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Objective: To assess the effects of autologous mature follicular fluid (FF) on the in vitro maturation (IVM)
outcome of human cumulus-removed oocytes from routine stimulated ovaries, particularly on the IVM co-culture
outcome with autologous cumulus cells.
Design: Prospective comparison study.
Setting: A provincial reproductive medicine and research center.
Patient(s): A total of 196 germinal vesicle (GV) and 192 metaphase I (MI) stage oocytes were recruited from 151
infertile women by ovarian stimulation for routine intracytoplasmic sperm injection (ICSI) program.
Intervention(s): Two novel IVM systems assisted with either autologous mature FF alone or both autologous
mature FF and autologous cumulus cells were developed to mature in vitro MI and GV stage oocytes, respectively.
A standard IVM system was used as the control.
Main Outcome Measure(s): Cumulative IVM rate of oocytes and the subsequent fertilization, cleavage, and pre-
implantation embryonic development.
Result(s): By adding autologous mature FF to the medium of the IVM system, the nuclear maturation of human
cumulus-removed oocytes was significantly promoted in both speed and rate, but not the corresponding fertiliza-
tion, cleavage, and preimplantation embryonic development.
Conclusion(s): Autologous mature FF favors the IVM of human cumulus-removed oocytes, including the IVM
co-culture with autologous cumulus cells, mainly in nuclear, but not cytoplasmic, maturation. (Fertil Steril�

2008;90:1094–102. �2008 by American Society for Reproductive Medicine.)
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In routine IVF or intracytoplasmic sperm injection (ICSI),
about 15% of oocytes collected during ovarian aspiration in
an ovarian stimulation cycle were immature (1, 2). These
oocytes cannot be used for ICSI because of their immature
state and they are usually discarded when they are denuded
from the cumulus cells (3–6).

Although some of these immature oocytes may be atretic
or may have been resistant to in vivo gonadotropin stimulus,
many are still capable of undergoing spontaneous maturation
and fertilization if appropriate culture conditions are present
in vitro (7). On this basis the in vitro maturation (IVM) tech-
nique was introduced to assist the spontaneous IVM of
human oocytes as a ‘‘rescue’’ strategy (1, 2).
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Previous studies have shown that the IVM rate of cumulus-
removed oocytes and the subsequent fertilization and
development potential were all lower than those of cumulus-
enclosed oocytes (6, 8). Therefore the existence of cumulus
cells has a positive impact on the maturation and subsequent
development of oocytes. This observation is confirmed by
studies in other mammals (9–13).

In humans, attempts have been made to improve the IVM
of human oocytes by IVM co-culture with helper somatic
cells, including heterologous monkey kidney cells (7),
homologous sperms (14) or cumulus cells (15), and autolo-
gous cumulus cells (5, 16). However, the results of IVM
co-culture were not consistent, in particular, no significant
improvement was obtained in the maturation rate of oocytes
from IVM co-culture with autologous cumulus cells when
compared with the conventional non-IVM co-culture (5, 16).

Here, IVM co-culture of oocytes with autologous cumulus
cells belongs to a particular individual. It is safe from the risk
of pathogen transmission and, thus, superior to those IVM co-
culture systems supplemented with non-autologous compo-
nents, such as heterologous animal feeder cells and homolo-
gous preovulatory follicular fluid (FF) (1, 17). Individual
IVM co-culture of oocytes with autologous cumulus cells
should be developed.
0015-0282/08/$34.00
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Evidence is accumulating that preovulatory FF of human,
the mature FF of human, contains high levels of nutrients, go-
nadotropins, growth factors (18), soluble antiapoptotic Fas
(19), meiosis-activating sterol (20), and other unidentified
components that are helpful for oocyte maturation and em-
bryo development (21). Previous studies have reported that
human mature FF, as a heterologous or homologous supple-
ment to the culture medium, stimulates the meiotic resump-
tion of mouse oocytes (22) and promotes the IVM of
human oocytes in the form of a cumulus–oocyte complex
from either unstimulated (23) or stimulated ovaries (23,
24). A similar situation occurred in studies carried out on
other mammals (25–28). Human mature FF appears to be
a suitable medium or supplement in the IVM culture system
(22–24). However, few data are available on the effects of au-
tologous mature FF on the IVM of human cumulus-removed
oocytes.

