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Pestome. BbBegeHue: Kapavomuonatnmte ca KMMHUYHO M FEHETUYHO XETEpPOreHHa rpyna 3abonsasaHus,
KOWUTO Ce CBbP3BaT CbC 3HAYMUTENHa 3abonsieMocT U CMbpPTHOCT. LlenTta Ha HacTosLWOTO Npoy4-
BaHe e M3SACHSABaHeTO Ha MOMEeKyNApHOreHeTUYHUTE XapakTepUCTUKM Ha KapanoMmonaTtumuTe npu
nauveHTu B bbnrapusa. Matepuan n metoaun: B HacToAWwOTO Nnpoy4yBaHe No Metoda Ha TapreTeH
aHanus Ha paswupeH naHen ot 242 reHa, CBbp3aHy C KapguomMumonaTtusi, U Ha JOMbIlHUTENEH na-
Hen ot 20 reHa, acouunpaHun ¢ HacneacTBeHa aMmunonao3sa, 6sixa nscnegsaHu o6wo 20 6Gbnrapcku
nauveHTu, AuarHocTuumpaHu ¢ KapamomuonaTus, Kakto cnegsa: 12 naumeHTn ¢ xmneptpoduyHa
kapgnomuonatmsa (XKMIT), BkntountenHo 1 neguaTpuyeH nauveHT, 6 nauneHTy ¢ gunartatvBHa
kapavomuonatust (QKMIT), oT Kouto 2-ma neanaTpuyHy NaumMeHT 1 2-Ma naumeHT ¢ peCTPUKTUB-
Ha kapanomuonatusa (PKMI). CerperaynoHHuTe aHanm3m B cemencTtBata 6sixa npoBefeHn yYpes
OVPEeKTHO cekBeHupaHe no Sanger. PesynTtaTtu: MNonydyeHute pesyntatn nokassat HanMyneTo Ha
reHeTu4Hu Haxogku npy 90% ot nauymeHTute. MNaToreHHN/BEpoATHO NaTOreHHN BapMaHTu ce ycTa-
HoBsBaT npu 12 oT nuacneaBaHuTe nauneHTtn (60%), a reHeTUYHN Haxo4KU BbB Bpb3Ka C U3siBE-
HaTa KMMHUYHa cuMnTOMaTMKa He ce oTKpuBart npu naumeHtute ¢ PKMI B npoyyBaHeTo (10%).
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MpubnuamtenHo 1/3 OT BKMOYEHWUTE MAUMEHTM umaTr )aMuiiHa aHaMHesa 3a BHesanHa CbpgedHa
CMBPT UNM KapguommonaTtus. [aTtoreHHW/BeposTHO NaTtoreHHn BapuaHTy ce oTkpmeat npu 55% ot na-
umeHTuTe ¢ XKMI 6e3 gaHHm 3a hammrHa aHamHesa, npu ~ 67% ot nauneHTute ¢ XKMI ¢ dhamunHa
aHamHesa unm cbe cnopaamyHa KM, a yectotata goctura 100% npw naumeHtute ¢ KM ¢ nono-
XutenHa pbamunHa aHamHesa. B npoyyBaHaTa rpyna ce ycraHoBsiBa CbOTBETHO 2,5 1 4 MbTu NO-BMCOKA
YecToTa Ha NPexaeBpPeEMEHHO TEPMMHUPALLIM BapyaHTU B CpaBHeHWe C AoknagsaHuTte okono 10% B
nuTepartypara, Kakto npv naupeHtute ¢ XKMrT, Taka n npu naumeHtute ¢ OKMI. MNatoreHHW/BeposTHO
natoreHHu BapuaHtn B MYBPC3 reHa (71%) ce OTKpuBaT C Hal-BMCOKa YecToTa Mnpu nauueHTute ¢
XKMI, pokato IKMI ce xapakTepusupa ¢ pasHoobpaseH reHeTu4YeH Npodur, a yCTaHOBEHWUTE Haxop-
kv B NDUFB11 n TAZ reHunTe ce CBbP3BaT C TeXKa KIMHUYHA 138Ba Npu NeaUaTpyUyHU NaumMeHTn B mbp-
BUTE OHW HA NOCTHaTanHus nepunod. PesynTtati oT npoBeaeHW cerperauvoHHn aHanuam ca goknagsaHu
B 6 OT 3acerHatuTe cemeiicTea. 3aknoyeHue: [JaHHUTe OT HACTOSLLOTO NPOyYBaHe ca B Nogkpena Ha
MPUNOXEHNETO Ha FrEHETUYHN M3CreaBaHNs U MEAMKO-TEHETUYHO KOHCYNTMpaHe npy nauneHTuTe 1 3a-
cerHaTuTe cemelncTBa ¢ kapguomuonaTtus B bunrapus.

reHeTU4YHN un3cnenBaHund, UANOCTHO €K30OMHO CeKBeHMpaHe, KapauomumonaTtuu, XVII'IeprOd)VI‘-IHa
Kapanomuonatua, gunatatuBHa KapanommonaTtua
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Introduction: Cardiomyopathies are a clinically and genetically heterogeneous group of diseases,
that are associated with significant morbidity and mortality. The aim of the present study is to clarify
the molecular-genetic characteristics of cardiomyopathies in patients in Bulgaria. Material and
methods: In the present study, targeted analysis of an expanded panel of 242 genes, associated
with cardiomyopathy, and an additional panel of 20 genes, associated with hereditary amyloidosis,
was performed in a total of 20 Bulgarian patients, diagnosed with cardiomyopathy, as follows: 12
patients with hypertrophic cardiomyopathy (HCM), including 1 pediatric patient, 6 patients with dilated
cardiomyopathy (DCM), of whom 2 pediatric patients, and 2 patients with restrictive cardiomyopathy
(RCM). Family segregation analyses were performed by direct Sanger sequencing. Results: Genetic
findings were present in 90% of the patients. Pathogenic/likely pathogenic variants were found in
12 of the patients (60%), while genetic findings related to the clinical symptoms were not detected
in the RCM patients (10%). Approximately 1/3 of the patients had a family history of sudden cardiac
death or cardiomyopathy. Pathogenic/likely pathogenic variants were found in 55% of HCM patients
with no family history, in ~67% of HCM patients with family history or with sporadic DCM, and in
100% of DCM patients with a positive family history. A respectively 2,5 and 4-fold higher frequency
of truncating variants was found in the study group compared to the reports of around 10% in
the literature, both in patients with HCM, and in patients with DCM. Pathogenic/likely pathogenic
variants in the MYBPC3 gene (71%) were found with the highest frequency in HCM, while DCM is
characterized by a diverse genetic profile, and genetic findings in the NDUFB11 and TAZ genes
were associated with severe clinical presentation in pediatric patients in the first postnatal days.
Results of segregation analyses were reported in 6 of the affected families. Conclusion: The data
from the present study supports the importance of conducted genetic testing and medical-genetic
counseling in patients and affected families with cardiomyopathy in Bulgaria

genetic testing, whole exome sequencing, cardiomyopathies, hypertrophic cardiomyopathy, dilated
cardiomyopathy
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BbBEOQEHME

Kapovomuonatumnte ca pasHoobpasHa rpyna 3a-
BbonsBaHUsl Ha CbPLETO, CBbP3aHN C MEXaHW4Ha Uunu
enekTpuyecka AMCPYHKUMS U pasBUTMETO Ha AunaraTu-
BEH, XUNepTpouyeH, PECTPUKPUBEH MUNN apUTMOreHeH
deHoTVN B pe3ynTaT Ha pasnuyHn NPUYUHK, KOUTO Yec-
TO ca reHeTnyHu [1]. PeHoTUNBT Ha Te3n 3abonsiBaHus
MOXe [a ce MpUYMHABA OT MyTauuu B MHOTO PasfnyHm

INTRODUCTION

Cardiomyopathies are a diverse group of heart
diseases, associated with mechanical and/or electrical
dysfunction leading to the development of a dilated, hy-
pertrophic, restrictive or arrhythmogenic phenotype as
a result of various causes, which are often genetic [1].
The phenotype of these diseases may be caused by
mutations in many different genes, with approximate-
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reHn, Kato ca ycTaHoBeHu npubnusutenHo 100 rena,
KOWUTO MoraT fa ce CBbp3BaT C kapanomuonatuu [2]. Ba-
prabunHaTa ekcnpecus U HembriHaTa NEHETPAHTHOCT Ha
Kapavomuonatumte morat ga ce oBsICHAT ¢ BIMSHUETO
Ha dhakTopy Ha OKofHaTa cpefa W ApYru perynaropHu
MeXaHu3Mu BbpXy heHoTUNHaTa 13sBa.

XuvnepTtpodmuHata kapavomuonatus (XKMIM) e
Han-4eCcTOTO HacneacTBeHO CbpAevHO 3abonsiBaHe CbC
3abonsemocT ot 1:500 go 1:200 B obLiata nonynaums [3,
4]. PasnpocTpaHeHo e Nno Lenus CBAT 1 3acsra pasnmyHu
€THMYECKM rpynu, pacy 1 ABara noria nopasHo, KaTo He ce
YCTaHOBSABAT 3HAYYIMUN Pa3fnuKy B FrEHETUYMHUTE MyTauum
1 eHoTUNHaTa n3sBa Ha 3abornsBaHeTO B 3aBMCUMOCT
OT AemMorpadCKUTe XxapakTepUCTUKL Ha naumeHTute [5].
XKMIT ce xapaktepuaunpa CbC CrnoXxHa natoguanonorns
N Ce MPUYMHSBA OT NaToreHHW BapnaHTu B noHe 30 rexa,
KogMpaLLy NpoTEMHUTE Ha CbPOEYHNS CApKOMEP U ApYTi
NPOTEUHU, @ NPU YacT OT NauMeHTUTe crneundguyHa My-
Taumsi He ce ycTaHoBsBa [6, 7]. B nutepatyparta ca gok-
nagsaxn nosede ot 2000 BapuaHTa, cebp3aHn ¢ XKMI,
[0KaTo YecToTata Ha Bb3HUKBAHE HA CMOHTaHHW 1nu de
NOVO MyTaLum OCTaBa HeussicHeHa [5, 8]. YHacnegssaHe-
To Ha XKMI1 ce onpegens Kato aBTO30MHO-AOMUHAHTHO,
HO B PeaKu CriyYan € Bb3MOXHO aBTO30MHO-PELIECUBHO,
X-CBbp3aHO UM MUTOXOHAPWANHO yHacrneasisaHe [9]. C
Haln-BMCOKa YecToTa Npu NaumeHTUTe C FeHETUYHO U3SC-
HeHO 3abonsBaHe Ce YCTaHOBSABAT MaToOreHHW BapuaHTy
B reHuTe MYH?7 (3-Muo3nHoBa Texka Bepura) 1 MYBPC3
(M1o3nH-cebp3BaLy, npotemH C) — npu nNpubnmuanTenHo
75-84% [10]. MyTauum B reHa 3a TponoHuH T2 (TNNT2)
ca JoknaasaHu npu 5-15% oT cnydante, 3a TPOMOHWH |
(TNNI3) npu 5%, a 3a a-tponomumosunH (TPM1) — npy 3%
ot naumeHTtute ¢ XKMI. MatoreHHn myTaumm ca oTkpu-
TW CbLUO Taka B reHnte MYL2, LBD3, MYL3, ACTC1unB
OPYIY FfeHM CbC CbOTBETHO MO-HUCKA YECTOTa, a reHo- Uu
eHokonusTa NpPeacTaBnsBaT HacneaCTBEHUW W HEeHa-
crneacTBeHn 3abonsiBaHusi, Ha KOUTO ce Abimkar 5 Oo
10% ot cnyvanTte Ha XKMI.

[unartatveHata kapamomuonatus (OKMIT) e uvec-
TO CcbpaeyvHo 3abonsiBaHe ¢ yecTtoTa = 1:250 B obuyarta
nonynauusi, kato 30-35% OT crnydaute ce AObibkaT Ha
reHeTu4Ho 3abonsiBaHe [11, 12]. CnyyanTe ¢ HeM3BecT-
Ha eTuonorma ce Knacudpumumpar Kato uvauonatuyHa
OKMI, kosTo npeactaBnsiBa guarHosa Ha M3KoYBaHe
[12]. DoknaggaHo e, Ye npu cuctemMaTnyeH CKPUHUHE Ha
POLHVHK OT MbpBa CTEMNEH Ha NAUMEHTU C HOBOAMArHOC-
TMumpaHa mouonatmyHa OKMIT ce oTkpuBa dhammunHOCT
npu 20-35% ot 1ax [13]. OKMI1 ce npuunHsiea oT MyTaumm
B noBeye o1 30 reHa, 3acaralim NpoOTEUHN Ha PasHOO6-
pa3HW KIETbYHM CTPYKTYpW, KaTo capkomepa, siopeHarta
00BVBKa, LIMTOCKENEeTa, MUTOXOHAPUWTE, capkoriemara 1
MeXOyKNeTbYHUTE KOHTakTh [11, 14]. MyTaummn B HAKOM
OT TEe3 reHN Ce CBbP3BAT ChLLUO Taka C ApYrv KapayoMmo-
naTum, KakTo U C KaHanonatum, MycKyrnHa AMcTpodus 1
CMHAPOMHM 3abonssanus [11]. BapuaHtu, npuunHasaLm

ly 100 genes identified, that could be associated with
cardiomyopathies [2]. The variable expression and
incomplete penetrance of cardiomyopathies may be
explained by the influence of environmental factors
and other regulatory mechanisms on phenotypic ex-
pression.

Hypertrophic cardiomyopathy (HCM) is the most
common inherited heart disease with a prevalence of
1:500 to 1:200 in the general population [3, 4]. It is
distributed in countries around the world and affects
different ethnic groups, races and both sexes equal-
ly, with no significant differences in genetic mutations
andphenotypic expression of the disease depending
on the demographic characteristics of patients estab-
lished [5]. HCM is characterized by a complex patho-
physiology and is caused by pathogenic variants in
at least 30 genes, encoding proteins of the cardiac
sarcomere and other proteins, and in a proportion of
patients no specific mutation is identified [6, 7]. More
than 2,000 variants, associated with HCM have been
reported in literature, while the frequency of occur-
rence of spontaneous or de novo mutations remains
unclear [5, 8]. Inheritance of HCM is defined as auto-
somal dominant, but in rare cases autosomal reces-
sive, X-linked or mitochondrial inheritance is possible
[9]. Pathogenic variants in the MYH7 (B-myosin heavy
chain) and MYBPC3 (myosin binding protein C) genes
are found with the highest frequency in patients with
genetically clarified disease — in approximately 75-
84% [10]. Mutations in the troponin T2 (TNNT2) gene
are reported in 5-15% of cases, in the troponin | gene
(TNNI3) in 5%, and in the a-tropomyosin gene (TPM1)
in 3% of patients with HCM. Pathogenic mutations
have also been identified in the genes MYL2, LBD3,
MYL3, ACTC1 and in other genes, respectively with a
lower frequency, while genocopies and phenocopies
represent hereditary and non-hereditary diseases that
account for 5 to 10% of HCM cases.

