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Background: Variants in the desmoglein-2 (DSG2) gene account for a significant proportion of patients with
Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC). The aim of this study was to evaluate the genetic
epidemiology of DSG2 and the impact of a frequent homozygous DSG2 variant in East Asia.
Methods:Genetic screening of 14 ARVC related geneswas performed in 118 unrelated index patients using next-
generation sequencing. Following that, family screening, clinical evaluation and haplotype analysis were
performed among eight probands who carry the same homozygous DSG2 variant. We also examined the histo-
pathology and protein expression using immunofluorescence staining on themyocardial tissue of two probands
undergoing heart transplant.
Results: Eighteen (15.2%) patients bear rare putatively deleterious variants in DSG2, among which 8 patients
shared the homozygous DSG2 p.Phe531Cys variant. Family screening demonstrated that only homozygous vari-
ant carriers exhibited definite ARVC phenotype with 100% penetrance, while heterozygous variant carriers were
either unaffected or only presented mild ARVC related symptoms in 25% relatives. Left ventricular involvement
and bi-ventricular failure were common among homozygous p. Phe531Cys variant patients even at early age.
Haplotype analysis demonstrated p. Phe531Cys was a founder variant in East Asia population with an allele fre-
quency of 0.12%.
Conclusions: We identified, for the first time, a homozygous founder variant of DSG2 in East Asia, which was at
surprisingly high frequency of 8.47% among Chinese ARVC patients with a full penetrance. This result suggested
an urgent demand of genetic counseling for the probands and their relatives with heterozygous variant.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction
Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC) is a he-
reditary cardiomyopathy mainly manifests malignant arrhythmias and
myocardial fibro-fatty replacement. [1, 2] It is one of the main causes
for sudden cardiac death among athletes and the youth under 35-year
old. [3, 4] The predominant pathogenic genes are desmosomal genes, in-
cluding plakophilin-2 (PKP2), plakoglobin (JUP), desmoglein-2 (DSG2),
desmocollin-2 (DSC2) and desmoplakin (DSP); these genes, account for
~50% ARVC patients in different cohorts [5–7]. Moreover, many non-
desmosomal genes have been reported to be associated with ARVC,
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liability and freedom from bias
such as transmembrane protein 43 (TMEM43), desmin (DES), phospho-
lamban (PLN), lamin A/C (LMNA), Catenin Alpha 3 (CTNNA3) and recent
cadherin-2 (CDH2) [3, 8].

Although autosomal recessive inheritance is reported in several
cases such as Naxos syndrome [9] and Carvajal syndrome [10], ARVC
is mainly considered as an autosomal dominant inheritance disease.
Many ARVC cohort studies reported some carriers with multiple vari-
ants including compound and digenic heterozygosity [5, 11–13]. Fur-
thermore, those carriers with compound/digenic variant are usually at
higher risk of malignant events compared to single variant carriers [5,
14]. According to our center and Dutch cohort, among the 5 desmo-
somal genes, DSG2 and DSC2 are most frequently identified to be com-
pound in ARVC patients, which suggests that single variant is not
sufficient to penetrate ARVC phenotype [15]. Furthermore, some ARVC
patients with homozygous variants were also reported especially in
DSC2, and family screen revealed that heterozygous variant carriers
were healthy or only have mild symptoms. These results bring up
the possibility of potential recessive inheritance pattern in these
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mutations [16–19]. Moreover, some DSC2 homozygous variants were
identified to be founder mutations such as truncated variant c.1660C
N T (p.Gln554X) [17] and missense variant c.536A N G (p.Asp179Gly)
[16]. Considering that both DSC2 and DSG2 proteins are extracellular
desmosomal cadherins known to have overlapping functions in binding
to plakoglobin and plakophilin 2, we inferred that DSG2might have the
similar inheritance pattern with DSC2. Although several case reports
have mentioned homozygous genetic pattern of DSG2 in ARVC families,
[20, 21] to date, no founder variant was reported yet.

