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Abstract
Objective: In vitro maturation technique (IVM) is shown to have an effect on full maturation of immature oocytes and
the subsequent embryo development. Embryonic genome activation (EGA) is considered as a crucial and the first
process after fertilization. EGA failure leads to embryo arrest and possible implantation failure. This study aimed to
determine the role of IVM in EGA-related genes expression in human embryo originated from immature oocytes and
recovered from women receiving gonadotrophin treatment for assisted reproduction.

Materials and Methods: In this experimental study, germinal vesicle (GV) oocytes were cultured in vitro. After
intracytoplasmic sperm injection of the oocytes, fertilization, cleavage and embryo quality score were assessed in
vitro and in vivo. After 3-4 days, a single blastomere was biopsied from the embryos and then frozen. Afterwards, the
expression of EGA-related genes in embryos was assayed using quantitative reverse transcriptase-polymerase chain
reaction (PCR).

Results: The in vitro study showed reduced quality of embryos. No significant difference was found between embryo
quality scores for the two groups (P=0.754). The in vitro group exhibited a relatively reduced expression of the EGA-
related genes, when compared to the in vivo group (all of them showed P=0.0001).

Conclusion: Although displaying the normal morphology, the IVM process appeared to have a negative influence on
developmental gene expression levels of human preimplanted embryos. Based on our results, the embryo normal
morphology cannot be considered as an ideal scale for the successful growth of embryo atimplantation and downstream

processes.
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Introduction

Subsequent to in vitro maturation (IVM), as a novel
expanded technique, improved immature oocyte can
be used to treat infertile women. A variety of studies
showed successful fertilization, development of
embryo and pregnancies with immature human oocytes
matured in vitro (1, 2). However, other studies in this
field revealed that the blastocyst performance of IVM
is limited (3, 4).

Before implantation stage, embryo undergoes various
processes including oocyte maturation, activation
of embryonic genome and a transcription shift from
maternal to embryonic controls (5). Therefore, IVM
process could be effective on the oocytes quality as any
growth rate intervention would influence maturation
of oocyte and further embryo development (6).
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During female period, maternal proteins/transcripts
control the embryonic developmental program until
occurrence of embryonic genome activation (EGA).
EGA is a process that occurs upon the first maternal
mRNA degradation. After this stage, EGA occurrence
would happen at the human embryos in 4- to 8-cell
stage (7, 8). In one study, the gene expression profile
comparison in steps 5- to 8-cell embryos, considering
the single blastomere level, was performed and
revealed novel EGA-related genes including CCT3,
DPPA5S, MYC, POUSF1 and CDH1I. One of the crucial
stages of embryo development in 5- to 8-cell stage is
EGA, while the failure of this stage leads to embryo
arrest and final implantation failure (9).

Generally, morphological features of oocyte and
embryo are common criteria for determining embryonic



developmental competence to select the greatest viability
(10, 11). A successful pregnancy establishment cannot
rely on normal morphology of embryo. The comparison of
bovine morulae and blastocysts between culture systems
and protein supplements has revealed variations in the
comparative increase of some gene transcripts which are
developmentally important (12, 13).

Accordingly, these gene expressions could be a
potentially substantial marker for evaluating embryo
viability and implantation (3). Several researches
revealed that there are significant variations in
mRNA levels of some genes produced in vitro and
in vivo embryos (14-17). Currently, determination
of mRNA abundance in bovine during primary stage
of embryonic development serves as an appropriate
quality marker for both in vitro and culture conditions
techniques (14, 18, 19). However, in the assisted
reproductive treatment (ART) for clinical practice, it
would be difficult to apply these important markers
at the present time. Major research is needed for the
development of reliable markers to evaluate oocyte
quality and embryo viability (3).

Given the above, this study attempted to identify
representative genes to characterize the EGA-related
genes in human embryos. Moreover, this research is
going to answer whether these gene expressions are
influenced by IVM culture during the growth phase
of oocytes. We aimed to provide the first library of
EGA-related gene expressions within human embryos,
resulting from intracytoplasmic sperm injection into
oocytes matured in vitro compared to oocytes matured
in vivo, to lay the foundations for subsequent studies.

Material and Methods

This project was approved by the Ethics Committee
of Shahid Beheshti University of Medical Sciences,
Tehran, Iran (SBMU.REC.1393.78). In this research,
written and verbal informed consent was obtained from
the couples who were undergone ICSI/preimplantation
genetic diagnosis (PGD) conforming to standard
protocols. The research conducted from April 2014
to June 2016, including 19 couples who performed
ICSI-PGD cycles and 45 couples who underwent
repeated implantation failure (RIF) treatment. Two
different experiments were studied. We used immature
oocytes at the GV stage obtained from patients who
underwent RIF treatment (in vitro group). In addition,
we used normal biopsied embryos excess donated for
doing scientific research after embryo transfer (in vivo
group). Considering the aim of study, data relevant to
maturation rate of immature oocytes at the GV stage
was evaluated through in vitro group. Fertilization
rate (16-19 hours after sperm injection), cleavage rate
and quality score of embryos (72 hours after sperm
injection) were examined in the two groups.

