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Abstract

Purpose To analyze the cleavage patterns in dipronuclear
(2PN) and tripronuclear (3PN) embryos in relation to fertili-
zation method.

Method Time-lapse analysis.

Results Compared to 2PN, more 3PN IVF embryos displayed
early cleavage into 3 cells (p<0.001), displayed longer duration
of the 3-cell stage (p<0.001), and arrested development from
the compaction stage and onwards (p<0.001). For the IVF

Capsule Tripronuclear embryos display early cleavage into three cells more
often than dipronuclear embryos, and tripronuclear IVF embryos display
early cleavage into three cells more often than tripronuclear ICSI embryos.
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embryos, the 2nd and 3rd cleavage cycles were completed
within the expected time frame. However, timing of the cell
divisions within the cleavage cycles differed between the two
groups. In contrast, the completion of the 1st, 2nd, and 3rd
cleavage cycle was delayed, but with a similar division pattern
for 3PN ICSI compared with the 2PN ICSI embryos. 3PN,
more often than 2PN ICSI embryos, displayed early cleavage
into 3 cells (p=0.03) and arrested development from the com-
paction stage and onwards (p=0.001). More 3PN IVF than
ICSI embryos displayed early cleavage into 3 cells (p<0.001).
Conclusions This study reports differences in cleavage pat-
terns between 2PN and 3PN embryos and for the first time
demonstrates differences in the cleavage pattern between 3PN
IVF and ICSI embryos.

Keywords Cell division - Embryo - Humans - Triploidy -
Time-lapse

Introduction

Triploidy may originate from either digynic or diandric fertil-
izations [1-3]. Triploidy is estimated to be present in 1-2 % of
pregnancies, which makes it one of the most common chromo-
some abnormalities in human gestation. Triploid pregnancies
nearly always result in early spontaneous abortion and account
for 10 % of these [4]. Occasionally, the triploid pregnancy
however persists with very diverse but always pathological
phenotypes in the form of hydatidiform mole, abnormal fetus
that die in utero, or, rarely, a live born infant surviving only
shortly [5].

Triploidy is also found in vitro during the course of fertility
treatment and occurs in 4-7 % of IVF inseminated embryos
[2,6,7] and in 6 % of ICSI embryos [2]. The vast majority of
triploid embryos can be recognized at the zygotic stage by the
appearance of 3 pronuclei (PN) instead of the normal 2.
Otherwise, 3PN and 2PN embryos have the same
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morphological appearance [8]. Diandric triploids are estimat-
ed to account for approximately 80 % of 3PN IVF inseminat-
ed embryos [9] and over 80 % of these are due to dispermy [3].
The vast majority of 3PN embryos from the ICSI treatment are
estimated to be digynic due to failure in the second meiotic
division and non-extrusion of the second polar body [1,2].

Previous analyses of the cleavage patterns in 3PN IVF and
ICSI embryos have focused on the chromosomal contents
rather than the dynamics and timing of various cell cycle
events [2,8,10—-14]. An abnormal 1st cleavage in 3PN embry-
os has been described by observing 10 cases [15]. In 3PN IVF
embryos, 2 pairs of centrioles are present in over 80 % of the
cases compared with 3PN ICSI embryos where only one pair
of centrioles is found [16,17]. As the first mitotic division is
controlled by the paternally inherited centriole [16,17], we
hypothesize that there are differences in the cleavage pattern
of 3PN IVF and 3PN ICSI embryos.

The aim of the present study was therefore to compare the
timing of cell-cycle completions and cleavage patterns of 3PN
IVE, 3PN ICSI, 2PN IVF, and 2PN ICSI embryos using time-
lapse monitoring.

Material and methods
Participants

Between February 2010 and September 2012, all patients
undergoing treatment at the Fertility Clinic, Aarhus University
Hospital were asked for permission to include their 3PN
embryos in the study. All patients consented to time-lapse
monitoring and culturing of the embryos in the
EmbryoScope®. The 2PN group consisted of 2PN embryos
from women, where no 3PN embryos were observed in the
treatment cycle in which they were recruited. The 3PN group
consisted of 3PN embryos from women where one or more
3PN embryos were observed in the treatment cycle in which
they were recruited. In the 2PN group, all 2PN embryos
completing the 1st cleavage were evaluated. In the 3PN group,
only the 3PN embryos were annotated and evaluated.

