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Abstract

Background: Although the balanced carriers of Robertsonian translocations (ROBS)
typically exhibit normal phenotypes, they may experience recurrent abortions or
have offspring with chromosomal disorders. A proposed mechanism is the inter-
chromosomal effect (ICE), where disrupted meiotic segregation may increase aneu-
ploid gamete production. This study presents a male case carrier of t(13;14) who had
a deceased child with Down syndrome (DS) and investigates t(13;14) as a potential
factor contributing to the birth of a child with DS.

Case Presentation: A couple with a history of recurrent abortions and a deceased
child with DS was referred to a medical genetics laboratory. Karyotype analysis re-
Medicine Research Center, vealed that the male partner was a carrier of t(13;14) (45,XY,t(13;14)), while the fe-
Iranian Legal Medicine male partner had a normal karyotype. The couple’s subsequent pregnancy resulted in
Organization, Tehran, Iran  a healthy female fetus inheriting t(13;14). The deceased child had a karyotype of 47,
E-mail: ) XY, +21, consistent with DS. In this study, the role of t(13;14) and ICE as potential
leila.emrahi@gmail.com o yiributors to the birth of a child with DS was explored.

Conclusion: Prenatal screening for carriers of ROBs is strongly recommended to as-
sess the risk of unbalanced chromosomal disorders in offspring.
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Introduction
ploid gamete formation, offspring with several

scribed by Robertson in 1916, are chromo-

somal abnormalities resulting from the fusion
of two acrocentric chromosomes (1). These trans-
locations are among the most common structural
chromosomal abnormalities, with an incidence of
1.23 per 1,000 individuals. The most frequent
ROB is t(13;14), accounting for 75% of balanced
ROBs and occurring in 0.97 per 1,000 live births
2, 3).

While balanced ROB carriers typically exhibit
normal phenotypes, reproductive challenges may
arise due to the loss or gain of chromosomal mate-
rial during meiosis (4). These challenges include
infertility, recurrent spontaneous abortions, aneu-

Robertsonian translocations (ROBs), first de-

congenital anomalies, mental retardation, or unip-
arental disomy-associated abnormality (5, 6).
Previous studies reported a significant associa-
tion between advanced maternal age and chromo-
some 21 nondisjunction in both meiosis | and
meiosis Il in the egg, increasing the risk of tri-
somy 21 or Down syndrome (DS) in infants. No
such association was found in sperm or post-
zygotic mitotic errors (7). However, new evidence
revealed ROBs may induce an inter-chromosomal
effect (ICE), which disrupts the segregation of
non-rearranged chromosomes, increasing the risk
of aneuploid gametes. ICE was first described by
Lejeune, who reported an increased incidence of
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DS in children of parents with reciprocal translo-
cations (8, 9). Also, high disomy frequencies in
sperm were reported in even low-level mosaic
ROB carriers (10).

This study reports a case of a male carrier of
t(13;14) whose child with DS was born to a 24-
year-old mother and died at 4 months of age. The
potential role of t(13;14) and ICE in the birth of a
child with DS, despite the low maternal age, was
explored which typically confers a lower risk.

Case Presentation

A couple with a history of a deceased DS child
was referred to the Hayat medical genetics labora-
tory in Tabriz, Iran, in November 2023. A detailed
family pedigree was constructed and revealed a
history of stillbirth of unknown cause, suggesting
a possible inheritance of the chromosomal rear-
rangement. Karyotype analysis was performed on
peripheral blood lymphocytes using standard G-
banding techniques at a 550-band resolution. Kar-
yotype analysis revealed that the male partner was
a carrier of a Robertsonian translocation t(13;14)
(45,XY,der(13;14)(q10;q10)) (Figure 1A), while
the female partner had a normal karyotype (Figure
1B). At the time of referral, the female partner
was pregnant. Amniotic fluid sampling and
whole-genome oligo-array analysis confirmed that
the fetus was a female carrier of the paternal
t(13;14). The child was born healthy and remains
unaffected. Her karyogram is also provided in
figure 2.

Cytogenetic analysis of the deceased child,
whose karyogram was included for confirma-
tion, revealed a karyotype of 47,XY,+21, con-
sistent with DS in figure 1A. Given the potential
role of ICE in Robertsonian translocation carriers,
and the familial history of reproductive issues,
this case highlights the possibility of the paternal
t(13;14) contributing to meiotic non-disjunction
and the subsequent birth of a child with DS.

Discussion

Previous research indicated the relationship be-
tween maternal age and nondisjunction errors
(meiosis I, meiosis Il, or post-zygotic). Mothers
aged 40 and older have a greatly increased risk for
both meiosis-1 errors and meiosis-Il errors com-
pared with women under age 25, increasing the
risk of trisomy 21 in offspring (11). However, in
parents of younger age, especially young mothers,
the occurrence of DS may be associated with oth-
er factors. Chromosome rearrangements, includ-
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Figure 1. Parental karyograms: (A) karyogram showing the
Robertsonian translocation t(13;14) in the male partner (car-
rier) and (B) normal female karyogram
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Figure 2. Fetal and sibling karyograms: (A) karyogram of the
deceased sibling with trisomy 21 (Down syndrome)
and (B) prenatal karyogram of the fetus with the inherited
Robertsonian translocation t(13;14)
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ing ROBs, are known to increase the risk of
chromosomally unbalanced offspring for carrier
parents (12). This may occur because such rear-
rangements interfere with proper chromosome
alignment on the meiotic spindle or disrupt other
mechanisms required for accurate chromosome
segregation. However, the existence of such a
phenomenon (known as ICE) is still debated (4).

