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Scientific comment

Genetic evaluation of mesenchymal stem cells
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The use of mesenchymal stem cells/mesenchymal stromal
cells (MSCs) in regenerative medicine is increasing through-
out the world. These cells can easily be isolated from different
tissues and expanded in vitro to produce a sufficient number
of cells that do not have infusion-related toxicity in humans
during cell therapy. Moreover, they have the ability of multi-
lineage differentiation and secrete ‘therapeutic’ factors that
possess trophic, immunomodulatory, and anti-inflammatory
activities and are unable to form teratomes.! Today, due to
these characteristics, there are 385 MSC-based clinical trials
registered at ClinicalTrials.gov, a service provided by the U.S.
National Institutes of Health (www.clinicaltrials.gov).

However, there are substantial ambiguities and uncertain-
ties in the literature concerning the genetic stability of these
cells during in vitro expansion, and before implantation in the
patient.?® The reported ex vivo spontaneous malignant trans-
formation of MSCs is limited to only two scientific articles,*>
with other authors reporting no tumor formation after in vitro
manipulation, but stating that culture expansion induces
recurrent genomic alterations, mainly aneuploidies, which
rapidly accumulate in cultures. Thus, it is important to mon-
itor the integrity of MSCs before their clinical use.>*° Other
researchers did not find genetic alterations and say that if they
do happen they will disappear during culture propagation and
will not have any growth advantage in vitro and thus will not
be a problem in clinical application, thereby concluding that
MSCs have low risk of tumorigenicity.>111°

One of the articles published this year in the Revista
Brasileira de Hematologia e Hemoterapia contributes to this
discussion.'” The article entitled “Genetic evaluation of mes-
enchymal stem cells through G-band karyotyping in a Cell
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Technology Center” shows the G-band cytogenetic method-
ology performed at the Pontificia Universidade Catdlica do
Parand (PUCPR) and the results of the first three years of
genetic evaluation of MSC derived from the bone marrow of 21
patients. The main adaptations made by Borgonovo et al.'’ to
achieve G-banded chromosomes from MSCs were: adjusting
the time of colcemid action (from 2 to 6h), using additional
washes with higher concentrations of acetic acid in the fix-
ative solution (2 methanol: 1 acetic acid), and alterations in
the trypsin concentration (at least 0.002g/mL) and time of
exposure (from 5 to 20s). On analyzing the cells before and
after cell expansion at least until the second passage (P2),
the authors concluded that the cells are chromosomically
stable as no clonal alterations were found. However, they
reported the presence of some signs of chromosomal insta-
bility (chromatid gaps and breaks, and tetraploidy) suggesting
that “long term cultivation could provide an intermediate step
for tumorigenesis”.”

This is an important Brazilian initiative that must be
taken into account in all Cell Technology Centers; this kind
of article leads us to think about some specific issues about
the genetic evaluation of MSCs and the need for discussion,
harmonization and regulatory points. By analyzing the arti-
cles concerning the genetic stability of MSCs, it highlights
the existence of several variables such as cell origin, use
of different protocols to isolate and expand MSCs, time of
expansion and techniques used to analyze the stability.
There are a lot of techniques that can be used to assess
genetic stability of MSCs, including conventional karyotyping,
spectral karyotyping (SKY), fluorescent in situ hybridiza-
tion (FISH), genome-wide array comparative genomic
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hybridization (aCGH), cytokinesis-block micronucleus
assay (CBMN), microsatellite genotyping, single nucleotide
polymorphism detection, RNA sequencing and detecting
chromosomal aberrations based on gene expression patterns
of these cells.* ™ Each one of these methodologies has
its degree of accuracy, sensitivity and limitations. These
variations suggest an inexistence of regulation. The Euro-
pean Regulatory Authorities proposed that conventional
karyotypes should be analyzed to ensure the safety of MSC
production, and that aCGH or FISH are only necessary when
recurrent abnormalities are found.?

