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Abstract

Danon disease (DD), a rare X-linked genetic illness with a poor prognosis, is caused by a mutation in the lysosome-associated mem-
brane protein 2 gene (LAMP2). Three main clinical features of this pathology are cardiomyopathy, skeletal myopathy, and mental retar-
dation. Most Danon disease mutations create premature stop codons resulting in the decrease or absence of LAMP2 protein.

The present case reports the frameshift variant ¢.190_191delAC in the LAMP2 in the family with sudden cardiac death history and three
members with cardiomyopathy. The presenting phenotype in a female proband with ¢.190_191delAC was isolated dilated cardiomyopa-
thy in her thirties whereas in two males, DD presented as hypertrophic cardiomyopathy and mild skeletal myopathy since childhood. To
examine the contribution of X-inactivation to cardiomyopathy onset we estimated the X-inactivation status in the heart tissue of the af-
fected female. We observed the random pattern (66:34) with the proportion of cardiomyocytes expressing healthy LAMP2 allele reduced
to 34%. Deletion ¢.190_191delAC has led to a complete loss of function LAMP2 due to a single copy of this gene in males. In a woman,
cardiomyopathy developed because of both the LAMP2 mutation and a decrease in the expression of a healthy allele in the heart.

Based on the strong association of truncating LAMP2 mutations with DD and phenotypes in affected members, the variant
¢.190_191delAC was classified as pathogenic.
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INTRODUCTION

that encodes for lysosome-associated membrane protein-2,
lower levels of which causes autophagy disrupted. The clin-

Danon disease (DD), a rare X-linked genetic illness with
poor prognosis, was described in 1981 by Danon. Three
main clinical features of the pathology are cardiomyopathy,
skeletal myopathy, and mental retardation.!!! DD is caused
by loss-of-function mutations in the LAMP2 gene (Xq24)

ical presentation is more problematic in males who are
hemizygous for LAMP2. Women are usually affected but
tend to have a milder and more variable phenotype than
males.?!

The prevalence of DD is unknown but is considered to
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be less than one case per million.[>* According to the study
of 50 pediatric patients with HCM, two cases of Danon
disease (4%) were found.l®! The estimated prevalence of
1%-6% in patients with unexplained left ventricular hyper-
trophy (LVH) was reported.'® The high prevalence of DD
(12%) was found in young female patients with non-isch-
emic heart failure.”’

In this study, we present a detailed clinical report
on familial cardiomyopathy resulting from mutation
¢.190_191delAC firstly identified in the LAMP2 gene. We
compare cardiac phenotypes between family members and
show the development of early cardiac dysfunction and
hypertrophic cardiomyopathy in males. We demonstrate a
critical decrease of healthy LAMP2 allele expression in the
female carrier heart due to X chromosome inactivation.

MATERIALS AND METHODS

Ethics statement

Informed consent was obtained from all participants and
clinical surveillance and genetic investigations were per-
formed in accordance with the recommendations of the
local ethics committee of the Belarusian State Medical Uni-
versity and the Scientific Board of the Institute of Genetics
and Cytology of the National Academy of Sciences.

CASE REPORT

A 34-year-old female patient with previous history of Cae-
sarean section was admitted to the Scientific and Practical
Center of Cardiology (Belarus) with symptoms of congestive
heart failure (HF). During the last trimester of the her third
pregnancy, she suffered from swelling, shortness of breath and
weakness. Dilatation of the heart chambers and systolic left
ventricular (LV) dysfunction were established. Her electro-
cardiogram (ECG) showed sinus tachycardia and pre-exci-
tation with a positive delta wave in the inferior leads and
negative T waves in the anterior leads. Chest X-ray revealed
massive cardiomegaly. Transthoracic 2D-Echo study revealed
global hypokinesia, severe LV systolic dysfunction and an
ejection fraction of 30%. Coronary angiography was normal.
Diagnosis of peripartum cardiomyopathy was made and the
patient received standard heart failure treatment.

During the next few months after delivery despite the
medical therapy, the patient developed progressive heart fail-
ure with symptoms consisting of decreased exercise capaci-
ty, tiredness, dyspnoea, orthopnoea, oedema, and palpita-
tions. After 14 months, she was readmitted to the emergency
department with acute heart failure, atrial and ventricular
tachyarrhythmias. The patient ultimately underwent heart
transplantation 5 weeks later.

