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1.INTRODUCTION
1.1 Hypertrophic cardiomyopathy

Hypertrophic cardiomyagthy (HCM) is a complex and relatively common genetic cardiac
disease characteed primarily by unexplained left ventricular hypertrophy [reviewed in
detail in(1-4)]. The cavity of the lafventricle is typically narrowAccording to current
literature data the disease is more frequent, then it was previously thought as its prevalence
was shown to be 1/560000 (5). The clinical phenotype is heterogenea@ns dinically

the patients may be asymptomatic, but the develapwfesymptoms in form of dysgea,

chest pain, palpitation or syncope is more typical. HCM is an important cause of disability
and death in patients of all ages, although sudden and unexpleetitr in young people is
perhaps the most devastating component of its natural history. The overall risk of-disease
related complications such as sudden death;stagk heart failure, and fatal stroke is
roughly 12% per year, but the absolute risk individuals varies as a function of
underlying genetic abnormality, age, myocardial pathology, and other pathophysiological

abnormalities such as impaired peripheral vascular responses.
1.2 Molecular and clinical genetics of hypertrophic cardiomyopathy

Hypertrophic cardiomyopathys an autosomal dominant inherited genetic disorder with
variable expression and penetrandsing molecular genetic methods specific alterations
in genes encoding for mainly sarcomere proteins were found to cause the disease
appoximately 60% of individuals with HCMTable 1 reviewed in detail in6,7)]. The
most important affected genespheated in the disease include the beta myosin heavy
chain (MYH?) (8), the alpha tropomyosi{TPM1) (9), the troponin T (TNNT2 (9), the
myosin binding protein CMYBPC3J3 (10,11), the troponin4 (TNNI3) (12), the essential
(MYL3 and the regulatory myosihght chain (MYL2) (13), the alphecardiac actin
(ACTC) (14) and the titin TTN) geneq15).

1.3 Hypertrophic cardiomyopathy phenocopies

Mutations affectig sarcomere genes are present ¥6@% of HCM patients. In-20% of

the cases mutations affect genes which may lead to HCM phenqcopialiseases that
mimic HCM but are caused by other etiologies capable of producing myocardial
hypertrophy(e g. Fabrydisease, Danon disease, transthyretin amyloidosis (&8.)n the
remaining 2625% of the cases the cause of HCM is still unkndB8eme of the inherited

syndrones, as well as metabolic and mitochondrial disorders, can present as clinical



Gene Symbol Locus Prevalence (%)
beta myosin heavy chain MYH7 14912 1525
myosin binding protein C MYBPC3 11pl1.2 1525
troponin T TNNT2 1932 <5
troponin | TNNI3 19913.4 <5
troponin C TNNC1 3p2kpla <1
alphatropomyosin TPM1 15922 <5
alpha cardiac actin ACTC1 15q14 <1
essential myosin light chain MYL3 3p21.31 <1
regulatory myosin light chain MYL2 12g24.21 <2
titin TTN 2g31 <1
AMP actv at e d pro t e PRKAG? 7434036 <1
regulatory subunit

Table 1. Affected sarcomere genes and their prevalence in hypertrophic cardiomyopathy.

phenocopies and can be distinguished by their associated cardiac and noncardiac features
and on the basiof their uniquemolecular genetics. The mode of inheritance, natural
history and treatment of phenocopies can differ from those of HCM caused by mutations in
sarcomere genes. Detailed clinical evaluation and mutation analysis are, therefore,
important in providing an accurate diagnosis in order to enable genetic counseling,

prognostic evaluation and appropriate clinical management.

1.3.1. Danon disease

Danon disease (OMIM 300257) is a rare Kinked dominant disorder characted by
cardiomyopathy, sketal myopathy, and mental retardation. In 1981, Moris J. Danon and
colleagues reported two unrelated bdéyst with the clinical triad (17)Since then, there

have been a number of additional case reports in the English literature. While skeletal
myopathy is generally mild and the mental retardation variable, it is hypertrophic
cardiomyopathy which dominates the clinical picture with intracytoplasmic vacuoles
containing autophagic material and glycogen in skeletal and cardiac muscle cells and
determines tb outcome. Cardiac symptoms in male carriers usually begin during
adolescence, and patients die of heart failure in their third decade. In contrast, skeletal
myopathy is usually mild, weakness and atrophy predominantly affect shoulder girdle and
neck musas, but distal muscles may also be involved. Women are less severely affected

than men, with disease onset in late adulthand with slower progression (18)/omen
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tend to exhibit a dilated rather thamypertrophic cardiomyopathy (19)he distal skelet
muscles areless commonly affected in men (18Mild mental retardation and
hepatomegaly are reported in 70% of male patients and 36%enoéld patients,
respectively (2Q)Blood creatine kinase (CK) levels are usually elevgtanging from

300 3,000 UL). Myopathic motor unit changes and, occasionally, abnormal spontaneous
activity has been described de@romyographic examination (20)

Danon disease is caused by the primary deficiency of lyseassuziated membrane
protein2 (LAMP-2). Inheritanceof Danon disease has been considered to {iek&d
dominant because in most familial cases males are affected predominantly, affected
mothers usually have milder and laterset cardiac symptoms, and no rralenale

transmission has been described.

The LAMP2 gene is located on thehromosome region Xqg24. The LAMP protein
structurally consists of a small cytoplasmic tail with a lysosomal membrane targeting
signal, a transmembrane domain, and a large intraluminal head with two internally
homologous domasiconnected by a hinge region rich in proline, serine or thre@ine
each domain contains four cysteine residuasfttrm two disulphide bonds (21)AMP-2
proteins coat the inner surface of the lysosomal membrane (mainly £Z8viBoform)

and are also almdant on the plasma membrane (mainlMP-2A and LAMR2C
isoforms) (22) TheLAMP2 open reading frame consists of 1,233 nucleotides and encodes
410 amino acids. Exong & and part of exon 9 encode the luminal domain; the remainder
of exon 9 encodes both ghtransmembrane domain and the cytoplasmic domain.
Alternative splicing close to the three primed end of the primary transcript generates three

isoforms which differs in the transmenabe and cytoplasmic domains (23)

The molecular diagnosis of Danon disednas so far been based on the demonstration of
LAMP-2 protein deficiency in skeletal or cardiac muscle and/or the identification for
LAMP2 gene mutations. However, because of the rarity of the disease, clinical knowledge
is relatively scarce with regat phenotypic manifestation of the disease and therefore

any additional clinical information is of value.

1.32. Fabry disease

Fabry diseas€dFD, OMIM# 301500) is a rare Xinked recessive disorder caused by
mutations in theSLA gene(OMIM# 300644) encaling a lysosomal hydrolase enzymé,
galactosidase AUgal A; GLA; EC 3.2.1.22 reviewed in detail in(24)]. Mutations
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affecting the GLA gene and enzyme will result in the accumulation of complex
sphingolipids, mainly globotriaosyleramide (Gb3) in the lysosome, which subsequently
will lead to Fabry disease, a systemic disorder with multiple organ involvemettie
hemizygous patients, symptoms are typically first experienced in early childhood,
consisting of acroparesthesia, abdominal pain and fever. During adolescence, the affected
subjects may exhibit angiokeratomas, hypohidrosis, proteinuria, progressive renal
insufficiency and cornea verticillata. Progressing with age, patiemy manifest
cardiomyopathyarrhythmia and cerebrovascular complications in the fourtiadbgf24).

Cardiac involvement adeft ventricular hypertrophy, hypertrophic cdiomyopathy and
conduction disturbances are detected in 60% of Fabry patients. The most common causes
of death are renal failure, hearilfse and/or heart attackyyocardial infarction andtroke

caused by the deposited and accumulated lipid degradation products, the globetriaosyl

ceramide in the vessels.

The human lysosomdllgalactosidase A enzyme is encoded byuaique geneGLA
(OMIM#300644) locatedon the long arm of chromosome X (Xg2932). Themajor
transcript ofGLA gene consists of six introns and seven exzamprisingl1318 base pairs
(bp). It encodesa homodimeic glycoprotein composed @f29 amino acig The major
function of the emyme is to hydrolys the molecular parts of terminal alppalactosile
from glycolipids and glycoproteins. Pathological changes in @LAoth the gene and its
encoded protei®d resut in storage of complex sphingolipids in the lysosome, mainly
globotriaosyiceramide which in turn causes Fabry diseagarrently 664GLA gene
mutations are known in the literature, which may be associated with the development of
Fabry diseaselhere isextensive allelic heterogeneity, but no genetic locus heterogeneity
in the disease.

According to thedegreeof enzyme deficiency the disease can clinically manifest in 3
different forms. Homozygous maledo not show anyU-galactosidase activity in the
plagna, leading to the manifestation of the classical form of Fabry disease. If+low
galactosidase enzyme activity is observed in the homozygous m#8%o(6f the normal
activity), the disease can manifestanatypical form. Probablyhis is the most comon
variant. Heterozygous females can present very variable enzyme levBl%) and

clinical manifestations due to randoraciromosome inactivean (25).
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1.33. Transthyretin amyloidosis

Amyloidoses are a group of diseases which are caused by exteaceiposition of
morphologically indistinguishable matesalcalled amyloid. In approximately 95%
amyloid consists of fibrils formed by aggregation of misfolded insoluble proteins, the
remaining 5% being the P component (pentameric protein, membdre gbentraxins
family of serum proteins) and other glycoproteins such as proteoglycahsufiated
glycosaminoglycansunder the light microscope the amyloid appears as an eosinophilic
amorphous substance in hematoxylieosin stained sections. Amyloidnlis Congo red

dye andwhen stainedproduces apptgreen birefringence under polat light, which is
used as mlardioodiagndsH263 t a

The precursor protein may be presenan abnormal form and quantity in the serum. It is
unclear what mads these proteins amyloidogenAmyloid deposition can affee variety

of tissues, organs, most commonly the kidneys, liver, heart, autonomic nervous system,
either multiple or isolated organs of the body. Clinical signs arise fronddheged
function d the infiltrated organs and highly dependn the degree ofinvolvement
According to statisticglerived from autopsy series tipeevalenceof the disease 6.5
2.2%.

