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Immunophenotype, proliferation rate, and genetic stability parameters of bone marrow multi-
potent mesenchymal stromal cells were studied. Despite the reduction of proliferative activity
by passages 11-12, the cells retained the characteristic immunophenotype. The incidence of
spontaneous aneuploidy for autosomes 6, 8, 11 and sex chromosomes was evaluated. Two
cultures of mesenchymal stromal cells carrying aneuploid cell clones were detected: with
chromosome 8 trisomy and X chromosome monosomy. The results indicate the possibility of
genetic transformation and selection of mesenchymal stromal cells with abnormal karyotype

during in vitro culturing.
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Human bone marrow mesenchymal stromal cells (MSC)
are characterized by great potentialities for clinical use
as an independent or accessory cell therapy. These cells
were used with good results in clinical trials in the treat-
ment of osteogenesis imperfecta [4], metachromatic
leukodystrophy [6,8], Hurler syndrome [6], and other
diseases. The immunomodulating characteristics of
MSC suggest their use as accessory cell therapy for
alleviation of the graft-versus-host reaction [7]. In addi-
tion, they can serve as an extra source of cells in cases
with insufficient levels of hemopoietic stem cells in the
transplant or its incomplete engrafting. The interest to
clinical use of MSC is explained also by their availabi-
lity: they are easily isolated from the bone marrow or
other tissues. Culturing and transplantation of the cells
to the patient involve no problems, either technological
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or ethic. On the other hand, the safety of MSC culture
injection as regards the probable genetic and oncogenic
transformation of the cells has not been proven.

Genetic stability of MSC cultures intended for
transplantation was intensively studied. The results are
contradictory. Some authors showed that bone marrow
MSC remain genetically stable throughout long cultur-
ing [2] even after reaching and surpassing the Hay-
flick limit [13]. Other authors indicate the possibility
of spontaneous transformation of MSC isolated from
the bone marrow and fatty tissue [9,10,14], which is
proven by induction and formation of tumors from
these cells in animals in vivo [10,12].

We studied the dynamics, immunophenotype,
karyotype, and incidence of aneuploidy in MSC cul-
tures during different periods of culturing.

MATERIALS AND METHODS

Isolation of MSC from the bone marrow and cul-
turing. The cells were isolated from healthy donor
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bone marrow, collected for allogenic transplantation
to hematological patients, treated at Federal Center
of Pediatric Hematology, Oncology, and Immunology.

Mononuclear cells isolated from the bone marrow
were inoculated in ventilated culture flasks in DMEM
with low glucose content with 20% FCS. Nonadherent
cells were removed during medium replacement after
1-3 days. The cells were harvested from the plastic
with Trypsin-EDTA after 14 days and reinoculated
every 7 days until the end of culturing. Culturing was
carried out at 37°C at absolute humidity and 5% CO,.
Starting from passage 3, MSC cultures were mono-
morphic and consisted of spindle-shaped cells (Fig. 1).

Evaluation of proliferation rate and immuno-
phenotype. The dynamics of cell population growth
was evaluated by cell increment multiplicity (number
of cells obtained after current passage/number of cells
inoculated at the previous passage). Surface markers
were evaluated using a panel of antibodies to CD14,
CD19, CD34, CD45, CD73, CD90, CD105, and HLA-
DR. The percentage of cells expressing a certain anti-
gen in MSC culture was evaluated.

Fixation of MSC and cytogenetic preparation
making. Fixation of MSC for cytogenetic analysis
was carried out on days 2-3 after the last passage.
Colchicine in a concentration of 0.5 pg/ml was added
to culture flasks, after 1.5 h the cells were harvested,
incubated (8-10 min) in hypotonic solution, and fixed
in methanol:glacial acetic acid (3:1) mixture. Cyto-
genetic preparations for karyotyping were prepared
by G staining. At least 15 metaphases were analyzed
for each MSC culture. Interphase FISH analysis was
carried out using centromer-specific DNA probes
for chromosomes X (DXZ1), Y (DYZ3), 6 (D6Z1), 8
(D8Z1), and 11 (D11Z1) (Abbott, Vysis). Denaturation,
hybridization, and washout were carried routinely. The

Fig. 1. Morphology of MSC culture. Hematoxylin and eosin stain-
ing, x400.

nuclei were contrasted with DAPI. A total of 500-1000
interphase nuclei were analyzed in each culture. Due
to the use of the dual- and triple-color FISH analysis it
was possible to evaluate the incidence of two or three
chromosomes aneuploidies simultaneously.

The immunophenotype evaluation and cytogenetic
study were carried out twice in the majority of MSC
cultures: during passages 3-4 and 10-12.

RESULTS

Proliferative activity of MSC at passages 3-4 (6-fold
increment) was higher (p=0.01) than at passages 11-12
(2-fold increment).

