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Clinical trials of cell therapy
for the infarcted myocardium
Advances in stem cell biology
have challenged the notion that
infarcted myocardium is ir-
reparable. The pluripotent abil-
ity of stem cells to differentiate
into specialized cell lines began
to garner intense interest within
cardiology when it was shown in
animal models that intramyo-
cardial injection of bone marrow
stem cells, or the mobilization of
bone marrow stem cells with
spontaneous homing to myo-
cardium, could improve cardiac
function and survival after in-
duced myocardial infarction.1,2

Furthermore, the existence of
stem cells in myocardium has
been identified in animal heart,
and intense research is under way
in an attempt to clarify their po-
tential clinical application for pa-

tients with myocardial infarction.
A fundamental problem in

this area of research has been to
determine the best source of
stem cells. To date, only autolo-
gous stem cells have been stud-
ied; these have been derived
from skeletal myoblasts, bone
marrow and peripheral blood.
Skeletal myoblasts isolated from
muscle biopsy and cultured ex
vivo are under clinical investiga-
tion, but they cannot transdif-
ferentiate into authentic car-
diomyocytes and have been
suggested to be potentially ar-
rhythmogenic.3 In several early
clinical trials, investigators used
bone marrow and peripheral
blood stem cells. These were
heterogeneous and relatively
unselected and probably con-
tained hematopoietic stem cells,
mesenchymal stem cells and en-

dothelial progenitor cells. Al-
though bone marrow may be
the richest source for stem cells
with the potential to differenti-
ate into cardiomyocytes and
blood vessels, the invasiveness of
bone marrow harvesting is
problematic. The mobilization
of peripheral blood stem cells
from bone marrow could be a
practical alternative that would
avoid invasive bone marrow as-
piration and the arrhythmo-
genicity associated with skeletal
myoblasts, but this also has ad-
verse effects. Granulocyte col-
ony stimulating factor (G-CSF)
is frequently used to mobilize
marrow stem cells but is also as-
sociated with mobilization of
other immune cells, which leads
to nonspecific inflammation.

How then should stem cells
be delivered to the injured
heart? Three strategies have
been investigated. Transthoracic
myocardial injection showed
favourable outcomes in a clinical
trial,4 but more recent research
has focused on developing less
invasive approaches such as
catheter-based endomyocardial
injection and intracoronary in-
fusion. We conducted a ran-
domized controlled clinical trial5

to evaluate the efficacy and
safety of stem cell therapy in pa-
tients with myocardial infarction
who underwent percutaneous
coronary stenting of the infarct-
related artery. There were 3 pa-
tient groups: the first received
intracoronary infusion of pe-
ripheral blood stem cells, the
second received G-CSF to in-
duce mobilization of peripheral
blood stem cells (theoretically,
to increase their delivery to the
heart), and the third group
served as a control. Interim re-
sults indicated improved cardiac
function and exercise capacity in
the group who received intra-
coronary therapy compared
with the other 2 groups.

We have also observed im-
provement of myocardial perfu-
sion with stem cell therapy:
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Stem cells are delivered to the heart through an intracoronary catheter. Once the stem cells
have reached areas of infarcted myocardium, they may improve contractility by differentiat-
ing into functional cardiac myocytes and improve perfusion by releasing cytokines that in-
duce angiogenesis.



ANA LY S I S

CMAJ • AUG. 31, 2004; 171 (5) 443

Stem cells not only differentiate
into contracting cardiac myo-
cytes but also secrete cytokines
such as vascular endothelial
growth factor and insulin-like
growth factor that promote an-
giogenesis and activate resident
cardiac stem cells. Indeed, in
our study, improvements in
coronary perfusion were rela-
tively greater than improve-
ments in contractility, especially
in patients who received only
G-CSF. The source of stem
cells is likely important in this
regard, given that peripheral
blood stem cells contain a
greater proportion of angio-
genic cells than myogenic cells
in vitro. We speculated that an-
giogenesis more than myocar-
dial regeneration contributed to
improvement in cardiac func-
tion after cell therapy, although
the clinical benefit did not vary
according to cell type. The ben-
efits from other cells, such as
embryonic stem cells or purified
cardiac stem cells, might depend
on another mechanism.

Hurdles to overcome
Although general enthusiasm
for stem cell therapy for cardiac
disease is fuelling intense re-
search, we are also starting to
appreciate the potential adverse
effects of this novel treatment.
For example, in patients who re-
ceived intracoronary treatment,
we observed higher rates of re-
stenosis in the stented culprit
lesions in the coronary artery.
Interestingly, the degree of neo-
intimal growth was proportional
to that of improvement in car-
diac function. Although resteno-
sis was successfully managed
with the additional deployment
of drug-eluting stents, this
served as our first warning. We
have preliminary evidence from
our current trial, MAGIC Cell–
III, that the timing of stem cell

mobilization and the use of
drug-eluting stents may solve
the problem of restenosis caused
by neointimal growth. How-
ever, other potential adverse
effects have been reported in
animal studies, such as micro-
infarction after intracoronary
infusion6 and uncontrolled dif-
ferentiation of stem cells causing
formation of calcification within
myocardial tissue.7

Although animal studies
demonstrated remarkable im-
provements in cardiac function
with stem cell therapy, human
studies have had more modest
results. The increase in left
ventricular ejection fraction
was, although statistically sig-
nificant, modest (about 5%);
this is consistent with findings
from other published studies.
Moreover, the long-term bene-
fits of stem cell therapy have
not been evaluated.

To proceed with and im-
prove stem cell therapy, we need
a better understanding of stem
cell biology. Areas of investiga-
tion include the optimal type of
cell and the kind of modification
necessary, whether a heteroge-
neous cell population is prefer-
able to a purified one, or differ-
entiated cells to undifferentiated
cells, the best mobilization pro-
tocol and ways to overcome the
barriers to the effective homing
of stem cells to the harsh envi-
ronment of infarcted tissue.

A promising new modality
Currently, 2 biologic therapies
for cardiovascular diseases —
cell and gene therapy — are
under investigation in early-
phase clinical trials. Gene ther-
apy, in general, has had limited
success to date because of the
short clinical effects observed
and problems around the safety
of the vector encoding new
genetic material (typically

viruses). However, gene ther-
apy may hold the key to the fu-
ture of stem cell therapy: by
permitting controlled augmen-
tation, proliferation and differ-
entiation of stem cells through
genetic manipulation, the cur-
rent problems associated with
stem cell therapy may be solved.
Indeed, the potential benefits of
stem cell therapy may not be
fully realized until the advances
of these seemingly divergent
fields are united and give rise to
an entirely new therapeutic
modality.
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