In this study, we investigated the DSG2 variants in a large Chinese
ARVC index patient cohort containing 118 unrelated probands. Eleven
rare (putatively) pathogenic variants were identified in 18 probands,
of whom 15 have multiple variants (including compound or homozy-
gous variants). Strikingly, eight patients shared the same missense var-
iant DSG2 c.T1592G (p.Phe531Cys), which was verified to be a founder
variant through haplotype analysis. Combining with previous reports,
we observed that this variant is distributed in East Asia, with expressing
ARVC phenotype in homozygotes but no disease expression or only
mild phenotype in heterozygotes.

2. Methods

2.1. Study population

This study enrolled 118 (81males) unrelated probands diagnosedwith ARVC accord-
ing to 2010 revised Task Force Criteria [22] from Fuwai hospital and National Center for
CardiovascularDisease in Beijing, China. This studywas approved by the Ethics Committee
of Fuwai Hospital. All the participants providedwritten informed consent before inclusion
in this study.

2.2. Clinical evaluation and family screening

All index patients received clinical evaluations including medical history, 12‑leads
electrocardiograph (ECG), echocardiography and 24-h Holter monitoring as they were di-
agnosed ARVC at our hospital, and the same clinical evaluations were performed for the
follow-up session. Cardiac Magnetic Resonance (CMR) imaging was performed in a sub-
group of patients to evaluate ventricular structure/function and fibrofatty infiltration
using 1.5 Tesla MR scanner (Magnetom Avanto, Siemens Medical Solutions, Erlangen,
Germany). Collected images included cine, fat-suppressed T1 and T2-weighted Turbo
Spin Echo (TSE) and late gadolinium enhancement (LGE) images. Family members of
ARVC index patients were assessed by evaluating personal history, echocardiography
and ECG. Any individuals suspected as potential ARVC received further examination
such as 24 h Holter monitoring and CMR. Peripheral blood of these individuals was also
collected for genetic testing during family assessment.

2.3. Pathology examination

The ARVC hearts from patients undergoing heart transplantation (HTx) were exam-
ined immediately after dissected from chest according to the consensus issued by Society
for Cardiovascular Pathology [23] as previously described [24]. The myocardial tissues
were fixed in 10% formalin, followed by dehydration, then embedded in paraffin and cut
into 3 μm-thick sections (Leica RM2265, Germany) for staining and immunofluorescence.
The Hematoxylin and Eosin (H&E) and Masson's trichrome staining were performed ac-
cording to manufacturer's instructions.

2.4. Immunofluorescence

The distribution and expression of DSG2 (HPA012615-100, Sigma, USA) and Connexin
43 (Cx43, ab11370, abcam, UK) were detected by immunofluorescence based on
standard procedures. Sarcomeric alpha actinin (ab9465, abcam, UK) was used to display
cardiomyocytes in each slice, and the nucleus was stained using DAPI (ZLI-9557, ZSGB,
China). Each fluorescence image was collected using laser confocal microscopy (Leica TCS
SP8, Leica, Germany) and four areaswere collected for each slice. Image Jwas used to quan-
tify the signal intensity of positive staining.

2.5. Genetics analysis

The genomic DNA was extracted from peripheral blood according to manufacturer's
instruction (Blood DNA Extraction Kit, Enriching Biotechnology, China). Probands were
screened with 14 ARVC related genes including 5 desmosome genes and non-
desmosomal genes including TMEM43, PLN, CTNNA3, LMNA,DES, transforming growth fac-
tor beta 3 (TGFB3), Sodium Voltage-Gated Channel Alpha Subunit 5 (SCN5A), Titin (TTN)
and Ryanodine receptor 2 (RYR2) by captured next-generation sequencing using Illumina
2500 platform (Illumina, USA) as previous reported [24]. All variants were annotated by
the following strategies. First, all rare variants with allele frequency (MAF) b0.5% in the
control population of the 1000 Genomes Project (2014 Oct release, http://www.
1000genomes.org), ExAC (http://exac.broadinstitute.org) and gnomAD (http://gnomad.
broadinstitute.org/) were processed for pathogenicity evaluation. Secondly, frameshift,
stop-gain/stop-loss and splicing variants were considered as disease-causing variants.
Thirdly, rare missense variants were evaluated as (putatively) pathogenic variants when
high damage effects were predicted by at least three out of five appropriate programs in-
cluding Sorting Intolerant from Tolerant [SIFT], Polyphen2-HDIV, MutationTaster and
MutationAssessor. [25] For TTN variants, only truncated variants remained for pathogen-
esis analysis. Sanger sequencing was used to validate putatively pathogenic variants and
screen family members.