Ethical approval

Written informed consent was obtained from all participants
before inclusion. The Regional Committees on Biomedical
Research Ethics in Southern Denmark, the Central Region of
Denmark, and the Danish Data Protection Agency approved
the study.

In vitro fertilization and embryo culture

Ovarian stimulation and oocyte retrieval were performed ac-
cording to standard procedures as previously described [18].
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Following retrieval, oocytes were fertilized using convention-
al IVF or ICSI procedures according to treatment indications.
Immediately after injection, ICSI fertilized embryos were
placed in individual wells (EmbryoSlide®, Unisense
FertiliTech, Aarhus, Denmark) in a tri-gas time-lapse incuba-
tor (EmbryoScope®, Unisense FertiliTech, Aarhus, Denmark)
[18]. IVF fertilized embryos were cultured for 18 h in a
conventional incubator under oil at 37 °C, 20 % O,, and
6 % CO,, followed by transfer to EmbryoSlides™ for further
culturing in the time-lapse incubator. In the time-lapse incu-
bator, IVF and ICSI embryos were cultured under oil at 37 °C,
5 % O, and 6 % CO,, except for 21 3PN IVF embryos that
were cultured at 37 °C, 20 % O, and 6 % CO, exclusively. All
embryos were cultured in a sequential culture medium (Syd-
ney IVF Fertilization/Cleavage/Blastocyst Medium, COOK®,
Sydney, Australia). Embryos were cultured until day 5 or
6. The media were changed in the morning of day 3 and
5. Twenty-nine 3PN embryos were excluded from the
analysis of developmental arrest since they were removed
from the incubator at random time-points before 115 h of
culture.

Time-lapse monitoring and annotation

Images were automatically recorded every 20 min. in seven
planes (15 um intervals, 1280x 1024 pixels, 3 pixels per pm,
monochrome, 8-bit<0.5 s per image, using single 1 W red
LED). For ICSI embryos, the time of fertilization (T0) was
defined as the time of injecting the sperm into the oocyte. For
IVF embryos, TO was defined as the time of adding the sperm
to the dish. Time-points (hours after fertilization) were record-
ed for key events such as cellular divisions and blastocyst
kinetics. Embryos were all annotated manually in the time-
lapse system by the same observer according to definitions
previously described [19]. Intra- and inter-observer variations
were evaluated in a separate study [20].

The time-point of cellular division was defined as the first
time-point when two daughter cells were completely separat-
ed by a cytoplasmic membrane, i.e. time of 1st division was
annotated as the time of the first image where two separate
cells were observed, time of 2nd division as the time of the
first image where three separate cells were observed, and so
forth. If more than one division occurred in the interval
between image recordings, those particular divisions were
annotated with the same time-point. The time-point of com-
paction was recorded as the time of the first image where
blurred boundaries of at least two cells were observed. The
time-point of the early blastocyst was recorded as the time of
the first image where a blastocoel was visible and the time-
point of full blastocyst as the time of the first image where the
blastocoel filled out the embryo, just prior to expansion.

The 1st cytokinesis was categorized as aberrant if one or
more of the following features were observed: A unipolar
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cleavage furrow, membrane ruftling, and/or multiple cleavage
furrows [15]. The 1st cytokinesis was categorized as
prolonged if the duration was over half an hour. Duration
(hours) of events such as the 1st cytokinesis, the cellular
stages, and the cleavage cycles were calculated.

Cleavage from 1 to 3 cells and from 3 to 5 cells was defined
by duration of the 2-cell stage and 4-cell stage, respectively.
Early cleavage was defined arbitrary as a duration of 2-cell
stage or 4-cell stage <1 h. A cleavage cycle refers to the cluster
of developmentally consistent mitotic divisions, where the cell
number is doubled [15,21,22]. The first three cleavage cycles
yield a 2-cell embryo (1st cleavage cycle), a 4-cell embryo
(2nd cleavage cycle) and an 8-cell embryo (3rd cleavage
cycle), respectively. Embryos in which one or more of the
blastomeres showed no further cleavage were categorized
according to the number of cell cycles observed in the healthy
blastomeres (i.e., an embryo with only 6 blastomeres, where 2
blastomeres had arrested development, would be defined as
having completed the third cleavage cycle). Time-points refer
to the time where an image was recorded and are reported as
hours after fertilization (T0).

