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Human immature oocyte has provided a useful germ lated' but also stimulated in vitro fertilization (IVF)

cell source for infertility treatment not only in unstimu- cycles.? It has been successfully applied to natural or

B} modified natural IVF treatment,’ and provided new
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somatic cell nuclear transfer.”

Until now, much progress has been made to enhance
maturational potency and developmental capacity of
human immature oocyte.8 Since in vitro maturation
(IVM) of immature oocytes is the first and most crucial
step for its successful clinical application, predicting its
in vitro maturational capacity is an important part in
IVF cycles using IVM technique. Several non-invasive,
morphological parameters have been suggested to predict
successful maturation of human immature oocyte in vitro.

Aspirated cumulus-oocyte complex (COC) can be
classified into three types according to its surrounding
cumulus cells (CCs) morphology; oocytes having =5
layers of CCs (grade A), oocytes having 3~4 layers
(grade B), and oocytes having <2 layers (grade C).”"
In FSH-primed cycle, it was reported that significantly
higher fertilization and blastocyst-forming rates were
observed in grade B." In contrast, Yang et al.'’ divided
COC into three groups; oocytes with dispersed CCs
(group A), oocytes with compacted CCs (group B) and
oocytes with sparse CCs (group C). In that report, they
observed significantly higher maturation and blastocyst-
forming rates in group A.

In unstimulated IVF cycles, it was observed that there
is a positive relationship between immature oocyte
diameter after denudation and its in vitro maturational
competence.'” A recent report indicates that immature
oocytes from unstimulated cycles had smaller diameter
than those from stimulated cycles.® In that report, there
was a positive relationship between oocyte diameter and
the likelihood of maturation in vitro in unstimulated
cycles, but such effect was not observed in stimulated
cycles.

We previously reported that developmental competence
of human immature oocytes from stimulated cycles was
comparable when matured in vitro with commercial G2
media supplemented by either human follicular fluid

or human serum albumin.” During that study, human

O sy Al ool A|
germinal vesicle (GV) stage oocytes, obtained from
stimulated IVF cycles, could be divided into two types
according to their CCs morphology; i.e. dispersed versus
compacted CCs. Currently, there were no reports with
regards to relation between CCs morphology and in vitro
maturational competence of human immature oocyte
obtained from stimulated IVF cycle.

In this report, we collected human GV stage oocytes
from stimulated IVF cycles and prospectively investi-
gated a relationship between cumulus morphology as
well as oocyte diameter and their in vitro maturational

competence.
MATERIALS AND METHODS

Forty-one GV stage oocytes were obtained from 21
patients who received controlled ovarian hyperstimulation
and IVF during Mar 2007 to Jan 2008. The mean age of
women was 33.8%3.8 years old with a range of 27~43
years. The infertility factors were identified as follows:
tubal (n=8), uterine (n=2), unexplained (n=5), male (n=2),
endometriosis (n=2) and decreased ovarian reserve (n=2).

Ovarian hyperstimulation was performed using recom-
binant FSH (rFSH, Gonal-F®, Serono, Switzerland) be-
ginning on day 3 of menstrual cycle. The pituitary was
suppressed by flexible multiple dose protocol of GnRH
antagonist (Cetrotide®, Serono). Follicular development
was monitored with periodic vaginal ultrasounds and
serum levels of estradiol. When dominant follicles
reached 19 mm in diameter, ovulation was triggered by
recombinant hCG (thCG, Ovidrel®, Serono) 250 pg. An
ultrasound-guided retrieval of oocytes was performed
35~36 hrs later.

The collected COCs were assessed according to the
presence of GV or the first polar body by stereo-
microscope (*<200). Immature oocytes were defined by
the absence of the first polar body, and then classified
as GV stage or metaphase I (MI) stage depending on

- 286 -



K353 ™42, 2008

visible GV. After isolation of GV intact oocytes, they
were classified and recorded into oocytes with dispersed
or compacted CCs (Figure 1). They were soon stripped
with 85 IU/mL hyaluronidase (Cook, Australia) and
mechanical pipetting until completely denuded from
their cumulus cells. The diameters of denuded oocytes,
both including and excluding the zona pellucida, were
measured with an eyepiece micrometer disc.

GV oocytes were then placed in organ culture dishes

Figure 1. GV stage oocyte with dispersed (upper) and
compacted cumulus cells (lower)
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(6015 mm; Falcon) with commercial medium (Cook-
BL, Australia) supplemented with rfFSH 75 mIU/mL
(Serono), thCG 0.5 IU/mL (Serono), rEGF 10 ng/mL
(Invitrogen, USA). All oocytes were cultured in 1 mL
of each [IVM medium for up to 48 hrs in an atmosphere
of 5% CO, and 95% air with high humidity.

Maturation was considered when they have the first
polar body and then matured oocytes were fertilized by
ICSI. The spermatozoa for ICSI were obtained on the
day of oocyte retrieval and kept at room temperature for
up to 48 hrs. After ICSI, normal fertilization was con-
firmed when two distinct pronuclei are present 16~18
hrs later.

