Harzif et al. Middle East Fertility
Middle East Fertility Society Journal (2024) 29:16

https:/doi.org/10.1186/543043-024-00176-8 Society Journal

: ®
Embryo response to aneuploidy R

through self-correction mechanism: a literature
review

Achmad Kemal Harzi , Azizah Fitriayu Andyra® Atikah Sayogo® Nafi'atul Ummah?,
Aisyah Retno Puspawardani®, Putri Nurbaeti® and Budi Wiweko'*>

f] 2,3%

Abstract

Background Meiotic and mitotic errors often lead to aneuploidy and mosaicism. In this context, the self-correction
mechanism enables the embryo to preferentially retain and preserve euploid cells through processes such as apopto-
sis, necrosis, or marginalization. This mechanism is thought to minimize the chance of genetic abnormalities dur-

ing cell development.

Materials and methods A literature search for articles written in English from January 2013 to October 2023
was conducted on PubMed, EBSCO, and Scopus, using the keywords “self-correction, “self-repair, “aneuploidy,”‘mosai-
cism,"and "embryo”

Results A total of 308 articles were collected, out of which 5 retrospective and 1 prospective study were selected
based on inclusion criteria.

Discussions Investigations showed that embryos remove chromosomally abnormal cells, supporting the self-correc-
tion mechanism. aCGH has been used in 4 studies to demonstrate the presence of self-correction in mosaic embryos.
Furthermore, a higher relative viability of polyploidies than complex aneuploidies was observed, suggesting early
discrimination against complex aneuploidy, particularly those arising from mitotic origins. However, there are doubts
about the reliability of preimplantation genetic testing for aneuploidy at the blastocyst stage, as it may lead to a high
rate of false positives and the discarding of "good" embryos.

Conclusions Studies showed a self-correction mechanism in human embryos through the ability to expel abnor-
mal cells. Further investigation is needed to elucidate the underlying mechanisms and determine optimal strategies
for preimplantation genetic testing to fully understand and optimize the use of self-correction mechanisms in embryo
assessment and selection.
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Background

Oocytes and sperm are subjected to a specialized cell
division known as meiosis, where the chromosome
count is reduced through two successive divisions,
preparing for potential fertilization. In human female
meiosis, there is a significant occurrence of chromo-
somal segregation error, leading to oocytes with an
incorrect number of chromosomes. After fertilization,
an embryo with an abnormal chromosome count is
formed, often causing developmental issues. Meiotic
errors typically lead to uniformly aneuploid embryos,
while mitotic errors often cause mosaicism. As women
age, errors in meiosis become more prevalent, increas-
ing the risks of infertility, miscarriage, and congenital
syndromes [1].

Self-correction mechanism manifests in embryos
containing aneuploid cells. This comprises processes
such as apoptosis, necrosis, or marginalization. The
mechanism enables the embryo to preferentially retain
and preserve euploid cells, thereby minimizing the
chance of genetic abnormalities during cell develop-
ment [2, 3]. Embryo with a normal cleavage rate is
more prone to have chromosomally normal character-
istics. In contrast, lagged or rapid cleavage results in
higher rates of chromosomal abnormalities [4].

The prevailing approach for assessing chromo-
some status includes the implementation of Pre-
implantation Genetic Screening (PGS), which detects
abnormalities originating from both meiotic and
post-zygotic events [5]. However, the self-correction
mechanism may lead to inconsistencies in aneuploid
trophectoderm biopsy results for euploid embryos,
as the outcomes are solely influenced by the biopsied
cells. This could lead to erroneous discarding of nor-
mal embryos [6]. This literature review aims to com-
prehensively understand the self-correction process
in human embryos in response to aneuploidy. It pre-
sents the potential roles in enhancing the success rates
of fertility procedures and reducing the chances of
genetic anomalies during the early stage of embryonic
development.

Materials and methods

A search was conducted for English-language studies
sourced from literature repositories, including Pub-
Med, EBSCO, and Scopus, published between Janu-
ary 2013 to October 2023. The keywords utilized were
“self-correction,” “self-repair, “aneuploidy,’ “mosai-
cism,” and “embryo” Excluded from the results were
editorial letters and notes, conference papers, short
surveys, and articles in the press.
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Results

A total of 308 articles were collected from several data-
bases, such as PubMed (n=21), EBSCO (n=23), and
Scopus (n=264) (Fig. 1). Subsequently, a total of 6 arti-
cles consisting of 5 retrospective and 1 prospective study
were selected based on inclusion criteria. The character-
istics of the study are summarized in Table 1.

