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ABSTRACT

Objective: Human embryos generated from abnormal fertilization are usually discarded in assisted reproductive technologies (ART) practice.
This study aims to investigate the potential of developing into blastocysts and the chromosomal constitution of tripronuclear (3PN) zygotes. Ma-
terial and Methods: This study consists of patients who had at least one 3PN embryo after a conventional ART cycle and a subsequent preim-
plantation genetic testing for aneuploidy (PGT-A) between 2020 and 2022 in our IVF unit. Demographic data, cycle outcomes, blastulation and
euploidy rates of 3PN zygotes were retrospectively analyzed. Results: Among 108 patients with a history of PGT-A for diverse indications, 17
had a total of 29 embryos with abnormal pronuclei (3PN). Of those, 9 embryos achieved to develop into a blastocyst and, 6 of them were fur-
therly evaluated with a fluorescence in situ hybridization (FISH) analysis. The ratio of 3PN embryos to all fertilized embryos (3PN/2PN+3PN)
was %21. Although 31% of 3PN embryos reached to the blastocyst stage, all of the biopsied embryos were reported to be aneuploid and clini-
cally discarded later. Conclusion: Based on the low/null euploidy rate; it is mandatory to perform PGT-A before the transfer of a 3PN-derived
embryo, particularly in poor prognosis patients with a limited number of embryos. Instead of genetic analysis, routine discard of 3PN-derived blas-
tocysts would be more cost-effective in women with normal ovarian response. Further randomized prospective studies are required to determine
the subgroup of patients who could benefit more from genetic testing of 3PN zygotes.
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OZET

Amag: Klinik uygulamada, YUT (yardimci iireme teknikleri) sonrasi anormal fertilizasyon gézlenen embriyolarin transferi genellikle tercih edil-
memektedir. Bu ¢aligmada, triproniikleer zigotlarin (3PN) blastosist asamasina ulagsma oranlar1 ve kromozomal yapilarinin incelenmesi amag-
lanmistir. Gereg¢ ve Yontemler: Klinigimizde 2020-2022 yillar1 arasinda preimplantasyon genetik test-andploidi taramast (PGT-A) uygulanan
hastalardan 3PN yapisinda embriyoya sahip olanlar bu retrospektif calismaya dahil edildi. Demografik data, siklus sonuglari, 3PN zigotlarin
blastulasyon ve oploidi oranlar1 kayit altina alindi. Bulgular: Cesitli nedenlerle PGT-A uygulanmis olan 108 hastanin kayitlar1 incelendiginde,
17 hastaya ait toplam 29 embriyonun 3PN yapisinda oldugu tespit edildi. Blastosist asamasina ulasan 9 embriyodan 6’sina fluorescence in situ
hybridization (FISH) testi uygulandi. 3PN embriyolarin, tiim embriyolara oran1 (3PN/2PN+3PN) %21 olarak hesaplandi. 3PN embriyolarin %31°1
blastosist agamasina ulagmasina ragmen, biyopsi yapilan tiim embriyolarda andploidi tespit edilmesi iizerine imha edilmeleri planlandi. Sonug:
Diisiik 6ploidi oran1 nedeniyle, 3PN embriyolarin transferi kétii prognozlu ve kisitli sayida embriyo elde edilebilmis hasta grubunda PGT-A testi
sonrasi diigiiniilebilir. Normal over yaniti olan hastalarda gelisen 3PN kokenli blastosistlerin genetik test yerine imhaya birakilmasi daha mali-
yet-etkin bir yaklasim olabilir. 3PN embriyolarin genetik analizinden daha ¢ok fayda gormesi beklenen hasta subgrubunun belirlenmesi agisin-
dan ileri prospektif caligmalar gereklidir.
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Zygote formation is the first step of embryo de-
velopment, occurring after the union of the sperma-
tozoon and oocyte. The existence of two even
pronuclei clarifies a successful fertilization.! How-
ever, this complex process may result in abnormally
fertilized tripronuclear (3PN) zygotes at a rate of
2.5%-6.2% after intracytoplasmic sperm injection
(ICST) and 5.0%-8.1% after in vitro fertilization
(IVF).>* The parental origin also differs between
these two methods. While the majority of 3PN-IVF
zygotes are of dispermic origin, the 3PN-ICSI zy-
gotes are digynic.’

