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Random amplified polymorphic DNA (RAPD) analysis was adapted for genomic identification of cell cultures and
evaluation of DNA stability in cells of different origin at different culture passages. DNA stability was observed in
cultures after no more than 5 passages. Adipose-derived stromal cells demonstrated increased DNA instability. RAPD
fragments from different cell lines after different number of passages were cloned and sequenced. The chromosomal
localization of these fragments was identified and single-nucleotide variations in RAPD fragments isolated from cell
lines after 8–12 passages were revealed. Some of them had permanent localization, while most variations
demonstrated random distribution and can be considered as de novo mutations.

Introduction

The application of cell therapy brings up the problem of the
safety of transplanted cells. At the same time, cultivation of cell
material can introduce modifications to the genomic DNA dan-
gerous for the patient. Karyotype analysis of cell lines and cul-
tures demonstrated chromosomal abnormalities and a trend to
karyotype instability.1-3 In addition, cell growth rate as well as
their differentiation potential can significantly change upon cul-
turing.4-6 In this context, culture and transfection of human cell
lines require stringent control of genomic alterations in trans-
planted cells. We assumed that RAPD analysis can be used for
this purpose. The diagnostic potential of RAPD technique has
been successfully demonstrated for the description of genetic var-
iation of microorganisms, higher plants, invertebrates, and verte-
brates.7-10 The most detailed RAPD analysis was performed for
crops, livestock, and laboratory animals for the identification and
differentiation of breeds and individual lines, chromosomal map-
ping, and identification of commercially valuable characters.7-10

The studies of Dil-Afroze11 and Ong12 demonstrated the applica-
bility of RAPD analysis for the detection of genetic instability in
brain and lung cancer. They proposed RAPD analysis as an addi-
tional test for genomic rearrangements in cancer. Later this
approach was used to study genomic instability in liver cancer in
transgenic mice13 and human hepatocellular carcinoma.14 RAPD
was also applied to detect somatic alterations in azoxymethane-
induced rat colon tumors.15

Thus, RAPD analysis is an efficient tool for the identification
of DNA alterations in malignant cells; however, the data on
DNA variation in normal cells, particularly, after long-term cul-
ture are clearly insufficient. Long-term culture-induced genetic
abnormalities initially include occasional point mutations, which
can substantially affect genetic control. The goal of this work was
to study genomic instability in human cell cultures of different
origin using RAPD analysis and to identify the types of structural
variations in DNA amplified from different passages.

Results

RAPD analysis of cell cultures
Structural DNA variations in human cells at different culture

stages were analyzed by RAPD using PCR primers previously
approved in our study of somatic mosaicism in humans.16 Zero
passage refers to the culture before medium replacement; first
passage, to the first subculture. The results of DNA amplification
with the P29 primer are shown in Figure 1.

An average RAPD spectra included 8 fragments in the range
of 300 to 1500 bp. RAPD spectra proved identical for the vast
majority of cultures (nos. 1–23). The differences between certain
spectra (for instance, lane 1 in culture no. 18, lane 1 in culture
no. 20, and lane 1 in MSCs) have not been confirmed in subse-
quent experiments and were ignored. No differences between
RAPD spectra of different passages in the same cell culture have
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been revealed either. Again, minor variations have not been con-
firmed in subsequent experiments. It should be specifically noted
that medium replacement had no effect on RAPD spectra (lanes
10 and 10* – culturing 10 using another culture medium in cul-
ture no. 14). Thus, no significant differences in RAPD spectra
have been revealed for the studied DNA samples using the P29
primer.

RAPD analysis of the same DNA samples using the R45
primer is shown in Figure 2. The amplification spectra had »8
fragments (including 3–4 major ones) in the range of 300 to
1500 bp. Most spectra were similar for different passages. Minor
distinctions including band shift, doubling, or disappearance in
the region of 600 bp were observed. Subsequent experiments
reproduced these variations. Minor band variations in the region
above 1000 bp were not reproduced in subsequent experiments
and were ignored.

Figure 3 shows the amplification of the same DNA samples
using the P447 primer. RAPD spectra display 6–8 fragments
(including 2–4 major ones) in the electrophoretic zone of
250–1500 bp. At the background of a pool of major and

minor bands with similar electrophoretic mobility, one can
see significant RAPD variations both between cell cultures
and passages of certain cultures. The amplified band of about
350 bp is the most illustrative. This fragment can be found
as a major reproducible band in most cell cultures but is
missing in culture nos. 16 and 14 and represented by a
minor band in culture nos. 18 and 19. Reproducible differen-
ces are also observed for this band in different passages of the
same cell culture. It could become more (culture nos. 2, 3,
and 23) or less pronounced (MSCs and culture nos. 5, 11,
20, and 29) with passages.

