
SM

Concise Review: Bone Marrow Mononuclear Cells
for the Treatment of Ischemic Syndromes:
Medicinal Product or Cell Transplantation?

NATIVIDAD CUENDE,a LAURA RICO,a CONCHA HERRERAb

Key Words. Bone marrow transplant • Adult stem cells • Stem cell transplantation •
Tissue-specific stem cells • Clinical trials • Bone marrow CD133� cells •
Advanced therapy medicinal product

aAndalusian Initiative for
Advanced Therapies, Servicio
Andaluz de Salud, Consejería
de Salud de Andalucía,
Seville, Spain; bCell Therapy
Unit, Instituto Maimónides
de Investigación Biomédica
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ABSTRACT

In November of 2011, the Committee for Advanced Therapies (CAT) of the European Medicines
Agency (EMA) published two scientific recommendations regarding the classification of autologous
bone marrow-derived mononuclear cells (BM-MNCs) and autologous bone marrow-derived
CD133� cells as advanced therapymedicinal products (ATMPs), specifically tissue-engineered prod-
ucts, when intended for regeneration in ischemic heart tissue on the basis that they are not used for
the same essential function (hematological restoration) that they fulfill in the donor. In vitro and in
vivo evidence demonstrates that bone marrow cells are physiologically involved in adult neovascu-
larization and tissue repair, making their therapeutic use for these purposes a simple exploitation of
their own essential functions. Therefore, from a scientific/legal point of view, nonsubstantially
manipulated BM-MNCs and CD133� cells are not an ATMP, because they have a physiological role
in the processes of postnatal neovascularization and, when used therapeutically for vascular resto-
ration in ischemic tissues, they are carrying out one of their essential physiological functions (the
legal definition recognizes that cells can have several essential functions). The consequences of
classifying BM-MNCs and CD133� cells as medicinal products instead of cellular transplantation,
like bone marrow transplantation, in terms of costs and time for these products to be introduced
into clinical practice, make this an issue of crucial importance. Therefore, the recommendations of
EMA/CAT could be reviewed in collaboration with scientific societies, in light of organizational and
economic consequences as well as scientific knowledge recently acquired about the mechanisms of
postnatal neovascularization and the function of bone marrow in the regeneration of remote
tissues. STEM CELLS TRANSLATIONAL MEDICINE 2012;1:403–408

INTRODUCTION

Since the 1950s, when the Nobel Prize winner E.
Donnall Thomas demonstrated the feasibility of
bone marrow transplantation (BMT) in patients
with leukemia [1], this therapeutic approach has
saved the lives of thousands of patients suffering
from a great variety of diseases, mainly affecting
the hematopoietic or immunological system.
Later on, the use of cellular fractions contained in
bone marrow (BM), such as BM-derived mono-
nuclear cells (BM-MNCs), or even more specific
cells, such as CD34� or CD133� stem cells,
started to become a common technique avail-
able in a large number of hospitals. More re-
cently, in the 2000s, these selected types of cells
began to be used for new clinical purposes differ-
ent from those for which BMT was traditionally
carried out, including the treatment of ischemic
diseases, such as acute and chronic ischemic
heart disease [2–6] or, even more recently, pe-
ripheral arterial disease [7, 8]. Since that time, an

increasing number of clinical trials for these
“nontraditional” purposes have been carried out
all over the world, most of which are sponsored
by hospitals, universities, or foundations.

One important issue regarding the develop-
ment of these “new” treatments, which make
use of these “old” cellular products, is whether
they should be consideredmedicinal products or
cellular transplantation. The consequences of
classifying them as medicinal products, in terms
of costs and time spent on the introduction of
these approaches into clinical practice,make this
an issue of crucial importance, not only for the
clinical research groups involved in this field but
also for the patients whomay benefit from these
treatments, whose safety has been largely
proven for restoration of the hematological or
immunological system.

Very recently, onNovember 23 and 24, 2011,
the Committee for Advanced Therapies (CAT) of
the European Medicines Agency (EMA) pub-
lished two scientific recommendations regarding
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the classification of autologous BM-MNCs [9] and autologous
bonemarrow-derivedCD133� stemcells [10] asmedicinal prod-
ucts, specifically tissue-engineered products (TEPs). In this arti-
cle, we examine the definitions of some advanced therapy me-
dicinal products (ATMPs) according to the European regulatory
framework, as well as the scientific knowledge developed over
several years to point out that the legal definition of TEPs may
not apply in these cases, as, in fact, it does not apply in the case
of BMT.

