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With the exception of hematopoietic cell transplan-
tation in patients with hematological and oncological
disease, heart disease, specifically myocardial infarc-
tion, features as the next most important indication for
stem cell therapy. A little more than 3 years ago, Phi-
lippe Menasche was the first to describe the use of
stem cells to treat a patient who had presented myo-
cardial infarction.1 He justified this indication in more
than a dozen studies carried out over more than 10 ye-
ars with experimental models of myocardial infarction,
demonstrating the potential benefit to cardiac function
of skeletal myoblast transplantation and, thus, suppor-
ted the step to experimenting on human subjects.2 In
the case of other types of stem cells, such as bone ma-
rrow cells or endothelial cells, things have developed
more rapidly; in barely 3 years we have gone from ex-
perimental studies hinting at the possibility of regene-
rating the heart with bone marrow stem cells,3 which,
on the other hand, were strongly criticized,4,5 to ran-
dom clinical trials.6 Unfortunately, despite all the
many experimental and clinical trials done during the
last few years, we still do not have answers to many of
the questions needed to establish cell therapy as an
effective treatment from the clinical point of view. Ob-
viously, until we know in detail the mechanisms invol-
ved in improving cardiac function, we cannot properly
decide which cells are the most appropriate, what are
the indications for cell therapy, what is the required
dose of cells or even whether it is necessary to trans-
plant cells.

The other side of the coin is the patients’ point of
view and, to a lesser extent, the opinion of the clini-
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cians who treat such patients: while safeguarding the
fundamental Hippocratic principle of not causing
harm, should we wait for answers to all of these ques-
tions before applying these therapeutic strategies in
our patients? Recently, Nature published an editorial
prompted by the publication of the 2 studies we have
referred to, which rejected the capacity of bone ma-
rrow stem cells to contribute to cardiac regeneration.4,5

It justified delaying clinical trials until it was possible
to respond to a series of principles described in the
form of ten precepts.7 There is no doubt that, if we fo-
llow these criteria, many of the efforts currently under
way would have to be interrupted thus entailing, at le-
ast in my opinion, serious harm to our patients. There-
fore, we should aim at striking a certain balance to
enable steady advances both in fundamental research
and the clinical aspects of cell therapy.

The article published in this issue of REVISTA ESPA-
ÑOLA DE CARDIOLOGIA,8 although having the limita-
tions common to a phase I study with a small number
of patients, offers an especially attractive hypothesis
within the clinical context: if there are stem cells in the
adult body capable of helping to regenerate cardiac
function, then instead of searching for them, isolating
them, cultivating them in vitro, and then administering
them to the patients, with all the consequent economic
costs and technical difficulties involved, we could try
to stimulate these stem cells in such a way that they
could arrive at the site where they are needed without
even having to extract them from the body. The idea is
simple and attractive. In addition to the authors’ argu-
ment, evidence from experimental models supports
this hypothesis. Piero Anversa’s group has been pione-
ering this line of work, and has demonstrated in muri-
ne myocardial infarction models that it is possible to
mobilize stem cells located in adult organs, probably
in the bone marrow, and that these cells contribute to
repairing damaged myocardium.9 However, it is im-
portant to emphasize that in these studies the mobiliza-
tion of cytokines begins before the infarction occurs,
which is a very different situation to that found in pa-
tients with myocardial infarction. Studies carried out
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in primates have not been able to reproduce the good
results obtained with mice.10

Suárez de Lezo’s study was one of the first works
published that used this therapeutic strategy in patients
with myocardial infarction and it raises interesting
issues that deserve consideration.11,12 Obviously, ad-
verse effects and the patient’s safety are the fundamen-
tal issues in any phase I study such as the one presen-
ted by the Córdoba group. In general, there has been a
low incidence of adverse events in the various clinical
trials published to date on cardiac regeneration. The
transplantation of skeletal myoblasts in patients with
chronic myocardial infarction has been associated with
a greater incidence of cardiac arrhythmias13 in some
studies, although not in all,14 whereas the use of hema-
topoietic stem cells via the intracoronary route has
been associated at least in one study with a higher rate
of stent restenosis, mainly in patients treated with stem
cells together with hematopoietic growth factors (G-
CSF).11 Other works, carried out both by Spanish and
non-Spanish groups, have not found this increase in
the restenosis rate.15,16 Given that this is one of the
very first works using G-CSF as a treatment its con-
clusions regarding complications are particularly rele-
vant. In this regard it is worthwhile pointing out that
one of the patients suffered splenic rupture as a serious
complication. Although the use of hematopoietic
growth factors, mainly G-CSF, is customary practice
in hematology and oncology, the incidence of splenic
ruptures is very low.17 Most hematologists and oncolo-
gists will see hundreds of patients treated with G-CSF
during their career, but will never see a case of splenic
rupture. On the other hand, in Suárez de Lezo’s study
the incidence was 8%. This could be an isolated event
or that the underlying disease and the patients’ situa-
tion favored the development of this complication. Ob-
viously, myocardial infarction triggers inflammatory
events that could contribute to the onset of this type of
adverse effect. It could also have a relationship with
the length of treatment with the growth factor. The aut-
hors used normal doses of growth factor for the mobi-
lization of hemopoietic progenitors in patients and the
donors were healthy; however, the treatment was lon-
ger than normal since apheresis is usually done to ex-
tract progenitor cells on the fifth day of treatment and
tends not to last more than 1 week. Taking into ac-
count that the splenic rupture occurred on the eighth
day of treatment and that the peak of mobilization in
this and many other works occurred on the fifth day
after treatment, it may not be necessary to prolong tre-
atment with G-CSF.