The electrocardiogram showed atrial flutter, atypical left
bundle branch block (LBBB) with pseudo-infarction signs of
Sodi-Pollares (abnormal QS in leads I, aVL, V5-V6) (Fig.

Figure 1. Cardiac anomalies identified in the proband. A. Electrocardiogram of the proband demonstrating atrial flutter, atypical left
bundle branch block with pseudo-infarction signs of Sodi-Pollares (abnormal QS in leads I, aVL, V5-V6) and Cabrera sign (notch
on the ascending S wave in lead V4 with a duration of 40 ms); B. Cardiac MRI plan the 4-chamber cine on the long axis image shows
aneurysmal bulging of left ventricular apex with thrombus; C. T1-native mapping with signs of apical aneurysm and thrombus 34x27

mm; D. Late-gadolinium enhancement imaging on the short axis indicates presence of midwall myocardial contrast delay pattern with

extensive linear fibrosis of left ventricular free wall, anterio-inferio-lateralis and septal myocardial scarring (arrowheads); E. Tissue LV

characteristic: bull’s eye map image demonstrates late gadolinium enhancement (short axis, 16 segments; grade 0-100%) a diffuse pat-

tern of intramural and transmural fibrosis in the apex, anterior and anterolateral LV wall.
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1A). Cardiovascular magnetic resonance imaging revealed
biventricular dilatation and systolic dysfunction (15% ejec-
tion fraction of both ventricles), apex aneurysm with throm-
bosis, multiple areas of late enhancement with extensive
diffuse mid-myocardial pattern contrasting delay and trans-
mural fibrosis in the anterior and anterolateral LV wall (cal-
culated myocardial mass index 127 g/m?). Expansive fibrotic
changes in the dilated left ventricle are shown in Figs 1B-E.
The neuromuscular examination revealed no specific ab-
normalities, especially no muscle weakness. Pertinent labo-
ratory parameters included elevated lactate dehydrogenase
(420 U/I; normal range, 120-250 U/l), elevated N-terminal
pro b-type natriuretic peptide (16766 pg/ml; normal range,
0-450 pg/ml), elevated aspartate transferase (279 U/I; nor-
mal range, 13-35 U/l) and elevated y-glutamyl transpep-
tidase (99 U/l; normal range, 7-45 U/l). All other serum
parameters were normal as well as creatine phosphokinase.
Genetic evaluation and cascade screening were proposed to
the proband in that the family history construction showed
a sudden cardiac death of her mother at the age of 30 years.

Molecular genetic analyses

DNA and RNA isolation

Genomic DNA from buccal cells was extracted by phenol/
chloroform from all available family members and used for
NGS and Sanger sequencing.

To measure X-chromosome inactivation status in the
heart muscle, we isolated genomic DNA from the left ven-
tricle sample of proband II-2 obtained from heart trans-
plantation. DNA was extracted with Tri-Reagent according
to the protocol of Sigma-Aldrich (USA). Total RNA from
the control and patient’s cardiac muscle was isolated using
the Innu SPEED Tissue RNA Kit (Analytik Jena, Germa-
ny). RNA was reverse transcribed using ProtoScript II First
Strand cDNA Synthesis Kit (New England Biolabs Inc.)
and oligo-dT primers. RNA quality was analyzed by elec-
trophoresis in 1% agarose gel and spectrophotometry.

DNA sequencing

We performed the NGS of the proband (II-2) using the
TruSight Cardiomyopathy sequencing panel on the MiSeq
System (Illumina Inc., USA). We estimated the quality con-
trol of raw NGS data with FASTQC, performed alignment
using BWA against the reference genome NCBIbuild37
(UCSC hgl9), generated the VCF with GATK4 Haplo-
typeCaller. Variants were annotated by ANNOVAR using
dbSNP IDs, Exome Variant Server, The 1000 Genomes
Browser, the Genome Aggregation Database, ClinVar and
REVEL.