Statistical Analyses

Wilcoxon rank-sum test was used to test the hypothesis of no
difference between timing of events in the 3PN embryos and
the control embryos. The estimates are reported as medians
with interquartile ranges. For categorical data, Fisher’s exact
test was used to test the hypothesis of no difference between
the two groups. All analyses were performed with STATA for
Mac, version 11.0 (StataCorp, USA). Two-sided p-values less
than 0.05 were considered significant. Figures were created
using Graph Pad version 5.01 (graphpad.com).

Results

Fifty-five (n=55) patients contributed with 78 (57 IVF and 21
ICSI) 3PN embryos to the 3PN group. The control group
consisted of 764 (224 IVF and 540 ICSI) 2PN embryos from
121 patients. There was no significant difference between the
age distributions in the two groups.

The division pattern was altered for both IVF and ICSI 3PN
embryos compared with control embryos. Furthermore, the
alterations in timing of development differed between 3PN
IVF and ICSI embryos, which will therefore be described
separately.

IVF fertilized embryos
A significantly higher proportion of the 3PN IVF embryos

displayed a prolonged and aberrant 1st cytokinesis compared
with 2PN IVF embryos (p<0.001 and p=0.02) (Table 1).

More 3PN IVF than 2PN IVF embryos displayed early cleav-
age to the 3-cell stage (p<0.001) and had a longer duration of
the 3-cell stage (3PN: 11.3 (0.6;12.6) hours and 2PN 0.7
(0.3;1.7) hours, median (interquartile range)) p<0.001). The
2nd and 3rd cleavage cycles (4-cell stage and 7/8-cell stage,
respectively; Table 1) were completed within the expected
time frame. However, timing of the cell divisions within the
cleavage cycles differed between the two groups as 3PN
embryos completed the 3-, 5, and 6-cell stage at significantly
earlier time-points than 2PN embryos (Table 1). The differ-
ences between timing and duration of the cell stages between
the two groups are illustrated in Fig. 1. There was a higher but
non-significant difference in the proportion of 3PN IVF em-
bryos showing multinucleation at the 2-cell stage compared
with 2PN IVF embryos (p=0.06) (Table 1). The proportion of
embryos that arrested development at the compaction stage or
later were significantly higher in the 3PN IVF group com-
pared with the 2PN IVF group. During the 1st cleavage cycle,
however, no significant differences in the proportions of em-
bryos with arrested development were seen between the two
groups (Fig. 2).

See Online Resource 1 for an example of time-lapse imag-
ining of 1st division with early cleavage to 3-cells.

ICSI fertilized embryos

In contrast to the 3PN IVF embryos, the majority of 3PN ICSI
embryos displayed a normal 1st cytokinesis. No difference
was observed between the proportions 2PN and 3PN ICSI
embryos where the 1st cytokinesis was aberrant or prolonged.
3PN ICSI embryos were more often than the 2PN ICSI control
embryos observed to cleave early from 1 to 3 cells (p=0.03)
(Table 1); whereas, in contrast to the 3PN IVF embryos, there
was no significant difference in duration of the 3-cell stage
between the 3PN and 2PN ICSI embryos ((3PN: 0.6
(0.0;2.6) hours and 2PN 0.7 (0.3;2.0) hours, median
(interquartile range)) p=0.98). The completions of the
Ist, 2nd, and 3rd cleavage cycles were delayed compared
with control 2PN embryos (Fig. 1 and Table 1), but 3PN
ICSI had a division pattern similar to 2PN ICSI, as all
the cell divisions within the cleavage cycle were delayed
(Fig. 1). Multi-nucleation at the 2-cell stage was ob-
served significantly more often in 3PN ICSI embryos
compared with 2PN ISCI embryos (Table 1). Similarly
to the 3PN IVF embryos, a significantly higher propor-
tion of 3PN ICSI embryos arrested development before
the blastocyst stage compared to control 2PN ICSI em-
bryos (p=0.001) (Fig. 2).