All data in the present study were analyzed using
SPSS (Windows version 12.0). The Student's t test was
used to compare parametrical variables between two
groups and Chi-square test was used for the comparison
of two proportions. A P-value of <0.05 (two-tailed) was

considered statistically significant.

RESULTS

Overall maturation and fertilization rate were 56.1%
(23/41) and 73.9% (17/23). Dispersed CCs type was
found in 75.6% (31/41) of the immature oocytes. Matured
oocytes had significantly higher proportion of oocyte

Table 1. Comparison of morphologic characteristics between the matured and not matured oocytes

Matured Not matured P
(n=23) (n=18)

Patient age (yrs) 32.7+3.5 344+3.1 NS
Oocytes with dispersed cumulus cells 21 (91.3%) 10 (55.6%) 0.023
Oocytes with compacted cumulus cells 2 (8.7%) 8 (44.4%)

Outer diameter (including zona) (pm) 155.7£8.0 152.4+9.9 NS
Inner diameter (excluding zona) (pm) 114.316.6 113.41£5.0 NS
Zona thickness (Difference between outer and inner diameter) (pum) 41.3£10.8 39.1£11.5 NS

Mean £ SD, NS: not significant
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Table 2. Comparison of in vitro outcomes between the oocytes with dispersed or compacted cumulus cells

Oocytes with dispersed

Oocytes with compacted

cumulus cells (n=31) cumulus cells (n=10) P

Patient age (yrs) 339433 32.81+3.5 NS
Matured oocytes with 1st polar body 21 (67.7%) 2 (20.0%) 0.044
Oocytes with GV breakdown 0 4 (40.0%)

GV stage oocytes 10 (32.3%) 4 (40.0%)

Fertilized oocytes by ICSI 16/21 1/2 NS
Outer diameter (including zona) (m) 155.1£8.1 151.5+11.2 NS
Inner diameter (excluding zona) (pum) 114.7£5.9 111.5+5.7 NS
Zona thickness (um) 40.4%10.1 40.0x14.2 NS

Mean £ SD, NS: not significant

with dispersed CCs compared to oocytes failed to mature
(91.3% [21/23] vs. 55.6% [10/18], p=0.023) (Table 1).
There was no difference of patients age between matured
and not-matured groups. Two-thirds of oocytes (21/31)
with dispersed CCs was matured, in contrast, only 20.0%
(2/10) of oocytes with compacted CCs was matured
(Table 2) (p=0.04). Among 23 matured oocytes, sixteen
oocytes were confirmed their maturation within 24 hrs
and others were observed by 48 hrs.

Outer diameters including zona were ranged between

127.5 and 180 um among our studied immature oocytes.

Inner diameters excluding zona were ranged between
100 and 127.5 um. Outer and inner oocyte diameters
were not related with maturational competence. Mean
values of inner diameters of matured and not-matured
groups were 114.3 um and 113.4 pum. There was no
significant difference between outer diameters of matured
and not-matured groups (155.7 ym and 152.4 pm,
respectively, NS) (Table 1).

DISCUSSION

The present study demonstrated that human GV stage
oocytes obtained from hyperstimulated IVF cycles could

be classified according to surrounding CCs type and the
oocytes with dispersed CCs had significantly higher
capability of maturational competence than those with
compacted CCs. In addition, the result of this study
suggests that there is no relationship between diameter
of immature oocyte collected from hyperstimulated IVF
cycles and their in vitro maturational competence.
Oocyte maturation is a long and enigmatic process
during which nuclear and cytoplasmic changes happen,
resulting in transition from GV stage to the metaphase
Il stage and the extrusion of the first polar body."* A
better understanding of how to maximize immature
oocyte developmental competence is the first and crucial
step to the advancement and optimization of the use of
immature oocyte. So far, several studies have explored
the predictive value of morphologic parameters of the
COC as a possible factor contributing to the success of
human oocyte IVM.'™*!> But IVM technique has been
applied principally to patients with polycystic ovary
syndrome (PCOS), thus the majority of studies with
regard to immature oocyte have been focused on PCOS
patients. There is limited data on the relationship between
morphology of GV stage oocyte and its developmental

competence in non-PCOS group, especially stimulated
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cycles in regularly menstruating women.

In the present study, we found that maturation rate in
the oocyte with dispersed CCs was significantly higher
than those with compacted CCs in stimulation cycle. It
is unclear why oocytes remain immature despite ovarian
stimulation. The immature oocytes may originate from
small antral follicles at the time of oocyte retrieval or
from large preovulatory follicles which do not respond
to hCG. During ovarian stimulation, the oocyte population
at the time of hCG may be heterogeneous, leading to
retrieval of oocytes at different stages of maturation. It
is likely that oocytes with dispersed CCs are in more
advanced stage of development. Yang et al."' found
mRNA expression of the LH receptor in the CCs of
COCs obtained from unstimulated cycles; the CCs
expressing the LH receptors were mainly dispersed, and
no or very few LH receptors could be detected in com-
pacted and sparse CCs. From the findings, it can be
postulated that oocytes with dispersed CCs, even though
not matured despite stimulation, are in more advanced
stage of development than those with compacted CCs.

