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Cardiac remodeling is a necessary process in the context of
physiological adaptation during normal growth according to
the demand of alterations, including changes in contractility
and beating rate. However, malfunctional remodeling due to
pathological conditions is an ultimate disaster in disease path-
ogenesis, which leads to a poor outcome and high mortality
[1]. Besides the cardiac enlargement of ventricular volume
after myocardial infarction (MI), dysfunction due to electro-
physiological remodeling such as a decrease in delayed recti-
fier potassium currents (IK) is a prominent feature showing
reduced survival in patients with heart disease [2]. Cardiac
inward rectifying potassium currents (Ik1) play an important
role in shaping action potentials, which is a key character
representing the electrical activity made by a multitude of
various ion channels and transporters [3]. The cardiac IK1
stabilizes the resting membrane potential and is responsible
for shaping the initial depolarization and final repolarization
of the action potential [4, 5]. Indeed, infarction generally en-
tails significant cellular and molecular remodeling in the left
ventricle, resulting in functional and biochemical alterations
of the myocardium due to the modulation of IK1 [2].

Therefore, focusing on a strategy to attenuate the pathogen-
ic remodeling, such as decrease in IK1 after MI has been
receiving increasing attention. Notably, a delayed rectifier po-
tassium channel, Kir2.1, which is encoded by the KCNJ2
gene, has been studied because it has been demonstrated that

Kir2.1 expression is decreased after MI [6]. Also, overexpres-
sion of Kir2.1 channel in embryonic stem cell-derived
cardiomyocytes attenuates post-transplantation proarrhythmic
risk in myocardial infarction [7]. Previously, studies have
shown the mechanisms undergoing transcriptional modula-
tion of Kir2.1 after myocardial infarction. For example, up-
regulation of microRNA-1 (miR-1) and consequent reduction
of Kir2.1 is observed in rat ventricular myocytes in a rodent
model of MI. This is due to the increase in serum response
factor (SFR), a transcriptional activator of the miR-1 gene [8].

In the current issue of Cardiovascular Drugs and Therapy,
Li et al. report evidence for kinase-dependent modulation of
IK1 in anMI rodent model [9]. This work not only identifies a
new potential target to attenuate the risk of heart failure after
MI, but also provides additional information on the mecha-
nisms of how valsartan, an angiotensin II type I receptor
blocker attenuates the effect of MI. First, they induce the MI
in male Wistar rats by ligation of the coronary artery, which
upregulates casein kinase 2 (CK2) expression and
downregulates Kir2.1 expression in myocytes in the left ven-
tricle. In addition, in rat ventricular cells, CK2 overexpression
leads to reduction of Kir2.1 expression. This effect is
abolished by 4,5,6,7-Tetrabromobenzotriazole (TBB), a cell-
permeable selective inhibitor of CK2, treatment. Also, this
biochemical data is confirmed by electrophysiological data
showing IK1 current density in cultured neonatal rat ventric-
ular cardiomyocytes is decreased by CK2 overexpression and
this effect is abolished by TBB treatment. Using an Electro-
phoretic mobility shift assay (EMSA), the regulation of the
CK2 activity after MI was confirmed.

Most of all, this provides the new insight that CK2 has an
important role in MI-induced ion channel remodeling. Al-
though it has been demonstrated that CK2 has an important
role in modulating cardiac hypertrophy; for example, CK2
induces development of hypertrophic phenotypes in rat
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neonatal cardiomyocytes via activation of HDAC2 by its
phosphorylation at the S394 residue [10], most research study-
ing the role of CK2 in cardiac pathophysiology have focused
on cardiac hypertrophy but have rarely focused on ion channel
remodeling. In this issue, Li et al. demonstrate that in left
ventricular myocytes after MI, there is kinase-derived modu-
lation of transcription of ion channels. Second, in a series of
biochemical experiments, Li and colleagues show the effect of
valsarten on the CK2 and Kir2.1 expression in the rodent MI
model. Valsartan has been widely used for patients suffering
from hypertension. Indeed, valsartan inhibits the renin-
angiotensin system by blocking the angiotensin II type 1 re-
ceptor (AT1), which prevents the increase in blood pressure
induced by circulating angiotensin II resulting in potent anti-
hypertensive activity [11, 12]. In the current article, Li et al.
conclude that valsartan ameliorates IK1 remodeling after MI
in the rodent MI model by attenuating CK2-induced decrease
in Kir2.1 channel expression. Thus, this provides additional
mechanisms of how valsartan attenuates the effect of MI via
modulation of ion channel remodeling.

Consistent with other studies, this work also raises the fol-
lowing questions. First, in terms of the physiological balance
in the posttranslational process, kinases have a counterpart to
feedback its role [13]. Are there candidates of protein phos-
phatase as a counterpart in CK2’s role inMI-derived ion chan-
nel remodeling like Phosphatase and tensin homolog (PTEN)
or Protein phosphatase 1 (PP1)? If CK2 is the candidate to
modulate Kir2.1 expression following MI, what can be the
counterpart of the kinase working in this situation? Second,
Li et al. provide the role of CK2 tomodulate Kir2.1 expression
via activation of a transcriptional process. Are there any other
direct effects of CK2 to reduce the capacity of the Kir2.1
channel via direct phosphorylation of the channel, leading to
consequential internalization of the ion channel into the cyto-
plasm? Since the Kir2.1 channels have 8 CK2 phosphoryla-
tion site motifs [14] and CK2 activation is increased after MI
in the rodent model, it would be interesting to look at the direct
effect of CK2 in the Kir2.1 channel remodeling after MI. It
will be also helpful to identify other combinational or syner-
gistic effects by CK2 such as depletion of Phos-
phatidylinositol 4,5-bisphosphate (PIP2) in MI-induced ion
channel remodeling.

CK2 has been considered to be a regulator of over 300
substrates [15]. These new findings raise further questions
and the studies into its potential therapeutic application are
still in the early experimental stage. However, Kir2.1 remains
an exciting target for improving heart function after MI and in
terms of the perspective of potential therapeutics, whether
CK2 can modulate Kir2.1 expression after MI, leading to a
change of IK1 is important information. For the treatment
after MI, this could be a potential target to develop a strong

additional layer of protection. It is certain that developing
approaches to target the ion channel remodeling system will
assist in improving heart function to prevent heart failure after
MI and other heart-related disorders.
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