In the present study, prospective comparison experiments
were conducted to assess the effects of autologous mature
FF on the IVM of human cumulus-removed oocytes, particu-
larly on the IVM co-culture with autologous cumulus cells.
We hypothesized that, during the IVM co-culture of human
cumulus-removed oocytes with autologous cumulus cells,
the concurrently cultured autologous cumulus cells may
have not reached the feeder layer-like state at the initial
period of IVM co-culture, and that this insufficient or
relatively delayed impact of autologous cumulus cells on
IVM co-culture may be attributed to the insignificant im-
provement in IVM. Adding a certain amount of autologous
mature FF to the medium of the IVM system may provide
not only an immediate support of autologous mature FF to
IVM, but also, through stimulating effects of autologous
mature FF on the growth of autologous cumulus cells, an in-
direct compensation for the insufficient or relatively delayed
support of autologous cumulus cells to IVM at the initial
period of IVM co-culture.

MATERIALS AND METHODS

This study was undertaken after complete institutional review
board approval had been obtained from the Women’s Hospi-
tal, University of Zhejiang. A written informed consent was
also obtained from each infertile couple before the use of
their donated gametes.

Source of Human Gametes

A total of 388 morphologically normal immature oocytes
(196 at prophase of meiosis I [GV stage] and 192 at meta-
phase of meiosis I [MI stage]) were recruited from 151 con-
secutive infertile women (31.3 � 3.9 years; mean � SD) in
156 ovarian stimulation cycles for routine ICSI. Those imma-
ture oocytes without simultaneously in vivo-matured sibling
were thought not appropriate study subjects and were not
recruited in the present study. Obviously dysmorphic or
degenerated immature oocytes were excluded. Detailed crite-
ria for exclusion are as in the study by Ng et al. (29), that is, if
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an immature oocyte showed septum, extension, uneven thick-
ness, or a nonspherical shape in its zona pellucida (ZP), or
saccules, vacuoles, refractile bodies, localized granularity,
dark area or irregular shape in its cytoplasm, it was regarded
as dysmorphic or degenerated. The same original sperm were
used in the ICSI of both autologous in-vivo matured and in-
vitro matured oocytes from each infertile woman.

Ovarian Stimulation Protocols and Oocyte Retrieval

Ovarian stimulation was performed using a GnRH agonist
(Decapeptyl; Ferring GmbH, Kiel, Germany) and recombi-
nant human FSH (Gonal-F, Serono, Geneva, Switzerland)
in a long or short protocol. In the present study, the majority
(92.3%, 144/156) of the infertile women used the long proto-
col for their ovarian stimulation. The oocyte retrieval was
performed 34–36 hours after hCG (Profasi, Serono) injection
with ultrasound-guided needle puncture.

IVM Protocols and Preparation of Corresponding
IVM Medium

Standard IVM protocol This protocol was used as a control in
the present study. The commercial MediCult IVM System
(MediCult Co., Jyllinge, Denmark) was used according to
the manufacturer’s instructions with some modifications.
The IVM medium of this system was used as the basal
IVM medium, in which 0.075 IU/mL recombinant human
FSH, 0.1 IU/mL hCG, and 10% (v/v) serum substitute supple-
ment (Irvine Scientific, Santa Ana, CA) were supplemented.
The resultant Standard IVM working solution was equili-
brated in an incubator at 37�C, 5% CO2, and water-saturated
atmosphere for at least 4 hours for the succeeding IVM.

