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Danon Disease (DD) is a rare X-linked inherited disorder caused by severe 

deficiency of lysosome-associated membrane protein-2 (LAMP-2), encoded by 

the LAMP2 gene. Characteristic clinical features include a triad of 

cardiomyopathy, skeletal myopathy and cognitive impairment in males. Females 

usually exhibit milder, cardiac-predominant manifestations later in life. In this 

case, we report a 30-year-old woman with a novel suspected pathogenic 

LAMP2 mutation (c.1A > T, initiation codon mutation). She developed Wolff- 

Parkinson-White (WPW) syndrome in her twenties, acute heart failure post 

cesarean section at age 29, and persistent left ventricular hypertrophy. Positive 

result of Technetium-99 m pyrophosphate (99mTc-PYP) scintigraphy strongly 

indicated transthyretin amyloid cardiomyopathy (ATTR-CM). However, whole- 

exome sequencing (WES) identified the novel A to T transition in initiation 

codon (c.1A > T) of LAMP2 gene, establishing the diagnosis of DD and revealing 

the false-positive result of PYP scintigraphy in DD.
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Introduction

Danon Disease is a rare X-linked dominant disorder characterized by severe 

cardiomyopathy, skeletal myopathy, and cognitive impairment, often accompanied by 

retinopathy and multi-system (neurologic, hepatic, gastrointestinal, pulmonary) 

involvement (1). The disease stems from deficiency of lysosome-associated membrane 

protein-2 (LAMP-2), encoded by the X-chromosomal LAMP2 gene (Xq24). LAMP-2, 

essential for autophagosome maturation via fusion with lysosomes and endosomes, is 

predominantly localized to these organelles’ membranes (2, 3). Deficiency of its 

cardiac/skeletal muscle-enriched isoform LAMP-2B impairs autophagy, causing 

autophagosome accumulation, cellular hypertrophy, and ultimately myocyte death with 

fibrosis (1, 2).

Due to its X-linked dominant inheritance, Danon Disease demonstrates significant 

gender differences in phenotypic expression (4). Male patients typically develop cardiac 

symptoms in their mid-twenties, often progressing to severe heart failure requiring 

transplantation; they also frequently exhibit the classic triad and retinopathy. In 

contrast, cardiomyopathy in female patients usually manifests during adulthood, 

typically as left ventricular hypertrophy and conduction abnormalities; extracardiac 

manifestations are often absent or mild (4).
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Here, we describe a 30-year-old woman presenting with mild 

left ventricular hypertrophy and conduction abnormalities, 

Whole-exome sequencing (WES) identified a novel initiation 

codon mutation in the LAMP2 gene, strongly suggesting 

the diagnosis.

Case presentation

A 30-year-old woman was referred to our hospital for cardiac 

assessment. A summarized timeline of key clinical events is 

presented in Table 1.

In her early twenties, she was diagnosed with Wolff- 

Parkinson-White (WPW) Syndrome and underwent catheter 

ablation procedure at a local hospital. Despite persistent 

intermittent palpitations, she received no pharmacotherapy. In 

2019, at 39 weeks’ gestation, she developed a fever requiring 

intensive care unit admission for acute respiratory and cardiac 

failure following emergency cesarean section. Echocardiography 

(ECG) showed mild left ventricular hypertrophy with thickness 

of 13 mm in interventricular septum and 12 mm in posterior 

wall, and impaired systolic function with left ventricular ejection 

fraction (LVEF) of 48%. Diagnosed with peripartum 

cardiomyopathy, she was initiated on Metoprolol 12.5 mg twice 

daily and Perindopril 4 mg once daily. Follow-up 

echocardiography revealed improved left ventricular systolic 

function (LVEF 60%), although left ventricular wall thickness 

remained unchanged.

The patient presented to our clinic seeking evaluation 

regarding her suitability for another pregnancy. During the 

consultation, we elicited a concerning family history. She 

reported three miscarriages and the premature death of her 

firstborn son at age 1 due to undetermined cardiac causes. Her 

mother had suspected hypertrophic cardiomyopathy and died at 

age 30. The family pedigree (Supplementary Figure S1) is 

suggestive of an X-linked inheritance pattern for cardiomyopathy.

On admission, the patient’s vital signs were within normal 

range, and she demonstrated no clinical sign of heart failure. 

Laboratory findings are detailed in Supplementary Table S1. 

Electrocardiogram (EKG) revealed a short PR interval of 

106 ms, ventricular pre-excitation and sinus rhythm with a heart 

rate of 67 beats per minute (Supplementary Figure S2). ECG 

indicated mild left ventricular hypertrophy with thickness of 

12 mm in interventricular septum and posterior wall, and 

impaired systolic function with an estimated LVEF of 

approximately 48% (Supplementary Figure S3). Further 

evaluation with cardiac magnetic resonance (CMR) imaging 

revealed diminished left ventricular wall contraction and late 

gadolinium enhancement (LGE) involving the subendocardium 

(indicated by triangles in Figure 1).

