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Characterization of a complex chromosomal rearrangement involving
chromosomes 1, 3, and 4 in a slightly affected male with bad
obstetrics history
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Background

Complex chromosomal rearrangements (CCRs) are rare struc-
tural chromosomal aberrations characterized by more than
two breakpoints in one or more chromosomes, with inter- as
well as intra-chromosomal insertions of single segments [1,
2]. These abnormalities may involve distal segments causing
mainly reciprocal translocations and/or interstitial segments
leading predominantly to insertions, inversions, deletions, or
duplications [3, 4].

Notably, CCRs are rare structural rearrangements which
can be balanced or unbalanced.

The phenotype of CCR carriers varies from normal to mild
to severely affected with congenital abnormalities and/or in-
tellectual disability. The likelihood of an abnormal phenotype
increases with the number of breakpoints associated with an
apparently balanced CCR [5–7]. Till date, more than 250 CCR

cases involving three or more chromosomes have been report-
ed, and most of them were de novo.

While almost all unbalanced CCRs lead to serious clinical
problems for the carrier, balanced CCRsmay go unrecognized
until the affected carriers is diagnosed with a severe reproduc-
tive impairment. The latter is due to meiotic disturbance and/
or chromosomal imbalances in the resulting gametes [8–10].
Thus, there is a high risk of miscarriage or having live born
children with unbalanced chromosomal rearrangements due to
the CCR.

Often, it is not possible to distinguish balanced from un-
balanced CCRs only by banding cytogenetics. Advanced
techniques like fluorescence in situ hybridization (FISH)
may also not be conclusive in all cases [11–14]. However,
array comparative genomic hybridization (aCGH) studies
have been shown to be suited to identify cryptic CCRs [1,
15, 16].

Here, we present an adult male with minor facial
dysmorphism, speech impairment, and a history of previous
unsuccessful pregnancy in the partnership. A CCR with cryp-
tic imbalances of about 1.5 megabase pairs (Mbp) was
identified.

Material and methods

Case presentation

A 32-year-old male and his 26-year-old wife contacted a
genetic counselor due to medical issues in the previous
conception, which was terminated after sonographic de-
tection of not nearer specified brain anomaly in eighth
week of gestation. A mild facial dysmorphism with
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speech impairment was recognized in the male partner. As
his semen analysis report was normal, the couple insisted
on getting a karyotype done. Sample collection and writ-
ten informed consent was obtained as per the institutional
ethics committee.

Banding cytogenetics

Cytogenetic analysis was performed according to standard
procedures. Analysis of the GTG-banded metaphase chromo-
somes at the resolution level of 400 bands was done in the
couple, and as parents of the male were not alive, his brother’s
karyotype was performed instead.

Molecular cytogenetics

FISH was performed using whole-chromosome painting
(WCP) probes for chromosome 1, 3, and 4; a BAC probe
RP11-95E11 in 3p26.3 (home-made probes); and a
subtelomeric probe for 3pter (Abbott Molecular, VYSIS,
Mannheim, Germany). High-resolutionmolecular cytogenetic
analysis was carried out applying amulticolor banding (MCB)
probe set for chromosome 1 [17].

Molecular karyotyping

Molecular karyotyping was done based on the aCGH plat-
form of Agilent Technologies and a custom-designed 8 ×
60 K oligonucleotide microarray with a genomic coverage
for interrogation of over 250 genetic disorders, giving an

average genome-wide resolution of 30 kb. Experimental
procedures were performed according to the manufac-
turer’s description. Microarray images were processed
with Feature Extraction v.11.1 (Agilent Technologies,

Fig. 1 GTG-banded karyotype of
the patient showing three
derivative chromosomes involved
in the CCR

Fig. 2 FISH results with whole-chromosome painting (WCP) for chro-
mosomes 1, 3, and 4, and subtelomeric probes 4pter and 3pter along with
RP11-95E11 in 3p26.3. Multicolor banding (MCB) images show the
deletion of the particular segment from chromosome 1 and its insertion
into derivative chromosome 3
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USA) and imported to Agilent Cyto Genomic Workbench
3.0.6.6 for analysis. Copy number variations (CNVs) were
identified and evaluated to minimize false-positive calls.
CNVs were considered pathogenic if they overlapped
wi th the cr i t i ca l reg ions of wel l -charac te r ized

duplication/deletion syndromes or pathogenic regions as
reported in ISCA or Database of Chromosomal Imbalance
and Phenotype in Humans using Ensembl Resources
(DECIPHER) database or were relatively large and
encompassing many genes.