Dilated cardiomyopathy (DCM) is a common
heart disease with a prevalence of = 1:250 in the
general population, with 30-35% of cases caused
by genetic disease [11, 12]. Cases of unknown etio-
logy are classified as idiopathic DCM, which is a diag-
nosis of exclusion [12]. It has been reported that
with systematic screening of first-degree relatives of
patients with newly diagnosed idiopathic DCM, fam-
ily disease is found in 20-35% of them [13]. DCM
is caused by mutations in more than 30 genes that
affect proteins of diverse cell structures such as the
sarcomere, nuclear envelope, cytoskeleton, mito-
chondria, sarcolemma, and intercellular contacts [11,
14]. Mutations in some of these genes are also asso-
ciated with other cardiomyopathies, as well as chan-
nelopathies, muscular dystrophy, and syndromic dis-
eases [11]. Variants causing truncations in the TTN
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npexaeBpeMeHHO TepMuHMpaHe B reHa TTN, kogupaly,
Han-ronemms NPoTeMH B CbPLETO — TUTWH, Ca MpUYMHa
3a ~25% ot chamunHuTte criydam n 18% ot cnopagnyHuTe
cnyyau Ha KM [15]. MatoreHHn BapuaHTn B LMNA reHa
ca BTOpaTta Han-4ecTto foknaaeaHa npuynHa 3a KM n
ce cbobLwasar npu 6% ot naumeHTtute [11]. MyTauumTe
BbB BCEKM €VH OT OCTaHanuTe reHn, KOUTO ce CBbp3BaT
¢ OKMI, narnexaa, 4e npnumHaear < 5% ot cnyvanTe Ha
3abonssaHeTo — Hanp. MYH7 (~4%), MYBPC3, TNNT2,
MYPN, SCN5A, RBM20 (~2% Bcekn) n PLN (~1%) [16].
OKMIT Ham-yecTO ce yHacnegsisa no aBTO30MHO-4OMMU-
HaHTEH Moper, BbINPEKN Ye € Bb3MOXHO aBTO30MHO-pe-
LIECMBHO, X-CBbP3aHO WM MUTOXOHOPUWANHO yHacneas-
BaHe.

ApuTmoreHHaTa kapamomuonatusa (AKMIT) e nporpe-
CMBHO, HacneacTeeHo 3abonsisaHe Ha Myokapaa, KOeTo
€ BOodella MpuYMHa 3a KamepHa apuTtMusi U BHe3anHa
cbpaeyHa cmbpT (BCC) npu mnagm nuua [17]. AKMIT
MOXe Oa 3acsra npeaumHo asicHata kamepa (AOKMIT),
npeaumHo ngasata kamepa (AJIKMI) unn n asete kamepu
Ha cbpueTo. 3abonsemoctta ot AKMI ce oueHsiBa Ha
1:5000 1 No-BMCOKa B KOXOPTU C UTanmMaHCKu U repMaHcku
npou3axog (1:2000) [18]. Mpw npubnusutenHo 50% ot na-
uneHtute ¢ AKMI ce yctaHoBSABaT NatoreHHM BapuaHTu
B JECMO30MHUTE reHun, BkrtovnTenHo PKP2, DSP. DSG2,
DSC2 v JUP, a Han-4eCcTo ca OoKnagBaHu MyTaumv B
PKP2 reHa, kogupaly, npotenHa nnakounuH 2 — npu 20-
45% ot naumeHTuTe [19]. AKMIT Han-4ecTo ce yHacnens-
Ba MO aBTO30MHO-AOMWHAHTEH MOZJESN, @ aBTO30MHO-pe-
LecrBHUTE OOPMM Ca pPedKkn 1 ce CBbP3BaT OCHOBHO C
KapgmokyTaHHute cuHgommn Ha Naxos m Carvajal, KouTo
Ce MPUYMHSBAT OT XOMO3UIOTHU MyTaumm B reHute JUP
n cboTtBeTHo DSP [17, 20]. [NaTtoreHHn MyTaumm B reHuTe
DES, FLNC, PLN, SCN5A n TMEMA43 cbLu0 ca goknag-
BaHW npw naumeHtn ¢ AKMI [20].

JleBokamepHata HekOMMakTHa KapavomuonaTus
(JTHKMIT) e psagko 3abonsiBaHe, KOETO ce CBbp3Ba C Ha-
NNYMETO HA MHOXECTBO Tpabekynaummn B NeBOKaMepHUS
mMuokapg [21]. CuuTa ce, Ye ce ObImKU Ha apecT Ha MUO-
KapgHaTta KOMMakTu3aumsi B KbCeH eTan oT petanHo-
TO pa3BUTUE Ha CLPLETO, HO CbLLO Taka Moxe Aa Obae
npugobuTa — ocBeH haMUIHUTE U CropaguyHn doopmu,
Ce yCTaHOBsIBA MpW TPEHVPaHW atneTv, NauMeHTU CbC
CbproBUOHOKNETbYHA GonecTt 1 npn 6pemenHu [16, 21].
3abonsemoctTa ot JIHKMIT Bapupa B rpanmiuute 0,14 n
1,26% npu nauveHTW, pedepvpaHn 3a exokapguorpa-
s, cnopen OaHHWTE OT PasnMYyHU NPOyYBaHWUs, U ce
cBbp3Ba € 9,5% OT cnyyauTe Ha kapauommuonaTus npu
deua [21]. damunHo 3abonsiBaHe ce yCTaHOBSBa Mpwu
noHe 30-50% OT naumeHTuTe, KaTto B HSKOW CeMenc-
TBa BCUYKM 3acerHat poaHWHU PEHOTUMHO NposiBABAT
JIHKMI, 3a pasnuvka ot gpyrv doammnmu, B KOUTO Npu apy-
r 3acerHatu pogHuHu ce yctaHossisa XKMI, OKMI nnu
PKMIT [16, 17]. YHacnegasaHeTo Ha JIHKMIT e ocHOBHO
Mo aBTO30MHO-AOMMHAHTEH MOZEN, HO € Bb3MOXHO aB-

gene, encoding the largest protein in the heart — titin,
are responsible for ~25% of familial cases and 18% of
sporadic cases of DCM [15]. Pathogenic variants in the
LMNA gene represent the second most frequently re-
ported cause of DCM and are found in 6% of patients
[11]. Mutations in each of the other genes, associa-
ted with DCM, appear to cause less than 5% of the
cases of the disease — e.g. MYH7 (~4%), MYBPCS3,
TNNT2, MYPN, SCN5A, RBM20 (~2% each) and
PLN (~1%) [16]. DCM is most commonly inherited
in an autosomal dominant pattern, although autoso-
mal recessive, X-linked or mitochondrial inheritance
is possible.

Arrhythmogenic cardiomyopathy (ACM) is a pro-
gressive, inherited disease of the myocardium, which
is a leading cause of ventricular arrhythmia and sud-
den cardiac death (SCD) in young adults [17]. ACM
can affect primarily the right ventricle (ARVC), pri-
marily the left ventricle (ALVC), or both ventricles of
the heart. The prevalence of ACM is estimated to be
1:5000 and higher in cohorts of Italian and German
origin (1:2000) [18]. In approximately 50% of ACM
patients, pathogenic variants are found in the des-
mosomal genes, including PKP2, DSP, DSG2, DSC?2,
and JUP, and mutations in the PKP2 gene, encod-
ing the plakophilin-2 protein, have been reported
most commonly — in 20-45% of patients [19]. ACM is
most often inherited in an autosomal dominant pat-
tern, while autosomal recessive forms are rare and
are mainly associated with the cardiocutaneous syn-
dromes of Naxos and Carvajal, which are caused by
homozygous mutations in the JUP and DSP genes,
respectively [17, 20]. Pathogenic mutations in the
DES, FLNC, PLN, SCN5A and TMEM43 genes have
also been reported in patients with ACM [20].

Left ventricular non-compaction cardiomyopa-
thy (LVNC) is a rare disease associated with mul-
tiple trabeculations in the left ventricular myocardi-
um [21]. It is thought to be due to an arrest of the
myocardial compaction at a late stage of fetal heart
development, but it can also be acquired — besides
familial and sporadic forms, it is found in trained
athletes, in patients with sickle cell disease and in
pregnant women [16, 21]. The prevalence of LVNC
ranges from 0.14% and 1.26% in patients, referred
for echocardiography, according to data from vari-
ous studies, and is associated with 9.5% of cases of
cardiomyopathy in children [21]. Familial disease is
found in at least 30-50% of the patients, and in some
families all affected relatives phenotypically exhibit
LVNC, while in other families the affected relatives
are found to have HCM, DCM or RCM [16, 17]. The
inheritance of LVNC is mainly in an autosomal domi-
nant pattern, but an autosomal recessive, X-linked or
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TO30MHO-PELIECBHO, X-CBbP3aHO UMM MUTOXOHAPUAIHO
yHacnegsaeaHe [17]. Han-yecto goknagsaHute myTtaumm
npv naumeHTn ¢ JIHKMI ca B capkomepHUTE reHu, BKIo-
untenHo MYH7, MYBPC3 u TTN, kato 4yecTtotata UM e
mexay 17 v 41%, a pefkm naTtoreHHU BapyaHTy ca Cbob-
weHn B LDB3, NKX2.5, TBX5, PRDM16, SCN5A v opyru
reHn [19, 22]. MyTaumuTte B reHa 3a Tadha3vH ca mbpBuTe,
oTKpuTU Npu deua ¢ pamunHa JIHKMI ¢ X-cebp3aHo pe-
LleCMBHO YHacnenseaHe 6e3 faHHM 3a BPOLAEHO Cbpaey-
Ho 3abonsieaHe [23].

PectpuktnBHata kapgnommonatus (PKMI) e psigka
KapavMomyonaTtusi, KOSTO MOXe [a € B pe3ynTar Ha reHe-
TUYHW, HEFEHETUYHM MPUYKHN UM A Ce CBbP3Ba CbC CUC-
TeMHM 3abonsiBaHus [19]. YHacnegsaeaHeto npu PKMI
MOXe [a € aBTO30MHO-OOMMHAHTHO, aBTO30MHO-peLe-
CUBHO, X-CBbp3aHO WM MUTOXOHApManHo. Han-yecto
OTKpVBaHUTE MyTaumu npu naumeHtute ¢ PKMIT ca B
CapKOMEpHUTE U UUTOCKENETHUTE TEHU, BKIOYUTENHO
MYH?7, TNNI3, TNNT2, ACTC1, TTN, n FLNC. Bb3mox-
HO € pOaHVHUTE B €4HO ceMencTBO ¢ hamunHa PKMIT ga
nposiBsBaT pasnuyHu deHotunose, kato XKMI1 npu Ha-
nn4meTo Ha natoreHHu BapnaHtn B MYH7 nnn TNNI3 re-
HWTE, BKITIOYMTENHO aTPMOBEHTPUKYIEH BNok n/unu cke-
netHa muonatus [24]. daHHuTe npu naumeHTn ¢ PKMI
MoKasBeart, Ye reHETUYHM HaxOo4KN BEPOATHO MoraT Ada ce
ycTaHoB4T B 40 60% ot criydawnTe [19].

AKTyanHuTe KIUHWYHM PBKOBOACTBA MpernopbuyBar
NPOBEXOAHETO HA FEHETUYHO KOHCYNTUPAHE Y FTEHETUYHU
n3criefBaHns Kato He3aMeHMMa 4acT OT KOMMIEKCHUS
noaxod B CbBPEMEHHaTa rpuxka 3a nauueHTuTe ¢ Kap-
aunomuonaTnst U TeXHUTe cemeinctea [6, 19, 25-28]. le-
HETUYHUTE M3CneaBaHus B KMMHWYHATA NpakTuka umart
KIMOYOBO 3HAYeHVe 3a MOTBbpXKAaBaHe Ha AuarHosata
NPy KMMHWYHA HECUIYPHOCT, Kato maeHTuduumMpaHmuTe
FeHETMYHM BapuaHTV MoraT ga nocryar 3a npoBexaa-
HETO Ha KackageH CKPUHUHT C Liern onpegensHe Ha 6rnms-
KW pOOCTBEHMLM B PUCK OT pa3BuTME Ha 3abonsBaHETO
WM N3KIOYBaHE Ha TO3W PUCK MW ApYrv OT TsX B CbOT-
BETCTBME CbC CbBPEMEHHUTE KITMHUYHM MPENOPBKU.

KbM MOMeHTa, JOKOMKOTO HY € M3BECTHO, He ca nyb-
NVKyBaH1 0606LLEHN AaHHN OTHOCHO MOMEKYISPHOreHe-
TUYHUTE XapakTEPUCTUKM NPU NaLUEHTU C KapAMomuona-
Tns B Obnrapckarta nonynaumsi.

MATEPUAN U METOOMU

Mpoy4yBaHeTo e ogobpeHo oT Komucusima rno emu-
Ka kbM MegnumHckus yHnBepeutet — Codoms, MNMpotokon
Ne17/16.12.2022 r. INMnucmeHn MHOPMUPAHU Chrnacusi
ca nory4eHn oT NauneHTUTe, BKITIOYEHN B MPOYYBaHETO,
W OT TEXHUTE HACTOMHULIM, KaKTO U OT BCUYKM 13crnea-
BaHW POLHUHN.

JemorpadckmTe 1 KNMHUYHUTE OaHHW HA NauneHTu-
Te Bsxa ycTaHOBEHW OT npuapyxasallata MeguuuHeka
AokymeHTaumst. [Mpobute ¢ BeHO3Ha KpbB Bsixa cbbpaHu

mitochondrial inheritance is also possible [17]. The
most commonly reported mutations in patients with
LVNC are in the sarcomeric genes, including MYH?7,
MYBPCS3, and TTN, with frequencies between 17%
and 41%, while rare pathogenic variants have been
reported in LDB3, NKX2.5, TBX5, PRDM16, SCN5A,
and other genes [19, 22]. Mutations in the tafazzin
gene were the first to be identified in children with fa-
milial LVNC with X-linked recessive inheritance with
no evidence of congenital heart disease [23].

