytes retrieved from stimulagdr(d unstimulated ovaries)( Both oocytes display compact cumulus
cell layers. The intact germinal vesicle of the oocytes could be observed clearly under a microscope (original magdifioation

Normally, 85-90% of the oocytes retrieved from 1007 o Sumusted (83.35%<30/36)
stimulated cycles in IVF programmes are in metaphase II; —O— Unstimulated (87.5%=35/40)
however, 10-15% of oocytes derived from stimulated cycles 80-
are still immature (K.-Y.Chaet al., unpublished data).

Therefore, it is also important to improve the quality of these
oocytes for clinical purposes. It has been reported that g 507
cumulus-free germinal vesicle oocytes retrieved from ¢y
stimulated cycles can be maturiedvitro by co-culturing 2 40

with Vero cell monolayers (Janssenswikkal., 1995). The

time course of oocyte GVBD and maturation were different 20
between the oocytes retrieved from stimulated and
unstimulated ovaries (Figure 3) and that the ability of the 0 d—o—o o
oocyte fertilization was also different between these two 0 3 6 9 12 15 18 21 24 27
groups (R.-C.Chiaret al., unpublished data). The first
GVBD was observed 6 h after cultumevitro in the oocytes
retrieved from stimulated ovaries, but GVBD occurredrigure 4. The time course of human oocyte germinal vesicle break-
12-15 h after cultura vitro in the oocytes retrieved from down (GVBD) during culturdn vitro. The final percentages of
stimulated ovaries (Figure 4). However, the final percentage§VBD were not different between the oocytes retrieved from stimu-
of GVBD were not different between the oocytes derivedated (+-) and unstimulated ¢-) ovaries.

from stimulated (83.3%) and unstimulated (87.5%) cycles.

GVBD occurred significantly earlier in the oocytes retrievedve may explain why GVBD occurs earlier in the oocytes
from stimulated ovaries than unstimulated ovaries. Aderived from stimulated ovaries than from unstimulated
discussed above, LH probably induces GVBD by an indiregvaries, because the oocytes retrieved from stimulated
action mediated by cumulus cells because there are no Ildvaries have already been exposed to the action of LH/HCG
receptors on the oocytes (Dekel, 1988). Many factors magimulation in the follicles.

mediate the cumulus cells’ control of GVBD; the Extremely low fertilization rates are usually obtained after
mechanism involves LH inducing the loss of communicatiostandard insemination of matured germinal vesicle oocytes
between oocyte and the cumulus cell complex, thusom ovulation induction, suggesting that intracytoplasmic
terminating the flow of some substances into the oocytaperm injection (ICSI) is the best option, even where the
(Berridge and Irvine, 1984; Larsetal., 1987; Downgtal.,  sperm parameters are not impaired (Neigfl., 1996). It is
1988; Fagbohun and Downs, 1991; Downs, 1995). From thi®t clear at the present time why the fertilization rates are so

h of culture
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low. It may be due to alterations of the zona pellucida (zora oocyte maturation in the large-follicle group (9-15 mm

hardening) as a result of the oocyte maturatioritro in

these oocytes.

Oocytes from unstimulated ovaries

diameter; 34.5%) was significantly € 0.05) higher than that

in the small-follicle group (34 mm; 8.8%). It has been
reported that the unstimulated human oocyte appears to have a
size-dependent ability to resume meiosis and complete
maturation, indicating a significant difference in oocytes

There are not many studies on immature human Oocytﬁ%asuring 86-10%im (22.2%) versus those measuring
maturedin vitro because of the limitation of materials. F°r106—125um (60.0%) (Durinzital., 1995),

clinical application and research, immature follicular oocytes

can be obtained from consenting patients undergoing

tuboplasty, Caesarean section, and oophorectomy. THble IV. Maturation and fertilization rates of human oocytes
method of collection of follicular immature oocytes fromderived from unstimulated cycles

surgically removed ovaries were described previously by Cha

Maturation (%)P° Fertilization (%)¢
etal. (1991). In the case of donors who underwent tuboplasty (n=199) (n=27)
or Caesarean section, immature follicular oocytes Wergg oroocytes 158 (79.4) 25 (92.6)

aspirated by puncturing visible follicles with a 21-gauge
needle attached to a syringe filled with culture medium. T

ocytes were cultured in TCM-199 + 20% fetal bovine serum

results indicate that the age, pathology, day of the menStrgﬁ{)plemented with gonadotrophins (10 IU/ml pregnant mare’s
cycle, and cyclic versus non-cyclic ovaries of donors, argrum gonadotrophin and 10 IU/ml human chorionic gonado-
factors influencing the number of immature oocytes (Charophin). Because of ethical problems, some egg donors did
1992). Immature oocytes from the luteal phase had ngt want their eggs to be mixed with donor spermatozoa.