Comparing the proportion of early cleavage to 3 cells
between IVF and ICSI embryos directly, significantly more
3PN IVF embryos cleaved early to 3 cells compared to 3PN
ICSI embryos (40/54 vs. 5/20, p<0.001).
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Table 1 Cleavage characteristics (A) and time-points for cleavage events (B) in 3PN and 2PN embryos

IVF ICSI
A* 3PN 2PN p-value 3PN 2PN p-value
Ncases/Nanalyzed (%) Ncases/Nanalyzed (%) Ncases/Nanalyzed (%) Ncases/Nanalyzed (%)
Aberrant 1st cytokinesis 34/55 (62) 28/184 (15) <0.001 7/20 (35) 100/515 (19) 0.09
Ist cytokinesis, >30 min 20/55 (36) 29/186 (16) 0.002  3/21(14) 80/477 (17) 1.0
(Prolonged 1st cytokinesis)
Cleavage 1 to 3 cells <1 h 40/54 (74) 16/183 (9) <0.001 5/20 (25) 41/464 (9) 0.03
(Early cleavage to 3 cells)
Cleavage 3 to 5 cells <1 h 28/45 (62) 18/181 (10) <0.001 2/18 (11) 49/430 (11) 1.0
(Early cleavage to 5 cells)
Multi-nucleation at the 2-cell ~ 4/17 (24) 17/208 (8) 0.06 5/16 (31) 59/499 (12) 0.04
stage”.
B** 3PN 2PN p-value 3PN 2PN p-value®
N Time-pointhours® N Time—pobint/ N Time-point/hours® N Time-point/hours®
hours

2-cell stage (1st division/1st 55
cleavage cycle)
3-cell stage (2nd division) 55

4-cell stage (3rd division/2nd 51
cleavage cycle)/hours.
5-cell stage (4th division) 45 43.4(39.3;484) 192

6-cell stage (Sth division) 43 47.5(404;579) 181

7/8-cell stage (6th/7th division/ 29 56.9 (50.0;63.5) 165
3rd cleavage cycle)

31.2(27.2,39.0) 199
39.9(37.2;442) 192

29.3(26.7;31.8) 189 28.2(25.9;31.3) 0.05 21

52.1 (47.8;56.9) <0.001 18 54.9 (47.7;61.5) 431
53.4(50.0;58.3) <0.001 16 57.0(51.1;72.1) 408
58.1(53.5;65.6) 0.14 13

28.8(26.8;30.2) 479 26.9(24.3;29.7)  0.02

38.6 (35.6;42.2) <0.001 20 39.6(359;42.3) 476 37.0(34.1;40.8) 0.13
39.8 (36.9;44.3) 0.87 20 41.8(39.2;45.8) 468

38.8(35.5;42.8)  0.01

50.0 (45.2;55.5)  0.06
52.2(47.2;57.5)  0.01

65.3 (60.6;72.7) 352 55.0(50.7;61.0)  0.003

TO was defined as time of adding sperm to the dish for IVF embryos and time of injection for ICSI embryos. IVF and ICSI time-points are therefore not
entirely comparable. Neqge refers to number of embryos where the event was observed. Nynaiyzeq refers to the number of embryos that was evaluated.
Nanalyzed became smaller with time as some embryos arrested development in almost each cell cycle

A*. The hypotheses of no difference between the fractions for 3 PN and 2 PN embryos were tested with Fishers exact test. a: Embryos with early cleavage
from 1 to 3 cells (njyr=56 an nycg;=46) were not included in this evaluation