2.6. Haplotype analysis

To investigate whether the missense carriers have a common haplotype, four poly-
morphic microsatellites (D18S847, D18S963, D18S36, D18S47) and five SNPs in close
proximity to DSG2 c.T1592G locus were analyzed (Human Genome Browser, http://
genome.ucsc.edu/). These polymorphic markers covered 2 Mb flanking DSG2 gene. The
most possible haplotype was constructed among eight ARVC probands with homozygous
DSG2 c.T1592G variant. The primers for PCR reaction was shown in Supplementary
Table 6.

2.7. Statistical analysis

Continuous variables were presented as mean ± standard deviation. Categorical var-
iables were presented as percentages. The haplotype analysis was performed as previous
reported [16].

3. Results

3.1. Patients population and genetic analysis

Genetic screeningwas performed among 118 unrelated AC patients.
More than half patients (56.8%) had positive genotype, most of which
were desmosomal variant, including 22 patients (18.6%) with PKP2, 5
patients with DSP and 2 with DSC2. Different from most western ARVC
populations, which has low proportion of DSG2 mutation [12, 26, 27],
eleven different DSG2 variants, including one frameshift and ten mis-
sense variants, were identified among 18 probands (15.3%) in this Chi-
nese cohort. (Supplementary Table 1). Out of these 18 patients, six
carried compound heterozygous variants, nine patients were homozy-
gotes, and only three patients carried single heterozygous variant.
Among all these DSG2 variant carriers, most patients showed no addi-
tional (putative/likely) pathogenic variant in other ARVC related genes
with an exception of a missense variant (p.Arg484Cys) of CTNNA3 iden-
tified in one patient carrying the homozygous DSG2 p.Arg292Cys
variant.

Most strikingly, the missense variant DSG2 p.Phe531Cys was identi-
fied in 12 out of 118 (10.2%) index cases (Fig. 1A), among which eight
carried homozygous variant and four were compound heterozygous
carriers with other variants within DSG2. In this study, we focused on
the eight homozygotes carrying DSG2 p.Phe531Cys, which was a very
rare variant in control population of 1000G (MAF 0), ExAC (MAF
6.00e-5) and gnomAD (MAF 5.78e-5). Consanguineous marriage was
not found among these families. This amino acid was evolutionarily
highly conserved (Fig. 1B), and located in extracellular anchor (EA) do-
main (Fig. 1C). Fig. 1D and E showed two examples for family pedigree
charts of homozygous DSG2 p.Phe531Cys variant, in which all homozy-
gous variant carriers were diagnosed as ARVC while heterozygous and
genotype negatives relativeswere not affected or only had slight related
symptoms.