significantly higher maturation rate than those obtained duriqﬁ1
the follicular phase. The number of immature human oocytgs

us only a small proportion of mature oocytes were used in
e fertilization attempt, the remainder going to cryopreserva-
n experiments.

collected from an ovary decreased as the patient's agextrusion of first polar body.
increased; however, there was no statistical difference in tffeormation of both pronuclei.
rate of oocyte maturation and cleavage among donors in the

different age groups (Cleal., 1992).

Table IIl. Details of seven pregnancies using immature follicu-

lar oocytes (Cha, 1995)

Number Maturation Age No.ofembryos  Results
media? transferred
1 Ham's F-10 32 5 Triplets
+50% HFF delivered
2 Ham's F-10 43 1 Singleton
+50% HFF delivered
3 Ham's F-10 51 3 Clinical
+50% HPF abortion
4 Ham's F-10 33 5 Clinical
+50% HPF abortion
5 TCM-199 32 10 Clinical
+50% HPF abortion
6 TCM-199 31 5 Twins
+50% HPF delivered
7 TCM-199 29 3 Singleton
+50% HPF delivered

8HFF: human follicular fluid; HPF: human peritoneal fluid.

An earlier study indicated that 42% (52/124) of immature
oocytes displayed GVBD and 31% (39/124) progressed to
metaphase Il when the oocytes were cultured with TCM-199
or Ham's F-10 supplemented with 10% fetal calf serum for 42
h (Sheatal., 1975). The maturation and fertilization rates of
immature human oocytes were 63% and 60%, respectively,
when using human follicular fluid or peritoneal fluid as
supplements in the maturation medium (Efzd, 1989). The
first live birth from immature human oocytes obtained from
unstimulated ovaries was in our ovum donation programme
(Chaetal., 1991). Five embryos were transferred to a woman
with premature ovarian failure and she delivered healthy
triplet girls. Shortly thereafter, from 21 transfer cycles, viable
embryos were derived from follicular immature oocytes
maturedin vitro in Ham's F-10 medium supplemented with
50% follicular fluid or 50% peritoneal fluid, resulting in
another two live births (Chet al., 1992). In our centre, the
human ovum donation programme has subsequently obtained
six more pregnancies by using follicular immature oocytes
derived from donors who underwent tuboplasty or Caesarean
section (Cha, 1995; Table Ill). Recently, we have been using
TCM-199 + 20% fetal bovine serum (FBS) and supplemented

It seems that there is a relationship between follicular sizewith gonadotrophins [10 [U/ml pregnant mare’s serum
the human ovary and oocytes capable of resuming meiosiggonadotrophin (PMSG) and 10 IU/ml HCG], resulting in
vitro (Tsujietal., 1985). In the follicular phase, the percentage80% maturation rate and >90% fertilization rate when the
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germinal vesicle oocytes were retrieved from unstimulated 1007 o sumulated (75.0%=27/36)
ovaries (Table |V). —O— Unstimulated (77.5%=31/40)
The time courses of GVBD and maturation of the oocytes
were different between the immature oocytes retrieved from @
stimulated and unstimulated ovaries (Figures 4 and 5). Most +
oocytes matured to metaphase Il 45 h after cuiltuvétro
when the immature germinal vesicle oocytes were retrieved
from the patients undergoing Caesarean section (Figure 5).
However, when the immature germinal vesicle oocytes were
recovered from stimulated cycles, most oocytes reached
metaphase Il at 30 h after culture vitro. The final
percentages of the oocyte maturation were not different 0=y
between the immature oocytes derived from stimulated 15 18 21 24 27 30 33 36 39 42 45 48
(75.0% = 27/36) and unstimulated (77.5% = 31/40) cycles.
However, the percentage of metaphase Il oocytes was
significantly higher for germinal vesicle oocytes derived fromFigure 5. The time course of human oocyte maturation [polar body
stimulated rather than unstimulated ovaries (GéBﬂEil., (PB) exglusion]du_ring culturie vitro. There was no significant dif- _
19938.). Combination of the results from Tethl. (1994a,b) ference in maturatiori rates between thie oocytes retrieved from stim-
- . . ulated (-=—) and unstimulated ¢—) ovaries.
also indicated that the maturation rates are different between

the immature human oocytes retrieved from stimulated and

unstimulated cycles. These differences might be due to the 430 areé candidates with different diagnoses for assisted
of different maturation medium and different culture'€Productive treatment (Russetél., 1997). This indicates

supplements during maturation in each research grOl}B_atthe|mmatureoocytecollection and in-vitro maturation