The involvemenbf the hearis the most common iall three form of amyloidosisT@ble
2). Immunoglobulin light chain deposition occurs in AL amyloidosWild-type
transthyretin protein accumulates $SA (senile systemic amyloidosis) amyloidpsikile
mutant tansthyretin protein is depositéd ATTR amyloidosis(27). In additionto the
above serumamyloidA amyloidosis (AA) and isolated atrial amyloidosis (AANIByms
further groupg28, 29).

Familial TTRIlinked amyloidosis (ATTR) is an autosomal dominant genetic disorder with
incomplete penetrance, caused by mutations in the traesthygene TTR encoding
transthyretin protein (30). The gene for humanditayretin TTR MIM# 176300) maps to
chromosome 18 (18g12.1). The major transcripT DR gene consistsf 3 introns and 4

exons comprising 957 base pairs (bp). It encodes a htraratric transthyretin protein of

147 amino acids. Transthyretin is a KBa homotetramer transport protein in the serum

and cerebrospinal fluid that carries the thyroid hormone thyroxine (T4) and 1ieithclrhg

protein bound to retinol. The liver secrete@ansthyretin into the blood, and the choroid

pl exus secretes TTR into the cerebrospinal

structure. Each TTR monomer is a #28idue polypeptide rich in beta sheet structure.
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Type Precursor protein Site of synthesis | Organ manifestation
i . kidney, heart, gastrointestinal
ight chain kappa or .
AL bone marrow tract, liver, nervous system, soft
lambda ;
tissue
ATTR mutant transthyretin liver nervous system, heart
SSA wild type transthyretin | liver heart
kidney, gastrointestinal tract,
AA serum amgloid A liver liver, nervous system, spleen
(rarely heart)
AANF atrial natriuretic peptide| atrium atrium

Table 2 Main forms of sstemic amyloidosis affecting the heart

Association of two monomers via their bataands érms an extended beta sandwich.
Further association of two of these dimers in a -fadece fashion produces the
homotetrameric structure and creates the two thyroxine binding sites per tetramer. This
dimerdimer interface, comprising the two T4 bindiniges, is the weaker dima&limer

interface and is the one that comes apart first in the process of tetiiaeuaiation

In SSA the deposition of wild type transthyretin leads to symptoms typically at age of 70
80 years, while in hereditary amyloidosis tfisease usually manifests around age of 60
yeas. Transthyretin amyloidosispigally affects two organ systemtherefore the disease
leads to two main phenotypes: in familial amyloid polyneuropathy the phenotype is
dominated by neuropathy, while in fdmi cardiac amyloidosis cardiomyopathy
predominates. However, considerable overlap exists between the two major phenotypes.
Besides the two main forms, oculteningeal forms of the disease are also known (30).
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2. AIMS

Previous to our work, no informatiomas available with regard to the occurrence of HCM
phenocopies in Hungarian patients with hypertrophic cardiomyopathy. As HCM
phenocopiesubstantiallydiffer from those of HCM caused sarcomerianutationswith
regard to genetic counseling, prognostralaation and appropriate clinical management,
their accurate diagnosis bytdi#ed clinical evaluation and mutation analyssf great
clinical importance Therefore,our aim was to screefilCM patients withsuspected
multisystem symptomsuggestindHCM phenocofes.

In my PhD work | aimed to:

1. Identify mutations affecting thigsosomeassociated membrane prot@fiLAMP?2)
gene in patients witeuspectedanon disease

2. |l dentify mut at igalactwsidasd AGLA)tgéne o patiemts with
suspectedrabry disease

3. Identify mutations affecting the transthyretiiiT® gene in patients wituspected

transthyretirmamyloidosis

4. Conduct clinical and geneticreening of family members of patients witAMP2,

GLAandTTRgene mutations
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3. PATIENTS AND METHODS
3.1. Patients

Patients with the suspicion of HCM phenocopies were aedlyin all cases collection of

case history data, physical examination, overviéwavailable clinical documentation, <12

lead ECG and transthoracic echocardiography were carried out. In dedasts patients

were hospitalied for detailed irhospital cardiology assessment {23ur Holter
monitoring, stress test, semsupine bicycle tsess echocardiography, cardiac MRI,
coronarography, haemodynamic study). In all cases the diagnosis of HCM was based on

internationally accepted diagnostic critef2a4).

3.1.1.Screening for mutations in theLAMP2 gene in mtients with suspected Danon

disease

We analged two unrelated patientsind their familieswith HCM morphologyand the
suspicion of Danon disease

Family A

In Family A, the index patient, a Ruman boy Figure 1, subject Ill:1 in Family A), came

to medical attention at the age of 12 years because of a heart murmur. HiFiBQ€ 2,
Panel A showed a sinus rhythm with a short PR interval and a wide QRS complex with
delta waves resembling the WeParkinsoAWhite (WPW) pattern. Echocardiography
revealed massive asymmetric left ventricular (LV) hypertrophy, predominantly of the free
wall (interventricular septum thickness: 30 mm, and LV free wall thickness: 39 mm),
preserved LV ejection fractio(LVEF: 64%), systolic anterior movement of the mitral
valve, severe obstruction of the LV outflow tract (LVOT) with a peak systolic gradient of
178 mmHg and severe mitral insufficign¢Figure 2, Panel Cand Table 3. The
hypertrophy involved the right vérrcle, too.

At the age of 14 years, progressive muscle weakness developed. The clinical assessment
showed an asthenic body constitution (body mass index: 16.14) and proximal atrophy of
the scapulohumeral muscles. He had a moderate mental retardatioanwih of 48

(Raven scale) and affective and cognitive immaturity. The neurological findings revealed a
proximal motor deficit, severe muscular atrophy with deltoid and triceps
pseudohypertrophy, bilateral talus varus and osteotendinous hyporeflexiaabbnatdry

findings indicated elevated levels of transaminases [GPT: 183 U/l (normal rdrige: 2

U/l), GOT: 376 U/L (normal range:-28 U/l)], creatine phosphokinase (CK): 1236 Ul/I
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(normal range: 2270 U/L), and lactic dehydrogenase (LDH): 833 U/l (norraalge: 40
300 U/l). On the basis of the above findings, kgilmle muscular dystrophy was

diagnosed.

At the age of 15 years, still with preserved LV function (LVEF: 62%), an implantable
cardioverter defibrillator (ICD) was implanted as primary prophgldar sudden cardiac
death (SCD) according to recent guidelif28). Three years later, the patient presented
sewral episodes of atrial flutter, with variable 3:1, 4:1, 6:1 AV block, responding to
cardioversion. In the last year of his-§4arlong follow-up, the proband (now 23 years

old) progressed into a dilated phase, exhibiting left ventricular dilatation (IDvVEdsed

from 30 mm to 41 mm) and a decrease of the LVEF from 64% to 35%. There is also
echocardiographic evidence of thrombi in the left atrium and ventricle, and because of this
oral anticoagulant treatment was started. The patient has chronic atritifm with a

low ventricular response rate ®@f beats/minute.

Family screening revealed a rich family history. Thaternal grandmother (Figure 1,
subject I:2 in Family A) had a newbstructive hypertrophic cardiomyopathy, heart failure
of New York Heart Association (NYHA) functional class Ill and chronic atrial fibrillation.

A VVI pacemaker was implanted at the age of 44 years as antibradycardia protection.
Death occurred at 60 years because of heart failure.nidtber of the index patient
(Figure 1, subject 1I:1 in Family A) has ECG changes with negative T waves iv¥&4

but no clinical signs of Danon disease. Thaternal half-brother (Figure 1, subject III:6

in Family A) was diagnosed with hypertrophic rolpstructive cardiomyopathy, muscular
dygrophy (elevated transaminases GOT: 360 U/l, GPT: 373 U/l, CK: 1739 U/MBK

11,7 ng/ml, and LDH: 1004 U/l) at 20 years of age. At the age of 25 years, ICD
implantation was performed for the primary prevention of SCD and for atrial fibrillation
with low ventricular response rates of-38 beats/minute. At 29 years of age, he died as a
consequence of progression to severe heart failure and strokendd of the index
patient Figure 1, subject 1:3 in Family A) was diagnosed with robstructive
cardionyopathy, atrial fibrillation, heart failure, and later third degree AV block at the age
of 23 years. He received a pacemaker, and died at the age of 34 yeansntfof the
index patient Figure 1, subject 11:6 in Family A) was diagnosed with Roinstrucive
hypertrophic cardiomyopathy at the age of 18 years. Six years later, atrial fibrillation,
LBBB and severe heatrt failure with LV dilatation and decreased LVEF (LVEDD: 59 mm,
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and LVEF: 25%) occurred. A DDD pacemaker implantation was proposed, but she die
suddenly.