In this study, female factor infertility, including
chronic anovulation, poly cystic ovarian syndrome
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(PCOS), endometriosis, low ovarian reserve (defined
as five or fewer oocytes on retrieval) and male factor
infertility were the exclusion criteria. Female and
male patients were less than 35 and 45 years old,
respectively.

Controlled ovarian stimulation

A long protocol regimen was applied to control
ovarian stimulation, consisting of gonadotrophin
releasing hormone (GnRH) agonist. Patients’
hypophyseal suppression was applied by 0.1 mg
administration of Decapeptyl (triptorelin, Ferring
Pharmaceutical, Germany) or Diphereline (triptorelin,
Ipsen Pharma, France) in the previous cycle midluteal
phase. The GnRH analogue dose was decreased to 0.05
mg until the day of administering human chorionic
gonadotrophin (hCG).

patients,
(FSH,

For ovarian stimulation of the
recombinant follicle-stimulating hormone
Gonal-F, MerckSerono, Germany), human
menopausal  gonadotrophin  (hMG,  Menopur,
Ferring Pharmaceuticals) or high purified urinary
FSH (Fostimon, IBSA, Switzerland) was used.
Transvaginal ultrasound was used on the day 5 of
stimulation to evaluate the effect of hormone therapy
on ovary. Subsequently, gonadotrophin doses were
individualized based on patients’ results. While two or
more follicles reached a mean diameter of 18-20 mm,
ovulation was triggered with 10,000-IU HCG (IBSA).
After 34-36 hours of hCG injection, oocyte retrieval
was carried out by transvaginal ultrasound guided
follicle aspiration.

QOocyte insemination

To digest the mass of cumulus-oocyte complexes,
hyaluronidase enzyme (Life Global, USA) was used
after oocyte retrieval. Metaphase II (MII) oocytes
with first polar body were used for intracytoplasmic
sperm injection (ICSI) (in vivo group). In couples
with RIF treatment, GV oocytes (in vitro group) were
collected. The oocytes were incubated in 6% CO, and
37°C (Memmert, Germany) under mineral oil (Irvine
Scientific, USA) for approximately one hour. They
were subsequently denuded with 1% hyaluronidase
enzyme (Life Global, USA) and a hand-drawn glass
pipette.

For GV oocytes detection (in vitro group), an
invert microscope (SM2800, Nikon) with 200 fold
magnification was used. Our strategy for selecting
GV oocytes was prominent nucleus in the cytoplasm
homogeneous and the oocytes without any defects in
the overall appearance. The GV oocytes were placed in
a 20-30 pl drop of a commercial [IVM medium (oocyte
maturation medium, Sage Media, USA) supplemented
with 75 IU/ml FSH and 75 1U/ml luteinizing hormone
(LH) according to the manufacturer’s instructions for
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24-30 hours. Oocytes with the first polar body could
subsequently be injected by ICSI.

Sperm preparation

After 2-3 days of abstinence, semen samples were
collected via masturbation into a non-toxic sterile
container. After the liquefaction of the semen at 37°C,
5% CO, in air for 30 minutes, we processed the samples
by swim-up technique.

One milliliter of semen sample was placed in a sterile
conical centrifuge tube and a 1.2 ml layer of the medium
(Ham’s F-10, Sigma, USA) was poured gently over it.
The sample was centrifuged at 300-500 g for 5 minutes
and the supernatant was discarded. The pellet was
diluted with 0.5 ml of medium. The tube was inclined
at an angle of about 45° and was incubated for 1 hour
at 37°C. After the swim-up technique, two aliquots
(200 ml) of the processed spermatozoa were taken, one
of which was used for sperm parameters assay and the
other was used for ICSI. According to World Health
Organization standard, sperm parameters, including
sperm concentration, morphology and motility were
determined as more than 15%10° spermatozoa per ml,
more than 4% and more than 32%, respectively (20).

Evaluation of fertilization,
embryo quality score

cleavage rate and

After injection, oocytes were incubated in 20 pl
droplets of global total medium (Life Global) under
equilibrated mineral oil (in a humidified atmosphere,
5% CO, at 37°C). After 16-18 hours, the oocytes were
tested for pronuclei appearance (conforming to the
conventional routine practice). Zygotes were cultured
in global total medium (Life Global) and on day 3,
their developmental stage was evaluated.

After 16-19 hours of sperm injection, fertilization
rate was determined as the resulting zygotes percentage
by counting quantity of two pronucleus cells from
the injected MII oocytes total number. Embryos
were scored for their quality 72 hours after ICSI.
Morphology of the embryos was calculated according
to previous research in this area (21). To determine the
rate of cleavage, the cleaved fertilized embryos total
number was computed on day 3 (22).

