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ABSTRACT

Objective: To establish the relationship between oocyte
cytoplasmic maturation and its chromosomal status and
determine the effect of this feature over the reproductive
outcome in patients with sub-optimal fertilization in ART.
Methods: Fifty couples who underwent ART were select-
ed. From nineteen patients, 22 metaphase II-MII and 18
failed-fertilized oocytes after ICSI were studied. The first
polar body was collected for chromosomal analysis by
aCGH. Oocytes were processed by immunocytochemistry
(ICC) to determine oocyte maturation: assessment of in-
active MPF status and the conformation-alignment of the
metaphase plate.

Other 31 couples presented sub-optimal fertilization
(<50%) after ICSI, and failed-fertilized oocytes were stud-
ied by ICC. Two groups were conformed according to the
main feature observed: A) cytoplasmic immaturity and
sperm premature chromosome condensation and B) sperm
nuclear decondensation failure with mature cytoplasm.
Results: Regarding MII mature oocytes, 87% had a nor-
mal metaphase plate and 84% were chromosomally nor-
mal. Contrary, immature oocytes presented abnormal
metaphase plate (86%) and just 33% were euploid. In
failed-fertilized oocytes: 100% of mature oocytes had a
normal metaphase plate and 71% were euploid. When
oocytes were cytoplasmic immature, 37% of them were
normal (metaphase plate) and 50% were chromosomally
normal.

The global rate of aneuploidies and metaphase plate
disarrangements in immature oocytes (MII+failed-fer-
tilized) were significantly higher than mature oocytes
(P<0.05).

In patients with sub-optimal fertilization, the percent-
age of top quality embryos and pregnancy rate was signifi-
cantly higher in group B (P<0.05).

Conclusion: Oocyte cytoplasmic immaturity is related to
metaphase plate anomalies and aneuploidies. Fertilized oo-
cytes, from a cohort with sub optimal fertilization with cy-
toplasmic immaturity, had poorer reproductive outcomes.
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INTRODUCTION

Nuclear and cytoplasmic oocyte maturation occurs in
vivo during follicular growth and ovulation. Both processes
are induced by changes in plasma levels of gonadotropins.
The relationship between the oocyte and surrounding fol-
licular cells is modified during maturation period as a result
of changes in the oocyte membrane and in the intracellular
signaling system (Moor et al., 1990; Thibault, 1977).

The extra-nuclear maturation involves changes in cyto-
plasmic organelles organization, in the cell membrane and
in the vitelline matrix (Downs 1990; Downs 1993). Nuclear
maturation is characterized by alternating states of devel-
opment and arrest of meiosis. The first interruption during
meiosis is at the germinal vesicle stage (GV). The GV helps

in a practical way for identifying immature oocytes. During
their growth, oocytes acquire the ability to restart mei-
otic maturation in response to gonadotropins stimulation,
mainly LH increased. The nuclear envelope breaks down,
the first polar body is released and meiosis progress until
metaphase II (MII). The meiosis stops in MII and ovulation
occurs. The MII stage is maintained until fertilization or
parthenogenetic activation of the oocyte, when the second
polar body is released.

In mammals, maturation promoting factor (MPF) and
mitogen activated protein kinases (MAPK) play an import-
ant role in oocyte maturation. Regarding MAPK, its activity
allows the adequate meiosis progression and MII arrest
after extrusion of the first polar body (Combelles et al.,
2005). MPF, as described in the early 70s, is responsible for
meiosis resumption of oocytes arrested at prophase stage
(Masui & Markert, 1971). MPF is constituted by a catalytic
subunit, cyclin dependent kinase (cdc2) and a regulato-
ry subunit, Cyclin B. Cyclin B concentration varies during
cellular cycle. The amount of MPF molecules depends on
the Cyclin B availability in the cytoplasm able to conju-
gate with cdc2, which its concentration maintained during
cellular cycle in the oocyte. MPF concentration increased
during oocyte maturation, reaching maximum peak during
MII stage. The complex suffers a series of phosphorylation
and dephosphorylation. Thus, when cdc2 is phosphorylat-
ed in threonine 161 residue (T161) the complex is activat-
ed. This occurs from Anaphase I - Telophase I (AI-TI) to
MII stage. On the other hand, if the cdc2 is phosphorylated
in tyrosine 15 residue (Y15), the system is inactive. MPF
activation is self-regulated by a positive feed-back from
MPF activated molecules that increased in the oocyte (Fer-
rell, 1999). Furthermore, MPF activates associated micro-
tubules proteins such as MAPK (Whitaker, 1996).