DEFINITION OF ATMPS

ATMPs include gene therapy and somatic cell therapy medicinal
products (SCTMPs) as they are defined in Commission Directive
2009/120/EC. They also include TEPs and combined advanced
therapy medicinal products as defined in Regulation (EC) No.
1394/2007.

According to Commission Directive 2009/120/EC, “Somatic
cell therapy medicinal product means a biological medicinal
product which has the following characteristics: (a) contains or
consists of cells or tissues that have been subject to substantial
manipulation so that biological characteristics, physiological
functions or structural properties relevant for the intended clin-
ical use have been altered, or of cells or tissues that are not
intended to be used for the same essential function(s) in the
recipient and the donor; (b) is presented as having properties for,
or is used in or administered to human beings with a view to
treating, preventing or diagnosing a disease through the phar-
macological, immunological or metabolic action of its cells or
tissues.” For the purposes of point (a), certain types of manipu-
lations (as they are listed in Annex I to Regulation (EC) No. 1394/
2007) shall not be considered substantial manipulations, such as
grinding, shaping, centrifugation, soaking in antibiotic or antimi-
crobial solutions, sterilization, irradiation, cell separation, con-
centration or purification, filtering, lyophilization, freezing, cryo-
preservation, and vitrification.

According to Regulation (EC) No. 1394/2007, “Tissue engi-
neered product means a product that contains or consists of
engineered cells or tissues, and is presented as having properties
for, or is used in or administered to human beings with a view to
regenerating, repairing or replacing a human tissue.”When con-
sidering the concept of engineered cells or tissues, the Regula-
tion states that “Cells or tissues shall be considered ‘engineered’
if they fulfill at least one of the following conditions:

● “The cells or tissues have been subject to substantial manipu-
lation, so that biological characteristics, physiological func-
tions or structural properties relevant for the intended regen-
eration, repair or replacement are achieved.

● “The cells or tissues are not intended to be used for the same
essential function or functions in the recipient as in the do-
nor.”

Therefore, the composition of both SCTMPs and TEPs may be
identical, but their mode of action is different.

The key points regarding the limits of the definition of
SCTMPs or TEPs, to determine whether a cell therapy product is
or is not a medicinal product, are based on the type of manipu-
lation performed on the cells and their intended use—for the
same or different essential function(s)—in the recipient and the

donor, irrespective of whether the donor and the recipient are
the same person.

The procedure to obtain BM-MNCs and CD133� cells in-
cludes only manipulations considered nonsubstantial (cell sepa-
ration, concentration, or purification). Therefore, their consider-
ation or not asmedicinal products will depend exclusively on the
essential functions of the cells and their intended use.

EUROPEAN MEDICINES AGENCY POSITION

As has been mentioned earlier, in November 2011, EMA/CAT
published two scientific recommendations—that are not bind-
ing—regarding the classification of autologous BM-MNCs [9] and
autologous BM-derived CD133� stem cells [10] as medicinal
products (considered as TEPs). The recommendations assessed
these twoproducts “intended for improvement of heart function
and quality of life in patients with ischemic heart disease, post-
acute myocardial infarction and in chronic ischemic heart dis-
ease.”

The EMA/CAT conclusions weremade on the bases that “the
products are not intended to be used for the same essential
function (hematological restoration)” and that “the products are
intended for regeneration through stem cell-induced angiogen-
esis in ischemic heart tissue by nonhematological differentiation
of the bone marrow cells into vascular cells or by paracrine ef-
fects of the stem cells.” Finally, the EMA/CAT considers that the
products fall within the definition of TEP as provided inArticle 2.1
of Regulation (EC) No. 1394/2007.

FUNCTIONS OF BONE MARROW-DERIVED MONONUCLEAR CELLS
AND CD133� CELLS

The concept of BM as an exclusively hematopoietic organ
changed more than a decade ago with the discovery of the exis-
tence of diverse nonhematopoietic stem cell populations, which
share the same origin as hematopoietic cells and coexist in nor-
mal adult human BM [11, 12]. Simultaneously, the concept of
adult tissue renovation also changed, because until then it had
been restricted to some specific organs and tissues known for
their high regenerative capacity, but the ability to homeostati-
cally renovate tissues such as myocardium, neural tissue, or
blood vessels, among others, was then unknown.

As a result of these discoveries, the view that, under physio-
logical conditions, BM fulfills an exclusively hematopoietic func-
tion has become obsolete. Over the last 10 years, it has been
scientifically demonstrated that BM carries out a further regen-
erative function of remote tissues under homeostatic condi-
tions. Besides the evidence obtained from animal models, the
principal evidence from humans can be grouped as follows.