3.2. Clinical findings

We further reviewed the clinical diagnosis of eight DSG2 p.
Phe531Cys probands (5males) based on the primary in-patient exami-
nation in our hospital. Each patientwas diagnosed as ARVC according to
2010 revised Task Force Criteria (Table 1). Age of initial ARVC related
symptom ranged from 14 to 34 years old (mean age 24.5 ± 5.9). Five
probands started with palpitation, syncope and ventricular arrhyth-
mias; one patient was diagnosed as ECG abnormality as well as right
ventricle (RV) enlargement and dysfunction without apparent
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Fig. 1. Genetic analysis of DSG2 p. Phe531Cys variant. Sanger sequencing validation (A) and conservation analysis (B) of p.Phe531Cys variant; C. exons and domains diagram and the
variant position annotation. D and E. Two representative family pedigrees.
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symptoms; one patient presented ventricular arrhythmias and RVdom-
inant cardiac dysfunction during perinatal period, and received heart
transplant as a result of progressive biventricular heart failure; and the
youngest proband had a fulminant heart failure course, requiring trans-
plant on 6 months after first symptom. All patients have representative
ECG abnormalities such as precordial T wave inversion (TWI), QRS pro-
longation and sometimes epsilon wave (Supplementary Fig. 1A).
Two patients received implantable cardioverter defibrillator (ICD) im-
plantation and radiofrequency catheter ablation (RFCA) for recurrent
sustained ventricular tachycardia. Appropriate ICD therapy occurred in
both patients after ICD implantation, but did not reappear after RFCA.
One patient received ICD implantation to prevent sudden cardiac
death (for primary prevention). The clinical characteristics of these pa-
tients were shown in Supplementary Tables 1 & 2.

3.3. CMR characteristics

We further analyzed the CMR results imaging from five patients. Al-
though these patients were in different stages, the main pathological
presentation was found in all those 5 patients including extensive de-
layed enhancement and fibrofatty tissue replacement with significant
dilation in entire RV (Supplementary Fig. 1B–G). Interventricular sep-
tum also showed delayed enhancement at distal level adjacent to car-
diac apex under four-chamber section (Supplementary Fig. 1D, G).
Additionally, left ventricle (LV) was also affected reflected by cardiac
dysfunction (LV ejection fractionb50%) and fibrofatty infiltration
(shown by LGE) mainly at posterolateral free wall in four out of five pa-
tients. These results were similar to previous pathology study [28]
(Supplementary Table 2). Therefore, it was noteworthy that DSG2
p. Phe531Cys patients were prone to left ventricular dysfunction,
which increased the risk for heart transplantation and pre-mature
death.

3.4. Pathology examination

Two explanted hearts from the ARVC patient with DSG2 p. Phe531Cys
were examined. Consistent with the CMR imaging, both hearts exhibited
classical pathological characteristics of end-stage ARVC shown as exten-
sive fibro-fatty replacement in entire RV as well as post-lateral free wall
of LV (Supplementary Fig. 1H–K). H&E staining revealed myocyte degen-
eration, vacuolization and inflammatory infiltration at the transition zone
of fibrofatty remodeling (Supplementary Fig. 1L,M). Meanwhile,



Table 1
Clinical diagnosis of patients carrying homozygous DSG2 p. Phe531Cys variant.

Patient ID Tissue
characterization

Repolarization
abnormalities

Depolarization/conduction
abnormalities

Arrhythmias Family historya Ventricular
alterations

Diagnosis

Major Minor Major Minor Major Minor Major Minor Major Minor Major Minor Major Minor

Case-1 1 1 1 1 1 1 3 3
Case-2 1 1 1 1 1 1 6 0
Case-3 N/Ab 1 1 1 1 1 1 4
Case-4 N/A 1 1 1 1 2 2
Case-5 N/A 1 1 1 1 2 2
Case-6 N/A 1 1 1 1 2 2
Case-7 N/A 1 1 1 1 3 1
Case-8 N/A 1 1 1 1 1 2 3

a Genetic mutation was not included in this criterion.
b Pathological examination was not performed in these patients.
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ultrastructure of myocardium was also significantly disrupted, including
decreased convolution index of disc, enlarged desmosome gap, irregular
desmosome structure and myofiber degeneration. (Supplementary Fig.
1I) The immunofluorescence imaging showed that the expression
of DSG2 was significant decreased (p = 0.002) in ARVC heart
compared to non-diseased heart. At the same time, Cx43 was not
decreased (p = 0.528) at the intercalated disc but exhibited ectopic
expression at non-intercalated disc areas. We also observed myocardial
hypertrophy and intercalated disc elongation/distortion in the
myocardium with DSG2 p. Phe531Cys variant. (Fig. 2, Supplementary
Fig. 2).