In Brazil, the National Agency for Sanitary surveillance
(ANVISA) published a resolution in 2011 that says that
“Genetic control should be performed in stem cells when they
are cultured and expanded in vitro or genetically modified”.
However, there is no specification of the method to be used
and several questions arise such as: How many metaphases
should be analyzed? What is the quality of the chromosomes
that should be considered? What kind of alteration should be
considered ‘dangerous’, not random nor related to method-
ological problems? Should the criteria determined in the
International System of Cytogenetic Nomenclature (ISCN)
related to abnormalities commonly seen in neoplasias be
the same for MSCs? Are cytogenetic alterations randomly
acquired after the in vitro expansion of MSCs or are specific
chromosomes more prone to instability in MSCs? The human
karyotype analysis requires extensive personnel training.
Currently, in Brazil most cytogenetic tests are conducted
within hospitals, and accreditations and validation that a
testing laboratory should obtain to ensure the validity of the
cytogenetic results do not exist. The scientific and clinical
community must discuss and try to determine these aspects,
as MSCs are already being used in regenerative medicine and,
sometimes, sold as therapeutic products.

Ben-David et al.’ presented a comprehensive analysis
of chromosomal aberrations in 144 samples of MSCs and
found that common aberrations in MSC cultures resembled
characteristic aberrations of mesenchymal tumors, such as
monosomy 13 (with downregulation of the retinoblastoma
tumor suppressor gene — RB1) that was recurrent in indepen-
dent studies of MSC cultures and is a common monosomy
in bone and soft tissue tumors.?’ The associations can imply
that specific aberrations at least confer growth advantage in a
cell lineage-specific manner, both for stem cells in vitro and
tumors in vivo, or may indicate the beginning of a sponta-
neous transformation in culture.? On the other hand, Tarte
etal.'? identified, by conventional cytogenetic analysis, donor-
dependent chromosomal abnormalities in five out of 20 MSC
cultures isolated from bone marrow, including trisomies of
chromosomes 5, 8 and 20, that disappeared in almost all
cultures at P2. Trisomies of chromosomes 5, 7 and 9 were iden-
tified in two out of seven MSC samples analyzed by Redaelli
et al.?? Both teams of researchers concluded that negative
selection of aneuploid clones might occur in later passages,
indicating a general chromosomal stability of MSCs. However,
what calls attention is that the authors did not discuss the
fact that trisomies of chromosomes 5, 7 and 20 are frequently
found in myeloid and lymphoid malignancies and both origi-
nate from the leukemogenesis process that takes place in the
bone marrow.”!

Another important point to consider in stem cell therapy
is the genetic stability of these cells after cryopreservation.
Cryopreservation is necessary when the use of these cells will
not occur immediately after their isolation, and so banks of
MSCs are being created all around the world, but the research
on chromosome instability is not proportional to this increase.
Almost 2300 studies were performed with cryopreservation
related to stem cells but the majority of them look at the main-
tenance of stem cell properties (http://www.ncbi.nlm.nih.gov/
pmc/?term=cryopreservation+stem-+cell by 03/13/2014). Only
five articles were found addressing the question of MSC cyto-
genetic instability (http://www.ncbi.nlm.nih.gov/pubmed/?
term=mesenchymal+stem+cell+cytogenetic+cryopreservation
by 03/13/2014). Our group wrote one of these articles,”® and
similar to the results obtained by Borgonovo et al.,’” we found
non-clonal chromosomal alterations in MSCs derived from
the umbilical cord vein after cryopreservation. We believe it
is important to describe them because they are correlated
to overall genetic instability. Of the other articles, only one
described a non-clonal chromosomal alteration,?* but there
are a lot of differences between all these papers, making
it difficult to directly compare the results. The variables
involved are the origins of the MSCs, the method of cryopres-
ervation, time of conservation and number and quality of
metaphases analyzed. In addition, there was no description
of the criteria used to determine chromosomal alterations.
The methods of cryobanking of human stem cells are not
fully defined, which is particularly critical for the umbilical
cord cryopreservation process where the cells will be stored
for an indeterminate time span; at least G-band chromosome
analysis should be performed for each sample after thawing
and before implanting the cells into patients.

