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Abstract: It is reported that the incidence of congenital long QT syndrome (cLQTS) is very
low, with the incidence of LQTS caused by transient receptor potential melastatin 4 (TRPM4)
being even lower, leading to less research on the gene TRPM4. We reported a case of an elderly
male patient presenting with frequent syncopal episodes since the age of 20.
Electrocardiography showed sinus bradycardia (mean heart rate 59 beats), prolonged QT
interval (540ms), and torsade de pointes. His sister also had experienced an episode of syncope,
but his other families had not. A novel mutation in the TRPM4 gene was discovered in this
patient and his sister, according to genetic analysis. All in all, we provided a new heterozygous
shift mutation (NM_017636: exon4: c.434delC, p. Ala145ValfsTer133) on TRPM4, which has
never been reported in the past and thus may hopefully serve as useful feedback information for
genetic pathogenesis of cLQTS caused by TRPM4 variants.
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Introduction

Long QT syndrome (LQTS) is defined by a prolonged QT interval accompanied by
morphological abnormalities in the T and/or U waves on the electrocardiograph (ECG)."
The primary clinical symptom of LQTS is syncope produced by ventricular
arrhythmias.? ™ The clinical diagnosis of LQTS is based on a combination of the patient’s
medical and family history, as well as the 12-lead ECG.” According to the guidelines,
LQTS diagnosis can be made in case the QTc is more than 460ms, and the patient presents
some antecedents, most notably a family history of SCD and unexplained syncope.®

LQTS can be classified into two types based on its etiology: congenital LQTS
(cLQTS) and acquired LQTS (aLQTS). While the former is a relatively rare genetic
cardiovascular disease with a low incidence rate (1/2000-1/3000),” the latter is frequently
subsequent to electrolyte disorders, cardiomyopathy, cerebrovascular accidents, and
autonomic dysfunction.

The pathogenesis of cLQTS is related to the mutation of genes encoding for ion
channels, such as KCNH2,** KCNQ1,>? TRPM4,'°'? and so on, and causing ion
channel dysfunction with reduced repolarization ion flow and/or increased delocalization
ion flow, which in turn leads to prolonged repolarization. Among ion channel genes,
mutations in KCNQ1 and KCNH2, which encode voltage-gated K+ channels involved in
cardiac action potential (AP) repolarization are most common, '° followed by mutations in
SCNSA which encode voltage-gated Na (1.7-8%), while mutations in other genes
including TRPM4 are rare (below 1% of LQTS)."" Dr. Hof and colleagues were the
first to hypothesize that TRPM4 mutations cause long QT syndrome, and they detected
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four TRPM4 variants, including c¢.1321 G >A, ¢.1495 C >T,
¢.1496 G >C, and c.2531 G >A, with no changes in the key
LQTS genes."'

Herein, we reported a Chinese proband with cLQTS
with a new mutation (NM_017636: exond: c.434delC,
p. Alal45ValfsTer133) in the TRPM4 with the hope that
this report may be helpful in future genetic studies and
prospective, genetically informed research.

Case Presentation
A 75-year-old male was implanted with a permanent pace-
maker 18 years ago due to a local diagnosis of bradycardia

i

characterized by recurrent syncope since the age of 20, yet
postoperative syncope continued to occur. Syncope
occurred again a day before admission, and then he was
taken to our hospital. Electrocardiography (ECG) at dis-
ease onset indicated sinus bradycardia, anterior wall
T wave changes with visible u waves (Figure 1).

On admission, the following vital signs were recorded:
blood pressure of 135/88mmHg, pulse rate of 59 beats
per minute, the body temperature of 36.4°C, and breathing
rate of 18 beats per minute. Physical examination revealed no
evidence of heart failure or pathological nervous system
features.

Figure | The admission ECG showed sinus bradycardia with QTc interval 432ms and U wave.
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After admission, repeated electrocardiograms suggested
prolonged QT intervals, sinus bradycardia, and T wave
changes (Figure 2). Ambulatory ECG also showed sinus
bradycardia (mean heart rate 59 beats), prolonged QT interval
(540ms), and torsade de pointes (Figure 3). What’s more, the
electrodes on the patient’s pacemaker were discovered to be
depleted for nearly five years. Laboratory data showed
a slightly elevated level of troponin, as well as N-terminal-
pro-brain natriuretic peptide, while other laboratory indexes
including hepatic and renal function, electrolytes, coagulation,
and inflammatory indexes were normal. We also performed
a cranial MRI on this patient, and no neurological lesion was
found that could cause syncope. Echocardiography indicated
no abnormalities in cardiac structure, and the left ventricular
ejection fraction was 61%. Moreover, selective coronary
angiography was performed, indicating that the patient has
no apparent pathological stenosis in the coronary arteries.

According to the above results and the diagnostic cri-
teria of LQTS, a highly suspected diagnosis of LQTS was
finally made (Rating 6.5 out of 5).!!%1

Then the etiology of LQTS was further explored. For no
acquired LQTS associated risk factors such as electrolyte
disorders, cardiomyopathy, cerebrovascular accidents, and
autonomic dysfunction were found in the patient’s previous
medical history and related examinations after admission,
we are suspicious of the patient’s Genetics of LQTS.