Assessment of embryonic development accord-
ing to the kinetic and morphologic features provides
information to select embryos with high implantation
potential in assisted reproduction treatment (ART).
While the blastocyst transfer results in a higher im-
plantation rate, reaching to the blastocyst stage can
not directly contribute to euploidy even in normally
fertilized embryos (2PN).° Consistent with this, nei-
ther parental inheritance nor ploidy determines the
progression of 3PN embryos to the blastocyst stage.’

3PN-derived embryos may be responsible for
15-18% of chromosomal abnormalities among spon-
taneous abortions and several fetal abnormalities.®
Therefore, human embryos generated from abnormal
fertilization are usually discarded in clinical practice.
This study aims to investigate the potential of devel-
oping into blastocysts and the chromosomal consti-
tution of tripronuclear (3PN) zygotes.

I MATERIAL AND METHODS

This study was conducted in compliance with the
Declaration of Helsinki for Medical Research and ap-
proved by the ethics committee of Bahcesehir Uni-
versity (2023-07/01). The patients who had at least
one 3PN embryo after a conventional ART cycle and
a subsequent PGT-A between 2020 and 2022 in our
IVF unit were recruited in the study. Informed con-
sent was obtained from all participants for future use.

The patients were treated with flexible GnRH
antagonist protocol (Cetrotide 0.25 mcg, Merck-
Serono). Daily injection of individualized doses of
recombinant follicle-stimulating hormone (rec-FSH)
(Gonal-F, Merck-Serono) and/or human menopausal
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gonadotropin (Menogon, Ferring) was started on day
3 of the cycle and continued until at least three dom-
inant follicles reached a diameter of 17 mm. Chorig-
onadotropin alfa (Ovitrelle 250 mcg (6500 IU),
Merck-Serono) or/and triptorelin acetate (Go-
napeptyl, Ferring) was administered for final matu-
ration, followed by transvaginal oocyte retrieval
34-36 h later. Prior to intracytoplasmic sperm injec-
tion (ICSI), cumulus-oocyte-complexes (COCs) were
denuded using hyaluronidase. The first assessment of
the pronuclei was performed using an inverted mi-
croscope 16-18 hours following ICSI. The percent-
age of fragmentation, blastomere count and size were
evaluated at the early cleavage stages and then cul-
tured until day 5 or 6. The embryos that reached the
blastocyst stage were assessed using Gardner’s score
based on the degree of expansion, intracellular mass
(ICM) and trophectoderm (TE). High-quality em-
bryos were biopsied on D3/D5 or D6 by laser to be
analyzed for chromosomal status using the fluores-
cence in situ hybridization (FISH) method as de-
scribed before.’

STATISTICAL ANALYSIS

The Statistical Package for Social Sciences 20 (SPSS,
SPSS Inc, Chicago) was used for data analysis. The
distribution of the data was analyzed with Kol-
mogorov—Smirnov and Shapiro—Wilks tests. De-
scriptive analyses were given using tables of
frequencies and percentages for the categorical vari-
ables and using mean and standard deviation or me-
dian and range for continuous variables.

I RESULTS

Among 108 patients with a history of PGT-A for di-
verse indications (maternal age, recurrent implanta-
tion failure and recurrent pregnancy loss), 17 patients
with a mean age of 35.23+6.81 had at least one 3PN
embryo after a conventional ART. Cycle characteris-
tics of the patients are presented in Table 1.

Briefly; out of 29 embryos with 3PN, 9 achieved
to develop into a blastocyst. Of those, 6 embryos
were furtherly evaluated with a fluorescence in
situ hybridization (FISH) analysis. The ratio of 3PN
embryos to all fertilized embryos (3PN/2PN+3PN)
was %21. The blastocyst formation rate of 3PN em-
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TABLE 1: Results of characteristics, ICSI parameters, blastu-
lation and euploidy rates of patients with 3PN embryos

Patient (n:17) MeanxSt.Dev
Female age (years) 35.23+6.81
Male age (years) 36.53+7.23
Oocytes retrieved 12.76+7.38
Mature oocytes 9.82+6.06
2PN 6.41+4.19
3PN 1.58+1.06
Percentage (%)

3PN/2PN+3PN 21
Blastulation rate 31
Euploidy rate 0

bryos was 31% (Table 1). While all of the biopsied
embryos were reported as aneuploid (4 triploid, 1
complex polyploid and 1 complex aneuploid), no em-
bryo transfer could be performed (Table 2).