Blastomere biopsy

On day 3, post-ICSI, embryos were inserted in each
microdrop of 5 pl of Ca*/Mg*" free biopsy medium
(LG PGD BIOPSY medium, Life Global) under
mineral oil. After mechanical drilling of the zona
pellucida, one blastomere was gently removed by
a biopsy micropipette for analysis. The embryo was
washed two times in global total medium (Life Global)
and transferred into a fresh medium drop for embryo
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vitrification. For 15 minutes at room temperature (20-
27°C), the embryo was maintained in an equilibration
solution (Kitazato BioPharma Co., Japan). Afterwards,
the embryos were aspirated for 1 minute period and then
inserted into the vitrification solution (VS, Kitazato
BioPharma Co.) at room temperature. Subsequently,
the embryos were inserted on cryotop with a minimum
volume of VS solution, and quickly plunged into liquid
nitrogen (23).

RNA isolation, cDNA synthesis and quantitative
reverse transcriptase-polymerase chain reaction

In this research, genes that are either known as
developmental and pluripotency or used in other species
as markers, were selected for embryo viability (14, 18,
24), while they are involved in early embryogenesis
(POU5FI1, CDHI, MYC and DPPAS5). The samples
were applied for RNA isolation, complementary
DNA (cDNA) synthesis and quantitative reverse
transcriptase-polymerase chain reaction (qRT-PCR)
analysis. The extraction of total RNA from samples,
cDNA synthesis, and qRT-PCR analysis were carried
out according to the protocol explained in the previous
studies (25, 26).

In summary, sample was pipetted into the eppendorf
tube containing 1.5 upl of lysis buffers. cDNA was
synthesized by adding 2 ul poly-N and 5 pl nuclease
free water to each 2 pl embryo sample. The samples
were inserted in a BioRad thermocycler for 5 minutes
at 75°C for the performance of reaction. By performing
reverse transcription (RT), the tubes were placed on
ice. 200 u RT enzyme (1 pl), 5x RT buffer (5 pul), 10
mM dNTP (3 pl), and 10 u RNase inhibitor (0.25 pl, all
from Sigma) were added to the reaction. RT reaction
was performed at 25°C for 10 minutes, 37°C for 15
minutes, 42°C for 45 minutes and 72°C for 10 minutes.
Then, the samples were kept at 4°C overnight.

Primer sequences were used for qRT-PCR, to study
the expression levels of POUSF (OCT4), CDHI, MYC
and DPPA5 using Rotor Gene Q instrument (Qiagen,
USA) (Table 1). According to the DNA Master SYBR
Green I mix manuals (Roche Applied Sciences, USA), we
performed RT-PCR reactions in a total volume of 13 pl
using 1 uM of each specific primer for the individual genes
and 1 pM synthesized cDNA. The reaction conditions
were 5 second at 95°C and 49 extension cycles of
incubating 3 minutes at 95°C for denaturation, 15 seconds
at 60°C, 10 seconds at 72°C for amplification. Melting
curve analysis was applied to approve the single gene-
specific peak of all amplification reactions. BetaZM
was applied as an endogenous reference gene for
POUSF1, CDHI, MYC and DPPA5 to normalize the
qRT-PCR. The authors carried out three replications
and normalized fold-changes at each sample to that of
endogenous internal mRNA levels (25, 26).
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Table 1: Details of primers used in quantitative real time polymerase chain reaction

Gene name Primer sequence (5°-3") (50-30 orientation) Gene Bank
Accession no. dents
MmYC F: AGC GAC TCT GAG GAG GAAC H.CC1.1C
R: CTG CGT AGT TGT GCT GAT G H.CC1.2C
POUSFI (Oct4) F: CGC CGT ATG AGT TCT GTG H.SC1.1E
R: GGT GAT CCT CTT CTG CTT C H.SC1.2E
DPPAS F: AGT CTT CAG ACC TCA CCG AG H.SC2.1F
R: ACT GGT TCA CTT CAT CCA AGG H.SC2.2F
CDH1 F: GCT CTT CCA GGAACCTCT G H.SC2.1G
R: GGATCT TGG CTG AGG ATG G H.SC2.2G
Beta?M F: ATG CCT GCC GTG TGA AC H.IC1.1C
R: ATC TTC AAA CCT CCA TGA TG H.IC1.2C

Statistical analysis

All statistical analyses were performed using the
Statistical Package for Social Sciences software, version
22 (SPSS, USA). The means of embryo quality score,
cleavage, and fertilization were measured using the non-
parametric analysis test (Mann-Whitney U-test). REST
2009 software (Qiagen) was used to analyze relative
levels of gene expression for various genes of embryos
from two groups. The data are expressed as percentage
means = SEM. P<0.05 was considered as statistically
significant.

Results
The maturation of oocytes after 24-30 hours culture

Germinal vesicle oocytes were collected from the
couples who were treated (out of 45 couples). 3-6
germinal vesicle oocytes were collected from each patient
on average (Table 2). The data of 19 couples undergoing
ICSI-PGD cycles were used (Table 3).

