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Abstract: Background: In the assisted reproductive technique, cryopreserving in vitro-matured oocytes is a new
strategy to extend the pool of total oocytes. However, oocyte cryopreservation technique is still unsatisfied. So the
assessment of cyro-damage on meiotic spindle and mitochondrial function is necessary to evaluate and refine the
current protocols. Material and Methods: The immature oocytes were donated from women undergoing ICSI cycles.
Cytoskeleton was assessed by a-tubulin and mitochondria through the fluorescent AWm reporter JC-1. Results:
Relative inner membrane potential in MIl oocytes from vIVM group sharply decreased, compared with the control
(n=30) (1.397 vs. 1.019, P<0.05). 45.2% defective spindles were observed in flVM group, compared with 48.0% in
vIVM group (P>0.05). Oocytes in fIVM (35.5%, 11/31) and vIVM (40.0%, 10/25) displayed abnormal chromosome
(P>0.05). Conclusion: In vitro maturation (IVM) has an adverse effect on the organization of spindle and chromo-
some, and no significantly effect on spindle and chromosome was discovered after vitrification-thaw cycle, while
there was obvious damage of oocyte mitochondrial function of in vitro-matured oocyte detected after warming,

which may be the reason of the low following developmental potential.
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Introduction

In the assisted reproductive technique (ART),
15-20% oocytes retrieved from patients is mei-
otically immature [1, 2]. Since, there is the pos-
sibility of abnormal embryonic development
and defective cytoplasmic maturation, those
immature oocytes are often discarded [3, 4].
However, the number of mature oocytes,
retrieved from the patients who are low
responders or who have an unsynchronized
cohort of follicles, is often not enough, those
immature oocytes are clinically essential to
increase yield of total available oocytes. At the
same time, cryopreservation of in vitro-mature
oocytes, with no or minimal hormonal stimula-
tion, could meet the demand of patients who
want to preserve fertility in case of pathologies
or therapies that damage ovarian reserves [5].
Oocytes storage may also circumvent the ethi-
cal and legal problems encountered in embryo

cryopreservation and develop the oocyte bank-
ing [6, 7]. Lately, progress in human oocyte
cryopreservation has been achieved, based on
the effective delivery rate [8]. Recent study
showed that vitrification is a prospective cryo-
preservation technique with prominently
improved the survival rate of oocytes [9-11].

The first baby from a vitrified in vitro matured
oocyte was reported at 2009 [12]. In this case,
89% of oocytes extruded a polar body (16/18),
25% survived (4/16), 75% fertilized (3/4), and a
singleton pregnancy was achieved from 3
embryos transfer [12]. Several studies have
undertaken comparison of freezing at either the
immature stage or metaphase Il (Mll) following
IVM [7, 13-20], cryopreserving of at Mll stage
following IVM is more efficient than at the imma-
ture stage prior to IVM process [5, 20].
Nevertheless, the fertilization/blastocyst rate
is unsatisfactorily after freezing-thawing cycle
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Table 1. Patient and oocyte characteristics

mone agonist long protocol [23]. After

down-regulation by subcutaneous injec-

Variables fIVM (n=80) VvIVM (n=86) P value . . .

Age (years) 285+34 284+36 NS tion of 0.1 mg triptorelin acetate
) (Decapeptyl; Ferring), the patients were

BMI (Ke/m?) 229+26 230:25 NS stimulated with 150-300 1U/d recombi-

Day 3 FSH (IU/L) 66+1.2 66+13 NS nant FSH (Gonal-F, Serono). The oocyte

M11 oocytes (matured) 61 (76.3%) 64 (74.4%) NS retrieval was performed through vaginal

Values are expressed as mean + SD; NS=not significant (p>0.05).

[14, 17, 19, 21]. The previous research on the
influence of cryopreserving human in vivo ma-
tured oocytes have found that surviving oocytes
had normal spindles and karyotypes, but with
cortical granule exocytosis, swelling of smooth
endoplasmic reticulum vesicles, mitochondrial
damage, and low fertilization/blastocyst rate
[11, 22]. Therefore, little is known about the
nature of structure and function affected by vit-
rification of in vitro-matured oocytes.

