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Abstract. Danon disease is an X-linked glycogen storage
disease characterized by skeletal myopathy, cardiomyopathy
and intellectual impairment. It is caused by a loss-of-function
mutation in the lysosome-associated membrane protein-2
(LAMP2) gene. In the present study, exon and boarding intron
analysis of 96 cardio disease-associated genes was performed
in 770 patients with hypertrophic cardiomyopathy (HCM)
using second-generation sequencing. Next, the identified
mutations were confirmed in family members of the patients
and 300 healthy controls. Detailed clinical, electrocardio-
graphic (ECG) and echocardiographic findings were recorded.
A pathogenic mutation in LAMP2 was identified in 7 patients
who phenotypically presented with HCM. A total of four
patients had a fragmented QRS complex (fQRS) on surface
ECG. In addition, two patients presented with ventricular
preexcitation with a short PR interval. Compared with the
patients with protein kinase AMP-activated non-catalytic
subunit y2 syndrome and Fabry disease, the 7 patients with
Danon disease presented at an earlier age, had a smaller left
atrial size, a thinner maximal left ventricular wall thickness
and a lower probability of pacemaker implantation. Compared
with 12 sex- and age-matched patients with sarcomere-protein
mutations, the 4 patients with Danon disease had a lower left
ventricular outflow tract gradient and worse diastolic function.
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The present study provided a comprehensive comparison of
different pathologies presenting with HCM and reported on
features of early-onset Danon disease, including the charac-
teristic preexcitation and fQRS on ECG. This may provide
valuable information that may be utilized for the early diag-
nosis and treatment of patients with Danon disease. The present
study was registered as a clinical trial with ClinicalTrials.gov
(Sep. 2, 2016; registry no. NCT02888132).

Introduction

Danon disease was first described as a ‘lysosomal glycogen
storage disease with normal acid maltase’ by Danon et al (1)
in 1981. They reported on two young, unrelated males with
mental retardation, cardiomyopathy and proximal myopathy,
who exhibited apparently generalized glycogenosis with
no demonstrable enzyme defect. In 2000, Nishino et al (2)
concluded that a primary deficiency of lysosome-associated
membrane protein-2 (LAMP?2) led to Danon disease. LAMP2
is a lysosomal structural protein that is essential to the
autophagy process. LAMP2-deficient mice exhibit extensive
accumulation of autophagic vacuoles in several tissues (3),
and hepatocytes that lack LAMP2 exhibit similar accumula-
tion of autophagosomes (4). Therefore, biopsies frequently
contribute to the diagnosis of Danon disease; however, they are
neither necessary nor diagnostic. Similar vacuoles may also
be encountered in other metabolic diseases, such as protein
kinase AMP-activated non-catalytic subunit y2 (PRKAG?2)
syndrome and Fabry disease (5).

Danon disease is clinically characterized by the triad of
cardiomyopathy, skeletal myopathy and intellectual impair-
ment (1). As both skeletal myopathy and intellectual impairment
are usually mild, it is the extent and severity of cardiomyopathy
that predominates the clinical progress and determines the
outcome. Electric conduction abnormalities are also common,
followed by preexcitation with Wolff-Parkinson-White (WPW)
syndrome and arrhythmias (6). Other symptoms that are less
prevalent include hepatic disease (1,3), retinal disease (7,8) and
pulmonary disease (3).

Danon disease has an aggressive course; however, it may be
unnoticed or misdiagnosed in the early stages. Boucek et al (6)
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reported that the respective mean age at first symptoms, cardiac
transplant and death was 11.7, 20.8 and 20.1 years in males,
and 26.8, 32.3, and 40.2 years in females. The most recent
systematic review of Danon disease revealed that 34.9% of
patients experienced death or received a heart transplant or
ventricular assist devices (9). Therefore, patients with Danon
disease must be distinguished from patients with myocardial
hypertrophy, such as PRKAG?2 syndrome and Fabry disease,
which are glycogen storage diseases that also clinically lead to
cardiac hypertrophy and electrophysiologic abnormalities (10),
and hypertrophic cardiomyopathy (HCM) with sarcomere
protein mutations.

The objective of the present study was to identify the
clinical and molecular characteristics of Danon disease and to
compare the clinical, electrocardiographic (ECG) and echo-
cardiographic features of patients with Danon disease with
those of patients with the PRKAG2 syndrome, Fabry disease
and sarcomere protein mutation.