Studies in several animal species have highlighted the
relationship between oocyte diameter and competence
for its maturation and embryonic development. In bovine,
several studies suggested that the oocyte diameter could
be used as a non-invasive predicting parameter of its
developmental competence IVM.'*™™® The oocyte di-
ameter of prepubertal goat oocytes was also positively
related to the percentage of oocytes reaching metaphase
II stage and to the percentage of oocytes developing up
to blastocyst stage.'’ Thus larger oocyte appears to be in
more advanced stage of development.

In human, it was reported that immature oocytes
from unstimulated cycles had a wide range of diameter
(excluding zona pellucida) from 96 um to 125 um and
there was a positive relationship between oocyte diameter
and its in vitro maturational competence after denu-

. 12 . . .
dation. © In our study, inner diameters of immature
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oocytes were similar (100~127.5 pum) to the former
report, however, there was no association between oocyte
diameters and their maturational competence. The impor-
tant difference between the two studies was ovarian
stimulation or not. A recent report indicated that the
immature oocytes from stimulated cycles had larger
diameter than those from unstimulated cycles and they
grew during in vitro culture in contrast to oocytes from
unstimulated cycles."? Although oocytes from stimulated
cycles remained at the GV stage despite stimulation,
they might acquire growing potential during stimulation
with coincidental increment of size. For this reason, the
diameter of oocyte from stimulated cycle seems to have
no relationship with its subsequent maturational com-
petence.

In the present study, we did not evaluate the qualities
of in vitro matured metaphase II oocytes with regards to
their developmental competence. For providing more
useful information, further study about the develop-
mental competence of in vitro matured oocytes would
be needed. Human metaphase Il oocytes have distinct
morphological characteristics that may be indicative of
quality and thus could be used to predict embryo quality
and implantation potential.*® To date, there have been
numerous reports on the impact of metaphase II oocyte
morphology on clinical success of infertility treatment.
21723 Serhal et al. showed lower implantation potential
when oocytes showed cytoplasmic granulations or inclu-
sions.?' Xia showed significantly lower fertilization rates,
embryo quality for the group of oocytes with cytoplasmic
inclusions when compared with the group of oocytes
with normal cytoplasm.22 A more recent study suggested
that the morphological analysis of metaphase Il oocyte
quality by the score system with granularity, vacuoles
and inclusions in cytoplasm to select top quality oocytes
could increase the pregnancy rate in patients undergoing
ICSI procedures.”

In conclusion, the cumulus morphology of GV stage
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oocyte obtained from stimulated IVF cycle was closely
associated with their in vitro maturational competence
after denudation. This finding might be helpful in pre-
dicting in vitro maturational potential of immature
oocytes from stimulation cycles. Selection of GV stage
oocytes with dispersed CCs could be one of strategies
to overcome lower developmental potential of human
immature oocyte. Further fundamental researches are
needed with regards to the relevance of cumulus type
and its biological interaction with oocytes to achieve

better developmental competence of immature oocytes.
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= Abstract =

Objective: This study was performed to investigate whether cumulus morphology and oocyte diameter influence on in vitro
maturation (IVM) of human germinal vesicle (GV) stage oocytes obtained from stimulated in vitro fertilization (IVF) cycles.
Methods: Forty-one GV stage oocytes were obtained from 21 patients who received ovarian hyperstimulation and IVF. According
to cumulus morphology before denudation, GV oocytes were classified into oocytes with dispersed cumulus cells (CCs) or compacted
CCs. The diameters of denuded oocytes, both including and excluding the zona pellucida, were measured. All oocytes were
cultured in commercial IVM medium. Maturation was defined as extrusion of the first polar body and the matured oocytes were
inseminated by ICSI method.

Results: Overall maturation and fertilization rate were 56.1% and 73.9%. Matured oocytes had significantly higher proportion of
oocytes with dispersed CCs compared to oocytes failed to mature (91.3% vs. 55.6%, p=0.023). There were no significant differences
of oocytes outer (155.7 um vs. 152.4 pm, NS), inner (114.3 pm vs. 113.4 pm, NS) diameters and zona thicknesses (41.3 um vs.
39.1 um, NS) between matured and not-matured oocytes. In-vitro maturation rate of oocytes with dispersed CCs was significantly
higher than which of oocytes with compacted CCs (67.7% vs. 20.0%, p=0.044). Oocyte diameters (outer and inner) and thicknesses
were not related with maturational competence.

Conclusion: Our results suggest that in vitro maturational competence of GV stage oocytes obtained from stimulated IVF cycles
is closely associated with the cumulus morphology but not oocyte diameter.

Key Words: Cumulus cells, Immature oocytes, In vitro maturation, Morphological parameters, Stimulated IVF cycle
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