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Diabetic cardiomyopathy is identified by a left ventricular
dysfunction due to metabolic and cellular abnormalities
in the absence of atherosclerosis or hypertension and
is one of the leading causes of morbidity and mortality
in the diabetic population (1). It is characterized by myo-
cardial necrosis and fibrosis, endothelial dysfunction, and
stem cell senescence (2). This latter phenomenon is now
considered to be a central mechanism of aging and age-
related pathologies as it has been associated with the
reduced ability of tissues to replace lost cells and to repair
damage (3,4). In this issue, Vecellio et al. (5) analyzed
the intriguing issue of whether stem cells isolated from
diabetic hearts have a metabolic memory reminiscent
of their original milieu. The term metabolic memory
was first used to describe the persistent development
of diabetes complications that intervenes even after gly-
cemic control has been achieved (6). Recent studies have
suggested that the epigenetic changes that occur in cells
exposed to hyperglycemia may be responsible for this
phenomenon (6).

Epigenetics may be defined as a heritable phenotype
that does not depend on the primary sequence of DNA.
This trait may involve its heritability through mitosis
or meiosis (7). Chromatin is an orderly nucleoprotein
assembly that results from the packaging of DNA with
histone and nonhistone proteins (8). Eukaryotic chroma-
tin may be viewed as a series of superimposed organiza-
tional layers. The first organizational layer consists of
the chemical modifications of nucleotides (e.g., methylation
and methyl oxidation of cytosine) (8). Histone variants
and their posttranslational modifications (PTMs) com-
pose the second organizational layer (8). Finally, the
third layer of organization consists in the nuclear com-
partmentalization of chromatin (9,10). A large number of
histone PTMs have been described (including acetylation,
methylation, ubiquitylation, sumoylation, and phosphor-
ylation). Accordingly, several scientists have postulated

that a histone code exists, where different histone mod-
ifications act sequentially or in combination and are read
by other proteins (“readers”) to bring about downstream
effects (11). These PTMs of histones are carried out by
different classes of enzymes that act either as chromatin
“writers” (e.g., histone acetyltransferases, histone methyl-
transferases, histone ADP ribosyltransferases) or “erasers”
(e.g., histone deacetylases, histone demethylases) (11).
Vecellio et al. (5) isolated and expanded in vitro cardiac
mesenchymal stem cells (CMSC) obtained from the atrial
appendages of 22 patients undergoing coronary artery
bypass grafting (CABG) or angioplasty. The biologic char-
acteristics, DNA methylation, and histone PTM of CMSC
obtained from 11 type 2 diabetic patients (D-CMSC) were
then compared with those of CMSC derived from 11 nor-
moglycemic patients (ND-CMSC). The authors observed
that diabetes impairs CMSC proliferation and differenti-
ation, increasing their rate of cellular senescence. These
biologic alterations were associated with a modification of
D-CMSC chromatin landscape. Specifically, D-CMSC are
characterized by increased trimethylation of histone H3
lysine 9 and lysine 27 and histone H4 lysine 20, decreased
monomethylation of histone H3 lysine 9, and reduced
acetylation of histone H3 lysine 9 and lysine 14 and his-
tone H4 lysine 16. Functionally, these PTMs are associ-
ated with a closed chromatin structure, which is less
accessible to transcription factors leading to gene repres-
sion. Intriguingly, repressive chromatin and CpG island
DNA hypermethylation were detected at promoters of
genes involved in cell growth and genomic stability, par-
alleling the reduced expression of these genes in D-CMSC.
In this line, several epigenetic enzymes (including histone
demethylase JMJD3, histone methylases Suv420HI,
SETD-7, methyl CpG binding protein-2, and 5 general
control of amino acid synthesis [GCN5]-related N-acetyl-
transferases [GNAT] acetylases GCN5 and p300/CBP-
associated factor [PCAF]) were differentially expressed
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in D- and ND-CMSC. The authors experimented with the
ability of the proacetylation compound histone acetylase
activator pentadecylidenemalonate 1b (SPV106), an ac-
tivator of the GCN5A/PCAF members of the GNAT fam-
ily, to reverse the epigenetic landscape of D-CMSC. SPV106
partially rescued the histone acetyltransferase activity of D-
CMSC, increased histone acetylation (H3K9Ac, H3K14Ac,
and H4K16Ac), and decreased DNA methylation at pro-
moter CpG islands, without affecting the global histone
methylation level. Remarkably, these epigenetic changes
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were associated with a reduction in the rate of cell senes-
cence, a recovery in the proliferation ability, and a partial
rescue of the differentiation capacity of D-CMSC (Fig. 1).
Vecellio et al. newly describe a mechanism through
which the epigenetic memory of hyperglycemia conveys
to human stem cell senescence and dysfunction. Most
important, the authors demonstrate that a short drug
treatment with SPV106 is able to partially reverse the
modified epigenetic landscape of D-CMSC, rescuing their
proliferation and differentiation abilities. One potential
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Figure 1—Schematic depiction of the differences in CpG island methylation, histone modifications, epigenetic enzymes activity, and cell
features characterizing human CMSC obtained from normoglycemic and diabetic hearts. The treatment of D-CMSC with the proacetylation
compound SPV106 partially reverts the epigenetic changes characterizing D-CMSC and restores some impaired cell functions. *Genes
known to be associated to proliferation and genome stability. **Arrows refer to D-CMSC vs. ND-CMSC (second column) and to D-CMSC
vs. SPV106-treated D-CMSC (third column). H3K9Ac, acetylation of histone H3 lysine 9; H3K14Ac, acetylation of histone H3 lysine 14;
H4K16Ac, acetylation of histone H4 lysine 16; H3K9Me3, trimethylation of histone H3 lysine 9; H3K27Me3, trimethylation of histone H3
lysine 27; H4K20Me3, trimethylation of histone H4 lysine 20; HAT, histone acetyltransferases (GCN5A/PCAF members of the GNAT family);
HDAC, histone deacetylases (class |, I, and Ill); HDM, histone demethylases (JMJD3); HMT, histone methylases (Suv420H1, SETD-7, and
methyl CpG binding protein-2).
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limitation of this work is, as stated by the authors, the
limited number of samples analyzed that may have
precluded a more in-depth insight into the metabolic
impact of lysine acetylation in the onset of insulin re-
sistance and diabetes. Furthermore, the control subjects
that were used (ND-CMSC) were collected from patho-
logic hearts. In the future, a comparison of D- and
ND-CMSC with similar cells obtained from normal hearts
could help in distinguishing epigenetic changes that are
typical of diabetic cardiomyopathy from those shared
with cardiac ischemia, possibly opening the way to more
targeted epigenetic interventions. Moreover, the evalua-
tion of the potential ability of SPV106 to antagonize stem
cell senescence and dysfunction in vivo is the next required
step toward the clinical application of this work.

Early phase clinical trials that experimented with the
use of cardiac-derived stem cells have shown exciting but
preliminary results (12,13). However, aging, pathology
(14), and, as elegantly shown in Vecellio et al. (5), diabetes
may alter the biologic characteristics of human cardiac
primitive cells, thus potentially reducing their in vivo re-
parative ability. The identification of drug treatments able
to erase the memory of a pathologic state may increase
the efficacy of stem cell-based therapy.
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