After maturation, MPF reaches the highest concentra-
tion and the mature oocyte is arrested at MII. This arrest
stage is exclusive for oocytes and is regulated by the cy-
tostatic factor (CSF). This complex is in charge of stabi-
lizing the MPF, maintaining chromosomes condensed and
avoiding a second round of DNA replication during transi-
tion from metaphase I (MI) to MII (Verlhac et al., 1994;
Sagata, 1996).

In humans, the possibility of obtaining a higher number
of MII oocytes through hormonal controlled ovarian stim-
ulations has allowed the increase in the number of embry-
os obtained through in vitro fertilization (IVF) at assisted
reproductive treatments (ART), increasing the chances of
reproductive success. The implementation of ICSI has also
helped ART in cases of severe male factor.

When in vivo orin vitro fertilization occurs, it is assumed
that both gametes have the essential elements for an ad-
equate fertilization. The sperm requires some important
proteins, such as phospholipase C zeta, for the reactivation
of the oocyte arrested at MII stage through the induction
of intracellular calcium pulses. The correct activation of the
oocyte allows the restart of meiosis 1I, the release of the
second polar body and the pronuclear formation. However,
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Figure 1. Flux diagram for the assessment of metaphase
II and failed-fertilized oocytes.

Tyrode's Acid

%.

1CQ

2 ul NWB

Figure 2. Agarose electrophoretic gel (2%) for polar
body DNA amplification detection. Positive control and
polar bodies (orange), negative control (color less).

Figure 3. aCGH profiles. Normal or euploid oocyte (A),
abnormal or aneuploid oocyte (B) (trisomy = blue, mono-
somy = red).
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Figure 4. pCdc2 (Y15) expression during oocyte matura-
tion: GV stage (A, E and F), MI-TI (B, E, and F), MII (C,
E, and F), and failed-fertilized oocyte depicting prema-
ture chromosome condensation (PCC) with high levels of
pCdc2 (Y15) (immature).
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Figure 5. Left: normal metaphase plate conformation
and correct chromosomal alignment. Right: abnormal
metaphase plate conformation with chromosomal disar-
rangements.

fertilization failure in ART is not an isolated event, prin-
cipally as a result of oocyte activation failure. This result
can be associated with two different events: sperm nuclear
descondensation failure and premature chromosome con-
densation (PCC). Both have been described as the principal
induction events in fertilization failure studies.

It is important to determine the importance of ad-
equate nuclear and cytoplasmic oocyte maturation
and it responsibility on fertilization. The aim of this
study was to establish the relationship between oo-
cyte cytoplasmic maturation and its chromosom-
al status by the assessment of the first polar body.
Also, it was important to determine the effect of the oocyte
cytoplasm maturation state over the reproductive outcome
in ART patients with suboptimal fertilization rate.

MATERIAL AND METHODS

Population

Fifty couples who underwent to ART procedures were
selected for this study (2013-2014). Thirty-one of them
presented sub-optimal fertilization (<50%) after ICSI. All
women were considered as normal responders (< 37 years
old, antral follicle count > 10, FSH <10 IU/I). Patients with
severe male factor were excluded. There is no conflict of
interest at the present study.
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Figure 6. aCGH profiles. Top panel: Chromosomally nor-
mal oocyte and polar body. Bottom panel: Aneuploid oo-
cyte and polar body (chromosome 16, 22).
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Controlled ovarian stimulation

All patients received flexible GnRH antagonist protocol
for ovarian stimulation. Doses of gonadotrophin were start-
ed on day 3 in which the patient received 300 IU (rFSH)
(Gonal, Merck Serono, Italy) daily i.m. until the day of the
HCG injection. When the leading follicle reached a diame-
ter of 14 mm, GnRH antagonist, cetrorelix (Cetrotide, Mer-
ck Serono, Germany) 0.25 mg daily was administered s.c.
into the lower abdominal wall until the day of hCG injection.
Once the leading follicle reached 17-18 mm in diameter
with estradiol concentration >+500 pg/ml, hCG 10000 IU
(Gonacor; Ferring, Argentina) was administered i.m 36
hours prior to oocyte retrieval. After that, an IVF procedure
(ICSI) was performed as usually.

