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SANTRUMPOS

ADS KMP — aritmogeniné desiniojo skilvelio kardiomiopatija
AKFI — angiotenzing konvertuojancio fermento inhibitorius
AKK — Amerikos kardiology koledzas

AL —lengvyjy grandziy amiloidozé

AMGK/MPA — Amerikos medicininés genetikos ir genomikos koledzas ir
Molekulinés patologijos asociacija

ARB — angiotenzino receptoriy blokatorius

ASA — Amerikos $irdies asociacija

ATP — adenozino trifosfatas

ATTR — transtiretino amiloidoze

ATTRIt — laukinio tipo transtiretino amiloidozé

ATTRyv — variantiné transtiretino amiloidozé

AV — atrioventrikuliné

BNP - B tipo (smegeny) natriuretinis peptidas

DKMP — dilatacin¢ kardiomiopatija

DS — desinysis skilvelis

EKD — Europos kardiology draugija

EKG — elektrokardiograma

HKMP — hipertrofin¢ kardiomiopatija

Ig — imunoglobulinas

IG — izoleucinas-glutaminas

IKD — implantuojamas kardioverteris defibriliatorius

JAV — Jungtinés Amerikos Valstijos

KMI - kiino masés indeksas

KMP — kardiomiopatija

KP — kairysis prieSirdis

KS — kairysis skilvelis

KSdd — kairiojo skilvelio diastolinis diametras

KS IF — kairiojo skilvelio i§stimimo frakcija

KSIT - kairiojo skilvelio iSstimimo trakto obstrukcija

LMM - lengvasis meromiozinas

MYV — mitralinis voztuvas

NDKS KMP — nedilataciné kairiojo skilvelio kardiomiopatija
NKS — naujos kartos sekoskaita

NSA — Niujorko Sirdies asociacija (angl. New York Heart Association,
NYHA)

PI — pasikliautinasis intervalas

PLN — fosfolambanas



P/TP — patogeninis/tikétina patogeninis

PV — priesirdziy virpéjimas

RKMP - restrikciné kardiomiopatija

S1 — 1 subfragmentas

S2 — 2 subfragmentas

SH3 —j Src homologija 3 panasus domenas

SMM - sunkusis meromiozinas

SSM - staigi $irdiné mirtis

SMRT - irdies magnetinio rezonanso tomografija

SN — sirdies nepakankamumas

TBRS — Tatton-Brown-Rahman sindromas

TTE — transtorakaliné echokardiografija

TTR — transtiretinas

VKMK - vélyvasis kontrastinés medziagos kaupimas (angl. late gadolinium
enhancement, LGE)

VUL SK — Vilniaus universiteto ligoniné Santaros klinikos



1. IVADAS

Problemos aktualumas

Genetiniai tyrimai pacientams, sergantiems kardiomiopatijomis (KMP),
Lietuvoje, Vilniaus universiteto ligoninés Santaros kliniky (VUL SK)
Medicininés genetikos centre atlickami nuo 2015 m. Anksciau pavieniy
pacienty genetiniai tyrimai buvo atlieckami uZsienio laboratorijose. Nuo to
laiko ir Lietuvoje pradéti kaupti KMP serganciy pacienty genetiniai
duomenys, igyvendinant Europos Parlamento ir Tarybos direktyvas bei
rekomendacijas kurti rety ligy prieziliros bei gydymo strategija [1, 2].
Nagrin¢jant KMP genetines priezastis ir genotipo — fenotipo sgsajas, atlikta
nemazai jvairiy Saliy ir etniniy grupiy tyrimy, taciau vis dar nebuvo analizuota
Lietuvos KMP populiacija [3].

Kardiomiopatijos yra viena i§ dazniausiy jauny asmeny staigios Sirdinés
mirties priezas¢iy [4]. Higienos instituto duomenimis, 2024 m. Lietuvoje
KMP (TLK-10-AM kodai 142-143) sirgo 5671 asmuo (1,96/1000 gyventojy),
2023 m. — 5285 asmenys (1,84/1000 gyventojy) [5]. 2021 m. ir 2022 m.
registruoti Siek tiek mazesni serganciyjy skaiciai (tikétina dél Covid-19
infekcijos). PanaSts rodikliai nustatyti ir 2019 m. bei 2020 m. Minétina, kad
2023 m. Lietuvoje registruotos 328 mirtys (11,42/100 000 gyventojy)
asmenims, sirgusiems KMP (TLK-10-AM kodai 142.0-142.5, 142.7-142.9)
[6]. 2020 m. 8is rodiklis sieké 431 (15,34 mirtys 100 000 gyventojy). Higienos
instituto duomenimis, 2023 m. mirStamumas dél KMP sieké 6,2 proc.
Sekmingg ankstyva KMP nustatymg ir prevenciniy priemoniy taikyma neretai
apsunkina staigus ligos pasireiskimas, Ziniy apie genetinj ligos pagrinda, ligos
paveld¢jimo rizikg ir jos jtakg staigiai mirciai stoka bei nepakankamas
genotipo-fenotipo sasajy supratimas [7, 8].