So we hypothesize that the osmotic pressure
change during dehydration-rehydration cycles
may affect mitochondrial function and the mei-
otic spindle configuration. As a consequence,
the potential for oocytes fertilization and devel-
opment of embryo may be reduced, and even
completely ruined. In our study, the influence of
vitrification will be studied on human in vitro-
matured oocytes by mitochondrial function
with JC-1 and cytoskeleton through a-tubulin.

Material and methods
Source of oocytes

The study was approved by the Ethics
Committee of Tongji Hospital, and patients who
conducted intracytoplasmic sperm injection
were included with written consent at the
Reproductive Center of Tongji Hospital, Wuhan,
China, between November 2012 and May
2013. The immature oocytes included were col-
lected from patients (age 20-35 years) whose
infertility was only due to male infertility or com-
bined with oviduct factors. The oocytes were
divided into two groups: (i) germinal vesicle (GV)
oocytes matured in vitro (fIVM), (ii) GV oocytes
matured in vitro first, then vitrificated (vIVM).

Stimulation protocol and oocyte recovery
procedures

The patients were given standard ovarian stim-
ulation using a gonadotropin-releasing hor-
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puncture under ultrasound guidance.

After ovum pick-up, oocytes were denud-

ed of cumulus cells with Hyaluronidase
solution (Sigma, USA) in order to assess nucle-
ar maturity. The GVs, which are also called
failed-matured oocytes, were divided into
either fIVM or vIVM groups through a random
computer-generated list. Prior to cryopreserva-
tion, the oocytes were evaluated microscopi-
cally based on morphology to identify high-
quality oocytes with an appropriate size, normal
zona pellucida, and integral membrane.

In vitro maturation (IVM)

The immature oocytes were cultured in 1 mL of
maturation medium (Cooper Surgical/SAGE,
Trumbull, CT) supplemented with the final con-
centrations of 75 mIU/mL of FSH and LH at
37°C in an atmosphere of 5% CO, and 95% air
with high humidity for maturation in culture.
The maturity of oocytes was assessed 24-28
hours after IVM culture, and the oocytes with a
polar body were regarded as mature.

Vitrification and thawing

Mature oocytes were cryopreserved using a vit-
rification method previously described [21].
Briefly, the oocytes were suspended in equili-
bration medium containing 7.5% (v/v) ethylene
glycol and 7.5% (v/v) dimethyl sulphoxide
(DMSO) for 15 minutes at room temperature,
and were then transferred to vitrification medi-
um containing 15% (v/v) ethylene glycol, 15%
(v/v) DMSO, and 0.5 mol/I sucrose at room
temperature for 45 to 60 seconds. They were
then loaded onto a specially designed vitrifica-
tion device, the McGill Cryoleaf (Medicult,
Jyllinge, Denmark), and were plunged immedi-
ately into liquid nitrogen for storage. For thaw-
ing, the McGill Cryoleaf was directly inserted
into thawing medium of 1.0 mol/L sucrose in
HEPES-buffered human tubal fluid (HTF) for 1
minute at 37°C. Warmed oocytes were trans-
ferred to diluent medium-I (0.5 mol/L sucrose
in HEPES-buffered HTF) and diluent medium-Ii
(0.25 mol/L sucrose), respectively, for 3 min-
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utes each; then they were washed twice in
washing medium (HEPES-buffered HTF contain-
ing 10% human serum albumin). Oocyte surviv-
al was evaluated based on the integrity of
oocyte membrane and zona pellucida and cul-
turing for 2 hours.

