High aneuploidy rate among 3PN embryos was not associated
with sperm parameters in IVF patients
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ABSTRACT
Background: The high incidence of aneuploidy observed in pre implantation embryos is one of the most significant factors affecting the
clinical outcomes in assisted reproduction. The aim of this study was to evaluate the association between sperm factors including
motility, concentration and morphology with the frequencies of aneuploidy embryos in IVF patients. Methods: The design of this study
was cross-sectional. Thirty-five embryos were collected from12 women who underwent IVF in Dr. Ciptomangunkusumo General
Hospital, Jakarta. Embryos were cultured until blastocyst stage, then trophectoderm biopsy was performed by piercing the zona
pellucida under the microscope with a laser. Numerical abnormalities chromosome was analyzed using Next Generation Sequencing
(NGS) and Comparative Genomic Hybridization (CGH). Statistical Package for Social Science (SPP) version 22.0 was used for
statistical analysis. Two-tailed p value less than 0.05 was considered as significant. Results: There was a significant difference in
females’ age, rFSH total, mean length of stimulation, females’ weight and body mass index (BMI) among the patients (p<0.01), as well
as sperm volume, total motile sperm, sperm concentration and normal sperm morphology (p<0.05). The high frequency of
aneuploidy was also found among 3PN embryos (74.3%). However, this result was not related to sperm parameters including sperm
volume (p=0.424), total motile sperm (p=0.342), sperm concentration (p=0.239), and normal sperm morphology (p=0.342).
Conclusion: These results suggested that sperm factors were not associated with the aneuploidy rate in 3PN embryos.
Keywords: Chromosome, embryo development, embryo morphology, NGS, sperm factors.

Introduction
Aneuploidy is a common chromosome abnormality at later
development stages affecting approximately 4-5% of all clinical
pregnancies, and the vast majority of which end in early
miscarriage [1]. Aneuploidy is caused by abnormal chromosome
segregation during the meiosis phase by deleting or including
an extra copy of chromosome, and its occurrence is related to
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both female and male gametes [2]. It has been believed that one
of the most significant factors affecting the clinical outcome in
assisted reproductive technology (ART) is the high incidence
of aneuploidy observed in pre implantation embryos. Many
studies have shown that paternal factors might be contributed
to repeated ART failures [3]. However, the association between
sperm parameters and aneuploidy embryos remains poorly
understood.
The recent development of ART has also permitted in vitro
fertilization (IVF) for many men with sperm chromatin
anomalies and sub fertile sperm. The generation of aneuploidy
gametes during spermatogenesis and patients’ severe sperm
defects resulted from OAT or nonobstructive azoospermia
may result in a higher percentage of mitotic abnormalities and
poor quality of embryos [4]. It has been shown that a negative
effect on ART procedure outcome is affected by a high
percentage of spermatozoa with chromatin structure
alterations [5].
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Tripronuclear (3PN) embryo is the most common fertilization
anomaly in the human. 3PN embryo is caused by two ways of
formation, the combination of two sperms and one maternal
gamete, or the combination of two maternal gametes and one
sperm [6]. As just one sperm is injected into each oocyte,
Polyspermy should not take place in intracytoplasmic sperm
injection (ICSI) [7]. Because of the failure in the second meiotic
division and retention of the second polar body, the
occurrence of 3PN embryos from the ICSI treatment have
been considered to be digynic [8]. 3PN embryos are contributed
to be of high risk for an abnormal pregnancy because of their
very complicated chromosomal constitution.
This study aimed to determine the association between sperm
parameters including sperm volume, total motile sperm,
sperm concentration and normal sperm morphology with the
frequency of aneuploidy embryos in IVF patients.

Materials and Methods
Study Design
This was a retrospective nonrandomized study conducted on
35 embryos enrolled from 12 IVF patients. The procedures
were done at Yasmin Clinic, Dr. Ciptomangunkusumo
General Hospital and Faculty of Medicine, Universitas
Indonesia Laboratory between January and October 2018 after
receiving the written informed consent from all patients and
their partners for being included in the study. All procedures
were approved by Ethics Committee of Faculty of Medicine,
Universitas Indonesia.

procedures in NGS were
manufacturer’s protocol.

performed

following

the

Statistical Analysis
The data were analyzed using the SPSS 22.0. The initial
analysis was simply to measure the characteristics of biopsy
samples. Statistical significance for parametric data was
assessed by using Independence Sample T-test, and the MannWhitney U test was used for non-parametric data. Chi-square
test or Fisher exact test, as appropriate, was used to determine
the differences between the proportions of variables. Twotailed p value less than 0.05 was considered as significant.