B**. b: Time-points are reported as medians with quartiles. c: The hypotheses of no difference between the median time-points for 3PN and 2 PN
embryos were tested with Wilcoxon rank sum test. The time points for completion of 6th and 7th divisions were grouped together, as these divisions were

often difficult to distinguish

Discussion

Embryo development has traditionally been evaluated at dis-
crete time-points with long intervals between the observa-
tions, which limits the information obtained. The principle
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Fig. 1 The differences between timing and duration of the cell stages for
3PN IVF (a) and 3PN ICSI (b) compared to their respective 2PN controls.
Time-points are reported as medians marked with interquartile range.
Wilcoxon rank-sum test was used to test the hypothesis of no difference
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of time-lapse is that images are recorded automatically with a
fixed time-interval between the image acquisitions. Therefore,
using time-lapse instruments, the monitoring is not entirely
continuous, as continuous light exposure is harmful to the
embryos [23]. Hence, when studying development in human
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between timing of events in the 3PN embryos and the control embryos.
Significant differences (p<0.05) between 3 PN embryos and the 2 PN
embryos are marked with an asterisk
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embryos, the only option of uninterrupted semi-continuous
monitoring is time-lapse imagining.

In the present study, we studied embryos with early cleav-
age from 1 to 3 cells, arbitrarily defined as when the duration
of a possible 2 cell-stage was less than 1 h. It can be argued
that this assumption is reasonable, since it is unlikely that any
DNA and centriole replication [24] could take place within
this hour. Furthermore the duration of the first cytokinesis in
2PN embryos is only 14.3+6.0 min, and the interval between
the end of the first mitosis and the initiation of the second
(hence the timeframe where DNA and centriole replication
occur) is 11.1+2.2 h[15].

Using the surrogate measurement of time-points and our
definition of early cleavage to 3, we have shown that — in
contrast to control 2PN IVF and 3PN ICSI embryos — 3PN
IVF embryos more often display early cleavage into 3 cells.
However, we have also shown that a fraction of 3PN ICSI,
2PN ICSI, and 2PN IVF embryos display early cleavage into
3 cells even though they (theoretically) only have a single
centriole pair.

The first mitotic division of 3PN IVF embryos has been
observed and analyzed by Kola et al. [11], who reported that
out of 29 3PN IVF zygotes, 18 (62 %) cleaved directly to 3
cells. Divergent results have been reported from other studies
where the cleavage pattern of 3PN IVF embryos was evalu-
ated by reporting the number of cells on day 2; Balakier et al.
reported that out of 32, 3PN IVF embryos 6 (19 %) was at the
3-cell stage [25] and in a study by Pang et al., it was found that
7 out of 32 (22 %) 3PN IVF embryos were at the 3-cell stage
[14]. Staessen et al. reported on 323 3PN embryos and found
significantly more 3-cell embryos on day 2 from 3PN IVF
embryos compared with 2PN IVF embryos [2] and suggested
that this indicated direct cleavage from 1 to 3 cell embryos.

Embryonic stages

However, the embryos were not observed continuously. In
agreement with the observations by Kola et al. [11], we found
early cleavage to 3 cells in 76 % of the 3PN IVF embryos.
Comparing our observations in 3PN IVF embryos with the
2PN IVF control embryos, we found that significantly more
3PN IVF embryos cleaved early to 3 cells. This is also in
agreement with the day 2 observations by Staessen et al. [2].

Only Staessen et al. [2] has investigated the early cleavage
pattern of 3PN ICSI embryos, reporting that the majority of
3PN ICSI embryos were at the 2-cell or 4-cell stage on day 2.
However, a larger proportion of 3PN ICSI embryos were at
the 3-cell stage compared to 2PN ICSI embryos. This rather
unexpected finding was hypothesized to be caused by either
an asynchronous cleavage from 2-cell to 4-cell stage resulting
in a relatively long duration of the 3-cell stage or direct
cleavage into 3-cells. In agreement, we found that more 3PN
ICSI embryos cleave early into 3 cells when compared to 2PN
ICSI embryos.