Materials and methods

Study population. An exon and boarding intron analysis
of 96 cardio disease-associated genes (Table SI) was
performed in 770 patients with HCM using second-generation
sequencing (11) at the HCM clinic in the Department of
Ultrasound, Xijing Hospital (Xi'an, China) between May 2012
and February 2020. The identified mutations were confirmed
in family members of the probands and 300 healthy controls.
A total of seven patients with LAMP?2 mutation and their
families were included in the present study. Furthermore,
5 patients with the PRK AG2 mutations, 8 patients with galac-
tosidase A mutations and 12 patients with sarcomere protein
mutations were among the 770 patients with HCM, and they
were compared with the patients with Danon disease. All
participants who were evaluated provided written informed
consent. All investigations were conducted in compliance
with the principles of the Declaration of Helsinki and were
approved by the ethics committee of Xijing Hospital, Fourth
Military Medical University (Xi'an, China). For participants
aged <16 years, written informed consent was obtained from
the parents.

All measurements were made to coincide with the
guidelines of the European Society of Cardiology (12).
HCM was defined by a maximal left ventricular (LV) wall
thickness (MLVWT) of =15 mm in adults and =13 mm in
first-degree relatives, excluding those that may be explained
solely by loading conditions or the patient being an athlete.
If the patient was aged <18 years, the diagnosis of HCM was
made based on MLVWT >2 SD than the predicted mean
(z-score =2, where a z-score is defined as the number of
standard deviations from the population mean). Patients with
hypertension, coronary artery disease, aortic coarctation,
congenital or valvular heart disease, metabolic disorder or
athlete's heart were excluded.

ECG. Standard 12-lead ECG was recorded prior to or after
the echocardiographic examination. Ventricular preexcita-
tion was characterized by short PR intervals (PR <120 msec)
and/or initial QRS slurring (delta wave) during the sinus
rhythm. LV voltage was reported as the S wave in V, plus the

maximal R wave in V5 or V¢ (Sy, + Rys or Ry), according to the
Sokolow-Lyon criteria (13).

Transthoracic echocardiography (TTE). TTE was performed
using the Philips iE33 ultrasound system (Philips Medical
Systems) and the EPIQ 7C Ultrasound System (Philips
Medical Systems). The patients were placed in the left lateral
position as if undergoing a routine echocardiographic study.
The ECG was recorded simultaneously. Hypertrophied LV
segments were identified from two-dimensional echocardio-
graphic images according to the American Heart Association
17-segment model (14). Asymmetric hypertrophy indicated
that the ratio between the interventricular septum thickness
(IVS) and LV posterior wall thickness (LVPW) was >1.3.
MLVWT was defined as the greatest dimension at any site
within the LV myocardium. All echocardiographic measure-
ments, including left atrial (LA) dimensions, LV ejection
fraction (LVEF) and LV outflow tract (LVOT) gradient,
were determined according to guidelines from the American
Society of Echocardiography and the European Association of
Cardiovascular Imaging (14). Furthermore, the early diastolic
peak velocities of mitral inflow (E) and the late diastolic peak
velocities of mitral inflow (A) and mitral annulus (e') were
measured. Then, the E/e' ratio and the E/A ratio were calcu-
lated to evaluate LV diastolic function (15).

Cardiac magnetic resonance (CMR). CMR examinations were
performed using a 1.5-T CMR imaging system (Magnetom
Aera; Siemens AG). All images were acquired with ECG-gating
and during repeated breath-hold conditions. The presence and
amount of scarring were assessed using phase-sensitive late
gadolinium enhancement CMR (LGE-CMR). T1-weighted
inversion-recovery imaging was performed to assess LGE
10 min after the administration of 0.2 mmol/kg contrast
medium (Dotarem; Guerbet).

Genetic analysis. A genetic analysis was performed as previ-
ously described (11). In brief, peripheral blood leucocytes were
extracted from patients. Primers were designed to amplify
the coding exons of 96 cardio disease-associated genes. The
identified mutation was further confirmed by bidirectional
Sanger sequencing among the remaining family members
and 300 healthy unrelated individuals with normal ECG and
echocardiographic findings and without any family history of
cardiovascular disease.