Restrictive cardiomyopathy (RCM) is a rare car-
diomyopathy that may result from genetic, non-ge-
netic causes, or be associated with systemic dis-
eases [19]. Inheritance of RCM may be autosomal
dominant, autosomal recessive, X-linked, or mito-
chondrial. The most commonly detected mutations
in patients with RCM are in the sarcomeric and cy-
toskeletal genes, including MYH7, TNNI3, TNNT2,
ACTC1, TTN, and FLNC. It is possible that relatives
in a family with familial RCM exhibit different pheno-
types, such as HCM in the presence of pathogen-
ic variants in the MYH7 or TNNI3 genes, including
atrioventricular block and/or skeletal myopathy [24].
Data in patients with RCM indicate that genetic
findings are likely to be established in up to 60% of
cases [19].

Current clinical guidelines recommend genetic
counseling and genetic testing as an indispensable
part of the complex approach in contemporary care
for patients with cardiomyopathy and their families
[6, 19, 25-28]. Genetic testing in clinical practice is
key to confirming the diagnosis in clinical uncertain-
ty, and the identified genetic variants may facilitate
cascade screening to identify close relatives at risk of
developing the disease or exclude this risk in others
in accordance with up-to-date clinical recommenda-
tions.

At present, to the best of our knowledge, no
pooled data on the molecular-genetic characteris-
tics of patients with cardiomyopathy in the Bulgarian
population has been published.

MATERIALS AND METHODS

The study was approved by the Ethics Commit-
tee of the Medical University of Sofia, Protocol No
17/16.12.2022. Written informed consent was ob-
tained from the patients included in the study or their
guardians, as well as from all relatives tested.

Patient’s demographic and clinical data were re-
trieved from the accompanying medical records. The
samples with venous blood were collected during
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1. AHeernosa u dp.

Mo BpeMe Ha XOCnMTanm3aums Unm Ha pyTUHHO npocre-
AsiBaHe Ha naumeHtTute B KnuHukata no kapguonorus
kbM YMBAIT ,,CB. AHHa" — Codoms, unu B apyrn yHuBep-
CUTETCKU, UMW KIMMHWYHW LIEHTPOBE B CTpaHaTa.

3a uennTe Ha HacToALLOTO NpoyyBaHe Oelue n3o-
nupaHa OHK oT BeHo3Ha kpbB Ha 20 Gbnrapcku na-
UMEHTKN, AMarHocTuuMpaHu C Kapguomuonatusi, Mo
MeToaa Ha uaconsaHe. OLeHKa Ha Ka4eCTBOTO Ha M30-
nupaHata [HK ce ocbluecTBaABa Ype3 OMpeKTHa Cnek-
TpodpoTOMETPUS.

LisnoctHoTO ek3omMHO cekBeHupaHe (WES, whole
exome sequencing) Oelle NpoBedeHO B MapTHbOPCKA
nabopatopus ,Admera Health, LLC*, USA. AHanu3bT
Ha [JaHHWTE OT LSANOCTHOTO E€K30MHO CekBeHupaHe 6e
n3BbpPLLEH CbC cneunduydeH codtyep GensearchNGS,
PhenoSystems SA ¢ n3nonasaHeTo Ha pa3wmpeH NaHen
OT 242 reHa, CBbp3aHu C KapaAMoMMonaTus 1 A0MbIHUTE-
neH TapreteH naHen ot 20 reHa, acouuvpaHu ¢ Hacrnea-
cTBEeHa amurnonaosa, Npy sBama naumueHTu.

TapreTHUTE PervioHn OT YOBELLKMS F’eHOM, KbETO No-
nagar reHeTUYHN BapuaHTU, OTKPUTY NPU LiSTIOCTHOTO eK-
30MHO CEKBEHMpaHe, Bsxa HaMHOXEHM Ypes nonMMepas-
Ha BepwkHa peakumsd. AMnnanuumMpanntTe gparmeHTu
Os1Xxa CekBeHMpaHu No MeToAa Ha Sanger C KT 3a cekBe-
HupaHe BigDye® Terminator v.3.1 (Applied Biosystems,
Foster City, CA, USA). EnektpocopeTniHoTO pasgensHe
Ha CEKBEHLIMOHHMTE MPOAYKTU CEe N3BbPLUN MOCPEACTBOM
cekBeHaTop ABI Prism 3130 Sequence Genetic Analyzer.
MonyyeHnTe OaHHM Osixa 0OpaboTeHn aBTOMAaTUYHO OT
nporpama ABI3130 Data Collection Software 1 nonyyexu
B roToB BMA nog copMaTta Ha enekTpodoperpama Cbc
cogpryep Sequencing Analysis v.5.1.1.

WHTepnpeTaumsaTa Ha OTKPUTUTE TFEHETUYHU Ba-
puaHTU e u3BbplLleHa cropen knacudukaumoHHUTE
KpUTEPUM Ha PBKOBOACTBOTO HA AMEPUKaHCKUS KOMexX
no MeduyUHCKa eeHemuka u 2eHoMuka/Acoyuayusima
rno monekynspHa namosoauss (ACMG/AMP), kaTo ce
B3emaT NpeaBug KMMHUYHUTE NPOSIBM NPY NauneHTuTe
N pesyntatute OT NPOBEAEHUTE CerperauMoHHN aHa-
nn3un B 3acerHatuTte cemenctaa [29].

PE3YNTATH

B pamknTe Ha HacTosALWOTO npoyyBaHe Osixa u3-
cneaBanu o6Lwo 20 6bnrapckv NauMeHTH, AUarHoCTULIM-
paHu C KapguomuonaTtus, Kakto crneasa: 12 naumeHTu
¢ XKMI1, BkntoumTenHo 1 neguatpuyeH naumeHt, 6 na-
uneHTtn ¢ IKMI1, oT kouto 2-ma negnaTpuyHmn, 1 2-ma na-
umeHTta ¢ PKMI1. [lemorpadpckmTe 1 KMMHUYHUTE XapakTe-
PVCTVKM Ha n3crnegBaHvTe nuua ca NpeacTtaBeHn B Tabn.
1-5, a yCTaHOBEHMWTE rEHETUYHW HaxXo4KM Npu NpoyYBaHa-
Ta rpyna ca npeacraBeHu B Tabn. 6. PesyntatuTe ot npo-
BEAEHOTO NMpOyYBaHe MOKa3BaT HANMYMETO HA FEHETUYHMN
BapvaHTK npu 18 oT nscneaBaHuTe ObMrapcky NaumMeHTn,
KaTo M34mcrieHaTa YectoTa Ha reHETUYHUTE HAXO4KM, KOsi-

hospitalizations or routine follow-up of patients in
the Cardiology clinic at the University Hospital "St.
Anna", Sofia or in other university or clinical centers
in the country.

For the purpose of this study, DNA from venous
blood of 20 Bulgarian patients, diagnosed with car-
diomyopathy, was isolated using the salting-out
method. Assessment of the quality of the extracted
DNA was carried out by direct spectrophotometry.

Whole exome sequencing (WES) was conduct-
ed in the partner laboratory "Admera Health, LLC",
USA. The analysis of the whole exome sequencing
data was performed with the specialized software
GensearchNGS, PhenoSystems SA, using an ex-
panded panel of 242 genes, associated with car-
diomyopathy, and an additional target panel of 20
genes, associated with hereditary amyloidosis, in
two of the patients.

The target regions of the human genome, where
the genetic variants were found during the whole
exome sequencing, were multiplied by polymerase
chain reaction. The amplified fragments were se-
quenced using Sanger's method with BigDye® Ter-
minator v.3.1 sequencing kit (Applied Biosystems,
Foster City, CA, USA). Electrophoretic separation of
sequence products was performed via an ABI Prism
3130 Sequence Genetic Analyzer sequencer. The
obtained data were processed automatically by the
program ABI3130 Data Collection Software and re-
ceived in the form of an electrophoregram with Se-
quencing Analysis software v.5.1.1.

The interpretation of the detected genetic vari-
ants was performed according to the classification
criteria of the guidelines of the American College of
Medical Genetics and Genomics/Association of Mo-
lecular Pathology (ACMG/AMP), taking into account
the patient's clinical manifestations and the results
of the segregation analyses conducted in the affect-
ed families [29].

RESULTS

In the present study, a total of 20 Bulgarian patients,
diagnosed with cardiomyopathy, were examined, as
follows: 12 patients with HCM, including 1 pediatric
patient, 6 patients with DCM of whom 2 pediatric pa-
tients, and 2 patients with RCM. The demographic
and clinical characteristics of the studied patients
are presented in Tables 1-5, and the identified ge-
netic findings in the study group are presented in
Table 6. The results of the conducted study show
the presence of genetic variants in 18 of the tested
Bulgarian patients, and the calculated frequency of
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TO BKIIHOYBA MaTOreHHW/BEPOSITHO NaTOreHHN BapuaHTu v
BapuaHTUTE C HEACHO 3HadveHue (variants with uncertain
significance, VUS), B Tasu naumeHtcka rpyna e 90%.
YecTtoTata Ha HOBOOTKPUTUTE FEHETUYHM HaXOLKM, KOUTO
He ca goknageaHu B 6asaTta gaHHu ClinVar unu nutepa-
TYPHUTE U3TOYHMLUM, NPU NpoyYBaHaTa rpyna nauueHTu e
25%. [eHeTn4HNTE HaxoaKM Npy nscneaBaHuTe nuua Mo-
rat Aa ce knacudumumpar, CbOTBETHO KaTo:

— MaTOreHHU/BEPOATHO MaTOreHHU BapuaHTU npwu
12 naumeHTn (60%);

— BapuaHTK C HESICHO 3HayeHue npu 6 nauueHTu
(30%).

EguHcTBeHo npu naumeHTuTe ¢ PKMI B npoyyBaHe-
TO He Ce YCTaHOBSABAT rEeHETUYHN HaxodKWN, CBbP3aHu C
nssBeHara knnHnyHa cumntomatuka (10%). MNaroreHHw/
BEPOSATHO NaTOreHHN BapuaHTK ce oTkpmBaT npu ~58%
oT naumeHTtute ¢ XKMI1 n npu ~83% OT naumeHTtuTe C
OKMI. N3uncneHaTta YyectoTa Ha BEPOSITHO NaToreHHu/
naToreHH BapuaHTy B NpoyyYBaHETO € ~32% OT BCUYKM
OTKPUTW BapuaHTW, KaTo YeCTOTUTE NpU NauueHTuTe C
XKMIM n OKMI ca cbotBeTHO 28% 1 ~38%.

Mo OTHOWeEHME Ha TUMOBETE OTKPUTU FEHETUYHU
BapuaHTX Mpu BCUYKM MaUMEHTW, C HaW-BUCOKa 4vec-
TOTa ce ycTaHOBsiBaT missense BapuaHTu (~69%), a
no-psiAko ce oTkpuBaT nonsense BapuaHTu (~14%),
BapuaHTK C M3MecTBaHe Ha pamkaTa Ha yeteHe (~8%),
in-frame geneuun (~6%), kakTo u start loss BapuaHT
(~3%). YectoTtute npu naumeHtute ¢ XKMIM 1 OKMI
ca pasnpeferneHu, Kakto criegsa:

o XKMI1— missense BapuaHtn ~74%; nonsense Ba-
puaHtn ~13%; BapmMaHTV C M3MeCTBaHe Ha pamMmkaTa Ha
yeteHe ~9% u in-frame geneunsa ~4%;

o IKMI1 — missense BapuaHTh ~62%; nonsense Ba-
pvaHTn ~15%; BapnaHT C U3MecTBaHe Ha pamkaTa Ha
yeTeHe, in-frame geneums u start loss BapmaHt ~8% 3a
BCEKM TUM.

Ha dour. 1 ca npeacraBeHn pesynratnte NoO OTHOLLE-
HMe Ha YecToTaTta Ha MaToreHHW/BEPOSTHO NAaTOreHHN Ba-
pYaHTV 1 BapUaHTK C HESICHO 3HAYeHMe, KakTo 1 caMo Ha
NaToreHHW/BEPOSATHO MaToreHHW BapuaHTu Npu uscneg-
BaHaTa rpyna naumeHTu, a CbLUo 1 pesyntatute oT aHa-
nuza npu nogrpynute ¢ XKMIM v AKMIT. MonyyeruTe pe-
3ynTaTy 3a YyectoTaTta Ha reHeTUYHUTE BapuaHTy (00Lwo
NaToreHHN/BEPOATHO NMaTOreHHU BapuaHTWM U BapuaHTU
C HESICHO 3HaYeHue), yCTaHOBEHN Npu GbrrapckiTe na-
LUMEHTN C KapaMoMmonaTus, nokassar 4Ye Har-4ecTo ce
3acdrar capkomepHute renmn (TTN, MYBPC3, TNNI3,
MYH7, MYHG6) — B nonoBuHata OT CrydauTte, reHu 3a
noHHM kaHanm (SCN5A, KCNAS5, KCNH2, CACNA1QC),
uutockeneThu renn (LAMA4, ILK, FLNC), renmn 3a Z-gu-
cka (TCAP, MYPN), reHn 3a MUTOXOHOPWanHW npoTte-
nHn (TAZ, NDUFB11), HO CbLUO Taka 1 reHn 3a KneTby-
HO-aaxe3noHeH npoTtenH (CDH?2), neCMO30MHUTE CTPYK-
Typu (DSP), kneTbyeH membpaHeH npotenH (ANK2) n 3a
crneundunyHn peuentopHu monekynu (LDLR, IL31RA).

the genetic findings, which includes pathogenic/like-
ly pathogenic variants and variants with uncertain
significance (VUS) in this patient group is 90%. The
frequency of newly discovered genetic findings not
reported in the ClinVar database or literature sources
in the study group of patients is 25%. The genetic
findings in the studied patients can be classified as:

— pathogenic/likely pathogenic variants in 12
patients (60%);

—variants with uncertain significance in 6
patients (30%).