The Sanger sequencing was performed for variant con-
firmation and family genotyping. The exon 3 of LAMP2 was
amplified with designed primers (Supplemental Appendix

LAMP2 Deletion Causing Danon Disease

1) and FIREPol Master Mix (Solis BioDyne, Estonia), puri-
fied with ExS-Pure™ Enzymatic PCR purification kit (Nim-
aGen B.V,, The Netherlands) and directly sequenced using
Big Dye Terminator v3.1 cycle sequencing kit and 3500 Ge-
netic Analyzer (Applied Biosystems, USA).

XClI status measurement by the human
androgen receptor (HUMARA) assay

XCI status was evaluated by the methylation of Hin6I sites
in the androgen receptor gene (AR) in three independent
experiments. This gene is reliably methylated when inacti-
vated and correlated with X-chromosome inactivation. In
brief, 2 mg DNA was digested with the methylation-sen-
sitive endonuclease Hin6I in the final concentration 1U/
nl (ThermoFisher, USA). Then the AR locus, containing
(CAG)n repeat, was amplified both in digested and un-
digested DNA samples with primers, labeled with FAM
(Primetech ALC, Belarus). The primer sequences and
PCR-conditions were described previously.®! PCR prod-
ucts were detected at 3500 Genetic Analyzer and visual-
ized with the help of GeneMapper software (Applied Bio-
systems, USA). XCI status was estimated as the calculated
ratio between peak areas of the AR alleles of digested and
non-digested DNA. The same test was performed with the
affected son’s DNA obtained from buccal epithelium.

Quantitative real-time RT-PCR

To estimate the expression of healthy LAMP2 allele in
the proband II-2, we designed TagMan assay specific for
c.190_191delAC (NM_001122606.1) using Beacon De-
signer software (Bio-Rad Inc., USA) (Supplementary data,
Table 1S). The MIF and B2M were selected as endogenous
reference genes for comparative analysis of gene expres-
sion.>1% For relative quantification of LAMP2 mRNA
expression, we used RNA samples obtained from normal
heart muscles of three females (40, 42, and 64 years old) as
a control. Their tissue samples were taken during surgery
for valve or septum correction. These women did not have
dilated cardiomyopathy (DCM).

Statistical analysis

Relative quantification of LAMP2 mRNA level between pa-
tient and controls was calculated by the AACt method.!'!]
Student’s t-test determined the statistical significance to
have a value of p<0.05, which was sufficiently significant.

The statistical analysis was performed to assess whether
the heterozygotes with strongly inactivated healthy allele
tended to have earlier cardiomyopathy manifestation than
heterozygotes with weak inactivation of a healthy allele.
Published data of the XCI ratio in females with LAMP2
mutations were used to calculate Pearson correlation coef-
ficients. The statistical significance was assessed through a
confidence interval.
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RESULTS

New truncating mutation c.190_191delAC
identified in LAMP2 gene

To detect the genetic reason for dilated cardiomyopathy in
the proband, we performed NGS with the TruSight Car-
diomyopathy sequencing panel, harboured 174 genes. A
2bp-deletion ¢.190_191delAC was identified in exon 3 of
the LAMP2 gene. It results in the frameshift, creating a pre-
mature stop codon at position 11 of the new reading frame,
denoted p.Val64Asnfs*11. The total predicted length of
truncated LAMP2 protein is 74 amino-acid residues in-

stead of 410. It means the protein lacks the transmembrane
domain, cytosolic tail and most part of the luminal domain.
Such rearrangement leads to loss of LAMP2 function.
Family genotyping revealed that the proband’s two sons
have inherited ¢.190_191delAC variant. It results in the to-
tal absence of the native protein and early clinical pheno-
type in the boys. The family pedigree is shown in Fig. 2.

Males with ¢.190_191delAC show early
cardiac phenotypes

ECG abnormalities as a high ECG voltage were observed in
two sons with the mutation (III-2, ITI-3) at a very early age.
One of them (III-3) didn’t show any significant neuromus-

