PHILOSOPHICAL
TRANSACTIONS B

rsth.royalsocietypublishing.org

REV | ew CrossMark

click for updates

Cite this article: Menasché P. 2015 Stem
cells for the treatment of heart failure. Phil.
Trans. R. Soc. B 370: 20140373.
http://dx.doi.org/10.1098/rsth.2014.0373

Accepted: 18 May 2015

One contribution of 13 to a discussion meeting
issue ‘Cells: from Robert Hooke to cell
therapy—a 350 year journey'.

Subject Areas:
cellular biology, biomaterials

Keywords:
stem cells, cell therapy, heart failure

Author for correspondence:
Philippe Menasché
e-mail: philippe.menasche@egp.aphp.fr

THE ROYAL SOCIETY

PUBLISHING

Stem cells for the treatment of
heart failure

Philippe Menasché

Department of Cardiovascular Surgery; Université Paris Descartes, Sorbonne Paris Cité; INSERM U-970,
Hopital Européen Georges Pompidou 20, rue Leblanc 75015 Paris, France

Stem cell-based therapy is currently tested in several trials of chronic heart
failure. The main question is to determine how its implementation could
be extended to common clinical practice. To fill this gap, it is critical to
first validate the hypothesis that the grafted stem cells primarily act by
harnessing endogenous repair pathways. The confirmation of this mechan-
ism would have three major clinically relevant consequences: (i) the use of
cardiac-committed cells, since even though cells primarily act in a paracrine
manner, such a phenotype seems the most functionally effective; (ii) the
optimization of early cell retention, rather than of sustained cell survival,
so that the cells reside in the target tissue long enough to deliver the factors
underpinning their action; and (iii) the reliance on allogeneic cells, the
expected rejection of which should only have to be delayed since a perma-
nent engraftment would no longer be the objective. One step further, the
long-term objective of cell therapy could be to use the cells exclusively for
producing factors and then to only administer them to the patient. The pro-
duction process would then be closer to that of a biological pharmaceutic,
thereby facilitating an extended clinical use.

1. Introduction

A recent meta-analysis including 31 randomized cell therapy trials in 1521
patients with heart failure has reported a clear benefit of this approach with
regard to exercise capacity, left ventricular ejection fraction and quality of life
[1]. This optimistic conclusion, however, needs to be tempered in light of two fac-
tors: the method used for assessing cardiac function and the blinded or unblinded
nature of the trial. Namely, another almost as recent meta-analysis has also
concluded to the benefit of cell therapy, but exclusively when the functional
assessment was based on echocardiography which is known to be operator-
dependent, whereas the benefit was no longer significant when the analyses of
outcome were based on magnetic resonance imaging which provides more objec-
tive data [2]. Furthermore, the randomized trial mentioned above [1] indicates
that the benefits of cell therapy in terms of mortality, functional improvement
and increase in left ventricular ejection fraction are also no longer significant in
the subgroup of trials which have been blindly analysed. These comments
should not be interpreted as suggesting that there is no benefit to draw from car-
diac cell therapy in the context of heart failure. They simply call for some caution,
which is indeed consistent with the fact that if phase 2 clinical trials can give us a
suggested way forward, they are not tailored to conclusively establish that the
new therapy under investigation should be readily implemented in the clinics.
In the case of the treatment of heart failure by stem cells, it is indeed not so sur-
prising that the first wave of clinical trials have not yielded results matching
the initial expectations which were definitely excessive. The likely main reason
is that these early trials have been clouded by the uncertainty which then sur-
rounded the optimal cell type to be used as well as the most efficient method of
cell transfer. Lessons drawn from this early clinical experience, together with
the numerous laboratory data [3], now allow better clarification of these issues
and if these lessons can be appropriately translated in protocols which are in
preparation or already operative, there is a reasonable hope that the second
wave of clinical trials could be therapeutically more efficient, thereby allowing
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clarification of the place of cell therapy within the already
available therapeutic armamentarium.