Only in the patients with RCM, no genetic find-
ings related to the manifested clinical symptoms
were identified (10%). Pathogenic/likely pathogen-
ic variants were found in ~58% of the patients with
HCM and in ~83% of the patients with DCM. The
estimated frequency of likely pathogenic/pathogenic
variants in the study was ~32% of all variants found,
with the frequency in patients with HCM and DCM
being 28% and ~38%, respectively.

Regarding the types of genetic variants found in
all patients, missense variants (~69%) were with the
highest frequency, while nonsense variants (~14%)
were less common, as well as frameshift variants
(~8%), in-frame deletions (~6%) and a start loss
variant (~3%). The frequencies in patients with HCM
and DCM are distributed, as follows:

¢ HCM — missense variants ~74%; nonsense
variants ~13%; frameshift variants ~9% and in-
frame deletion ~4%;

e DCM - missense variants ~62%, nonsense
variants ~15%; frameshift variants, in-frame deletion
and start loss variant ~8% for each type.

The results about the frequency of pathogenic/likely
pathogenic variants and variants with uncertain signifi-
cance, only of the pathogenic/likely pathogenic variants
in the studied patient group, and also the results of the
analyses in the subgroups of patients with HCM and
DCM are presented in Figure 1. The results about the
frequency of the genetic variants (all pathogenic/likely
pathogenic variants and variants with uncertain signifi-
cance) found in the Bulgarian patients with cardiomyo-
pathy show that the most commonly affected genes
were the sarcomeric genes (TTN, MYBPC3, TNNI3,
MYH?7, MYH6) — in half of the cases, ion channel genes
(SCN5A, KCNA5, KCNH2, CACNA1C), cytoskele-
tal genes (LAMA4, ILK, FLNC), Z-disc genes (TCAP,
MYPN), genes for mitochondrial proteins (TAZ,
NDUFB11), as well as genes for cell-adhesion protein
(CDH2), desmosome structures (DSP), cell membrane
protein (ANK2) and for specific receptor molecules
(LDLR, IL31RA).
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Ta6nuua 1. [lemorpadckn M KNUMHUYHU XapaKTEPUCTUKU Ha U3crie4BaHUTEe Bb3PacTHU MaUMeHTU C XunepTpoduyHa
KapavoMmuonaTus

Table 1. Demographic and clinical characteristics of the adult patients with hypertrophic cardiomyopathy

Ankoxonka r— [leGenvna Ha Tenegvactonen | Tenecuctonex
Wnentudukaums Bubapacr, E o abnauvslpeabnauus | WmnnaxTMpa neicMenKbp, ReGenuta ka 3apHa creka paus Ha o6em oGem
Ha naenTa Non | romm THHYECKa i ,mfn Tun K xumeprpotpus wa cenyva 1CD, s P MexaykamepHa nperpaga | Ha nsisa kamepa U3TNackBaHe r:/a HanAea | Ha nABa Ikamepa
Patient Sex Age, IpHHATEXHOCT Type o Type of LV hypertrophy | Alcohol ablation/re- | Implanted ICD, Implanted ".""‘) (mm) NIABA Kawepa ( f" kawepa (m .) (m .
L Ethnicity cardiomyopathy " - Interventricular septal Posterior wall of | LV Ejection fraction | End-diastolic End-systolic
identification years ablation of the Indication pacemaker, thick the LV thick % I fth I fthe LV
septum indicaion ickness (mm) e ickness (%) volume of the | volume of the
(mm) LV (ml) (ml)
fla,
XK peuvvBApaLIA
Mauuent Ne 1 " 5 Bbnrapeka HeOﬁCTp‘/KT‘MBHa Acnmetpuasa [/ :ZT:KTG " 15mm 13mm 5% 149m oml
Patient Ne 1 Bulgarian HCM, non- Asymmetric & on J
obstructive o3, Teolvonces
of ventricular
tachycardia
la, nepryratia [la, cumnTomariyHa
Mauuert Ne 2 Bonrapcka i, KoHueHTpuxa aﬁﬁausﬂca cenmyma cbpaedta
N o KF 60 obCTpyKTHBHa HeAoCTaTby4HoCT 19mm 15mm 65% 48ml A7 ml
Patient Ne 2 Bulgarian Concentric Yes, percutaneuos
HCM, obstructive Yes, sympthomatic
septal ablation .
heart failure
[la, nepkyTatHa
Mauwent Ne 3 Bbnrapeka A AcnmeTpuHa abnaups Ha cenTyma
Patient Ne3 M 4 Buigarian N L Yes, 21mm 14 mm 73% 128ml 34ml
. 9 HCM, abstructive Y .
septal ablation
[la, nepkyTarHa
Mauwent Ne 4 Buarapcka i, AcumeTpussa abnauys Ha cenyma
et M 66 " P ! y 19mm 13mm 62% 64l 25ml
Patient Ne 4 Bulgarian Asymmet Yes, p
HCM, obstructive N
septal ablation
{la, monex AV 6ok u
e g KNUHWHA NPOSB Ha
Maupert Ne 5 Boarapcka Ml AcumeTpriHa aﬁlzlaus:y;a centyma Py
. M 60 3 i o Yes, complete AV 22mm 16 mm 65% 85ml 30ml
Patient Ne 5 Bulgarian ; i Yes, .
HCM, obstructive septal ablation block and clinical
P! presentation with MAS
syndrome
Mauvent No§ X,
e K| 4 BomES | ggerpyunaHCN, | AOMEDAR 17mm 2mm 66% 48l 17nl
atient Bulgarian obstructive Asymmetric
[la, nepkyTatHa
Mauwent Ne 7 Typcka SR AcumeTpuiHa abrauys Ha cenyma
3 5 XIF 63 : n g 24mm 19mm 54% 85ml 40ml
Patient Ne 7 Turkish HCM. obstructve i Yes,
' seplal ablation
[a,
XKM, npocunakTHka Ha
E:::ﬁ;‘;:‘; 8 M 2% mjg‘; obcpykTHEHa A::M;;ﬂp:;‘”: BCC 2%mm 2mm 52% 58l Bl
3 HCM, obstructive ! Yes, SCD
prophylaxis
XKML [la, nepkyTatHa
naguenr Ne9 " % Bbnrapeka AncmeTpm‘u_na abnaups Ha cenTyma 23mm 16mm 7% 98 ml %ml
Patient Ne 9 Bulgarian HOM. obstructive )] Yes,
! septal ablation
XKmn,
Mauuent Ne 10 Bonrapcka HeoBCTpyKTHBHE Aomverpika "
Patient Ne 10 M % Bulgarian HCM, non- Asymmetric 17mm 12mm T 8tml 4nl
obstructive
XKMn,
Mauvent Ne 11 Typcka HeobCTpykMBHa AchmeTpuira o
Patient Ne 11 A 4 Turkish HCM, non- Asymmetric 2mm 24 0% S8l Zn
obstructive
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Ta6bnuua 1. MpoabmkeHne

Table 1. Continuation

[lecHokamepHa
[nactonka XunepTpochus, Mitpanka Bupacr ka
Wnextudpmkauus AHCIDYHIIAR Ha o npeacupike, ReBenuta va peryprutauus, Cuppeana Aprepuanta Mpenctpato OTKpHUBaHE Ha (bamunHa aHaMHe3a 3a
NABa Kawepa, TIpeAHO-3aeH ACHOKAMepHa CTeHa HeA0CTATLYHOCT, MBKIeHe, THN
Ha nauuenta crenen NYHA | XneproHus, crenen Atial 3aBonABaHeTo, KNI unu BCC PPy KNVHHY4H XapaKTEpHCTAKN
Patient Dc.'renelvlc L hpasluep (mm)l Rih (mm). I Mitral kaac "? i Arterial fibrillat TOAUHN Family history for CMP Other clinical characteristics
identification m |as'to ic e atr!um,lanlenor- 19 (venmcl! ar insufficiency, eart filure, hypertension, grade brllation, Age of disease or SCD
lysfunction of the | posterior size (mm) hypertrophy, right degree NYHA class type detection, years
LV, grade ventricular free wall 9 2
thickness (mm)
Enexrpudecka 6yps. Yeneluna ankoxona abnaLus Ha cy6eTpar Ha kamepha
Taxvkapaus. Heyeneluka pagnogpexaeHTHa abnauins Ha apuTioreHeH
cy6cTpaT oT eHaokapaa Ha NatepanHata cTpaka Ha JK. ®uGposa ropHo-
11aTepaHo Ha N17Ba kaviepa. YMepeHa TRUKYCTHRANHa MHCYUUMEHLIMS.
[TynMoHanHa xunepToHws. HeobCTpyKTUBHa KopoHapHa Gonecr. CbeTosHie
o iz Clef [BYCTPaHHA CUMNATHKOBKTOMIS. ChCTOSHHE Crief] NOAMSHA Ha FeHepaTop
Mauuent Ne 1 Bl I NY‘H A la, Ilcr. 5 Heratvera Ha ICD. KamepeH oTkas. lleTaneH usxop.
Patient Ne 1 Yes, NYHA Il cass Yes, ll gr. Negative Electric storm. Successful alcohol ablation of a substrate for ventricular
' tachycardia. Failed radiofrequency ablation of an arrhythmogenic substrate at the

endocardium on the lateral side of the left ventricle. Fibrosis of the upper-lateral
wall of the left ventricle. Moderate tricuspid insufficiency. Pulmonary
hypertension. Non-obstructive coronary artery disease. Bilateral
sympathicectomy. Replacement of ICD generator. Left ventricular failure. Lethal
outcome.
CuCTosHMe Cefl CHHKoNU. HecHTHUGMKHTHa KapoTiaKa aTepomaTosa.
MosbuHo-c08a Bonect. CherosHue ceq xucTepexToMus. MnnanTupan

Maupent Ne 2 [la, lll knac no I, ot Heramyesa NI0CTOSHEH NeficMeiikbp kato TIYEHVE KbM

Patient Ne 2 Ilfer.fgr. 47 mm NYHA Veé I g} 59 Negve Tepanus.

3 Yes, NYHA Il class ! Syncopes. Non-significant carotid is. C disease.
Hysterectomy. Implanted permanent pacemaker as an adjunct treatment to
septum reduction therapy.

Enuaop, Ha npeachpaHo MbxaeHe. bala, nouHan Ha 56-roauiuxa Bbapact ot
Mauwent Ne 3 57 mm % Heratuea CbpfeyHo 3abonsiBare.
Patient Ne 3 Negative Episode of atrial fibrillation. A father who died at the age of 56 from a heart
disease.
3axapeH avate Tun . baya, noYuHan Ha 37-ToBVLIHa Bb3DACT OT CpFEYHO
Mauwent Ne 4 fa ll rac no a, lllcr. Heramura 3abonsBaHe.
N 50 mm IHII NYHA 61 "
Patient Ne 4 v Yes, lllgr. Negative Type Il diabetes mellitus. A father who died at the age of 37 from a heart
‘es, NYHA Il class :
disease.
[a, Il knac no s, ko
MaupeHt Ne 5 er /gr. 53mm 0l NYHA [a, lllcr. v e‘s ) Heramveta [Ivcnunuaenmns. XonenuTuasa.
Patient Ne 5 : Yes, NYHA I Yes, lllgr. N I Negative Dyslipidemia. Cholelithiasis.
e paroxysmal
Nauwent Ne6 Fa. Il gaco fa et Heramuesa CunHo TpaBekynaphanpana fIK.
Patient Ne 6 46 HI NYHA Yes, llgr. M Negative Pronounced trabecularization of the LV.
Yes, NYHA Il class .
[a, Ill knac no
Maument Ne 7 Heratvra
B Iller./gr. 50 mm I NYHA 60 5
Patient Ne 7 g Yes, NYHA Il dass Negative
TepukaprieH ManiIB - XeMOAMHAMUSHO HE3Ha4MM. YMepeHa TpUKyCTUaanta
Maument Ne 8 fa, Mowmieka - ner ¢ BCC MbXIEHe ¢ naaucET okono 10 gHu Trpomﬁoaa B neaonpe/:lc“*spuﬁwom yXo.
Patient Ne 8 Her/ge %6 mm I ercmcm_pam A Postive - an aunt i Hemodynamically insignificant pericardial effusion. Moderate tricuspid
es, persistent SCD . B P P
ulmonary atrial fibrillation with
duration of about 10 days. Thrombosis of the left atrial appendage.
Cunkonvt npu ycunue. [lunatuparo ascHo npeachpave. Maiika noyuHana Ha 54-
[ia, lll knac no TOAVLLHA Bb3pACT, Balla - Ha 53-TofuLLKa, CecTpa - Ha S0-romuiLKa 1 Bpar - Ha
L'::::{‘:h"g"s 49mm | NYHA 30 ::;m“a 4910k,
Yes, NYHA Il class Syncopes at exertion. Dilated right atrium. Mother died at the age of 54, father -
at53 years old, sister - at 50 years old, and brother - at 49 years old.
Mauptent Ne 10 Smm B osimieka - uaiika ¢ MHKMI
Patient Ne 10 Postiv - a mother vt LVNC
TepukaprieH uanuB 6e3 KOMNPECHS Ha kyXiHit. ChMHeHve 3a MHUNTpaTUBHa
KapaoMHonaTHs. P/t eMHHYHM KaMepHY eKCTDACUCTONN C 2 pasniyHit
MOPCHONOTUM, KpaTBK €U0/} Ha HEMPaBUTIHa LMPOKOKOMIEKCHA TaXMKApWS,
663 CUTHIGDHKaHTHA nayau, TpaeH GesipeH Brok. AHemindeH crHgpom. Miowa Ha
[a, Ill knac no MaTkata. CecTpara Ha nauyienTkata e ¢ MBC v TUpeouwT Ha Xawumoro
g:::::m’ 111 ller./gr. 44mm 11mm NYHA ezs""C;r 4 ::;mna Pericardial effusion without compression of chambers. Suspected infiltrative
Yes, NYHA Il class o cardiomyopathy. A small number of ventricular extrasystoles with 2 different
morphologies, a short episode of irregular broad-complex tachycardia,
permanent bundle branch block, no significant R-R pauses. Anemic syndrome.
Uterine myoma. The patient's sister had coronary artery disease and
Hashimoto's thyroidits.

M3non3gaHu cekpaweHus: AV —atproeHTpukyneH; BCC —BHesanHa cbppaeyHa cMbpT; MBC — ncxemudna 6onect Ha cbplieTo; ICD —umnanHTvpyem kapanoseptep Aedmbpunatop; KMM —kapanomuo-
natus; JIHKMIM — neBokamepHa HekomnakTHa kapamomuonatust; 1K — nsisa kamepa; MAS curapom — cuHapom Ha Morgagni-Adams-Stokes; XKMI — xunepTpocuyHa kapauommonaTus.

