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EDITORIAL

Can’t Patch Everything: Personalized 
Medicine for Cell Therapy in Dilated 
Cardiomyopathy
Andrew Sundin , MD; Wayne Balkan , PhD; Joshua M. Hare , MD

Among incident cases of heart failure with reduced 
ejection fraction, non- ischemic dilated cardiomy-
opathy (NIDCM) represents the etiologic basis 

in approximately 36% patients.1,2 Unlike ischemic car-
diomyopathy which arises from ventricular remodeling 
driven by an underlying infarct scar, fibrosis in NIDCM 
is present to variable degrees and is patchy and inter-
stitial.3,4 Although there is no known cure for NIDCM,5 
cell therapy has shown promise in early stage clinical 
trials.6 A clear and emerging trend is that there is broad 

variability in patient responsiveness to these therapies.
In this issue of the Journal of the American Heart 

Association (JAHA), Domae et al demonstrate 2 dis-
tinct groups of stem cell- responsiveness relationships.7 
Patients with New York Heart Association classification 
II– IV NIDCM were implanted with autologous, scaffold- 
free skeletal cell patches. This product that has 
been approved for use in Japan under the Japanese 
Pharmaceuticals and Medical Devices Agency condi-
tional approval pathway, a development that was not 
universally endorsed by the academic community.9 
Previous phase I clinical trials for ischemic10 and di-
lated11 cardiomyopathy demonstrated feasibility, safety 
and efficacy of the skeletal cell patches, and in the 
current study the primary study end point was the 
combination of major adverse cardiovascular events 

and incidence of heart failure, defined as admission 
according to the Framingham heart failure diagnostic 
criteria.12

Of the 24 patients with dilated cardiomyopathy re-
ceiving the cell patch; 13 were classified as responders, 
defined as those in whom “symptoms, exercise capac-
ity and cardiac performance were improved postop-
eratively”; and 11 were classified as non- responders , 
those not exhibiting such improvements. Responders 
also exhibited decreased serum BNP (brain natri-
uretic peptide), stabilized pulmonary capillary wedge 
pressure, and had an elevated level of the epigenetic 
marker human H3K4me3 (histone H3 lysine 4 trimeth-
ylation) and less fibrosis detected in the myocardium 
preoperatively.7

In addition to the above, responders baseline char-
acteristics included a statistically more favorable clinical 
profile in terms of BNP (23.3±4.5 versus 56.1±10.0 pg/
mL), pulmonary capillary wedge pressure (8.5±1.2 ver-
sus 15.5±2.1 mm Hg), and New York Heart Association 
classification II (7 of 13, 53.8% versus 1 of 11, 9.1%) 
compared with non- responders. Multivariate analysis 
indicated that responders and non- responders clini-
cal response could be partially predicted using BNP, 
pulmonary capillary wedge pressure, and H3K4me3; 
however, no cutoff values were offered. These find-
ings suggest that the severity of disease can alter pa-
tient response to patch therapy. At a minimum these 
findings can be viewed as hypothesis generating and 
could assist in patient selection for future trials.
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Previous in vitro studies implicate diminished ex-
pression of H3k4me3 along with additional epigene-
tic changes of favorable histone complexes in heart 
failure.13 These findings were supported by a clinical 
study that looked at preoperative and postopera-
tive cardiac biopsies in patients with a left ventric-
ular assist device. Postoperative findings produced 
an improved histologic profile and upregulated sev-
eral favorable histone complexes, which in turn cor-
related with decreased cardiomyocyte size and ANP 
(atrial natriuretic peptide) and BNP levels.14 Although 
H3k4me3 allowed patient stratification predictive 
of the success of cellular transplant, in the present 
study without repeat cardiac biopsy, it is unclear if 
the cell graft induced a more favorable histologic 
profile.

Fibrosis is implicated in the pathogenesis of non- 
ischemic cardiomyopathy4 and is present in all end- 
stage heart failure, with the distribution differing with 
etiology. As collagen deposition increases, ventricular 
function deteriorates contributing to diastolic dysfunc-
tion.3 One of the key mechanisms of action underlying 
the efficacy of the skeletal patch is an anti- fibrotic ef-
fect, and in this regard the patch is reported to secrete 
hepatocyte growth factor, vascular endothelial growth 
factor, and stromal cell- derived factor- 1,15 cytokines 
that reduce fibrosis, increase angiogenesis, and aug-
ment migration of cardiac stem cells, respectively15 
(Figure).