The cousin of the index patientHigure 1, subject III:5 in Family A) presented with
obstructive hypertrophic cardiomyopathy, mental retardation and muscular dystrophy of
limbT girdle type at the age of 13 years. His echo findings includedesévehypertrophy,

more pronounced at the free wall than at the seffiit@rventricular septum thickness: 25
mm, and LV free wall thickness: 40 mm), aod outflow tract obstruction with a gradient

of 57 mmHg Figure 2, Panel Dand Table ). His laboratoryfindings also showed
increased levels of transaminases, CK and LDH (GOT: 234 U/l, GPT: 360 U/Il, LDH: 1254
U/l, and CK: 1329 U/l). An MRI assessment confirmed the massive LV hypertrophy (LV
free wall: 42.3 mm and interventricular septum: 30 nkigure 2, Ranel E and . Late
gadolinium enhancement revealed focal changes in the basal and apical septum, and also in
the free wall of the LV. In the last year of hisydarlong follow-up, progression into a
dilated phase was observed with systolic dysfunctiorE@D increased from 25 mm to

56 mm, and LVEF decreased from 88% to 45%).

Family A Family B

4 o—0O

I 12 11 1:2

OO O O M 0O

Jejuiel ]

’ i n2 3 4 6 ns

1

Figure 1. Pedigrees of the LAMP2 gene mutation carrier Family A and Family B. Squares and circles denote
males or females, respectively; filled symbols represent clinically afféantaly members. Arrow points to
the index patients. Deceased individuals are slashed. Mutation carriers are labelled with a plus (+) sign,
non-carriers with a minusi() sign.

Family B

In Family B, the index patient was a Hungarian bBig(re 1 subjectll:1 in Family B),

who was first admitted at the age of 14 years because of eximtigeed tachycardia.
ECG showed a sinus rhythm, a short PR interval and left ventricular hypertrophy.
Echocardiography revealed nobstructive hypertrophic cardiomyopgtivith a LV wall
thickness of 16 mm and a normal LV ejection fraction (LVEF: 73%). The laboratory
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findings included elevated enzyme levels (CK: 729 U/l and LDH: 1149 U/l), with a normal
CK MB fraction (41 U/l, 5.6%) and elevated transaminases (GOT: 248nd/IGPT: 190
u/).

On follow-up, elevated CK levels persisted in the range-BEI0 U/l, with normal MB
fraction and troponin levels, but signs or symptoms of muscle wasting or weakness did not
develop. Followup echocardiography recorded an increadevirwall thickness (LV wall
diameter 2628 mm). Audiometry revealed a lefided mild neural hearing loss; the
ophthalmology was normal. Mild mental retardation was present.

At the age of 15 years, cardiac arrest occurred on mild exercise, due to vantricul
fibrillation (the first recorded rhythm in the ambulance), which was successfully
defibrillated. For secondary prevention, a DDD ICD was implanted. After ICD
implantation, an inappropriate ICD discharge occurred because of supraventricular
tachycardia. An EP study was performed which revealed a concealed geptiisian
accessory pathway and an inducible orthodromic AV tachycardia under isuprel infusion.
Non-sustained atrial tachycardia was also induced. Ablation of the accessory pathway was
attemptedand proved successful, but a second ablation was necessary three years later,
after multiple episodes of ICD inappropriate discharges induced by supraventricular
tachycardia. A detailed EP study was again performed and a second accessory pathway

was elimhated successfully at the anterior segment of the mitral ring.

At the age of 19 years LV dilatation was noted (LVEDD: 46 mm and LVESD: 37 mm)
with a mild decrease in EF (EF: 48%), and the patient was evaluated for heart
transplantation. On oxgpiroerganetry, the aerobic capacity was measured as 14.2
ml/kg/min. In a 6min walk test, he walked for 330 m without desaturation. An
endomyocardial biopsy was also performed, which showed severe cardiomyocyte
hypertrophy withextensive sarcoplasmic vacugaliion compatible with Danon disease
(Figure 3, Panel AD).

Four months later, at the age of 20 years;defed hemiparesioccurred due to an acute
ischemic stroke, which showed spontaneous regression without thrombolysis. Soon after,
bi-ventricular heart fdure and lowoutput syndrome developed, aggravated by
bronchopneumonia, and the patient died because of intractable heart failure. The last
echocardiography showed an LVEDD of 61 mm, and LVESD of 49 mm, and an EF of
40%.



19

The mother of the index patientHigure 1, subject I:1 in Family B) was first assessed at
the age of 44 years when she exhibited normal echocardiography parameters
(interventricular septum: 10 mm, LV free wall: 10 mm, LVEDD: 47 mm, LVESD: 31 mm
and EF: 63%). An ECG showed a sinus rhythm4fnin with biphasic T waves in V2.

After having two syncopal episodes at the age of 48 years, atrial tachycardia and a

junctional escape rhythm were found, leading to the performance of an EP study. This

Figure 2. ECG and morphological appeararmfeDanon disease. 12ad resting ECG of the index patient in
Family A (subject Ill:1, Family A; Panel A) and his cousin (subject 11I:5, Family A; Panel B) showing sinus
rythm, left axis, short PQ interval, and delta waves in leads |, aVL, ar@] X&semling WolffParkinson

White syndrome. Paper speed 25 mm/s, calibration 5 mm/mV. Panel C: Parasternal short axis view of
transthoracic echocardiography of the index patient of Family A (subject Ill:1, Family A) showing extreme
concentric left ventricular hygrtrophy, with left ventricular wall thickness of-36 mm, predominating at

the left ventricular free wall. Panel D: Parasternal long axis view of transthoracic echocardiography of the

cousin of the index patient (subject I11:5, Family A), showing extmmneentric left ventricular hypertrophy,
with left ventricular wall thickness of 286 mm, predominating at the left ventricular free wall. Panel E and

F: Cardiac magnetic resonance imaging of the cousin of the index patient (subject III:5, Familywihgho
massive hypertrophy of the left ventricle (LV free wall: 42.3 mm, interventricular septum: 30 mm) with late
gadolinium enhancement revealing focal changes in the basal and apical septum, as well as in the free wall

of the left ventricle.
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study showedmultiple atrial tachycardias (ATs) witldivergent mechanisms and
localisations. Altogether 3 different ATs were inducible and two of these tachycardias
were ablated successfully (one right atrial cavotricuspgiaimusdependent flutter and
another focalleft atrial tachycardia with a posterolateral origin). The most likely
mechanism of the third tachycardia was a maesmtry, propagating around the left atrial
appendage, but this arrhythmia was not mappable completely because of spontaneous

termination.

The youngerbrother of the index patientHigure 1, subject II:2 in Family B) had no

symptoms at the age of 12 years, and exhibited normal ECG and echocardiography.

- Ny T Rt ' % N - o . y v SRIVD,
87 ; e’ > ¢ { VRS

Figure 3. Histology of LAMP2 vacuolar cardiomyopathy. Panel A: Hypertrophied cardiytgswith

myofiber déarray and sarcoplasmic vacudison. Hematoxylireosin; original magnification x20. Panel B:
PASpositive (proved diastagsesistant) sarcoplasmic inclusions (arrowheads), irregulédespread

sarcoplasmic vacuoléion, and markedhypertrophy of the cardiomyocytes. Sarcoplasmic glycogen content

seems not to be increased. Periodic asithiff, original magnification x40. Panel C: Autophagic vacuoles

among myofibrils, with disrupted limiting membranes. Electron microscopy, origirgifitation x7500.

Bar represents 1 Om. Panel D: Perinuclearly |l ocat ec

limiting membranes. The vacuoles contain glycogen particles (arrowleadjegenerated cellular

membranes. The autolysosome filldthwlense material (arrow) corresponds to the RASItive inclusions

shown in Panel B. Bar represents 1 Om
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3.1.2. Screening for mutations in the GLA gene in mtients with suspected Fabry
disea®

A tot al of 21 patients ( lyéry,wihnsaspectedFabrge n ;
disease, underwent screenif@grdiac involvemenivas presenn 18 cases asypertrophic
cardiomyopathf 9 women, 4 me nyeardmoeletventdcglar hypedtitghy
(1 woman, 4  me nyeard;mvbile restrimtee eand &litat8d7 cardiomyopathy,
one case each, was also includedone case the diagnosis of cornea verticillata indicated
the screening. Noenardiac signs included neurologic renal, ocular or dermatological
symptoms. During the screening protocol gfemanalysis of the coding regions of tBeA
gene was performedn all cases the diagnosis of cardiomstbpes was based on
internationally accepted diagnostic criterja-4). Non-cardiac manifestatiorincluded
neurological symptoms ir® cases (cerebrovascular insult, sient isclemic attack,
acropaesthesia and white matter damage confirmed by @Ral symptomsn 6 cases
(proteinuria, nephropathy, renal @), ocular symptomsn 2 cases (cornea verticillata,
retinal dystrophy),dermatological symptomg 2 cases anather, not HCMspecific
cardiac symptomi 3 caseg3rd degreeAV block, markedrestrictive physiolog with the

exclusion ofamyloidosis) Family screening was available two case.

3.1.3. Screening for mutations in the TTR gene in patients with suspected

transthyretin amyloidosis

We analysd two unrelated patients with HCM morphology and the suspicion of

transthyretin amyloidosis.
PatientA

Past medical history of the §@arsold male patient included hypertensidfour years
before presentationagpal tunnel syndrome was detected with EMG which was initiated
because of bilateral hand numbnescessitatingpperation Laborabry findings revealed
elevated liver function (ALP, GGT). Cardiassessmentas initiated because of effort
dysprea, angina pectoris and presyncope. His ECG showeaBAgin bradycardiadue to
[I-1ll degreeAV block. Echocardiography indicateghlargedleft (61x65x69 mm) and
right atria, concentric leéfventricular (LV) hypertrophy (interventricular septum thickness:
27 mm, left ventricle posterior wall thickness: 21 pffigure 4 Panel A and B normal

LV diameters, diffuse hypokinesi mildly decreased ejection framh (EF 48%),2nd
degree mitral and tricuspidal regurgitation with restrictivdiastolic dysfunction (E/A:

n
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114/34, DCT: 118 ms, E®, E/Ea: 19)NT-pro-BNP (3511 pg/ml) and troponin T (0,042
ug/l) levels were elevated.

