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Age-Dependent Clinical and Genetic Characteristics in
Japanese Patients With Arrhythmogenic Right
Ventricular Cardiomyopathy/Dysplasia
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Background: Arrhythmogenic right ventricular cardiomyopathy/dysplasia (ARVC/D) is a heart muscle disease
caused by desmosomal gene mutations, and presents as ventricular tachycardia and sudden cardiac death. Al-
though the mean age at onset or diagnosis of ARVC/D are reported to be around the 30-40s, the age-dependent
clinical and genetic differences remain unknown.

Methods and Resulis: A total of 35 consecutive Japanese probands (23 male) who were clinically diagnosed with
ARVC/D were enrolled in the present study, and genetic analysis of PKP2, DSP, DSG2, and DSC2 was done. The
mean age at the first symptom and at diagnosis was 38.6£14.8 years and 40.5+17.7 years, respectively. Probands
in whom the onset was cardiopulmonary arrest were significantly younger (22.3+15.3 years) than those with ar-
rhythmia (41.1£13.2 years) or congestive heart failure (45.7+8.5 years). On genetic screening, 19 mutation carriers
were identified. Although there was no age dependence for each gene mutation carrier, carriers with PKP2 prema-
ture stop codon developed the disease at a significantly younger age than other mutation carriers.

Conciusions: The initial clinical manifestations in some young probands were very severe, and PKP2 mutations

with a premature stop codon would be associated with disease onset at a younger age.

Key Words: Arrhythmia; Cardiac arrest; Cardiomyopathy; Genes

plasia (ARVC/D) is a disease characterized by right

ventricular dysfunction and malignant arrhythmia.l
Recent advances in molecular genetics have clarified the ge-
netic background of ARVC/D. To date, 10 different genes have
been reported to cause ARVC/D.>* The majority of ARVC/D-
causing genes encode desmosomal proteins: PKP2, encoding
plakophilin 2; DSP, desmoplakin; DSG2, desmoglein 2; DSC2,
desmocolin 2; and JUP, junctional plakoglobin. The most
common gene variant identified in ARVC/D patients is report-
edly PKP2, in approximately 25% of ARVC/D patients.?

In Japan, we first reported an ARVC/D patient with PKP2
mutation,!® and, recently, 4 of 8 ARVC/D patients were re-
ported to have desmosomal gene mutations.!! In other Asian
countries, although PKP2 mutations were identified only in
China,’> no other desmosomal gene mutation has been re-
ported. Therefore, further examination of the ARVC/D etiol-

! rrhythmogenic right ventricular cardiomyopathy/dys-

ogy in Asian ethnicities is required.

Reportedly, ARVC/D patients become symptomatic at around
40 years old.151¢ More recently, however, clinical features of
pediatric ARVC/D patients with desmosomal gene mutations
have been reported.!” Most patients in that study were family
members of those diagnosed with ARVC/D, and only patients
with mutations were included. Moreover, there has been little
discussion of sporadic cases in young patients, regarding the
early detection or prevention of sudden death. The age-depen-
dent clinical/genetic differences remain to be studied in terms
of ARVC/D, including mutation-negative or sporadic cases.

In this study, we screened mutations in 4 desmosomal genes
in 35 Japanese probands diagnosed with ARVC/D and then
analyzed clinical and mutational characteristics, especially
with regard to age.
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Task force criteria Diagnosis
Family o Ageat  Ageat RV func- Depolariza- . . .
no. ex  onset diagnosis tion and Tissue Hopolar- tion/ Arrhyth-  Family Major — Minor Category
(years) (years) structure ization oo ichon A history  criteria criteria

1 M 29 30 A | | M 2 2 Definite

2 M 48 49 A I | 1 2 Definite

3 M 16 16 A A i M 3 1 Definite

4 F 36 36 A A | 2 1 Definite

5 M 51 51 | A A 2 1 Definite

6 F - 15 A | | M 2 2 Definite

7 M 40 64 A A 1 2 1 Definite

8 F 15 15 A A M 3 0 Definite

9 M 44 49 A | A M 3 1 Definite
10 F 47 47 A | A M 3 1 Definite
11 M 71 72 A | I M 2 2 Definite
12 M 42 45 A A A 3 0 Definite
13 M 40 40 A | 1 M 2 2 Definite
14 M 41 41 A A | | M 3 2 Definite
15 F - 16 | M 1 1 Borderline
16 M 5 5 A A 2 0 Definite
17 M 17 17 A A 1 M 3 1 Definite
18 M 34 38 A | | 1 2 Definite
19 F 25 25 A | 1 1 Borderline
20 F 50 63 I 0 2 Possible
21 M 43 43 A A 2 0 Definite
22 M 30 30 A | 1 1 Borderline
23 M 26 32 A | 1 1 Borderline
24 F 47 47 A | A 2 1 Definite
25 M 58 70 A | A 2 1 Definite
26 F 17 18 I | 0 2 Possible
27 M 48 56 A A M 3 0 Definite
28 F 42 43 A A A M 4 0 Definite
29 M 25 25 A A A | M 4 1 Definite
30 F 55 63 A A A 3 0 Definite
31 M 55 56 | | A M 2 2 Definite
32 M 49 50 | | | M 1 3 Definite
33 M 27 34 A A M 3 0 Definite
34 M 54 62 A | | M 2 2 Definite
35 F 44 53 A | | M 2 2 Definite
A, major criteria; |, minor criteria; M, mutation positive; RV, right ventricular.

