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ABSTRACT

Aim Chromosome translocations are considered as one of the 
most severe forms of genome defects. Because of the clinical si-
gnificance of chromosome translocations and scarce data on the 
incidence of sporadic translocations in population of Bosnia and 
Herzegovina, we aimed to report sporadic translocation frequenci-
es in samples karyotyped in our laboratory.

Methods The study group consisted of 108 samples. Whole blood 
was cultivated in complete medium for 72 hours with the thymi-
dine application at 48th hour to synchronize the cell culture. Me-
taphases were arrested by colcemid 60 minutes before harvesting. 
Following hypotonic treatment, cells were fixed and cell suspen-
sion was dropped on coded slides. Dried slides were subjected to 
conventional GTG (G-banding with trypsin-Giemsa) banding and 
analyzed under 1000x magnification in the accordance with ISCN 
(International System for Human Cytogenetic Nomenclature) and 
E.C.A. Cytogenetic Guidelines and Quality Assurance.

Results The incidence of all detected sporadic translocations was 
27.81 x 10-4 per metaphase.  The incidence of sporadic transloca-
tions involving chromosomes 7 and 14, being considered as the 
most frequent sporadic translocations of the human karyotype in 
phytohaemagglutinin (PHA) stimulated lymphocytes, was 15.89 
x 10-4 per metaphase. The most frequent breakpoints were 7p21, 
14q11 and 14q21. Other detected sporadic translocation breakpo-
ints were: 1q25, 3p22, 7p13, 7q11.22, 7q33, 14q23 and 19q13.4. 

Conclusion Higher incidence of sporadic translocations compared 
to the similar studies was registered. Since potential explanations 
for this issue are smaller sample size and higher exposure of exa-
mined population to genotoxic agents, further monitoring of spo-
radic translocation incidences is recommended.
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INTRODUCTION

Chromosome translocations derive from a mul-
tiple unrepaired DNA double strand breaks 
(DSBs) followed by a series of mistakes in cel-
lular mechanisms for reparation or elimination 
of such events (1). DSBs may arise spontaneo-
usly through replication errors, exogenous stress 
or from scheduled breaks induced during deve-
lopment of the adaptive immune system (2). Un-
repaired DSBs may lead to the translocation of 
the chromosome portion to a different chromo-
some - forming derivative chromosomes. Depen-
ding on the DSBs locations, translocations may 
cause genes fusion, or may disrupt a gene or its 
regulatory sequence (1). Therefore, chromosome 
translocations are considered as one of the most 
severe forms of genome defects. Chromosome 
translocations may appear as a consequence of 
exposure to various chemical (3) or physical 
agents (4) and have significant clinical impor-
tance since they are associated with numerous 
human cancers and non-cancerous diseases (5). 
Although chromosome translocations have long 
been considered mostly relevant to haematologi-
cal cancers, their importance in solid tumours has 
been recognized as well (5). 
Sporadic chromosomal structural aberrations 
are not randomly distributed in human karyoty-
pe. Chromosomal rearrangements resulted after 
translocations are considered as the most important 
molecular cause of various cancers (6). Numerous 
studies confirmed chromosome 7 and chromoso-
me 14 translocations to be the most frequent spo-
radic translocations in phytohemagglutinin (PHA) 
stimulated human lymphocytes. In the study 
conducted on 11915 consecutive patients and 37 
normal controls, Dewald et al. revealed that ove-
rall frequency of 7;14 translocations is 4.94x10-4 
per metaphase (7). In vivo 7;14 translocations in 
leukocytes are considered as premalignant chan-
ge ultimately leading to lymphoid neoplasia (8). 
Compared with the other human chromosomes, 
chromosome 7 is more prone to intrachromoso-
mal duplication that, along with the evolutionary 
asymmetry between the long and short arms, de-
monstrates the dynamic nature of this chromoso-
me with the possible adverse effects (9). Human 
chromosome 7 has persistently gained prominent 
attention also because of the frequent aberrati-
ons associated with the various forms of cancers, 

microdeletions within 7q11.23 are associated with 
Williams’ syndrome and the location of the cystic 
fibrosis gene (9). 
Because of the clinical significance of chromoso-
me translocations and scarce data on the preva-
lence of sporadic translocations in population of 
Bosnia and Herzegovina (B&H), we aimed to re-
port sporadic translocation frequency in samples 
karyotyped at the Institute for Genetic Enginee-
ring and Biotechnology, University of Sarajevo 
and to compare it with the previously reported 
studies.