Figure 4 Transthoracic echocardgraphicimagesof the patients with transthyretin amyloidosis
Parasternal long axisRanel A:Patient A; Panel CPatient B) and apical fouchamber view (Panel B:
PatientA; Panel D: Ratient B). Morphologicabppeaanceof hypertrophic cardiomyopathyitiv diffuse left

ventricular hypertrophyenlargedatria, papillary muscle and right ventricular hypertrophy.

Coronarographylid not confirm significant coronary disease. Hemodynamic examination
showed increased emliastolic left ventricular pressurél822 mmHg) Cardiac MRI
showed preserved LV ejection fraction, concentric left ventricular hypertrophy, increased
LV muscle mass and concentric, diffusgel contrast medium enhancement, suggesting
amyloidosis Assessmenbf a Jamshidi biopsyvas negative owards multiple myeloma.
Neurological electrophysiological assessment indicated predominant lower limb, axonal
loss, motor polyneuropathy and bilateral carpal tunnel syndrome. DDD PM implantatio
was performed because of high degree AV blodkading to syncope. Histological
examination oimyocardial biopsy showed accumulation of homogenic eosindpbiigo
red-positive material in the cardiac muscle, exhibitgigen birefringence under polat

light, which was specific for amyloidosis Figure 5 Panel AC). Electron microscopy
revealed dense, homogeneous material deposition in the cardiac muscle, which proved to
be random set of resolved fibrils, without periodicity, on 35.000x magatifin (average
diameter offibrils: 10.9 mm). The ultrastructural sgud¢onfirmed the light microscopic

diagnosis of amyloidosis. Immunohistochemistry examination gave positive reaction with
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transthyreh antibody (Dako, polyclonal rabbit asituman prealbumin, code AO0002;
artibody dilution 1:200;Figure 5 Panel D), but theserum amyloid A, the kappa and

lambda light chain staining provedlie negative.

Figure 5 Histologicalassessmermf myocardial biopsgamplesAccumulation of homogenic eosinophil
material (Panel A)showing Congo reghositive stainindPanel B) and geen birefringence under polasd
light (Panel C) inthecardiac muscle, which is specific for amyloidosis. Immunohistochemistry examination
gave positive reaction with transthgtin antibody (Panel D). Electron microscopy study confirmed th
presencef amyloid fibrils (ge case history).

Patient B

Past medical historpf the 70 year®ld male patient included tonsillectomy, Guillian
Barre syndrome, WLII-IV spinal surgery, hypertension, inguinal herniotomy and right wrist
surgery because of carpalnhel syndrome. Cardiovascular assessnvesis initiated
because oéxerciseintolerance ECG showed | degree AV block aleft bundle branch
block. Echocardiography indicatezhlargedatria, normal left ventricle, decreased global
left (LVEF 31%) and rightventricular function. The morphological asggiance of left
ventricle washypertrophic cardiomyopathy with hypertrophy in all of the left ventricular
segments and alsaf theright ventricle. The maximum left ventricular wéalickness was
20 mm Figure 4 Panel C and D, without outflow tract obstructionbut increased
pulmonary pressure (60 nihy) andmarkeddiastolic dysfunction (E/Ea: 15). Cardiac MRI

confirmed the echocardiographic resuttee appeanceof late contrasenhancemenwvas
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specific for anyloidosis. NTpro-BNP level was high (1977 pg/ml). Duringllow-up
successful electrical cardioversion was performeztause of multipleepisodes of
persistent atrial fibrillation.No dgnificant coronary arterystenosis was seen on
coronarography Histological examinationof myocardial biopsy showed extensive
accumulation of homogenic eosinophiipngo reepositive material in cardiac muscle,
which exhibited green birefringence under polsed light which wa specific for
amyloidosis. Electron microscopstudy confirmed the light microscopic diagnosis of
amyloidosis (average diameter of fibrifist nm). Immunohistochemistry examination gave
intensive positive reactiowith the Congored-positive material, but the kappa and lambda
light chain staining gavebackground stainingwhich was caused by a nespecific
infiltration.
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3.2Methods
3.2.1.Molecular genetic analysisof LAMP2, GLA and TTR genes

The family memb e-gigersgavainfopred dorsent t@d soleaularrgenetic
investigations. GenomiDNA was isolated from peripheral blood samples according to
standard method$GeneJET Whole Blood Genomic DNA Purification Kit, Thermo
Scientific) All the coding exons and flanking intronic regions of thAMP2 (9 exons),

GLA (7 exons) andI'TR (4 exons)genes, comprising the whole coding sequence, were
amplified by polymerase chain reaction with primers published in the literature. PCR
products were directly cycle sequenced using BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems) on an ABPrism 310 Genetic Analyzer (Applied Biosystgms
Electropherograms were ansdg by Sequencing Analyzer v5.4 Software provided by the

supplier.
3.2.2.Restriction fragment analysis of theLAMP2 mutations

As both of theidentified LAMP2 mutations affectedestriction sites for a commercially
available restriction enzymdgoth mutations were also ansdg by restriction fragment
analysis. In Family Athe mutation abolished the restriction site of the enzyme AlwNI,

while in Family B the mutation created aextra restriction site for enzyme Bsll.
Restriction analysis was done according to
3.2.3. Bioinformatics

Nucleotide change are reported according to the database of the European Molecular
Biology Laboratory European Bioiformatics Institute HEnsembl database,
www.ensemble.ofg  using LAMP2001 (ENST00000200639) GLA-001
(ENST00000218516), and TFBO1 (ENST00000237014.As a reference sequendde

annotation of theTTR variants was @rformed by the new nomenclaturaking into

account théength of signal pepti which consists of 20 amino ac)ds
3.2.4 Linkage analysis

The size of the family and the presence of affected family members in all three generations
carrying theGLA p.lle239Met mutatiorallowed us to conduct linkage analydisnkage
analysis was done with the FASTLINK program. Linkage between the affection status and
the mutation was modelled with the following parameters: disease allele frequency:
1:10.000, disease perance: 90%.


http://www.ensemble.org/
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4. RESULTS
4.1. ldentification of LAMP2 mutations in patients with Danon disease
4.1.1.Mutation data

Two new mutations in theAMP2gene were identified in the two index cases. In the index
patient of Family A, a &A transition was detecte(t.962G>A)in exon 8 of the gene
(Figure 6 Panel A, which changes the tryptophan coding TGG codon to a stop codon
TAG, at codon 321 (p.Trp321Stop, nonsense mutation). In the proband of Family B, a 1 bp
insertion in exon 8 (c.973insC) was fourfdigure 6§ Panel B, leading to a framshift
mutation. Prediction analysis indicates the inclusion of 24 extra amino acids and a
premature stop codon after the last normal amino acid proline at codon 324
(p.Pro324fs+24X). Corresponding base changes were prestirg game position in the
reverse strand. The two mutations were not present in 200 chromosomes of normal control

subjects coming from the same geographical region.
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Figure 6 Sequence analysis of exon 8 of the LAMP2 gene. Panel A: In the index gfefiemily A,
sequencing showes G-A transition in position 962 (c.962G>A) representing a stop codon TAG (upper
sequence) as compared to the tryptophan coding normal TGG codon (lower sequence). Ruatied Bidiex
patient of Family B, a 1 bp insertion position 973 (¢.973insC) is revealed (upper sequence) as compared
to the normal sequence (lower sequence).
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4.1.2. Restriction fragment analysis of the two LAMP2 gene mutations

Both mutations altered restriction sites for a commercially available restrietizyme;

therefore, the two mutations were confirmed by restriction analysis. In FamitireA

mut ation abol i she-GAGNKNNCTG3e0s)t roifc tti hoen esnizt yeme( 5A
in Family Bt he mutati on cr eat e d-CCANNNNBNMNNGE-20 ) efsd Ir i
enzyme Bsll. Restriction analysis pattern of amplified PCR products of mutation carriers

were in full agreement with predicted effects of restriction site loss and gain, respectively

(data are not shown).
4.1.3. Boinformatics

Both mutations wexr predicted to lead to a truncated LANProtein with a complete loss
of the transmembrane domain and the short cytoplasmic tail of the protein. This part of the
protein is well conserved among different species and among human splasgsvafithe

LAMP2 geneand is presumed to be deleterious.
4.1.4. Genetic screening of Family A and Family B

In Family A, DNA was available from the grandmother (subject I:2 in Family A), mother
(subject 1I:1 in Family A), two sisters (subject 1ll:2 and subject 111:4 ambBy A) and a

cousin (subject III:5 in Family A). They all proved to be carriers of the mutafigure

1). In Family B, DNA was available from the mother (subject I:1 in Family B) and the
brother subject I I : 2 1 n F amhelmytatié) whileThee pr o
brother did notFigure 1).

4.15 Clinical course of LAMP2 gene mutation carrier family members

Altogether, 11 family members were screened in the two families, while genetic analysis
was possible in 9 family members. Eight familyembers proved to be carriers of either
LAMP2 gene mutations. Out of the eight mutation carrier family members, four proved to
be clinically not affected (in terms of development of cardiomyopathy at last follow up). In
addition to the four penetrant casegh DNA diagnosis we identified two additional
family members with a suggestive manifestation of Danon disease (subjects I1:3 and 11:6 in
Family A). This made up 6 patients in the two families with proven or likely diagnosis of
the diseasé€Table 3.