Staessen et al. [2] compared the number of cells of 3PN
IVF and ICSI embryos on day 2, but found no significant
difference in the percentages of 3 cell stage embryos from IVF
and ICSI. Staessen et al. argued that their single observation
on day 2 could not identify asynchronous cleavage from 2 to 4
cells. In the present study, we observed that significantly more
3PN IVF embryos display early cleavage into 3 cells com-
pared with 3PN ICSI embryos. We also observed that, com-
pared to their respective controls, 3PN IVF displayed a differ-
ent division pattern whereas 3PN ICSI embryos displayed a
delayed, but similar division pattern compared to the control
embryos (Fig. 1). The delay observed for 3PN ICSI embryos
might explain the differences between the results of the pres-
ent study and the study by Staessen et al. since the solitary day
2 observations did not allow for a detailed analysis of the
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division pattern. The detailed analysis performed in our study
underlines the strength of time-lapse monitoring when ana-
lyzing development.

Centrioles, together with the pericentriolar matrix, organize
the mitotic spindle. The enucleation experiments by Palermo
et al. (1994) provided evidence that the sperm centrioles
control the first mitotic division [16]. Excess centrioles in
the zygote have been shown to facilitate abnormal cleavage
directly into 3 cells if the excess centriole does not remain
dormant [3,7,16,17]. Santhananthan et al. (1991) demonstrat-
ed that the centrioles are paternally inherited from the
midpiece of the spermatozoa [17]. Thus, dispermy introduces
2 pairs of centrioles into the oocyte. The significantly higher
frequency of early cleavage into 3 cells and the higher fre-
quency of asynchronous cleavages observed in the 3PN IVF
embryos compared to both the 2PN IVF embryos and the 3PN
ICSI embryos, might be explained by a higher frequency of
two pairs of centrioles in IVF embryos, caused by dispermic
fertilization. Our study does not allow for any final conclu-
sions on this part as the settings did not allow for direct
visualization of centrioles and pericentriolar matrix during
the time lapse monitoring.

The hypothesis that an extra paternal pair of centrioles
affects cleavage does not, however, explain why some 3PN
ICSI and some normal 2PN embryos display early cleavage
into 3 cells. As argued above, it may be assumed that no DNA
and centriole replication occurred in the limited time between
annotations and therefore at least two different scenarios may
be hypothesized. If the oocyte forms a spindle pole without a
centriole, as seen in parthenogenetic activated human oocytes
(reviewed in [26]), a third spindle pole could be formed in
zygotes with a normal centriole content. Alternatively, an
extra centriole might organize a third spindle pole. An extra
centriole may come in place if the normal degradation of the
maternal centriole is lacking, or a double duplication of the
paternal centriole occurs during the S-phase in the first cell
cycle, or errors in the male gametogenesis results in a sperm
cell with two pairs of centrioles. The present study does not
allow for discrimination between these possibilities. Since
2PN embryos that cleave directly into 3 cells have a signifi-
cantly lower implantation rate compared to embryos with a
normal cleavage pattern [27], the question of how and why
there is a formation of a third spindle pole remains a subject of
key interest.

To the best of our knowledge, the duration of key cellular
events in 3PN embryos has not been studied by time-lapse
imaging before.

We found that the 3PN IVF embryos had a prolonged 1st
cytokinesis compared to 2PN IVF embryos. We hypothesize
that the delay is due to the complicated construction of the
mitotic spindle in the 3PN embryo. As a consequence of the
tripolarity, mitotic microtubules bind to the centromeric plate
from 3 points resulting in an abnormal Y-shaped metaphase
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plate [7,28]. It is easily imagined that this complicated divi-
sion pattern takes longer time to establish compared with
normally fertilized embryos.

Even though 3PN ICSI embryos also displayed early cleav-
age into 3 cells more often than 2PN ICSI embryos the 1st first
cytokinesis was not prolonged compared to 2PN ICSI embry-
os. Although the numbers are small, one could hypothesize
that the early cleavage into 3 cells has different etiology in
3PN IVF and 3PN ICSI embryos. One could also speculate
that the 3PN ICSI embryos cleave to 2 cells and then imme-
diately, without DNA and centriole replication, subsequently
cleave into 3 cells avoiding the possible time-consuming
formation of a Y-shaped metaphase Plate.A prolonged 3-cell
stage was observed for 3PN IVF compared to 2PN IVF
embryos. Intuitively, this is not surprising as the interphase
is longer than the mitosis, and the 3 cell stage could, in the
case of 3PN IVF, be viewed as the first complete cell cycle.
This hypothesis is also supported by the different timing and
pattern of the following cell divisions between 3PN IVF and
2PN IVF embryos, where 3PN IVF reaches the 6 cell stage
before 2PN IVF (Fig. 1).

