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ABSTRACT The researchers evaluated pregnancies in families with balanced/unbalanced translocations. This clinical
cohort consisted of 25 pregnancies with balanced/unbalanced chromosomal translocations in family member(s)
(maternal, paternal, fetal, abortion material, and/or previous fetus(es)) who underwent prenatal diagnosis. Translocations
were observed in 18 cases (14 balanced and 4 unbalanced translocations). The researchers found 2 and 12 cases among
the chromosomal translocations were paternal and maternal in origin, respectively. The researchers demonstrated
that parent karyotypes were normal in 4 cases, while only maternal karyotypes were normal in 3 cases with unknown
paternal karyotypes. Five of the prenatally diagnosed chromosomal abnormalities were Robertsonian and 13 were
reciprocal translocations, Among the Robertsonian translocations, 2 were unbalanced. Early fetal loss or recurrent
miscarriages were observed in previous history of 10(40%) and 6(24%) respectively. Prenatal diagnosis is critical in
pregnancies with balanced/unbalanced chromosomal translocations in a member(s) of the family or those with poor

gestational histories.

INTRODUCTION

Balanced and unbalanced chromosomal
translocations are among the main concerns of
physicianswithin the framework of prenatal di-
agnosis programs (Pourjafari et al. 2012; Page
and Silver 2016). Balanced translocations are
structural rearrangements of chromosomeswith-
out the gain or loss of genetic material and com-
prise most chromosomal transl ocations (Etem et
al. 2010). Balanced translocation was reported
to occur in 0.08 - 0.3 percent of the general pop-
ulation (Morin et al. 2017; Kochhar and Ghosh
2013; Joo et al. 2012). In contrast, unbalanced
translocations occur with gain or loss of genetic
material and are less common than balanced
translocations (Jod et al. 2012). It was previous-
ly reported that the incidence of translocations
infamilieswith recurrent miscarriagesis2.69 per-
cent (Lietd. 2017).
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Reciprocal translocation is an exchange of
chromosomal segments between 2 non-homol-
ogous chromosomes (without a change in the
number of total chromosomes), while Robertso-
nian translocation is an exchange between the
long arms of two acrocentric chromosomes
(chromosomes 13, 14, 15, 21, and 22), which leads
to adecreasein the total chromosomal number
from 46 to 45. Reciprocal translocations are ob-
served more frequently with an incidencerate of
1/500-625 compared to Robertsonian transloca-
tions with an incidence rate of 1/900 (Jod et al.
2012).

Carriers of balanced chromosomal translo-
cations may be normal or have minimal pheno-
typic variationswithout clinical signsand symp-
toms (Baptistaet al. 2008). However, these carri-
ersmay suffer frominfertility problemsand re-
peated miscarriages or may have offspring that
suffer from abnorma phenotypes because of the
presence of unbalanced trand ocations (M okanszki
etal. 2012).

Chorion villus sampling, amniocentesisand
cord blood sampling are the prenatal invasive
tests used for the diagnosis of translocationsin
the fetus. Chorion villus sampling isthe method
of choicefor the patientswith aprior history of
chromosomal abnormality as CVSisperformed
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at earlier gestational weeks and has high rates
of culture success (Ekmekgci et al. 2016).

Objectives

In this study, the researchers evaluated the
gestational outcomes of the recent pregnancies
of 25women who underwent prenatal diagnosis
during pregnancy between 2001 and 2016, with
balanced/unbalanced chromosomal transloca-
tionsintheir family member(s) (maternal, pater-
nal, fetal, abortion material, and/or previous
fetus(es)).

MATERIAL AND METHODS

This clinical cohort consisted of 25 women
from families with balanced/unbalanced chro-
mosomal trand ocationsin family member(s) (ma:
ternal, paternal, fetal, abortion material, and/or
previous fetus(es)) who underwent prenatal di-
agnosis during their recent pregnancies.

All patients (including patientsreferred from
other institutions) were included in a special
antenatal care program for prenatal diagnosis.
Datawere obtained from the Hacetttepe Univer-
sity database and perinatology registry. The
hospital isatertiary center for prenatal diagno-
sis. Personal information, obstetrical history, clin-
ical data, and prenatal diagnosis results were
used to evaluate patients.

The necessary consent forms were obtained
at all stages of the follow-up procedures and
prior to invasiveinterventions. Prenatally diag-
nosed unbal anced transl ocati ons were terminat-
ed with the approval of the families in accor-
dancewith legal regulations.

Chorionic villus sampling or amniocentesis
was used for prenatal diagnosis of chromosom-
al abnormalities. Cytogenetic analysiswas per-
formed by the G-banding technique using cul-
tures of peripheral lymphocytes obtained from
the parents and affected siblings or cultures of
cellsfrom chorionic villi samplesor cultures of
amniocytes at metaphase. If necessary, high-res-
olution banding was applied during this tech-
nique (Howeet a. 2014).

The acquired data was used for descriptive
analysis. All the statistical calculations were
performed with Microsoft Excel version 2013.