Paveldimos kardiomiopatijos — tai genetiskai heterogeniska miokardo ligy
grupé [9]. Siuolaikiné KMP klasifikacija remiasi fenotipiniais pozymiais, ta¢iau
tam tikry geny pakitimy fenotipinis pasireisSkimas gali persidengti, t.y. tas pats
genas gali biiti siejamas su keliais KMP fenotipais [3]. Kai kuriais atvejais
genotipu pagrista KMP klasifikacija gali buti tikslesné prognozuojant ligos iSeitis
[10]. Genetiniy pokyciy nulemtos KMP siejamos su didesne mirStamumo,
nepageidaujamy jvykiy tikimybe [11]. Taigi genotipo ir fenotipo sasajy analize
yra labai svarbi siekiant geriau suprasti ligos patogenezg, pagerinti rizikos
jvertinimg ir individualizuoti gydymo strategijas [12, 13].

Per pastaruosius 25 metus kardiogenetikos specializacija sparciai vystési
[14], taCiau genetiniy tyrimy rezultaty interpretavimas vis dar iSlieka
sudétingas. Naujos kartos sekoskaita (NKS) i§ esmés pakeite KMP klinikiniy



tyrimy galimybes [9]. Tai leido nustatyti naujus liga sukelianCius genetinius
pokycius. D¢l platesniy genetiniy tyrimy galimybiy taip pat daugiau nustatoma
neaiskios reikSmés DNR varianty (angl. variants of uncertain significance, VUS),
kurie kelia sunkumy priimant klinikinius sprendimus [12]. Siekiant patikslinti
nustatyty varianty patogeniskumo jvertinimg, rekomenduojama periodiskai i$
naujo Siuos variantus analizuoti ir, esant naujy duomeny (naujai patvirtinty
biozymeny, naujy pavieniy ar Seiminiy atvejy, patvirtinanciy arba paneigianciy
patogeniskumg, naujy funkciniy tyrimy), juos perklasifikuoti [3, 13]. Funkciniai
tyrimai, apimantys in vitro ir in vivo analizes, ypa¢ sudétingi, jie dazniausiai
atlickami mokslinése laboratorijose. Sie tyrimai leidzia suprasti konkreéiy
genetiniy pakitimy biologinj poveikj koduojamiems baltymams, jy pasekmes
lasteliniame lygmenyje, todél yra vieni i§ svarbiausiy nustatant neaiskios reikSmeés
varianty patogeniSkuma [13, 15]. Skirtingos populiacijos skiriasi savo
genofondais, todél tam tikrose populiacijose nustatomi tik Sioms populiacijoms
bidingi genetiniai variantai [16, 17]. Zinios apie Lietuvos populiacijai bidingus
retus DNR poky¢ius ir jy funkcines pasekmes palengvinty rety paveldimy ligy
diagnostika ir klinikinius sprendimus [15, 18].

Darbo tikslas

Atlikti genotipo—fenotipo sasajy analiz¢ asmenims, kuriems nustatyta
klinikiné¢ kardiomiopatijy diagnozé¢ ir atliktas genetinis molekulinis bei

......

Darbo uzdaviniai

1. ISanalizuoti kardiomiopatijy fenotipinius ir epidemiologinius pozymius.

2. Nustatyti kardiomiopatijy genetiniy priezasciy architekttirg.

3. Nustatyti geny, siejamy su hipertrofine kardiomiopatija, patogeniniy/
tikétina patogeniniy varianty sgsajas su fenotipine iSraiska, klinikinémis
iSeitimis.

4. Atlikti geny, siejamy su kardiomiopatijomis, naujy patogeniniy/tikétina
patogeniniy varianty klinikinj ir molekulinj charakterizavima.

Darbo mokslinis naujumas ir reik§mé

Siame darbe pirma karty Lietuvoje analizuojami asmeny, kuriems
nustatyta klinikiné KMP diagnoz¢ ir atliktas NKS tyrimas VUL SK,

mokslo Sakas, tyrimas leido sukaupti asmeny, serganciy paveldimomis KMP,
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naujus epidemiologinius, fenotipinius ir genetinius duomenis. Sios Zinios yra
KMP etiologijos ir patogenezés mechanizmy iSaiSkinimo pagrindas. Pirmag
karta VUL SK atlikta | tyrima jtraukty tiriamyjy, kuriems nustatyta KMP,
genetinés architektiiros analize.