Autologous mature FF-assisted IVM protocol (autologous
mature FF IVM) This protocol was developed to assess the
effects of autologous mature FF alone on the IVM of MI stage
oocytes and the subsequent development of in vitro-matured
oocytes in the present study. In this protocol, 10% (v/v) autol-
ogous mature FF was added to the Standard IVM working
solution prepared according to the Standard IVM protocol.
The 10% volume of autologous mature FF used in the present
study was based on research results reported previously by
Somigliana and colleagues (30), in which a significant
enhanced ability to stimulate proliferation of human endome-
trial cell growth in vitro was demonstrated by using the same
volume of human mature FF. The autologous mature FF was
retrieved from the dominant follicle of each infertile woman
at oocyte pickup without blood contamination. After 600� g
centrifugation for 20 minutes to remove the cellular debris
and filtration of the supernatant with a 0.22-mm filter, the
resultant autologous mature FF was ready to be used.

Autologous mature FF and autologous cumulus cell-
assisted IVM co-culture protocol (autologous mature FF &
cumulus cell coIVM) This protocol was developed to assess
the effects of both autologous mature FF and autologous cu-
mulus cells on the IVM of GV stage oocytes and the sub-
sequent development of in vitro-matured oocytes in the
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present study. In this protocol, both autologous mature FF and
autologous cumulus cells were added to make the IVM co-
culture working solution. The autologous mature FF was
the same as used in the autologous mature FF IVM protocol.
The autologous cumulus cells of the same patient were col-
lected just after they were removed from their oocytes at
the time of oocyte preparation for ICSI. These collected
cumulus cells were pooled together in 1.5 mL of modified
human tubal fluid (HTF) medium with gentamicin–HEPES
(M-HTF; Irvine Scientific). Then the cumulus cells were
gently uploaded on an equal volume of prewarmed lympho-
cyte separation solution (Bio Basic, Inc., Shanghai, China) in
a centrifuge tube and centrifuged at 600� g for 20 minutes at
18�–20�C to separate the autologous cumulus cells from the
red blood cells. The purified autologous cumulus cells were
aspirated at the interface, washed with three volumes of Dul-
becco’s phosphate-buffered saline solution (Irvine Scientific)
and centrifuged at 300 � g for 5 minutes at 18�–20�C. The
supernatant was then removed and the pellet was suspended
in three volumes of equilibrated Standard IVM working solu-
tion prepared according to the Standard IVM protocol and
centrifuged again at 300 � g for 5 minutes at 18�–20�C.
The supernatant was removed again, the number of the puri-
fied autologous cumulus cells was counted with a hemacy-
tometer, and the viability was assessed with trypan blue
exclusion. Only the purified autologous cumulus cells whose
viability was R90% were used to develop the corresponding
IVM co-culture. After regulating the density of the qualified
autologous cumulus cells to 2.5 � 105/mL with the same
equilibrated Standard IVM working solution, as mentioned
previously, and adding the same patient’s autologous mature
FF (10% [v/v]) prepared according to the autologous mature
FF IVM protocol, the resultant autologous mature FF & cu-
mulus cell coIVM working solution was ready to be used.

IVM Study Design and the Detailed IVM Culture

The maturity of each oocyte and its stage in meiosis (GV or
MI stage) was confirmed using�200 magnification on an in-
verted microscope. Randomized block design was used in
this study. Autologous or sibling oocytes at the same meiosis
stage (GV or MI) were classified to the same block and the
oocytes of the same block were randomized to be allocated
to different IVM protocols.

All oocytes’ IVM culture of the same block were carried
out in the same culture mode of microdrops (30 mL) overlaid
with prewarmed embryo-tested light mineral oil (Irvine Sci-
entific) in a standard tissue culture dish at the same incubator
atmosphere (37�C, 5% CO2, and 100% saturation humidity);
only the IVM medium in the microdrops was different
according to the different IVM protocols.

The total duration of IVM was 48 hours. The maturity of
oocytes during the IVM was assessed with photographed
evidence every 6 hours (daytime hours) or 12 hours (night-
time). The extrusion of the first polar body was the marker
of oocyte maturation and indicated that the oocyte had
reached metaphase II of meiosis.
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As soon as oocyte maturation was confirmed, ICSI treat-
ment and subsequent observation of fertilization and embry-
onic development followed.