3.5. Family screening

Clinical and genetic evaluations were also performed among rela-
tives of seven probands. One patient refused for family screening in
this study. Among 31 relatives, 23 were identified to be genotype posi-
tive, including 1 homozygous variant and 22 heterozygous variant car-
riers. In addition to one family member with homozygous variant who
was diagnosed with ARVC and received ICD implantation in our hospi-
tal, 6 of 22 heterozygous family members showed mild ARVC related
symptoms, including two with palpitation, two received RFCA due to
ventricular arrhythmias, one with TWI and one with mild RV dilation.
No heterozygous variant carriers fulfilled the definite diagnosis
criteria and none of them received therapy by the present time. Further-
more the mean age of these family members with mild symptom were
51± 13.79 years old, suggesting an age-dependent symptom presenta-
tion in mutation carriers. No ARVC related symptom was observed in
genotype-negative members. (Supplementary Table 3).

3.6. Penetrance analysis

We further reviewed and found four previous reports about this var-
iant from Japan [29], Chinese Taiwan [30] and South [21] and East China
as shown in Supplementary Table 4. Similar to our cohort, all of the pro-
bands and relatives diagnosed as ARVC from 3 out of 4 studies were
homozygous variant, while heterozygous variant carriers only pre-
sented with mild symptoms; the remaining one index patient with
heterozygous variant from Japan study also carried homozygous DSP
p.Lys1581Glu variant, and no family screening was performed for this
index patient. We combined the patients from previous reports and
our cohort to evaluate the penetrance of homozygous and heterozygous
variant carriers. The patient with digenic variant in Japan was excluded
from the evaluation. Among 19 homozygous variant carriers, 32 hetero-
zygous carriers and 28 genotype negative familymembers, all (100%) of
the homozygotes were diagnosed as ARVC, and 25% of heterozygous
variant carriers presented moderate ARVC symptoms at senior age,
and no ARVC related symptoms were discovered in family members
without mutation. (Fig. 3A, B).
3.7. Genetic epidemiology and haplotype analysis

All these DSG2 p.Phe531Cys positive ARVC patients in previous re-
ports and our cohort were from East Asia as shown in Fig. 3C, indicating
that this variantmight be a founder variant. To investigatewhether pro-
bands carrying the DSG2 p. Phe531Cys have a common ancestor, we
performed haplotype analysis using 4 polymorphic microsatellites
(D18S847, D18S963, D18S36, D18S47) and 5 SNPs in vicinity to DSG2
p. Phe531Cys locus. A shared haplotype, spanning N450 kb, was identi-
fied in both alleles of 8 probands carrying homozygous p.Phe531Cys
and one allele of 4 index patients with heterozygous p.Phe531Cys vari-
ant, hence indicating that these families most likely had a common
founder. (Fig. 3D) Meanwhile, we also screened these markers among
23 family members with p.Phe531Cys variant and demonstrated that
all mutation carriers share the same haplotype within the allele of p.
Phe531Cys variant. (Supplementary Table 5).

We further screened DSG2 p.Phe531Cys variant in different pop-
ulation. Compared to a significant enrichment in Chinese ARVC co-
hort (8.47%), the general population allele frequency was 0.006%
according to gnomAD database. This allele frequency is 0.12% in
East Asia population, but none in other areas worldwide. Addition-
ally, another database HGVD from Japan also showed a similar allele
frequency (0.09%) as East Asia population of gnomAD database. We
also screened the DSG2 p.Phe531Cys variant among 400 non-ARVC
cardiomyopathies in our cardiac center, and only two patients
(0.25%) carried heterozygous variant, which is a similar allele fre-
quency in East Asia population. This suggested that DSG2 p.
Phe531Cys carriers mainly exhibit the phenotype of ARVC without
overlap with other cardiomyopathies. (Fig. 3E).
4. Discussion