Source of oocytes

All human oocytes were donated for research with
informed written consent by couples undergoing assist-
ed reproduction procedures at CEGyR (Buenos Aires, Ar-
gentina). All human procedures were approved by the
Internal Review Board and Ethics Committee of CEGyR.
None of the presumed normal ova donated for this project
were allowed to cleave in vitro or transferred to recipients
after ICSI. These ova were going to be discarded if not
donated for research.

All oocytes were used immediately upon oocyte re-
trieval by ultrasound guided transvaginal aspiration 36h
post-hCG administration. Failed-to-fertilize oocytes (no
pronuclei visualized 18 - 20h after sperm injection) were
obtained 30-35h post oocyte retrieval following ICSI.
Oocytes recovered with inferior morphology were excluded
from the study.

Chemicals and antibodies

All chemicals were obtained from Sigma Chemi-
cal Co. (St. Louis, MO, USA), unless otherwise stated.
Inactive MPF (pCdc2-Y15), acetylated tubulin and tu-
bulin were recognized using anti-full-length human
pCdc2-Y15 (rabbit monoclonal, dil: 1:100, Cell Sig-
naling, USA), acetylated tubulin (mouse monoclo-
nal, dil: 1:100, Sigma Aldrich, USA), anti-tubulin an-
tibody (dil: 1:200, Cytoskeleton, US), respectively.
Secondary Alexa Fluor antibodies were obtained Molecular
Probes (Invitrogen, US).

Table 1. Results of maturation state, metaphase plate conformation and euploidy assessment at MII and failed-fertilized

oocytes.
Cytoplasmic maturation MII structural PB normal
state (MPF) conformation ploidy (aCGH)
Normal 11/13
13 (87%)*, ** (84%)
Mature 12/15
Abnormal 1/2 o
22 MII oocytes 15 2 (13%) (50%) (80%)
Normal 0/1
1 (14%)* (0%)
Imm7ature Abnormal 2/6 (229/; )
6 (86%) (33%) °
Normal 5/7
7 (100%)*, ** (71%)
Mature 5/7
18 failed-fertilized 7 A'grz%:;:)a' (8{3/2) (71%)
oocytes (OPN)
Normal 2/4
4 (37%) (50%)
Imnlalture Abnormal 2/7 :é];/l
7 (63%) (29%) (36%)
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Table 2. Global results of maturation state, metaphase
plate conformation and euploidy assessment at MII and
failed-fertilized oocytes.

Cytoplasmic Normal MII PB normal
maturation structural ploidy
state (MPF) conformation (aCGH)
Mature 20/22 17/22
22 (91%)* (77%)*
Immature 5/18 6/19
18 (27.8%) (32%)

Oocytes processing

From nineteen patients, 22 metaphase II and 18
failed-fertilized oocytes after ICSI were collected and stud-
ied. All oocytes were individually processed. Zona pellucida
was dissolved by incubation in Tyrode ‘s acid (Irvine Sci-
entific, US) and the first polar body was collected washed
in Non-sticking Washing Buffer (NWB) and then introduced
in a 0.2mL PCR tube containing 2uL of NWB for aCGH
(comprehensive genome hybridization - array) procedure
(Figure 1). Then the oocytes were fixed and processed by
immunocytochemistry (ICC).

The other 31 couples, presented sub-optimal fertiliza-
tion after ICSI, and the failed-fertilized oocytes were sep-
arated and studied for ICC.

Polar body chromosomal analysis by aCGH

Negative controls, consisting of 2 uL of Non-sticking
Washing Buffer (NWB) taken from drops used for wash-
ing the biopsied cells, were placed in separate tubes. The
samples were lysed, fragmented, and amplified using the
SurePlex kit, according to the manufacturer’s instructions
(BlueGnome, UK). One nanogram of genomic DNA and one
reagent negative control (amplification mixture only) were
also subjected to whole genome amplification (Figure 2).