Figure 2. A.The family history reconstruction. The arrow denotes the proband. Symbols (+) and (-) indicate LAMP2 mutation carri-
ers and non-carriers, respectively. The absence of symbol denotes that no DNA was available for analysis. 2001, 2006, 2013 - years of
birth; B. X-chromosome inactivation pattern in the proband (II-2; extracted from heart muscle) and affected son (III-2; extracted from
buccal epithelium). Undigested (-Hin6I) and digested (+Hin6I) DNA samples are shown in the upper and lower plots respectively. The
only 288-bp PCR fragment detected in the son (III-2) indicating the chromosome bearing ¢.190_191delAC. The absence of the cor-
responding peak area after Hin6I denoted that digestion of the active allele was sufficient; C. Mutation detection by DNA sequencing;
D. Relationship between age of cardiomyopathy onset and inactivation level of a healthy allele in Danon patients. The single circles
represent the data points, the line represents the quadratic trendline of the corresponding data set, and the numbers correspond to the

cases in Table 1.
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Table 1. Published data of XIC ratio in females with LAMP2 mutations

No Percentage of inacti- Age at cardiomy- Aceat HT Mutation Method of XCI Ref
vated healthy allele  opathy diagnosis & tatt analysis elerence
75 in heart €.940delG
> j (12]
1 86 in WBCs 15 (HCM) 29 p.Ala314Glnfs*32 Flow cytometry Majer et al.
66 in skeletal
2 muscle 36 (HCM) 52 29{}?;?; HUMARA Fanin et al.[13!
60 in WBCs P2ty
. . ¢.190_191delAC, HUMARA, RT- .
3 66 in left ventricle 34 (DCM) 37 p.Val64Asnfs 11 qPCR This report
56 in left ventricle immune-
4 61 in septum 20 (HCM) 23 c.4§§;11e ;I;,fs histochemistry, Bottillo et al.['*
38 in WBCs P HUMARA
. . c.864+1G>A, Sivitskaya et
5 50 inleft ventricle 51 (DCM) 54 p.Val248_Val288del RT-qPCR AL 1151
. Asymptomatic ¢.808dupG,
B - [16]
6 70in WBCs at the age of 38 p-Ala270Glyfs*3 HUMARA Chen etal.
7 57in WBCs 25 (DCM) 28 ;ii;ﬁg:}iggcct HUMARA Gurka et al.[”]
8  46in WBCs 23 (DCM) 24 ;‘ﬁiﬁféhe g HUMARA Gurka et al.l”
Deletion of exons 4-8
9 . : 7]
40 in WBCs 12 (HCD) 21 6.17916_29069del 1154 HUMARA Majer et al
Deletion of exons 4-9C
10 30i - j 7
in WBCs 11 (HCD) 6.19925_45401del25477 HUMARA Majer et al
30in WBCs Duplication
11 gg o E?f;:l swabs ffﬁﬁﬂ“;‘ﬂ?ﬁ - ofexonsds: HUMARA  Majer et al.l!8
59 in hair follicles ’ §15815_22218dup6404
12 20in WBCs 16 (HCD) 27 ;2&2;?; HUMARA Gurka et al.l”
. Asymptomatic c.277G>A, (19]
13 18in WBCs at the age of 60 - p.Gly93Arg HUMARA Xu et al.

DCM: dilated cardiomyopathy; HCM: hypertrophic cardiomyopathy; HT: heart transplantation; HUMARA: human androgen receptor

assay; WBCs: white blood cells.

cular involvement due to his young age. However, during
the follow-up period, an elevated CK level was found (746
U/l; normal range, 24-124 U/]) and ambulatory HM study
at 7 years of age demonstrated frequent premature ventric-
ular contractions (PVCs) up to 6500 PVCs/24 h. He was
symptomatic for palpitations and Echo confirmed the mild
LV hypertrophy (LV septum thickness was 13 mm with ab-
sent LV outflow tract obstruction).

The older brother (III-2), who is mutation carrier as
well, demonstrated an extreme high ECG voltage and pro-
nounced left ventricular hypertrophy with deep negative T
waves (Supplementary data, Fig. 1S). He had elevated lev-

els of serum CK and liver ferments, mild proximal muscle
weakness, learning disability and attention-deficit hyper-
activity disorder. Abnormalities in laboratory parameters
included serum alanine aminotransferase (93 U/l; normal
range, 9-36 U/l), serum aspartate aminotransferase (115
U/]; normal range, 15-40 U/1), serum CK (945 U/L; normal
range, 24-124 U/1), serum isoenzyme CK (56 U/l; normal
range, 0-24 U/1), and serum y-glutamyl transpeptidase (72
U/]; normal range, 7-45 U/1). The chest X-ray revealed mild
cardiomegaly. Echo showed LV hypertrophy with speckles
in the myocardium and good contractility (calculated in-
dexed mass was 159 g/m?, maximum septal thickness 17