Results
This study enrolled 12 patients (mean age 32.42 years, SD
3.96) undergoing PGS. A total of 3PN embryos at the cleavage
stage was biopsied and analyzed for aneuploidy using pre PGS
method. Figure 1 shows the result of NGS technology. The
following bioinformatics analysis was performed using
BlueFuse Multi software for NGS. Each NGS graph indicates
the copy number assessment on the y-axis and the
chromosome number on the x-axis.

Fertilization and Embryo Culture
ICSI was performed using the oocytes at metaphase II to
recovered oocytes which were injected following the routine
procedures, and were assessed for their maturity. 3PN
embryos were evaluated using an inverted microscope for 1620 hours after ICSI, indicated by three pronuclear. Then, these
embryos were cultured in ISM medium 1 until afternoon on
the day 2. This procedure followed by 3PN embryos were
transferred to blast assist medium until the day 5. The degree
of fragmentation, symmetry, and grading was simultaneously
evaluated along with embryo culture.

(a)

Embryo Biopsy
On the fifth day after ICSI, trophectoderm biopsy was
performed by piercing the zona pellucida under the
microscope with a laser (Octax). TE biopsied cells were placed
into transfer medium (PBS 1% PVP) for PGS procedure.

Next

Generation

Sequencing

(NGS)
(b)

Technology
The NGS procedure was performed using Veriseq PGS
workflow (Illumina, Inc). Meanwhile, Nextera XT 96-Index
Kit (Illumina, Inc) was used for DNA indexing in order to
simultaneously analyze embryos from all patients. All the
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evaluated based on the degree of fragmentation and symmetry.
In addition, embryos were graded according to the scoring
system. This study showed that about 54.2% embryos were
detected to have no fragmentation, 51.4% embryos had even
symmetry, and 51.4% of embryos were grade 2 (Table 2).
Table 2. Distribution of 3PN embryos characteristics
Value
n (%)

Variables
Degree of fragmentation

19 (54.2%)

No fragmentation

(c)

Figure 1. The results of NGS-based aneuploidy detection.
Gains and losses were defined as a shift of the dots above and
below the copy number state of 2.5 or 1.5; respectively, and
detected as horizontal green bars. (a) Embryo showing no
chromosome abnormalities was detected (euploidy). (b)
Embryo showing aneuploidy for chromosome 16 (monosomy
16). (c) Embryo showing aneuploidy for chromosome 14
(trisomy 14). This figure was created by the authors.
The distribution of cycle-specific parameters has been
described in Table 1. There was a significant difference in
females’ age, rFSH total, mean length of stimulation, females’
weight and body mass index (BMI) among the patients
(p<0.01). This results also showed that there was a significant
difference in sperm volume, total motile sperm, sperm
concentration and normal sperm morphology (p<0.05).

n=12
32.42 ± 3.96a

Female’s age (y)
rFSH total (IU)

2541.67 ± 770.06a

Mean length of stimulation (d)

12.08 ± 2.15a

Weight (kg)

60.83 ± 9.60a

Height (m)

1.58 (1.52-1.65)b

Body mass index (kg/m )

24.34 ± 3.92a

Sperm volume (ml)

3.33 ± 1.09a

2

Total motile sperm (%)
Sperm concentration (ml)
Normal sperm morphology (%)

2.95E+07 (9.2E+06-1.3E+08)b
58.57 ± 24.02a
9 (0-40)b

Notes:
a
Data is normally distributed therefore value is presented in mean and
standard deviation
b
Data is not normally distributed therefore value is presented in median
(min. – max.)

Thirty-five of 3PN embryos at cleavage stage from 12 patients
were analyzed with the general characteristics presented in
Table 2. A total of 74.3% (26 of 35) of the samples showed
aneuploidy, 25.7% (9 of 35) embryos were euploidy, 54.3%
(19 of 35) of embryos contained trisomy chromosome,
meanwhile 57.1% (20 of 35) of embryos were monosomy
(Table 2). The morphological criteria of 3PN embryos were

3 (8.6%)

Fragmentation

1 (2.9%)

Excess fragmentation
Symmetry

18 (51.4%)

Even

17 (48.6%)

Uneven
Grading

12 (34.3%)

1

18 (51.4%)

2

5 (14.3%)

3
Chromosomal abnormalities
Aneuploidy

26 (74.3%)
9 (25.7%)

Euploidy
Trisomy

20 (57.1%)

Yes

15 (42.9%)

No
Monosomy

19 (54.3%)

Yes

Table 1. General characteristics of IVF patients with 3PN
embryos
Variables

12 (34.3%)

Small fragmentation

16 (45.7%)

No
This table was created by the authors.