The samples and reference male DNAs were lysed
fragmented and amplified using the SurePlex whole ge-
nome amplification kit (BlueGnome, Cambridge, UK) ac-
cording to the manufacturer’s instructions. Amplified
DNA samples and reference male DNA were labelled with
Cy3 and Cy5, respectively, using the BlueGnome fluo-
rescent labelling system, according to the manufactur-
er's instructions. Amplification and labelling protocols
used in this study are available at www.cytochip.com.
The platform used in this study was the 24Sure Cy-
tochip (BlueGnome), which screens all 24 chromo-
somes for both gain and loss with a BAC pooling
strategy together with software smoothing which en-

ables robust results to be reported on the ploidy of
the single cell on the basis of a single hybridization.
Labelled samples and reference male DNAs were mixed
and applied to a microarray and co-hybridized for a min-
imum of 3 h, after which they were washed in -2 saline
sodium citrate (SSC)/0.05% Tween 20 at room tempera-
ture for 10 min, followed by a wash in -1 SSC at room tem-
perature for 10 min and with 0.1 SSC at 59C for 5 min and
finally washed for 1 min at room temperature in the same
solution. Microarray slides were dried in a centrifuge for 3
min and scanned with a laser scanner (InnoScan 710AL;
Innopsys, Carbonne, France). Scanned images were ana-
lysed using BlueFuse Multi software (BlueGnome). Once
a specific amplification was observed, autosomal profiles
were analysed for gain or loss of whole or partial chromo-
somal ratios using a 3SD assessment, 0.3log2 ratio call
or both. To pass hybridization quality controls, sex mis-
matched female samples had to show a consistent gain
on chromosome X and a consistent loss of chromosome Y.
Sex-matched male samples had to consistently show no
change on either chromosome X or Y (Gutiérrez-Mateo et
al., 2011). Oocytes were classified as ‘normal’ if the gen-
erated array CGH plot showed no gains or losses in any
of the autosomes, ‘aneuploid’ if gains or losses were ob-
served for any chromosome (Figure 3).

Immunocytochemistry for oocyte maturation as-
sessment

Zona-free human oocytes were then fixed for 40 min
in 2% formaldehyde and permeabilized in PBS + 0.1% Tri-
ton X-100 for an additional 40 min (method modified and
based on Messinger and Albertini, 1991). After fixation and
permeabilization, samples were blocked for 1 h in PBS +
0.3% bovine serum albumin (BSA) + 1% fetal calf serum
prior to incubation in humidified chambers with primary
and secondary antibodies, overnight at 4°C and for 1h at
room temperature, respectively.

Samples were counterstained for DNA using Hoechst
33258. Images were obtained using an Olympus spectral
confocal microscope, with laser lines at 488-, 568- and 633
-nm wavelengths and then processed using Adobe Pho-
toshop C5. Negative controls were run in the absence of
primary antibodies. This assay allows to us to determine
the cytoplasmic maturation state of the oocyte by the as-
sessment of the inactive form of the MPF complex and also
the conformation and alignment of the metaphase plate
(Figure 4 and 5).

Statistics
The Student’s t-test was used for between-group com-
parisons, and the Mann-Whitney U-test was used to as-

Table 3. Comparison between groups A and B regarding male and female reproductive characteristics — Population of ART

patients with suboptimal fertilization.

Group A Group B P
N 18
Male age 37.1+ 3.3 36.6 £ 3.5 NS
Sperm morphology 7.2 £ 3.9 8.5+ 3.1 NS
Female age 345+ 2.6 35.6 £ 2.1 NS
Duration of infertility (years) 4.1 2.7 3.9+ 2.5 NS
AFC 17.1 £ 4.1 16.2 £ 5.4 NS
FSH (mIU(mL) 6.6 1.3 6.6+ 1.7 NS
LH (mIU/mL) 4.5+ 2.4 43+1.2 NS
Total rFSH dose 2400 = 420 2500 + 410 NS
N° days of ovarian stimulation 8.9 1.3 8.5+ 0.9 NS

JBRA Assist. Reprod. | V.19 | n°2| Apr-May-Jun / 2015

62



Table 4. Comparison between groups A and B regarding
MII oocytes retrieved and fertilization rate.

Group A Group B P
N©° of oocytes
retrieved 13.8 £ 4.3 12.9 +£ 3.5 NS
N° of MII
oocytes 10.5 £ 3.5 9.9 + 3.1 NS
% MII retrieval 77.3 £12.9 77.3 £ 129 NS
% 2PN 30.0 + 13.5 31.5 + 10.5 NS
% NoPN 62.1 £ 21.6 62.5 + 7.5 NS
Others 7.9 £6.9 6.0 £6.2 NS

Table 5. Reproductive outcomes between groups A and B.