ICSI Procedure and Embryonic Culture

The same sperm as used in the autologous in vivo-matured
oocytes was used during the ICSI procedure. The swim-up
technique was used for the sperm preparation in the present
study according to the World Health Organization (WHO)
laboratory manual (31).

A standard ICSI procedure, as described by Palermo et al.
(32), was performed on each in vitro-matured oocyte as on
each in vivo-matured oocyte.

After ICSI, the injected oocytes were washed in fresh HTF
medium (Irvine Scientific) containing 10% (v/v) serum sub-
stitute supplement, and cultured (37�C, 5% CO2, and 100%
saturation humidity) individually in droplets of the same
fresh HTF medium.

Fertilization was evaluated 16–18 hours after ICSI. Oo-
cytes with two pronuclei and the extrusion of second polar
body were considered normally fertilized. The fertilized
zygotes were washed and cultured (37�C, 5% CO2, and
100% saturation humidity) individually in freshly prepared
P1 medium droplets (Irvine Scientific) containing 10%
(v/v) serum substitute supplement and overlaid with embryo-
tested light mineral oil.

On day 3, the embryos were transferred and cultured
(37�C, 5% CO2, and 100% saturation humidity) individually
in droplets of blastocyst medium (Irvine Scientific) contain-
ing 10% (v/v) serum substitute supplement and overlaid
with embryo-tested light mineral oil. Then the transfer of em-
bryos into droplets of fresh blastocyst medium was carried
out every 48 hours until day 5 after ICSI.

During the embryo culture, developmental stage and em-
bryonic quality observations were conducted every 24 hours.
In the present study, the embryo that showed normal cleavage
speed (at least 8 cells at day 3 after ICSI), uniform or slightly
irregular blastomeres, less than 10% of anucleate fragmenta-
tion occupying the embryo volume, and nongranular cyto-
plasm was considered as good quality (33, 34).

Statistical Analysis

Descriptive statistics in proportions were used to describe the
general characteristics of the IVM of MI and GV stage oo-
cytes. Chi-square and Fischer exact tests, when appropriate,
were used to compare IVM outcome and subsequent
development among different IVM protocols. The descrip-
tive statistics in proportions on the ICSI fertilization of
autologous in vivo-matured oocytes and the subsequent
development were also used to show the difference of this as-
pect between in vivo-matured oocytes and in vitro-matured
oocytes. All P values are two-sided and P<.05 was consid-
ered statistically significant.
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RESULTS

Time Course of the Maturation of M1 and GV Oocytes Under
Different IVM Protocols

Figures 1 and 2 show the cumulative time course of matura-
tion for M1 and GV oocytes, respectively, under different
IVM protocols. The cumulative maturation rates of MI stage
oocytes at various durations of autologous mature FF IVM
protocol were all higher than those of MI stage oocytes in
the Standard IVM protocol. The differences at 24-hour
IVM between the two IVM protocols for M1 oocytes were
statistically significant (Fig. 1). Among the two IVM proto-
cols used in the IVM of GV stage oocytes, the cumulative
maturation rates with autologous mature FF & cumulus cell
coIVM at both 36- and 48-hour IVM were all significantly
higher than those with the Standard IVM protocol (Fig. 2).

Fertilization, Cleavage, and Embryonic Development of
Oocytes Matured Through Different IVM Protocols

In the present study, some in vitro-matured oocytes (17/178,
9.6% from MI stage oocytes and 18/146, 12.3% from GV
stage oocytes) were not subjected to ICSI because of the pres-
ence of oocyte degeneration after IVM or failure to perform
ICSI within a 6-hour period after the second polar body extru-
sion. The detailed criteria for the presence of oocyte degener-
ation were the same as mentioned in the Materials and
Methods section, Source of Human Gametes. Table 1 shows
the fertilization, cleavage, and embryonic development of oo-
cytes matured through different IVM protocols. No statistical
difference of the indices used for fertilization, cleavage, and
embryonic development in the present study was found be-
tween the in vitro-matured oocytes from MI stage oocytes
with Standard IVM protocol and the corresponding in vitro-

FIGURE 1

Cumulative time course of in vitro maturation (IVM)
for cumulus-removed human oocytes at metaphase
I stage of meiosis under two different IVM protocols.
a ¼ compared with the corresponding data of
autologous mature follicular fluid (MFF) IVM
protocol, Fisher’s exact test, P¼ .0375.