Given the subendocardial LGE pattern on CMR, which raised 

suspicion for infiltrative disease including cardiac amyloidosis, 

Technetium-99 m pyrophosphate (99mTc-PYP) scintigraphy was 

performed, which result demonstrated intense myocardial 

uptake [visual score Grade 3; heart-to-contralateral lung (H/CL) 

ratio: 1.82] (Figure 2). With immunofixation electrophoresis 

(IFE) of serum and urine revealing no presence of 

immunoglobulin monoclonal proteins, the positive result of 
99mTc-PYP scintigraphy seemed to indicate a potential diagnosis 

of transthyretin amyloid cardiomyopathy (ATTR-CM). Genetic 

testing detected no pathogenic variant in the TTR gene, 

effectively excluding hereditary ATTR (ATTRv-CM) and 

supporting wild-type ATTR (ATTRwt-CM). However, ATTRwt- 

CM typically affects older individuals, and the clinical 

presentation was atypical for several reasons: the patient was a 

young woman of reproductive age, and her EKG lacked low 

voltage. Furthermore, multiple reports describe false-positive 

results of 99mTc-PYP scintigraphy in patients with hypertrophic 

cardiomyopathy (HCM) phenotype (5–11). These discrepancies 

prompted reconsideration of the diagnosis and led to the 

recommendation for further genetic testing to evaluate 

alternative etiologies.

Ultimately, whole-exome sequencing (WES) identified that 

the patient carries a heterozygous variant with a novel 

mutation in the lysosome-associated membrane protein-2 

(LAMP2) gene: an A-T transition (c.1A > T) at the initiation 

codon (ATG) in exon 1. This variant was classified as 

suspected pathogenic (PSV1 + PM2) according to ACMG 

guidelines (12). We utilized MutationTaster to predict the 

mutation’s functional impact on the LAMP-2 protein. As 

mutations in the start codon typically preclude translation 

TABLE 1 Timeline of the course of disease.

Time/ 
Age

Manifestations/ 
Events

Management Therapy

Early 20s Diagnosed with WPW 

Syndrome

Received a catheter 

ablation procedure

No 

pharmacotherapy

2019/02/ 

20, aged 

28

ECG showed no 

abnormality during 

pregnancy

2019/08/ 

23, aged 

28

Fever, cough, acute 

respiratory and cardiac 

failure after cesarean 

section, ECG showed 

reduced LVEF of 48%, 

with 13mm-thick 

interventricular septum 

and 12mm-thick 

posterior wall

Intensive Care Unit 

admission

2019/10/ 

05, aged 

28

Mildly improved LVEF of 

52%, with 13mm-thick 

interventricular septum 

and 12mm-thick 

posterior wall

Metoprolol 12.5 mg 

twice daily, 

Perindopril 4 mg 

once daily

2019/11/ 

20, aged 

28

LVEF improved to 60%, 

with 12mm-thick 

interventricular septum 

and 12mm-thick 

posterior wall

As above

2020/04/ 

02, aged 

29

LVEF 59%, with 13mm- 

thick interventricular 

septum and 13mm-thick 

posterior wall

As above

2020/09/ 

17, aged 

29

LVEF 55%, with 13mm- 

thick interventricular 

septum and 13mm-thick 

posterior wall
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initiation at the native site, a downstream ATG at positions c.80– 

82 was predicted to become the new translation start site. This 

shift results in a frameshift mutation, generating a truncated 

protein of only 6 amino acids before encountering a premature 

stop codon. Structure prediction by AlphaFold shows that the 

mutant protein lacks nearly all functional domains and is 

unlikely to retain its original function (Figure 3). The 

combination of this genetic mutation with the patient’s 

phenotype of ventricular hypertrophy and conduction 

abnormalities strongly suggested the diagnosis of Danon Disease.

The patient was administered with oral spironolactone (20 mg 

once daily), Sacubitril/Valsartan (50 mg twice daily), Metoprolol 

succinate (23.75 mg once daily), DapagliMozin (10 mg once 

daily), and Amiodarone (400 mg once daily) for arrhythmia 

management. At the 2-year follow-up, echocardiography 

demonstrated significant improvement, with the left ventricular 

ejection fraction (LVEF) reaching 65%. The patient remained 

free from heart failure-related hospitalizations and adopted a 

child from a local welfare institution.

Discussion

Danon Disease is a rare, X-linked dominant inherited 

myopathy caused by defects in the LAMP2 gene, which encodes 

lysosomal-associated membrane protein-2. Severe deficiency of 

FIGURE 1 

Cardiac magnetic resonance images. Feather-like delayed gadolinium enhancement in the left ventricular wall as indicated by triangles. Long Axis (A); 

Horizontal Long Axis (B); Four-Chamber View (C); Short Axis (D).
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this protein leads to cellular autophagy, accumulation of 

autophagosomes, mitochondrial dysfunction, and myocyte 

death (1).