Abbreviations: AV — atrio-ventricular; SCD — sudden cardiac death; IHD — ischaemic heart disease; ICD — implantable cardioverter defibrillator; CMP — cardiomyopathy; LVNC — left ventricular non-
compaction cardiomyopathy; LV — left ventricle; MAS syndrome — Morgagni-Adams-Stokes syndrome; HCM — hypertrophic cardiomyopathy.
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Ta6bnuua 5. HOemorpadckm U KNMMHUYHN XapaKTEPUCTUKU Ha U3creaBaHUTe Bb3pacTHU NaLueHTun
C PECTPUKTUBHA Kapanomuonatusa

Table 5. Demographic and clinical characteristics of the adult patients with restrictive cardiomyopathy
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Ha 20-gHeBHa Bb3pacT ycTaHOBEH MeXaykamepeH
nehekT B CPe/IHa YaCT Ha MexayKamepHaTa nperpapa.
Ha 5-roguwHa Bb3pacT — pubpoaupaHe Ha chluata
= CTpyKTYpa 63 bHT. YMepeHa KbM Texka Tpukycnuaanta
= T § MHCyuLpmeHums. MynMoRanHa xuneptorus. CunHo
; °:: S o == @ , |0TCnabeHy 40 NMNCBALLYN CyXOKMMHO-HEPBHY Pedbriekch, HO
c=| o o §§ E = E E = E E = = E E = . g £ |npv 3anaseHa akTvBHa MycyHa cuna. XoneumcTT.
T =2 o = = ~ . . . .
25 % E2|FE| ~ Y 3 © B 2] ® e S & |Atthe age of 20 days an interventricular defect in the mid
= o ~ ~ S = D =
E & b @ = = portion of the interventricular septum was registered. At
& 2 the age of 5 years — fibrosis of the same defect without a
shunt. Moderate to severe tricuspid insufficiency. Pulmonary
hypertension. Severely decreased to absent tendon-
nerve reflexes, but with preserved active muscle force.
Cholecystitis.
VBC. HecrabunHa aHrvHa nekTopuc akuenepupana.
MukpoBackynapa Gonect. CbCTosHMe Cries MHOKapauT.
< [lunatiipaty Aechu kyxinku. Mepukaps — MUHUMAIHO
T 2 ° OTCrosBaHe Npef AsCHO Npecbpave — 5 mm. EauHuiHy
Sg © = E £ s © KaMepHU eKCTPacCTONM. ACLIT. YNIKyC BEHTPUKYIIA 1 YIIKYC
29 88| =| E £ . £ £ € = £ % Il sb6|¢s % 2 |ayopeHn. XviatanHa xepHys. YeproapobHa cteatosa.
e = 2| s8|23| » £ By £ E > = £ z |83 ==|8E| % £ ® |enssoneduuurHa aHemms. OBesuTeT.
g c % E ['4 < o [re) b 3 N 2 g S T sg|& 15 =] i - .
5% B @ -~ - - == =22 |8 5 £ = |IHD. Unstable angina pectoris — accelerated angina.
= o == < 2 Microvascular disease. Past myocarditis. Dilated right
= =<
=g =+ SOVESE. TS : I
& £ chambers. Pericardium — minimal (5Smm) separation in front
of the right atrium. Rare ventricular extrasystoles. Ascites.
Stomach ulcer and duodenal ulcer. Hiatal hernia. Hepatic
steatosis. Iron deficiency anemia. Obesity.

U3nonseaHu cokpaweHusi: BCC — BHe3anHa cbpaedHa cmbpT; UBC — ncxemmyHa 6onect Ha cbpueTo; KMIM — kapamomuonatusi; PKMI — pecTpukTuBHa

KapgnomumonaTtua

Abbreviations: SCD - sudden cardiac death; IHD —ischaemic heart disease; CMP - cardiomyopathy; LV - left ventricle; RCM - restrictive cardiomyopathy

MaToreHHW/BEpOSITHO MaTOreHHW BapuaHTu ce yc-
TaHoOBSABaT C Haul-Bucoka 4vectota B MYBPC3 rena
(50%), nocnegBaHO OT HAXOOKWUTE B FrEHUTE 3a TUTWUH,
B-mMyo3nHoBaTa Texka Bepwura, TPONOHWH |, pmunamuH
C, tadasmH n NDUFB11 npotenHa (no 8% Bceku)
(cpur. 2). PesyntatuTe oT aHanu3a 3a 4YecroTtarta Ha re-
HEeTUYHUTE Haxodku B noarpynata naumeHtn ¢ XKMI
nokaseart, Ye 55% OT OTKpUTUTE NaToreHHW/BEePOATHO
NaToreHH BapmaHTu 1 BapuaHTK C HEACHO 3HaYeHue,
n 100% oT ycTaHOBEHMUTE NaTOreHHW/BepPOATHO naTo-
reHHVW BapuaHTu 3acsaraTt capkomepHute reHun. B noa-
rpynarta Ha naumeHTute ¢ AKMI1, natoreHH1/BepoATHO
NaToreHH BapuaHTW U BapuaHTU C HESICHO 3Ha4eHue
ce yctaHoBsaBaT Hau-4yecto B TTN reHa (31%) n SCN5SA
reHa (15%). NaToreHHN/BEPOATHO NAaTOreHHN BapyaHTK
npu nauynenTtute ¢ KMl ce oTkpuBaT B reHu 3a npo-
TEeWHW, y4acTBaLLM B CapkOMepHaTa 1 uuTockeneTHaTa
CTPYKTYpa, KaKTo 1 OYHKUMATA HA MUTOXOHOPUMUTE.

Ha ¢our. 3 ca npeacraBeHu pesyntatuTe oT nNpose-
OeHunTe cerperaumoHHM aHanusu npu 6 ot 3acerHaTuTe
CeMencTBa B HaCTOALLOTO NPoyYBaHe.

Pathogenic/likely pathogenic variants were found
with the highest frequency in the MYBPC3 gene (50%),
followed by the findings in the titin gene, the p-myo-
sin heavy chain, troponin I, filamin C, tafazzin and the
NDUFB11 protein (8% each) (Figure 2). The results of
the analysis of the frequency of genetic findings in the
subgroup of patients with HCM showed that 55% of
the identified pathogenic/likely pathogenic variants and
variants with uncertain significance, and 100% of the
identified pathogenic/likely pathogenic variants affect-
ed the sarcomeric genes. In the subgroup of patients
with DCM, pathogenic/likely pathogenic variants and
variants with uncertain significance were most com-
monly found in the TTN gene (31%) and SCN5A gene
(15%). Pathogenic/likely pathogenic variants in the
DCM patients were found in genes encoding proteins
involved in the sarcomeric and cytoskeletal structure,
as well as mitochondrial function.

The results of the segregation analyses conducted
in 6 of the affected families in the present study are
showed in Figure 3.
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Ta6nuua 6. FleHeTUYHU BapuaHTH, yCTaHOBEHU NMpPU U3CcreABaHUTE MaLMeHTU. [EHETVYHUTE BapuaHTU, KOUTO ca NnogvepTaHn B
Tabrnuuara, ca HOBOOTKPUTY B HACTOALLIOTO M3crieasaHe (He ca goknaasaHu B ClinVar unm B nutepaTtypHUTE U3TOYHNLM)

Table 6. Genetic variants, found in the studied patients. Genetic variants that are underlined in the table are newly discovered in
the study (not reported in ClinVar or in the literature)

AnenHa yectota (6poit
Bapmant (UCSC, hg19); XOMO3WTrOTHN HOCUTENH),
WneHTndmkaums MpomsAHa Ha HUBO TPaHCKPMNT; Tun Ha [AOKNaaBaHu B 6asata In silico ACMG/AMP
Ha nauueHTa FeH MpomsiHa Ha HNBO aMMHOKMCENVHU BapuaHTa AaHHn gnomAD v2.1.1. T KpuUTepum 3uroTHocTt
Patient Gene Variant (UCSC, hg19); Type of Allele frequency (number P F. P . ACMG/AMP Zygosity
e . ' . ; In silico predictors o
identification Change at transcript level; variant of homozygote carriers), criteria
Change at amino acid level reported in the gnomAD
v2.1.1. database
PolyPhen2: Possibly vUS
Chr.17:9.37822171G>C; Missense 0.00051 damaging, (kaTeropum / XeTepoaurot
TCAP NM_003673.4: ¢.313G>C; \ SIFT: Tolerated; o P
(0) . ) categories: PM2, | Heterozygous
p.Glu105GIn Mutation Taster:
) ) PP2, BP4)
Disease causing
PolyPhen2:
. VUS
Chr.7:9.150642476G>A; . Probably damaging;
KCNH2 NM_000238.4: ¢.3457C>T: Missense 0.0000483 SIFT: Damaging: (KaTeI’OPVII/lI IPP2 )I_(IeTeposerT
p.His1153Tyr 0 Mutation Taster: categories: PP2, | Heterozygous
Mauytert N° 1 Disease causing PPS, BS2)
Patient N° 1
PolyPhen2: Benign;
Chr.12:9.5153573G>A; . . . VUS
KCNAS NM. 002234 4: ¢.260G>A: Missense 0.0003216 SIFT: _ToIerated,. (kaTeropus / XeTepoaurot
Arg87Gn (0) Mutation Taster: category: BP4) Heterozygous
P- Polymorphism '
. . PolyPhen2: ~|vus
Chr.2:9.179647724G>A Missense Probably damaging; (kaTeropun/ NE—
TIN NM 001267550.2: ¢.2909C>T. ; SIFT: Damaging; pu P
. ’ categories: PM2, | Heterozygous
p.Pro970Leu Mutation Taster:
Disease causing PP3, BP1)
VUS
Chr.2:9.179613376_179613379delTT . ) .
™ TA: NM_133379.5: c.13748_13751del: Frameshift 0.00001203 Mlutatlon Tastgr. (Kareropm/ XeTepoaurot
0) Disease causing categories: PVS1, | Heterozygous
p.lle4583AsnfsTer5
PM2)
PolyPhen2: vUS
Chr.2:9.179416834G>A,; . Probably damaging;
0
HaqmeHToN 2 TN NM_001267550.2: ¢.90793C>T: Missense 0.00009286 SIFT: Damaging; (KaTeropm . XeTepoaurot
Patient N° 2 (0) . ) | categories: Heterozygous
p.Arg30265Trp Mutation Taster:
Disease causing PM2, BP1)
PolyPhen2: Benign;
Chr.12:9.2797824C>T, . . . VUS
CACNATC | NM.001167623.2: c.5996C>T: Missense 0.00005381 SIFT: _Tolerated,. (kaTeropus / XeTepoaurot
(0) Mutation Taster: . Heterozygous
p.Thr1999lle . category: BP4)
Polymorphism
PolyPhen2: Possibly E:K;:ﬁ;/
Chr.11:9.47369975C>T, . damaging;
MYBPC3 | NM_000256.3: C.772G>A; Missense | 0.00002199 SIFT: Damaging: | @reroom/ Xerepoauror
0) . ’ categories: PM2, Heterozygous
p.Glu258Lys Mutation Taster:
Mayvent N°3 : . PP2, PP3, PPS,
b U N3 Disease causing PS3: PSA)
atient )
PolyPhen2: Benign; | VUS
Chr.11:9.47364607C>T; . . oS
MYBPC3 NM_000256.3: c.1316G>A; Missense 0.000008102 I\S/T\lFT.' Da.llw_wagm‘g, (KaTero'pM!a F/> » )I-(leTeposerT
Gly439Asp (0) utation Taster: categories: , eterozygous
P Disease causing PM2)
PolyPhen2: E:::;;:s;
Chr.19:9.55665462C>T; . Probably damaging;
TNNI3 NM._000363.5: C.485G>A: Missense 0.00004016 SIFT: Damaging; (KaTerome / XeTepoaurot
0.Aig162Gin (0) Mutation Taster. categories: PM1, | Heterozygous
‘ Disease causin‘ PM2, PMS, PPS,
9 PS3)
PolyPhen2:
. VUS
MaupeHt N° 4 Chr.6:9.112463412G>A; . Probably damaging;
Patient N° 4 LAMA4 | NM_001105206.3; ¢.2576C>T: Missense 0.00001989 SIFT: Damaging; (rareropuu / Xereposuror
0) . ’ categories: PP3, | Heterozygous
p.Thr859Met Mutation Taster: BP1)
Disease causing
PolyPhen2:
. VUS
Chr.6:9.112506534T>C; . Probably damaging;
LAMA4 | NM_001105206.3; c.982A>G; Missense 0000003978 SIFT: Tolerated; (Kareropan / Xerepoguror
(0) . ) categories: PM2, | Heterozygous
p.Arg328Gly Mutation Taster: BP1)
Disease causing
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PolyPhen2: Possibly

