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We carried out a comparative analysis of DNA damage (percentage of DNA in comet tail) 
and frequencies of comets in apoptotic cells in BM samples and cultures of BM multipotent 
mesenchymal stromal cells at different terms of culturing (passages 3-11). The levels of DNA 
damage in mesenchymal stromal cells remained unchanged during culturing (3.5±0.9 and 
4.4±1.2%) and did not differ from those in BM cells (3.6±0.8%). In BM samples, 10-28% 
atypical cells with high level of DNA damage were detected. In mesenchymal stromal cells, 
2.8±0.9 and 3.6±1.8% apoptotic cells were detected at early and late passages, respectively.
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Therapy with SC is considered to be a perspective 
method for the treatment of various diseases. During 
recent decades, SC are intensively studied in genetic, 
cell, and animal experiments and at different stages of 
clinical trials. However, the safety of this therapy and 
the absence of delayed adverse effect have not been 
proven yet.

The problem of genetic stability of SC is still 
poorly studied. According to some experimental stu-
dies, SC are more genetically stable compared to dif-
ferentiated cells [4,10,11], which can be explained 
by more accurate functioning of the reparation sys-
tem and timely induction of apoptosis in cells with 
irreparable DNA damages. At the same time, genomic, 
chromosome, and gene mutations were detected in SC 
during culturing [1]. Rapid growth and division of 
genetically abnormal SC can lead to clone formation 
and development of malignant neoplasms [9]. This ne-
cessitates evaluation of genetic stability of SC before 

their transplantation as a measure ensuring safety of 
cell therapy. Assessment of DNA damage in SC seems 
to be promising (apart from evaluation of chromosome 
variability) for solving this problem.

Here we compared the levels of DNA damage in 
BM cells and BM multipotent mesenchymal stromal 
cells (MSC) at different terms of culturing.

MATERIALS AND METHODS

We analyzed BM samples from 5 healthy donors and 
6 MSC cultures (passages 3-4 and 10-11). All donors 
signed informed consent for using BM samples for 
scientifi c purposes.

BM samples were frozen and stored in liquid nitro-
gen until use. MSC were cultured under standard condi-
tions [3]. BM were rapidly defrosted on a water bath 
at 37oC. MSC cultures were twice washed from culture 
medium with cold PBS and harvested with a silicon po-
liceman. BM and MSC cells were transferred into tubes 
and centrifuged at 5000 rpm for 5 min. The supernatant 
was discarded and the pellet was diluted with a buffer to 
a concentration of 1-5×105/ml and stored in a refrigera-
tor at 4oC. DNA damage was studied by DNA-comet 
assay (alkaline version) as described previously [2].
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Microscopy was performed using an AxioIma-
ger A1 epifl uorescent microscope (Zeiss; ×200). The 
digital images of DNA-comets were analyzed using 
C2ASP 1.2.2 software [6]. The analysis included at 
least 100 DNA-comets in each micropreparation. DNA 
content in DNA-comet tail (in %) was used as the 
measure of DNA damage. DNA-comets of typical 
shape with DNA content in the tail >70% (Fig. 1) were 
considered as apoptotic and counted separately. The 
data were processed statistically using Student t test.

RESULTS

Analysis showed that DNA damage in BM cells (Table 
1) was 3.6±0.8% (2.1-6.5%), which agrees with a pre-
vious report [7], where this parameter in BM cells 
from healthy volunteers was 2-9%. Analysis of micro-
scopic images (Table 1) showed that atypical DNA-
comets without head and with diffuse tail looking as a 
halo constituted 10-28% (Fig. 2). These DNA-comets 
cannot be analyzed and are called ghost cells. They 
are often detected among cells subjected to cytotoxic 
infl uence of reactive oxygen species inductors, e.g. hy-
drogen peroxide. The presence of these DNA-comets 
in BM samples is probably related to cell damage with 
reactive oxygen species during cryopreservation [12].

DNA damages in MSC cultures were evaluated at 
early (3-4) and late (10-11) passages (Table 2). In one 
MSC culture (No. 2), increased level of DNA damage 
was detected at passage 10 (16.5% DNA in comet 
tail). The incidence of apoptotic cells also increased 
(to 18.3%). The causes of these high levels of DNA-
damage in one of 6 MSC cultures remain unknown. 
This can be related to individual characteristics of 
the donor and isolation and culturing conditions. This 
culture was excluded from the analysis.

The level of DNA damage for other cultures var-
ied in a wide range (Table 2); the mean values for 
early and late passages were 3.5±0.9 and 4.4±1.2%, 
respectively. Comparative analysis of DNA damages 
in BM cells and MSC cultures at different passages 
revealed no signifi cant differences (Tables 1 and 2).

The incidence of apoptotic DNA-comets in differ-
ent MSC cultures (Table 2) was 2.8±0.9% at the early 
passages and did not change during culturing. At the 
late passages this parameter was 3.6±1.8. These values 
considerably surpassed the corresponding para meters 
in human peripheral blood cells, where apoptotic 
DNA-comets were rare (<1-2%). High proliferative 
activity of SC determined by shortening of G1 phase 
of the cell cycle leads to impairment of the control 
over DNA damages; under these conditions the cells 
with non-repaired DNA damage are eliminated via 
apoptosis. According to a previous report [10], SC 
damaged by chemical and physical agents did not stop 
their division upon transition from G1 to S stage of the 
cell cycle, but died later via apoptosis.