Measurement mitochondrial function

For mitochondrial staining, oocytes were cul-
tured in M2 medium containing 2 uM JC-1
(Beyotime Institute of Biotechnology) for 30
min at 37.5°C CO2 in air. After washes, oocytes
were still incubated in HEPES-buffered HTF and
analyzed by fluorescence microscopy (Zeiss
LSM510 META). An image was taken at 400
fold magnification in an optical cross section
through the center of the oocyte at its largest
nuclear diameter.

Statistical analysis

Image processing was performed using a laser
scanning microscopes Image Browser. Data
(mean * SEM) were from at least three repli-
cates per experiment and analyzed by analysis
of variance using SPSS software (SPSS Inc.,
Chicago, IL, USA) followed by the Fisher’s least
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Figure 1. Effects of vitrification on the inner mitochon-
drial membrane potential measured by JC-1 fluores-
cence. A: Relative inner membrane potential (AWm) in
MIl oocytes from vIVM and fIVM groups (bar=10 um).
B: Red/green fluorescence intensity in both groups,
data are mean + SEM of at least three independent
experiments, n shows number of oocytes (P<0.05).

significant difference test. The number of
oocytes observed was denoted in parentheses
as (n). Difference at P<0.05 was considered to
be statistically significant and different super-
scripts indicate the statistical difference.

Results
Patient and oocyte characteristics

There was no significant difference in the char-
acteristics of age, Day 3 FSH, and BMI between
the fIVM and vIVM groups (Table 1). A total of
60 (76.3%) oocytes matured from fIVM group,
while the rate of maturation in vIVM group was
74.4% (n=64) (P>0.05; Table 1). After warming,
a total of 49 of 64 from vIVM group (76.6%) sur-
vived from vIVM group.

The change of mitochondrial function after
warming

At an inner mitochondrial membrane potential
(AWm)<100 mV, JC-1 remain a monomer and
emits green fluorescence in the FITC channel
(low polarized mitochondria), whereas at
AWm>140 mV, it forms J-aggregates and emits
red fluorescence (high polarized mitochondria)

Int J Clin Exp Pathol 2014;7(3):1159-1165
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Figure 2. The change of spindles and chromosomes after vit-
rification. (A) Representative images of the spindles and chro-
mosomes in both groups. Normal spindle and aligned chro-
mosomes are seen in fIVM; misaligned chromosomes were
detected in model groups. Figures (d) and (g) show the defec-
tive spindles; Figures (e) and (h) show lagging chromosomes
and irregularly scattered chromosomes; Figures (c), (f) and (i)
include chromosomes and spindles. o-Tubulin (green); DNA
(red). (Bar=10 um); (B) Percentage of oocytes with abnormal
spindle and misaligned chromosomes in Mll oocytes, data are
mean + SEM of at least three independent experiments.

[24]. We investigated the high polarization of
mitochondria in MIl oocytes by examining the
relative level of red to green fluorescence emis-
sion. Relative inner membrane potential in Ml
oocytes from vIVM (n=24) sharply decreased,
compared with the control (n=30) (1.019 vs.
1.397, P<0.05), (Figure 1A and 1B), indicating
a decreased AWm.

Assessment of spindle and chromosome con-
figuration

Spindle with a barrel-shaped structure was

regarded as normal, however, spindle configu-
ration included partial or total disorganization
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of microtubules was abnormal [25].
Chromosome configuration was regarded
as morphologically normal when chromo-
somes as a compact metaphase plate were
located at the equatorial region, otherwise,
chromosome was abnormal, showing lag-
ging and irregularly scattered structure
[25]. We examined the spindle and chromo-
some by confocal scanning. As showed in
Figure 1A, most of oocytes in fIVM group
exhibited barrel-shaped spindles and well-
aligned chromosomes. However, 45.2%
(14/31) defective spindles were observed
in fIVM group, compared with 48.0%
(12/25) in vIVM group (P>0.05) (Figure 2B).
Oocytes in fIVM (35.5%, 11/31) and vIVM
(40.0%, 10/25) displayed abnormal chro-
mosome (P>0.05) (Figure 2B).