I DISCUSSION

The retention of the second polar body (2PB) mainly
due to meiotic division failure of oocytes results in
digynic triploidy. 3PN embryos that occurred after
abnormal fertilization may present with normal early
cellular cleavage, but development to blastocyst-
stage may be arrested or aneuploidy may occur later.’
It has been postulated that neither parental inheritance
nor ploidy determines the progression of 3PN em-
bryos to the blastocyst stage.® Similarly, we observed
a blastulation rate of %31 but a null rate of euploidy
in the recent study.

In a previous study, the blastulation rate of 2PN
and 3PN embryos was reported as 60.8% and 42.8%,
respectively.'” Grau et al., suggested that 62.5% of

good prognosis ICSI-3PN embryos progressed to the
blastocyst stage.® In a study involving clinically dis-
carded embryos, 3PN embryos revealed a blastocyte
formation rate of 11.2% and after SNP array-based
chromosomal analysis, 47.4 % of them were found
in normal chromosomal constitution.!! Mutia et al.
reported an aneuploidy rate of 66.7% with the high-
est percentage of triploidy among 3PN embryos using
Next Generation Sequencing (NGS).!> Feenan and
Herbert demonstrated that 61.8% of 3PN embryos
had a triploid chromosome component, 25.2% had
mosaic sequencing, and only 12.6% carried a diploid
chromosome set.'*

In clinical practice, 3PN embryos are usually
discarded regarding the reported increased risk of
miscarriages, neonatal deaths and fetal abnormalities
including major central nervous system defects, ab-
dominal wall defects and intrauterine growth retar-
dation in spontaneous triploid pregnancies.'*!> Thus,
the transfer of a 3PN-derived embryo should be con-
sidered after the confirmation of normal chromoso-
mal status by preimplantation genetic testing for
aneuploidy (PGT-A). Consistent with this, a live birth
after the transfer of a euploid tripronuclear embryo
in a 36 years aged woman with diminished ovarian
reserve has been reported.'®

The capability of self-correction of the 3PN em-
bryos or the microsurgical removal of the retained
pronucleus may provide a chance to rescue 3PN em-
bryos.”!¥ The limitation of the latter procedure in-
volves the difficulty of choosing the right pronucleus
to remove which could lead to inheriting two sets of
maternal or paternal chromosomes. In a study by Hai-
xia Jin et al., it was observed that the total blastulation

TABLE 2: Blastulation and chromosomal distribution of 3PN embryos.
Age Biopsy indication Biopsy day Blast/grade FISH result
Patient 1 48 MA? D5 3BB Triploidy
Patient 2 41 MA? D6 3CB Complex polyploidy
Patient 3 36 RIF® D3 3BB Triploidy
D3 Arrest Triploidy
Patient 4 38 RPL® D3 Early blast Complex aneuploidy
Patient 5 39 MA? D& 4BB Triploidy

aMA: Maternal age; °RIF: Recurrent implantation failure; °RPL: Recurrent pregnancy loss
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rate was significantly higher in the enucleated group
(3—2PN zygotes) when compared to the 3PN
group.'” Kattara and Chen reported a healthy live
birth with the karyotype 46XY after the removal of
the pronucleus and the extra centrosome from a 3PN
zygote.'

The limitations of this study were the retrospec-
tive design, the small sample size and the hetero-
geneity of the biopsy day. Notably; using the FISH
method for genetic analysis of just 9 chromosomes
was not a confounding factor in this study, because
all biopsies detected an aneuploidy.

I CONCLUSION

The existing evidence suggests that the majority of
the embryos arising from zygotes with 3PN have ab-
normal chromosomal constitutions. Thus; it is
mandatory to perform PGT-A before the transfer of a
3PN-derived embryo, particularly in cases with a lim-
ited number of embryos. Instead of genetic testing,
routine discard of 3PN embryos would be more cost-
effective in women with normal ovarian response.

Further randomized prospective studies are required
to determine the certain circumstances for genetic
testing of 3PN zygotes.
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