After obtaining the informed consent, we conducted
whole-exome sequencing (WES) on the patient and his
family to confirm our diagnosis. Gene testing revealed that
the patient carried a TRPM4 heterozygous shift mutation
(NM_017636: exond: c.434delC, p. Alal45ValfsTer133).
Moreover, WES analysis of his family members revealed
that his sister carried the same TRPM4 mutation as the
patient (Figure 4), but his two brothers and son did not.
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Figure 2 (A—C) During the hospitalization, the ECG showed the dynamic changes of T wave; the longest QTc interval was 540ms.
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Figure 3 Electrocardiogram monitoring shows torsion de pointes tachycardia.

Regrettably, the proband’s parents have all died, and hence
their genes have not been obtained.

Because of the high risk of sudden cardiac death, we
recommend implanting a cardioverter defibrillator (ICD)
for the patient. Due to economic reasons, the patient refused.
Due to the patient’s strong preference for cautious treatment,
we administered Shengsong Yangxin Capsule as a placebo.

Discussion

cLQTS is a rare cardiac disorder inherited in an autosomal
trait, with an estimated incidence of 1:2000—1:3000. It is
accepted that cLQTS is a rare ion channelopathy, and a host
of genes were described to be responsible for LQTS. So far,
15 genes with more than 7000 mutations have been consid-
ered to be associated with cLQTS.'> Among the six genes

encode for a pore-forming ion channel, while others encode
for regulatory subunits or proteins. Mutations in KCNQI1
(30-35%) and KCNH2 (25-30%) encoding voltage-gated
K+ channels involved in cardiac action potential (AP) repo-
larization are the most common among ion channel
genes,''* followed by mutations in SCN5A, which encode
voltage-gated Na+ (1.7-8%).""'* In comparison, mutations
in other genes, including TRPM4 are rare (below 1% of
LQTS). 11214

As far as the pathology of LQTS, it is generally known
that QT duration depends on both ventricular AP duration
and AP propagation within the ventricle and ion channel
dysfunction with reduced repolarization ion flow and/or
increased delocalization ion flow leads to prolonged repo-

larization. According to a sack of animal experiments on
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Figure 4 The results of genetic testing showed the proband and his sister carried a TRPM4 heterozygous shift mutation (NM_017636: exon4: c.434delC,

p. Alal45ValfsTer133) (A), while his two brothers and son did not (B).

TRPM4, TRPM4 affects cardiac electrophysiological
activity through nonselective cation permeability, which
leads to cLQTS."" Unfortunately, additional research is
required to decipher the biological mechanism underlying
TRPM4-induced loss of function of nonselective cation
permeability.

Above all, gene test counts for cLQTS. The importance
of gene detection for cLQTS lies in exploring its pathogenic
mechanism and its treatment, for the drugs targeted specific
ion channels can be used with exerting maximal effects.

In our case, a new mutation site on TRPM4
(NM _017636: exon4: c.434delC, p. Alal45ValfsTer133)
was discovered through whole-exon detection, which can
provide a brand-new direction for gene screening of
patients with cLQTS and further complements its diagnos-
tic criteria. As for the detail of gene tests, we used
PolyPhen2 to predict whether a new mutation is damaging

to the resultant protein function. And then, according to
the relevant literature, we did consider that TRPM4 is as
same amino acid change as a previously established patho-
genic variant regardless of nucleotide change after search-
ing the OMIM database. But the absence of the literature
for molecular pathology makes us failure to achieve the
information of damaged protein. At last, combined clinical
history, ECG, and the results of gene test, it was suspected
that TRPM4 mutation (NM_017636: exon4: c.434delC,
p. Alal45ValfsTer133) was the pathogenic variant.

In the treatment of cLQTS, beta-blockers effectively
prevent cardiovascular disease and ventricular arrthythmia,
and ICD implantation is regarded as the ultimate therapy.'®
Because of the high risk of sudden cardiac death, we
recommend implanting a cardioverter defibrillator (ICD)
for the patient. Due to economic reasons, the patient
refused, and we administered a placebo.
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The incidence of cLQTS is very low, with the inci-
dence of LQTS caused by TRPM4 being even lower,
leading to less research on the gene TRPM4. Therefore,
we reported a new mutation in TRPM4 (NM_017636:
exon4: c.434delC, p. Alal45ValfsTer133) to provide
more evidence for gene screening, to improve the detec-
tion rate of healthy gene carriers or patients in the early
incubation stage, thereby providing further complements
to the clinical data of the study about TRPM4.
Notwithstanding its limitation such as lack of this
patient’s past clinical data that can help to compare the
symptom before and after the permanent pacemaker
implantation, detailed information of the pedigree of
this patient’s parents and so on, this report does hope-
fully serve as useful feedback information for genetic
pathogenesis of cLQTS caused by TRPM4 variants.

Abbreviation

cLQTS, congenital long QT syndrome; LQTS, long QT
syndrome; ECG, electrocardiograph; AP, action potential;
ICD, implanting cardioverter defibrillator; WES, whole-
exome sequencing; TRPM4, transient receptor potential
melastatin 4; aLQTS, acquired LQTS.
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