Furthermore, in this study, the association between sperm
factor and aneuploidy of 3PN embryos was also evaluated using
independent samples T-test. However, there was no significant
association of sperm parameters including sperm volume
(p=0.424), total motile sperm (p=0.342), sperm
concentration (p=0.239), and normal sperm morphology
(p=0.342) with aneuploidy of 3PN embryos (Table 3).
Table 3. The association between sperm parameters with
aneuploidy rate of 3PN embryo
Aneuploidy
(n=26)
3.16 ± 0.8

p
value

Sperm volume (ml)

Euploidy
(n=9)
3.47 ± 1.14

Total motile sperm (%)

63.27 ± 1.14

52.66 ± 26.70

0.342

Sperm concentration (107/ml)

4.28 ± 3.68

5.88 ± 4.25

0.239

Normal sperm morphology (%)

13.65 ± 2.34

19.67 ± 5.42

0.342

Parameter

0.424

Independent Samples T-test
This table was created by the authors.

Chi-square analysis was performed to study the association
between aneuploidy rate of 3PN embryos and the degree of
fragmentation, symmetry, and grading. However, on analysis,
it was found that there was no association among these
variables (Table 4).
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Table 4. The chromosomal status of 3PN embryos in
association with the degree of fragmentation, symmetry,
and grading
Variables
Degree of fragmentation

Euploidy (%)
n=9

Aneuploidy (%)
p
n=26
value

No fragmentation

4

15

Small fragmentation

4

8

Fragmentation

1

2

Excess fragmentation

0

1

Even

5

13

Uneven

4

13

1

3

9

2

6

12

3

0

5

0.741

Symmetry
0.774

Grading
0.320

Chi-square test
This table was created by the authors.

Discussion
Fertilization of an oocyte by sperm, followed by fusion of each
pronuclear, formed two pronuclear, in general, and then
cleavages to blastomere stage. However, in IVF process, it has
been observed that there might be an aberrant number of
pronuclear such as 3PN [9]. Triploidy was found approximately
in 4%-7% of IVF and 6% of ICSI zygotes [10]. Aneuploidy was
found in the majority of 3PN embryos. 3PN embryos were
commonly discarded in routine IVF practice because they have
been well known to be genetically abnormal. Despite this
general belief, some studies that examined the chromosomal
composition of 3PN embryos indicated that various amounts of
them were found to be diploid [11]. PGD has been one of the
several techniques that has been applied for embryo selection
developed in IVF, especially to select genetically normal
embryo to transfer to the one with the highest implantation
potential [12]. This study demonstrated the high frequency of
aneuploidy among 3PN embryos (74.3%) compared to
euploidy (25.7%).
Since aneuploidy is responsible for pregnancy failure, current
studies have been developed to identify the effect of severe
sperm parameters’ impairment with aneuploidy [13]. However,
this study found that no significant association was observed
between aneuploidy in 3PN embryos and sperm parameters
including sperm volume, total motile sperm, sperm
concentration, and normal sperm morphology. In accordance
with these findings, previously conducted studies from infertile
men have uncovered an increased frequency of aneuploidy
sperm, particularly in patients with abnormal semen
parameters [14]. It has been stated that pregnancy outcome after
ICSI procedure is also affected by sperm abnormalities
including the injection of sperm carrying a chromosomal
anomaly, male gamete structural defect, anomalies of sperm
activating factors, and potential for incorporating sperm
mitochondrial DNA [15].
36

It has not yet been confirmed the exact reasons of 3PN
fertilization. Some previous studies have demonstrated that the
incidence of 3PN embryos in IVF program is a result of severe
sperm abnormalities [7]. On the other hand, some studies
believed that the extra pronuclear in 3PN embryos is most
likely of maternal origin, since only one spermatozoon is
injected into the oocyte at ICSI fertilization [16]. In addition, the
formation of 3PN embryo is associated with ovarian
stimulation prior to IVF program, as well as the lengthy
stimulation. The findings of this study showed that there was a
significant difference in females’ age, recombinant FSH total
dose, mean length of stimulation, females’ weight and body
mass index (BMI) among the patients. A previous study
showed that the oocytes from reproductively older patients
displayed a highly significant increase in the incidence of
aneuploidy [1]. In contrast to this, a study conducted by
Brancati et al. demonstrated that the increased maternal age is
not a risk factor of aneuploidy [16].
3PN embryo formation has been clarified for two main
features, no extrusion of second polar body and dispermic
fertilization [17]. Since, in this study, the ICSI technique was
used in which only one spermatozoa was injected to oocyte,
dispermic fertilization could be rule out. Therefore, the only
possible explanation for this 3PN embryo formation was no
extrusion of the second polar body. It has been known that
3PN embryo is associated with spontaneous miscarriage after
the implantation. For this reason, recognizing 3PN embryo
formation in the early period is crucial for preventing the
transfer of the embryo that develops from 3PN oocytes during
IVF program [14].

Conclusion
In conclusion, the findings of this study suggested that sperm
parameters did not play a role in increasing the high rate of
aneuploidy in 3PN embryo. Therefore, the incidence of
aneuploidy in 3PN embryos was assumed most likely of
maternal origin.
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