TABLE 1. Levels of DNA Damage and Atypical DNA-Comets 

in BM Cells

Sample No.
DNA in comet 

tail, %
Atypical 

DNA-comets, %

1 3.4 26.6

2 6.5 21.1

3 2.5 19.3

4 2.1 10.1

5 3.4 28.1

Mean value 3.6±0.8 21.1±3.2

TABLE 2. Levels of DNA Damage and Atypical DNA-Comets in MSC Cultures

Culture No.

DNA in comet tail, % DNA-comets of apoptotic cells, %

passages 3-4 passages 10-11 passages 3-4 passages 10-11

1 3.7 3.5 4.4 3.2

2 7.0* 16.5* 2.4* 18.3*

3 5.9 3.5 5.6 0.4

4 4.9 9.1 1.9 10.2

5 0.6 2.7 0.8 4.1

6 2.6 3.1 1.0 0

Mean value 3.5±0.9 4.4±1.2 2.8±0.9 3.6±1.8

Note. *Excluded from the analysis of the mean value.
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Inadequate detection of DNA damage and its de-
layed reparation can lead to accumulation of cells 
with genetic errors affecting gene expression and cell 
phenotype, which increases the probability of differ-
entiation and malignization of SC. However, initia-
tion of apoptosis in response to damage can lead to 
reduction of SC number in the body and impairment 
of tissue regeneration. In humans, interrelationship of 
these processes manifests in some hereditary diseases 
(xeroderma pigmentosum, trichothiodystrophy, Cock-
ayne syndrome, Weber syndrome, etc.) characterized 

by disturbances in DNA reparation system and in-
creased incidence of tumors [5,8]. Understanding of 
the mechanisms underlying DNA-damage aftereffects 
in SC will help to develop methods for SC protection 
and maintenance of their count.

Thus, the level of DNA damage in BM cells does 
not differ from that in cultured MSC at different stages 
of culturing. The presence of highly damaged DNA in 
BM cell samples substantiates the need of improve-
ment of cryopreservation methods for maximal protec-
tion of the cell material. One of the analyzed MSC cul-
tures can be characterized as genetically instable due 
to high level of DNA damage and incidence of DNA-
comets of apoptotic cells. Increased level of apoptotic 
cells in MSC cultures attests to intensive elimination 
of damaged cells, which can be related to the effect 
of isolation and culturing conditions. Analysis of DNA 
damages can be considered to be an important para-
meter in complex evaluation of genetic stability of SC 
cultures intended to cell therapy.

REFERENCES

 1. N. P. Bochkov, E. S. Voronina, L. D. Katosova, et al., Med. 
Genet., No. 12, 3-6 (2009).

 2. A. D. Durnev, A. K. Zhanataev, E. A. Anisina, et al., Applica-
tion of Alkaline Single-Cell Gel Electrophoresis for Evaluation 
of Genotoxic Properties of Natural and Synthetic Compounds. 
Methodical Recommendations [in Russian], Moscow (2006).

 3. A. Ya. Fridenshtein and R. K. Chailakhyan, Arkh. Patol., No. 
10, 3-11 (1982).

 4. R. B. Cervantes, J. R. Stringer, C. Shao, et al., Proc. Natl. 
Acad. Sci. USA., 99, No. 6, 3586-3590 (2002).

 5. J. Kenyon and S. L. Gerson, Nucl. Acids Res., 35, No. 22, 
7557-7565 (2007).

 6. K. Konca, A. Lankoff, A. Banasik, et al., Mutat. Res.. 534, 
Nos. 1-2, 15-20 (2003).

 7. B. Novotna, R. Neuwirtova, M. Siskova, and Y. Bagryantseva, 
Hum. Mol. Genet., 17, No. 14, 2144-2149 (2008).

 8. Y. Park and S. L. Gerson, Annu. Rev. Med., 56, 495-508 
(2005).

 9. D. Rubio, J. Garcia-Castro, M. C. Martín, et al., Cancer Res., 
65, No. 8, 3035-3039 (2005).

10. P. P. Van Sloun, J. G. Jansen, G. Weeda, et al., Nucl. Acids 
Res., 27, No. 16, 3276-3282 (1999). 

11. K. J. Vinoth, B. C. Heng, A. Poonepalli, et al., Stem Cells Dev., 
17, No. 3, 599-607 (2008).

12. X. Xu, S. Cowley, C. J. Flaim, et al., Biotechnol. Prog., 26, 
No. 3, 827-837 (2010).

Fig. 1. DNA-comets of cultured MSC (micropreparation, SYBR 
Green I staining, 200). Arrow shows DNA-comet of apoptotic cell 
(DNA content in comet tail >70%).

Fig. 2. DNA-comets of BM cells (micropreparation, SYBR Green I 
staining, 200). Arrows show atypical DNA-comets.
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