Group A Group B P
% Top quality
embryos (48 hs) 22.2 37.3 0.03
N° of embryo
transferred/cycle 2.0 1.9 NS
Clinical pregnan-
cy (%) 12.1 34.4 0.001

sess homogeneity. Differences were considered significant
when P<0.05. MedCalc 12.4 software (Belgium) was used
for the statistical analysis.

RESULTS

The results of the cytoplasmic oocyte maturation as-
sessment, the metaphase plate conformation and the
chromosomal status of the polar body (22 metaphase II
and 18 failed-fertilized oocytes) is shown in table 1 and
2. As verification that the euploidy-aneuploidy observed
at polar body was a representative of the euploidy status,
aCGH procedure was conducted in some oocytes and their
corresponding 1st polar body. Figure 6 depicts the comple-
mentary status of the chromosomal number.

The immaturity of the oocyte cytoplasm is related to
abnormalities at the metaphase plate conformation and
chromosome number (increased aneuploidy index). Con-
sidering the metaphase II oocytes, when nuclear and cy-
toplasmic maturation occurred, 87% of them had a normal
metaphase plate conformation and 84% were chromo-
somally normal. Contrary, when the oocyte depicted im-
maturity signals, 86% had an abnormal metaphase plate
conformation and just 33% were euploid. Regarding to the
failed-fertilized oocytes, the observed pattern was similar,
100% of the mature oocytes had a normal metaphase plate
and 71% were euploid. On the other hand, when the oo-
cytes were cytoplasmic immature, 37% of the oocyte were
normal (metaphase plate) and 50% were chromosomally
normal (table 1). When all the oocytes (metaphase II and
unfertilized) were added, the global rate of aneuploidies in
immature oocytes were significantly higher than mature
(P<0.05). The same issue occurs with the metaphase plate
IT disarrangements (table 2).

Two groups were conformed regarding the patients that
performed ICSI and had sub-optimal fertilization (<50%).
The first group (A), cytoplasmic immaturity and sperm
premature chromosome condensation (PCC) was the main
feature observed in the failed-fertilized oocytes. The sec-
ond group (B), sperm nuclear decondensation failure with
normal cytoplasmic maturation status. Table 3 shows the
population characteristics between both groups. No signif-
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icant differences were found regarding male and female
age, sperm morphology, hormonal levels and AFC at follic-
ular phase, dose of rFSH administered and days of ovarian
stimulation. The number of oocytes retrieved after hCG
was similar A vs. B (13.8 vs 12.9), similarly, the number of
MII oocytes were similar (10.5 vs. 9.9) (table 4).

The percentage of top quality embryos (at 48h) formed
from fertilized oocytes was significantly lower in group A
(P<0.05), in addition the pregnancy rate was higher in
group B (table 5).

DISCUSSION

Mammalian oocyte maturation comprises a series of
complex mechanisms hormonally regulated. The compe-
tence of the human oocyte cannot be precisely predict-
ed only with the observations made by the follicle size
or nuclear maturation at the time of insemination or in-
jection (Van Blerkom et al., 1997). The current work has
not the objective to propose a competence oocyte marker
(or markers), otherwise, intends give information about
the correlation between a correct nuclear and cytoplas-
mic oocyte maturation and its adequate metaphase plate
conformations and the aneuploidy rate (polar body). Also,
is important to distinguish the impact of the cytoplasmic
immaturity after ICSI and the reproductive outcomes in
ART when this issue is compromise in fertilization failure or
sub-optimal fertilization (<50%).

As it is known, during ovarian stimulation for in vitro
fertilization (IVF), it has been found a heterogeneous re-
sponse in the oocyte cohort development, where an oo-
cyte apparently normal, at metaphase II, cannot been
fertilized for a competent sperm (Bedford & Kim, 1993).
Regarding to IVF cycles it has been described a fertilization
failure after sperm penetration or a pre-implantation em-
bryo arrest during their development (Van Blerkom, 1993;
Van Blerkom et al., 1994). After ICSI, the heterogeneity of
the oocyte cohort, from the point of view of their cytoplas-
mic maturity, has allowed to stablish a relation between
the maturation status and fertilization failure (Alvarez
Sedo et al., 2013).

