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Nuclear Hmgb1
The Fix for the Failing Heart*
Angela Raucci, PHD,a Maurizio C. Capogrossi, MDb,c
H eart failure (HF) represents the final com-
mon pathway of different forms of heart
disease, it affects patients across a broad

age range, and its prevalence increases dramatically
in the elderly population. Cardiomyocyte hypertro-
phy and cardiac fibrosis are hallmarks of HF (1). The
mechanisms underlying the development and pro-
gression of different forms of HF remain an area of
active investigation. The paper by Takahashi et al.
(2) in this issue of JACC: Basic to Translational Science
provides novel insights on the effect of high-mobility
group box 1 protein (HMGB1) on deoxyribonucleic
acid (DNA) damage response (DDR) in a mouse model
of HF induced by chronic infusion of angiotensin II
(Ang II).
SEE PAGE 234
DNA damage is induced by several insults, and
DDR, which consists of a sophisticated network of
signaling pathways involving cell cycle checkpoints,
the DNA repair machinery, and transcriptional pro-
grams, is activated to restore the altered DNA and
avoid genotoxic stress (3). The ataxia telangiectasia–
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mutated (ATM) kinase is 1 of the best-characterized
DDR transducers, able to phosphorylate multiple
DDR mediators, including the histone variant H2AX
and the tumor suppressor p53, necessary to stop cell
cycle and repair the DNA (4). If the repair fails,
cells undergo apoptosis or cell cycle arrest and
senescence (5).

DDR is observed also in post-mitotic cells such as
cardiomyocytes, and its prolonged activation pro-
motes apoptosis and detrimental cardiac remodeling
after myocardial infarction (6,7). Persistent DDR plays
a role in the pathogenesis of HF as well, and various
types of damage, including oxidative DNA damage
and DNA single- and double-strand breaks, have been
found in cardiomyocytes of patients with end-stage
HF and in the hearts of mice with cardiac hypertro-
phy induced by transverse aortic constriction or Ang
II infusion (7–9). Genetic reduction of ATM attenuates
left ventricular dysfunction and improves mortality
in mice that underwent transverse aortic constriction
by reducing nuclear factor-kB–mediated cardiac
inflammation (8). Cardiomyocyte-specific genetic
ablation or pharmacological inhibition of ATM re-
duces cardiac hypertrophy by preventing calcineurin
expression and eukaryotic translation initiation
factor 4E–binding protein 1 phosphorylation (9).

HMGB1 is a nonhistone chromatin protein involved
in transcription regulation, DNA replication and
repair, and nucleosome assembly (10–12). HMGB1 can
be passively released by damaged cells or actively
secreted by stressed immune cells and, once in the
extracellular environment, it acts as an endogenous
“alarmin” promoting inflammation or tissue repair
and regeneration (13). Exogenous HMGB1 reduces
cardiomyocyte contractility and induces hypertrophy
and apoptosis, stimulates cardiac fibroblast activity,
and cardiac stem cell proliferation and differentia-
tion. Inhibitors of extracellular HMGB1 exert a
protective function in experimental models of
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myocardial ischemia/reperfusion and in cardiomy-
opathies induced by mechanical stress, diabetes,
infection, or chemotherapeutic drugs, mainly by
reducing inflammation. In contrast, administration of
recombinant HMGB1 after myocardial infarction
induced by permanent coronary artery ligation
promotes cardiac regeneration and preserves left
ventricular function (14,15). Notably, mice over-
expressing HMGB1 in cardiomyocytes (HMGB1-Tg) are
protected from cardiac damage induced by myocar-
dial infarction, genotoxic drugs, and hypertrophic
stimuli, and maintenance of high levels of nuclear
HMGB1 inhibits cardiomyocyte apoptosis (16–18).
Thus, HMGB1 may play both beneficial and detri-
mental functions after a cardiac injury depending on
the specific experimental model and its subcellular
localization.