Statistical analysis. Statistical analysis was performed with
SPSS version 20 (IBM Corp.). Categorical variables were
expressed as n (%) and Fisher's exact test was used to compare
these variables between groups. Continuous variables
were expressed as the mean + SD and differences between
groups were compared using Student's t-test or analysis of vari-
ance. For multiple comparisons, Tamhane T2 or Bonferroni's
post hoc test were performed. P<0.05 was considered to
indicate a statistically significant difference.

Results

Clinical presentation. Among the 770 patients with HCM,
seven Danon patients were identified (0.9%) and 5 of them
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Table I. Clinical, demographic and genetic data of patients with Danon disease.

Family F1 Family F2  Family F3 Family F4  Family F5 Family F6 Family F7
Item 11-9 11-2 111-3 11-3 II-1 11-2 1-8
Sex Male Female Male Male Male Male Female
Age at diagnosis 11 years 3 years 12 years 20 years 6 months 1 year 23 years
History of sudden death® - + - - - - -
History of syncope® + - - - - - -
SBP/DBP (mmHg) 86/54 . a 134/62 . . 110/71
Clinical presentation Chest  Tachypnea Chest pain, None Angeioma None Fatigue, chest
tightness troponin tightness,
breathlessness
NYHA class I I I I I I 1
Arrhythmia Normal Sinus Normal Second-degree ~ WPW Normal Premature
tachycardia AV block and ventricular
WPW contraction
Syi + Rys or Ry (mV) 4 2.1 104 6.3 9.3 7 1.20
RVI1 (mV) 1.2 0.97 2.1 0.31 3.78 52 0.1
Heart rate (bpm) 79 117 67 45 108 97 86
LA (mm) 22 24 30 43 13 18 40
MLVWT (mm) 14 17 25 18 16 15 8
LVEF (%) 67 86 67 40 61 76 20.6
E/e' ratio . a 154 393 16.3 209 413
E/A ratio >1 >1 >1 >2 >1 >1 >2
SAM - + - + - -
LVOT-PG (mmHg) 4 90 6 27 7 14 1
Skeletal myopathy b b b Yes b b b
Ocular manifestation b b No b b b b
Cognitive impairment No b No No b b b
Genetic analysis c.388G>A c.959A>G c¢.779-782del  c.928G>A  c.121delT c.750delA c.1054delG
(p-E130K) (p.Y320C) (p.H260fs) (p-V310I)  (p.C41Afs) (p.V251Lfs*32) (p.V352Ffs*5)
Treatment with blocker None  Metoprolol Bisoprolol None Metoprolol None Bisoprolol
Pacemaker implantation =~ None None None CRT-P None None None

“Lack of relevant information; *lack of assessment; ‘Within pedigree; “In the patient and not within pedigree. SBP, systolic blood pressure; DBP,
diastolic blood pressure; NYHA, New York Heart Association functional class; WPW, Wolff-Parkinson-White syndrome; AV, atrioventricular;
LA, left atrium; MLVWT, maximal left ventricular wall thickness; LVEF, left ventricular ejection fraction; E/e' ratio, ratio of the early diastolic
peak velocities of mitral inflow and mitral annulus; E/A ratio, ratio of early-to-late mitral inflow velocities; SAM, systolic anterior motion;

LVOT, left ventricular outflow tract; PG, peak gradient; CRT-P, cardiac resynchronization therapy with pacemaker.

were male (71%; Table I and Fig. 1). A total of three patients
were diagnosed at an early age (6 months, 1 and 3 years of age,
respectively). Of the patients with Danon disease, 2 patients
were asymptomatic and 4 had variable clinical presentations,
including chest pain, chest tightness, breathlessness and fatigue.
The proband (III-1) of family F5 was diagnosed incidentally
when he was in the hospital to cure a head hemangioma.
Furthermore, one patient had poor cardiac function and was
classified as New York Heart Association Class III (16) and the
cardiac function of other 6 patients were essentially normal.
The surface 12-lead ECGs were abnormal with a high
voltage (average of Sy, + Rys or Ry, = 5.76 mV; Table I).
Furthermore, two patients had a ventricular preexcitation
pattern (WPW pattern) with a short PR interval and one patient
had a second-degree atrial ventricular block. Furthermore, four

patients presented with a fragmented QRS complex (fQRS) on
their surface ECG.

All patients had an HCM phenotype on presentation
with a mean MLVWT of 17 mm (range, 14-24 mm; Table I).
Furthermore, one patient had mild skeletal myopathy. A total
of three patients underwent cognitive assessment and no
cognitive impairment was determined.