Figure 4 presents RAPD spectra for zero, intermediate, and
final passages of several cell cultures. This applies to the bands
of about 350 and 750 bp that demonstrate gradual changes at
different culture passages. In the context of possible factors
underlying the observed RAPD variations, one should realize
that the studied cell cultures have different origin (mesenchy-
mal, progenitor, adipose tissue, and skin fibroblasts), were
obtained from different patients, and have heterogeneous cell
composition. Accordingly, RAPD variations between zero pas-
sages of different cell cultures can be due to individual DNA
variations of cell donors, while RAPD alterations in cell cul-
tures with passages could result from structural DNA varia-
tions or changes in the proportion of cell fractions with
structurally different DNA. Clearly, the analysis of the

Figure 1. RAPD analysis of DNA from cell cultures at different passages
using the P29 primer. A 100 bp LadderC and a 1 kb Ladder (Fermentas)
were used as molecular weight markers. Culture nos. 1–5, adipose-
derived stromal cells; MSCs, mesenchymal stem cells; nos. 11, 14, 16, 18–
21, and 23, skin fibroblasts; lanes 1–20, different passages; ‘*’ indicates
that the cell line was cultured on different medium; nos.1–23, cell cul-
tures obtained from different donors.

Figure 2. RAPD analysis of DNA from cell cultures at different passages
using the R45 primer. For designations, see Figure 1.
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molecular structure of RAPD fragments can shed light on the
nature of their possible variations with cell passages.

Sequencing of RAPD fragments
Reproducible major amplification fragments obtained using

the P447 primer in culture nos. 2, 3, 5 (adipose-derived stromal
cells), and 11 (skin fibroblasts) were selected for sequencing
(Fig. 5, framed).

The amplification fragments were isolated from agarose
gel, cloned, and sequenced as described in the Materials and
Methods. For data authenticity, the whole procedure from
DNA amplification and agarose gel electrophoresis to DNA
cloning and sequencing was replicated twice. In case of data
discrepancy, extra sequencing of certain fragments was per-
formed. The obtained sequences corresponding to 3 different
loci were analyzed using GenBank. The 548-, 388-, and 345-
bp RAPD fragments were localized to chromosomes 8, 15,
and 10, respectively (Table 1). Comparison of the sequences
for different passages and cell cultures allowed us to identify
randomly distributed single-nucleotide mismatches. An excep-
tion was found for the 548-bp fragment localized to chromo-
some 8 (8p23-p22, FAM167A region) with single-nucleotide
variations (232 C!A and 307 C!T) at the same positions
in several but not all cell cultures. Overall, no cell culture-
specific variations have been identified.

Figure 3. RAPD analysis of DNA from cell cultures at different passages
using the P447 primer. For designations, see Figure 1.

Figure 4. RAPD analysis of DNA isolated from different human cell cul-
tures at different passages: variations observed for the P447 primer. A
100 bp LadderC and a 1 kb Ladder (Fermentas) were used as molecular
weight markers. Culture nos. 2 and 3, adipose cells; nos. 11 and 20, skin
fibroblasts; lanes 1–12, different passages.

Figure 5. RAPD analysis of DNA isolated from different human cell cul-
tures at different passages: variations were observed for the P447 primer.
A 100 bp LadderC and a 1 kb Ladder (Fermentas) were used as molecu-
lar weight markers. Culture nos. 2, 3, and 5, adipose-derived stromal cells;
no. 11, skin fibroblasts; lanes 1–12, different passages. RAPD bands used
in further experiments are marked by white frame.
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Discussion

Therapeutic application of stem/progenitor cell culture poses
significant requirements on the safety of cell material for humans.
Abnormal changes at the levels of cell DNA, RNA, and proteins
were demonstrated after long-term culture.17 Cell culture
assumes the isolation of stem cells, which impairs their natural
environment and division control. In addition, cell culture selects
for the cells that maintain active and long-term proliferation.
High differentiation potential becomes disadvantageous for a cell
in culture. Accordingly, stem cells in culture without the natural
environment should have high proliferative activity and low dif-
ferentiation potential. Such properties cannot but induce sub-
stantial alterations of the cells; furthermore, active uncontrolled
proliferation can cause diseases (including cancer) in patients.
Being aware of the abnormality of cell culture, researchers in the
field studied abnormalities in cultured cells using various immu-
nocytochemical and molecular methods. Chromosomal