Aver age age at the onset of the disease was
than in females (16KR5 vs. 31N18 vyesmlks, no



Table 3 Demographic and clinical characteristics of clinically or geneticalffected family members of Family A and Family B

Age (years, at Length

Family  Subject Sex diagnosis/last FU or of FU D_|ed of  Clinically  Genetically Cardiac LVmax Clinical course
disease affected affected phenotype (mm)
death) (years)
A 1:2 female 44/60 16 yes yes yes HCM 154 AF, PM implantation, died of heart failure
A 11 female NA/44 NA no no yes normal 12 negative T waves in 4 V6
A 11:3 male 23/34 11 yes yes ND HCM 25 AF, AVB, PM implantation, died at age 34
A 11:6 female 18/24 6 yes yes ND HCM 18 AF, progression into dilated phase, died of SC
. limb-girdle muscle dystrophy, mentakaedation,
A -1 male 1223 11 no yes yes HCM 39 AF, ICD implantation, progression into dilated
phase
A 1:2 female NA/25 NA no no yes normal 10.7
A I:4 female NA/21 NA no no yes normal 11.2
A I:5 male 13/17 4 no yes yes HCM 42 WPW, limb-girdle muscle dystrophy, mental
retardation, pogression into dilated phase
. muscle dystrophy, AF, ICD implantation,
A -6 male 20129 9 yes yes ND HCM 23 progression into dilated phase, died of HF at a
29
B I:1 female NA/48 NA no no yes normal 10 RF ablation because of atrial flutter
B I:1 male 14/20 6 yes yes yes HCM 28 CKrise, PSVT, accessory pathway, ICD

implantation, died of intractable heart failure

FU: follow-up; LVmax: maximal left ventricular wall thickness; NA: not applicable; ND: not done; HCM: hypertrophic cardiomyopathyriAFilarillation; AVB: high-
degree AV block, PM: pace maker; SCD: sudden cardiac death; ICD: implantable cardioverter defibrillator; RFfreapliency; CK: creatine kinase; PSVT: paroxysmal
supraventricular tachycardia
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sample sizes)The cardiac manifeation was hypertrophic cardiomyopathy in all cases,
including female patients. Atrial fibrillation was observed in 4 cases, and atrial flutter in
one nonpenetrant case. Sustained or 1soistained supraventricular tachycardia was noted
in almost all casesPacemaker implantation was necessary in two cases, due to high
degree AV block. An ICD was implanted in two cases, one for primary, one for secondary

prevention.

Out of the 6 clinically manifest patients, four patients (67%) died at an average age of
3518 vyears. The age of death was <clearly
42N25 years). The average time span from t|
The mode of death was heart failure in three cases and sudden cardiac death ie.one cas

An additional aborted sudden cardiac death occurred in another case.

4.2. ldentification of GLA mutations in patients with Fabry disease

We identified 4GLA mutations in 4 patients (4/21, 19%) out of 21 patients we screened (4
wo men, aver aygae [pdlep@Met @.N17A>G); p.Tyr397Stop (c.1191T>G),
€.54857_-56dupTA,; p.Glu358Lys (c.1072G>A)]. Threeutations oubdf the 4 identified
mutationswere found in patients with th@henotype of left ventricular hypertrophy or
hypertrophic cardiomyopath comprising 18 cases, therefore the prevalence GifA
mutation in this sugroup was 17% (3/18). The fourth mutation (p.Glu358Lys) caused
ocular symptoms (cornea verticillata), which indicated the screening, but without

substantial cardiac alterationsarfemale patient.
4.2.1.p.lle239Met mutation

We detected a previously unreported heterozygous mutation in exon 5@fAgene in

the index patient (c.717A>@igure 7). The mutation changes the ATA tripldt @don

239, encoding foisoleucine, to ATG encoding for methionine (p.lle239Met, missense
mutation). This mutation is located in a weakly conserved nucleotide and moderately
conserved amino acid position, with small physicochemical differences between the amino
acids isoleucine and methioningdtware analyses by PolyPh&n SIFT and Mutation
Taster indicatehatthis mutation is probably damaging. Corresponding base changes were

present in the same position in the reverse strand. To date, this mutation is not described in
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Non-carrier normal
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Figure 7. Sequencanalysis of exon 5 of the GLA gene illustrating a17A>G nucleotide transition. The

mutation changes the ATA triplet at codon 239, encoding for isoleucine, to ATG, encoding for methionine

(p.lle239Met). The sequence of a mutation carrier, hemizygous afaemutation carrier heterozygous
female, and of a nenarrier normal subject is shown.

the Exome Aggregation Consortium, Exome Sequencing Project or the 1000 Genomes

Browser.

Past medical history of the p.lle239Met mutation carrier Hungarian femagés ipatient
(subject H 332.0, see family treekigure 8 and Table4) included nephrology assessment

at age of 43 years because of proteinuria which was interpreted as to be due to
mesangioproliferative glomerulonephritis. Angina pectoris, ischemic Hesaése and left
ventricular hypertrophy, diagnosed at age of 63 years, were also known. That time, renal
insufficiency worsened and necessitated continuous ambulatory peritoneal dialysis, and
later hemodialysis. At age of 67 years she received a suglcesstl transplant but
rejection occurred 2 years later, and hemodialysis continued. At age of 69 years the patient
came to cardiology attention because of syncopal episodes which proved to be caused by
intermittent 2% degree, 2:1 atriwentricular (AV) block. Echocardiography revealed
marked LV hypertrophy in the form of obstructive hypertrophic cardiomyopathy with a left
ventricular outflow tract gradient of 120 mmHg measured at a heart rate of 40/min due to
the 2:1 AV block. The morphology of the hearas hypertrophic cardiomyopathy with

marked left ventricular hypertrophy (maximal LV wall thickness 27 mm), papillary
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7

H 332.0 ‘H3321 ‘H3322

H332.4 H3323 H 33256 H3326 H3327

H332.10 H 33211 H3329 H3328

Figure 8 Pedigree of the p.lle239Met GLA gene mutation carrier family. Squares and circles denote males
and females, respectivelytléid symbols indicate clinically affected family members. Arrow point to the
index patient. Deceased individuals are slashed. Mutation carriers are labelled with a plus (+) sign, and

non-carriers with a minusi() sign.

muscle hypertrophy and right venular (RV) hypertrophy (maximal RV wall thickness
14 mm) Eigure 9). NT-pro-BNP levels were extremely high (>35.000 pg/ml, upper limit
of normal: <200 pg/ml). Because of the high degree AV block achahber pacenaker
implantation was performed, and theatflow tract gradient decased to 20 mmHg with the

optimisation of the AV delay.

Further examinations revealed neither angiokeratomas naneao verticillata on
dermatological and ophthalmologicalssessments. Ear, nose and throat examination
revealed prception hypoacusis. Neurological assessment indicated a left side dominant
paraparesis which was more prominent distally, with a muscle strength-4(8. 3
Electromyography and electroneurography indicgpeisnarily motor neuropathy with
axonal loss, witbut myopathy.Current laboratory findings include elevated renal function
(UN: 16.1 mmol/L; creatinine’andywech3daved | / L ;
(20,6 ng/ml, upper limit of normal+2SD: <1.8 ng/ml).

Family members

The index patient belongs to tareegeneration family (see family tree iRigure 8).

Al toget her, t welve family members (5 femal
family tree inFigure 8 and Table 4) were available for clinical and genetic screening.
Three family members, inclutg the index patient (subject H 332.0, H 332.2, and H
332.4), manifested the cardiac phenotype of hypertrophic cardiomyopathy (defined as



Table 4. Demographic and clinical characteristics of genetically affected family members carrying the GLA p.lle239Met mutatio

Subject Sex Age Cardiac ECG changes LVmax | LV mass GLA enzyme lyso-Gb3 . cher organ
(years) | morphology (mm) (9) l evel (Q level (ng/ml) involvement
2nd degree AV block, LVH, .
H 332.0 | female 69 HCM intraventricular conduction delay 27 ND ND 10.6 renal failure
H3321 | female 73 LVH negative T vaves in leads-BVL, 13 107 ND 24 nor}S|g_n|f|c.ant
V2-6 proteinuria
H3322 | female 62 HCM LVH, negative T vaves in leads 16 131 ND 42 nonS|g_r1|f|c_ant
I-avL, V4-6 proteinuria
negative T vaves in leads HII - i
H 332.3 | female 52 LVH aVF, V46 14 144 ND 2.9
LVH, negative T vaves in leads
H 332.4 male 49 HCM 111l -aVF, V46 20 268 <0.2 13.8 -
H 332.11 | female 26 none none 8 87 ND 3.2 -

ECG: electrocardiogram; LVmax: maximal left ventricular wall thickness; Qltgalactosidase Alyso-Gb3: lysosomatjlobotriaosytceramide
ND: not done;HCM: hypertrophic cardiomyopathy; LVH: left ventricular hypertrophy

‘upper
"upper

[ i mit

mi t of

ofOmoolr/ma/lhN2 SD:

nor mal +2SD:

02. 6
O1. 8

ng/ mli




33

maxi mal L V  w &5 mm). The degrkenaadsdsstribtion of cardiac hypertrophy
was highly variable: while it was most marked at the interventricular septum in the index
patient, it affected mostly the inferior septum and the inparsterelateral wall of the left
ventricle n the son of the index patieriEigure 9. Two other family members (subject H
332.1 and H 332.3) were diagnosed with LV hypertrophy (defined as maximal LV wall
thickness 012 mm) ing LF Gypertoghy and) repoladiion dhianges t
were present in all patients with echocardiogragiidence of LV hypertrophy. A further
family member, the 2§earsold niece of the index patient (subject H 332.11) did not
exhibit cardiac phenotype, but showed increased -BG/is8 levels. Nosrsignificant
proteinuria was present in two family members. Noeo family member showed other
extracardiac (renal, central and peripheral nervous system, skin, eye, etc.) manifestation of

the disease.