Genetic analysis. Each of the seven patients was identified
with one mutation in the LAMP2 gene (Table I and Fig. 2).
Among the mutations, five were novel mutations, one muta-
tion (c.928G>A) had previously been reported (17) and one
mutation had been reported as a pathogenic mutation previ-
ously ClinVar (Aug 09, 2013; https://www.ncbi.nlm.nih.
gov/clinvar/variation/179062/) but had not been reported in
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Figure 1. Pedigree of families F1-F7 with phenotypic and genotypic information. The squares indicate male members; the circles indicate female members;
the solid symbols represent the individuals diagnosed with Danon and the open symbols represent the unavailable individuals. The probands are marked with
an arrow. The genotype for individuals is noted below the symbol, where available. *-* indicates the absence of mutations.

individuals or large population studies. In total, three muta-
tions were point mutations and four were frameshift mutations.
Regarding their occurrence in the pedigrees, four mutations
were detected in one of their parents, one mutation was a
de novo mutation and two mutations were not confirmed in
their pedigree because their parents were not available.

Comparison with other patients with HCM. Compared with
5 patients with the PRKAG2 mutation (Table II), patients
with Danon disease presented at an earlier age (10+9 years
vs. 34+10 years, P=0.001), had a smaller LA size (2711 mm
vs. 4126 mm, P=0.033), a thinner MLVWT (165 mm vs.
35+6 mm, P<0.001) and a lower probability of pacemaker
implantation (P=0.010). Compared with 8 patients with Fabry
disease (Table II), patients with Danon disease also presented
at an earlier age (10+9 years vs. 4248 years, P<0.001), had a
smaller LA size (2711 mm vs. 3946 mm, P=0.036) and a
thinner IVS (165 mm vs. 24+6 mm, P=0.036).

After excluding the 3 youngest patients with Danon disease,
the 4 remaining patients (Family F1 III-9, Family F3 III-3,
Family F4 II1-3, Family F7 III-8) were compared with sex-
and age-matched HCM patients with sarcomere-protein
mutations by one-to-three matching (Table III). The 4 Danon
patients exhibited a lower LVOT gradient (12+12 mmHg
vs. 47£35 mmHg, P=0.009) and worse diastolic function
(E/e": 32+14 vs. 16+7, P=0.013). Danon patients presented
with concentric LV hypertrophy on MRI and late gadolinium
enhancement revealed diffused abnormal enhancement
(Fig. 3A and B). HCM patients with sarcomere-protein muta-
tions presented with asymmetric hypertrophy on MRI and
late gadolinium enhancement indicated spotted abnormal
enhancement (Fig. 3C and D).

Case report. The proband (III-3) of family F3 came to our
HCM center (Xijing Hospital, Xi'an, China) at the age of
12 years (May, 2014) with complaints of chest tightness and
pectoralgia during exercise along with elevated troponin
(Trop). His ECG exhibited sinus irregularity with a high
voltage (RV5 + SV1=12.2 mV; Fig. 4A). Echocardiography
indicated a particularly increased IVS (25 mm) and LVPW

(20 mm; Fig. 4A), preserved LVEF (65%), and normal LVOT
gradient (6 mmHg) and diastolic function (E/e'=15.4). The
proband's laboratory findings included myocardial damage
[troponin T (TropT), 15.93 ng/ml; myoglobin (Mb),366.9 ng/ml;
creatine kinase isoenzyme MB (CK-MB), 7.9 ng/ml] and
hepatic lesions [alanine aminotransferase (ALT), 246 1U/;
aspartate aminotransferase (AST), 241 IU/I; alkaline phos-
phatase (ALP), 249 1U/1]. A further liver biopsy revealed
mild fatty change and lipofuscin in certain hepatic cells. The
patient was advised to continue hospitalization for medical
treatment and was administered irbesartan tablets, bisoprolol,
polyene phosphatidylcholine capsules and risuvastatin calcium
tablets. Magnetic resonance imaging assessment confirmed
massive LV hypertrophy [LV anterior wall (LVAW), 30 mm;
LV lateral wall, 34 mm; IVS, 18-20 mm; Fig. 3A]. Late gado-
linium enhancement revealed focal changes in the thickened
subendocardial IVS and diffused abnormal enhancement in
the subendocardial anterior and lateral wall (Fig. 3B), which
suggested metabolic disease.