abnormalities and telomere shortening was demonstrated after
long-term cell culture.18 The biomarkers of cell senescence and
accompanying abnormalities have also been studied.19 In addi-
tion, studies of the proteomic profile of cultured cells also showed
significant changes after the 5th passage.20,21 Quantitative prote-
omic analysis involving 2D electrophoresis demonstrated sub-
stantial alterations in the proteomic profile in cells after 7
passages vs. those after 3 passages.22 Of particular interest are the
identified alterations in the profiles of cytoskeleton-associated
proteins, vimentin isoforms, chaperone proteins, and apoptotic
factors.22 It goes without saying that such alterations cannot take
place within a short period of one or 2 passages. Apparently, the
changes at the level of DNA precede those at the level of proteins.

In this work, we used RAPD analysis to evaluate DNA stabil-
ity/variation in human cell culture. This method is simple and
fast but requires efficient primers and control for data reproduc-
ibility. In a previous study of somatic mosaicism in humans, we
have found primers (P29, R45, and P447) that allowed

Table 1. Chromosomal localization and single-nucleotide variations in RAPD fragments from human cell lines at different passages

RAPD fragment (bp) Cell culture No) Passages No Chromosome EMBL/GenBank ac. No. Single-nucleotide variations (position in RAPD fragment)

548 2 4; 12 8 (NC_000008.11) G!A (231)
E!A (232)
A!G (462)

548 3 0; 8 8 (NC_000008.11) G!A (6)
T!C (101)
C!T (312)

548 5 0; 8 8 (NC_000008.11) G!A (122)
C!A (232)
C!T (307)
C!T (328)
A!G (356)

548 11 1; 9 8 (NC_000008.11) A!G (46)
C!A (232)
T!A (290)
C!T (307)

388 2 4; 12 15 (NC_000015.10) C!A (29)
G!C (39)
G!A (119)
A!T (120)j
T!A (138)
T!C (173)
T!C (274)
G!A (304)
G!A (355)
T!C (371)

345 3 0; 8 10 (NC_000010.11) A!G (35)
C!A (58)
G!A (110)
A!G (193)

345 5 8 10 (NC_000010.11) A (35)
C (58)
A (110)
A (193)

345 11 9 10 (NC_000010.11) A (35)
C (58)
A (110)
A (193)

RAPD fragment and cell culture nos. can be found in Figure 5. Arrows indicate single-nucleotide variations in RAPD fragment. Their positions are shown in
brackets.
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informative RAPD spectra for human DNA samples.16 The pres-
ent work demonstrated that the P447 primer can be used for
genomic identification and detection of genomic alterations in
cells after long-term culture. Significant RAPD variations have
been revealed between passages of certain cultures at the back-
ground of major and minor bands with similar electrophoretic
mobility. For instance, reproducible distinctions in the content
of the »350-bp amplification product were observed in different
passages of the same cell culture. This band could become more
or less pronounced with passages. Such RAPD variations can be
due to genomic rearrangements, mutations, or epigenetic modifi-
cations covering the DNA regions complementary to the pri-
mers, as well as to DNA insertions and deletions. Further
sequence analysis of the 3 RAPD fragments identified their chro-
mosomal localization, while comparison of their sequences from
different cell cultures and at different passages revealed numerous
randomly distributed single-nucleotide variations. One of frag-
ments 548 bp in length (8p23-p22 locus, FAM167A region)
demonstrated variation hotspots (232 C!A and 307 C!T) in
different cell cultures in addition to randomly distributed
variations.

Experimental replicates exclude sequencing and PCR errors as
a source of single-nucleotide variations. Rather they reflect de
novo point mutations at these loci. GenBank mining also dem-
onstrated 232 C!A and 307 C!T variation hotspots in the
human genome. Other random variations that appeared in cells
upon culturing are not limited to specific genomic sites or cell
cultures.

The data obtained indicate early DNA modifications in cul-
tured cells, which suggests that such modifications should be
monitored. This study based on RAPD analysis demonstrates the
genomic stability in cell cultures after no more than 5 passages.
Human adipose-derived stromal cells showed high instability.
Fibroblasts proved to be the most stable, and the stability varied
between different fibroblast cultures. Thus, each cell culture
deserves individual approach and genomic modifications should
be monitored after long-term culture.

Materials and Methods

Biological material
Adipose tissue was obtained from abdominal surgery in non-

oncological patients; human skin fibroblasts and primary cultures
of human mesenchymal progenitor cells (MSCs) were kindly
provided by Dr. Katerina A. Rubina (Lomonosov Moscow State
University, Russia).