These lessons primarily derive from a major change in the
hypothesis which underpins the mechanism of action of the
grafted cells. Initially, the objective of cell therapy was that
the grafted cells integrate within the recipient myocardium
and, through the replacement of dead cardiomyocytes by
this new graft-derived tissue, contribute to improved contrac-
tile function. The consistent discrepancy between the very
limited, not to say complete lack, of grafted cells still detect-
able after a few weeks and the maintenance of a functional
benefit has led scientists to revisit this hypothesis and to
focus on a primarily paracrine mechanism. According to
this paradigm, cells act by secreting multiple factors which
harness endogenous repair pathways contributing synergisti-
cally to improve cardiac function [4]. The activation of these
pathways could induce a stimulation of angiogenesis and a
reduction of fibrosis (both of which would qualify as
repair), and even maybe an increase in the pool of contractile
cardiomyocytes (the only event which would qualify as true
regeneration), even though the origin of these putatively new
cardiomyocytes (mobilization of endogenous quiescent cardiac
stem cells, multiplication of mature cardiomyocytes, reestab-
lishment of a cardio-angiogenic differentiation programme in
epicardial cells) still remains unsettled.

This paracrine hypothesis, if it was unequivocally vali-
dated, has major practical consequences which are detailed
below and which could really allow a dramatic improvement
in the efficacy of cardiac cell therapy and allow it to fill the
gap which still exists between well-controlled trials and a
large-scale clinical use.

2. Cardiac versus extra-cardiac cells

Even if they are still limited, the head-to-head experimental
studies which have compared different cell types have estab-
lished the functional superiority of those whose phenotype is
close to that of the target tissue, ie. of cells committed
towards a cardiac lineage [5]. This superiority remains pre-
sent even if the paracrine hypothesis is prevailing, as
shown by the finding that the production of potentially
cardio-protective growth factors is higher with cells derived
from the right ventricle (cardiospheres) than with extra-
cardiac cells derived from bone marrow or adipose tissue
[6]. These observations justify the choice of cells currently
tested in the second wave of clinical trials and which, in con-
trast to the cells used in the first era (skeletal myoblasts and
bone marrow cells), adopt or try to get close to a cardiac phe-
notype. These cells include cardiospheres derived from a
piece of right ventricular muscle obtained by a trans-jugular
endomyocardial biopsy and which seem to be primarily com-
posed of mesenchymal cells [7] or mesenchymal stem cells
derived from the bone marrow but exposed to a cocktail of
cardiopoietic factors designed to force them to express car-
diac markers before their reinjection [8]. The same concern
of using cells as close as possible to those which they are
intended to rescue has dictated our choice to use human
embryonic stem cells, the intrinsic pluripotency of which
allows differentiation into multiple cell types including cardi-
omyocytes. Depending on the culture conditions, the cells
can then be grafted at the early stage of progenitor cells
(which is the option that we have selected for an initial

clinical trial) or later on, once they have completed their
development into mature cardiomyocytes. A thorough dis-
cussion of the specific problems raised by these cells is
beyond the frame of this review and suffice is to say that,
from a clinical point of view, the major safety issue here is
the purification of the final cell therapy product in order to
ensure that it is no longer ‘contaminated’ by residual pluripo-
tent cells which would have escaped the cardio-instructive
signals and might then become tumorigenic [9].

