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Background: ARVC is a rare genetic-related disease characterized by fibrous fat replace
ment in the ventricular myocardium, caused by mutations in genes encoding for the desmo
somal proteins, such as the desmoglein-2 gene (DSG2). It is reported in the literature that 
other genetic factors may play a role in disease penetrance. Herein, we report a Chinese 
proband with ARVC, which was probably caused by DSG2 p.Val149Ile mutation as genetic 
background when carrying heterozygous PRRT2 p.Arg217ProfsTer8 mutation.
Case Presentation: A 17-year-old male with a history of paroxysmal kinesigenic dyski
nesia (PKD) presented to the hospital for syncope induced by ventricular tachycardia. 
According to relevant clinical data and the diagnostic criteria of ARVC, a precise positive 
diagnosis of ARVC was finally made. Gene testing revealed that the patient carried a DSG2 
heterozygous missense mutation (NM_001943: exon5: c.445G>A, p.Val149Ile) as well as 
frameshift mutation of PRRT2 (NM_001256442: exon2: p. Arg217Profs Ter8).
Conclusion: This is the first time to report a Chinese proband with ARVC and a history of 
PKD carrying both DSG2 p. val149ile mutation and PRRT2 p. Arg217ProfsTer8 mutation, 
which can provide a new direction for gene screening of patients with ARVC and further 
supplements for its diagnostic criteria.
Keywords: arrhythmogenic right ventricular cardiomyopathy, ARVC, desmosomal proteins, 
desmoglein-2 gene, DSG2

Introduction
ARVC is a reasonably rare genetic cardiomyopathy characterized by the progressive 
fibro-fatty replacement of ventricular myocardial tissue. Syncope caused by ventricu
lar tachycardia (VT) or ventricular fibrillation (VF) is the primary clinical manifesta
tion of ARVC. However, it can also be the initial expression of the disease. The 
pathogenesis of ARVC is related to the mutation of the genes encoding for the 
desmosomal proteins in myocytes, such as DSG2, Plakoglobin (JUP), Desmocollin 
2 (DSC2), Plakophilin 2 (PKP2), and Desmoplakin (DSP), and causing dysfunctional 
cell binding, myocytes death, and subsequent fibrofatty replacement of the affected 
right ventricle (RV). Nevertheless, there are sparse reports about ARVC and even 
fewer ARVC cases caused by DSG2 mutations in the literature. Currently, 
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approximately 76 pathogenic mutation sites on DSG2 are 
related to ARVC,1 including the furin-cleavage site of the 
DSG2 protein, nt 134, nt 143, exon 9, exon 14, intron 12. 
Besides, it is reported in relevant research that other genetic 
factors may also play a role in disease penetrance of ARVC.2 

PKD is now recognized as the most common type of parox
ysmal movement disorder, with the clinical feature of recur
rent and transient dyskinesia. PRRT2 has been proved to be 
the primary causative gene of PKD, transmitted in an auto
somal manner.

Herein, we report a Chinese proband with ARVC and 
a history of PKD for the first time. Gene testing revealed that 
the patient carried a DSG2 heterozygous missense mutation 
(NM_001943: exon5: c.445G>A, p. Val149Ile) frameshift 
mutation of PRRT2 (NM_001256442:exon2:p. 
Arg217ProfsTer8), which is considered to be correlated 
to PKD.

Case Presentation
A case of a 17-year-old male with a history of PKD was 
presented to the hospital due to syncope during exercise in 
a gymnasium. After emergency personnel performed cardio
pulmonary resuscitation (CPR) on the patient at the scene, 
the patient was rushed to the emergency center. An electro
cardiogram (ECG) indicated ventricular tachycardia, with 
a left bundle branch block-like pattern indicating right ven
tricular outflow tract (RVOT) origin and a heart rate of 250 
beats/min (Figure 1A). Moreover, the patient was immedi
ately given 200 joules of synchronized electrical resuscitation 
to restore sinus rhythm and then transferred to our hospital’s 
heart center for further evaluation and treatment. As for his 
family, no similar history and situation were discovered.