This study reveals that DSG2 variants are highly frequent (25%) in
the largest Chinese ARVC cohort, in which most are compound muta-
tion. Eight unrelated probands share the same DSG2 p. Phe531Cys ho-
mozygous variant that is demonstrated to be a founder variant with
an allele frequency of 0.12% in East Asia and 8.47% in Chinese ARVC co-
hort. This is the first reported founder variant identified among ARVC
patients in East Asia, and also the first founder variant of DSG2 world-
wide. Most importantly, this homozygous mutation presents full dis-
ease penetrance with classical pathological remodeling phenotype
[28] and progressive heart failure, while heterozygousmutation carriers
are asymptomatic or only manifest mild symptom (25%).

DSG2 was firstly demonstrated to be associated with ARVC through
genetic analysis by two independent teams from Italy and the United
States in 2006 [31, 32]. Themice that carry the DSG2-N266S variant iden-
tified from ARVC patient displays significant biventricular dysfunction
with myocyte degeneration and myocardial fibrosis further confirming
that DSG2 is a causative gene of ARVC [33]. Although PKP2 is recognized



Fig. 2. The expression and distribution of DSG2 and Cx43 in DSG2 p. Phe531Cys mutant heart and non-diseased heart. DSG2, desmoglein-2; Cx43, connexin-43.
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as themost common pathogenic gene inmost ARVC cohorts [5, 12],DSG2
often acts as the second common causative gene in many cohorts, espe-
cially in Chinese cohort [11], ranging from 5% to 15% [5]. Our result has
demonstrated that most (83.3%) DSG2 variants are compound mutation
(including homozygous) in ARVC patients, which is similar to Dutch co-
hort, suggesting that single variant ofDSG2might be not adequate to pen-
etrance ARVC phenotype. [15] Furthermore, it was of great importance
that we also excluded additional variants of other 14 ARVC related
genes including the recently defined CDH2 [8] and SCN5A [34] among
these DSG2 mutation carriers, except for one patient with rare variant
(p.Arg484Cys) in CTNNA3. Recently, copy-number variations (CNVs) of
desmosome genes like PKP2 and DSG2 were reported to be associated
with pathogenesis of ARVC, especially in the genotype-negative probands
[35–37]. Thus it will be more confirmative to exclude the CNVs in DSG2
among these patients in the future.

In this study, we identified eight probands with homozygous DSG2
p. Phe531Cys variant, which was also previously reported in other re-
gions of East Asia [21, 29, 30]. Similar to our discovery, these previous
reports also showed that only homozygous carriers presented as ARVC
with heart transplant or pre-mature death, while heterozygous carriers
were not affected. [21] Through screening in the open-access database,
we found that DSG2 p. Phe531Cys only occurred in East Asia population
with a relative high frequency (0.12%). Haplotype analysis of these eight
index patients and their relatives further demonstrated that it was a
founder variant in East Asia population. According to our cohort and
previous reports [21, 29, 30], we could infer the variant DSG2