The study of fertilization failure after ICSI allows under-
standing the different alterations of the normal fertilization
mechanisms regarding to sperm and oocyte. Even though,
it is true that ICSI technique was introduced as an alter-
native for severe male factor (allowing the sperm entry
into the oocyte cytoplasm in a mechanical way avoiding a
series of previous physiological events), this procedure has
allowed the activation of the oocyte arrested at MII and
continuing to their embryo development (Palermo et al.,
1992). The oocyte activation begins when spermatozoa trig-
gers a series of intracellular calcium pulses restarting and
completing its meiosis. It can be determined some charac-
teristics in the study of fertilization failure related with the
sperm. The decondensation failure of the paternal genetic
material (sperm DNA) is the most common. This disor-
der may be due to inability of the spermatozoa to activate
the oocyte, either because of mutations and/or absence of
the activation proteins or because of oocyte incapacity to
remodel de sperm DNA (nuclear proteins removal). In re-
lation with the oocyte responsibility in fertilization failure,
is known that it can be implicated the cytoplasmic oocyte
maturity, particularly the MPF (Schmiady et al., 1986).
We have previously reported that the levels of pCdc2 (Y15)
during oocyte maturation showed a variation of their ex-
pression according to the nuclear maturation. The pCdc2
(Y15) has a higher expression peak during anaphase-te-
lophase I stages. This was consistent with other species
about the levels MPF, which suffers a decrease during MI
transition to MII (Alvarez Sedd, et al., 2013). The arrested
oocyte at MII presents high levels of Cdc2 (T161) and the
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control mechanism does not allow the disruption of the
arrest until the sperm entry. On the other hand, in the
mature MII oocyte the levels of pCdc2 (Y15) are decrease.
Therefore we stablished that the absence of this protein
with a correct occurrence of the metaphase II and the first
polar body, would indicate an optimal cytoplasmic and nu-
clear status.

This is the first report that describes the incidence
of cytoplasmic immaturity and alterations in the meta-
phase plate conformation, moreover, with an increase of
the aneuploidy rates in oocytes from ART cycles (con-
trolled ovarian hyper stimulation). Regarding to this, it has
been described the important role of the MPF and APC-C
(anaphase promoting complex-Cyclosome). It means that
a correct spindle check point function is associated with a
correct MPF status and functionality (Gui & Homer, 2012).
Mad2, cohesin, kinetochores are part of the specific pro-
tein machinery that participates in this mechanism (Vogt
et al., 2008). Numerous cytological and biochemical al-
terations occur in mammalian oocytes. Some of these
changes can predispose cells to aneuploidy. The prema-
ture centromere separation (PCS) is now recognized as a
predisposition to aneuploidy as well as nondisjunction. PCS
involves separation of sister chromatids or homologues
before anaphase onset; whereas, nondisjunction results
from failure of sister chromatid or homologue separa-
tion at anaphase (Mailhes, 2008). Oocyte aging, ovarian
stimulation and stress are some of the causes that are
involved in the origin of these aberrations (Rodman, 1971;
Angell et al., 1994; Mailhes et al., 1997; Steuerwald et
al., 2005). These factors could be compromising the cor-
rect MPF activity triggering disarrangements at the APC
checkpoint, resulting in oocyte aneuploidies. Alterations
in human metaphase II spindle molecular motors could
be also involved on these mechanisms, e.g. NuMA, Eg5.
Our research group has previously reported that aged and
stressed human oocytes could be associated to modifications
in the expression and localization of NUMA and therefore im-
plicated in oocyte aneuploidies (Alvarez Sedo et al., 2011).
Regarding to patients with sub-optimal fertilization after
ICSI, it's clearly seen that fertilized oocytes, from the co-
hort with cytoplasmic immaturity, had an impair quality
evidenced by the poorest reproductive outcomes in com-
parison with those cycles where the main cause of fer-
tilization failure was not oocyte cytoplasmic maturation.
Particularly, in these cases, it could be possible that the
entire oocyte cohort had quality impairment, but only few
of them had the capacity of go beyond fertilization. How-
ever, these deficiencies could be evidenced during early
cleavage.

CONCLUSIONS

Oocyte cytoplasmic immaturity is related to metaphase
plate anomalies and aneuploidies. Fertilized oocytes, from
a cohort with sub-optimal fertilization, with cytoplasmic
immaturity, had poorer reproductive outcomes.
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