High expression (>60%) of CD90, CD105, CD73
markers on bone marrow MSC was observed after
3-4 passages. Less than 5% stromal cells carried
CD45, CD34, CD19, and CD45 markers (Table 1).
With prolongation of MSC culturing to 10-12 pas-
sages, the percentage of cells expressing CD90 de-

TABLE 1. Changes in Surface Phenotype of Bone Marrow MSC during Long-Term Culturing In Vitro

Percentage of cells carrying the marker, median
Surface marker Antibody p
passage 3-4 passage 10-12
Monocyte marker CD14 0.58 0.155 10.07
B-cell marker CD19 0.29 0.30 0.90
Hemopoietic stem cell marker CD34 0.46 0.64 0.67
Leukocyte common antigen CD45 2.75 1.30 10.049
SH3 CD73 97.50 98.50 0.34
Thy-1 CD90 67.29 45.27 10.05
Endoglin, SH2 CD105 69.6 57.71 0.44
HLA-DR Anti-HLA-DR 1.24 0.36 10.07

Note. Arrows show significant differences between the percentage of cells at passages 3-4 and 10-12 (cell percentage decreased in all cases).
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creased significantly, the admixture of hemopoietic
cells and monocytes disappeared from cultures (Table
1). Hence, analysis of immunophenotype showed that
all cell cultures during early and late passages could be
referred to MSC in accordance with the requirements
of International Society for Cellular Therapy [3,5].

In order to evaluate genetic stability parameters,
comprehensive evaluation of aneuploidy incidence in in-
terphase nuclei and of MSC karyotype were carried out.
Cultures containing more than 10% cells with one chro-
mosome abnormality were referred to clone-forming.

Karyotypes of 20 MSC cultures were analyzed.
Eighteen cultures had normal karyotype (46,XY or
46,XX), which did not change during culturing (Fig.
2). Clones were detected in two cultures, which was
confirmed by FISH analysis of interphase nuclei.

A clone with chromosome 8 trisomy was detected
in one MSC culture (Fig. 3). The incidence of aneu-
ploidy and karyotype of this culture evaluated three
times. At passage 4, 24% analyzed cells contained an
extra chromosome 8. At passage 6, the number of cells
with chromosome 8 trisomy increased to 34%, but by
passage 12 their relative content decreased to 16%.
The conditions of cell culturing and reinoculation were
similar, and hence, changes in the clone size can in-
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Fig. 2. Karyotype of MSC from a healthy donor (46,XY).

dicate different rate of division during culturing and
more rapid proliferation and aging processes in aneu-
ploid compared to diploid cells. In the other case a cell
clone carrying one sex chromosome X was detected in
MSC culture derived from normal female bone marrow.
Twelve percent aneuploid cells were found at passage 4
and at passage 10 their content reached 91%.

Hence, the clones were found at the early passa-
ges and were retained until late stages of culturing.
The clones could originate from abnormal cells of

TABLE 2. Incidence of Autosome 6, 8, 11 Aneuploidy in MSC during Early (3-4) Passages

Chromosome 6 Chromosome 8 Chromosome 11
MSC culture No. incidence incidence incidence

mOﬂCgZOmy, trisomy, % monczzomy, trisomy, % moncizomy, trisomy, %
1 0.51 0.58 0.10 0.00 1.15 0.29
2 0.59 0.39 1.69 0.00 0.59 0.00
3 0.50 0.00 0.46 0.09 0.20 0.00
4 1.25 0.29 0.29 0.10 1.64 0.00
5 0.93 0.00 0.78 0.19 3.23 0.38
6 1.64 0.48 0.31 0.31 1.21 0.22
7 0.49 0.10 0.87 0.48 0.00 0.39
8 0.59 0.10 0.59 0.00 0.59 0.29
9 0.44 0.55 0.59 0.10 1.30 0.95
10 0.68 0.20 0.89 0.00 1.61 0.85
11 0.95 0.19 1.37 0.20 2.56 0.09
12 0.97 1.46 1.24 0.10 0.19 0.00
13 0.96 1.73 0.97 0.49 0.90 0.10
14 2.36 0.59 1.15 0.96 1.65 0.24
M+m 0.92+0.14 0.48+0.14 0.81x0.12 0.22+0.07 1.20+0.24 0.27+0.08
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Fig. 3. Chromosome 8 trisomy in bone marrow MSC: karyotyping
(a) and FISH analysis (b). Arrows: chromosome 8 replicas; double
arrows: chromosome 6 replicas.

donor bone marrow, for which no apoptosis mecha-
nism had been triggered in vivo, or from aberrant cells
emerging in vitro during isolation from the bone mar-
row and during early stages of MSC culturing.

The incidence of aneuploidy by autosomes 6, 8,
11 and sex chromosomes in MSC are presented in
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Tables 2, 3, and 4. A total of 60,000 interphase nuclei
were analyzed at different passages.