Fig. 3. Penetrance and genetic epidemiology analysis of DSG2 p. Phe531Cys variant. (A) The summary of mutation carriers in combination with previous case reports and our cohort.
(B) Penetrance of homozygous, heterozygous and non-carriers. (C) Distribution of the families carrying p.Phe531Cys variant. (D) Genetic analysis revealed eight homozygous mutation
probands shared a haplotype spanning N450 kb (Case means the homozygous p. Phe531Cys probands, and Con means the ARVC patients without the p. Phe531Cys variant). (E) Allele
frequency of DSG2 p. Phe531Cys in different population and cohort.
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p. Phe531Cys specifically distributed in East Asia, includingNorth China,
South China, Taiwan and Japan. According to large-scale genetic haplo-
type analysis, Chinese Han, Taiwanese, Korean and Japanese were iden-
tified in the maximum-likelihood based cluster because they shared
haplotypes, which suggested that individuals from these geographic re-
gions derived from a single migration and/or gene admixture occurred
in history [38]. Furthermore, Y-chromosome and mitochondrial DNA
variation study of Chinese Han population revealed demic diffusions
from north to south China during Western Jin Dynasty (265–316 CE)
and Tang Dynasty (1127–1279 CE) [39]; North Chinese Han was also
considered to be originated from the same ancestors as Japanese and
Korean [40]. Taiwan also mainly consisted of population from Chinese
Han because of emigration especially in the 20th century. This could ex-
plain the wide distribution of DSG2 p. Phe531Cys in East Asia. Most im-
portantly, DSG2 p. Phe531Cys is a prominently high frequent (8.47%)
variant amongChineseARVCpatientswith a full penetrance,which sug-
gests an urgent demand of genetic counseling for the index patients and
their relatives carrying heterozygous mutation.

It is a gradually growing concern about the correlation between the
genotype and pathological characteristics in hereditary cardiomyopathy
in recent years [28, 41]. Our DSG2 p. Phe531Cys positive patients shared
the similar clinical myocardial remodeling presentation that was shown
asfibro-fatty replacement of entire RV aswell as post-lateral freewall of
LV at progressive stage. In addition, we also screened for DSG2
p. Phe531Cys among400non-ARVC cardiomyopathies and found no en-
richment of this variant. This suggests that this genotype was specific to
ARVC without overlapping with other primary cardiomyopathies. Al-
though these patients have the similar pathological features of ARVC,
the clinical presentation varied among the patients. The patient in seri-
ous condition had a fulminant heart failure course, requiring transplant
in 6months after first symptom,while somepatients showed late-onset
symptom at N50 years old. This indicated that some other modulator
genes or environmental factors might promote the pathogenicity and
penetrance of DSG2 p. Phe531Cys [42]. It was noteworthy that most
ARVC patients carrying homozygous DSG2 p. Phe531Cys variant suf-
fered biventricular heart failure, which was shown in our cohort as
well as previous case report [21]. Ventricular arrhythmias used to be
considered as themajor adverse prognosis of ARVCwith great concerns,
but recent study revealed that heart failure was also common and
under-recognized in ARVC patients. [43] Thus, our observations also
suggested that more concern or interventions for progressed heart fail-
ure should be dedicated to the ARVC patients with homozygous DSG2 p.
Phe531Cys variant.

Several molecular mechanisms have been reported for different vari-
ants of DSG2. The mutations at N-terminal of DSG2 caused the deficiency
of adhesive EC1-EC2 domains, resulting in dissociation of cell-to-cell con-
nection, reduction of desmosome units and abnormal distribution of
Cx43, and consequentially induced electrical conduction abnormality
[44]. Mutations at C-terminal of DSG2 could cause C-terminal unique re-
gion (DSGunique region [DUR]) dysfunction, leading to dysfunction of in-
tercellular adhesion and loss of DSG2 tail-tail interactions, which could
destroyed the stabilization of DSG2 at the cell surface and thus caused
rapid endocytosis in cardiac muscle cells. [45] Different from previous re-
ports, the p. Phe531Cys variant is located in EA domain that mediates the
surface levels of this protein. Our histopathology study showed that DSG2
expression was decreased in DSG2 p. Phe531Cys positive myocardium,
accompanied bymaldistribution of Cx43 aswell as elongation and distor-
tion of intercalated disc. However, more approaches will be needed to il-
lustrate themechanical dysfunction andmolecularmechanism ofDSG2 p.
Phe531Cys variant in the pathogenesis of ARVC.

5. Conclusions

We identified for the first time a homozygous founder variant
(p. Phe531Cys) of DSG2 in East Asia, which was highly prevalent
among Chinese ARVC patients with full penetrance for homozygous
carriers; this result suggested an urgent demand of genetic counseling
for the index patients and their relatives carrying heterozygous variant.
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