ICE, a phenomenon recently investigated in
translocation carriers, has been reported in male
carriers based on spermatozoa analysis (13). A
study of six couples with chromosomal rear-
rangements found that male carriers of ROBs or
reciprocal translocations exhibited an increased
risk of aneuploidy in sperm, particularly in cases
of oligoasthenoteratozoospermia. In carriers of
t(13;14), meiotic segregation analysis has reported
aneuploidy in gametes, including disomy of sex
chromosomes (XX, YY, XY) and autosomes
(chromosomes 7, 9, 13, 18, and 21) (14). This
study emphasized the need for assessing aneu-
ploidy risk in sperm of men undergoing intracyto-
plasmic sperm injection (ICSI) to provide person-
alized risk assessments for offspring (15). Shi and
Martin (2001) concluded that ICE is possible in
men with ROBs or reciprocal translocations, lead-
ing to an increased risk of disomic or diploid
gametes (16).

While some findings have suggested a possible
association between reciprocal translocations and
an ICE (17-19), other studies have reported con-
tradictory findings (20-25). It seems that some
reciprocal translocations are presumably not asso-
ciated with an ICE, but it does not exclude the
possibility that translocations affecting particular
breakpoints/chromosomal regions could display
this phenomenon. Overall, several possibilities
may account for these apparent contradictions.
Earlier studies used low resolution sperm-FISH or
cleavage-stage FISH with a few probes, while
more recent preimplantation genetic testing (PGT)
studies employ array-CGH or NGS with genome-
wide detection. Differences in specificity/sensi-
tivity and the chromosomes assayed alter obvious
ICE rates. Technical limitations may cause both
false-negative and false-positive aneuploidy de-
tection (26). Segregation patterns and potential
ICE differ depending on the gender of carrier par-
ent, indicating a gender effect (27).

A small sample size can overestimate an effect.
Differences in cohort ascertainment, statistical
power, patient age, IVF protocols, and inclusion

Sahraeean S, et al. JRI

criteria likely influence the observed outcomes
9).

Robertsonian, reciprocal or complex rearrange-
ments behave differently. An ICE may occur with
some rearrangements (or particular breakpoints)
but not others. Embryos may exhibit true biologi-
cal mosaicism or show apparent mosaicism from
whole-genome amplification or assay-related
noise. Besides, cleavage-stage biopsies versus
blastocyst biopsies yield different results due to
mosaicism and selection during development.
Some ICE signals at cleavage stage disappear by
blastocyst stage (4). The aneuploidy rate observed
in gametes was similar in controls and rearrange-
ment carriers, probably due to the well-recognized
increase in meiotic error rate associated with
women’s age. However, the degree of ICE re-
mained unchanged with maternal age, at a similar
level across all ages (4).

Although ICE was absent from oocytes in Al-
farawati et al.’s (4) research, it was obviously rec-
ognized in the cleavage stage embryos of both
female and male carriers, providing strong evi-
dence for an effect of the rearrangement during
mitosis processes after fertilization. The possibil-
ity that particular translocations interfere with the
segregation of structurally normal chromosomes
early in mitosis may explain some of the discord-
ant observations of interchromosomal effects de-
scribed in the literature. The previous assumption
was that all ICE events originate from meiosis.
Mitotic recombination involving rearranged
chromosomes can disrupt the normal spatial or-
ganization of chromosomes on the spindle, affect-
ing the correct separation of chromosomes. This
parallels the main hypothesis for a meiotic ICE, in
which pairing between rearranged and normal
homologous chromosomes alters the positioning,
pairing, and segregation of other chromosomes
during meiosis (4, 28).

Conclusion

The co-occurrence of ICE and ROBs under-
scores the importance of genetic counseling for
carriers of t(13;14), particularly in familial cases.
In this study, the male carrier of t(13;14), aged 27,
and his partner, aged 24, lost a child with DS,
while their subsequent child was a healthy carrier
of t(13;14). This case highlights the potential role
of ICE in the birth of a child with DS. Totally,
evidence for ICE depends strongly on the chro-
mosome(s) involved, the translocation type, the
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detection method, embryo stage sampled, and co-
hort size/selection. High-quality, recent datasets
of the PGT for structural rearrangements (PGT-
SR) tend to argue against a large, general ICE
across all carriers, but targeted studies still find
ICE in particular subgroups or using certain as-
says.

Prenatal screening and PGT are recommended
for carriers of ROBs to reduce the risk of unbal-
anced chromosomal disorders in offspring.
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