PATIENTS AND METHODS

Patients and study design

The study group consisted of 108 samples of pa-
tients subjected to karyotyping analysis, mostly 
due to the infertility issues. Karyotyping was 
performed at the Laboratory for Cytogenetics 
and Genotoxicology of the Institute for Genetic 
Engineering and Biotechnology of the University 
of Sarajevo in the period of 2010-2020. Blood 
samples were collected in lithium heparinized 
tubes (Greiner Bio-One GmbH, Kremsmünster, 
Austria) by venepuncture. Whole blood cultures 
were initiated within 2 hours. 
This retrospective study was approved by the Et-
hics committee of the Institute for Genetic Engi-
neering and Biotechnology of the University of 
Sarajevo (No. 565/20) and conducted according 
to Helsinki Declaration.

Methods

Whole heparinized blood (400 μL) was added 
in 5 mL of PB–MAX™ Karyotyping Medium 
(GIBCO-Invitrogen, Carlsbad, CA, USA) and 
cultivated in 15mL tubes at 37˚C. Thymidine 
(Sigma-Aldrich, St. Louis, MO, USA) was added 
48 hours post culture initiation to synchronize 
cell culture. Cultivation lasted for additional 24 
hours and metaphases were arrested by colcemid 
(GIBCO-Invitrogen, Carlsbad, CA, USA) with 
the final concentration of 0.18 µg/mL for 60 min-
utes before harvesting. After hypotonic treatment 
with 0.075 M potassium chloride (25 minutes at 
37 °C), cells were fixed by immersion three times 
into a fresh ice-cold absolute ethanol/glacial ace-
tic acid fixative (3:1, v/v), and final cell suspen-
sion was dropped on coded slides. Dried slides 
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were stained by conventional GTG banding (G-
banding with trypsin-Giemsa) with the resolution 
of 400-550 bands per haploid chromosome set.
Slides were analyzed under a BX51 microscope 
(Olympus, Tokyo, Japan) with 1000x magni-
fication. Images of aberrant metaphases were 
documented with a DP50 digital camera (Olym-
pus, Tokyo, Japan). Analysis was performed in 
accordance with An International System for 
Human Cytogenetic Nomenclature – ISCN (10) 
and E.C.A. Cytogenetic Guidelines and Quality 
Assurance (11).

Statistical analysis

Proportion comparison analysis was conduc-
ted to compare incidence of detected sporadic 
translocations in our study with those previously 
published. The values were considered signifi-
cant at p<0.05.

RESULTS

Karyotyping of blood samples of 108 indivi-
duals included in this study revealed sporadic 
translocations in six (5.6%) individuals, equally 
distributed among males and females. Number of 
analyzed cells ranged from 15, in samples with 
normal karyotype, to up to 60 if aberrations were 
detected. The most prominent were translocati-
ons involving chromosomes 7 and 14 that were 
detected in 5 out of 2517 analyzed metaphases. In 
one blood sample, the same translocation t(7;14)
(p21;q21) was found in two cells, out of 60 cells 
analyzed. In addition, chromosome 7 was in-
volved in one observed translocation t(7;19)
(q33;q13.4). Translocation t(1;3)(q25;p22) was 
also singly detected (Table 1). 

was found in two cells of one individual. Other 
sporadic translocation breakpoints (1q25, 3p22, 
7p13, 7q11.22, 7q33, 14q23 and 19q13.4) were 
detected only once (Figure 1). 