In conclusion, we agree with Borgonovo et al.'” and con-
firm conventional karyotyping as an useful and valuable tool
to analyze chromosomal stability during in vitro expansion
of MSCs. Complementary molecular cytogenetic techniques
such as FISH and aCGH could be used to help to detect low
mosaicism and to increase the sensitivity of genetic stability
analysis. It is important to establish the biosafety profile of
MSCs prepared for use in regenerative medicine, in particular
it is necessary to identify and define culture conditions dur-
ing in vitro MSC expansion, in order to avoid the occurrence of
chromosomal abnormalities.

The importance and applicability of MSCs is undeniable;
however their biological characteristics must be well studied
and the risk-benefit ratio linked to their clinical use must be
well defined. Rules must be established to standardize the
genetic stability analysis and guarantee better biosafety with
the use of these cells.

Conflicts of interest
The authors declare no conflicts of interest.

References

1. Phinney DG, Sensebé L. Mesenchymal stromal cells:
misconceptions and evolving concepts. Cytotherapy.
2013;15:140-5.


http://www.ncbi.nlm.nih.gov/pmc/?term=cryopreservation+stem+cell
http://www.ncbi.nlm.nih.gov/pmc/?term=cryopreservation+stem+cell
http://www.ncbi.nlm.nih.gov/pubmed/?term=mesenchymal+stem+cell+cytogenetic+cryopreservation
http://www.ncbi.nlm.nih.gov/pubmed/?term=mesenchymal+stem+cell+cytogenetic+cryopreservation

240

REV BRAS HEMATOL HEMOTER. 2014;36(4):238-240

10.

11.

12.

. Ben-David U, Mayshar Y, Benvenisty N. Significant acquisition

of chromosomal aberrations in human adult mesenchymal
stem cells: response to Sensebé et al. Cell Stem Cell.
2012;10:10-1.

. Sensebé L, Tarte K, Galipeau J, Krampera M, Martin I, Phinney

DG, et al. Limited acquisition of chromosomal aberrations in
human adult mesenchymal stromal cells. Cell Stem Cell.
2012;10:9-10, author reply 10-1.

. Wang Y, Huso DL, Harrington J, Kellner ], Jeong DX, Turney J,

et al. Outgrowth of a transformed cell population derived
from normal human BM mesenchymal stem cell culture.
Cytotherapy. 2005;7:509-19.

. Tang DQ, Wang Q, Burkhardt BR, Litherland SA, Atkinson MA,

Yang LJ. In vitro generation of functional insulin-producing
cells from human bone marrow-derived stem cells, but
long-term culture running risk of malignant transformation.
Am J Stem Cells. 2012;1:114-27.

. Buyanovskaya OA, Kuleshov NP, Nikitina VA, Voronina ES,

Katosova LD, Bochkov NP. Spontaneous aneuploidy and clone
formation in adipose tissue stem cells during different
periods of culturing. Bull Exp Biol Med. 2009;148:109-12.

. Ben-David U, Mayshar Y, Benvenisty N. Large-scale analysis

reveals acquisition of lineage-specific chromosomal
aberrations in human adult stem cells. Cell Stem Cell.
2011;9:97-102.

. Ueyama H, Horibe T, Hinotsu S, Tanaka T, Inoue T, Urushihara

H, et al. Chromosomal variability of human mesenchymal
stem cells cultured under hypoxic conditions. J Cell Mol Med.
2012;16:72-82.

. Borghesi A, Avanzini MA, Novara F, Mantelli M, Lenta E,

Achille V, et al. Genomic alterations in human umbilical
cord-derived mesenchymal stromal cells call for stringent
quality control before any possible therapeutic approach.
Cytotherapy. 2013;15:1362-73.