In a total number of 217 germinal vesicle oocytes, 144
(63.18%) reached to the stage of metaphase MII and 19
(8.83%) reached and arrested in the stage of metaphase
MI. In the germinal vesicle, 54 (27.09%) oocytes were
arrested.

Table 2: The maturation of oocytes after 24-30 hours culture

The total number
of germinal vesicle

Nuclear phase oocytes cultured in vitro
after 24-30 hours

oocytes
GV arrest MI MII
n (%) n (%) n (%)
217 54 (27.09) 19 (8.83) 144 (63.18)

Table 3: Demographic characteristics of all evaluated intracytoplasmic
sperm injection (ICSI) cycles

Characteristic Group
In vitro oocytes In vitro oocytes
n or n or
mean = SEM mean = SEM
Number of cycles 45 19
Female age (Y) 302+1.9 29.5+1.8
No. of retrieved oocytes 217 152
No. of injected oocytes 144 141
Fertilization 54.71 £2.08 83.84 +2.80
Cleavage 40.33 +3.82 79.61 £2.21
Embryo quality score 2.54 £ 0.67 2.56 +£0.31
Four-cell embryos 72.12+1.63 95.34 +£2.65
Eight-cell embryo 70.69 + 1.39 88.64+1.72
Fertilization and embryo development after

intracytoplasmic sperm injection

There was no significant variation between two groups,
regarding the injected oocytes number. The embryo
quality score, cleavage and fertilization rate of the two
groups are described in Table 3. In both groups, good
quality (A-B) of embryos was used. Those embryos
with normal morphology were chosen for molecular
investigations. The rate of fertilization was significantly
different between in vitro group (54.71% =+ 2.08) and
in vivo group (83.84 % =+ 2.80, P=0.003). The cleavage
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rate was different among these groups (40.33 % = 3.82
vs. 79.61 % + 221, P=0.0001). Embryo quality score
was decreased in vitro compared to in vivo. However, no
statistically significant difference was observed in embryo
quality score between in vitro (2.54 = 0.67) and in vivo
(2.56 £ 0.3, P=0.733). Rates of 4-cell embryo formation
on day 2 of embryogenesis was significantly different
between in vitro (72.12% £ 1.63) and in vivo (95.34 % +
2.65, P=0.005). Besides, rates of 8-cell embryo formation
on day 3 of embryogenesis was significantly different
between in vitro (70.69% + 1.39) and in vivo (88.64 % +
1.72, P=0.038).

Quantitative reverse transcriptase-polymerase chain
reaction analysis

PCR was performed in order to determine the quantitative
mRNA expression profile of the implicated EGA-related
genes (POUSF1, CDHI, MYC and DPPA5) in embryos
originated from intracytoplasmic sperm injection. By
comparing relative transcription level of POUSF1, MYC
and DPPA5 in embryos derived from ICSI, a significant
difference was identified in the levels of pluripotency and
developmental genes among in vitro and in vivo groups
(all data were P=0.0001). CDHI gene expression was
reduced in vitro compared to in vivo, while no statistically
significant difference was observed between these two
groups (P=0.341, Fig.1).

]
08
06
0.4
02 -
== [
B2M

0
POUS5F1 CDH1 MYC DPFA5

Relative mRNA expression

Fig.1: EGA related genes transcript relative quantification. Relative
expression of mRNA of POU5F1, CDH1, MYC and DPPA5 in 8-cell stage
of human embryos in vitro group and in vivo group showed that there
was a significant statistical difference (relative expression of mRNA of
POU5F1, MYC and DPPA5) between the two groups. The mRNA levels of
the genes were analyzed with quantitative real time-PCR. The mRNA level
of each sample was normalized to those of Beta2m mRNA levels. Data are
presented as mean = SEM. ***; P<0.001.

Discussion

In this research, we firstly aimed to evaluate the
maturation rate in IVM-GV oocytes. We used immature
oocytes at the GV stages which could be obtained from
patients who underwent RIF treatment (in vitro group). GV
oocyte culture for 24-30 hours provides more embryos for
patients with infertility. Routinely, our criteria for selected
GV oocytes were the presence of a prominent nucleus in
a homogenous cytoplasm with any type of defect in the
oocyte’s overall appearance.
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In this manner, we evaluated fertilization and cleavage
rate in IVM-GV oocytes with in vivo matured oocytes
collected in couples who underwent ICSI-PGD cycles.
After embryo transfer, the normal biopsied embryos
excesses were donated for scientific research (in vivo
group). We cultured GV oocytes for 24-30 hours based
on IVM studies (12). The maturation rate of GV was
determined to be 63.18% in our study, which is almost in
agreement with other studies (27, 28).