From July 2015 to Oct. 2017, the patient's ECG indicated
gradually shortening PR intervals (from 134 to 104 msec)
and gradually wider QRS durations (from 100 to 144 msec)
with delta waves resembling the WPW pattern. The ECG also
exhibited fQRS in the V3 lead and in additional limb leads
(V3-V5; Fig. 4B-D). Echocardiography exhibited an increased
thickness of the basal IVS (from 14 to 37 mm) and basal LVAW
(from 16 to 39 mm; Fig. 4B-D), damaged diastolic function
(E/e' from 15.4 to 21.0) and preserved LVEF. The proband
was prescribed valsartan, metoprolol, hydrochlorothiazide and
coenzyme QI0.

In Jan. 2018, the patient had palpitations and chest tight-
ness after eating rich food or overeating. ECG indicated
intraventricular block with fQRS in limb leads (V3-V6) and
chest leads (I, aVL; Fig. 4E). The thickness of basal IVS had
increased to 47 mm (Fig. 4E). Echocardiography revealed still
preserved LVEF (65%) but damaged E/e' (26.0), along with
LVOT obstruction (LVOTO) with a gradient of 20 mmHg. The
patient's laboratory findings also indicated increased levels of
transaminases, ALP, TropT, Mb and CK-MB (ALT, 230 IU/l;
AST, 288 1U/1; ALP, 261 1U/l; TropT, 10.283 ng/ml;
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alll 9 ¢.388G>A
ATGCTAAAGAT

b IT 10 normal
ATGCTGAAGAT

¢ 119 ¢.388G>A
ATGCTGAAGAT

Family A
alll 2 ¢.959A>G b II 2 ¢. 959A>G ¢ II 1 normal
CAGCTGCTGGG CAGCTGCTGGG CAGCTACTGGG
Family B
alll 3 ¢, 799_782del b II 3 normal c Il 4 ¢, 799_782del
CTCCACAGGCA CTCACTCCACA CTCCATCCGCA
Family C 1
alll 3 ¢.928G=A b I 2 normal ¢ Il 1 normal
GCTCCAGTAAG GCTCCGGTAAG GCTCCGGTAAG
Family D { \ \
alll 1 ¢e.121delT b 11 2 normal cll 1 121delT
ACTGCCTTTAT ACTTGCCTTTA ACTGGCCTTAA
Family E ‘ ‘ ‘
a IIl 2 ¢, 750delA b1l4 cll3
Family F
Absense! Absense! Absense!
a 111 8 ¢.1054delG b1l 8 cll?7
AGGGTCCACCC
. +
Family G Absense? Absense?

Figure 2. Sequencing analysis of the lysosomal-associated membrane protein 2 gene in families F1-F7. Absence: 'Lack of sufficient blood samples for this
family and loss to follow-up; 2Lack of sufficient blood samples of the proband's parents.

Mb, 279.80 ng/ml; CK-MB, 11.700 ng/ml). The patient was
additionally administered with carvedilol, nicorandil and
silibinin.

Discussion

Danon disease is a rare clinical syndrome and its true
prevalence remains to be determined. In HCM patients, the
prevalence ranges from 1 to 6% (18-21). In individuals with
both unexplained LV hypertrophy (LVH) and preexcitation,
the prevalence increases to 17-30% (20,22). The present study
reported on 7 patients with a LAMP2 gene mutation identified
among 770 HCM patients (0.9%). The observed prevalence

was essentially in agreement with that reported by previous
studies, but there appeared to be a downward trend. Most of
the patients in the present study were under 18 years of age and
children may be more likely to visit a hospital specializing in
children's diseases rather than a general hospital such as ours.
This may partly contribute to the slightly reduced prevalence.

D'souza et al (23) reported that the average age of
symptom onset of frameshift and missense mutations in
male patients was 12.1+8.4 and 47.6+19.1 years, respectively,
and the average age of symptom onset of frameshift muta-
tions in female patients was 21.6+11.9 years (no record for
female patients with missense mutation). In the present study,
however, one male patient with a missense mutation presented
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Table II. Clinical characteristics of patients with Danon disease and PRKAG?2.