To date, 472 distinct molecular consequences associated with 

LAMP2 gene variants have been documented in the ClinVar 

Database, including 50 frameshifts, 248 missense, 38 nonsense, 

22 splice sites and 114 untranslated regions. The majority of 

these mutations are pathogenic, with many definitively linked to 

Danon Disease. In this case, we identified a novel initiation 

codon mutation (c.1A > T) in LAMP2 gene by whole-exome 

sequencing (WES). Our findings strongly suggested its 

pathogenicity for Danon Disease. This mutation, located within 

the initiation codon of exon 1, is classified as a missense 

initiation codon variant in ClinVar Database. Consistent with 

ACMG guidelines (12), it is categorized as suspected pathogenic 

(PSV1 + PM2). Notably, this specific mutation is absent from 

databases such as Exome Aggregation Consortium (EXAC) or 

Human Gene Mutation Database (HGMD).

In this case, this mutant LAMP2 variant manifested solely as 

cardiac involvement without extracardiac symptoms. Cardiac 

FIGURE 2 
99mTc-PYP scintigraphy (A) and SPECT/CT images (B) revealed a grade 3 myocardial uptake with heart (red circle) to contralateral lung (blue circle) 

ratio of 1.82 at 3hr (A).

FIGURE 3 

Schematic diagram of the new start codon (A) and the predicted structure of the LAMP-2 protein (B) compared with the mutant LAMP-2 protein (C).
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conductive abnormality presented early, with a diagnosis of Wolff- 

Parkinson-White (WPW) Syndrome in her twenties. 

Hypertrophic cardiomyopathy and heart failure emerged only 

under physiological stress, specifically, during late pregnancy 

culminating in cesarean section. Apart from mildly elevated AST 

and LDH levels, no evidence of skeletal myopathy was found. 

The patient reported no visual impairment and displayed no 

cognitive deficits. However, phenotypic expression of this 

mutation exhibits marked gender disparity. Her deceased son 

displayed signs of developmental delay and cardiac dilation at 

one month of age. According to next-generation sequencing 

(NGS) at the local hospital, the boy was also a carrier of this 

LAMP2 mutation and the clinical presentation strongly 

suggested he was succumbed to Danon Disease-related 

cardiomyopathy. Her mother’s death around age 30 from 

suspected hypertrophic cardiomyopathy—likely attributable to 

this same LAMP2 variant—further underscores the mutation’s 

poor prognosis. Heterogenous penetrance and expressivity 

observed in female carriers may stem from the gene’s X-linked 

dominant inheritance pattern, skewed X-chromosome 

inactivation and functional mosaicism in LAMP-2 expression (1, 

2, 4, 13, 14). Another initiation codon mutation in LAMP2 

(c.2T > C) was recently reported by Wang et al. (15). Although 

both mutations (c.1A > T and c.2T > C) are predicted to disrupt 

the translation initiation codon, they are associated with 

strikingly divergent phenotypes. This observation suggests that 

additional factors may modulate phenotypic expression, 

warranting further mechanistic investigation.

False-positive results of 99mTc-PYP scintigraphy are 

documented in multiple conditions (7–11, 16–21). The most 

common mimic is cardiac amyloidosis, typically light-chain 

(AL) type (6, 8, 17, 18), though rare etiology like apolipoprotein 

A-IV amyloidosis (19) and primary hyperoxaluria (causing 

myocardial oxalate deposition) (20) also occur. Other recognized 

causes include hyperphosphatemia (9), myocardial injury [e.g., 

infarction (21), direct current cardioversion (22)], and extra- 

cardiac tracer uptake from thoracic/pulmonary lesions (10, 11, 

23, 24), leading to misjudgment of semiquantitative 

measurement. Notably, Danon Disease has recently emerged as 

a novel cause of PYP false positivity (7). Antukh D, et al. first 

reported this phenomenon in a 23-year-old man in 2020, who 

presented the classical triad of cardiomyopathy, polyneuropathy 

and myopathy, highly suggestive of glycogen storage disorder. In 

our case, however, the atypical cardiac symptoms and absence of 

extracardiac manifestations created significant diagnostic 

challenges, initially masking the systemic nature of her disease. 

This experience underscores that even highly specific tests like 

PYP scintigraphy can yield misleading results. Critically, this 

diagnostic pitfall reinforces the essential role of genetic testing 

in achieving precise etiological classification for 

undetermined cardiomyopathy.

The limitation is that we were unable to conduct a 

comprehensive assessment, such as ophthalmic images, 

electromyography and intelligence assessment. Endomyocardial 

biopsy was not clinically indicated. The patient has not returned 

for scheduled follow-up. Furthermore, additional studies should 

be conducted to investigate the underlying mechanism linking 

this variant to LAMP-2 protein dysfunction and 

clinical phenotype.

Conclusion

In conclusion, this case study identified a novel initiation 

codon mutation in LAMP2 gene with strongly-suspected 

pathogenicity to Danon Disease. The first downstream ATG 

codon likely serves as an alternative translation start site, 

generating a truncated hexapeptide predicted to lack functional 

capacity in autophagy.
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