3PN ICSI embryos displayed, apart from the initial delay
and early cleavage to 3, timing and division patterns similar to
2PN ICSI embryos (Fig. 1). As the initial early cleavage into 3
does not seem to affect the developmental pattern compared to
2PN ICS]I, it supports the hypothesis that the initial early
cleavage into 3 cells has different etiology than 3PN IVF.

Regardless of the fertilization method, a high frequency of
developmental arrest was observed at the compaction stage
when compared to normal 2PN embryos. As the arrest occurs
approximately at the time of activation of the embryonic
genome [29], we hypothesize that the arrest is either due to
the imbalance between maternal and paternal genomes or
activation of genes controlling cell cycle checkpoints/
apoptosis.

The aim of the present study was to compare the timing of
cell-cycle completions and cleavage patterns of 3PN and 2PN
embryos. As pathogenesis behind the formation of 3PN em-
bryos is poorly understood, we could not eliminate the possi-
bility that 3PN embryos included in this study were the result
of genetic errors, for example dispermy as a result of a defect
in the cortical reaction [30,31], or digyny as a result of mater-
nal meiotic errors [1,2]. We therefore decided to use 2PN
embryos from couples without 3PN embryos as controls
instead of the 2PN embryos from the couples with 3PN
embryos.

Due to laboratory procedures, embryos from IVF patients
were cultured for ~18 h under 20 % O, in a conventional
incubator followed by transfer to a time-lapse incubator for
culture under 5 % O,. The ~18-h delay in transfer to the time-
lapse incubator was introduced to allow for fertilization at
normal conditions (intact cumulus) before the necessary de-
nudation of IVF embryos performed to achieve optimal image
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acquisition. Emerging evidence suggests that high oxygen
influences the timing of development, in particular by
delaying the pre-compaction stage [32,33]. Furthermore, di-
rect comparison of timing between IVF and ICSI embryos are
complicated by the difference in TO. In the majority of anal-
yses, we therefore do not compare IVF and ICSI directly, but
compare 3 PN with 2 PN within the IVF and ICSI groups only.
Based on the observation, that differences in the division
pattern for the 3 PN embryos compared with the 2 PN embry-
os are fundamentally different between IVF and ICSI embryos
(as discussed above) we conclude that the division pattern is
different between 3 PN IVF and ICSI embryos. This is sup-
ported by the only analysis where IVF and ICSI embryos were
compared directly, and where the proportion of early cleavage
to 3 cells was found to be larger for 3 PN IVF than 3 PN ICSI
embryos. As the impact of different oxygen conditions has
been related to the third cleavage cycle only [32,33], there is
no evidence that a temporary exposure to high oxygen would
result in an altered pattern in terms of early cleavage to three
cells, we therefore do not find it plausible that the clearly
divergent pattern observed in the 3PN embryos would be
explained by differences in oxygen concentration. Twenty-
one (n=21) 3PN IVF embryos were cultured exclusively
under high oxygen. We evaluated any possible effect of dif-
ferences in oxygen concentration in a sub-analysis, where the
21 3PN IVF embryos cultured exclusively under high oxygen
were excluded. Although the number of embryos analyzed in
this sub-analysis was smaller, the results support our interpre-
tation that the observed differences in cleavage pattern were
not the result of the difference in oxygen concentration as the
overall results were unchanged (see Online Resource 2).
Therefore, we concluded that the 21 (n=21) 3PN IVF embry-
os that were cultured exclusively under high oxygen could be
included in the 3PN IVF group.

In conclusion, this observational study demonstrates
for the first time significant differences in the cleavage
pattern between 3PN IVF and 3PN ICSI embryos com-
pared to their respective controls. We speculate that an
extra centriole increases the risk of early cleavage into 3
cells and might also explain the different division pattern
as observed in the 3PN IVF embryos when compared to
both 2PN IVF and 3PN ICSL
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