Folia Medica | 2022 | Vol. 64 | No. 5
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mm). Cardiac MRI revealed asymmetric LV hypertrophy
with papillary muscle and septum hypertrophy, fibrosis of
the anterolateral papillary muscle and LV anterolateral seg-
ments of the apex with local increase in T1- native mapping
(Supplementary data, Fig. 1S). Their clinical data at differ-
ent ages are presented in Table 2.

Except for the XCI process, other factors could affect the
in vivo allelic expression of X-linked gene.[?’! To evaluate
LAMP2 mRNA expression, we performed quantitative re-
al-time RT-PCR (RT-qPCR) and obtained similar results.
Comparing to controls, the expression level of healthy
LAMP? allele was ~70% lower in the proband II-2 than in

Table 2. Evolution of clinical phenotypes in affected family members with ¢.190_191delAC

Parameter Proband, female (II-2) Child, male (III-2) Child, male (III-3)
Age, years 34 36 10 14 3 7
Cardiomyopathy DCM DCM N HCM N HCM
Left ventricular end-dia- 158 203 62 78 37 "
stolic volume / BSA, ml/m?
Intraventricular septal
. . 10 9 12 17 6 13
diameter diastole, mm
Left ventricular ejection
. 30 15 70 74 71 73
fraction, %
Calculated myocardial
. ) 111 127 93 159 56 92
mass index, g/m
Creatine kinase level,
N N t t t t
muscle soform
Arrhythmia WPW, SVT  AE, PVCs, nsVT N PVCs (546/24h)  PVCs (354/24h) PVCs (6457/24h)
Heart transplantation, age - 36 - - - -
Skeletal myopathy N N N + (mild) N + (mild)
Developmental delay N N N + (mild) N N

1: elevated; +: present; N: negative or normal; BSA: body surface area; DCM: dilated cardiomyopathy; HCM: hypertrophic cardiomy-

opathy; AF: atrial flutter; nsVT: non-sustained ventricular tachycardia; SVT: supraventricular tachycardia; PVCs: premature ventricular

contractions; WPW: Wolff-Parkinson-White syndrome

Decrease of healthy LAMP2 allele
expression in the heart leads to cardiac
phenotype in a female

To assess the portion of cardiomyocytes expressing healthy
LAMP? allele, we measured X-chromosome inactivation in
heart muscle of proband II-2 (Fig. 2). The plots indicate a
quantitative measure of the fluorescent PCR products. The
AR gene amplification of undigested genomic DNA identi-
fied the woman as heterozygote of CAG-repeat: 282 and 288
bp fragments in equal proportion. After Hin6I-digestion and
following AR-amplification the peak areas were decreased
according to the methylated status of the gene. As a result,
we observed random X-inactivation at 66:34 ratio. It means
that the proportion of cells expressing healthy LAMP2 allele
of the X-chromosome (282 bp) was reduced to 34%.

control subjects (0.31+0.04, p<0.05). It means, only one-
third of LAMP2 transcripts can be translated into the native
protein. We did not observe the skewed XCI in proband II-
2, but the obvious decrease of healthy allele expression in
the heart led to severe cardiac phenotype.

We found 13 detailed reports of DD cases published un-
til January 2021 where XCI status was measured (Table 2).
Of note, the XCI ratio was variable in different tissues: the
X-inactivation in urine, hair follicles, buccal swabs and leu-
cocytes did not correspond to that in affected tissues (heart,
skeletal muscles). To assess the relation between XCI pat-
tern and age of cardiomyopathy onset, we considered only
cases where XCI was measured in skeletal or cardiac mus-
cles (n=5). We had to exclude from analysis asymptomatic
persons as well because it is possible that they will develop
symptoms in the future. Despite these limitations, we have
attempted to evaluate the relationship between the XCI and
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age of cardiomyopathy onset and found a visible inverse
linear correlation (Fig. 2D). Women with strongly inacti-
vated healthy X-chromosome had earlier LAMP2-cardio-
myopathy manifestation compared with weak inactivation.
Nevertheless, the Pearson correlation coefficient was statis-
tically insignificant -0.63, CI 95% [-0.97:0.56].