Zhu. Autologous mature follicular fluid in IVM. Fertil Steril 2008.
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matured oocytes with autologous mature FF IVM protocol.
A similar situation was found between the in vitro-matured
oocytes from the GV stage oocytes with the Standard IVM
protocol and the corresponding in vitro-matured oocytes
with autologous mature FF & cumulus cell coIVM.

Fertilization, Cleavage, and Preimplantation Development
of In Vitro-Matured Oocytes at Different IVM Durations

In the present study, most (122/192, 63.5%) of MI stage oo-
cytes matured in 12 hours in IVM and most (121/196, 61.7%)
of GV stage oocytes matured in 36 hours in IVM. To exclude
the possibility that developmental potential of immature
oocytes subjected to ICSI at a certain time point after IVM
culture is being masked by lack of a time-effect at other
time points, the relevant developmental potential (at 12 hours
after IVM culture for MI stage oocytes and at 36 hours after
IVM culture for GV stage oocytes) were analyzed. Table 2
shows the fertilization, cleavage, and embryonic develop-
ment of in vitro-matured oocytes at different IVM durations.
No statistical difference was found in all the indices for fer-
tilization, cleavage, eight-cell embryo development at day
3, good quality embryo development at day 3, or blastocyst
development at day 5 between in vitro-matured oocytes
from MI stage oocytes undergoing %12 hours of IVM culture
and the in vitro-matured oocytes from MI stage oocytes un-
dergoing >12 hours of IVM culture (P>.05). A similar situ-
ation was found between the in vitro-matured oocytes from
GV stage oocytes undergoing %36 hours of IVM culture

FIGURE 2

Cumulative time course of in vitro maturation (IVM)
for cumulus-removed oocytes at germinal vesicle
stage of meiosis under two different IVM protocols.
a ¼ compared with the corresponding data of
autologous mature follicular fluid and autologous
cumulus cell-assisted IVM co-culture; c2 >3.381,
P< .05. Autologous MFF&CC coIVM ¼ both
autologous mature follicular fluid and autologous
cumulus cell-assisted IVM co-culture protocols.

Zhu. Autologous mature follicular fluid in IVM. Fertil Steril 2008.
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TABLE 1
Comparison of fertilization, cleavage, and embryonic development of oocytes matured through
different IVM protocols.

Fertilization Cleavage 8-cell at D3
Good quality

embryos at D3a
Blastocyst

at D5

Oocyte classification No. % No. % No. % No. % No. %

In-vitroMOs from MI stage oocytes
Matured through

Standard IVM
53/106 50.0 41/53 77.4 13/41 31.7 7/41 17.1 3/41 7.3

Matured through
Autologous MFF IVM

28/55 50.9 23/28 82.1 7/23 30.4 5/23 21.7 2/23 8.7

c2 test or Fisher’s
exact test

P>.05 P>.05 P>.05 P>.05 P>.05

In-vitroMOs from GV stage oocytes
Matured through

Standard IVM
18/49 36.7 8/18 44.4 1/8 12.5 0/8 0.0 0/8 0.0

Matured through
Autologous MFF&
CC coIVM

37/79 46.8 23/37 62.2 4/23 17.4 0/23 0.0 0/23 0.0

c2 test or Fisher’s
exact test

P>.05 P>.05 P>.05 P>.05 P>.05

a The embryo that shows R8 blastomeres at day 3 after intracytoplasmic sperm injection (ICSI) with uniformity or slight
irregularity in blastomere morphology, less than 10% of anucleated fragmentation occupying the embryo volume and
nongranular cytoplasm; IVM ¼ in vitro maturation; In-vitroMOs ¼ in vitro-matured oocytes; MI stage ¼ metaphase of
meiosis I; GV stage ¼ germinal vesicle stage of meiosis; Autologous MFF IVM ¼ autologous mature follicular fluid-
assisted IVM protocol; Autologous MFF&CC coIVM ¼ the IVM co-culture protocol assisted by both autologous mature
follicular fluid and autologous cumulus cells.

