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LISBETH BARKHOLT1,7,*, EGBERT FLORY1,2,8,*, VERONIKA JEKERLE1,*,
SOPHIE LUCAS-SAMUEL1,9,*, PETER AHNERT3, LOUISE BISSET1,12,
DIRK BÜSCHER10, WILLEM FIBBE11, ARNAUD FOUSSAT4, MARCEL KWA1,13,
OLIVIER LANTZ5, ROMALDAS MA�CIULAITIS2,14, TIINA PALOMÄKI1,15,
CHRISTIAN K. SCHNEIDER2,16, LUC SENSEB�E17, G�ERARD TACHDJIAN6,
KARIN TARTE18, LUCIE TOSCA6 & PAULA SALMIKANGAS1,2,15

1Cell Products Working Party (CPWP), European Medicines Agency, London, UK, 2Committee for Advanced
Therapies (CAT), European Medicines Agency, London, UK, 3Institute for Medical Informatics, Statistics and
Epidemiology & Translational Centre for Regenerative Medicine, Universität Leipzig, Germany, 4TxCell, Valbonne,
France, 5Inserm U932, Institut Curie, Paris, France, 6Inserm U935, Universit�e Paris Sud, France, 7Medical Products
Agency (MPA), Uppsala, Sweden, 8Paul Ehrlich Institut (PEI), Langen, Germany, 9Agence nationale de s�ecurit�e du
medicament et des produits de sant�e (ANSM), Paris, France, 10GRI-CEL, Barcelona, Spain, 11Leiden University
Medical Center, Leiden, The Netherlands, 12Medicines and Healthcare products Regulatory Agency (MHRA),
London, UK, 13Medicines Evaluation Board (MEB), Utrecht, The Netherlands, 14State Medicines Control Agency and
Institute of Physiology and Pharmacology, Nephrology Clinic, Medical Academy, Lithuanian University of Health
Sciences, Vilnius, Lithuania, 15Finnish Medicines Agency (FIMEA), Helsinki, Finland, 16Danish Health and
Medicines Authority, Copenhagen, Denmark; Twincore Centre for Experimental and Clinical Infection Research,
Hannover, Germany, 17EFS, UMR5273 INSERM U1031, Toulose, France, and 18INSERM U917, Rennes, France

Abstract
In the past decade, the therapeutic value of mesenchymal stromal cells (MSCs) has been studied in various indications,
thereby taking advantage of their immunosuppressive properties. Easy procurement from bone marrow, adipose tissue or
other sources and conventional in vitro expansion culture have made their clinical use attractive. Bridging the gap between
current scientific knowledge and regulatory prospects on the transformation potential and possible tumorigenicity of MSCs,
the Cell Products Working Party and the Committee for Advanced Therapies organized a meeting with leading European
experts in the field of MSCs. This meeting elucidated the risk of potential tumorigenicity related to MSC-based therapies
from two angles: the scientific perspective and the regulatory point of view. The conclusions of this meeting, including the
current regulatory thinking on quality, nonclinical and clinical aspects for MSCs, are presented in this review, leading to
a clearer way forward for the development of such products.
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Introduction

Mesenchymal stem cells/mesenchymal stromal cells
(MSCs) have been studied and used for more than
a decade now to treat various diseases (1). Human
MSCs are most commonly isolated from the mono-
nuclear fraction of the bone marrow (BM) or from

adipose tissue. Other sources for MSCs are also used,
for example, some cell preparations are isolated
from placenta, amniotic fluid or periosteum (2,3).
The isolated MSCs show phenotypic heterogeneity,
depending on the origin of the cells and the isolation/
manufacturing techniques. According to current
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thinking, the cell surface proteins expressed by MSCs
include cluster of differentiation (CD)105, CD73,
CD44, CD90, CD71, Stro-1, CD106 CD166 and
CD29. MSCs do not express hematopoietic markers
such as CD45, CD14 or CD11. They also do not
express co-stimulatory molecules CD80, CD86 or
CD40 or adhesionmolecules CD31, CD18 or CD56.
In 2006, the research groups within the International
Society for Stem Cells agreed on the minimal cell
surface markers, considered necessary to distinguish
mesenchymal stromal cells from other cell types (4).