Presence of Different Adult Stem Cell Lineages in
Normal Human Adult BM
The term BM-MNC is simply used to collectively denominate all
cells present in BM whose nuclei are unilobulated or rounded
and lack granules in the cytoplasm. These characteristics give the
BM-MNCs a similar density and size, which is different from that
of myeloid cells and red-cell progenitors, making them easy to
separate by physical means. Among adult human BM-MNCs are
hematopoietic progenitor cells at different stages of maturation
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as well as lymphoid cells (lymphocytes, plasmatic cells), mono-
cytes, andmacrophages. Furthermore, several cells of nonhema-
topoietic lineage, or which can differentiate into nonhematopoi-
etic cells, have been identified in the mononuclear fraction of
normal human adult BM. Among these are the side population
cells, which present a phenotype and functionality characteristic
of primitive stem cells having multipotent capacity [13]; mesen-
chymal stromal cells [14]; very small embryonic-like stem cells,
which have characteristics similar to embryonic stem cells [15];
multipotent adult progenitor cells [16]; hemangioblasts (progen-
itor cells that are common for hematopoietic and vasculogenic
lineages) [17]; endothelial progenitor cells (EPCs) [18]; and tis-
sue-committed stem cells [19].

Microchimerism in BMT Recipients
Transplanted BM-derived cells have been found to engraft in
almost all tissues of the organism and contribute to tissue repair
after injury (e.g., women undergoing sex-mismatched BMT
showing Y chromosome-positive cardiomyocytes) [20, 21]. Inter-
estingly, animal experiments showednodetectable engraftment
of marrow-derived cells in the absence of myocardial injury.
These findings suggest that adult human BM cells have the ca-
pacity to participate in the homeostatic regeneration of multiple
tissues under physiological or pathological conditions, proving
the concept that remote tissue regeneration constitutes an es-
sential function of adult human BM.

BM Cell Mobilization in Response to Tissue Damage
It has been shown that there is a mobilization of BM cells into
peripheral blood in response to ischemia-induced cytokines se-
creted from remote tissues and that these cells reach damaged
tissues, contributing to their regeneration under physiological
circumstances of homeostasis. This has been observed particu-
larly after acute myocardial infarction (AMI), giving rise to the
concept of BM-myocardium axis [22], as in the cases of liver [23]
and kidney [24] tissue damage, among others. Moreover, the
level ofmobilizedmarrow-derived EPCs in circulating blood after
an AMI not only correlates with the cumulative cardiovascular
risk [25] and vascular function [26] but also has a predictive value
for the probability of new cardiovascular events and for the pro-
gression of arteriosclerosis in patients with coronary disease [27,
28]. At least four BM cell types have been shown to mobilize in
response to tissue damage: one of these is EPCs, aswedocument
below in greater detail.

Adult BM Cell Secretion of Cytokines with
Cytoprotective Function for Diverse Cellular Lineages
There is evidence that one of the beneficial effects (probably the
most important) of BM cells recruited by injured tissues results
from a paracrinemechanism. This includes the production at the
tissue level of significant amounts of cytokines and growth fac-
tors with different actions, including prevention of apoptosis,
cytoprotection of native viable cells, anti-inflammatory effects,
reduction of fibrosis, and recruitment of specific stem cells, lead-
ing to a robust stimulation of angiogenesis and tissue regenera-
tive mechanisms directly mediated by resident progenitor cells
[29, 30].

In addition to this general evidence for BM-MNCs, there are
some other specific types of evidence for the population of
CD133� cells. Cells positive for CD133, which represent the best
known human homolog of the murine protein prominin-1, were

initially identified in populations of hematopoietic stem cells and
progenitor cells of BM and peripheral blood [31], but later they
have also been identified in a multitude of nonhematopoietic
tissues, such as the endothelium, skin, liver, pancreas, muscle,
kidney, prostate, and brain [32–35]. Their capacity to differenti-
ate into tissues of mesodermal, ectodermal, and endodermal
origin has been consistently shown in vivo and in vitro. When
transplanted into nonobese diabetic/severe combined immuno-
deficient (NOD/SCID) mice, they are able to generate multilin-
eage hematopoiesis as well as repopulate and regenerate tis-
sues, such as liver, lung, brain, heart, intestine, and muscle [36]
and also to differentiate into mature endothelial cells. In fact, it
has been found that in vitro CD133� cells differentiate mainly
into mature endothelial cells [37], and there is a general consen-
sus that BM-derived EPCs express CD133 [38].