A recent study by Wang et al. [7] examines the pro-
cess by which blastocysts expel arrested cells or cellu-
lar debris. The process entailed analyzing arrested cells/
cellular debris and trophectoderm (TE) cells using NGS
(next-generation sequencing) from the selected blasto-
cysts. Among the examined blastocysts, 47.6% (10 out of
21) showed aneuploidies or mosaicism. It is important to
note that chromosomal rearrangements and the number
of abnormal chromosome fragments increased in 85.7%
of the 21 cases where blastocysts had arrested cells or
expelled cellular debris. Aneuploid arrested cells or cel-
lular debris were discovered to be expelled from 9 ane-
uploid and 9 euploid blastocysts.

A total of 63.6% of 11 paired blastocysts released cel-
lular debris containing additional chromosomal rear-
rangements, according to a study by Orvieto et al. [8].
Approximately 5 of euploid blastocysts (55.5% of the
total) released material containing aneuploid cells. From
the 18 blastocysts derived from partially compacted mor-
ula obtained from TE biopsies, 13 were euploid, while 5
were aneuploid, according to a study by Lagalla et al. [9].
After further cytogenetic analysis, 2 of the 13 euploid
blastocysts were observed to have pure euploidy. In con-
trast, 5 had aneuploidy (38.5%), 6 had no amplification
(46.2%), and 3 had fragmented or degraded DNA (15.4%).

Records identified from other

Records identified from databases

(n=308) sources

(n=0)

Records after duplicates were
removed
(n=185)

Records after exclusion
of editorial letter and notes,
conference paper, short survey and
article in press
(n=106)

Records excluded after abstract
screening
(n=64)

Accessible full-text records Records exclud;d after full-text
review
(n=32) (n=20)

Records included in literature
review

(n=6)

Fig. 1 Search flow diagram
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Table 1 Characteristics of included studies
No Authors Country Publication year Design Number of Cytogenetic
embryos methods
1 Wang et al China 2023 Retrospective 21 NGS
Single center
2 Orvieto et al Israel 2020 Retrospective 11 aCGH
Single center
3 Lagalla et al Italy 2016 Retrospective 791 aCGH
Single center
4 Balakier et al Canada 2016 Retrospective 607 aCGH
Single center
5 McCoy et al USA 2015 Retrospective 6366 SNP-array
Single center
6 Mertzanidou et al Belgium 2013 Prospective 13 aCGH

Single center

NGS next-generation sequencing, aCGH array-based comparative genomic hybridization, SNP-array Single nucleotide polymorphism array

The array comparative genomic hybridization (aCGH)
results for the excluded cells of 5 aneuploid blastocysts
were positive for aneuploidy, with increased complexity
in 4 of the 5 cases (80%).

Balakier et al. [10] provided strong evidence in support
that the human embryo has the ability for self-correction
based on morphokinetic and PGS evaluations of multi-
nucleated (MN) embryos. Approximately 56.8% of 2-cell
MN embryos developed into high-quality blastocysts,
with 50% being euploid. During the initial 4 to 5 cell divi-
sions of MN2 and MN4 embryos, morphokinetic evi-
dence suggested that repair mechanisms were active.

A study by McCoy et al. [11] compared blastomere
and TE samples by counting the number of chromo-
somes affected and calculating the percentage difference
in aneuploidy rates. This index measured the proportion
of embryos that either did not progress between the 2
sampling points or underwent self-correction. Since the
data from blastomere and TE biopsies were collected
independently, the study design did not permit distin-
guishing between embryonic arrest and self-correction.
The incidence of errors comprising a growing number of
chromosomes became less prevalent in TE biopsies when
compared to blastomeres, with the decline stabilizing at
around 11 affected chromosomes. However, the differ-
ence was less extreme when more than 18 chromosomes
were affected.

Mertzanidou et al. [12] compared 13 embryos, com-
prising 4 fresh embryos with good quality and 9 that had
been frozen on day 3. Among the fresh embryos, 1 had
a normal chromosome, while the other 3 showed mosaic
patterns with abnormal cells ranging from 16 to 75%.
From the cryopreserved embryos, 1 had a normal chro-
mosomal complement in two-thirds of the blastomeres
examined, 4 had chromosomal abnormalities between

50 and 75% of the blastomeres, and 1 showed aneuploidy
in all cells. Meiotic abnormalities were observed in the
remaining 3 embryos, with 2 having mitotic problems in
several cells. The combination of PCR (polymerase chain
reaction) results and log2 ratios provided strong evidence
that the observed losses in these cells were nullisomic. In
addition, chromosome 19 and X uniparental isodisomy
were observed in cells 11, 12, 13, and 14.