Genotyping

Methods

Subjecis

The subjects consisted of 35 probands (23 male) clinically
diagnosed with or suspected to have ARVC/D from unrelated
families, and 16 family members from § families. Each under-
went detailed clinical and cardiovascular examinations for
diagnosis, including an electrocardiogram (ECG), echocardiog-
raphy, magnetic resonance imaging, and Holter ECG. Some
patients underwent RV angiography, myocardial biopsy, and
signal-averaged electrocardiography. They were classified into
3 diagnostic categories of ARVC/D: definite, probable, and
possible according to the 2010 diagnostic criteria.!® They were
referred consecutively to either of the present laboratories for
genetic evaluation. All subjects submitted written informed
consent in accordance with the guidelines approved by each
institutional review board.

Genomic DNA was isolated from venous blood lymphocytes,
as previously described.’ Using polymerase chain reaction
analysis and direct DNA sequencing, we performed a compre-
hensive open reading frame/splice site mutational analysis of
4 major ARVC/D susceptibility genes: PKP2, encoding pla-
kophilin 2; DSP, encoding desmoplakin; DSG2, encoding des-
moglein 2; and DSC2, encoding desmocolin 2. The cDNA
sequences of PKP2, DSP, DSG2, and DSC2 were based on the
GenBank reference sequences NM_004572.3, NM_004415.2,
NM_001943.3, and NM_004949.3, respectively. We did not
screen for JUP (encoding junction plakoglobin). In addition
to desmosomal genes, we screened for LMNA? in the present
probands, and identified a missense mutation in 1 patient. In
this study, we excluded the patient with a LMNA mutation
from the analysis. All new putative pathogenic variants were
examined in 200 reference alleles derived from unrelated
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A. C.
Possible 2 Asymptomatic 2

Borderline 4

(v.0) *

)

Figure 1. Characteristics of the probands. Number of the probands according to (&) diagnostic criteria and (C) first symptom.
(B,D,E) Mean age at diagnosis according to (B) diagnostic category or (B) first symptom; and (E) at onset according to first
symptom. CHF, congestive heart failure; CPA, cardiopulmonary arrest. *P<0.05, #P<0.01.

A Dysfunction and

. i terizati e izatio
structural alternations B, Tissue characterization C, Repolarization

Depolarization/conduction .
D. abnormalities E. Arrytnmias

Figure 2. Number of the patients who fulfilled the criteria for arrhythmogenic right ventricular cardiomyopathy/dysplasia. Red,
major criteria; blue, minor criteria; orange, none; light green, gene mutation carriers in major criteria.
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Age at PKP2 DSP DSG2 DSC2
No.  Sex dl@gg?ss)ls Category Codon Amino acids Codon 223? Codon /:2';;: Codon 221‘21:
1 M - 30 Definite 1725- R577DfsX5
1728dupGATG
2 M 49 Definite
3 M 16 Definite 1132 C>T Q378X
4 F 36 Definite
5 M 51 Definite
6 F 15 Definite 394 C>T R132C
582 C>G N194K
607 C>T R203C
7 M 64 Definite
8 F 15 Definite 8269 G>C D2757H
9 M 49 Definite 2360 A>G  Y787C
10 F 47 Definite 2150 C>T P717Lt
11 M 72 Definite 953 A>C H318Pt
12 M 45 Definite
13 M 40 Definite 4741 A>G  K1581Et 1592 T>G F531C
(H) (H)
14 M 41 Definite 976 G>A (H) A326TT (H) 593 A>C  Q198P
(H) (H)
15 F 16 Borderline 8455 A>C  M2819Lt
16 M 5 Definite
17 M 17 Definite 1725— R577DfsX5
1728dupGATG
18 M 38 Definite
19 F 25 Borderline
20 F 63 Possible
21 M 43 Definite
22 M 30 Borderline
23 M 32 Borderline
24 F 47 Definite
25 M 70 Definite
26 F 18 Possible 2780 C>T P927L*
27 M 56 Definite 875-890 del L 266QfsX104
28 F 43 Definite 1481 A>C D494At
(H)
29 M 25 Definite 2119 C>T Q707X
30 F 63 Definite
31 M 56 Definite 1481 A>C D494At
32 M 50 Definite 4741 A>G  K1581Et
33 M 34 Definite 2095 C>T Q699X 2780 C>T P927L*
34 M 62 Definite 1203 G>T  K401N
35 F 53 Definite 1725- R577DfsX5
1728dupGATG

tReported in NCBI SNP database; *identified in the present control cohort. H, homozygous mutation.

healthy Japanese controls.

Age Analysis

The present probands were divided into 2 groups according to
age at diagnosis: <40 years old (younger group, n=16) and >40
years old (older group, n=19). We also compared the clinical
and genetic characteristics between the 2 groups.

Statistical Analysis
All continuous variables are reported as mean®SD. Differ-
ences between continuous variables were evaluated using the

Wilcoxon rank sum test for 2 groups and 1-way ANOVA for
23 groups. Categorical variables were analyzed using chi-
square test (for counts 25) or Fisher exact test (for counts <5)
for 2 groups and Kruskal-Wallis ANOVA rank test for >2
groups. Significance was considered at P<0.05.

Resulis

Clinical Features
Clinical subject characteristics are summarized in Table 1. Ac-
cording to the 2010 diagnostic ARVC/D criteria,*8 29 probands