However, other studies reported about 35-78% IVM
rate for GV oocytes collected in stimulated cycles (29,
30, 32-36). In this study, fertilization rates in GV-matured
vs. in vivo MII oocytes were significantly different, and
this is in agreement with the report of Kim et al. (27)
demonstrating that rates of fertilization are significantly
different in the IVM and in vivo groups. In the present
work, the percentage means of cleaving embryos which
could reach to the 4-cell stage was significantly different
in vitro, compared to the in vivo. It was reported that
embryos had decreased in quality, and 4-cell embryos
were significantly lower in the IVM group on the second
day (28).

In another study, the rate of IVM cleaved embryos
approaching to the four-cell step after 40 hours was
84.5% and it was not considerably different from in vivo
group (27). Some studies reported that oocyte maturation
and fertilization rates have been 63 and 62% in PCO and
PCOS cases (34 IVM cycles) respectively (29), while
these rates were 74.3 and 72.6% for maturation and
fertilization in 63 regular cycles (30).

There are variations in the rate of oocyte maturation,
fertilization and cleavage of IVM oocytes in different
studies. Several factors affect maturation of oocytes.
Therefore, many differences are expected between these
results. However, it would be reasonable to indicate
that a crucial factor is related to the culture of immature
oocytes. Thus, nuclear and cytoplasmic maturation must
be considered together for immature oocytes maturation
(3). So, we can conclude that the IVM process could
be effective in the oocytes maturation, in any growth
phase intervention, and it would affect the next embryo
development. It should be noted that morphological
criteria and morphometric measures of oocytes in GV
stage, as nuclear and cytoplasmic competence predictor,
were not reliable (31).

To assess and predict an ART program success, oocyte
morphological analysis, as an oocyte quality marker, is
applied using phase contrast microscopy (32). Comparison
of the maturation and fertilization rates in these two
groups showed that this simple and practical criterion
is not trustable for the GV oocytes selection and more
attention should be paid to the conditions of GV oocytes
culture. Culture condition was greatly affected by oocyte
maturation in vitro. Moreover, the percentage of oocytes
developing blastocyst stage is an appropriate indicator
of suitable conditions for the next oocyte development
stages as well as the next embryo. Nevertheless,



evidences show that morphological assessment could
not always be a benchmark determinant for the fertilized
oocyte and competence development (33). Results of this
study indicated that, in addition to certainty of the IVM
culture medium maturity and appropriate morphology of
the oocytes, other factors in the medium of IVM culture
and oocytes can be effective in the next steps of embryo
development.

Our second purpose was to compare gene expressions
related to EGA in human embryos generated from
immature and mature oocytes (matured in vivo and in
vitro, prior to exposure to sperm) recovered from women
undergoing gonadotrophin treatment for ART. Pluripotent
maintenance is considered to be among the most important
processes that can be altered during embryo culture.
Pluripotency is largely controlled by three genes: Oct4
(Pou5f1), Nanog and Sox2 (24). We assessed the EGA-
related genes, including POUSF1, CDHI, MYC (c-MYC)
and DPPA5 (9), in two groups. This is the first research
exploring the function of EGA-related genes pattern in
ART (embryo derived from oocytes matured in vitro).

In the previous investigations, embryonic development
was inhibited before reaching to the morula stage
due to prohibiting transcription with a-amanitin (34).
Development, under suboptimal in vitro conditions, will
not go beyond the stage where embryonic genome is
activated (35). Therefore, we proposed that ART could
profoundly impress the EGA pattern in the primary stage
of embryo development.

Previous studies showed while only about 50% of the
zygotes are able to progress into blastocyst stage, about
80% of in vitro-matured and in vitro-fertilized bovine
oocytes may reach high cleavage rates (36-39). This
highlights culture periods and conditions importance for
the production, viability and blastocysts quality. Several
bovine studies showed that in addition to the role of the
oocyte quality, the period of post-fertilization culture
conditions could have great influences on the gene
expression patterns responsible for the development of
embryo (16).

In this study, related genes to EGA process were
evaluated. POUSFI and DPPA5 are known to not only
be involved in the maintenance of embryonic stem
(ES) cell pluripotency, but also play a key role in the
embryos development. It was reported that POUSFI null
homozygous embryos are arrested by the implantation
time (40).

MYC is a regulator gene coding a transcription factor.
The multifunctional protein encoded by this gene is a
nuclear phosphoprotein, which has an important role in
progression of cell cycle and cellular transformation (41).
DPPAS5 is another gene playing role in the maintenance of
ES cell pluripotency. In this study, the POUSF 1, MYC and
DPPAS5 gene expressions showed a significant decrease
in vitro group in comparison with in vivo group embryos,
despite the normal morphology for these embryos). No
statistically significant difference was observed for
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embryo quality score in vitro group versus in vivo.

CDH1 gene expression was reduced in vitro compared
to in vivo, but no statistically significant difference was
observed between these two groups. This study showed
that IVM has a negative influence on the level of the
pluripotency as well as developmental and EGA-related
gene expressions, in the primary stages of human embryos
development. This decline in a critical developmental
gene expression can negatively affect the subsequent
development of embryos.

