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Abstract

Aims The kinase ion channel transient receptor potential melastatin 7 (TRPM7) is considered a modulator of cardiac fibrosis
progression; nevertheless, we lack of studies analysing its role in human ischaemic cardiomyopathy (ICM). Our objective was
to analyse the expression of genes encoding cardiac ion channels in human ICM, focusing on the alterations in mRNA levels of
TRPM7 and its relationship with changes in the ventricular function.

Methods and results RNA-sequencing was carried out in 13 left ventricular (LV) samples of patients with ICM compared with
a control group (n = 10). The analysis revealed a total of 25 ion channel genes differentially expressed. We performed an
RTqPCR analysis of the TRPM7 mRNA in LV and left atrial samples and found that it was down-regulated in both cavities
(�1.43-fold and �1.52-fold, respectively). Atrial TRPM7 mRNA levels showed an excellent and inverse relationships with
the depressed ejection fraction (r =�0.724, P = 0.042) and with the mitral A wave (r =�0.938, P = 0.006).

Conclusions We report the down-regulation of TRPM7 in tissue samples from both left atria and left ventricle in patients
with ICM. We found an inverse relationship between both cardiac chambers mRNA levels with LV dysfunction, suggesting
an important role of TRPM7 in the left atrial and LV functional depression found in this cardiomyopathy.
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Introduction

Transient receptor potential melastatin 7 (TRPM7) is a unique
ion channel which has a protein kinase function.1 It is a divalent
cation channel constitutively opened, permeable to Ca2+ and
Mg2+.2 This dual function makes this channel an important reg-
ulator of many processes such as cell viability,3 cytoskeleton or-
ganization,4 magnesium homeostasis5,6 and cardiac fibrosis.7,8

Cardiac fibrosis induces an adverse structural remodelling of
the myocardium, being a detrimental factor that results in abnor-
malities in cardiac conduction, loss of contractility, and hardening
of ventricular walls, thus contributing to cardiovascular diseases

including heart failure (HF).9 The role of TRPM7 in the fibrotic pro-

cess has been suggested to occur via the Ca2+ mediated signals

that contribute to TGF-ß1-induced fibrogenesis,7 through

ERK1/2 activation due to phosphorylation and Ca2+ influx8 and

by regulation of intracellular Ca2+ andMg2+ transport in Angioten-

sin II stimulation.10

A deregulation of TRPM7 channel or current has been previ-

ously reported in animal models of HF and in atrial fibrillation

patients,7,11,12 but there are no studies analysing its expression

in human ischaemic cardiomyopathy (ICM). Because of

evidences regarding its important role in cardiac fibrosis, we hy-

pothesize that patients with HF of ischaemic origin may display

SHORT COMMUNICAT ION

© 2016 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the European Society of Cardiology.

ESC HEART FAILURE
ESC Heart Failure 2016; 3: 220–224
Published online 23 March 2016 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.12085

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

http://creativecommons.org/licenses/by-nc-nd/4.0/


changes in TRPM7 gene expression that could be contributing

to this deleterious process. Therefore, our aim was to evaluate

the tissue mRNA levels of TRPM7 in both the left atria and left

ventricle of patients with ICM compared with non-diseased

controls (CNTs). We also determined the relationship between

the mRNA levels of TRPM7 in the auricular and ventricular

myocardium and the left ventricular (LV) dysfunction.

Methods

Methods are shown in the Supporting Information (Appendix S1).

Results

Clinical characteristics of patients

We analysed 13 LV tissue samples from patients with ICM under-
going heart transplantation and 10 LV CNT samples. These ICM
patients were all men, with a mean age of 54±7years. We
increased the sample size up to 14 LV tissue and we included
14 left atrial (LA) tissue samples from ICM patients to study
the differential expression between cardiac cavities through
RT-qPCR. We also increased the pathological sample size up
to 17 for Western blot analyses. The sample’s handling was
carried out equally in both groups. Table 1 shows the clinical
characteristics of the patients included in the study. The CNT
group was mainly men (80%), with a mean age of 47
± 16 years.

RNA-sequencing analysis

We carried out a large-scale RNA-sequencing analysis to elu-
cidate the differential expression levels between groups, so

as to identify novel genes affecting the development and pro-
gression of ICM. This analysis identified 1712 differentially
expressed genes between the ICM and CNT groups (≥1.3-
fold, P< 0.05), of which 815 were up-regulated and 897 were
down-regulated. Among these deregulated genes, we found
that some belonged to the cardiac ion channel category.

Twenty-five deregulated genes altered in the ICM group
were involved in ion fluxes, of which 13 were up-regulated
and 12 were down-regulated (Figure 1A). We created a Heat
map with hierarchical clustering to visualize the altered ex-
pression of genes belonging to the cardiac ion channel cate-
gory; the plot clearly identified the two groups of study and
different expression patterns (Figure 1B).