In the field of postnatal neovascularization, the discoveries
of EPCs by Asahara et al. in 1997 [39] and their origin in BM 2
years later by the same group [40] constitute a genuine break-
through. There exists growing evidence that postnatal neovascu-
larization depends, to some extent, on the necessary contribu-
tion of mobilized marrow-derived EPCs [37, 41, 42]. Besides the
direct incorporation of EPCs to neovascularization foci and their
subsequent differentiation into mature endothelial cells [43],
both EPCs [44] andother types ofmobilizedBM-MNCs constitute
a source of proangiogenic cytokines and growth factors [45].
Therefore, the role of BM-derived cells in postnatal neovascular-
ization can be summarized in twomain functions: first, the direct
mechanism by which EPCs differentiate into mature endothelial
cells that incorporate into new vessels (vasculogenesis) [43] and,
second, the indirect mechanism that involves, in turn, a para-
crine-mediated stimulation of the local angiogenesis as well as a
less known contribution of monocytes and/or macrophages to
neoarteriogenesis [46, 47].

From the scientific point of view, all the above-mentioned
functions of the bonemarrow-derived cells that aremobilized by
ischemia-induced stimuli (EPCs and probably other, less well
known cell types) occur in a physiological way. Therefore, neo-
vascularization should be considered an essential function of
these types of cells.

DISCUSSION

The legal definition of SCTMP and TEP refers to “the cells or
tissues not intended to beused for the sameessential function or
functions in the recipient as in the donor.” Therefore, in linewith
the legal definition, BM-MNCs and CD133� cells should not be
classified as ATMPs when intended for the promotion of new
blood vessel growth and ischemic tissue repair because of the
evidence available today regarding their physiological role in the
processes of postnatal neovascularization [42–46]. Ischemic or
damaged tissues physiologically recruit CD133� cells, which
stimulate the mechanisms of neovascularization and tissue re-
pair. From the physiological perspective, this process is cumula-
tive,with continuous recruitment of cells over a varying period of
time [42], and from the therapeutic perspective, the therapy
simply facilitates the physiologicalmeans bywhich CD133� cells
reach the targeted tissue, that is, collecting them from BM and
administering them intra-arterially.

It can be argued that neovascularization is not the exclusive
essential function of BM-MNCs, because they are a heteroge-
neous combination of different types of progenitors, or even
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that we have not yet completely characterized all the cellular
subtypes included in BM-MNCs. However, in the case of BMT,
the infusion into the central venous system of BM-MNCs for he-
matopoiesis restoration also includes a heterogeneous group of
cells whose exact functions are equally unknown, and it is not
considered a medicinal product. In any case, the legal definition
itself recognizes that cells or tissues can have several essential
functions. Moreover, the definition mentions neither that the
intended use has to be for the main essential function nor that
the essential function should be exclusive to those cells.

Additionally, the restrictive application of these regulatory
criteria would lead us to the conclusion that BM in the frame-
work of allogeneic hematopoietic transplant is an ATMP, be-
cause the graft itself is used looking not only for hematopoiesis
restoration but also for its graft-versus-leukemia effect, essential
for the success of BMT. It is evident that, in the donor, BM cells
do not recognize foreign allogeneic antigens present in the resid-
ual tumor cells of the recipient; therefore, according to the EMA/
CAT criteria, we would be dealing with an ATMP. This is more
obvious than in the case of the use of BM cells to exploit their
physiological function of enhancing neovascularization in isch-
emic tissues.

The relevance of this debate regarding the classification of
BM-MNCs as a whole and CD133� cells in particular, when in-
tended to enhance neovascularization in ischemic diseases as
medicinal products or cellular transplantation (as they are con-
sideredwhen they are used to restore hematopoiesis), resides in
its important economic and organizational consequences (Fig.
1). If BM-MNCs and CD133� cells are considered medicinal
products, then the higher requirements for processing BM (e.g.,
in terms of quality controls or infrastructures: laboratory compli-
ant with goodmanufacturing practice vs. tissue establishment
usually located inside BMT-authorized hospitals) have an im-
portant economic impact that cannot be justified in terms of
patient safety. BMT is performed in immunocompromised pa-
tients frequently receiving allogeneic BM-MNCs infused into
the central venous system. It does not seem justified to in-
crease the quality requirements when infusing BM-MNCs
used for neovascularization in immunocompetent patients re-
ceiving their own BM.