In terms of physical examination, the blood pressure was 
110/80mmHg, the heart rate was 88 beats/min, and the cardiac 
examination showed no positive signs. The ECG on admission 

Figure 1 (A) Pre-hospital ECG showed ventricular tachycardia with a heart rate of 250 beats/min. (B) Admission ECG.
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was normal (Figure 1B). Transthoracic echocardiography 
revealed that the left ventricle’s (LV) end-diastolic diameter 
and RV were 36mm, 27mm, respectively, and the ejection 
fraction was 58%. Furthermore, subtle regional wall motion 
and echo abnormalities were found in the apex of the RV’s 
anterior wall (Figure 2). Subsequently, coronary angiography 
was performed, indicating that the blood flow in the coronary 
arteries was normal. Intracardiac electrophysiological studies 
of RV stimulation easily induced rapid ventricular tachycardia 

with a heart rate of 250–280 beats/min originating from the 
RV with various forms (Figure 3). The patient developed chest 
pain and amaurosis and undergone electrical cardioversion 
again during the operation.

MRI of the long-axis and short-axis of the heart con
firmed the typical RV segmental wall motion abnormalities, 
that is, an akinetic zone presented inferiorly in the RV’s apex. 
The anterior wall was slightly thinned, and there was a signal 
change, suggesting myocardial fat infiltration (Figure 4).

Figure 2 (A) The left ventricular long-axis four-chamber view showed localized wall thinning of the RV apex (bold arrow) and abnormal echo in the posterior basal segment 
(thin arrow). (B) The short-axis two-chamber view of the left ventricle indicated abnormal wall motion and localized dilation during diastole in RV, similar to a mini 
ventricular aneurysm (black arrow).

Figure 3 Intracardiac electrophysiological studies of right ventricular stimulation easily induced rapid ventricular tachycardia with a heart rate of 250–280 beats/min 
originating from the RV with various forms. (A) Body surface electrocardiogram, paper speed 25mm/s. (B) Intracardiac electrogram, paper speed 100mm/s.
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According to these results and the diagnostic criteria of 
ARVC3,4 (the patient met two significant criteria: regional 
RV akinesia or dyskinesia; LBBB-type ventricular tachycar
dia), a precise positive diagnosis of ARVC was finally made.

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 DSG2 heterozygous missense 
mutation (NM_001943: exon5: c.445G>A, p. Val149Ile) 
as well as a frameshift mutation of PRRT2 
(NM_001256442:exon2:p. Arg217Profs Ter8) (Figures 5 

and 6). Moreover, the pedigree analysis showed that the 
patient’s mother and sister carried the same DSG2 muta
tion, while his father did not (Figures 5 and 7). On the 
contrary, the patient’s father carried the same mutation of 
PRRT2, while his mother and sister did not (Figures 6 
and 7). What is more, not his mother and sister but his 
father were absolutely asymptomatic.

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 gave the patient metoprolol orally. No 

Figure 4 Myocardial MRI showed that the segmental RV wall was locally thinned, and the abnormal signal indicated fat infiltration (bold arrow). (A) Left ventricular long-axis 
four-chamber view, bright blood FIESTA sequence. (B) Short axis section of the left ventricle, black blood Double IR sequence.

Figure 5 Sequencing results of the DSG2 mutation. (A) The father of the proband did not carry the pathogenic gene. (B) The proband, his mother and sister carried 
a mutation in the DSG2 gene. Sequence chromatogram indicated a G to A transition of nucleotide 445.
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serious arrhythmias and complications occurred during the 
6-month follow-up.

Discussion
ARVC is a rare cardiac disorder, which is inherited in an 
autosomal dominant trait, with an estimated incidence of 
1:1000–1:5000.3 The severity and incidence of male 

patients are significantly higher than that of female 
patients.

It is accepted that genetic testing must be performed on 
individuals who were suspected of having a genetic dis
order. Thus, we sequenced the proband and his families’ 
WES, and the results showed that the patient carried both 
DSG2 and PRRT2 gene mutations. Based on the 

Figure 6 Sequencing results of the PRRT2 mutation. (A) The proband and his father carried a mutation in the PRRT2 gene. (B) The mother and sister of the proband did 
not carry the pathogenic gene. Sequence chromatogram indicated a C loss of nucleotide 641.