RT-qPCR validation

RT-qPCR was performed to validate the differential gene ex-
pression of TRPM7 observed in the RNA-sequencing profiling.
For the reaction, the same samples used for the RNA-
sequencing technique and an additional ICM sample for a total
of 14 ICM and 10 CNT subjects were used. We also measured
the mRNA levels of this ion channel gene in LA samples
(n = 14) from patients with ICM. It was shown that TRPM7
was down-regulated in both LV (–1.43-fold, P< 0.05) and LA
(–1.52-fold, P< 0.05) tissue samples compared with samples
from the CNT group (Figure 2).

Relationship between mRNA levels and cardiac
dysfunction

We analysed the relationships between the differentially expressed
genes and the echocardiographic parameters of patients (Table 2).
We found that the ventricular levels of TRPM7 were inversely
related with EF (r=–0.640, P=0.046). In LA samples, we found that
the mRNA levels of TRPM7 were highly and inversely related to
EF (r =–0.724, P= 0.042). Furthermore, a wave peak velocity of
the mitral Doppler spectrum had an outstanding correlation
(r=–0.938, P=0.006) when compared with TRPM7 mRNA.

Western blot analysis

Western blot experiments were performed to analyse the pro-
tein expression of TRPM7 in LV samples of ICM patients. We
found that the TRPM7 protein is not differentially expressed
between the ICM and the CNT group (123± 32 vs. 100 ± 19,
arbitrary units, P> 0.05).

Discussion

Ion channels are important modulators of the cardiac contrac-
tion and function, being its alterations implicated in HF.13 In our

Table 1 Clinical characteristics of patients with ICM

ICM (n=13) RNA-
sequencing

ICM (n=14)
RT-qPCR

Age (years) 54± 7 55±8
Gender male (%) 100 93
BMI (kg/m2) 26± 4 27±4
Haemoglobin (mg/dL) 14± 3 13±3
Haematocrit (%) 41± 6 40±8
Total cholesterol (mg/dL) 162± 41 160±40
Prior hypertension (%) 30 31
Prior smoking (%) 84 85
Diabetes mellitus (%) 38 39
EF (%) 24± 4 24±6
LVESD (mm) 55± 7 56±8
LVEDD (mm) 64± 7 64±8
Left ventricle mass index (g/m2) 139± 36 139±36
Duration of disease (months) 45± 40 48±40

BMI, body mass index; EF, ejection fraction; ICM, ischaemic cardio-
myopathy; LVEDD, left ventricular end-diastolic diameter; LVESD,
left ventricular end-systolic diameter.
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patients, RNA-sequencing technique and Heat map analysis
revealed a broad set of cardiac ion channel genes dere-
gulated in ICM, indicating a clear separation between the
pathological and the CNT group. Of all these altered genes,
we found that only the gene encoding for ion channel with
protein kinase function, TRPM7, has shown an excellent
and inverse relationship with the ventricular dysfunction
found in patients with ICM.

Cardiac fibrosis is a pathological response in HF, character-
ized by massive deposition of extracellular matrix proteins,
mainly produced by cardiac fibroblasts and myofibroblasts.14

Extensive myocardial remodelling disrupts tissue structure
and increases its stiffness, leading to ventricular dysfunction.
It has been shown that Ca2+ ions are associated with this
detrimental process, being essential for the proliferation
and differentiation of fibroblasts.15

Transient receptor potential melastatin 7 ion channel is
responsible for Ca2+ and Mg2+ trafficking in fibroblasts, as
reported in different studies, being an important modula-
tor of cardiac fibrosis.10,16 Different pathways activate to
promote fibrogenesis, and there is evidence supporting
the implication of TRPM7-Ca2+ mediated current in the

Figure 1 Differential gene expression of cardiac ion channels in patients with ischaemic cardiomyopathy. (A) RNA-sequencing results of mRNA expression
levels of cardiac ion channels. (B) Heat map with hierarchical clustering of the transcriptomic analysis. The values of the compared with non-diseased control
group were set to 1. The data are expressed as mean ± SEM for the mRNA relative expression levels. *P< 0.05, **P< 0.01, ***P< 0.001 vs. the compared
with non-diseased control group. The relative expression level of each gene in the Heat map is indicated by the colour bar.
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activation of TFG-ß1,7 ERK ½,8 and Ang II10,17 pathways.
Previous studies have reported an up-regulation of TRPM7 in
HFmodels12 and the up-regulation of TRPM7-mediated current
in atrial fibrillation patients.7 Moreover, it has been shown an
up-regulation of this channel in patients with non-ischaemic
dilated cardiomyopathy with ventricular tachycardias com-
pared with non-ventricular tachycardia hearts, suggesting an
adverse myocardial remodelling in the ventricular tachycardia
group.18 Additionally, experiments on silencing TRPM7 gene
(shTRPM7) have demonstrated decrease in the progression of
cardiac fibrosis.7,8

We report, in contrast to what has been previously
published, the down-regulation of TRPM7 in both left atria
and left ventricle of ICM patients. Moreover, we found an
inverse relationship between both TRPM7 LA and LV mRNA
levels with changes in LV function. We also analysed the
protein levels of TRPM7 that showed no statistical differ-
ences between groups. These results could be explained,
as has been previously reported,19–21 due to a mechanism
of slowed protein degradation system which may mean
that the TRPM7 protein remains invariable despite its
gene expression being down-regulated. Although further
studies need to be carried out, our results suggest that
TRPM7 down-regulation could be an important player in
the LA and LV functional depression found in this
cardiomyopathy.