Another important consequence of considering BM-MNCs
and CD133� cells as medicinal products is the longer time it will
take for these treatments to become available to the patients.
Because of the experimental nature of the use of BM-MNCs in
ischemic syndromes, independently of their consideration as
a cell transplant or medicinal product, both nonclinical and
clinical studies must be performed to demonstrate their
safety and efficacy. Nevertheless, after completing clinical re-
search, if BM-MNCs and CD133� cells are considered medic-
inal products, patients will be able to access these treatments
only after a company obtains marketing authorization,
whereas if they are considered cell transplantation, hospitals
could offer these procedures as they offer BMT with trans-
plant authorization.

Furthermore, the consideration of these treatments as me-
dicinal products would force BMT-authorized hospitals into a
contradictory situation. Depending on the patient, hospitals will
be able to process the BM (for BMT in immunocompromised
patients receiving an allogeneic product) or will be obliged to
send it to a company for processing with the attendant costs (for
immunocompetent patients receiving their own cells). There-

fore, BMT-authorized hospitalswill have to pay for a process that
they routinely perform, using the same technology, for patients
at higher risk.

Thepotential fear of damaging companies, or even the industry
as a whole, by considering BM-MNCs and CD133� cells as trans-
plants is unjustified. If we look at the sponsors of clinical trials using
BM-MNCs or CD133� cells (search the ClinicalTrials.gov Web site
[http://www.clinicaltrials.gov] using “autologous graft” as the
search term, “interventional studies” as the type of study, and
“CD133 cells” or “bonemarrowmononuclear cells” as the interven-
tion),we find that thesearehospitals,universities, researchcenters,
or foundations, with the sole exception of a company that sells the
technology for cell separation and the CD133 isolation kit used by
hospitals authorized for BMT. This means that the development of
these products is being carried out mainly in the context of non-
profit organizations. Thismakes sense if we bear inmind that there
is no manufacturing procedure involved in their processing, only
very simple technology already available to hospitals authorized to
perform BMT.

Figure 1. Differences and consequences of considering bone mar-
row-derived mononuclear cells and bone marrow-derived CD133�
cells as advanced therapy medicinal products or cellular transplan-
tation. Abbreviations: BM, bone marrow; BM-MNC, bone marrow-
derived mononuclear cells; BMT, bone marrow transplantation;
CAT, Committee for Advanced Therapies; EMA, EuropeanMedicines
Agency; GMP, goodmanufacturing practice; MP, medicinal product;
TEP, tissue-engineered product.
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Finally, the classification of BM-MNCs and CD133� cells is of
crucial importance for European public health care systems if
they are willing to incorporate these therapies into clinical prac-
tice [48]. If hospitals, with no commercial interest, are not al-
lowed to offer this treatment as a service (after its safety and
efficacy have been proven), they will have to support the higher
costs involved. This is hardly the best moment to waste public
funds on something that public health care systems have been
doing for more than 50 years without safety problems for pa-
tients at higher risk.

CONCLUSION

The EMA/CAT has very recently classified BM-MNCs and
CD133� stem cells as ATMP (specifically TEP) when intended for
regeneration through stem cell-induced angiogenesis in isch-
emic heart tissue on the basis that the products are not intended
to be used for the same essential function (hematological resto-
ration). Although these scientific recommendations are not
binding, they should be reviewed in light of the organizational
and economic consequences, the lower risks compared with al-
logeneic BMT, and the scientific knowledge acquired over the
last few years about the mechanisms of postnatal neovascular-
ization.

We consider that BM-MNCs and CD133� stem cells are
not an ATMP, because the procedure to obtain them includes
only manipulations considered nonsubstantial and because,
when intended for the repair of ischemic tissues, they are
used for the same essential function in the recipient as in the
donor. Because of the fact that BM-MNCs, and especially
CD133� cells, as endothelial progenitors have a fundamental
determining physiological role in the processes of postnatal
neovascularization, when these cells are used therapeutically
for vascular restoration in ischemic tissues, they are carrying
out nothing other than their physiological function. When we
use BM-MNCs, looking for hematopoietic restoration (one of
their essential functions), they are not considered a medicinal

product; therefore, the same criteria should apply when we
use BM-MNCs for neovascularization, as we are using them
for one of their own functions, which is the same in the recip-
ient as in the donor.

The consideration of BM-MNCs and CD133� stem cells as
medicinal products instead of as cellular transplantation
when we intend to use them to enhance neovascularization
has important consequences at all levels, requiring deeper
reflection from the EMA/CAT in collaboration with scientific
societies. If the consideration of those products as ATMPs
does not change, this will have a very negative impact not only
on European public health services and on patients who will
have to wait longer and paymore for their treatments but also
in that we will all have to support the higher costs involved.
The legal framework does allow for a more flexible interpre-
tation, taking into account the scientific evidence, and our
society deserves this.
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