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EDITORIAL COMMENT

Combination Cell Therapy for
Ischemic Cardiomyopathy
Is the Whole Greater Than Sum of Its Parts?*
Fabio A. Recchia, MD, PHD,a,b Thomas E. Sharp III, PHDc

W

hat is the best stem cell type for the

predominant paradigm shift in the ﬁeld. C-Kitþ car-

treatment of ischemic cardiomyopathy?

diac stem cells (CSCs) and mesenchymal stem cells

How and when should stem cells be

(MSCs) are certainly 2 of the most intensively studied

delivered after myocardial infarction? Are live stem

candidates for cardioregenerative therapy because

cells even necessary, or can the same therapeutic ef-

experimental evidence supports their capacity to

fects be achieved by administering only their secreted

enhance revascularization and/or replace lost myo-

factors? These and other questions have challenged

cytes (2,5). Early c-Kitþ CSC studies showed the pro-

the scientiﬁc community for almost 2 decades; the

nounced cardiogenic potential of these cells (2).

debate is animated, and leaders in the ﬁeld are trying

However, more recent work points to primarily

to come to a consensus (1). Proof-of-concept studies

paracrine effects of transplanted CSCs, although this

in rodent models yielded very encouraging results

aspect remains controversial (15–18). The proposed

(2–4), which were conﬁrmed only in part by preclini-

explanation of the pro-regenerative effects of MSCs is

cal large animal studies (5–10), whereas early phase

more balanced, maintaining a combination of para-

I and II clinical trials have shown more modest

crine and cardiogenic potential (19,20). MSCs appear

improvements in cardiac structure and function

to have better retention, likely secondary to a lack of

(11–14). Although clinical data indicate that cell

the class II major histocompatibility complex that

therapy is safe in patients with ischemic cardiomy-

renders them nonimmunogenic (21), and they also

opathy, none of the proposed strategies, to date, is

release paracrine factors that are immunomodula-

approved as a routine clinical protocol for the treat-

tory, promote revascularization, and inhibit patho-

ment of heart diseases. An ideal stem cell candidate

logical remodeling (6,7). MSCs are therefore ideal for

is not yet within arm’s reach.

allogeneic transplantation, a therapeutic strategy

As the ﬁeld has evolved, it has become clearer that

remarkably advantageous when cells can be har-

the beneﬁcial impact of stem cell therapy is likely the

vested from healthy and young donors, thus over-

result of poorly deﬁned “paracrine effects,” rather

coming the disadvantages related to the disease and

than transdifferentiation (1,15). Therefore, the search

comorbidities that impair autologous tissue.

for a cell that releases factors promoting wound
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healing or regeneration after injury has become a

The study by Natsumeda et al. (22) in this issue of
the Journal was prompted by the hypothesis that the
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immunomodulatory

properties

of

MSCs

can

be

exploited to favor the engraftment and thus permit
the pro-regenerative action of allogeneic CSCs, after
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combined cardiac delivery of the 2 cell types, without
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provoking host versus graft reactions. This research

Pisa, Italy, Fondazione Toscana Gabriele Monasterio, Pisa, Italy; and the

group has been a pioneer in the ﬁeld over the last

c

Cardiovascular Center of Excellence, School of Medicine, LSU Health

Sciences Center, New Orleans, Louisiana. Both authors have reported that

decade, with more than 60 publications on MSCs and

they have no relationships relevant to the contents of this paper to

cardiac regeneration in both preclinical large animal

disclose.

models (6,7) and clinical trials (12,13). A phenomenon
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that these investigators have documented is the ca-

efﬁcacy of the cell combination over MSCs alone

pacity of MSCs to regulate stem cell niches, specif-

was not supported by statistical analysis. In fact, it is

ically niches of CSCs (23). On the basis of previous

true that ACCT treatment led to within-group

positive outcomes of MSC- and CSC-based therapy in

improvements, but most of the between-group com-

preclinical models and clinical trials, and on the

parisons with MSCs alone did not indicate signiﬁcant

aforementioned immunological peculiarities of MSCs,

differences. This ﬁnding conﬁrms previous work by

Natsumeda et al. (22) speculated that the combination

the same group, in the same model, when using

of allogeneic MSCs and CSCs into a single therapeutic

autologous combination cell therapy compared with a

intervention could be more effective than the single

single cell type (25). Nonetheless, such quasinegative

cell type. In the current labor-intensive study per-

ﬁndings do not detract from the importance of this

formed with gold standard methodologies, these in-

study. Testing the superiority of ACCT over single cell

vestigators tested an allogeneic combination cell

types alone in clinically relevant animal models was

therapy (ACCT) consisting of a mixture of MSCs and

necessary to leave no stone unturned in the context of

CSCs obtained from male minipigs and transplanted

novel strategies aimed at halting the progression of

through transendocardial injection into female mini-

ischemic cardiomyopathy to heart failure. This testing

pigs at 3 months after acute myocardial infarction

assures the scientiﬁc community that novel thera-

(AMI). Minipigs were randomized to receive ACCT,

peutic strategies have been rigorously screened in

allo-MSCs, allo-CSCs, or placebo (vehicle) and were

valuable models before investigators embark on

assessed for structural and functional changes by

costly clinical trials. Another important aspect of the

cardiac magnetic resonance and invasive hemody-

current study to consider is the negligible efﬁcacy of

namics. Natsumeda et al. (22) found a signiﬁcant

allogenic CSCs alone, which, in addition, did not elicit

reduction in the percentage of change of scar-to–left

a stronger immunogenic response compared with

ventricular mass ratio with allo-MSCs and ACCT when

MSCs. This latter phenomenon was perhaps the result

compared with their 3-month post-AMI time point. End-

of species-speciﬁc tolerance to allogeneic tissue

diastolic and end-systolic volumes within the ACCT

and/or to some genetic homogeneity of purpose-bred

group did not change signiﬁcantly from 3 months

experimental animals. Therefore, it is possible that

post-AMI to 3 months post-ACCT, whereas myocardial

the immunomodulatory or adjuvant action of MSCs

perfusion, assessed with a semiquantitative method,

would be better exalted by their combination with

increased signiﬁcantly, thus indicating greater perfusion

more immunogenic and possibly more therapeutically

within

efﬁcacious allogeneic stem cells.

the

infarct

zone.

Invasive

hemodynamics

demonstrated a signiﬁcant increase in the percentage of

With novel populations of cells currently being

change of the end-systolic elastance, a cardiac load–in-

screened (26,27), as well as cell-based products (e.g.,

dependent index of contractility, in the ACCT group,

exosomes) or pro-regenerative microRNAs being

from 3 months post-AMI to 3 months post-ACCT.

tested (28–31), it is plausible that the combinatory

Furthermore, histopathological analysis revealed mini-

approach will harness the peculiar beneﬁts of each

mal focal lymphocyte aggregates with ACCT and MSCs

component into a single intervention. We do believe

treatment and almost none observed in CSC-treated an-

that further exploration along this avenue is fully

imals. Interestingly, these aggregates were composed of

warranted.

subpopulations of T lymphocytes that promote immune
tolerance (24), a ﬁnding suggesting that the MSCs could
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