) VUS
Chr.19:9.11231092G>T; ) damaging;
0
Mlauuent N°5 LDLR NM_000527 5: ¢.2034G>T: Missense - SIFT: Damaging; (aeropuu / Xereposrot
Patient N° 5 ) . ’ categories: PM1, | Heterozygous
p.GIn678His Mutation Taster:
) ) PM2)
Disease causing
BepositHo
naToreHeH
A1, : . . . ) )
MauyneHt N° 6 MYBPC3 ?qhnm)oogés; L08delC . Frameshift 0.000004013 Mutation Taster: Likely pathogenic | Xeteposurot
A o .3: ¢.3729del ) )
Patient N° 6 0) Disease causing (kaTeropum / Heterozygous
p.Cys1244AlafsTer87 .
categories: PVS1,
PM2)
PolyPhen2: Possibly VUS
Chr.6:9.7581384T>C; ) damaging;
DSP NM._004415.4: ¢ 4961T>C: Missense 0.00003191 SIFT: Damaging; (KaTerova.I / XeTepoaurot
1) . ’ categories: PP3, | Heterozygous
p.Leu1654Pro Mutation Taster:
) ) PM2, BP1)
Mauyent N° 7 Disease causing
Patient N° 7 PolyPhen2: wUS
Chr.2:9.179403447A>G; ' Probably damaging;
TN NM_001267550.2: ¢.99109T>C: Missense | 0.0002433 SIFT: Tolerated; | (‘@Teropmt/ Xerepoauror
" (0) . ! categories: PM2, | Heterozygous
p.Tyr33037His Mutation Taster: BP1)
Disease causing
MaroreHeH
Chr.11:9.47353740G>A,; . Pathogenic
0 .
g:;‘z;”;,,’\‘g 8 | mvBPc3 | NM_000256.3: ¢.3697C5T: Nonsense ?6?00008024 "D"I‘;t::;’:gj;ﬁ: (kaTeropun / ﬁi{:&‘f”m
p.GIn1233Ter 9 categories: PVS1, ¥e
PM2, PP5)
MatoreHeH
Chr.11:9.47354782C>T, ) Pathogenic
0 .
E:;‘;ft”;o"‘g 9 MYBPC3 | NM_000256.3: ¢.3293G>A: Nonsense | - ’g";f:s";g:j;i: (kareroput / ﬁ‘;{:&‘f”?&s
p.Trp1098Ter 9 categories: PVS1, ¥8
PM2, PP5)
MatoreHeH
Chr.14:9.23893245_23893247delCTC; Pathogenic XeTepoaurot
MaumeHT N° 10 MYH? NM_000257.4: ¢.2791_2793del; In-frame ) Mutation Taster: (kareropuu / (MaitynH npouns-
Patient N° 10 p.Glu931del deletion Disease causing categories: PP1, | xog) Heterozygous
PP4, PP5, PM1, | (maternal origin)
PM2, PS3, PP3)
PolyPhen2: vUS
Chr.14:9.23852501C>T; . Probably damaging;
MYH6 NM_002471.4: ¢.5594G>A; Missense | 0.00006768 SIFT: Damaging; (rareropuu / Xerepoauror
(0) . ’ categories: PP3, | Heterozygous
p.Arg1865GIn Mutation Taster: BS?
Mauyent N° 11 Disease causing )
Patient N° 11 Py WS
. . olyPhen2: Benign;
Cheh 55147%20T>C . Missense 0.00000406 SIFT: Damaging; (kaTeropuu / XeTepoaurot
IL31RA NM 139017.7: ¢.22T>C . ’ -
PhesLeu (0) Mutation Taster: categories: PM2, | Heterozygous
- Polymorphism BP4)
Maroreriex XeTeposurot
Chr.11:9.47353626G>A; ) . Pathogenic
MYBPC3 | NM_000256.3: ¢.3811C>T: Nonsense | 0000008126 Mutation Taster: (kareroput / (6aw npowsxon)
(0) Disease causing . Heterozygous
p.Arg1271Ter categories: PVS1, (paternal origin)
Maument N° 12 PM2, PP3, PP5)
Patient N° 12 PonPhenZ:
Chr.10:0.69934073T>C: Visconse Probably damaging; | VUS éfe‘;ﬁ'frgzlaxo )
MYPN NM 001256267.2: ¢.2224T>C: . SIFT: Damaging; (kaTeropus / ILH NPOUSXOF,
. ’ . Heterozygous
p.Ser742Pro Mutation Taster: category: PM2) | orici
Disease causing (patenal origin)
PolyPhen2: S:Tpgr’;';
Chr.11:9.47362758C>G; ) Probably damaging; . .
MYBPC3 NM_000256.3: ¢.1828G>C: Missense 0.00006442 SIFT: Damaging; Likely pathogenic | Xeteposurot
) 0) . ’ (kaTeropum / Heterozygous
p.Asp610His Mutation Taster: .
Disease causin categories: PM1,
9 PM2, PP3, PP5)
PolyPhen2: vUS
Mauytent Ne 13 Chr.2:9.179665289C>T; . Probably damaging;
Patient N° 13 TN NM 0012675502 ¢ 416G>A: Missense 0.00002388 SIFT: Tolerated: (kaTeropun / Xomoaurot
- - ’ 0) " N categories: PM2, | Homozygous
p.Arg139GIn Mutation Taster: BP1)
Disease causing
Chr.4:9.114276826_114276831delAA wUS
ANK2 GGTC; In-frame 0.00009566 Mutation Taster: (kaTeropun/ XeTepoaurot
NM_001148.6: ¢.7054_7059del; deletion 0) Polymorphism P Heterozygous

p.Gly2352_GIn2353del

category: PM4)
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PolyPhen2: vUS
Chr.11:9.6631386G>C; , Probably damaging;
ILK NM_004517.4: ¢.1086G>C:; Missense ?(')())0001 591 SIFT: Damaging; (cft;e;"r?e”g :’MZ )I_(I:I:r‘;";”fljs
p.GIn362His Mutation Taster: BP 1? ' ’ ¥9
Mauwtent Ne 14 Disease causing
Patient N° 14 PolyPhen2: Possibly
Chr.18:9.25565036C>G; . damaging; VUS
CDH2 NM_001792.5: ¢.2137G>C; Missense ?6())0006365 SIFT: Tolerated; (kaTeropws / ﬁZI:&ZSMst
p.Asp713His Mutation Taster: category: PM1) ¥9
Disease causing
Chr.2:9.179392218G>A; EZKT:;:::; Xerepoguror
TN NM_001267550.2: ¢.107635C>T: Nonsense ?6())0001 205 DNI':;?S'Z”CE?I? (kaTeropun / X(g'a)“;”e;'e':gf”s(;us
p.GIn35879Ter 9 categories: PVS1, (m”a ool o ylf])
PM2, PP3, PP5) 9
farg g LA Ly nllIEn Frameshift Mutation Taster: \(»tJaSTero mn / éeaTea:s: rzzlaxo )
TN sC: NM 001267550.2: ¢.5427dup: - ; er: v 1L MPOSXOR
Disease causing categories: PVS1, | Heterozygous
p.Arg1810GlufsTer8 -
PM2) (paternal origin)
Maument N° 15 BovPhond
Patient N° 15 olyFhenz:
Chr.3:9.38655290G>A,; Missense 0.0006575 Probably damaging; ngsero w éje‘;za:r(o);:axo )
SCN5A | NM_000335.5: ¢.647C>T; ) SIFT: Damaging; P LM MPOVSXOR
(1) . ” categories: PM1, | Heterozygous
p.Ser216Leu Mutation Taster: .
) ) PP2, PP3) (paternal origin)
Disease causing
PolyPhen2:
Chr.3:9.38592121C>A; Missense Probably damaging; X(gfem " )E;T;‘:‘;:"?Lm
SCNSA | NM_000335.5: c.5739G>T: - SIFT: Tolerated; P P
. categories: PM1, | xop) Heterozygous
p.Arg1913Ser Mutation Taster: e
) ) PM2, PP2) (maternal origin)
Disease causing
BeposTHo
naToreHeH
Chr.7:9.128470829C>A; ) ) ) '
FLNC NM_001458.5: c.136C>A: Nonsense B Mutanon Tast.er. Likely pathogenic | Xeteposurot
Cysd6Tor Disease causing (kaTeropum / Heterozygous
] categories: PVS1,
MaupeHt N° 16 PM2)
Patient N° 16
PolyPhen2: Possibly VUS
Chr.2:9.179446909C>G; . damaging;
TIN NM_001267550.2: ¢.66187G>C; Missense 0('8)000649 SIFT: Tolerated: C(Sfféﬁiﬁ-”ém )I_(I:I:r‘;o;”gs
p.Val22063Leu Mutation Taster: o 1? - ¥9
Disease causing
BepostHo
PolyPhen2: naToreHeH N——
Nauvert N 17 Chr.X:g.153648376G>T, Missense Probably damaging; | Likely pathogenic (MaiuH Mposxon)
L.‘ TAZ NM 000116.5: c.589G>T. - SIFT: Damaging; (kaTeropuu: / . P A
Patient N° 17 ) A Hemizygous
.Gly197Tr, Mutation Taster: categories PM1, (matemal origin)
Disease causing PM2, PM5, PP2, 9
PP3)
PolyPhen2: Possibly | MatoreHen [NE—
Mauvest N° 18 Chr.X:q.47004076C>T: Start loss damaging; Pathogenic (de ngvo)
L.‘ NDUFB11 | NM _019056.6: c.3G>A; - SIFT: Damaging; (kaTeropum /
Patient N° 18 . : Heterozygous (de
Met1lle Mutation Taster: categories: PVS1, hovo)
Disease causing PM2, PM6)
MaumeHT N° 19 He ce oTkp1BaT reHeTUYHN HaxoaKM.
Patient N° 19 No genetics findings identified.
MaumeHT N° 20 He ce oTKp1BaT reHeTUYHN HaxXoaKM.
Patient N° 20 No genetic findings identified.

U3nonsearu cokpaweHusi: ACMG/AMP - AMepurKkaHCKu Konex no MeauumuHcka reHeTuka u reHomuka/Acoumanusi no monekynsipHa natonorus; VUS - Ba-
pyaHT ¢ HesicHo 3HaveHune; UCSC - KanudopHuiickn yHnepcuteT Santa Cruz

Abbreviations: ACMG/AMP - American College of Medical Genetics and Genomics/ Association for Molecular Pathology; VUS - variant of uncertain
significance; UCSC - University of California Santa Cruz

OBCBHXAOAHE DiscussION

Kap,umommonamme Cca KIMMHUYHO U FeHEeTU4YHO pags-
HoobpasHa rpyna 3abonsiBaHUsi Ha CbpLETo, KOUTO
npeacraensBaT BaXkHa NpUYMHa 3a CbpaevHa HegocTa-
TBYHOCT U CMBbPTHOCT [30]. PeHOTUNBLT Ha Tesn 3abons-

Cardiomyopathies are a clinically and geneti-
cally diverse group of diseases of the heart that
represent an important cause of heart failure and
mortality [30]. The phenotype of these diseases



MonekynspHoreHeT14YeH Npocun Npy NaunMeHTn ¢ kapavomuonatusi B benrapus 929

MaHen / Panel A.1 me MO Maxen / Panel A.2

MYBPC3
50%
NDUFB11
8%

®ur. 1. Yectota Ha natoreHHu/
BEPOSAITHO MaTOreHHW BapuaHTn
M BapuaHTU C HEsICHO 3HaueHue,
KaKTO M Ha naToreHHU/BeposiTHO
naToreHHW BapuaHTu Npu uacneg-
BaHWTe nauuneHTn. Pesyntatute
Nno OTHOLLUEHWe Ha 4yecToTata Ha
naToreHHW/BepoATHO  NaToreHHU
BapuaHTu M BapuaHTU C HEsICHO
myBpc3 3HadveHue (Manen A.1, Maxen B.1
o n Manen C.1) n natoreHHu/Bepo-
SITHO maToreHHu BapuaHTu (MaHen
A.2, Manen B.2 n Maxen C.2) npu
BCUYKM M3CrefBaHn MNauveHTn B
Nnpoy4YBaHETO ca NpeAcTaBeHn Ha
[MaHen A, B nogrpynata Ha na-
umeHTuTe ¢ xuneptpoduyHa kap-
anomuonatna Ha [lMaven B, a B
noarpynata Ha nauueHTute ¢ au-
natatmBHa KapguomuonaTus Ha
MaHen C

Manen / Panel B.1 Manen / Panel B.2

Manen / Panel C.1 Manen / Panel C.2

NDUFB11 MYBPC3
20% 20%

Fig. 1. Frequency of pathogenic/
likely pathogenic variants and
variants of uncertain significance,
as well as pathogenic/likely patho-
genic variants in the studied pa-
tients. The results regarding the frequency of pathogenic/likely pathogenic variants and variants of uncertain significance (Panel A.1, Panel B.1 and
Panel C.1) and pathogenic/likely pathogenic variants (Panel A.2, Panel B.2 and Panel C.2) in all studied patients are presented in Panel A, in the
subgroup of patients with hypertrophic cardiomyopathy in Panel B, and in the subgroup of patients with dilated cardiomyopathy in Panel C

MYBPC3 MYH7 e G

NDUFB11

®dur. 2. KneTbYHN KOMMOHEHTU, KOUTO Ca 3acerHatu OT MyTauumTe, yCTaHOBEHW NPU U3CneaBaHnTe naumeHTu. MNaTtoreHH/BeposaTHO NaToreHHN
BapuaHTW, OTKPUTK B M3criegBaHaTta naumeHTcka rpyna, 3acsarat capkoMmepHata ctpyktypa (MYH7, MYBPC3, TNNI3, TTN), muTOoXoHApWanHu
npotevHn (TAZ, NDUFB11) n untocekeneta (FLNC)

Fig. 2. Cellular components, affected by the mutations, identified in the studied patients. Pathogenic/probably pathogenic variants, found in the
studied patient group, affect sarcomeric structure (MYH7, MYBPC3, TNNI3, TTN), mitochondrial proteins (TAZ, NDUFB11) and cytoskeleton
(FLNC)

BaHWS MOXe a Ce NpUYMHABa OT MyTauuv B Npubnunau- can be caused by mutations in approximately 100
TenHo 100 reHun, KOMTO Ce XapakTepuanpaT C pasnimyHn genes, which are characterized by different inheri-
MOJENu Ha yHacrneasiBaHe, HembliHa NEHETPaHTHOCT U tance patterns, incomplete penetrance, and variable
BapuabunHa ekcnpecusi. XapaktepHa 0cobeHOCT npu expression. A characteristic feature of cardiomyo-

KapavomMuonartumnTe e 3HauvTenHOTO MPUNoKpMBaHe Ha pathies is the significant overlap of affected genes,
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NauwmenT / Patient Ne 10

Maument / Patient Ne 11

Maument / Patient Ne 12

JIHKMN
LVNC

)

Normal

MYH7 ¢.2791_2793del Normal

XKmMn
HCM

33 roa./y.

MYH7 c.2791_2793del MYH6 c.5594G>A

MYBPC3 c.3811C>T
MYPN ¢.2224T>C

26 roa./y. .

MYH6 ¢.5594G>A
IL31RA ¢.22T>C

NMaument / Patient Ne 15

)

TTN c.107635C>T
SCN5A ¢.5739G>T

TTN c.5427dup
SCN5A ¢.647C>T

TAZ ¢.589G>T

ARMN
\ DCM
oKMA KM oroafy.
DCM DCM

31roa./y.

TTN c.107635C>T
TTN c.5427dup
SCN5A ¢.647C>T
SCN5A ¢.5739G>T

13 rog./y.

NauwmenT / Patient Ne 17

Oanll

TAZ ¢.589G>T

N

Normal
XKMn

MYH6 c.5594G>A HCM
IL31RA ¢.22T>C

=

17 roa./y.