All the available twelve family members were genotyped for @ieA p.lle239Met

mutation. Six family members carriedh e mut ati on (5 females, 1
years, see family tree iRigure 8and Table4). Taken affection status as the presence of
hypertrophic cardiomyopathy, LV hypertrophy or elevated &3 levels, all affected

family members carried theutation while all noraffected family members were non

carriers. Linkage analysis of the family gave a-4waint LOD score of 2.01 between the
affection status and the presence of the p.lle239®1eA mutation, strongly supporting

linkage. LyseGb3 levelswere elevated in all carrier family members (range:1348

ng/ ml ; upper |Iimit of normal +2 STD: 01.8 n
reduced in the affected male family membert
STD): ©02.6 Omol /1 /h).

4.2.2 p.Tyr397Stop mutation

The second mutatiorg T-G transition in exon 7 of th&LA gene (c.1191T>G), which
changes the tyrosine to a stop codon, at codon 397 (p.Tyr397Stop, nonsense mgation)

identified in a female patieigFigure 10.

Past medical histty of the 47 year®ld female patient included known and treated
hypercholesterinaeim The patientwas admittedto the hospital due to the symptoms
comprisingvisual disturbance, tremor, numbness in arms and segbspeech disorder
Symptoms ceased spaneously within an houland the diagnosis of transient isohe
attack due tocirculatory disturbance inhe region of right mediaterebal arterywas

suggestedn acute neurological and CT examination.



34

Figure 9 Transthoracic echocardiography imagafshypertrophic cardiomyopathy in the index patient
(subject H 332.1) and her son (subject H 332.4) illustrating heterogeneity in the extent and distribution of left
ventricular hypertrophy. In the index patientairked left ventricular hypertrophy (maximal wall thickness

27 mm) is seen, predominating at the interventricular septum, with papillary muscle hypertrophy and right
ventricular hypertrophy (Panels A, C and E). In the affected son the hypertrophy affects mostly the inferior
septum and the inferposterelateral wall of the left ventricle (Panels B, D and Pgarasternal long axis
view (Panels A and B), parasternal short axis view (Panels C and D), and apicathfaober view (Panels
E and F) of transthoracic echocardiography.

Doppler examinatiorof carotid arteries did not show ampnormalities ECG showed
sinus rhythm, normal axideft ventricular hypertrophy with signs of strain, negative T
waves in leads A8 (Figure 11). Echocardiography indicated concentric left ventricular
hypertrophy(septum: 15 mm posterior wall thickness: 13 mm) wiglteservedylobal left
ventricular furtion and signs omarkedd i ast ol i ¢ dysfunct*I5n (i nc
enlarged left atrium)During ardiac MRIlate contrast enhancement in the ventricular
musck was not seerL.aboratory findings showed normal renal function, but proteinuria
was confirmed. Further examinations revealed cornea vertictlatdoth sidesduring
ophthalmology assessment, but angiokeratoma® not canfirmed during dermatology
examnation Cranial MRI described multiplehite matter lesions and varicose veins. Ear,
nose and throat examinatiahd not reveal any spontaneous vestibular symptoms. The

lyso-Gb3 level of the patient was elevated (9,41 ng/ml, reference <1,6 ng/ ml). tioaddi
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to the conservative treatmenncluding ACE inhibitor and betdblocker, enzyme
replacement therapy started (agalsidase afajthe clinical status of the patieist stable.
During family screeningwo additional family members (the son and daughtdrthe

proband) proved to baffected.

[Fasc el sior]|

mutant : l

normal

Figure 10. Sequence analysis of GLA gene exon 7 in mutant and normal samples. In the position 1191 of the
cDNA, a TG transition was detected (c.1191T>G) in exon 7 of the gene, which changes the tyrosine codon
to Stop codon, at codon 397 (p.Tyr397Stop, missense mutation).
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Figure 11 12-lead resting ECG of the p.Tyr397Stop GLA mutation carrier Fabry patient.
60/min sinus rhythm, normal axis, left ventricular hypertrophy with signs of strain, negatisgetk i leads
V3-6. Paper speed 25 mm/s, calibration 1 mm/mV
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4.2.3.c.54857_- 56dupTA mutation

The third variant, &wo basepair duplicationin intron 3 of the gene (c.5487 -56dupTA)
was idatified in a 40yearold female patient with an atypical, rapiglyogressing,
restrictive cardimyopathy Past medical history of thpatientincluded treatment for
systemic lupus erythematosus (SLEardiac assessent was initiated because of elevated
necroenzymdevels but initially echocardiography revealed pressid systolic function
with signs of mild diastolic dysfunctiorRecurrent loss of consciousnedse tollird
degreeAV block necessitategpacemaker implantatiorDespite medical therapy heart
failure symptomsprogressed quick|yand the patient progressédm NYHA | to NYHA

[l functional status irsix months Echocardiographyhat timeshowed severely impaired
diastolic function with very high 7982 pg/ml NTproBNP valubb/ocardial biopsywas
performed whichrevealedrabrylike cardiomyopathyDespite caservative therapy, rapid
progreseon of the condition was observedand the patient was referred for heart
transplatation. After temporaryventricular assist devictherapy,the patient received a

successful heart transplabut soon after the patienied because of rejection
4.2.4.p.Glu358Lys muation
The fourthGLA mutation,a GA transition in exon 7 (c.1072G>A), which changes the

acidic glutamate to basic lysine, at codon 358 (p.Glu358Lys, missense mutaisn)

identified in a female patient witbornea verticillata

Past medical history of the 3&arsold female patient included tonsillectomy because of
tinnitus and chwnic tonsillitis. Cornea verticillata was detected during ophthalmological
examination, due taccidentalforeign bod in the eyes Laboratory findings showed
abnormally low alpha galactosidase enzyme activity value (3,7 nmol/onggler limit of
normal: >15,6 nmol/mg/h). ECG revealed sinus rhythm, normal PQ and QT interval,
narrow QRS widthwith flat, negative Twaves inlead Ill. Echocardiography showed
normatsizedheart chambergpreservedlobal left ventricular fuction, without segmental
wall motion abnormalityThe maximum left ventricular wathickness was 9 mm. Cardiac
MRI did not prove hypertrophic cardiomyopatloy late contrast enhancementNeither
neurological nor nephrological examination revealed any abnormaitiggesting=abry

disease.
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4.3. Identification of TTR mutations in patients with transthyretin amyloidosis

Two nonsynonymousTTR gene variants were édtified in the two patients with

transthyretirmamyloidosis

In PatientA, an A-G transition was detected (c.323A>G) in exon 3 of the gene, which
changes the histidine coding CAT codon to an arginoging CGT codonat codon 108
(p.-His108Arg, missenseutation, Figure 12. Among the firstgeneration relatives of the

i ndex patient, the genetic anal ysis dof hi s

because olfieart failure at agef 85 years. Her mutation carrier status was positive.

In Patient B aG-A transition in exon 2 (c.76 G>A) was found, which changes the glycine
coding GGT codon to a serimoding codon AGT (p.Gly26Ser). Corresponding base
changes were present in the same position in the reverse strand. A synonymous
polymorphism not changinghe amino acid sequenceas also detected in the second
proband (c.57G>A, Glu19Glu).

normal

C AIG THArg l

mutant

|
| \

Figure 12 Sequence analysis of TTR gene exon 3 in mutant and normal samplegadsitthe 323 of the
cDNA of RatientA, a AG transition was detected (c.323A>@)éxon 3 of the gene, which changes the
histidine coding CAT codon to an arginine codon CGT, at codon 108 (p.His108Arg, missense mutation).
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5.DISCUSSION
5.1.1dentification of LAMP2 mutations in patients with Danon disease

By screening two HCM patientsitlt marked concentric hypertrophy and {gpecitation on

the ECG we identified two novel LAMP2 gene mutations in two families witBbanon
disease. Both mutations were predicted to lead to a truncated {2AM6tein lacking the
transmembrane and cytoplasmicnthins. We observed a highly malignant phgpetin

both families charactersl by a large proportion of disease related death.

To the best of our knowledge, one of our families, Family A, is one of the largest family
with Danondisease reported to date,terms of number of affected family members with a
proven DNA diagnosis. There are a small number of largelismreported in the
literature (3134), beside numerous small familiedQ( 31, 32, 35)However, in the
majority of large families a very sigitant number of the family members, supposed to be
affected, were already deceased at the time of the report, with no material available for
DNA investigation and therefore no chance to have a defmeneticdiagnosis of the
disease (32, 33)n thesecases, although the affection status is suggestive, cannot be taken
as proven, which leaves some uncertainty about the clinical phenotype described. In our
two families, we identified altogether 8 gene mutation carriers (six in Family A and two in
Family B) which clearly helped to draw conclusions about the clinical course of the disease
in our families.

In both index cases, the clinical manifestation of the disease was typiarfondisease,

with extreme concentric LV hypertrophy, pegcitation on th&eCG, muscle dystrophy or

CK rise,and variable mental retardation (36, 3The cardiac phenotype in the affected
family members, including female family members was hypertrophic cardiomyopathy, and
a high prevalence of arrhythmias bradyarrhythmiasnecessitating PM implantations.
Four disease related deaths occurred in th
which was clearly |l ower in males than in fe
Although RF ablation procedures have been used to treat aribgtitmDanon disease,
results of an electrophysiological study are surprisingly rarely reported in such patients. In
one of our patients (subject 1.1, Family B), an EP study was performed twice, with
unusual findings. In one EP study, the accessory patiwes mapped to the anterior
region of the left AV ring, which is a very unusual location of accessory pathways, present
in 0-1% of patients with WPW syndrome. In addition to the induction of the AV

tachycardia, noisustained atrial arrhythmias were aladucible. Further to this, another
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genetically affected family member (subject I:1, Family B), without maimigst
cardiomyopathy, also underwent an EP study because of multiple atrial tachycardias with
macrareentrant circuits and focal origin involvingth atria. This observation raises the
possibility of the presence of a disease substrate affecting the atria, and pointing to atrial
arrhythmias as one of the early manifestations of the disease.

