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GENETIC STABILITY OF HUMAN MESENCHYMAL STEM CELLS
EXPOSED TO X-RAYS OR HEAT SHOCK IN CULTURE
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Abstract. The aim of this study was to investigate the cytogenetic assay of endometrial mesenchymal stem cells
(eMSC) in vitro after the exposure to a sublethal dose of X-rays and the sublethal heat shock (HS). For the analysis of
chromosomes, we used the G-banding technique. We showed that both types of stress caused similar changes in eMSC
karyotype structure. In both cases, 80% of the cell population had karyotype abnormalities. The main types of
rearrangements were aneuploidy and chromosomal breaks. Chromosomes 1 and 4 were involved in breaks more
often than other chromosomes. The number of chromosomes involved in the restructuring as a result of HS was
larger than after X-rays.
Key words: Human stem cells, irradiation, X-rays, heat shock
DOI: 10.21175/RadProc.2017.31

1. INTRODUCTION
The study of eMSC stress response expands our
knowledge on the stem cell biology.
The number, size and chromosome structure are
species-specific characteristics. The frequency of
genetic material changes in populations depends on
their living conditions. Deviations from the normal
karyotype are adaptive in nature. The organism
adaptation to environmental changes is accompanied
with the occurrence of karyotypic instability. The most
studied exogenous stress factors are ionizing radiation,
chemical agents and changes of temperature. The
optimal temperature range varies for different
organisms, but, despite of this, protective mechanisms
are very conservative. It has been found that cell
response to heat stress depends on the stress intensity
and duration as well as on the cell type. A slight
increase in temperature leads to apoptosis or
premature aging of cells, whereas the increased
temperature causes the necrotic death [1]. The cellular
response to hyperthermia is accompanied with the
accumulation of heat shock proteins, impaired cell
division and karyotype anomalies [2]-[4].
Another type of exogenous stress, which can lead to
changes in the structure of the cell genome, is ionizing
radiation. X-rays and gamma radiation alter the DNA
organization. Changes in the DNA structure are the
basis of mutagenic and carcinogenic effects of
irradiation frequently manifested in chromosome
*

shili-mariya@yandex.ru

rearrangements. Chromosomal aberrations in cells
morphologically appear mainly in chromosomal
damage [5]-[8]. Some researchers found that the
increase in radiation dose raised the number of
chromosomal aberrations [9], [10].
In this study, we compared the pattern of
karyotypic changes induced in eMSC exposed to heat
shock and X-rays.

2. MATERIALS AND METHODS
Cell culture. The line of human endometrial
mesenchymal stem cells was maintained by the
standard protocol in DMEM/F12 (Gibco, United
States) with 10% bovine fetal serum (HyClone, United
States), 1% antibiotic-antimycotic solution and 1%
GlutaMAX (Gibco, United States). The cells were
subcultured 1:3—1:4 twice a week using 0.05%
trypsin/EDTA (Invitrogen, United States) [11].
X-rays. The eMSC at the 9th passage were
irradiated with the sublethal dose of X-rays (5Gy).
Irradiated cells were cultivated under standard
conditions and, at the 13th passage, they underwent
the karyotyping assay with the G-banding technique.
Heat shock. The eMSC at the 6th passage were
exposed to a sublethal heat shock (45 ° C for 30 min).
After HS cells were cultivated under standard
conditions and, at the 12th passage, they underwent
the karyotyping assay with the G-banding technique.

G-banded karyotyping was performed according to
the standard protocol. The cells were seeded with the
density of 14—15x103 cells/cm2. The mitostatic agent
colcemid (stock solution 10 mg/mL) (Sigma, United
States) was added after 24—25 h cultivation for 1 h.
Then the medium was removed, cells were treated with
0.05% trypsin and centrifuged. The pellet was
suspended and treated with 0.56% KCl hypotonic
solution for about 1 h. The cell suspension was
centrifuged (1300 rpm), resuspended and fixed on ice
by methanol mixed with acetic acid 3:1. The fixator was
changed three times, total fixation time was 1.5 h. The
fixed material was dropped on cold and wet slides. The
slides were air-dried for one week. Chromosomes were
G-banded with Giemsa stain (Fluka, United States)
after preliminary trypsinization (Biolot, Russia).
Metaphase plates were assayed under the microscope
Axio Scop (Carl Zeiss, Germany), objective 100, ocular
20. The chromosomes were identified according to
the international nomenclature [12] and atlas of
human chromosomes [13].
SA-β-Gal activity. The enzyme activity is a marker
of cellular senescence. 105 cells were plated in 3-cm
Petri dishes and cultivated for 3 days. Then the
medium was removed, cells were washed with PBS,
fixed with 4% formaldehyde and stained with
senescence-galactosidase staining kit (Cell Signaling,
United States) according to the manufacturer’s
instructions. SA-β-Gal activity was detected by cell blue
staining visualized under a microscope.

Figure 1. Karyotype eMSC 4th passage after X-ray irradiation.
In total, cells have gone through 13 passages. Trisomy and
near-centromere breakage of chromosome 5; deletion of
chromosome X, monosomy of chromosomes 13.

3. RESULTS AND DISCUSSION
We have provided evidence that both types of stress
induce changes in the structure of eMSC karyotype. In
both cases, 80% of the cell population had karyotype
disorders. The main types of rearrangements were
aneuploidy and chromosomal breaks. The number of
copy aneuploid cells varied ranged from 1 to 3. These
changes are typical for cells with the impaired cell
division [14]-[16]. Chromosome breaks occurred in
both near- and distal-centromere areas. However, the
number of chromosomes involved in breaks was
different after HS and X-rays. Chromosome breaks
were registered more often in chromosomes 1, 4, and X
(irradiation) and 1, 2, 3, 4, 5 (heat shock). These
findings show that chromosomes 1 and 4 were the most
fragile in cells exposed both to HS and X-rays (see
Figure 1, 2). The increased sensitivity of chromosome 1
was also found in the study of the effect of heat shock
on human cell lines [17], [18]. The increased sensitivity
of chromosome 4 was typical for human cells after
X-rays [19]-[22].
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Figure 2. Karyotype eMSC 6th passage after HS. In total, cells
have gone through 12 passages. Near-centromere breakage of
chromosomes 1, 5, 11; distal deletion of chromosome 10;
trisomy of chromosomes 2, 3, 14; monosomy of chromosomes
11, 12, 13, 20.

The eMSC exposed to both stress types entered
replicative senescence (see Figure 3).
Collectively, eMSC survived after HS or X-ray
irradiation, entered replicative senescence and died,
avoiding immortalization and transformation.

Figure 3. SA-β-Gal staining. A - long-term cultivation of
eMSC survived X-ray; B - eMSC survived X-ray on 2 passage
after irradiation; C – long-term cultivation of eMSC survived
HS ; D - eMSC survived HS on 3 passage after temperature
treatment.
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