The incidence of chromosomes 6, 8, and 11 mono-
somy and trisomy did not differ (p>0.05) and was 1
and 0.3%, respectively (Table 2). Monosomic nuclei
predominated over trisomic ones. These data are in line
with our previous data on MSC isolated from the adi-
pose tissue [1]. The incidence of the studied autosome
aneuploidy did not change over the course of MSC cul-
turing (p>0.05; Table 3). However, comparison of aneu-
ploidy levels in chromosomes 8 and 11 at late passages
showed that the incidence of chromosome 11 monosomy
was higher than the incidence of chromosome 8 mono-
somy (Table 3). Since the levels of trisomy by these
chromosomes did not differ, we cannot speak about dif-
ferent contribution of individual chromosomes to the
formation of chromosome aberrations. This fact most
likely indicates the need in accumulation of more rep-
resentative scope of data on the incidence of aneuploidy
by different chromosomes. The incidence of aneuploidy
by other chromosomes did not differ.

Spontaneous incidence of chromosome Y loss
in MSC derived from male donors was higher than
X chromosome loss (p<0.05; Table 4). According to
our observations, X chromosome nullisomy is an ex-
tremely rare phenomenon and can be related to detec-

TABLE 3. Incidence of Autosome 6, 8, 11 Aneuploidy in MSC during Late (10-12) Passages

Chromosome 6 Chromosome 8 Chromosome 11
MSC culture No. incidence incidence incidence
monc;zomy, trisomy, % mon(zzomy, trisomy, % moncc),zomy, trisomy, %
1 0.28 1.28 0.39 0.20 1.26 0.00
2 0.10 0.20 0.45 0.00 0.68 0.29
3 0.44 0.11 0.39 0.10 0.56 0.23
4 1.00 0.00 0.67 0.29 0.68 0.58
5 1.55 0.48 0.49 0.39 0.77 0.00
6 0.00 0.10 0.40 0.00 1.51 0.34
7 0.87 0.77 1.16 0.29 1.55 0.29
8 0.59 0.10 0.30 0.10 3.62 0.12
9 0.59 0.00 1.26 0.48 2.41 0.00
10 2.79 0.48 1.17 0.00 3.68 0.36
11 1.05 0.48 1.17 0.00 0.67 0.57
12 1.72 0.48 1.44 0.10 1.34 0.48
M=m 0.92+0.23 0.37£0.10 0.77+0.12* 0.16+0.05 1.56+0.32* 0.27+0.06

Note. Here and in Table 4:*p<0.05.
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TABLE 4. Mean Incidence of Sex Chromosome Aneuploidy in MSC

Early passages Late passages
Cells
nullisomy disomy nullisomy disomy

Male

X chromosome 0.13+0.05* 1.36+0.19 0.01+0.01 2.00+0.43

Y chromosome 0.56+0.15* 0.97+0.18 0.32+0.17 1.68+0.40
Female

X chromosome 1.30+0.31 0.21+0.10 0.68+0.29 0.19+0.03

tion of solitary events of the only X chromosome loss
or because of hybridization artifact. The incidence of
chromosomes X and Y disomies did not change after
long culturing and did not differ (Table 4). Analysis
of X chromosome aneuploidy in MSC cultures derived
from women showed higher incidence of monosomy
vs. trisomy, similarly as for autosomes (p<0.05). Com-
parison of the incidence of sex chromosome aneuploi-
dy at the early and late stages revealed no differences.
The incidence of autosome and sex chromosome an-
euploidies did not differ and presumably characterized
spontaneous level of aneuploidy in MSC.

Hence, MSC karyotype and aneuploidy level of the
majority of MSC cultures in our study did not change
even after long-term culturing. In some cultures, clones
with abnormal karyotype were detected at the early
passages. The immunophenotype of these cultures did
not change, while the capacity to clone formation, in-
trinsic for MSC, led to formation of clones.

It is known that chromosome aberrations charac-
terize genetic instability of the culture, which can lead
to malignant transformation. However, some authors
think that cultures with karyotypical changes are not
hazardous for transplantation. Clones with various
chromosome aberrations most likely differ by their
potential hazards. A cell clone with one sex chromo-
some X can be considered as safe as regards its on-
cogenic hazard. After transplantation these cells will
most likely restore the capacity to hemopoiesis or will
compensate for the enzyme deficiency. As for clone
with chromosome 8 trisomy, it can potentially promote
the development of tumor. Chromosome 8 trisomy
is one of the most incident aberrations in malignant
myeloid diseases; it is detected as the only chromo-
some abnormality in 8-15% patients [15]. Cells with
chromosome 8 trisomy are resistant to chemotherapy
[11] and the lifespan of patients with chromosome 8
trisomy is shorter than of patients with the normal
karyotype [15]. The biological role of chromosome 8
trisomy in the pathogenesis of tumors can be related
to greater number of copies and more intense expres-

sion of C-MYC oncogene located on chromosome 8
long arm.

At present, evaluation of genetic stability is not
included in the protocol of obligatory pretransplanta-
tion procedures. Further studies in this direction will
lead to creation of methodological approaches to rapid
comprehensive evaluation of genetic stability of trans-
planted cells, for detection and characterization of ab-
errant clones with potential oncogenic characteristics
before their clinical application.

The study was supported by the Russian Founda-
tion for Basic Research (grant No. 09-04-00948-a).
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