Froelich K, Mickler J, Steusloff G, Technau A, Ramos Tirado M,
Scherzed A, et al. Chromosomal aberrations and
deoxyribonucleic acid single-strand breaks in
adipose-derived stem cells during long-term expansion

in vitro. Cytotherapy. 2013;15:767-81.

Bernardo ME, Zaffaroni N, Novara F, Cometa AM, Avanzini
MA, Moretta A, et al. Human bone marrow-derived
mesenchymal stem cells do not undergo transformation after
long-term In vitro culture and do not exhibit telomere
maintenance mechanisms. Cancer. 2007;67:9142-9.

Tarte K, Gaillard J, Lataillade JJ, Fouillard L, Becker M, Mossafa
H, et al. Clinical-grade production of human mesenchymal
stromal cells: occurrence of aneuploidy without
transformation. Blood. 2010;115:1549-53.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Jones M, Varella-Garcia M, Skokan M, Bryce S, Schowinsky J,
Peters R, et al. Genetic stability of bone marrow-derived
human mesenchymal stromal cells in the Quantum System.
Cytotherapy. 2013;15:1323-39.

Roemeling-van Rhijn M, de Klein A, Douben H, Pan Q, van der
Laan LJ, [jzermans JN, et al. Culture expansion induces
non-tumorigenic aneuploidy in adipose tissue-derived
mesenchymal stromal cells. Cytotherapy. 2013;15:1352-61.
Roselli EA, Lazzati S, Iseppon F, Manganini M, Marcato L,
Gariboldi MB, et al. Fetal mesenchymal stromal cells from
cryopreserved human chorionic villi: cytogenetic and
molecular analysis of genome stability in long-term cultures.
Cytotherapy. 2013;15:1340-51.

Zaman WS, Makpol S, Sathapan S, Chua KH. Long-term in vitro
expansion of human adipose-derived stem cells showed low
risk of tumourigenicity. ] Tissue Eng Regen Med. 2014;8:67-76.
Borgonovo T, Vaz IM, Senegaglia AC, Rebelatto CL, Brofman
PR. Genetic evaluation of mesenchymal stem cells by
G-banded karyotyping in a cell technology center. Rev Bras
Hematol Hemoter. 2014;36:202-7.

Sensebé L. Beyond genetic stability of mesenchymal stromal
cells. Cytotherapy. 2013;15:1307-8.

Cornélio DA, Tavares JC, Pimentel TV, Cavalcanti Jr GB, de
Medeiros SR. Cytokinesis-block micronucleus assay adapted
for analysing genomic instability of human mesenchymal
stem cells. Stem Cells Dev. 2014;23:823-38.

Barkholt L, Flory E, Jekerle V, Lucas-Samuel S, Ahnert P, Bisset
L, et al. Risk of tumorigenicity in mesenchymal stromal
cell-based therapies-Bridging scientific observations and
regulatory viewpoints. Cytotherapy. 2013;15:753-9.

Mitelman F, Johansson B, Mertens F, editors. Mitelman
database of chromosome aberrations and gene fusions in
cancer. 2014. Available from:
http://cgap.nci.nih.gov/Chromosomes/Mitelman

Redaelli S, Bentivegna A, Foudah D, Miloso M, Redondo J, Riva
G, et al. From cytogenomic to epigenomic profiles: monitoring
the biologic behavior of in vitro cultured human bone marrow
mesenchymal stem cells. Stem Cell Res Ther. 2012;3:47.
Duarte DM, Cornelio DA, Corado C, Medeiros VKS, Araujo
LACX, Cavalvanti GB, et al. Chromosomal characterization of
cryopreserved mesenchymal stem cells from the human
subendothelium umbilical cord vein. Regen Med.
2012;7:147-57.

de Lima Prata K, de Santis GC, Orellana MD, Palma PV,
Brassesco MS, Covas DT. Cryopreservation of umbilical cord
mesenchymal cells in xenofree conditions. Cytotherapy.
2012;14:694-700.


http://cgap.nci.nih.gov/Chromosomes/Mitelman

	Genetic evaluation of mesenchymal stem cells
	Conflicts of interest

	References