Zhu. Autologous mature follicular fluid in IVM. Fertil Steril 2008.
and the in vitro-matured oocytes from GV stage oocytes
undergoing >36 hours of IVM culture.

Fertilization, Cleavage, and Embryonic Development of
In Vivo- and In Vitro-Matured Oocytes

Figure 3 shows the fertilization, cleavage, and embryonic de-
velopment of in vivo- and in vitro-matured oocytes. All of the
indices used for fertilization, cleavage, and embryo develop-
ment of autologous in vivo-matured oocytes were signifi-
cantly higher than those of autologous in vitro-matured
oocytes from either GV or MI stage oocytes. The rate of
cleavage and the rate of good quality embryo development
at day 3 of in vitro-matured oocytes from MI stage oocytes
were also significantly higher than those of in vitro-matured
oocytes from GV stage oocytes.

DISCUSSION

In the present study, two IVM culture systems with the assis-
tance of either autologous mature FF alone (autologous
mature FF IVM) or both autologous mature FF and autolo-
gous cumulus cells (autologous mature FF and cumulus cell
coIVM) were developed to assess the effects of autologous
mature FF on the IVM of human cumulus-removed oocytes,

1098 Zhu et al. Autologous mature follicular fluid in IVM
particularly on the IVM co-culture with autologous cumulus
cells. These two IVM culture systems were specifically for
the IVM of human MI and GV stage cumulus-removed
oocytes. To our knowledge, this is the first research report
of this aspect in humans.

In the present study, autologous mature FF was supple-
mented into the two IVM culture systems. Compared with
the Standard IVM protocol, the promoting effect of the two
IVM culture systems on the IVM of corresponding oocytes
was evident. The maturation of oocytes proceeded more rap-
idly and resulted in a higher cumulative maturation rate in ei-
ther the autologous mature FF IVM or the autologous mature
FF & cumulus cell coIVM. The difference in the present study
in the IVM outcome is in the participation of autologous ma-
ture FF and autologous cumulus cells into the IVM culture
system, especially the participation of autologous mature FF.

It is generally accepted that the presence of granulosa cells
(GCs), either mural GC or cumulus cells, is beneficial for hu-
man oocyte maturation (1, 2, 6, 8, 13). The mechanism by
which co-culture of immature oocytes with GCs results in
an improved IVM outcome has not been clearly identified.
Nevertheless, two major common hypotheses have been pro-
posed (35). First, co-culture of immature oocytes with GCs
may alter the chemical composition of IVM medium by

Vol. 90, No. 4, October 2008



TABLE 2
Comparison of fertilization, cleavage, and embryonic development of in vitro-matured oocytes in
different IVM durations.

Fertilization Cleavage 8-cell at D3
Good quality

embryos at D3a
Blastocyst

at D5

Oocyte classification No. % No. % No. % No. % No. %

In-vitroMOs from MI stage oocytes
%12 h in IVM 59/111 53.2 48/59 81.4 16/48 33.3 10/48 20.8 5/48 10.4
>12 h in IVM 22/50 44.0 16/22 72.7 4/16 25.0 2/16 12.5 0/16 0.0

c2 test or Fisher’s
exact test

P>.05 P>.05 P>.05 P>.05 P>.05

In-vitroMOs from GV stage oocytes
%36 h in IVM 49/106 46.2 28/49 57.1 5/28 17.9 0/28 0.0 0/28 0.0
>36 h in IVM 6/22 27.3 3/6 50.0 0/3 0.0 0/3 0.0 0/3 0.0

c2 test or Fisher’s
exact test

P>.05 P>.05 P>.05 P>.05 P>.05

a The embryo that shows R8 blastomeres at day 3 after ICSI with uniformity or slight irregularity in blastomere morphology,
less than 10% of anucleated fragmentation occupying the embryo volume and nongranular cytoplasm; IVM ¼ in vitro
maturation; in-vitroMOs ¼ in vitro-matured oocytes; MI stage ¼ metaphase of meiosis I; GV stage ¼ germinal vesicle
stage of meiosis.