Figure 7 The pedigrees of the proband’s family affected by PKD and ARVC in our study. Symbols with a slash through them indicate deceased individuals.
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corresponding results from the OMIM database, functional 
damage of desmosome protein was predicted by SIFT, 
POLYPHEN2, and Mutation Taster software, respectively. 
The results of the software all showed that the mutation 
caused by DSG2 was a pathogenic variation, as well as the 
mutation caused by PRRT2.5

As reported, multiple mutation sites in DSG2 can lead 
to ARVC, and its possible pathogenic mechanisms are as 
follows. As the only subtype expressed in cardiomyocytes, 
desmoglein 2 is a crucial component of the desmosomes’ 
transmembrane structure. The mutation of DSG2 can dis
rupt the “connexome”, which is the protein coordinated 
network at the intercalated disks composed of desmo
somes, sodium channels, and gap-junction proteins, and 
cause DSG2, DSC2-mediated cell adhesion to decrease. 
While the former can lead to the disruption of intercellular 
connections, and the latter can result in myocyte detach
ment and cell death.6 Furthermore, there are a total of 76 
DSG2 mutation sites as reported, and we discovered a new 
missense mutation site in the DSG2 (exon5: c.445G > A, 
p.Val149Ile), which was not absent in the general popula
tion but had never been associated with ARVC in the 
relevant literature.

PRRT2 is the major causative gene of PKD, which is 
most commonly transmitted in an autosomal dominant 
manner. The patient we reported had an unexplained 
PKD history and had been treated with carbamazepine 
for a long time. Strangely, the proband’s father with the 
same PRRT2 mutation gene was normal. Regrettably, 
there were limited clinical data, including electroencepha
logram (EEG), for detailed information about his symp
toms, which prevented us from exploring the relationship 
between PRRT2 penetration and PKD.

Many ARVC studies in the last two decades have 
examined how other genes affect ARVC’s penetrance and 
heterogeneity. Based on the hypothesis of SamiQadri,7 the 
co-mutation of the DSG2 gene and other genes may 
increase the penetrance of ARVC, but there have not 
been large-scale population genetic surveys and many 
relevant data to bear out the abovementioned hypothesis. 
This hypothesis may explain why the proband’s mother 
and sister were completely asymptomatic. It turned out 
that the proband’s mother and sister carried the same 
DSG2 mutation as the proband but not the PRRT2 
mutation.

Hence, it was suspected that PRRT2 might play a role in 
ARVC’s penetrance. Nonetheless, there were still some flaws 
in our hypothesis. Firstly, there was a possibility that the sister 

and mother of the proband may be in the early stage of the 
disease. Secondly, we did not further discuss this hypothesis’s 
molecular mechanism and verify it by animal experiments.

Gene testing counts for ARVC. The importance of 
gene detection for ARVC lies in exploring its pathogenic 
mechanism and its diagnosis and treatment. Although the 
latest diagnostic criteria have been published,3 the diag
nosis of ARVC is challenging due to the multiple pheno
types, non-characteristic imaging examinations and 
clinical manifestations, and limitations in studying the 
molecular mechanisms of ARVC. Epsilon wave is an 
ECG phenomenon with relatively high specificity in the 
diagnosis of ARVC, but the incidence is only about 30%. 
Endomyocardial biopsy is regarded as the gold standard 
for the diagnosis of ARVC but is very rarely used for 
ARVC diagnosis because of poor sensitivity and the avail
ability of advanced imaging and genetic testing. Gene 
screening is relatively specific and non-invasive, which 
can significantly improve the early diagnosis rate of 
ARVC. In our case, a new mutation site on DSG2 was 
discovered through WES, which can provide a brand-new 
direction for gene screening of suspected and further com
plements its diagnostic criteria.

As for the treatment of ARVC, clinical management 
mainly includes life management, drug therapy, catheter 
ablation, ICD implantation, and heart transplantation.8 

Implanting ICD or restricting strenuous exercise can effec
tively reduce the incidence of adverse events, such as 
sudden cardiac death.

This paper’s ultimate goal is to illustrate more evidence 
for gene screening by providing new gene mutation sites to 
improve the detection rate of healthy gene carriers or patients 
in the early incubation stage, thereby reducing the incidence 
of adverse outcomes. A hypothetical example was proposed: 
heterozygous DSG2 (NM_001943: exon5: c.445G>A, p. 
Val149Ile) as a genetic background may be susceptible to 
ARVC when coexisting with heterozygous PRRT2 
(NM_001256442: exon2: p. Arg217ProfsTer8). However, 
there are still more clinical studies to bear out the hypothesis.

Abbreviations
ARVC, arrhythmogenic right ventricular cardiomyopathy; 
DSG2, desmoglein-2 gene; PKD, paroxysmal kinesigenic 
dyskinesia; VT, ventricular tachycardia; VF, ventricular 
fibrillation; JUP, plakoglobin; DSC2, desmocollin 2; PKP2, 
plakophilin 2; DSP, desmoplakin; RV, right ventricle; LV, left 
ventricle; CRP, cardiopulmonary resuscitation; ECG, 
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electroencephalogram.
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