MYPN ¢.2224T>C MYBPC3 c.3811C>T
MYPN c.2224T>C

21rop./y.

MYH6 c.5594G>A
IL31RA ¢.22T>C

Maument / Patient Ne 18

Normal Normal Normal

LKMN
DCM

0roa./y.
NDUFB11 c.3G>A

U3nonseaHu cbkpaweHusi: rog. - roavHn; OKMIT - gunatatueHa kapgvomwuonatusi; JIHKMIT - neBokamepHa HeKOMMakKTHa KapAvmuonartus;

XKMI - xvneptpoduyHa kapanomuonatus. //
cardiomyopathy; HCM - hypertrophic cardiomyopathy; Y. -years

Abbreviations: DCM - dilated cardiomyopathy; LVNC - left ventricular non-compaction

®ur. 3. Pesyntatu OT cerperalmoHHUTe aHan1an, NpoBedeHn Npy n3crneaBaHuTe nauneHTn. Pesyntatute ot cerperaumoHHUTe aHanman, npose-
aeHu npu naumentn Ne 10, 11, 12, 15, 17 n 18, n3cneasaHun B pamkute Ha Npoy4BaHETO, ca NpeAcTaBeHn NocneaoBaTesiHo

Fig. 3. Results of the segregation analyses performed in the studied patients. The results of the segregation analyses performed in patients
Ne 10, 11, 12, 15, 17 and 18, studied within the framework of the research, are presented sequentially

3acerHaTuTe reHu, KOeETo e NPean3BUKaTENCTBO NpU WH-
TeprpeTaumsaTa Ha pe3ynTaTtute OT reHETUYHUTE U3crnea-
BaHMSA Ha naumeHTute. V3acHABAHETO Ha reHEeTUYHUTE
MPUYMHN 33 KapaMoMMUOMaTUUTE MOXE Oa UMa BaXKHO
3Ha4YeHMe 3a MHOEKCHUTE MaLWeHTU U TeXHUTE cemei-
CTBa OT KIMMHUYHA rnegHa Touka.

B HacTosioTo npoyyBaHe npu obwo 20 nauneHTw,
AVarHoCTMUMpann ¢ kapguomuonatisa B bwnrapus, yc-
TaHOBEHaTa 4YecToTa Ha NaToreHHW/BEPOSATHO MaToreHHM
BapWaHTUX 1 BapnaHTK C HesicHO 3HadveHne e 90%, KosiTo e
Nno-B1UCOKA B CPaBHEHME C OKNaABaHUTE B nutepatypa-
Ta AaHHW, kaTto npu ~58% ot naumeHTuTe ¢ XKMIT n npu
~83% ot naumeHTtute ¢ [IKMIT ce oTkpmBaT naTtoreHHn/Be-
POSITHO MaToOreHHW BapuaHTu. B mpoyyBaHe, npoBeneHo
ot Alfares u cbaBT. npu 2912 nauneHtn ¢ XKMIT ¢ npuno-
YKEHMETO Ha OMPEKTHO CekBeHUpaHe no Sanger Ha 10 nnu
11 reHa, nnm cekBeHnpaHe OT HOBO MOKOMEHWE C TapreTeH
naHen ot 18, 46 vnn 51 reHn, NONOXUTENHN FEHETUYHN
Haxodku ca goknagsaHu npu ~32% oT NaumeHTUTe B Npo-
YYBAHETO, a HEMOTBbPAEHW pesynTati Npu SOMbIHUTEN-
HW ~15% ot Tax [31]. JaHHUTe OT ronsimo u3cnensaHe npu
4591 naumeHTn ¢ XKMI1, oT KouTo 2763 reHoTUNn3npaHu,
nokasBaT HarM4nMeTo Ha NaTOreHHW/BEPOSTHO NMaTOreHHU

which presents a challenge in the interpretation of
the results of genetic tests of patients. Elucidating
the genetic causes of cardiomyopathies may have
important clinical implications for index patients and
their families.

In the present study, in a total of 20 patients,
diagnosed with cardiomyopathy in Bulgaria, the de-
tected frequency of pathogenic/likely pathogenic
variants and variants of uncertain significance was
90%, which is higher compared to the data reported
in literature, as in ~58% of the patients with HCM
and in ~83% of the patients with DCM pathogenic/
likely pathogenic variants were found. In a study,
conducted by Alfares et al. that included 2912 HCM
patients with direct Sanger sequencing of 10 or 11
genes, or next-generation sequencing with a tar-
geted panel of 18, 46, or 51 genes, positive ge-
netic findings were reported in ~32% of patients in
the study, and unconfirmed results in an addition-
al ~15% of them [31]. Data from a large study of
4591 HCM patients, of which 2763 were genotyped,
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BapVaHTUX 1 BapnaHTK C HESICHO 3HAYeHVe B CApKOMEPHU-
Te reHn Npu CbOTBETHO 46,3% 1 9,5% oT nauneHTuTe [32].
PesyntatuTe OT npoyyBaHe, NpoBeaeHo npu 766 nauuex-
™ ¢ OKMI1, nokasear, Ye MONOXUTENHN FEHETUYHU Ha-
XOOKV Ce yCTaHOBSIBaT npu okoro 37% OT uscnegBaHuTe
nvua, KaTo YectoTara Ha HEeMNOTBbPAEHM Criydau (criydan
camo ¢ VUS) ce yBenuyaBa ot 4.6-6.5% 1o 51-61% c no-
BMLLIABAHETO Ha pa3Mepa Ha TecToBus naHen ot 5 0o 46
reHa, KOeTo Ce Ab/HKM OCHOBHO Ha BapuaHTUTE, OTKPUTU
B reHa 3a TUTWH, JobaBeH B no-ronemusi naHen [33]. dax-
HWUTE OT NMpoBeAeHO m3cnenpaHe npu 151 neamatpuyHn
nauneHTn ¢ kapgmomuonatus (66 ¢ XKMI1, 64 ¢ OKMI,
8 ¢ PKMI n 13 ¢ JIHKMIT) ¢ npunoXeHneTo Ha TepreTeH
WM paswmpeH naHen oT CboTBETHO 47 mnn 104 reHa,
rnokaseart, Ye MONOXUTENHM FEHETUYHM HaxodKU ca Ha-
nmue npu 26% ot nauneHTuTe, 42% nmar oTKpUTM caMo
BapuaHTU C HESICHO 3HayveHue, a 32% umar otpuuarern-
HY pesynTatu [34]. [oknaaBaHa e No-B/COKa YecToTa Ha
OTKPUTUTE BapUaHTU C HEACHO 3HAYEHWNE C NPUIoXeHne-
TO Ha pasLMpeH cnpsiMo TapreTeH naHen (87% cnpsiMo
30%, p < 0.0001). Bucokarta 4ecTtoTa Ha NOMOXUTENHU
reHETUYHN HaxXOOKU MpW Mpoy4yBaHaTa rpyna naumeHTu
MoXe fda 6bae obsAcHeHa ¢ n3bopa Ha MeTop 3a 1u3cnea-
BaHe — LIANIOCTHO EK30MHO CEKBEHMPAHE 1 NPOBEXAAHETO
Ha MOIEKYNAPHO-TEHETUYEH aHanmM3 C NPUIIOXKEHNETO Ha
paswmpeH naHen ot 242 reHa, CBbp3aHn C Kapauommo-
naTtusi, KaKTo U NPUITOXXEHNETO Ha AOMbIIHUTENEH Tap-
reteH naHen ot 20 reHa, acouMMpaHyu C HacneacTBeHa
amunougosa npv Asama oT nauueHTute (naumeHT Ne 11
1 naupeHT Ne 14). [pyra BaxkHa npeanocTaska 3a nony-
YeHUs1 pesynTaTt e U3BbPLUBAHETO Ha AeTannHa KNMHUYHa
OLEHKa, BKMOYBaLLA JaHHWUTE 3a haMunHa aHamHesa oT
neKyBaLLMTe fiekapy Npu oNpeaensiHeTo Ha NauneHTH 3a
HacoYBaHe 3a reHeTUYHO uacreasaHe. [pubnmanTenHo
1/3 OT NnauneHTUTE, BKITKOYEHN B HACTOSILLIOTO NPOYyYBaHe,
nmar chamunHa aHamHesa 3a BCC unm kapgnomuonarusi
— 25% ot naumentuTe ¢ XKMIT n 50% ot naumeHTuTe ¢
OKMI. Cnopeg AaHHMTEe B nuTepartyparta, naToreHHw/
BEPOATHO MaTOreHHW BapuaHTh npu naumeHtmuTe ¢ XKMI1
ce yctaHossBar npu ~60% ot cdamunuute n ~30% ot
crnopaguyHuTe criydaun, gokato npu nauueHtute ¢ AKMI
MONOXMWTENHU FEHETUYHM HaxOOKM ca [OoKnaaBaHu npu
25-40% ot naumeHTUTE C pammrHa aHamHesa 3a 3abo-
nasaxeTo 1 npu 10-30% oT Te3n 6e3 gaHHM 3a hamunHa
aHamHesa [26, 27]. 3a pasnuka oT nybnukyBaHuTe nute-
paTypHU SaHHK, NOMyYeHuTe pesyntatn npy Obnrapckute
nauneHT NOKa3BaT, Y€ MaToreHHW/BEPOSTHO MaTOreHHU
BapuaHTu ce otkpuear npu 55% ot naumeHTute ¢ XKMr
0e3 gaHHM 3a pamunHa aHamHesa, npu ~67% ot na-
uneHtute ¢ XKMIT ¢ gaHHu 3a hammiHa aHaMHesa, Kak-
TO M OT NauMeHTUTE Ccbe cnopagnyHa [KMI1, a yectotata
poctura 100% npv nauneHTtute ¢ KMI1 ¢ nonoxuTenHa
damunHa aHamHesa. Hanuuneto Ha 2 unm 3 naTtoreHHn
MyTaLMKn B eaVH Unu rnoeede reHa npu nauueHTy ¢ XKMrI
€ [0KNaaBaHo psgko — npu cboTBeTHO 5% 1 0.8% ot cny-

showed the presence of pathogenic/likely patho-
genic variants and variants of uncertain significance
in sarcomeric genes in 46.3% and 9.5% of the pa-
tients, respectively [32]. The results of a large study,
conducted in 766 patients with DCM showed that
positive genetic findings were found in about 37%
of the patients studied, with the frequency of un-
confirmed cases (cases with only VUS) increasing
from 4.6-6.5% to 51-61% as the size of the testing
panel increased from 5 to 46 genes, which is mainly
due to the variants found in the titin gene, included
in the larger panel [33]. Data from a study of 151
pediatric patients with cardiomyopathy (66 patients
with HCM, 64 patients with DCM, 8 patients with
RCM, and 13 patients with LVNC) using a target-
ed or expanded panel of 47 or 104 genes, showed
that positive genetic findings were found in 26% of
patients, 42% had only variants of uncertain signifi-
cance detected, and 32% had negative results [34].
A higher frequency of detected variants of uncertain
significance was reported with the use of an extend-
ed versus targeted panel (87% vs. 30%, p < 0.0001).
The high frequency of positive genetic findings in
our patient study group can be explained by the cho-
sen method of testing — whole exome sequencing
with molecular-genetic analysis of an extended pan-
el of 242 genes, associated with cardiomyopathy, as
well as the application of an additional target panel
of 20 genes, associated with hereditary amyloidosis
in two of the patients (patient #11 and patient #14).
Another important prerequisite for the obtained re-
sult is the conducted detailed clinical assessment,
including family history data, by the treating physi-
cians when determining patients for referral for ge-
netic testing. Approximately 1/3 of the patients in-
cluded in the present study had a family history of
SCD or cardiomyopathy — 25% of patients with HCM
and 50% of patients with DCM. According to data in
the literature, pathogenic/likely pathogenic variants
in patients with HCM are found in ~60% of familial
and ~30% of sporadic cases, while in patients with
DCM positive genetic findings are reported in 25-
40% of patients with a family history of the disease
and in 10-30% of those with no family history [26,
27]. In contrast to the published data, the results of
the Bulgarian patients show that pathogenic/likely
pathogenic variants were found in 55% of patients
with HCM with no family history data, in ~67% of
HCM patients with family history, as well as in pa-
tients with sporadic DCM, and the frequency reaches
100% in DCM patients with a positive family history.
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YauTte, JOKATO AaHHUTE OT MPOyYBaHe MpPU EBPOMNENCKA
naumeHTn cbe crnopaanyHa unm oamunHa OKMI nokas-
BaT, Ye ronsgmMa 4acT OT nauMeHTUTe ca ABOVHWU XETEPO3U-
roTh Mo eauH (7%) unu no pasnuyHn reqn (38%), Kakto un
ye 12,8% oT nauneHTuTe ca HocuTenn Ha 3 unu noeede
BapuaHTa [35-37]. Mpn HUTO eamH NauMeHT B U3cneaea-
HaTa rpyna He ce ycTaHOBsBaT noeeye oT 1 natoreHHw/
BEPOSATHO MaTOreHHW reHETUYHM BapuaHTa, KOETO MOXe
Aa ce Obimku Ha Mankus 6pow nscneasaHy naumeHtun. B
CbOTBETCTBME C NUTEPATYPHUTE [OaHHW, YCTaHOBEHUTE
BapuaHTX Npu ObnrapckMTe NauueHTn ¢ kapguomuvona-
TSI, Ca PEOKV BapuaHTU, KOUTO Ce OTKPUBAT Npu eauHNY-
HW naumeHTn unn hamunum [9, 31, 38).