In our patient evaluated by cardiac biopsy, vacuolar cargbpathy was seen which
displayed certain features that did not entirely fit to the published morpholdQgrain
disease. Although severely hypertrophied cardipocytes with extensive vacudison

were seen in our case, the sarcoplasmic glycogen c¢omésnneither markedly increased,

nor diastasesensitive PASpositive granules were encountered, thus the diagnosis of
glycogen storage diseasaluced cardiomyopathy was not proven on histological grounds.
However, the ultrastructural analysis of the camtyocytes revealed increased number of
lysosomal structures. Although normal hearts can display glycogen particles in lysosomes,
the common presence of glycogen particles inah@phagicvacuoles and the frequent
ruptures of these vacuoles indicatedttithe smoldering accumulation of diseased
autolysosomes and subsequent chronic cellular injury could be a key process in the
evolution of the vacuolar cardiomyopatt8imilar to the one of the patients wittAMP2

gene mutation destxed in the paper of Adaet al. (19) distinct PASpositive inclusions
corresponding electron microscopically to autolysosomes filled with relatively
homogeneous dense material were seen in the myocytes of our patient. We performed
diastase digestion and the globules provedtasasesistant thus these inclusions seemed
not be engaged with glycogen accumulation in lysosomes. Nevertheless, we regard them as
manifestation of altered cellular digestion in the cardiomyocytes.

The characteristics of the two novel mutations, idemtifiy us, are in agreement with
literature data. The professional version of the Human Gene Mutation Database (HGMD,

www.hgmd.org lists 61LAMP2gene mutations causimi@anondisease. About one quarter

of the reported mations are point mutations, the majority (about 80%) of them being
nonsense mutations, predicted to lead to a-stmjmn. Another on¢hird of the mutations

are small insertions or deletions, leading to frashiét. An additional oneuarter of the
mutations represent splice site mutations, with a variable and unpredictable expression.
Gross deletions and insertions atgo reported in the literature (36, 38, 40,.449cording

to this, the overwhelming majority of the mutations reported to date, repressnof
function mutations which lead to a complete or almost complete loss of LARWBtein

expression. Almost all of the mutations are private mutations, although some mutations
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were reported to appear in mulgplfamilies. One of the mutatiome iderified,
p.Trp321Stop, is a honsense point mutation, presumably leading to premature stop codon
at codon 321. The other mutation we described, p.Pro324fs+24X, is-basaepair
insertion which is predicted to lead a frasteft and incorporation of 24 anunacids

before activation of a hidden stop codon. Neither mutation has been described previously.
Of note, the latter mutation has been found in the COSMIC database, in melanoma cells,

perhaps delineating a higher mutation rate of this region.

5.2.1dentification of GLA mutations in patients with Fabry disease

Various strategies have been used to estimate the prevalence of Fahsg dis patients
presentindeft ventricular hypertrophy or HCM, elagjielding different resultsTable 5).

The first major tudy by Nakao et alexamined 1603 men undergoing routine
echocardiography. The measuremen o-dalactdsidase A activity in plasma samples
revealed that seven (3%) out of 230 patients with otherwise unexplained LVH
(interventriculars e pt um or | eft ventricular lyall t !
unsuspected Fabry disease)(4iad a second redspective analysis of 153 male patients
attending a referral clinic for patients with HCM, the prevalence of Fabry dibaaed on

p | a s-gatactoSidase A activity was 4%, rising to 6,3% in those fiegjribsed over 40
years of age (430Ommen et ain 2003 examined consecutive HCM patients (44 men) who
underwent septal myectomy. Transmission electron microscopy of myectomy tissue did
not show any histological abnormalitie&licating Fabry disease4d), which may suggest

that asymmetrical hypertrophyndicating surgical myectony, is rare in Fabry disease.
Chimenti et al in 2004 examined 96 (34 women, 62 men) HCM pstiantwhom
biventricular endomyocardial biopsy amdeasurement ofeucocyte U-galactosidase A
activity wasperformed. The prevalence of Fabry diseasefoasd to be6,2% in men and
11,8%in women (4%. The Iimitation of thestudy includedthat the screening was based on
myocardial biopes which was selective for infiltrative deases. Arad et al screened 75
(30 women, 45 men) HCM patients with molecular genetic methodsGINo mutation

was found during the screening (16). Morita et al identified 50 patients (18% women) out
of 1862 subjects with echocardiographic evidence of pilaged LVH (maximal LV wall
thickness >13 mm). Molecular genetic analysis was padd, which resulted in a 2%
prevalence for Fabry disease (46). Monserrat et al performed the screenidg of
galactosidase A activity in the plasma of 508 consecutive unrelated patients (328 men, 180

women) wih HCM from three regional cengerin Spain and demonstrated



Table 5. Smmary of previous studies examining the prevalence of Fabry disease in patients with HCM

Authors Year Screened population Screening method Prevalence
230 mae patients with echocardiographic evidence of LVH 3
Nakao et al (6) 1995 |[(septum or | eft ventricul a|Pl a s-gactddidase A activity| 3.0%
from cohort of 1603 male subjects
79 consecutive men with HCM (unexplained LVH hwé 5 6.3% in patients diagnosec
Sachdeet al (7) 2002 |[MLVWT 013 mm), first diagn{PIl a s-gatactddidase A activity| &40 years 1.4% in patients
HCM men first diagnosed <40 years of age diagnosed <40 years
Ommen et al (8) 2003 100 consecutive HCM patien(44 men) who underwent septi Transmission _electron microscop 5o,
myectomy of myectomy tissue
: . . . Biventricular endomyocardial
Chimenti et al (9) 2004 34_ consecutive female patients with HCM (unexplained LV¥ bi opsy and | eud11.8%
with a MLVWT 013 mm) . L
galectosidase A activity
75 consecutive patients with HCM (30 women, 45 men) . . 0
Arad et al (10) 2005 (unexplained LVH with MLVW Genetic analysis 0%
50 patients (18% women) with echocardiographic evidence
Morita H et al (11) | 2006 | unexplained L\H (MLVWT >13mm) from a cohort of 1862 | Genetic analysis 2%
subjects
508 consecutive patients (328 men, 180 women) with HCM i <. . 0
Monserrat et al (13) | 2007 diagnosed according to the WHO/ESC criteria P | a s-gatactddidase A activity| 1%
32 patients with HCM ( un e x | Ugalactosidase A assay on dried 0
Hagege et al (12) 2011 mm) (278 men) aged 1B years blood spot using a filter paper tes 1%
Elliot et al(14) 2011 1386 patients with HCM (885 mennexplained LVH with a Geneté analysis 0.5%

MLVWT O15 mm)

LVH: left ventricular hypertrophy; HCM: hypertrophic cardiomyopathy, MLVWT: maximum left ventricular wall thickness, ESgedtuociety of Cardiology
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| o wgaléktosidase A levels 15 patients (2.9%)However, subsequent genetic arsiy
demonstrated diseasausing mutations in only 0.6% of men and between 1.2% and 2.4%
(including two with anintronic deletion) of womer{(47). Hag ge et al e X ¢
prevalence of Fabry disease in patients with LVH of 13 mm or gremieg anU
galactosidase A assai@8) and he overall prevalence in men wimind to bel.5%. No

female heterozygotes were detected, but this method has a low sensitivity in women, and
no systematic genetic sequencing was performed. Sklfiatt et al performed the fgest

similar screeningn 2011, who perfamed molecular genetic mutation analysis on 1386
(885 men, unexplained LVH with a MLVWT15 mm) HCM patients. SeveGLA
mutations werédentified in the populatignwhich gavea 0,5% prevalence (49

In our present work wecarried outscreening for Fabry disease in patients, who had
cardiac, but at the same time other organ manifestatiomshwaised thesuspcion of

Fabry disease. We identified@LA mutations in 4 patients (19%) out of 21 patients we
screened (4 women, av er ag eGLAmuetions INNFatEgY) . Th
disease consideig the subgroupof patients with left venticular hypertrophy or
hypertroplic cardiomyopathywas17%. The explanation fahe muchhigherprevalence in

the present study as compared to previous st we selected patients not just with
isolated cardiaenvolvement but with signs of other orgn manifestations (neurological,
nephrological, dermatologigaétc). These datainderlines the factthat inthe case ofa
"typical" HCM the possibleprevalenece of Fabry disease is low (approx:-104, but if

other possible organ manifestation is prése addition to HCM the chancefor the
presence of Fabry diseasssignificantlyhigher.

One mutation ot of four GLA mutationswe identifiedis an already knownmutation

while the other three are novel gene mutations. Ghé\ p.Glu358Lys mutation wa

earlier identified in a Japanese male patié@},(who had episodic pain in the extremities

and angiokeratoma on his chest and also on both palmstf@age of 10 years. His
brother also had the same symptoms frin@age of 12 years. The assumed catinge
effect of the p. Gl u358Lys mutation is the d
The reportedGLA p.lle239Met mutation is a novel mutation, although an amino acid
change at this position has already been described as disemseg for Fabry disease by
Kotanko in 2004 (c.716T>C, p.lle239Thr, HGMD ID: CM044635})( Themutation was
identified in amale patient, who experienced recurrent fever, pain, lymphadenopathy and
acroparesthesia in early childhood. Later on shrunken right kidney and stage 4 chronic

kidney disease were diagnosed, also acute hearing loss, dizziness, headache, dysphasia and
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dysarthria developed. Multiple cerebral lesions detected by magnetic resonance imaging
were related to stage 3 hypertension. Fabry disease was diagnosed durmgdeetthe
screening study. Reexamination of the kidney biopsy material by electron microscopy
showed typical signs of Fabry disease that were previously not identified by light
microscopy. The patient also had cornea verticillata and mild left vemtricybertrophy.