Discussion

Meiotic and mitotic errors often lead to aneuploidy
and mosaicism. Self-correction mechanism enables the
embryo to preferentially retain and preserve euploid
cells, thereby minimizing the chance of genetic abnor-
malities during cell development in the form of apoptosis,
necrosis, or marginalization [2, 3]. Existing literature was
reviewed to provide more information regarding embryo
response to aneuploidy through self-correction or self-
repair mechanism. A study by Wang et al. [7] focuses
on comparing the results of NGS analysis of TE biop-
sies with the genetic composition of the expelled cells or
debris and determining discrepancies or similarities. The
results supported the hypothesis that removing chromo-
somally abnormal cells in early embryonic development
could be the self-correction mechanism. Expelled cells
may contain genetic abnormalities or errors recognized
by the embryo, leading to elimination and contributing to
the reduction of abnormal cell proportions in subsequent
embryos [7].

A total of 4 studies used array-based comparative
genomic hybridization as cytogenetic methods, with each
having different observative aspects to prove embryo
self-correction mechanism. A study by Lagalla et al. [13]
found a higher prevalence of aneuploidies in the excluded
cells compared to the corresponding trophectoderm cells
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collected by biopsies, suggesting support for a potential
self-correction mechanism in mosaic embryos. Another
study examined multinucleated embryos, resulting in
more than half of euploid outcomes. Furthermore, it
observed an extension of the first cleavage division and
a prolonged duration of the 2-cell and 4-cell stages in
multinucleated embryos. The observations suggest a
repair mechanism, potentially contributing to the ability
of self-correction during the early cleavage divisions. This
leads to the development of euploid blastocysts and, con-
sequently, the birth of healthy infants [10].

Compared to blastomeres, TE biopsies had a lower
frequency of errors comprising an increasing number
of chromosomes. This implied that polyploidies had a
higher relative viability than complex aneuploidies. The
results prove early discrimination against complex ane-
uploidy, especially those of mitotic origin [11]. The report
is in line with a recent study showing rates of 52.9% and
68.5% (p 0.001) for aneuploidy in embryo without and
with blastomere exclusion at any stage [14].

In another study, the progression of aneuploidy was
tracked up to day 4 of embryonic development. No evi-
dence of self-correction was detected, suggesting the pro-
cess will not commence until a later stage. Furthermore,
researchers discovered a significant pattern that may
prove that a single cell was subjected to DNA replication
without cell division (endoreduplication) and divided
using a tetrapolar spindle. During the process of division,
many chromosomes were disorganized and detached
from the spindles. In some instances, nondisjunction of
sister chromatids would cause the observed isodisomy.
In other cases, nullisomy occurred, in which one of the
cells received no chromosomes. These results suggest
that chromosome disorders and mosaicism are common
in the earliest stages of embryonic development, thereby
affecting implantation and pregnancy outcomes [12].

While evidence supports the self-correction mecha-
nism in embryos, one study raised doubts about the effi-
cacy and reliability of preimplantation genetic testing for
aneuploidy at the blastocyst stage. The assumption that
non-invasive preimplantation genetic testing aneuploidy
(niPGT-A) can accurately identify euploid embryos by
analyzing cell-free DNA in spent culture media is chal-
lenged by the ability to self-correct and expel abnormal
blastomeres as cell debris. Because of that, many “good”
embryos can be discarded due to a high false-positive
rate in niPGT-A. Mislabeling of cell-free DNA from
expelled cell debris as aneuploid or mosaic blastocysts
undermines the validity of niPGT-A. Different chro-
mosomal abnormalities were found in the cell debris of
euploid blastocysts expelled during niPGT-A, disproving
the hypothesis that more DNA would leak out of euploid
cells than from apoptotic aneuploid cell [8].
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Conclusion

In conclusion, the human embryo has a self-correction
mechanism by expelling abnormal cells, which may be
classified as a physiological phenomenon. However,
additional studies are required to clarify the mecha-
nisms underlying embryonic self-correction and iden-
tify the most effective approaches for preimplantation
genetic testing. Therefore, an embryo with a higher
chance of implantation and healthy development can
be selected based on knowledge of its genetic makeup.
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