Ninety per cent (18/20) of germinal vesicle oocytes re,[rieve%rocedure_s could possibly replace the standard stimulated
from patients undergoing Caesarean section presentedV& Cycle in the near future.

nucleolus in the oocyte germinal vesicle, but only 20% (2/10)

of oocytes retrieved from stimulated cycles contained §0¢ytes from polycystic ovarian syndrome patients

nucleolus in the germinal vesicle. The profile of proteirpatients with polycystic ovarian syndrome (PCOS) are
synthesis is also different in these two groups (Cki@h,  characterized by abnormal endocrine parameters,
1997). These results suggest that the differences betweendhgyulation, numerous antral follicles within their ovaries
germinal vesicle oocytes retrieved from stimulated angnd frequently infertility (Goldzieher and Green, 1962).
unstimulated cycles may subsequently relate to time courgesos patients may be extremely sensitive to exogenous
of GVBD and maturation of oocytes culturgdvitro in  gonadotrophin and may be at risk of ovarian hyper-
these two groups. stimulation syndrome when treated with gonadotrophins for
The disadvantages of ovulation induction include th@ssisted reproduction. Immature oocyte recovery could be
side-effects from the gonadotrophins, which includgleveloped as a new method for the treatment of patients with
weight gain, bloating, nausea, vomiting, mood swingsnfertility due to PCOS because the oocytes of these
ovarian hyperstimulation with possible hospitalizationpatients retain their maturational and developmental
and the unknown long-term cancer risks (Bergh and Nav@ompetence (Trounscet al., 1994). They reported that
1992). Therefore, many attempts have been made #8% of oocytes cultured in medium with gonadotrophins,
perform IVF without the use of exogenous gonadotrophinsestrogen and fetal calf serum matured to metaphase Il by
(natural cycle) to induce multiple follicles. One very43—-47 h, and 81% were matured at 48-54 h of culture. Of
attractive possibility for enhancement of the success @fe inseminated oocytes, 34% fertilized and 56% of the
natural cycle IVF is the combination of oocyte maturatiorultured pronuclear oocytes cleaved to eight cells or more.
techniques with immature oocyte retrieval, and thi®\ pregnancy and the first birth of a normal baby occurred
technique has yielded live births (Paulsetral., 1994; in one of the anovulatory PCOS patients receiving an
Russelletal., 1997). Recently it has been reported that aabbreviated steroid replacement protocol after embryo
average of 11 oocytes per patient (from unstimulateslansfer. A second birth was achieved by in-vitro
ovaries) were retrieved transvaginally with ultrasoundnaturation of primary oocytes derived from a PCOS
guidance, which suggests that unstimulated immatupatient, combined with ICSI and assisted hatching (Barnes
oocyte retrieval can be performed successfully in patiengtal., 1995), indicating that the developmental capacity of

80

60

40

% extrusion

201

h of culture



114 K.-Y.Cha and R.-C.Chian

primary oocytes is higher in regular cycling women than iand hardening of the zona pellucida (Vincent and Johnson,
irregular cycling and anovulatory women with PCOSL1992; Georgetal., 1994; Van Blerkom and Davis, 1994).
(Barnesetal., 1996). Although successful pregnancies after cryopreservation of
In our centre, the PCOS patients are diagnosed when thetaphase 1l oocytes have been reported (Chen, 1986;
following conditions are present: physical characteristicAl-Hasanietal., 1987; Van Uenetal., 1987), the success
such as obesity and hirsutism, menstrual disturbanceste is still low. It has been suggested that the microtubular
(oligomenorrhoea, amenorrhoea), LH/FSH ratio >3.0 anspindle of metaphase Il oocytes is sensitive to temperature
the characteristic polycystic ovarian appearance ahanges (Van der Els#t al., 1988). Thus, chromatid
ultrasonographic assessment. For maturationitro of  non-disjunction may occur during cooling and it would
immature oocytes retrieved from these PCOS patientgsult in aneuploidy after fertilization (Pickerireg al.,
TCM-199 + 20% FBS and supplemented with 10 IU/ml990). Freezing of immature oocytes may solve these
PMSG and 10 IU/ml HCG were used. It has been foungroblems. The advantage of freezing at prophase | is that
that the maturation rate of immature oocytes retrieved frokhe procedure can be achieved before spindle formation in
PCOS patients is significantly lower than those recoverafle oocytes.
from normal menstrual cycle patients (K.Y.Cegal., Production of live young after immature oocyte freezing
unpublished data). The results indicate that 60.0%as been successful in mice (Caedgl., 1994). Human
(499/832) of oocytes culturedn vitro matured to germinal vesicle oocytes can survive and maitunetro
metaphase Il and that 73.0% (364/499) of the oocytegter freeze—thawing (Mandelbawtal., 1988; Tottetal.,
fertilized by ICSI and 89.9% (187/208) of the cultured1994a,b; Soetal., 1996; Parletal., 1997): 55.1% (54/98)
pronuclear oocytes cleaved to 2- and 4-cell stage €€haof oocytes survived and 59.3% (32/54) of oocytes matured
al., 1996). Up to now, a total of 16 pregnancies have begsmetaphase Il following freeze—thawing, 42.9% (6/14) of
achieved from PCOS patients in our centre (Table Viocytes fertilized and 16.7% (1/6) of fertilized oocytes
These indicate thatimmature oocyte recovery fromwomefleaved (Table VI), suggesting that immature human
with infertility due to PCOS can be used with this therapyocytes are capable of meiotic maturation, fertilization and