Discussion

Cryopreserving IVM oocytes is a new strat-
egy to extend the pool of total oocytes.
However, the efficiency of in vitro-matura-
tion procedure and oocyte cryopreserva-
tion methods is not satisfactory, as they
reduced the developmental potential, the
assessment of cryo-damage on cell struc-
ture and functions of organelles is neces-
sary to evaluate and refine the current pro-
tocols. The main results in this study
revealed that vitrification of in vitro-mature
oocytes disturbed mitochondrial function,
and no significant change was found at the
meiotic spindle configuration. The imma-
ture oocytes were without surrounding
granulosa cells because we need check the
polar body during the ICSI cycle.

During IVM, immature oocytes are cultured in
special conditions to continue developmental
process to the MIl stage. The coordination of
nuclear and cytoplasmic maturation deter-
mined the developmental competence of
oocytes [26]. In our study, immature oocytes
were without surrounding granulosa cells, how-
ever, the rate of maturation was 75.3%
(125/166), similar to previous studies [21, 27].
Buckett had demonstrated that babies born
after IVM do not have any increased fetal abnor-
mality compared with regular IVF or spontane-
ous conceptions in fertile women [28]. However,
some studies found that developmental poten-
tial of embryo reduced significantly after cryo-
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preserving IVM oocytes compared with cryo-
preserving in vivo-matured oocytes or directly
fertilizing after in vitro maturing [21, 27, 29].
Possibly, in vivo-matured oocytes are prone to
cryo-damage.

As described in the results section, cryopreser-
vation of in vitro-maturation oocytes signifi-
cantly affects the inner mitochondrial mem-
brane potential. Mitochondria are one of the
most important organelles in the cytoplasm,
and their dysfunction or abnormalities may
injure embryo developmental potential [22].
And we usually assess mitochondrial function
by the inner membrane potential probe JC-1.
Similar to previous study [30], higher polarized
mitochondrial clusters are localized within the
pericortical region in maturing oocytes. Mean-
while, our studies showed that the relative AW
in MIl oocytes from VvIVM group sharply
decreased compared with flVM group. Previous
experiments also have suggested that dysfunc-
tion of mitochondrial potential can affect
embryo development capacity [31] and that
decline of relative AW is an early apoptotic
event in cells [32]. Taken together, we conclud-
ed that the mitochondrial function affected by
vitrification may be resulted from the decreas-
ing follow-up fertilization and embryo develop-
ment.

Data presented in this study demonstrated
that 45.2% defective spindle and 35.5% abnor-
mal chromosome were detected after in vitro
maturation, which was higher than oocytes
matured in vivo based on previous study [5,
25]. However, the defective rate was not signifi-
cantly elevated by vitrification procedure,
48.0% defective spindle and 40.0% abnormal
chromosome in vIVM group. In previous stud-
ies, compared with maturation in vivo, oocytes
matured in vitro had significantly decreased
development competence, by deleterious
effects on the organization of spindle and chro-
mosome [25], the change in mitochondrial dis-
tribution pattern [33], low blastocyst rate [34].
Chang had found that the oocytes chromosome
alignment was maintained through vitrification-
thaw cycle and the spindle was able to recover
immediately after warming in mouse oocytes
[35]. Taken together, IVM could have deleteri-
ous effects on the organization of spindle and
chromosome. And no significantly difference of
the oocyte spindle and chromosome organiza-
tion were detected after warming.

1163

In summary, immature oocyte retrieval from IVF
patients followed by IVM and oocyte vitrifica-
tion which can increase the yield of total avail-
able oocytes, develop the oocyte bank, and
circumvent the ethical and legal problems. We
have provided proof of principle evidence that
vitrification process affects oocyte mitochon-
drial function of in vitro-matured oocytes, which
may be the reason of low embryo developmen-
tal potential. While no significant effect at the
spindle and chromosome configuration was
discovered. This will be a new insight for us to
develop an advanced protocol of in vitro-matu-
ration and vitrification.
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