Item Danon disease (n=7) PRKAG?2 disease (n=5) P-value  Fabry disease (n=8)  P-value
Age at diagnosis (years) 10£9 34+10 0.001 42+8 <0.001
Male sex (%) 5(71.4) 5 (100) 0.470 7 (87.5) 0.569
History of SCD (%) 1(14.3) 1 (20) 1.000 1(12.5) 1.000
History of syncope (%) 1(14.3) 4 (80) 0.072 2(25.0) 1.000
Pacemaker implantation (%) 0(0) 4 (80) 0.010 1(12.5) 1.000
LA size (mm) 2711 41+6 0.033 39+6 0.036
MLVWT (mm) 16+5 35+6 <0.001 24+6 0.036
LVEF (%) 60+22 48+13 0.605 63+7 0.983
LVOT-PG (mmHg) 22430 4+2 0.756 41+65 0.991
LVEDD (mm) 40x15 4711 0.844 214 1.000
SAM (mm) 2 (28.6) 1 (20) 1.000 4 (50.0) 0.592

Values are expressed as n (%) or the mean + standard deviation. P-values pertain to comparison with Danon disease. Categorical variables were
compared using Fisher's exact test and continuous variables were compared using analysis of variance. Multiple-comparison tests to compare
LVEF and LVOT were performed with Tamhane T2; all others were performed with Bonferroni's post hoc test. SCD, sudden death of cardiac
disease; LA, left atrium; MLVWT, maximal left ventricular wall thickness; LVEF, left ventricular ejection fraction; LVOT, left ventricular
outflow tract; PG, peak gradient; LVEDD, left ventricular end-diastolic dimension; SAM, systolic anterior motion; PRKAG2, protein kinase
AMP-activated non-catalytic subunit y2.

Table III. Clinical characteristics of patients with Danon disease and patients with sarcomere-protein mutations.

Item Danon (n=4)* Sarcomere-protein mutations (n=12) P-value
Male sex 3(75) 9 (75) 1.000
Age at diagnosis (years) 176 1745 0.935
History of syncope 1(25) 4 (33.3) 1.000
Heart rate (bpm) 69+18 74+9 0.443
QRS duration (msec) 116+36 96+11 0.353
PR interval (msec) 149+37 132425 0.301
Sy + Rys or Ry (mV) 5.48+3.88 4.25+1.32 0.577
LA size (mm) 34+10 32+7 0.701
LVEF (%) 49+23 65+5 0.250
E/e' ratio 32+14 167 0.013
LVOT-PG (mmHg) 12+12 47+35 0.009
LVEDD (mm) 50+13 38+3 0.194
IVS (mm) 16+7 25+8 0.063
LVPW (mm) 14+6 9+2 0.203
SAM 0(0) 8 (66.7) 0.077

“Patients aged up <3 years were excluded achieve some age matching with the other group. So only 4 patients were included (Family F1 III-9,
Family F3 III-3, Family F4 III-3, Family F7 III-8). Values are expressed as n (%) or the mean + standard deviation. Categorical variables
were compared using Fisher's exact test and continuous variables were compared using Student's t-test. LA, left atrium; LVEF, left ventricular
ejection fraction; E/e' ratio, ratio of the early diastolic peak velocities of mitral inflow and mitral annulus; LVOT, left ventricular outflow tract;
PG, peak gradient; LVEDD, left ventricular end-diastolic dimension; IVS, interventricular septum thickness; LVPW, left ventricular posterior
wall thickness; SAM, systolic anterior motion.

with chest tightness at 11 years of age, which was much earlier
than the average age of symptom onset reported by the above
study of 47.6 years. Furthermore, two asymptomatic patients
were coincidentally identified to have a frameshift mutation
prior to their first birthday. These differences may be partly
explained by screening at an earlier age. However, patients

with more severe pathogenic mutations may exhibit symp-
toms at a younger age. It is noteworthy that genetic tests and
analyses should be provided to identify Danon patients at an
earlier age.