Several researchers have described a role of
MSCs in tumor formation (5,6). Furthermore, some
groups have reported that human MSCs may
develop genetic instabilities and undergo a trans-
formation process after long-term culture, as sug-
gested for adipose-derived MSCs (7), and for
BM-derived MSCs (8). In contrast, however, several
authors have reported that MSCs cultivated in vitro
can be expanded over multiple cell doublings with-
out apparent loss of differentiation potential or chro-
mosomal alterations (9,10). In addition, long-term
cultured MSCs can develop chromosomal abnor-
malities but without evidence of transformation
potential (11). This discrepancy may be explained by
reports that the cell cultures used in the studies per-
formed by Rubio et al. (7) and Rosland et al. (8) were
contaminated by malignant cells that initially grew
slowly in the presence of human MSCs (12,13).

In October 2011, the Cell Products Working
Party (CPWP) arranged an expert meeting to discuss
the findings of the research groups working in this
area. The expert meeting was intended to obtain
information and discuss the opportunities and chal-
lenges currently faced when MSCs are used as
therapeutic products. The focus was on tumorige-
nicity as a safety concern frequently expressed
by regulatory authorities, although practicalities
involved in the development of MSCs as medicinal
product were also more broadly discussed.

Manufacturing and quality aspects

Garcia et al. (12) and Torsvik et al. (13) reported that
the original observations of tumor formation for iso-
lated MSCs were the result of MSC cultures
contaminated with tumor cell lines. The meeting
experts therefore emphasized the importance of rec-
ommending that cell culture is performed under good
manufacturing practice conditions to ensure proper
segregation and control of starting and raw materials.

The discussions also highlighted some specific
issues around terminology and the need for harmo-
nization. For example, the time for cells in culture is
often described in terms of “cell passages.” This was
considered a nonspecific term that does not permit

a suitable comparison for standardization purposes.
Thus, the use of “population doubling level” (PDL)
was unanimously recommended both by the experts
and CPWP members. Concerning the impact of
varying PDLs, it would be of interest to compare the
different cell culture protocols used by different
developers of a cell-based product for same indica-
tion (e.g., graft versus host disease [GvHD]). Over-
all, the maximum PDL for cell culture processes
must be justified at the time of marketing authori-
zation application.

The expert group discussed whether the manu-
facturing process could trigger the generation of
cytogenetic abnormalities and what risk factors could
promote tumorigenicity in MSCs. During the
discussion, it appeared that culture conditions and
duration of the cell propagation significantly influ-
ence the formation of cytogenetic abnormalities.
Most experts considered that long-term cell expan-
sion of MSCs may increase the risk of chromosomal
aberrations. Some experts, however, did report that
no such phenomenon had been seen when their own
cell culture processes were used.

It was concluded that such abnormalities can be
avoided through the use of methods that ensure slow
growth and short expansion times because the
number of expanded cells is linked to the growth
rate, and a high proliferative rate may potentiate risk
of karyotypic changes. A low PDL number was also
considered an important factor in this regard.

It was also hypothesized that physiological stress
or in vitro culture conditions may significantly
contribute to the occurrence of cell or chromosomal
aberrations: for example, enzymatic cell dissociation
(i.e., trypsin) raises more concerns in relation to
abnormalities than mechanical dissociation. Several
reports indicate that culture conditions could also
affect chromosomal stability (14,15). Therefore, it is
important to identify and define culture conditions
during process development, which avoid the
occurrence of chromosomal abnormalities.

Cells with chromosomal aberrations are known
to be less able to divide, which may lead to apoptosis
and death of the abnormal cells during the culture
(16). It appears that the majority of abnormalities lead
to senescence, but it is difficult to formally exclude the
risk of cell transformation because deoxyribonucleic
acid (DNA) damage is considered a central process
in tumor formation. It has been suggested by some
experts that cell senescence and transformation could
be evaluated with the use of certain molecular
markers (11). However, this issue was not discussed
in the meeting, and the original results remain to be
confirmed. It is therefore important, for each defined
processes, to force a sample of cells on an exper-
imental basis into senescence through the use of
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