3. Retention versus survival of cells

The transfer of cells in the heart can be achieved either by an
intracoronary or by a direct intramyocardial approach. In the
latter case, cells can be delivered from the ‘inside’, i.e. in the
left ventricular endocardium by a percutaneous catheter, or
from the ‘outside’, i.e. by transepicardial injections during a sur-
gical procedure. Unfortunately, regardless of the method, and
even though direct administration is the most efficient [10], a
very large fraction of cells is lost during this transfer because
of mechanical leakage (heartbeats which squeeze the myo-
cardium) or wash-out through the venous and lymphatic
systems. Furthermore, among the cells which have been initially
retained in the myocardium, the majority are expected to die
within the hours or days following the procedure because of
multiple causes: hypoxia related to the poorly vascularized
environment, inflammation, apoptosis due to the loss of cell-
to-cell connexions and cell anchorage to an extracellular
matrix, rejection if allogenic cells have been used. Consequently,
multiple strategies have been developed to empower the survi-
val of grafted cells. They are based on physical (for example,
hypoxic preconditioning), pharmacological or genetic pro-
cesses [11]. If these different approaches have occasionally
been successful in experimental models, then their common
complexity and the regulatory hurdles inherent in the use of
some of the involved compounds have so far precluded their
translation towards the clinics. However, in the light of the
paracrine hypothesis mentioned above, the real interest of
these pro-survival strategies deserves to be revisited. Namely,
the benefit of the cells seems to be more related to their initial
retention, which is a prerequisite for them to secrete the factors
underpinning their effects. Once activated, the endogenous
pathways seem to remain effective over time even though the
trigger cells have disappeared. For this reason, it is probably
critical to focus on the optimization of early engraftment in
order that a sufficient number of cells remain present during
a sufficiently long period of time for releasing the blend of bio-
molecules which underpin their paracrine effects. This is well
illustrated by a study [12] which has compared the injection
of mesenchymal stem cells, with or without encapsulation in
alginate, in a rat model of myocardial infarction. Not surpris-
ingly, retention of cells was higher 3 days after the procedure
in the encapsulated group but after one week almost all cells
had gone, regardless of whether they had been combined
with alginate or not. Nevertheless, after one month, outcomes
were significantly better with regard to left ventricular function,
reduction in scar size and angiogenesis in the encapsulated
group, thereby suggesting that it had been sufficient for the
cells to be engrafted in large amounts early on after their deliv-
ery for inducing protective effects which had then remained
sustained over time, even though the cells were no longer
present in the target tissue.
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When the cells are delivered through a catheter, this optim-
ization can rely on dedicated delivery devices, molecules
enhancing homing of cells towards ischaemic areas or incorpor-
ation of the cells into resorbable biomaterials which can increase
the viability of cells during the early postengraftment period
and specifically allow them to be shielded from deformation
by extensional flow experienced during needle injection [13].
For surgical applications, it seems more effective to use an epi-
cardially delivered patch rather than multiple injections. These
patches, in which cells have been incorporated, feature several
advantages: greater retention of cells, preservation of their
viability due to their attachment to a self-secreted matrix, mech-
anical strengthening of the diseased wall, and the potential to
act as a platform for releasing drugs or growth factors
previously incorporated in the patch material [14].

4. Autologous versus allogeneic cells

The advantages of autologous cells are well recognized: avail-
ability, absence of immune or ethical issues. However, with
accumulated experience, their limitations have also been
acknowledged: interindividual variability of cell function,
making difficult the consistent yield of a well-standardized
cell therapy product; logistical complexity when cells have
to be shipped from the collection centre to a core facility for
processing (this situation is already common and will
become increasingly frequent because of the stringent regu-
latory constraints pertaining to the so-called Advanced
Therapy Medicinal Products); and cost of customized quality
controls. Conversely, allogeneic cells derived from cell banks,
which have been extensively qualified for their functionality,
sterility and cytogenetic stability, overcome these hurdles. An
additional advantage is that such cells are readily available
whenever necessary, as an ‘off-the-shelf” product. Obviously,
the expected limitation of allogeneic transplantation is the
rejection of the grafted cells. However, in the light of the para-
crine hypothesis already mentioned, this issue also needs to
be revisited since the objective may no longer be to avoid
rejection by a life-long immunosuppressive treatment, with
its well-known side effects, but only to delay it in order to
allow, once again, for cells to be present in sufficient amounts
and for a sufficient period of time to load the target tissue
with their cardioprotective factors before being cleared by
the immune system of the host. Support for this hypothesis
comes, in particular, from a study which has compared the
effects of cardiospheres in relation to their allo-, xeno- or syn-
geneic origin [15]. Eight days after the injection of cells in the
infarcted myocardium of rats, retention was found to be
equivalent between allo- and syngeneic cells; not unexpect-
edly, however, after three weeks, cell engraftment was still
high in the syngeneic group, whereas most of the allogeneic
cells had disappeared because of rejection. However, after
six months, the functional benefits were similar in the two
groups, suggesting that an initially high rate of cell engraft-
ment had been effective enough to trigger endogenous
pathways, the protective effects of which had then remained
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