Danon disease is an X-linked dominant disorder with a
clinical profile that differs by gender. Boucek et al (6) reported
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Figure 3. Representative CMR images. Left image represents four-chamber view, whilst the right image represents the short axis view of left ventricle.
(A) CMR of patients with Danon disease. (B) Delay-enhancement CMR of patients with Danon disease. (C) CMR of HCM patients with sarcomere-protein
mutations. (D) Delay-enhancement of HCM patients with sarcomere-protein mutations. Red triangles indicate enhancement in subendocardial myopathy.
LV, left ventricle; RV, right ventricle; IVS, intraventricular septum; CMR, cardiac magnetic resonance.
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Figure 4. Representative 12-lead electrocardiogram and echocardiography images of patient F3 III-3 during follow-up. (A) In May 2014. (B) In July 2015.
(C) In Aug 2016. (D) In July 2017. (E) In Jan 2018. In each panel, the images from left to right represent limb II (5 mm/mV, 25 mm/msec), limb V3-V6
(2.5 mm/mV, 25 mm/msec) in 12-lead electrocardiogram and the short axis view of left ventricular in echocardiography, respectively. Black arrow, delta wave.
Red arrow, fragment QRS complex. LV, left ventricle.
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that the mean age of first symptoms in males was 12.1+6.8 years,
while that in females was 15 years later at 27.9+14.5 years. It is
difficult to determine the age at onset in adult female patients
due to the insidious nature of the disease (24). However,
cases of female patients with childhood onset have also been
described in a number of studies (18,25-29). In addition to a later
symptom onset, females are thought to have a relatively mild
clinical phenotype (6,23). In the present study, the proband of
Family F2 exhibited tachypnea and mitral regurgitation at the
age of 3 years and had LVH and LVOTO with systolic anterior
motion. Of note, in the proband's father, who was 36 years old,
the disease was not as severe. Myocardial biopsy and labora-
tory examination may be helpful to explain LAMP2 protein
function, but they did not receive these relevant examinations.
The course of their disease will be further monitored.

An fQRS on surface ECG reflects myocardial scarring
and abnormal conduction (30). It may be used as an indirect
marker to predict the presence of fibrosis (31) and has been
associated with severe arrhythmic events and poor prog-
nosis in HCM (32,33). The patients of the present study who
presented with fQRS on surface ECG (57%) had an average
age of ~11 years, which was much earlier than that reported in
a previous review on patients with HCM (32). It may be hypoth-
esized that hypertrophic muscle fibers and increased interstitial
collagen content due to glycogen deposition may contribute to
the earlier and more severe fibrosis present in Danon disease.
The histopathology of the myocardium and skeletal muscle in
rats with LAMP deficiency (LAMP2Y") displayed muscle fiber
disarray and interstitial fibrosis (34), supporting this theory.

Arad et al (20) reported that Danon patients had a thicker
MLVWT compared with patients with PRKAG?2 and patients
with HCM and sarcomere protein mutation. However, in
the present study, Danon patients presented with a thinner
MLVWT than patients with PRKAG?2. Furthermore, patients
with Danon disease also had a thinner MLVWT than patients
with Fabry disease. This may be owing to diagnosis of
Danon patients at a younger age, compared with patient with
PRKAG?2 syndrome and Fabry disease. They may also be
linked to the clinical features of Danon disease. Danon disease
has an aggressive progression in males and the present case
report also supports this notion. The MLVWT of the proband
of Family F3 increased from 25 to 47 mm over a 4-year period.
In normal Chinese adolescents with BSA similar to this patient
(BSA, 1.30-1.66), the MLVWT is stable and ~7 mm (35). In
addition, the average age of the seven Danon patients was
10 years and the data when they first came to our center were
selected to make comparisons with patients with PRKAG?2
syndrome and Fabry disease. At that time, their LV thickness
may not have progressed to a severe stage. In addition, the
number of patients with Danon disease in the present study
was relatively small, which may have affected the results.
Patients with Danon disease and patients with HCM were
also compared and it was indicated that patients with Danon
disease had a worse diastolic function than patients with HCM.
However, the difference in IVS was not statistically significant.

There are four limitations to the present study. First, only
a small number of Danon patients were included. This may
have influenced the estimation of the prevalence of Danon
disease in HCM. Furthermore, the study did not examine
the association between the type of mutation and the clinical

presentation. Secondly, three Danon patients in our study were
too young and two of them had been discovered coincidentally.
This may influenced the results of comparison between Danon
patients and other disease. Thirdly, the present study focused
on the clinical symptoms of cardiomyopathy and failed to
completely evaluate extracardiac manifestations, e.g. by cogni-
tive evaluation and laboratory examinations. At last, certain
patients with Danon disease did not receive muscle biopsy.
Our group will continue to recruit further Danon patients and
add comprehensive examinations in the future.

In conclusion, the present study reported on early-onset
attack of Danon disease in 5 males and 2 females with char-
acteristic preexcitation and fQRS on ECG. The present study
provided a comprehensive assessment to distinguish between
patients with Danon disease and other patients with HCM may
provide valuable information for early diagnosis and treatment.
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