Six patients
with detected 
tranlocations

Aberrant karyotype Aberrant/analyzed 
cells per sample

1 46,XX,t(7;14)(p13;q11) 1/25
2 46,XY,t(1;3)(q25;p22) 1/60
3 46,XY,t(7;14)(p21;q21) 2/60
4 46,XX,t(7;14)(q11.22;q11) 1/40
5 46,XY,t(7;19)(q33;q13.4) 1/50
6 46,XX,t(7;14)(p21;q23) 1/50

Table 1. Detected translocations in peripheral blood lympho-
cytes (PBLs) of 108 patients included in the study

Figure 1. Ratio of detected breakpoints in 2517 observed cells 
of 108 patients

The most frequent breakpoint was 7p21, found in 
three cells of two individual samples. Subsequ-
ently, single cell with 14q11 breakpoint was re-
gistered in two samples while breakpoint 14q21 

For all included samples (108) the total of 2517 
cells were analysed. Combined incidence of all 
detected sporadic translocations was 27.81 x 
10-4 per metaphase (7 of 2517), while incidence 
of sporadic translocations involving chromo-
somes 7 and 14 was 15.89 x 10-4 per metapha-
se (five of 2517). Along with the detected spo-
radic translocations in individuals with normal 
karyotype, two individuals were detected with 
karyotypes 46,XX,21ps+ and 46,XX,1qh+ that 
are considered as a normal chromosomal vari-
ants, and one individual with 47,XX,+21.

DISCUSSION

The most frequent breakpoint of chromosome 
7 and all detected breakpoints in our study was 
7p21. The most frequent breakpoints of chromo-
some 14 were 14q21 and 14q11 which is in ac-
cordance with the earlier studies (7,12).  In the 
48h lymphocyte cultures Hecht et al. (12) found 
one rearrangement per 1218 lymphocytes, and 
the breakpoints were exclusively 7p13, 7q35, 
14q11, and 14q32. Compared to other similar 
studies that confirmed chromosomes 7 and 14 
breakpoints as the most common in PHA stimu-
lated lymphocyte cultures with the incidence of 5 
x 10-4 (7) and 8.21 x 10-4 (12), we found higher 
incidence. Proportion comparison revealed a sig-
nificant increase (p=0.02) only when compared 
to the incidence reported in Dewald et al. (7). El-
evated incidence of sporadic translocations could 
be a result of smaller sample size or exposure of 
Bosnian population to different environmental 
genotoxins that is reported earlier (13-15). En-
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vironmental exposure to different xenobiotics 
can increase the frequencies of chromosome ab-
errations (16) and accordingly translocations in 
lymphocytes. Since they are reliable biomarker 
of exposure and effect, translocations are often 
chosen as an endpoint in human exposure studies 
(17). Zeljezic et al. (18) revealed an elevated fre-
quency of chromosome translocations in a group 
of plant workers exposed to pesticides. Moreover, 
Baccarelli et al. (19) revealed a higher frequency 
of t(14;18) which is associated with non-Hodg-
kin's lymphoma (NHL) among healthy individu-
als from Italy exposed to dioxin that is known 
as NHL-associated carcinogen. The frequency of 
14;18 translocation showed a significant associa-
tion between occupational exposure to pesticides 
among farmers from Jordan (3). Genome-wide 
studies of translocation capture sequencing in 
lymphocytes revealed that translocation break-
points are frequently positioned near transcrip-
tion start sites of active genes (20,21). Chromo-
somal translocation, involving chromosome 14 
along with chromosome 8 is characteristic for 
patients with Burkitt’s lymphoma (22). Genes 
involved in this translocation are associated with 
the MYC proto-oncogene located at the chromo-
some 8 which is under the control of the powerful 
immunoglobin heavy chain gene (IGH) promoter 
on chromosome 14 (23,6). An association of ac-
quired chromosome 14 translocations and inver-

sions with several types of tumours (primarily 
hematological malignancies) has been confirmed 
by the karyotyping and loss of heterozygosity 
(LOH) studies (24). Medical radiation proce-
dures can also induce chromosome aberrations 
including translocations. Cytogenetic follow-up 
study of Livingston et al. that was conducted on a 
male patient who received radioiodine treatments 
suggests that stable chromosome aberrations 
such as translocations and inversions can be use-
ful not only for retrospective studies but also for 
long-term monitoring of chromosomal instability 
(4). Therefore, the limitation of our study is the 
lack of information about possible environmental 
and medical exposures of patients to the potential 
chromosomal aberrations inducers.
In conclusion, presented study contributes to the 
knowledge of cytogenetic status of B&H po-
pulation. Results showed a higher incidence of 
sporadic translocations compared to similar stu-
dies. Since potential explanations to this issue 
are smaller sample size and higher exposure to 
genotoxic agents, further monitoring of sporadic 
translocation incidences is recommended.
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