Various factors can be effective in gene expression and
IVM process, decreasing the introduced genes expression
through affecting important factors. Thus, perhaps the
reason for the low rate of pregnancy and implantation in
IVM process is the lack of critical developmental-related
genes during the IVM process, considering that typical
pregnancy rates with [IVM were determined to be 30-35%
per retrieval with 10-15% implantation rates (3).

Given the importance of these genes in embryonic
development, the influence of [VM process on expression
of such genes could not be ignored. RNAs and proteins
are accumulated in the oocyte cytoplasm during oocytes
growth phase, supporting the early phase of embryonic
development before the activation of embryonic genome
(42,43). During the growth of oocyte and folliculogenesis,
especially at the end of oocyte growth phase, the
embryonic genome could find an opportunity to activate,
due to the accumulation and subsequently degradation
of many maternal mRNA species (44). During zygotic
genome activation (ZGA), necessary amount of maternal
factors may play a significant role (45).

For synthesis and accumulation of maternal factors,
the process of oocytes maturation should be completed
including nuclear and cytoplasmic maturations. If these
agents activity change, the EGA process will be affected.
The quality of oocyte culture medium is one of the crucial
factors that can affect oocyte maturation and synthesis of
maternal factors during IVM processing (46). Therefore,
molecular markers play a key role in evaluating the
technical quality of [IVM through embryonic development
stages and our gene transcription knowledge. However,
further studies would be necessary to evaluate the exact
cause of reduced level of the introduced gene expressions
and the IVM process improvement, to minimize the
negative effects of [IVM and enhance the embryo growth.

Conclusion

It is widely accepted that maternal instructions greatly
affect the embryonic development primary stages,
which are fully loaded into the oocyte in the form of
mRNA and proteins. Eventually, this maternal program
controls the ZGA. This study showed that IVM process
has a negative influence on the fertilization and cleavage
rate as well as the pluripotency and developmental
gene expression levels (POUSFI, MYC and DPPA5) in
human preimplantation embryos. It can be deduced that
normal embryo morphology cannot be a suitable scale for
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successful development of embryo during preimplantation
stages. Therefore, further studies would be necessary to
examine the molecular level and improve culture media
for IVM.

Acknowledgments

The authors express their sincere appreciation to the
Shahid Beheshti University of Medical Sciences (Tehran,
Iran) for financial support. We would like to express our
gratitude to Dr. Fattaneh Farifteh for his assistance in the
collection of samples used in this study. Authors declare
that there is no conflict of interests.

Author’s Contributions

PD., M.Gh.N., M.S.; Contributed to conception
and design, all experimental work, data and statistical
analysis, and interpretation of data. R.M.F; Contributed
to interpretation of data. R.S.; Contributed to collecting
samples. M.Gh.N.; Was responsible for overall
supervision. P.D; Drafted the manuscript, which was
revised by M.Gh.N., M.S., RM.F., F.F.F. All authors read
and approved the final manuscript.

References

1. Trounson A, Wood C, Kausche A. In vitro maturation and the ferti-
lization and developmental competence of oocytes recovered from
untreated polycystic ovarian patients. Fertil Steril. 1994; 62(2):
353-362.

2. Chian RC, Gilbert L, Huang JY, Demirtas E, Holzer H, Benjamin A,
et al. Live birth after vitrification of in vitro matured human oocytes.
Fertil Steril. 2009; 91(2): 372-376.

3. Chian RC, Buckett WM, Tan SL. In-vitro maturation of human oo-
cytes. Reprod Biomed Online. 2004; 8(2): 148-166.

4. Chang EM, Song HS, Lee DR, Lee WS, Yoon TK. In vitro matura-
tion of human oocytes: Its role in infertility treatment and new pos-
sibilities. Clin Exp Reprod Med. 2014; 41(2): 41-46.

5. Badr H, Bongioni G, Abdoon AS, Kandil O, Puglisi R. Gene ex-
pression in the in vitro-produced preimplantation bovine embryos.
Zygote. 2007; 15(04): 355-367.

6. Tan SL, Child TJ. In-vitro maturation of oocytes from unstimulated
polycystic ovaries. Reprod Biomed Online. 2002; 4: 18-23.

7. Braude P, Bolton V, Moore S. Human gene expression first occurs
between the four-and eight-cell stages of preimplantation develop-
ment. Nature. 1988; 332(6163): 459-461.

8. Tesarik J, Kopecny V, Plachot M, Mandelbaum J. High-resolution
autoradiographic localization of DNA-containing sites and RNA
synthesis in developing nucleoli of human preimplantation embry-
0s: a new concept of embryonic nucleologenesis. Development.
1987; 101(4): 777-791.

9. GalanA, Montaner D, Poo ME, Valbuena D, Ruiz V, Aguilar C, et al.
Functional genomics of 5-to 8-cell stage human embryos by blas-
tomere single-cell cDNA analysis. PLoS One. 2010; 5(10): e13615.