A common limitation of studies using human samples is
the pharmacological treatment that could influence our
results. Moreover, our tissue samples are confined to
transmural left ventricle apex, so our findings could not be
generalized to all regions of the left ventricle. However,

our work was performed using a suitable sample size of
both patients and CNTs.
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Table 2 Correlations between the differentially expressed genes
and echocardiographic parameters in patients with ICM

Gene symbol EF FS LVESD LVEDD

CACNB2 r=�0.132 r=�0.152 r=0.118 r=0.112
P=0.699 P=0.656 P=0.745 P=0.759

CLCN3 r=0.252 r=0.259 r=�0.389 r=�0.357
P=0.454 P=0.442 P=0.267 P=0.311

KCNK1 r=0.335 r=0.343 r=0.004 r=0.110
P=0.315 P=0.301 P=0.992 P=0.763

CLIC5 r=0.122 r=0.099 r=0.250 r=0.302
P=0.722 P=0.772 P=0.486 P=0.396

HCN4 r=�0.308 r=�0.319 r=�0.147 r=�0.240
P=0.356 P=0.340 P=0.684 P=0.503

KCND3 r=�0.267 r=�0.247 r=�0.347 r=�0.468
P=0.427 P=0.464 P=0.326 P=0.172

CLIC2 r=0.106 r=0.164 r=�0.209 r=�0.187
P=0.756 P=0.629 P=0.562 P=0.604

KCNN2 r=�0.192 r=�0.233 r=0.565 r=0.612
P=0.595 P=0.516 P=0.113 P=0.080

KCNJ12 r=0.562 r=0.465 r=�0.256 r=�0.183
P=0.072 P=0.150 P=0.475 P=0.613

KCNIP2 r=0.170 r=0.176 r=�0.363 r=�0.375
P=0.617 P=0.605 P=0.302 P=0.285

SCN1A r=0.178 r=0.182 r=�0.106 r=�0.073
P=0.623 P=0.615 P=0.785 P=0.851

TRPM7 r=�0.640 r=�0.640 r=0.803 r=0.739
P=0.046 P=0.046 P=0.009 P=0.023

KCNE3 r=�0.177 r=�0.091 r=�0.061 r=�0.084
P=0.624 P=0.803 P=0.877 P=0.830

HCN3 r=0.188 r=0.191 r=0.077 r=0.113
P=0.604 P=0.597 P=0.844 P=0.773

KCNJ2 r=�0.386 r=�0.428 r=0.508 r=0.449
P=0.242 P=0.189 P=0.134 P=0.193

P2RX6 r=�0.115 r=�0.178 r=0.323 r=0.304
P=0.737 P=0.601 P=0.363 P=0.392

KCNJ4 r=0.265 r=0.256 r=�0.100 r=�0.048
P =0.431 P=0.448 P=0.784 P=0.896

KCNN3 r=�0.159 r=�0.177 r=�0.105 r=�0.170
P=0.661 P=0.624 P=0.789 P=0.662

SCN2B r=0.130 r=0.036 r=0.373 r=0.439
P=0.703 P=0.917 P=0.289 P=0.205

KCNC4 r=�0.426 r=�0.484 r=0.316 r=0.256
P=0.220 P=0.156 P=0.407 P=0.506

SCN3B r=0.244 r=0.186 r=�0.062 r=�0.015
P=0.496 P=0.607 P=0.874 P=0.969

TRPM4 r=�0.007 r=�0.087 r=0.258 r=0.258
P=0.985 P=0.811 P=0.503 P=0.503

KCNC3 r=�0.005 r=�0.051 r=0.183 r=0.187
P=0.989 P=0.882 P=0.613 P=0.606

KCNA6 r=0.203 r=0.165 r=�0.258 r=�0.247
P=0.550 P=0.628 P=0.471 P=0.491

SCN4A r=0.159 r=0.130 r=�0.313 r=�0.314
P=0.642 P=0.703 P=0.378 P=0.377

EF, ejection fraction; FS, fractional shortening; LVEDD, left ventricular
end-diastolic diameter; LVESD: left ventricular end-systolic diameter.

Figure 2 RT-qPCR analysis of TRPM7 in patients with ischaemic cardio-
myopathy. The graph depicts the values obtained in RT-qPCR analysis,
which have been normalized to the mRNA expression of three house-
keeping genes. The data are expressed as mean ± SEM for the mRNA rel-
ative expression levels. *P< 0.05 vs. the compared with non-diseased
control group.
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