Preclinical studies in rats identified that secretion 
of these cytokines correlated with decreased fibrosis, 
increased cellularity and decreased pulmonary artery 

pressures.15,16 Additionally, the surgical placement of 
a sheet lattice over cardiac tissue was postulated to 
provide structural integrity to the cardiac tissue pro-
viding mechanical support to the heart and reducing 
stress while the grafted cells enact their paracrine ac-
tivity.15 Cardiac remodeling with a reduction in fibrosis 
would decrease left ventricular stiffness, allowing for 
improved relaxation of cardiac tissue, and thus a re-
duction of pulmonary capillary wedge pressure with-
out necessarily changing ejection fraction, consistent 
with their results. These findings provide additional 
support for the growing appreciation that cell- based 
therapies exert clinically beneficial effects without en-
grafting and promote endogenous remuscularization.17 
Similar to the epigenetic changes discussed, the effect 
of the patch system on fibrosis can only be surmised, 
as no follow- up cardiac biopsy was performed. This 
gap could be addressed in the future by using delayed 
enhancement gadolinium magnetic resonance imag-
ing to non- invasively quantify cardiac fibrosis.3

Another crucial consideration in patients with 
NIDCM is the contribution of genetics. Among cases 
of dilated cardiomyopathy, 20% to 50% are attributable 
to a familial origin, with variable expression and inher-
itance patterns.18 The relationship between genotype 
and responsiveness to cell therapy was first assessed 
by Rieger and colleagues who evaluated the role of 
genetic variants in a pre- specified analysis of patients 
from the POSEIDON- DCM (Percutaneous Stem Cell 
Injection Delivery Effects On Neomyogenesis in Dilated 
Cardiomyopathy) clinical trial,19 which compared the 
effectiveness of allogenic-  and autologous- bone 

Figure 1. Potential mechanism by which autologous skeletal stem- cell sheets 
improve the status of patients with non- ischemic dilated cardiomyopathy.
Autologous skeletal stem cell sheets secrete a variety of growth factors15 that likely 
mediate the improvements in responsive patients following implantation. 6MWD indicates 
6- minute walk distance; BNP, brain natriuretic peptide; DCM, dilated cardiomyopathy; 
H3K4me3, histone H3 lysine 4 trimethylation; HGF, hepatocyte growth factor; MACE, 
major adverse cardiovascular event; PCWP, pulmonary capillary wedge pressure; 
SCDF- 1, stem cell- derived factor- 1; and VEGF, vascular endothelial growth factor.
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marrow- derived mesenchymal stromal/stem cells.5 
Genetic sequencing of these patients using a 104 gene 
cardiomyopathy panel allowed classification of patients 
as being negative for any variant (n=6), having a variant 
of uncertain significance (VUS, n=20), or a pathologic 
variant (n=8). Interestingly, survival at 1 year was 100%, 
85%, and 40% in negative for variant, variant of un-
certain significance, and pathologic variant subgroups, 
respectively, and only the negative for variant, and vari-
ant of uncertain significance groups demonstrated 
a positive change in ejection fraction over this time 
course, whereas ejection fraction continued to decline 
in the patients with the pathologic variant. There were 
no statistically significant differences in baseline char-
acteristics between the 3 groups except for pro- BNP 
(pro B- type natriuretic peptide), which was markedly 
elevated in the pathologic variant population. Patients 
negative for identifiable pathologic variants were more 
likely to respond to cell delivery as indicated by im-
proved cardiac function, quality of life and survival and 
reduced major adverse cardiovascular events.19 The 
converse was true for patients positive for pathologic 
variants. This exciting finding forms the hypothesis 
for a new trial and will be tested in a larger placebo- 
controlled trial, DCMII (Transendocardial Injection 
of Allogeneic- Mesenchymal Stem Cells [MSCs] in 
Patients With Non- Ischemic Dilated Cardiomyopathy), 
that will stratify patients prospectively (Clini calTr ials.gov 
#NCT04476901).

An early adage about this new and emerging field 
was that success would result from “using the right 
cell in the right patient at the right time and by the cor-
rect delivery method”. As the current work7 and that of 
others19 (reviewed in Banerjee et al20) clearly illustrates, 
this principle of personalized medicine can contribute 
to success in correct patient selection. Most impor-
tantly, new and emerging concepts need to be pro-
spectively tested in larger, well- powered clinical trials 
using primary end points supported by earlier trials.
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