His 48-yearold mother (normal GLA activity) and his two daughters (aged 3 and 8 years;
decreased GLA activity in both) exhibited the same mutation. These three female relatives
do not show clinical signs and symptoms of Fabry disease.

Onthe basis of the current recommendatiohthe American College of Medical Genetics

and Genomics (ACMG) and the Association for Molecular Pathology (Atiéne are

multiple lines of evidences to characteris t he p. | |1 €239 Me't mut ati o
Fabry disease. First and most important, the observation of the markedly decreased GLA
enzyme level in the affected male carrier and the increasedGly3dlevels in all the

mutation carriers provides evidence for tteanaging consequences of the mutationhen

gene product (PS3, strong evidence of pathogenicity). Second, the mutation is absent from
controls in Exome Sequencing Project, 1000 Genomes Project, or Exome Aggregation
Consortium (PM2, moderately strong evidence of pathogenicity). Third, the onuisita

novel missense change at an amino acid residue where a different missense change
(p.11e239Thr, see above) determined to be pathogenic has been seen before (PM5,
moderately strong evidence of pathogenicity). Fourth, cosegregation with disease in
multiple affected family members in th&LA gene definitively known to cause the
disease, has been shown (PP1, supporting evidence of pathogenicity). It is of note, that the
>2 LOD score we obtained by linkage analysis in the family is highly suggestiveygit

not conclusive in itself, for the causative role of the variant, as it provides substantial
evidence for the cosegregation of the mutation with the disease phenotype. Fifth, multiple
lines of computational evidence support a deleterious effect ogetie or gene product

(PP3, supporting evidence of pathogenicity). By applying the rules of the ACMG/AMP
guideline for combining criteria to classi
AND 2 Moderate AND O2 S uGlA wvariantithatgwe hdvén e p. |
identified completely satisfy the criteria
The third detectedGLA mutation, p.Tyr397Stop is a previouslyunpublished, novel
mutation. The mutationpresumably caused the interruption of the reading frame,

consequently ashorter, truncated protein cdme produced, whichmay not furction
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properly The biomarker of Fabrglisease, the lysGb3 level was mildly increased in the

mutation carrier patient.

The fourth identified GLA variant, c.54857 -56dupTA is a previouslyunpublished
heterozygous variant in intron 3 GLA gene. The effect of the variant is neutral, based on

a prediction analysis, because of the suspected indifferent effelsten tmRNA O spl i ci
The prediction analysisf the variantindicated the variant tbe ab var i ant of un
significanced (VUS), although the histolog
characteristics of Fabry diseasAlthough recommendationssuggestto clarify the
significance of thee variants by family screening or funadnal analysis 2-54),
unfortunately this was ngossiblein our case

As a specific enzyme replacement therapy (ERT) for Fabry disease is available, early
diagnosis of a real Fabry patient is of great importance to initiate the otherwise invasive

and eyensive ERTBoth agalsidasalpha and agalsidageta therapy caprolong disease
manifestationslow down the disease progressiandimprove life quality of patientdn a

recent study it washown that the progression of left ventricular hypertropkyas
successfullyslowed downon agalsidasalpha therapy in Fabry patisnduring 10 years

follow up (59.

5.3.ldentification of TTR mutations in patientswith transthyretin amyloidosis

According to the Human Gene Mutation Databasere than 100 mutatins are knowmo
affectthe TTRgene Different TTRgenemutations willlead to differenphenotypewith
neuropathic, cardiomyopathinephropathicandocular forms (3R Typical formsmay be
accumulated in specific populatiorie clinical manifestatio can behighly variableeven

in the case ofthe same genetic backgrounithe diseaseprocessmay remain nearly
asymptomatic or imaybe severemaybegin atolderor ata youngr age.Point (missense)
mutations are the most typical mutations affegthe gene, but even small deletions and
small indel mutationbas beem | so descri bed. dlemovd enutationc as e s
can occur, which does not appear in any other family mervhatations in thefTRgene
can lead to conformational charsgd the encodedorotein, which is essenti&r amyloid
fiber formation.

The p.His108ArgT TR mutation we identifiedin Patient A has already beedescribed
previouslyin a Swedish faily (56). They reported a 6gearsold index patient withoi-

ventricular hearffailure, with diffusely thickened ventricular walls (IVS: 21 mm), left
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ventricular hypokinesisand elevated N¥pro-BNP levels. Besides cardiac involvement,
gastrointestinal and polyneuropathic symptomnese also present. The patient died at the
age of 70yearsafter 5 years of followup. Six additional affected family member were
confirmed during family screening, five had disease manifestatiothenform of
cardiomyopathywhich appeared dominantlgt later ages (>50 years)Genealogicastudy
showed thathey all have common ancestord @ generations back into the 17th century
originating from Dalarna (Dalecarlia) in Sweden. So this mutation coullbfignateds a
60f ounderiaSwadet(59)t i on

Histidine at position88 (His88) is an amino acid iRTR that is important for the stability
of the TTR tetramer. A large hydrogéond network is formed by Thr75, Trp79, His88,
Serll2, Proll3 and three water molecyE8, 59. In addition, His88 also forms a
hydrogenrbond network with Thr118 of another RTsubunit. Through these two networks
His88 isassociated with both the diméimer interface as well as the monomeonomer
interface in the TTR tetramer. His88alsolocaid in the EHoop (amino acids 9301) in
TTR. Mutations within the Efhelix (amno acids102-110, where 108Hiss located and
the EFloop are disposed to TTR monomer aggregation into fil§663). Several amino
acid residues, including His88, in this region are highly affected by conformational
changes at acidic pH. Histidine idasic amino acid charactesit by its imidazole group,
which makes it the only amino acid that functions in both acid and base catalysis. The
imidazole side chain of histidine is a common coordinating ligand in metalloproteins, and
His88 forms a Zfi binding site with His90 Glu92 and a water molecule {B4vhich
enables TTR to funaih as a metallopeptidase (65,).68 mutation that changes His88
should have a pfound impact on both TTR Zi binding properties and monomer
monomer binding, theoreticallyaking it highly amyloidogenic.

The p.Gly26SerTTR genevariant identified in Patier is not a rare variant worldwide,
according to the literature. The allele frequencyp@ly26Ser is 612% in an average
Caucasian population, 4% in North American Astd@nlews, 7% in North American
nontJews, 6% in Portuguese and 1% Afrigamerican populatior(67). Based on these
evidences, the variant considered to be lenign, mn-amyloidogenic TTR variant (§8
Considering the accumulation of the THemonstratedy immunohistochemistry assay
and the lack of TRgene mutation, the infiltratiom the heart of Patient Borresponds to

wild-type transthyretin and the cas@responds$o senile amyloidosis.
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6. SUMMARY AND CONCLUSIONS
1. We identified two novel LAMP2 genemutations in patients with Danon disease

By screening two patients with extreme concentric LV hypertrophyexcgation on the

ECG, muscle dystrophy/CK rise, and variable mental retardati@enjdentified two

families with two novel LAMP2 gene mutaons, p.Trp321Stop and p.Pro324fs+24X,
causingDanon disease. Both mutations were predicted to lEad truncated LAMP2

protein that presumably lacks the transmembrane and cytoplasmic domains. We observed a
markedly malignant phenotype in both familieisaracterisd by a large proportion of

disease related death.

2. We identified known and novelGLA genemutations in patients with Fabry disease

Screening patients with spected Fabry disease, based on the presence of cardiac and
extracardiac manifestatis, we identified known (p.Glu358Lys) and novel (p.lle239Met,
p.Tyr397Stop, ¢.5487 -56dupTA) GLA gene mutationsin particular, we described a
family with a novel p.lle239MeGLA gene mutatiorwhere cadiac involvement in the

form of hypertrophic cardimyopathy, LV hypertrophy and ECG changes was the most
common manifestation of the disease and severe renal failure occurred in one family
member. We concluded that the p.lle239NEtA mutation is a pathogenic mutation for
Fabry disease and obviously asstedl with a late onset and predominantly a cardiac

variant of the disease.

3. We established a 17% pevalence mte of Fabry disease in patients with
hypertrophic cardiomyopathy or left ventricular hypertrophy manifesting additional

symptoms, indicating muti -organ involvement

Screening patients with suspected Fabry disease, based on cardiac involvement (mostly in
the form of hypertrophic cardiomyopathy or left ventricular hypertrophy) and additional
signs of norcardiac manifestation (neurological, renalcular or dermatological
symptoms)we founda 17% prevalenceof GLA mutationsindicating Fabry diseas®©ur

resuls suggest, that in case of unexplained left ventricular hyggary or hyperiphic
cardiomyopathy an@dditional suspcious organ manifestatins the possibility of Fabry
diseaseshould benigher
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4. We identified TTR genemutations in patients with TTR amyloidosis

Two nonsynonymous transthyretin gene variants were identified in two patttis
hypertrophic cardiomyopathy phenotyp&n the first case a previously published,
malignant missense mutation (p.His108Arg) was found in the index patient and hiso in
mother, thereforehe case correspondéd familial transthyretin amyloidosis. Wild type
transthyretin deposition was detected ia Hecond case, thus in this case the patient had

senile systemic amyloidosis.
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