This retrospective study was approved by
the Hacettepe University Ethics Committee (GO
18/33).
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RESULTS

Table 1 showsthe balanced/unbalanced chro-
mosomal translocations present in the family
member(s) (maternal, paternal, fetal, abortion
material, and/or previous fetus(es)) of women
who underwent prenatal diagnosis in their re-
cent pregnancies. Table 1 also shows the previ-
ous obstetric history, karyotype of recent preg-
nancies, and gestational outcomes.

In this study, the researchers showed that 2
and 12 cases among the chromosomal translo-
cationswere paternal and maternal in origin, re-
spectively. Additionally, the researchers dem-
onstrated that both paternal and maternal kary-
otypeswerenormal in 4 cases, while only mater-
nal karyotypeswere normal in 3 cases with un-
known paternal karyotypes. In this study, some
datawasincompl ete because some patientswere
referred from other institutionsaswell asrefusal
of karyotyping by the parents.

Theresearchersfound 1 anencephalic fetus,
1 fetuswith hypomyelinization, and 1 Robertso-
nian type Down'’s syndrome in previous preg-
nancies of 3 cases. The researchers identified
early fetal lossesin 10 (40%) cases, 6 (24%) of
whichwererecurrent miscarriages. Table 1 shows
the karyotyping results of these cases. Seven
prenatal diagnosisresults (n=25) werefoundto
be normal, while various types of balanced and
unbalanced translocations were observed in 18
cases (72%) (14 balanced and 4 unbalanced trans-
locations). Five prenatally diagnosed chromo-
somal abnormalitieswere Robertsonian translo-
cations, while 13 werereciprocal trans ocations.
Among the Robertsonian translocations, 2 were
unbalanced.

Gestational outcomes of the cases are sum-
marizedin Table 1. One pregnancy wasterminat-
ed because of an unbalanced translocation in
the fetus. Five and two pregnancies resulted in
abortion and intrauterine exitus, respectively.
Eight of theremaining 17 patientsdelivered their
offspring at the hospital without any obstetrical
complications. Two delivered fetuses had struc-
tural abnormalities (one with cleft lip-pal ate and
onewith multipleanomalies). Nine of the 25 pa-
tients underwent subsequent antenatal follow-
up at different institutions and their gestational
outcomes were excluded from the researchers
evaluation because of alack of sufficient data.
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Fig. 1. Metaphase figure of patient |, 46,XX,t(4;13)
(a21;913)
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Fig. 3. Metaphase figure of fetus V, 46,XX,t( 1,;6)
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Fig. 5. Metaphase figure of fetus XVI, 46,XX,t(4;9)
(q13;q34
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Fig. 2. Metaphase figure of fetus IV, 46,XY,
rob(14;21) (q10;g10)+21
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Fig. 4. Metaphase figure of fetus XII, 46,XX,rob
(13;14)(g10;q10)+14

DISCUSSION

In the present study, the researchers deter-
mined the gestational outcomes of familieswith
known balanced translocations. The research-
ers demonstrated and confirmed that balanced
translocations are more frequent compared to
unbalanced translocations, as reported previ-
ously (Jo6 et al. 2012).

A balanced translocation may lead to sub-
fertility and adverse pregnancy outcomes (Mo-
kanszki et al. 2012). Balanced chromosomal trans-
|ocations have been detected in 0.6 and 9.2 per-
cent of infertile couples and coupleswith recur-
rent miscarriages, respectively (Vozdova et al.
2012). Individuals carrying balanced reciprocal
translocations are known to have a high risk of
being infertileand high risk of conceiving chro-
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mosomally abnormal embryos that result in re-
current spontaneous abortions or offspring with
congenital anomalies (Mokanszki et al. 2012).
The incidence of miscarriages due to balanced
translocations was reported to be 1.5 percent
(Jodetal. 2012).

Patients carrying balanced reciprocal trans-
locations are prone to meiotic nondisjunction.
Therefore, misalignment in metaphase and mis-
pairing of translocated chromosomes during the
first meiotic division lead to various forms of
chromosomal segregation, creating an unbal-
anced karyotype that may result in monosomy
or trisomy of translocated chromosomes (Pour-
jafari etal. 2012). Althoughthereisahighrisk of
conceiving a fetus with aneuploidy, successful
gestational outcomes are higher than anticipat-
ed (Page and Silver 2016; JoO et a. 2012).

Generally, meiotic segregation between chro-
mosomes with translocation occurs through 2
modes: (i) alternate segregation that produces
fetuses with normal karyotypes or balanced
translocations similar to their parentsor (ii) ad-
jacent 1 segregation that leads to fetuses with
unbalanced translocation. Adjacent 2 segrega-
tion, 3:1 segregation, and 4:0 segregation are
also observed, but are uncommon (Scriven et al.
1998). The co-occurrence of translocations and
inversionsis commonly referred to as complex
rearrangements, which haverarely been report-
edintheliterature (Gribbleet al. 2005; Pellestor
et a. 2011). Despite this rarity, one of the re-
searchers’ cases had an inversion and recipro-
cal translocation.