Fibroblast culture
Dermal fibroblasts were cultured in the fibroblast growth

medium (DMEM, 10% FCS, 10 U/ml penicillin (Gibco),
10 U/ml streptomycin (Gibco), and 100 U/ml fungizone
(Gibco)) in plastic flasks at 37�C in 5% CO2. After reaching con-
fluence, cells were harvested by 0.25% trypsin and 0.02% EDTA
(Gibco). Detached cell suspension was plated at the ratio of 1:3.

Isolation of stromal cells from adipose tissue
Human adipose-derived stromal cells (ASCs) used in this

work were obtained from non-oncological patients with
informed consent approved by the Ethics Committee of Moscow
State University (Permit Number: 45.01/06.11.2013). It was car-
ried out in strict accordance with the ethical rules of animal
experimentation in accord with the European Community
Council Directives (86/609/EEC and 2010/63/EU). Cells were
isolated according to Bruder23 with modifications. The used
method provided for the yield of 5–7 £ 105 cells per 30 ml adi-
pose tissue cells obtained after the liposuction. After reaching
80% confluence, cells were harvested with Versene, 0.25% tryp-
sin, and 0.02% EDTA, and cultured. Cultured cells demon-
strated no decrease in the division rate. They had no explicit
contact inhibition and continued to divide after confluence
although at a lower rate. When replating, one portion was used
for DNA isolation and another one was cultured, and so on until
the final passage.

DNA isolation from tissues
Tissue samples stored at ¡70�C were ground to powder in

liquid nitrogen and transferred to 2–4 ml of buffer 2 containing
75 mM NaCl, 25 mM EDTA, and 25 mM Gp4c-HCl (pH
8.0). The cells were lysed with 1% SDS and 50–100 mg/ml pro-
teinase K (Sigma) at 37�C overnight. The lysate was supple-
mented with 4 M sodium acetate to 0.2 M and gently agitated.
After phenol extraction and ethanol precipitation, the DNA was
dissolved in TE and its concentration was measured by spectro-
photometry at 260 nm. DNA solution was stored at C4�C.

DNA isolation from cell culture
Cells were harvested by centrifugation at 1000 rpm for

10 min at C4�C. The pellet was broken by tapping the tube bot-
tom, supplemented with »12 ml of Earle’s medium, resus-
pended with a serological pipette, and transferred to a 50 ml
tube. The cells were lysed with 1% SDS and 50–100 mg/ml pro-
teinase K (Sigma) at 37�C overnight. The lysate was supple-
mented with 4 M sodium acetate to 0.2 M and gently agitated.
After phenol extraction and isopropanol precipitation, the DNA
was dissolved in TE and its concentration was measured by spec-
trophotometry at 260 nm. DNA solution was stored at C4�C.

Plasmid DNA isolation
Plasmid DNA was isolated using a GeneJet Plasmid Miniprep

Kit (Fermentas, USA) according to the manufacturer’s
instructions.

Polymerase chain reaction
PCR was carried out in 20 ml reactions containing 100 ng of

genomic DNA and 1 mM of each primer using a GenePak PCR
Core kit (Isogene Lab, Russia) according to the manufacturer’s
instructions. Amplification was performed in a 4-channel DNA
amplifier Tertsik TP4-PCR-01 (DNA-Technology, Russia) using
the following program: 94�E for 3 min; 40 cycles of 93�E for
10 s, 38�E (P29 and R45) or 40�C (P447) for 40 s, and 72�E
for 3 min; and final 72�E for 5 min. The primers used were P29
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(50-CCGGCCTTAC-30), R45 (50-GCCGTCCGAG-30), and
P447 (50-AACGGTCACG-30). PCR products were analyzed by
electrophoresis in 3% agarose gel using the video documentation
system BioDocAnalyze (Biometra, Germany).

DNA elution from agarose gel
DNA fragments were isolated from agarose gel using a GFX

PCR DNA and Gel Band Purification Kit (Amersham) according
to the manufacturer’s instructions.

DNA cloning
DNA cloning was performed using a pGEM-T Easy Vector

System I (Promega, United States) according to the man-
ufacturer’s instructions.

Sequencing of PCR products
DNA sequences were determined by the dideoxy chain termi-

nation method using an ABI PRISM BigDye Terminator v.3.1
Cycle Sequencing Kit (GE Healthcare, United States) and a
3730 DNA Analyzer (Applied Biosystems, USA).

Computer analysis of nucleotide sequences
The obtained sequences were analyzed using the DNASTAR

programs (DNASTAR, United States). Sequence alignments
were generated with the Clustal W algorithm implemented in
the MEGA 6.0.5 software (http://megasoftware.net).
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