Zhu. Autologous mature follicular fluid in IVM. Fertil Steril 2008.
altering the concentration of metabolites, removing undesir-
able factors or detoxifying the IVM medium (12, 36). Sec-
ond, the added GCs may contribute maturation-related
factors or signals that directly affect the IVM of oocytes (9,
11–13, 21). Thus, IVM co-culture with GCs, especially
IVM co-culture with autologous ones, was raised specifically
to assist the IVM of human oocytes. Although some fairly en-
couraging results of IVM co-culture with heterologous mon-
key kidney cells (7) or homologous cumulus cells (15) have
been obtained in humans, the available data on the IVM co-
culture with autologous GCs did not demonstrate significant
improvement in the IVM of human oocytes (5, 16).

In the present study, adding 10% (v/v) autologous mature
FF into the IVM medium was the main modification com-
pared with the previously developed co-culture system in
the oocyte IVM (5, 16). This modification was mainly based
on the accumulating evidence that human mature FF contains
high levels of various components that are helpful for oocyte
maturation and embryo development (18–21, 37). This mod-
ification was also based on the previous research results
demonstrating that the promotion effects of human mature
FF, as a heterologous or homologous supplement in the cul-
ture medium, on the meiotic resumption of mouse oocytes
(22) and the IVM of human oocytes in the form of the cumu-
lus–oocyte complex (24). Consistent results with these previ-
ous research results were obtained in the present study, in
which the promoting effects of both IVM culture systems
on the IVM of human oocytes were demonstrated. This
means that the supplement of a certain amount of autologous
mature FF to the IVM medium does favor the IVM of human
cumulus-removed oocytes, particularly the IVM co-culture
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with autologous cumulus cells. The favorable effects of sup-
plemented autologous MFF are not only from the immediate
and direct support of autologous mature FF to IVM, but also
from the possible stimulating effects of autologous mature FF
on the growth of concurrently cultured autologous cumulus
cells, the indirect support to IVM.

In the present study the importance of stimulating effects
of autologous mature FF on the growth of concurrently cul-
tured autologous cumulus cells in the IVM co-culture system
for the IVM of GV stage human oocytes should be empha-
sized. The stimulating effect of autologous mature FF was
presumed to be similar to the results reported by Somigliana
and colleagues (30). In their study, a significant enhanced
ability to stimulate proliferation of human endometrial cell
growth in vitro was observed by using human mature FF sim-
ilar to the one used in the present study. In the present study,
we have hypothesized that the possible reasons for the insig-
nificant improvement in the IVM co-culture of oocytes with
autologous cumulus cells alone (5, 16) was the relatively de-
layed growth (i.e., the delayed feeder layer cell state) of au-
tologous cumulus cells at the initial period of IVM. The
presumed stimulating effects of autologous mature FF on
the growth of concurrently cultured autologous cumulus cells
may correct, at least partially, the relatively delayed growth
of autologous cumulus cells and promote the concurrently
cultured autologous cumulus cells to enter the state of feeder
layer cells more quickly and to exert their positive impact in
time on the IVM of human oocytes. The results obtained in
the present study corroborate the hypothesis and, for the first
time, provide evidence that the beneficial effects of autolo-
gous mature FF are contributing to the positive impact of
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FIGURE 3

Fertilization, cleavage, and preimplantation embryonic development of sibling in vivo-matured oocytes (in-
vivoMOs) and in vitro-matured oocytes (in-vitroMOs). a ¼ compared with the corresponding data of sibling in
vitro-matured oocytes matured from either germinal vesicle (GV) or metaphase I (M1) stage oocytes, c2 test or
Fisher’s exact test, P< .05. b ¼ compared with the corresponding data of sibling in vitro-matured oocytes from
germinal vesicle stage oocytes, c2 test or Fisher’s exact test, P< .05. GV stage ¼ germinal vesicle stage of
meiosis. MI stage ¼ metaphase of meiosis I. Good quality embryos at D3 ¼ those embryos that showed R8
blastomeres at day 3 after intracytoplasmic sperm injection with uniformity or slightly irregularity in blastomere
morphology, less than 10% of anucleate fragmentation occupying the embryo volume, and nongranular
cytoplasm.

