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Mind your heart: the epigenetic
consequences of heart failure on

brain function

Gianluigi Condorelli%*” & Michela Matteoli*?

The bidirectional link between heart and
brain has intrigued scientists for ages, but
little is known on the underlying mecha-
nism. In their recent study, Fischer and
colleagues (Islam et al, 2021) propose a
mechanism by which heart failure-induced
cognitive decline is linked to epigenetic
changes that affect gene expression in
neurons of hippocampus.
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t is well known that cardiovascular

disease may lead to behavioral changes.

Indeed, the prevalence of depression and
anxiety in patients with heart failure (HF) is
21% and 13-30%, respectively, the latter
depending on the stringency of the diagnos-
tic criteria; similarly, patients with depres-
sion and anxiety are associated with an
approximately 20% increased risk of devel-
oping HF (Celano et al, 2018). Moreover,
the incidence of Alzheimer’s disease and
aging-related dementia was suggested in
the Framingham Study to be increased in
patients with a low cardiac index (Jefferson
et al, 2015). The problem is of great rele-
vance, as HF affects approximately 25
million people worldwide and accounts
for 1-2% of public healthcare costs in
nations with “advanced” economies (Roger,
2013). Behavioral changes in the course of
disease also mean less compliance with
therapy and an increased need for assis-
tance, further augmenting expenditures.

The mechanisms leading to behavioral
changes in the course of HF are not known.
The hypothesis that Islam et al develop is
that cardiac dysfunction leads to modifi-
cation of the transcriptional landscape in
neurons of the hippocampus, a structure
with a major role in memory and learning.
The authors thus define whether and to
what extent hippocampal neurons have a
dysregulated gene expression profile in the
course of HF. They used for most experi-
ments a mouse model of cardiac-specific
overexpression of CamkIldc, a kinase that
normally controls Ca*" metabolism and exci-
tation—contraction coupling in cardiomy-
ocytes by phosphorylating key substrates,
but which if overexpressed leads to uncon-
trolled Ca®*" handing and gene expression,
ending eventually in heart failure (Maier
et al, 2003). Results were replicated, at least
partially, using also a myocardial infarction
mouse model of HF. Their results show that
gene expression is profoundly affected in
the hippocampal region upon the develop-
ment of HF. In particular, the expression
of oxidative and endoplasmic reticulum
stress genes was altered in hippocampal
neurons. Reduced perfusion of the brain,
affecting also the hippocampus and related
to a decreased cardiac function in HF,
was suggested as the noxa sparking these
changes in gene expression.

The authors then explored the mecha-
nisms causing the modified gene expression
in the hippocampus and uncovered that
epigenetic regulation plays a significant role.
Common histone modification marks are in

dynamic equilibrium, and the levels of
acetylation/deacetylation and methylation/
demethylation of specific H3K residues
depend on the activity of specific proteins:
writers add acetyl or methyl groups, erasers
play an opposite role, and readers translate
the consequences of the covalent modifi-
cations into transcriptional changes (re-
viewed in ref. Greco & Condorelli, 2015).
Incidentally, in HF development, epigenetics
plays a critical role in gene expression
modifications and the establishment of a
disease phenotype (reviewed in ref. Papait
et al, 2020). Islam et al here report that tran-
scription associated with H3K4me3, a speci-
fic histone modification mark found on
gene promoters exerting a global activating
effect on transcription, is altered in the
hippocampal cells of mice with CamkIIdc-
induced HF: Indeed, chromatin immuno-
precipitation followed by DNA sequencing
revealed that hippocampal genes marked
with this histone modification are less
expressed than in controls. Gene expres-
sion changes are associated with increased
cellular stress pathways, leading to loss of
neuronal euchromatin and reduced expres-
sion of a hippocampal gene cluster essential
for cognition.

They also report that KMT2a, one of the
two K4 methylases, is less expressed in
hippocampal cells of mice undergoing HF.
This finding links the modification of gene
expression with reduced H3K4me3 deposi-
tion through decreased expression of this
specific methylase. The relevance of KTM2a
and H3K4me3 in mediating the consequences
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of HF on hippocampal gene expression and,
consequently, on behavior is corroborated
by previous report showing that H3K4me3 is
critical for brain development and that alter-
ing this histone modification is associated
with neurological diseases (Shen et al,
2014). Moreover, homologous recombina-
tion of the Kmt2a gene in mice was shown
to increase anxiety and defective cognition
(Jakovcevski et al, 2015).

The authors then determine whether
increasing the level of H3K4me3 in hippocampal
cells improves behavior in their model of
HF. They followed a pharmacological
approach, administering vorinostat—a drug
used for refractory or relapsed cutaneous T-
cell lymphoma and currently tested in
Alzheimer’s disease—which inhibits histone
deacetylases and augments transcription, as
histone acetylation is usually linked to the
enhancement of transcription (Greco &
Condorelli, 2015). The rationale for the use
of this drug was that while it enhances
histone acetylation, inhibiting repressive
marks, it also increases methylation at K4
because of the interplay between histone
acetylation marks and K4 methylation
(Zhang et al, 2015). They show that admin-
istration of vorinostat improves the behav-
ioral test scores of HF mice, concomitantly
ameliorating gene expression and the level
of H4Kme3 in hippocampal cells (Fig 1).

The paper by Islam et al (2021) is of
particular interest and novelty as it strongly
suggests a link between HF and the central
nervous system through epigenetic mechanisms
regulating hippocampal function. It also
suggests that vorinostat could be used for
neurological disorders associated with HF.
However, there are some challenging aspects.
For example, the bulk of the experiments
were conducted on an animal model of HF
based on the overexpression of a kinase, a
condition not encountered in physiology.
Thus, data generated from other models of HF
might further strengthen results of this study.
Similarly, whether causes other than hypoper-
fusion could be responsible for changes
of hippocampal gene expression during HF is
a possibility which needs to be further
explored. Another open question is whether
histone marks other than H3K4me3 contribute
to the modification of the hippocampal epige-
netic landscape during HF. Lastly, it will
be a stimulating challenge to determine
whether histone modification drugs might
modify hippocampal gene expression through
systemic effects.
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Figure 1. Heart failure is associated with decreased heart function, which leads hypoperfusion of the

hippocampus.

This noxa triggers a decrease of H3K4me3 epigenetic modification mark, leading to reduced expression of a

gene cluster essential for cognition.

Results from this study clearly indicate
that epigenetic mechanisms can underpin
the behavioral modifications encountered in
the course of cardiovascular disease, paving
the way for future studies aiming at explor-
ing therapeutic potential of these results and
further strengthening the notion that brain
and heart function are tightly linked.
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