DISCUSSION

We identified a new LAMP2 variant in a family with a
history of heart failure and described disease variabil-
ity and outcomes in three affected members. The variant
¢.190_191delAC leads to severe morbidity for male and fe-
male carriers and can be classified as pathogenic according
to the criteria reported by Richards et al.?!) In the present-
ed case the affected woman (II-2) has only cardiac involve-
ment manifested as phenocopy of dilated cardiomyopathy
in her thirties. The search for a causal variant by NGS led to
the identification of new LAMP2 mutation and correction
of the initial diagnosis for Danon disease. This pathology
often stays unrecognized in women due to the absence of
the specific signs. Because females have two X chromo-
somes, they have a milder and more variable phenotype
than males. The onset of DD is in late adulthood and shows
a slower progression. In the observed family, the presenting
phenotype in the female proband was dilated cardiomyop-
athy in her thirties, whereas her two sons had hypertrophic
cardiomyopathy since their childhood. As is expected, the
clinical picture for the sons does not promise an optimistic
scenario.

Like many other X-linked diseases, the severity of DD
in females depends on XCI status in affected tissues. How-
ever, the data on the impact of XCI on Danon phenotype
published until today is limited (Table 2). We consider it
is important to collect data about the DD onset and XCI
status in women. This must have prognostic significance,

Appendix A. Supplementary data
Table 1S. Specification of LAMP2 primer and probe sequences

LAMP2 Deletion Causing Danon Disease

especially in families where several female members carry
LAMP2 mutation. In the case published by Arad et al.l?%,
seven women with the pathogenic LAMP2 variant have
been reported in the same family. Six of them were asymp-
tomatic at the age of 14-49 years at the moment of publica-
tion, while one woman died from congestive heart failure
at 44 years. This variability can be explained by the different
degrees of the mutant X chromosome inactivation: more
in asymptomatic members and less in a deceased woman.
Moreover, DD cannot be excluded in young asymptomatic
females in their future life. Disease development prognosis
is required for such families.

We have attempted to evaluate the relationship between
the XCI in muscle and cardiomyopathy onset as the main
life-threatening symptom. The limited data did not allow us
to demonstrate the reliable linear correlation. But these re-
sults reveal the need for further investigation of tissue-spe-
cific XCI and clinical outcomes in female DD patients.

Unfortunately, the XCI status in blood cells as the most
available tissue is not appropriate for DD prognosis. The
XCI pattern is specific to tissue or organ compartments
where clinical features are observed - heart, skeletal mus-
cle and brain. Since the heart tissue is often unavailable for
investigation, the severity of cardiac phenotypes in women
with LAMP2 mutations remain difficult to predict.

In conclusion, the 2bp-deletion ¢.190_191delAC in
LAMP?2 was identified in the family with sudden cardiac
death history and three members with cardiomyopathy.
Based on the strong association of truncating LAMP2
mutations with Danon disease and clinical phenotypes
observed in carriers, ¢.190_191delAC can be classified as
pathogenic. In males it led to completely lost of function
LAMP2 due to a single copy of this gene. In a woman, car-
diomyopathy developed because of both the LAMP2 muta-
tion and a decrease in the expression of a healthy allele in
the heart.

duct length,
Primer name Binding site position Sequence (5’-3) pro ui)p eng
Primers used for Sanger sequencing of exon 3 (refer to NM_007995.1)

LAMP?2 (3F) 19116-19135 GGGGTCAGTGGGAGGGTTAT

490
LAMP2 (3R) 18646-18665 CACAGCAAACCAGGCAAAGG

TaqMan assay for exon 3 of LAMP2 (refer to NM_001122606.1)
F(LAMP2_ex3) 284-303 ATTCAGAAAATGCCACTTGC
R(LAMP2_ex3) 411-430 TCTGATCATCCCCACAAATG 146
Probe (LAMP2_ex3) 359-385 FAM-CTTATAAAACTGTAACCATTTCAGACC-BHQ1
Folia Medica | 2022 | Vol. 64 1 No. 5 859
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Figure 1S. Cardiac abnormalities in carrier (III-2) LAMP2 mutation: (A) Patient’s ECG is registered at age 14, showing normal sinus
rhythm, LV hypertrophy and prominent T wave inversion in leads I, V3-V6; (B) Cardiac MRI plan the 4-chamber cine on the long axis
image shows LV hypertrophy (maximum septal thickness 17 mm); (C) Cardiac short-axis orientation with two-chamber view image of