Zhu. Autologous mature follicular fluid in IVM. Fertil Steril 2008.
two newly developed IVM culture systems on the IVM of hu-
man cumulus-removed oocytes.

Unfortunately, as shown in the present study, the obvious
IVM promotion on the human oocytes with either autologous
mature FF alone or both autologous mature FF and autologous
cumulus cells was not accompanied with the corresponding
improvement in the subsequent fertilization and embryonic
development. This asynchronous result inferred that the im-
proving effects of two newly developed IVM culture systems
on human oocytes were limited and targeted mainly nucleus
maturation, rather than cytoplasmic maturation.

Regarding the asynchrony of nucleus and cytoplasmic
maturation, a common problem in IVM of human oocytes
(1–3, 38), likely reasons for it might be the different matura-
tion mechanisms, suboptimal IVM culture conditions for
cytoplasmic maturation, or the comparatively serious intrin-
sic deficiencies of oocytes in cytoplasmic maturation com-
pared with those of nuclear maturation (5, 38–40). It has
been known that insufficient or improper cytoplasmic matu-
ration of the oocyte will fail to complete the normal fertiliza-
tion and development. Further studies are needed to optimize
the related IVM.

In the present study, the comparatively systematic data on
the IVM of human immature oocytes also showed that, al-
though it is probable for most of human immature oocytes
from routine stimulated ovaries to mature with IVM culture,
1100 Zhu et al. Autologous mature follicular fluid in IVM
the GV stage oocytes demonstrated a greatly lower IVM rate
(Figs. 1 and 2) and an inferior fertilization and developmental
potential (Fig. 3) compared with those of MI stage oocytes.
Furthermore, our data showed that, in vitro-matured oocytes,
from either GV or MI stage oocytes, did not exhibit similar
fertilization and developmental potential compared with their
in vivo-matured counterparts (Fig. 3). A lower frequency of
fertilization and a higher frequency of cleavage arrest beyond
the 4- to 8-cell stage of human embryos derived from
in vitro-matured oocytes were observed. This situation was
especially pronounced in the in vitro-matured oocytes
derived from GV stage oocytes. No statistical difference in
fertilization, cleavage, and preimplantation embryonic devel-
opment of in vitro-matured oocytes was found at different
IVM durations (Table 2). These results fit with the results
shown in the previous relevant studies of this aspect (3, 4,
38, 41, 42), and, furthermore, corroborate the existing view-
point that the immature state of oocytes did infer to some ex-
tent of inherent deficiencies of the corresponding oocytes in
in vivo, and possibly further in vitro, development and matu-
ration (5, 29, 39–44). It seems that the more delayed the in
vivo development and maturation of an oocyte, the worse
the IVM outcome and subsequent developmental potential
of the oocyte.

In conclusion, adding a certain amount of autologous ma-
ture FF to the medium of the IVM system favors the IVM of
human cumulus-removed oocytes, including the IVM co-
Vol. 90, No. 4, October 2008



culture with autologous cumulus cells. Autologous mature
FF makes the IVM culture system more physiological, syn-
chronous, and effective. The two IVM culture systems, autol-
ogous mature FF IVM system and autologous mature FF &
cumulus cell coIVM are both safe from the risk of pathogen
transmission, superior for the rescue IVM of human oocytes,
and suitable for the IVM of MI and GV stage cumulus-
removed oocytes. They allow additional human oocytes to
mature in vitro and to use in clinic or research work. The
beneficial effects of the two IVM culture systems on human
cumulus-removed oocytes are limited, mainly at the corre-
sponding nuclear maturation. Further studies are needed to
optimize each of the two IVM culture systems.
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