MpnbnunsmtenHo 90% OT naTtoreHHUTe MyTauun, Kou-
To npuumHasat XKMI, cnopen nutepartypHuUTe AaHHW, ca
missense myTtaumum [9]. VHcepuun/oeneuum n myTtaumm,
BOZELLM 10 NPOMSIHA B pamKaTta Ha YeTeHe ca [oknagsa-
HY npu MYBPC3 reHa, KakTo 1 pegKku criydam Ha geneumm
B reHute MYH7 n TNNTZ2. B npoyyBaHe, NpoOBEAEHO OT
Norton n cbkaBrt., € goknaaeaHo, Ye ~90% oT BapuaHTu-
Te, YCTaHOBEHWN MpU NauMeHTn ¢ hamunHa unmn cnopa-
avyHa OKMI, ca eguHUYHKM HykneotuaHu 3amenun (93%
missense, 5% nonsense, n 2% splice site BapnaHTh), a
~10% oT Tax ca UHcepumm/geneummn ¢ pasvep ot 1 oo 4
0a3n, Bogelwwm 0O M3MECTBaHe Ha pamKkaTta Ha YeTeHe B
KoaupalLmTe nocnenoBaTtenHoctu npu 86% ot cnyyauTe
[38]. PasnpeneneHneTo no TMNoBe BapyaHTX B HACTOSLLIO-
TO MpoyYBaHe Mokas3ea, Ye ce YCTaHOBsIBa CbOTBETHO 2,5
1 4 MbTM NO-BUCOKA YECTOTa Ha MPEXaeBPEMEHHO Tep-
MWHUPALLY BapyaHTW B CPaBHEHWE C YECTOTUTE, JOKMa-
OBaHW B nuTepatypara, Kakto npu naupeHtute ¢ XKMr1
(~26%), Taka n npun naumeHTuTe ¢ OKMIT (~39%). Bvnpe-
K/ TO3M BMCOK MPOLEHT, Missense MyTauuute octaBaTt
BOAELLN, KaTO TakmBa ce OTKpMBAT ABa MbTU NO-4ECTO U
B [iBETE NaLMEHTCKN nogrpynu. [JokaTto AaHHWUTE OT rons-
MO npoBefeHo npoyysaHe npu 4756 naumeHTn ¢ XKMI
MoKa3Beart, Ye He Ce YCTaHOBSBa CTaTUCTUYECKM 3Ha4YMMa
pasnuka no OTHOLUEeHMEe Ha heHOoTMMa U TexecTTa Ha
3a60nABaHETO, KaKTO M HeXenaHuTe cboutusa B 3aBUCH-
MoCT oT Tvna myTtaums B MYBPC3 reHa, ussicHsBaHeTo Ha
TMna MyTaums MOXe Aa MMa BaXXHO KIIMHWYHO 3HaYeHue
npu onpeaeneny nauneHtn ¢ JKMIT no oTHoweHne Ha
oLeHKaTa Ha pucka oT aputmum [39]. MNpexaeBpeMeHHO
TEpPMUHUPALLM MyTaumn B reHa 3a counammH C ¢ BUCoKa
NMEHETPaHTHOCT Ca JOKIaABaHU Npu CEMENCTBA C apuT-
moreHHa OKMIT n Bucoka yvectota Ha BCC [40, 41]. B
ronamo npoy4dsaHe npu 1150 naumeHTn ¢ kapauomuona-
s (700 XKMI, 300 OKMI, 50 PKMIT 1 100 JIHKMI),
npexageBpeMeHHO TepMuHMpalm myTtaumn BbB FLNC
reHa ca OTkpuTu camo npuv naumeHTute ¢ OKMI1, gokato
missense vy in-frame nHcepuuw/geneumm ce cBbp3BaT
C opyrute cpeHoTmnose. [Npun HocuTenuTe Ha NpexxaeBpe-
MEHHO TEPMUHUPALLM MyTauun € YCTaHOBEHa 3Ha4MMO
no-BMcoka vectora Ha BCC unu cdammnHa aHamHesa 3a
BCC cnpsamo Hocutenute Ha missense myTtauum (70%
cnpsimo 19%, p = 0.01) [42].

The presence of two or three pathogenic mutations
in one or more genes in patients with HCM was rare-
ly reported — in 5% and 0.8% of cases, respective-
ly, while the data from a study of European patients
with sporadic or familial DCM, shows that a large
proportion of patients were double heterozygotes
in one (7%) or in different genes (38%), and that
12.8% of patients carried 3 or more variants [35-37].
None of the patients in the study was found to have
more than 1 pathogenic/likely pathogenic genetic
variant, which may be due to the small number of
patients studied. In accordance with literature data,
the variants found in Bulgarian patients with cardio-
myopathy represent rare variants that are found in
single patients or families [9, 31, 38].

Approximately 90% of the pathogenic mutations
that cause HCM, according to literature data, are mis-
sense mutations [9]. Insertions/deletions and frame-
shift mutations have been reported in the MYBPCS3
gene, as well as rare cases of deletions in the MYH7
and TNNT2 genes. In a study, conducted by Norton
et al., it was reported that ~90% of variants found in
patients with familial or sporadic DCM were single
nucleotide substitutions (93% missense, 5% non-
sense, and 2% splice site variants), and ~10% of
them were insertions/deletions with a size of 1 to 4
bases leading to a frameshift in the coding sequences
in 86% of cases [38]. The distribution by variant
type in the present study shows that a respectively
2,5 and 4-fold higher frequency of truncating vari-
ants was found compared to the frequency reports
in the literature, both in patients with HCM (~26%),
and in patients with DCM (~39%). Despite this high
rate, missense mutations remain predominant, be-
ing found twice as often in both patient subgroups.
While data from a large study of 4,756 HCM patients
showed no statistically significant difference in dis-
ease phenotype, severity, and adverse events ac-
cording to the MYBPC3 gene mutation type, clarifi-
cation of mutation type may have important clinical
implications in certain patients with DCM in terms
of assessing the risk of arrhythmias [39]. Truncating
mutations in the filamin C gene with a high pene-
trance have been reported in families with arrhyth-
mogenic DCM and a high incidence of SCD [40, 41].
In a large study of 1150 patients with cardiomyopa-
thy (700 HCM, 300 DCM, 50 RCM and 100 LVNC),
truncating mutations in the FLNC gene were found
only in DCM patients, whereas missense or in-frame
insertions/deletions were associated with the other
phenotypes. Carriers of truncating mutations had a
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Mpwn naumeHtmTe ¢ XKMI B HawaTta rpyna, ¢ Han-BK-
coka 4ecToTa Ce OTKpUBAaT MaToOreHHW/BEPOSATHO naTo-
reHHu BapuaHty B MYBPC3 reHa (71%), a OKMI1 ce xa-
pakTepusnpa ¢ pasHoobpaseH reHeTu4eH npodun, Kato
OaHHuTe nokaseart, e TTN reHbT ce 3acsra B 20% ot cny-
YyauTe, KOeTOo Hal-00LLIO € B CbOTBETCTBUE C A0KMNaABaHW-
Te nuTtepatypHu aaHHu [10, 11]. Pasnukute B yectotute
B CpPaBHEHME C NUTEPATYPHUTE U3TOYHWLIM 3a OCTaHanu-
Te YCTAHOBEHMW MAaTOreHHW/BEPOSITHO MaTOreHHN HaxoaKu
MOXe Aa ce OBSACHWN C OTHOCUTENHO Marnkus 6pon nacnea-
BaHW NauMeHTV B OBETE NOATPYNN.

MHTepecHo e, Ye pesynTatute OT NPOBEAEHUsI cerpe-
rauMoHeH aHanuM3 B ceMelncTBoTo npw naumeHTt Ne 10,
aunarHocTtiumpaH ¢ XKMI, notTBbpxaaBaT HanM4yneTo Ha
BapuaHTa c.2791_2793del B MYH7 reHa B XeTEPO3UrOTHO
CbCTOsIHME Npu HeroBaTa Mawka ¢ JIHKMI.

BaxxHo e Oa ce oTbenexu, Ye B noarpynara Ha na-
umeHTute ¢ JKMIT, reHeTnynnte Haxoakm B NDUFB11 n
TAZ reHuTe, kogupaLm NPOTENHM CbC cneunduyHa ponsi
B MUTOXOHAPWANHMA METAbONM3bM, Ce CBbP3BAT C TEXKa
KNYHWYHA M3s1Ba NpY NeamMaTpuyHn NaunMeHTn B MbpBuTe
[OHW Ha nocTHaTanHusa nepuog. B Tasm Bpb3ka, NpoBex-
[AHETO Ha reHEeTUYHN N3cnenBaHusa N U3SCHSIBAHETO Ha
reHeTM4yHaTa amMarHo3a npu Tesu nauneHT Moxe a nva
KIMOYOBO 3HAYEHME 3a onpeaensiHe xoaa v NporHosara Ha
3a60ns9BaHETO, KITMHWYHOTO NOBEAEHME 1 TepaneBTUYHa-
Ta cTpaTervis, KakTo U pucka OT yHacrensaBaHe B ceMeli-
CTBOTO.

B 3akntoyeHme, HACTOSILLIOTO Npoy4BaHe npegocTa-
BS MbpBUTE 0600LLIEHM AaHHW MO OTHOLLEHME Ha MOJIEKY-
NAPHOreHETUYHMS Npodhmn NpU NaUWeHTU C KapaMoMMO-
natna B Bbnrapua. NonyyeHute pesyntati OT LAMNOCT-
HO €K30MHO CEKBEHUpaHe 1 MPOBEXOAHETO HA MOSEKy-
nspHoreHeTnyeH aHanua npu 20 6bArapckn NaumeHTn ¢
KapgyomMuonaTtusi nokaseaTt HarMyMeTo Ha reHeTUYHN Ha-
xogkv npn 90% ot Tax. [NaToreHHN/BeposSTHO NaToreHH
BapVaHTX Ce YCTaHOBABAT Mpw NoBeYe OT NMoroBMHaTa ot
nauneHTute ¢ XKMIT 6e3 aaHHM 3a hammiHa aHamHe3a
3a BCC unn kapavommonatus, npy ~67% oT nauueH-
TMTe ¢ XKMI ¢ gaHHM 3a cbamunHa aHamHesa 1nm Cbe
crnopagnyHa OKMI, kakto n npy 100% oT naumeHTute
¢ OKMI1 ¢ nonoxutenHa damunHa aHamHesa, a reHe-
TUYHM HAaXOOKM BbB BPb3Ka C U3ABeHaTa KNnMHUYHa CUMN-
TOMaTuKa He ce ycTaHoBsaBar npu nauveHtute ¢ PKMI
B NMpoyyBaHeTo. M3acHABaHETO Ha TuUNa MyTaums MOXe
[a nma BayKHO KITMHWUYHO 3HaYeHWNe npu onpeaeneHn na-
umeHtn ¢ OKMIT no oTHOLIEHNE Ha OLeHKaTa Ha pucka
OT apuTMUK. aToreHHN/BEPOSITHO NaTOreHHN BapuaHTu
B reHa 3a MMO3MH-CBbp3BaLmst npotenH C ce oTkpueat
C Haun-Bucoka 4vectota npv nauneHtute ¢ XKMI, goka-
To OKMIT ce cBbp3Ba C reHETUYHU HaxXOOKMN B pPasivyHm
reHu. [eHeTn4HUTEe BapuaHTn, yctaHoBenn B NDUFB11 n
TAZ reHnTe, Ce CBbP3BAT C TEXKA KITMHUYHA U35iBa B Mbp-
BUTE OHW Ha NOCTHaTanHus nepuod. Pesyntatm ot npo-
BEOEHW CerperaumoHH/ aHanuam Ypes3 QUPEKTHO Cekae-

significantly higher incidence of SCD or a family his-
tory of SCD than carriers of missense mutations (70%
vs. 19%, p = 0.01) [42].

Pathogenic/likely pathogenic variants in the
MYBPC3 gene (71%) were found in our HCM pa-
tients with the highest frequency, and DCM is charac-
terized by a diverse genetic profile, with the data
showing that the TTN gene being affected in 20% of
cases, which is generally in agreement with reported
literature data [10, 11]. The differences in frequen-
cies compared to literature sources for other de-
tected pathogenic/likely pathogenic findings may be
explained by the relatively small number of patients
studied in both of our subgroups.

Interestingly, the results of family segregation
analysis in patient #10, diagnosed with HCM con-
firmed the presence of the variant ¢.2791_2793del
in the MYH7 gene in a heterozygous state in his
mother with LVNC.

It is important to note that in the subgroup of
DCM patients, genetic findings in NDUFB11 and
TAZ genes, encoding proteins with a specific role
in mitochondrial metabolism, were associated with
severe clinical presentation in pediatric patients in
the first days of the postnatal period. In this regard,
genetic testing and elucidating of the genetic diag-
nosis in these patients may be of key importance
in determining the course and prognosis of the dis-
ease, clinical management and therapeutic strategy,
as well as the risk of inheritance in the family.

In conclusion, the current study provides the first
pooled data regarding the molecular-genetic profile of
cardiomyopathy patients in Bulgaria. The results ob-
tained from whole exome sequencing and the performed
molecular-genetic analysis in 20 Bulgarian patients with
cardiomyopathy show the presence of genetic findings
in 90% of them. Pathogenic/likely pathogenic variants
were found in more than half of patients with HCM with
no family history of SCD or cardiomyopathy, in ~67% of
patients with HCM with family history or with sporadic
DCM, as well as in 100% of DCM patients with a posi-
tive family history, and genetic findings related to the
manifested clinical symptoms were not identified in the
patients with RCM in the study. Clarification of the type
of mutation may have important clinical implications in
certain patients with DCM in terms of assessing the risk
of arrhythmias. Pathogenic/likely pathogenic variants in
the myosin-binding protein C gene were found with the
highest frequency in patients with HCM, while DCM is
associated with genetic findings in different genes. The
genetic variants, found in the NDUFB11 and TAZ genes,
were associated with severe clinical presentation in the
early days of the postnatal period. Results of segregation
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HUpaHe no Sanger ca AoKnaaBaHu B 6 OT 3acerHartute
cemeiicTea. OCHOBHO orpaHW4YeHne Ha U3creaBaHeTo
npeacTaBnsaBa Masnkvst 6poi BKIIOYEHU U aHanmaupaHu
nauveHTU. [JaHHUTe OT NPOBELEHOTO MpoyYBaHe ca B
noaKpena Ha NPUNOKEHNETO Ha reHETUYHN 3CreaBaHs!
N MEOMKO-TEHETMYHO KOHCYMTUpaHe Npu nauueHTuTe u
3acerHaTuTe cemencTea ¢ Kapavomuonarus B Bbnrapus.

analyses performed by direct Sanger sequencing were re-
ported in 6 of the affected families. A major limitation of
the study is the small number of included and analyzed
patients. The data from the study supports the importance
of conducted genetic testing and medical-genetic coun-
seling in patients and affected families with cardiomyo-
pathy in Bulgaria.

BnazodapHocmu: M3passieame b6rnazo0apHocm 3a GbuHaH-
cosama nodkperna Ha MeduyuHcku yHuesepcumem — Cogbusi,
IpaHm Ne [J-325/2022.

He e deknapupaH KOHGIUKM Ha UHMepecu
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