The recurrence risk of translocations de-
pends on an imbalance of genetic material, type
of trandlocation, and precise breakpoints of chro-
mosomes involved in translocation (Ozawa et
al. 2008). Moreover, conventional cytogenetic
analysis cannot detect abnormalities shorter
than 5-10 Mb. New technologies such as mi-
croarray platforms have advantages such as
higher resolution and detection rate compared
to conventional chromosomal studies. Howev-
er, any genomicimbalanceisunlikely presentin
phenotypically normal carriers of apparently
balanced translocations (Baptista et a. 2008;
Dhillonetal. 2014).

Balanced transl ocations may beinherited or
occur de novo with incidence rates of seventy
percent and thirty percent, respectively (Joo et
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al. 2012; Vasilevskaet al. 2013). Denovotrando-
cations are known to occur with afrequency of
1/2000 in the general population (Weckselblatt
et a. 2015). Presumed de novo translocations
may be explained by 2 different hypotheses.
First, recurrent balanced trandl ocations may arise
from non-allelic homol ogous recombination be-
tween paral ogous low-copy repeats or palindro-
mic AT-rich repeats on the chromosomes. Non-
recurrent de novo balanced trans ocati ons most-
ly occur because of error-prone non-homolo-
gous end joi ning mechanisms or micro-homolo-
gy-mediated repair after the formation of ran-
dom double-strand breaks (Kurahashi et al. 2010;
Thomaset a. 2010; Ou et a. 2011; Robberecht et
al. 2013). De novo unbalanced transl ocation for-
mation occurs because of non-allelic homolo-
gous recombination between retrotransposons,
predominantly long interspersed elements (Rob-
berecht et al. 2013; Weckselblatt and Rudd 2015).
Second, gonadal mosaicism may explain fetal
cases with translocations in parents with nor-
mal karyotypes. However, gonadal mosaicism
of translocations has rarely been reported, and
further studies are needed to clarify these points
(Kovalevaand Cotter 2016).

Although it iswidely accepted that maternal
age is associated with the risk of nondisjunc-
tion, male gametogenesis and paternal age are
also associated with the formation of balanced
translocations. Various studies demonstrated
that familial casesgenerally have amaternal or-
igin, while de novo translocations occur by pa-
ternal transmission (Pellestor et al. 2011; Tho-
maset al. 2010). The association between pater-
nal age and non-recurrent translocations sug-
gest that translocation occurs during pre-meiot-
ic mitosis or post-meiotic processes such as a
double-strand breaks repaired by non-homolo-
gousend-joining (Thomaset al. 2010). Howev-
er, in this study, paternal age was not consid-
ered because of the database structure.

Previous studies showed that paternal trans-
mission of areciprocal translocation resultsin
spontaneous abortion or live birth with inci-
dencerates of seventy-five percent and 4.9 per-
cent, respectively (Kohn et a. 2015). In there-
searchers study, among the 2 individuals carry-
ing fetuseswith paternal trans ocations, one had
an abortion during a previous pregnancy and
unknown outcome for the recent pregnancy,
while the other had a healthy term delivery.

Among the chromosomes involved in the
trang ocations, the most common Robertsonian
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translocation occurred between chromosomes
13and 14 (Chang et al. 2013). Intheresearchers
study, 3 of 5 Robertsonian translocations oc-
curred between chromosomes 13 and 14, whichis
consistent with the results of previous studies.

However, despite the known relationship
between parental carriers of structural chromo-
somal rearrangements and the history of recur-
rent loss of pregnancy, the probability of natu-
ral spontaneous pregnancies at a later time re-
mainsfeasible.

Assisted reproductive technologies can be
used to produce healthy offspring in couples
with recurrent miscarriages because of balanced
translocations (Keymolen et al. 2009). However,
these techniques are associated with risks of
congenital malformations (Balci et al. 2008). In
contrast, natural conception can be considered
for carriersof balanced chromosomal transloca-
tions after detailed and well-informed genetic
counseling (Zhang et al. 2015; Page and Silver
2016). Furthermore, prenatal diagnosisisan op-
tion for detecting probable genetic problemsin
the presence of prior obstetric history related to
translocations.

Prenatal invasive techniques may be safely
used for the detection of chrosomal abnormali-
ties, asrisk for miscarriagesfor CVSand amnio-
centesiswerefound to be 0.81 and 2.18 percent,
respectively (Akolekar et a. 2015). On the other
hand, miscarriage risksfor reciprocal and Rob-
ertsonian translocations were reported to be as
high asfifty percent (Neri et al. 1983).

Retrospective design and relatively low num-
ber of the casesisthelimitations of thisstudy. On
the other hand, detailed literaturereview and exist-
ence of various types of transocations in the re-
searchers cohort is the strength of their study.

CONCLUSON

Prenatal diagnosisis critical in pregnancies
with balanced/unbalanced chromosomal trans-
locationsin member(s) of the family (maternal,
paternal, fetal, abortion material and/or previ-
ous fetus(es)) or in those with poor gestational
histories.

RECOMMENDATIONS
According to the researchers’ experiences

and literature findings, they may conclude that
chorion villus sampling may be safely used for
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the diagnosis of chromosomal translocations at
the patients with a prior history of afetus with
chromosomal transl ocation.
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