10. Sakkas D, Percival G, D’Arcy Y, Sharif K, Afnan M. Assessment of
early cleaving in vitro fertilized human embryos at the 2-cell stage
before transfer improves embryo selection. Fertil Steril. 2001;
76(6): 1150-1156.

11. Wang SX. The past, present, and future of embryo selection in in
vitro fertilization: frontiers in reproduction conference. Yale J Biol
Med. 2011; 84(4): 487-490.

12. Wrenzycki C, Herrmann D, Keskintepe L, Martins A, Sirisathien S,
Brackett B, et al. Effects of culture system and protein supplemen-
tation on MRNA expression in pre-implantation bovine embryos.
Hum Reprod. 2001; 16(5): 893-901.

13. Rizos D, Lonergan P, Boland MP, Arroyo-Garcia R, Pintado B, de
La Fuente J, et al. Analysis of differential messenger RNA expres-
sion between bovine blastocysts produced in different culture sys-
tems: implications for blastocyst quality. Biol Reprod. 2002; 66(3):
589-595.

14. Wrenzycki C, Herrmann D, Carnwath JW, Niemann H. Expression

Cell J, Vol 20, No 1, Apr-Jun (Spring) 2018 96

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

of the gap junction gene connexin43 (Cx43) in preimplantation
bovine embryos derived in vitro or in vivo. J Reprod Fertil. 1996;
108(1): 17-24.

Lee KF, Chow JF, Xu JS, Chan ST, Ip SM, Yeung WS. A compara-
tive study of gene expression in murine embryos developed in vivo,
cultured in vitro, and cocultured with human oviductal cells using
messenger ribonucleic acid differential display. Biol Reprod. 2001;
64(3): 910-917.

Lonergan P, Rizos D, Gutiérrez-Adan A, Fair T, Boland MP. Effect
of culture environment on embryo quality and gene expression-
experience from animal studies. Reprod Biomed Online. 2003;
7(6): 657-663.

Corcoran D, Fair T, Park S, Rizos D, Patel OV, Smith GW, et al.
Suppressed expression of genes involved in transcription and
translation in in vitro compared with in vivo cultured bovine em-
bryos. Reproduction. 2006; 131(4): 651-660.

Warzych E, Wrenzycki C, Peippo J, Lechniak D. Maturation me-
dium supplements affect transcript level of apoptosis and cell sur-
vival related genes in bovine blastocysts produced in vitro. Mol
Reprod Dev. 2007; 74(3): 280-289.

Nowak-Imialek M, Wrenzycki C, Herrmann D, Lucas-Hahn A, La-
gutina |, Lemme E, et al. Messenger RNA expression patterns of
histone-associated genes in bovine preimplantation embryos de-
rived from different origins. Mol Reprod Dev. 2008; 75(5): 731-743.
Organization WH. WHO laboratory manual for the examination
and processing of human semen. 5" ed. Switzerland: WHO Press;
2010; 21-57.

Nasr-Esfahani MH, Salehi M, Razavi S, Mardani M, Bahramian H,
Steger K, et al. Effect of protamine-2 deficiency on ICSI outcome.
Reprod Biomed Online. 2004; 9(6): 652-528.

Sheikhi A, Jalali M, Gholamian M, Jafarzadeh A, Jannati S,
Mousavifar N. Elimination of apoptotic spermatozoa by magnetic-
activated cell sorting improves the fertilization rate of couples treat-
ed with ICSI procedure. Andrology. 2013; 1(6): 845-849.
Kuwayama M. Highly efficient vitrification for cryopreservation of
human oocytes and embryos: the Cryotop method. Theriogenol-
ogy. 2007; 67(1): 73-80.

Magnani L, Cabot RA. In vitro and in vivo derived porcine embryos
possess similar, but not identical, patterns of Oct4, Nanog, and
Sox2 mRNA expression during cleavage development. Mol Reprod
Dev. 2008; 75(12): 1726-1735.

Dehghani-Mohammadabadi M, Salehi M, Farifteh F, Nematollahi S,
Arefian E, Hajjarizadeh A, et al. Melatonin modulates the expression
of BCL-xI and improve the development of vitrified embryos obtained
by IVF in mice. J Assist Reprod Genet. 2014; 31(4): 453-461.
Haghpanah T, Salehi M, Ghaffari Novin M, Masteri Farahani R,
Fadaei-Fathabadi F, Dehghani-Mohammadabadi M, et al. Does
sperm DNA fragmentation affect the developmental potential and
the incidence of apoptosis following blastomere biopsy? Syst Biol
Reprod Med. 2016; 62(1): 1-10.