I would like to take advantage of this issue to offer a
cautionary note: although not wishing to underestima-
te the interest of this work and its potential applica-
tion, we should not get carried away by the fact that
treatment with G-CSF in patients with a myocardial
infarction is quite simple and, thus, could be used in

both large hospitals and smaller centers with smaller
infrastructures. In this sense, it is important to give a
strong, clear warning against applying this treatment
outside the context of clinical trials and studies aimed
at establishing the therapeutic safety and efficacy of
the mobilizing treatment in patients with myocardial
infarction. Any other line of action would be of little
benefit to our patients and could jeopardize the future
of this type of treatment.

The authors have clearly been very conscientious
when assessing the effect of the treatment on cardiac
function, but despite their efforts, assessing the effi-
cacy of treatment with G-CSF remains a difficult and
unavoidable problem. The actual design of the study
aims at assessing the safety of the treatment, but trying
to draw conclusions regarding the therapeutic efficacy
of the administration of G-CSF in patients with myo-
cardial infarction is risky. Given that the first step has
been taken, we now urge the researchers to take the
next step. If we want to find out about the true efficacy
of the treatment, we have to design and carry out ran-
dom studies to determine the efficacy of the treatment
with hematopoietic growth factors in myocardial in-
farction patients. An additional issue when assessing
the results obtained is the large variability observed re-
garding the effect on cardiac function of the treatment
used (revascularization, stenting and treatment with 
G-CSF). Whereas in some patients cardiac function
deteriorates, in others there is a very significant impro-
vement. This effect leads us to think that there are
many variables that might contribute to altering the
functional results of the treatment, even more than the
treatment itself, such as the magnitude of the myocar-
dial infarction, the revascularization treatment, the
time from the myocardial infarction to starting treat-
ment or others that remain unknown. New studies
should be designed to create homogeneous groups in
order to minimize this variability.

Phenotypic analysis of the mobilized cells enabled
the authors to demonstrate that the number of stem
and progenitor cells increases in the patients’ blood
very significantly. This aspect was certainly rigorously
and fully dealt with in this study. However, trying to
draw conclusions regarding the relationship between
the type of mobilized cells and functional improve-
ment is premature. First, we do not know what type of
stem cells are capable of contributing to myocardial
regeneration and even less what mechanisms they use
to contribute to this improvement. Although some stu-
dies suggest that hematopoietic cells are capable of re-
generating the myocardium, differentiating themselves
into cardiac muscle fibers, endothelium, or smooth
muscle,3 these differentiation events are at least ques-
tionable because other groups have not been able to
confirm them4,5 or because other mechanisms such as
cellular fusion are involved in the apparent differentia-
tion.18 There is evidence that other types of stem cells,
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such as cells derived from fat or mesenchymal stem
cells, are capable of differentiating and giving rise to
endothelial and cardiac cells.19,20 It is possible that the
treatment with G-CSF had an effect on these types of
cell, but in any case the phenotype of these cells would
be quite different from the phenotype of the hemato-
poietic cells described in the work of the Córdoba
group. Second, the limited number of patients means
that any correlation between the phenotype of the mo-
bilized cells and functional improvement is more anec-
dotal rather than being a correlation with biological
meaning.

Despite the study’s limitations, I believe Suárez de
Lezo’s work is of great interest due to its novelty and
the conclusions that can be derived from it, mainly re-
lated to the safety of the treatment. It opens up new
perspectives and places a Spanish group in the compe-
titive world of regenerative cell therapy. I hope this
work serves as an encouragement for other Spanish
groups and helps to unite efforts toward designing ran-
dom studies that in the long-run will serve as a basis
for the rational clinical application of myocardial rege-
neration therapy with stem cells. Ultimately, it will
help to improve the quality and length of our patients’
lives which is our most fundamental aim as physi-
cians.
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