Fig. 3 Array-CGH results for
chromosome 1 (a) and
chromosome 3 (b) The log2 ratio,
weighted log2 ratio, and copy
number state indicate the deleted
regions for both chromosomes 1
and 3 and one segment of loss of
heterozygosity for chromosome 1

Fig. 4 Schematic presentation of
the partial karyogram showing the
CCR (left). Pachytene diagram of
the patient (right)
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Results

GTG-banding revealed a normal karyotype in the female part-
ner of the studied couple, while a complex rearrangement
involving chromosomes 1, 3, and 4 was seen in the male
(Fig. 1). Also, a normal karyotype was found in the patient’s
brother, making a de novo CCR-event somewhat likely.
Subsequently, FISHwas done in the male patient and revealed
a final karyotype as 46,XY,del(1)(q24.3q31.1),der(3)(4qter- >
4 q 1 2 : : 1 q 2 4 . 3 - > 1 q 3 1 . 1 : : 3 p 2 6 . 2 - >
3qter),der(4)t(3;4)(p26.2;q12) (Fig. 2). Array-CGH carried
out surprisingly identified a 1132 kb microdeletion in chro-
mosome 1q31.1 from position 186,549,764 to 187,681,865
(UCSC genome Browser; http://genome.ucsc.edu/; GRCh37/
hg19 release), which encompassed two genes: PTGS2 and
PLA2G4A extended (Fig. 3). Also, there was another
microdeletion of only 337 kb in size in 3p26.2 (positions
3,316,827 to 3,653,405) but encompassing no genes.

According to ISCN 2016, the aCGH result can be summa-
rized as arr[GRCh37] 1q31.1(186549764_187681865) ×
1,3p26.2(3316827_3653405) × 1.

Discussion

CCRs are rarely found in general populations but frequently
associated with congenital abnormalities, mental retardation,
and/or recurrent spontaneous abortions and infertility [6, 9,
18]. The application of FISH and aCGH is crucial for further
delineation of chromosomal breakpoints and possible imbal-
ances in CCRs [9, 19].

The present cryptically imbalanced CCR-case is the first
one involving breakpoints in 1q24.3, 1q31.1, 3p26.2, and
4q12. According to the categorization of CCRs proposed by
Madan [20], it can be considered as variant of type III CCR;
also, it is most likely de novo. Even though two
microdeletions of overall ~ 1.5 Mbp in size were detected,
affecting the genes PTGS2 and PLA2G4A in 1q31.1, the sig-
nificance of this deletion is not clear, and as of now, they have
only been associated with schizophrenia [21]. Thus, unfortu-
nately, the genetic reasons for speech impairment and facial
dysmorphism in the present patient remained unresolved here.

Another interesting feature of the present case is that the
CCR did not lead to infertility, as the sperm count and sperm
morphology were normal. Thus, this case belongs to the mi-
nority of male CCR cases, which presented with repeated
abortions in the partnership and not because of infertility [22].

In the present case, there are several possibilities how un-
favorable meiotic alignments may finally lead to an adverse
pregnancy outcome. At pachytene stage, the CCR may, for
example, form a hexavalent configuration, different from
three-way translocation (Fig. 4). Generally, unbalanced 3:3,
4:2, 5:1, and 6:0 segregations produce severe genomic

imbalances, thereby leading to early pregnancy loss. In addi-
tion, recombination involving the inserted segment can result
in gametes with new unbalanced karyotypes. Also, live-born
abnormal children with congenital anomalies are possible
through 4:2 segregation. The der(3) consists of segments from
three chromosomes. As the inserted segment 1q24.3-1q31.1 is
inverted in this chromosome, any recombination in this seg-
ment would lead to non-viable dicentrics or acentric segments.
The mode of meiotic segregation in the first fetus of this case
remains unknown, as no genetic analysis was done. However,
as the couple meanwhile conceived spontaneously and cyto-
genetic analysis and aCGH at 16th week of gestation was
normal, there must have been an alternate segregation without
any recombination possible.

Conclusion

According to the literature [6], CCR carriers have a 50% risk
of spontaneous abortion and a 20% risk of having a child with
an unbalanced karyotype. Albeit individual CCRs may have
variant risk estimates, as the category of CCRs and the number
of chromosomes involved can vary and also recombination
hot spot clusters may play a role [23, 24]. Thus, although
the reported couple was fortunate to have conceived a normal
baby, future parents should always be counseled about the
high possibility of miscarriages or live birth of a child with
malformations due to an unbalanced karyotype and be advised
on other options like pregestational diagnostics or pregnancy
based on donor gametes [25, 26].
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