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The challenges of stem cell therapy
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Abstract: The actual repairing power of stem cells has yet to be fully realized because of insufficient knowledge about the
basic mechanisms regulating their fate and unsuitable protocols to implant them in injured tissues. Novel strategies must be
formulated to fully exploit stem cell potential in the clinical setting.

Résumé : La capacité de réparation réelle des cellules souches n’a pas été encore pleinement mise à profit à cause d’une
connaissance incomplète des mécanismes qui régulent leur destinée et de protocoles d’implantation dans les tissus lésés ina-
déquats. Des stratégies originales doivent être mises en œuvre afin d’exploiter pleinement le potentiel des cellules souches
en clinique.

A decade of significant financial investments and intensive
scientific efforts to implement stem cell therapy has not
yielded the results that many in the public and scientific
communities had hoped for. To date, the results have demon-
strated that the approaches proposed thus far do not permit
clinically safe, reliable, and cost-effective procedures. De
facto, stem cell manipulation is more complex than originally
expected. For example, the meager number (approximately
3%–10%) of stem cells mobilized to and (or) retained in the
myocardium after implantation, independent of the delivery
approach (intramyocardial, intracoronary, retrograde coronary
venous), has been disappointing. In fact, most of the im-
planted cells are not retained or do not home to the heart but
are suppressed by apoptosis, removed by the bloodstream, or
entrapped in the lungs. It is now clear that a completely inno-
vative vision and novel technologies are necessary for stem
cell therapy to succeed.
The failure to adequately repair tissue by implanting iso-

lated stem cells can be attributed to drawbacks in at least 2
of the 4 challenges in the cell therapy process. In the first
challenge, stem cells are isolated from a donor and purified
through the expression of a membrane protein complex repre-
sentative of the cell phenotype. In the second challenge, iso-
lated stem cells are expanded in vitro to generate a
population sufficiently large enough to meet the needs of the
recipient organ, and are then delivered to the recipient (third
challenge). Finally, stem cells home to the damaged organ. In
this process, cell expansion and delivery are critical. Based

on current protocols, isolated stem cells are cultured for ex-
pansion and then detached from their support using proce-
dures established decades ago for differentiated cells. These
procedures neglect the need for stem cells to be cultured in a
very special environment if their unique characteristics are to
be preserved in vitro. In fact, in vivo, stem cells do not mix
with differentiated cells, but segregate in special niches
where the microenvironment contributes to the preservation
of their particular characteristics, and from which they can
migrate and differentiate when stimulated to restore damaged
tissue. Therefore, after isolation, stem cell phenotypic integ-
rity can be maintained in vitro only if environmental condi-
tions emulating their native niche are reproduced. Stem cells
improperly cultured under conventional conditions are also
exposed to enzyme manipulation that damages their cell mem-
brane. Furthermore, this procedure destroys the self-produced
extracellular matrix required for progenitor cell homing and
differentiation.
Cells deprived of their natural adhesion structures are com-

monly delivered as a single-cell suspension. The delivery
system that has been utilized to date — an injection that
does not require specific surgical skill — is inexpensive and
can be used for most organs. Unfortunately, the suboptimal
suspension of stem cells is subjected to additional stresses
upon injection, such as syringe and intra-needle pressure,
and the non-niche microenvironment of the host organ. In
the heart, for example, stem cells are usually embedded in
the less-stressed atrial or apical myocardium, and are not
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structurally and functionally adapted to sudden implantation
into the ventricular myocardium. As a result, few injected
cells are retained in or home to the host organ and differenti-
ate, resulting in inconsistent benefits to tissue structure and
function. In addition, the number of implanted stem cells
and their degree of differentiation, as well as the graft shape,
size, and location, are unpredictable. Therefore, maximizing
the potential of stem cells to repair tissue ultimately requires
us to improve our knowledge of stem cell behaviour, and
generate better procedures to more precisely control stem
cell fate.

Despite the significant obstacles inherent in stem cell ther-
apy, researchers remain optimistic, as both preclinical and clin-
ical studies have demonstrated some success with cell
therapies. With continued efforts, the goal of using stem cells
to repair and regenerate tissue and cure disease could be real-
ized. This special issue of the Canadian Journal of Physiology
and Pharmacology is dedicated to stem cell therapy. It introdu-
ces new ideas about stem cell characteristics and their potential
to repair damaged tissues. It is our hope that this issue will
highlight new approaches to cell therapy that will improve our
ability to capitalize on the great promise of stem cells.
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