In the paper by Takahashi et al. (2), the authors
identify a previously unknown mechanism by which
nuclear HMGB1 prevents pathologic cardiac
hypertrophy. The study starts with the intriguing
observation that nuclear HMGB1 decreases and
phosphorylation of ATM (p-ATM) and g-H2AX
expression increase in failing human hearts.
Furthermore, nuclear HMGB1 levels in car-
diomyocytes inversely correlate with cell hypertro-
phy, cardiac fibrosis, and brain natriuretic peptide
serum levels. Lower HMGB1 content favors HF pro-
gression because preservation of high levels of nu-
clear HMGB1 in cardiomyocytes protects against
pathologic cardiac remodeling. Indeed, HMGB1-Tg
mice exhibit an attenuation of Ang II–mediated hy-
pertrophy and fibrosis along with a reduction of the
Ang II–induced increase in interventricular septum
diameter and posterior wall diameter, and decrease of
early to atrial wave ratio. Interestingly, the authors
show that HMGB1 prevents detrimental DDR activa-
tion in vivo because Ang II–treated hearts of HMGB1-
Tg mice exhibit lower levels of p-ATM and g-H2AX
compared with wild-type mice. Consistently, Ang II
reduces the expression of HMGB1 before inducing
p-ATM and g-H2AX activation in isolated neonatal rat
cardiomyocytes (NRCMs). In these cells, HMGB1
overexpression attenuates Ang II–mediated hyper-
trophic growth; in contrast, HMGB1 silencing
enhances p-ATM and g-H2AX activation.

The authors show (2) that HMGB1 interacts with
ATM in NRCMs and suggest that this interaction is an
important mechanism to prevent ATM phosphoryla-
tion in response to Ang II and subsequent activation of
the hypertrophic pathways ERK1/2 and nuclear factor-
kB. Future experiments will be required to address
whether this interaction also occurs in vivo. Moreover,
the study shows that ATM activation and activity is
not exclusively dependent on HMGB1 because a
synergistic cardioprotective effect is observed in
HMGB1-Tg animals treated with both Ang II and the
ATM inhibitor KU55933, confirming recently pub-
lished evidence that pharmacologic inhibition of ATM
prevents detrimental cardiac remodeling (9).

Overall, some open questions remain. First,
persistent DDR promotes cardiac inflammation (8),
and it needs to be addressed whether nuclear
HMGB1 modulates Ang II–induced inflammatory cells
recruitment and cytokines levels in vivo or NRCM
acquisition of an inflammatory phenotype in vitro.
Of note, previous studies have not characterized the
inflammatory response of HMGB1-Tg animals to a
cardiac insult (16–18). Second, the cross-talk between
nuclear and extracellular activities of HMGB1 is still
unexplored. Although Takahashi et al. (2) did not
measure circulating HMGB1 in wild-type and
HMGB1-Tg mice or in the supernatant of NRCMs af-
ter Ang II treatment, it is likely that the protein is
present in the extracellular environment because
hypertrophic stimuli are known to induce acetyla-
tion and nuclear translocation of HMGB1 in car-
diomyocytes (16). Third, it will be important to
assess whether extracellular HMGB1 induces DNA
damage accumulation or DDR exacerbation, thereby
contributing to heart remodeling. Last, nuclear
HMGB1 affects the DNA damage repair machinery by
modulating the interactions between repair enzymes
and damaged DNA (12). Hence, it will be interesting
to consider whether, in addition to targeting and
inhibiting ATM, nuclear HMGB1 directly protects the
DNA from the damage induced by detrimental hy-
pertrophic stimuli.

Regardless of the aforementioned limitations, the
study by Takahashi et al. (2) provides novel insights
into the mechanism whereby nuclear HMGB1 safe-
guards the heart from pathological remodeling and
supports recent findings that suppression of aberrant
DDR may became a novel therapeutic strategy against
HF development and progression. Thus, under-
standing how cardiomyocytes may preserve nuclear
HMGB1 to sustain efficient DDR after a cardiac insult
represents a potentially clinically relevant therapeu-
tic challenge.
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