Kim BK, Lee SC, Kim KJ, Han CH, Kim JH. In vitro maturation, fer-
tilization, and development of human germinal vesicle oocytes col-
lected from stimulated cycles. Fertil Steril. 2000; 74(6): 1153-1158.
Reichman DE, Politch J, Ginsburg ES, Racowsky C. Extended in
vitro maturation of immature oocytes from stimulated cycles: an
analysis of fertilization potential, embryo development, and repro-
ductive outcomes. J Assist Reprod Genet. 2010; 27(7): 347-356.
Bos-Mikich A, Ferreira M, Héher M, Frantz G, Oliveira N, Dutra CG,
et al. Fertilization outcome, embryo development and birth after
unstimulated IVM. J Assist Reprod Genet. 2011; 28(2): 107-110.
Yoon HG, Yoon SH, Son WY, Lee SW, Park SP, Im KS, et al. Clini-
cal assisted reproduction: pregnancies resulting from in vitro ma-
tured oocytes collected from women with regular menstrual cycle.
J Assist Reprod Genet. 2001; 18(6): 325-329.

Escrich L, Grau N, Mercader A, Rubio C, Pellicer A, Escriba MJ.
Spontaneous in vitro maturation and artificial activation of human
germinal vesicle oocytes recovered from stimulated cycles. J As-
sist Reprod Genet. 2011; 28(2):111-117.

Gardner DK, Sheehan CB, Rienzi L, Katz-Jaffe M, Larman MG.
Analysis of oocyte physiology to improve cryopreservation proce-
dures. Theriogenology. 2007; 67(1): 64-72.

Swain JE, Pool TB. ART failure: oocyte contributions to unsuccess-
ful fertilization. Hum Reprod Update. 2008; 14(5): 431-446.

Hoffert KA, Anderson GB, Wildt DE, Roth TL. Transition from ma-
ternal to embryonic control of development in IVM/IVF domestic cat
embryos. Mol Reprod Dev. 1997; 48(2): 208-215.

Herrick JR, Bond JB, Magarey GM, Bateman HL, Krisher RL, Dun-
ford SA, et al. Toward a feline-optimized culture medium: impact of



36.

37.

38.

39.

40.

ions, carbohydrates, essential amino acids, vitamins, and serum
on development and metabolism of in vitro fertilization-derived fe-
line embryos relative to embryos grown in vivo. Biol Reprod. 2007;
76(5): 858-870.

Lonergan P, Monaghan P, Rizos D, Boland MP, Gordon I. Effect
of follicle size on bovine oocyte quality and developmental com-
petence following maturation, fertilization, and culture in vitro. Mol
Reprod Dev. 1994; 37(1): 48-53.

Boni R, Tosti E, Roviello S, Dale B. Intercellular communication in
in vivo-and in vitro-produced bovine embryos. Biol Reprod. 1999;
61(4): 1050-1055.

Dieleman SJ, Hendriksen PJ, Viuff D, Thomsen PD, Hyttel P, Knijn
H, et al. Effects of in vivo prematuration and in vivo final matura-
tion on developmental capacity and quality of pre-implantation em-
bryos. Theriogenology. 2002; 57(1): 5-20.

Lequarré AS, Marchandise J, Moreau B, Massip A, Donnay I. Cell
cycle duration at the time of maternal zygotic transition for in vitro
produced bovine embryos: effect of oxygen tension and transcrip-
tion inhibition. Biol Reprod. 2003; 69(5): 1707-1713.

Kehler J, Tolkunova E, Koschorz B, Pesce M, Gentile L, Boiani M,
et al. Oct4 is required for primordial germ cell survival. EMBO Rep.

41.

42.

43.

44,

45.

46.

Dorfeshan et al.

2004; 5(11): 1078-1083.

Li GQ, Guo WZ, Zhang Y, Seng JJ, Zhang HP, Ma XX, et al. Sup-
pression of BRD4 inhibits human hepatocellular carcinoma by re-
pressing MYC and enhancing BIM expression. Oncotarget. 2016;
7(3): 2462-2474.

De Sousa PA, Caveney A, Westhusin ME, Watson AJ. Temporal
patterns of embryonic gene expression and their dependence on
oogenetic factors. Theriogenology. 1998; 49(1): 115-128.

De La Fuente R, Eppig JJ. Transcriptional activity of the mouse
oocyte genome: companion granulosa cells modulate transcription
and chromatin remodeling. Dev Biol. 2001; 229(1): 224-236.
Wassarman PM, Letourneau GE. RNA synthesis in fully-grown
mouse oocytes. Nature. 1976; 261:73 -74.

Lee MT, Bonneau AR, Giraldez AJ. Zygotic genome activation
during the maternal-to-zygotic transition. Annu Rev Cell Dev Biol.
2014; 30: 581-613.

Rajabpour-Niknam M, Totonchi M, Shahhosseini M, Farrokhi A,
Alipour H, Eftekhari-Yazdi P. Quantitative expression of develop-
mental genes, Pou5f1 (Oct4) and Mest (Peg1), in vitrified mouse
embryos. Iran J Reprod Med. 2013; 11(9): 733-740.

Cell J, Vol 20, No 1, Apr-Jun (Spring) 2018 97