LV hypertrophy; (D) Late-gadolinium enhancement imaging on the long axis indicates presence of midwall myocardial contrast delay

pattern with fibrosis of the anterolateral papillary muscle and anterolateral segments of the LV apex (arrowheads); (E) Tissue LV char-

acteristic: bull’s eye map image demonstrates late gadolinium enhancement (short axis; grade 0-100%).
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Pe3tome

Bonesnp anona (B]I) - penxoe X-clerieHHOe 3a60/eBaHMe ¢ IVIOXMM IIPOTHO30M. PasButie 60/e3HM CBA3aHO C MyTalVAMU B TeHe
JIM30COMa-acCOLMIPOBAHHOrO MeMOpaHHoro npoTenHa 2 (LAMP2). Tpemsi OCHOBHBIMM KIMHMYECKUMM IPU3HAKAMI STON ITATOTOTUI
SABJLIOTCS KapAVOMMOIIATIA, CKe/leTHAsl MUOTIATI M YMCTBEHHast OTCTA/IOCTb. BOMBIIMHCTBO My Talil, CBsI3aHHbIX ¢ 60/e3HbI0 JlaHOHa,
006pasyroT mpex/eBpeMeHHbIe CTOI-KOJJOHBI, YTO MIPUBOINT K CHIDKEHMIO KOMMYECTBA VMIN IIOJTHOMY OTCYTCTBMIO 6erka LAMP2.

B crarpe ommcan BapumaHT caBura pamkm cunteiBaHus ¢.190_191delAC B LAMP2, BbIsIB/IEHHBI B CEMbe C BHE3AITHON CepeTHOI
CMepTBIO B aHaMHe3e Y KapAMOMMoNaTyell y TpEX e€ 4IeHOB. Y KeHIIMHBI-Ipoban/a BapyuaHT ¢.190_191del AC BbI3Ban passutye 130-
JIMPOBAHHOI AMIATALMOHHO KapanoMuonaTuu B Bospacre 30 JieT, TOIa KaK y IBYX YIEHOB CEMbM MY>XCKOTo mona bJl nposasumacy
runepTpoduuecKort KapAMOMUOIIATHEN U NETKOI CKEeeTHOM MUOIIaTell B e TCKOM BO3pacTe.

YTOO6BI U3YIUTD POJIb MHAKTYBALUY X-XPOMOCOMBI B Pa3BUTUY KapMOMMOIATU, MBI OLIEHV/IM CTaTyC X-MHAKTUBALIVN B CepAEYHON
TKaH!U npobaHna. Mbl HabMOgaMM CIyYaiHblil HaTTepH (66:34) ¢ yMeHblIEHNEM 0NN KapAMOMMIOLUTOB, SKCIPECCUPYIOLINX HOP-
ManbHbI annens LAMP2, no 34%.

Folia Medica | 2022 | Vol. 64 1 No. 5 861



L. Sivitskaya et al.

Henerps ¢.190_191delAC mpuBerna k nonuoit motepe ¢yukunu LAMP2 y My>4uH 13-3a fMHCTBEHHOI KON 9TOTO TeHa. Y KeHIIMHBI
KapAMOMIOIATHA ABU/IACh Pe3Y/IbTaTOM KaK caMoit MyTanyu B LAMP2, Tak 1 CHUYKeHMeM 9KCIIpeccuy HOpMayIbHOI KOIINY T'eHa B CepALie.
Ha ocHOBaHMY ABHOII acCOLMALY My TallMii, IPUBOAAILUX K 00pa3oBaHmIo ycedeHHOro Oenika LAMP2, ¢ Bl u cnernuduyuHbIX ¢peHo-
TUIIOB Y TPEX YIEHOB CEMbY, BAPUAHT C. 190_191delAC 6b11 K]IaCCI/I(l)I/IL[I/IpOBaH KaK ITaTOT€HHBIN.
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