for assisted reproduction. development following cryopreservation (Szal., 1996;
. . Park et al.,, 1997). However, the freeze-thawing
Cryopreservation of immature oocytes procedures have detrimental effects on the maturation of

Successful cryopreservation of the immature oocytddiman oocytes and subsequent early developmental
would widen the possibility of establishing an ovum bankgapacity. It has been indicated that human oocytes matured
Oocyte cryopreservation has the potential to overconi vitro after cryopreservation at the germinal vesicle stage
many of the legal and ethical problems associated wigiso showed an increased incidence of chromosomal and
embryo cryopreservation and provides more options f@pindle abnormalities, suggesting that these abnormalities
patient treatment. A clinical application of cryo-may impair the capacity for further development of
preservation of immature oocytes would be to storembryos derived from frozen-thawed oocytes (Btek,
oocytes from patients who risk the loss of ovarian functiord.997). Furthermore, when in-vitro matured germinal
Oocytes are very large cells with well-defined structuregesicle oocytes after cryopreservation were inseminated by
which do not withstand temperature alterations withowither conventional IVF or ICSI, the fertilization rate was
impairment of their fertilizing and developmental capacityhigher in the ICSI group (64.3%) than the conventional
During freezing and thawing, the oocyte changes with/F group (27.3%) (Parktal., 1996). This result suggests
rearrangement of the cytoskeleton and of the meiotihat the reduced rate of fertilization after freeze—thawing
spindle, clumping and migration of the cortical granulesnay be due to hardening of the zona pellucida.

Table V. Pregnancy outcome of immature oocytes derived from PCOS patients?

No. of No. of oocytes No. of oocytes No. of oocytes No. of oocytes No. of embryos Pregnancies
cases retrieved cultured matured (%) fertilized (%)P transferred (%) (%)d
72 910 832 499 (60.0) 400 (80.2) 306 (76.5) 16 (25.0)

aData modified from Cha et al. (1996).

bAbnormally fertilized oocytes (n = 36) were included.

®No. of embryos transferred/no. of fertilized oocytes cultured = 187/208. Mean no. of embryos transferred was 4.7 per patient.
dNo. of pregnant patients/no. of patients who had embryos transferred = 16/64; one of these pregnancies was a twin pregnancy,
whilst the rest were singletons.
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Table VI. Comparison of maturation, fertilization and cleavage assisted reproduction. Immature germinal vesicle oocytes
rates between cryopreserved immature human oocytes and are also capable of meiotic maturation, fertilization and

a
control developmenin vitro following cryopreservation.
Control Frozen—thawed at ger-
minal vesicle stage
No. of oocytes 82 98 Acknowledgements
No. surviving (%) . 82(100) 54 (85.0) We are grateful to Dr Hugh J.Clarke, Department of Obstetrics
No. undergoing maturation (%) 63 (76.8) 32 (59.3) and Gynecology, McGill University, Canada, for his helpful
No. “”O_'_ergo'”f insemination 21 14 comments on early drafts of the manuscript. We gratefully
No. fertiized (%) 19(905) 6 (42.9) acknowledge Mr Simon Phillips, McGill Reproductive Center,
No. cleaved (%) 18 (94.7) 1(16.7)

for his assistance in the preparation of this manuscript.

@Data modified from Son et al. (1996).
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