Hipertrofine kardiomiopatija (HKMP) yra dazniausias KMP fenotipas [3],
tod¢l tyrimo metu detali genotipo—fenotipo analizé ir genotipo jtaka
nepageidaujamoms iSeitims atlikta remiantis pacienty, serganciy Sia KMP,
duomenimis. Tai vienas i§ pirmyjy tyrimy Lietuvoje, detaliai nagringjanciy
HKMP klinikinius ir morfologinius pozymius, priklausan¢ius nuo genotipo.
Genotipo — fenotipo sgsajy analiz¢ leidzia pateikti naujy ligos eigos ir
prognozeés jzvalgy, atsizvelgiant j genetines priezastis. Tyrimo metu analizuoti
atskiry MYBPC3 ir MYH7 geny varianty ir jy grupiy skirtumai bei jtaka
HKMP fenotipui. Iki Siol atlikta nedaug tyrimy nagrin¢janciy su HKMP
sigjamy patogeniniy varianty, esaniy to paties baltymo skirtinguose
domenuose, lemiamus fenotipo skirtumus.

Sékmingai pritaikius vézio genetikos Zinias naujoms gydymo strategijoms
sukurti, manoma, kad Sirdies ir kraujagysliy ligos yra viena i§ sri¢iy, kuriose
genetiniai duomenys gali pakeisti kliniking pacienty prieziiirg [13]. Genetiniai
tyrimai KMP sergantiems asmenims reikalingi dél tiesioginés naudos
diagnostikai, kai kuriais atvejais prognozei, parenkant gydyma, teikiant
rekomendacijas planuojant Seimg ir Seimos nariy genetiniam konsultavimui
[3]. Kardiomiopatijos diagnozé¢ pirmiausia nustatoma remiantis fenotipu,
neatsizvelgiant ] geneting etiologijg. Genetiniai tyrimai yra naudingi
patikslinant ribinius fenotipus (pavyzdziui, kai sunku atskirti ankstyvos
stadijos sarkomering HKMP nuo hipertenzinés kardiopatijos) [3]. Molekuliné
genetiné diagnostika taip pat svarbi fenokopijoms nustatymui (pavyzdZziui,
Fabry liga esant HKMP fenotipui) [19]. Vis daugiau ligy genetiné diagnozé
gali suteikti informacijos apie prognoze [3]. Pavyzdziui, patogeniniai
variantai LMNA gene, esant dilatacinei kardiomiopatijai (DKMP), siejami su
didesne staigios Sirdinés mirties (SSM) rizika [20, 21]. Tokiais atvejais
implantuojamo kardioverterio defibriliatoriaus (IKD) implantavimo slenkstis
pirminei prevencijai yra Zemesnis negu standartiniu Sirdies nepakankamumo
(SN) atveju, esant sumazéjusiai kairiojo skilvelio (KS) i§stimimo frakcijai
(KS IF < 35 %) [3,22]. Genetiné diagnozeé gali tiesiogiai nulemti gydymo
pasirinkimg [3]. Be sprendimy dél IKD implantavimo pirminei prevencijai,
vis daugiau gydymo budy yra patvirtinti arba bandomi ikiklinikiniuose ir
klinikiniuose tyrimuose konkreciam molekuliniam KMP potipiui gydyti.
Nustacius fenokopijas, imituojancias tikrgjji sarkomerinés HKMP fenotipa,
tokias kaip Fabry (GLA geno mutacija) arba Pompe (GAA geno mutacija)
ligos, galima taikyti pakaiting fermenty terapijg [19, 23]. Atsizvelgiant ]
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genetiniy  tyrimy rezultatus, gali buti teikiamos gyvenimo biido
rekomendacijos, ypac dél fizinio aktyvumo [13]. Genetiné diagnozé taip pat
suteikia galimybe teikti konsultacijas reprodukcijos klausimais suaugusiems,
sergantiems KMP, arba sergancio vaiko tévams, suteikiant jiems informacija
apie ligos paveldéjimo désningumus, perdavimo biisimiems vaikams rizika ir
leidziant §ia rizikg valdyti, pavyzdziui, atliekant prenataling arba
preimplantacing geneting diagnostika [3]. Be to, genetiniais tyrimais galima
nustatyti Seiminio patogeninio varianto neSiotojus, jei probandui aptiktas
genetinis variantas, kurj galima patikimai prognozuoti kaip liga sukeliantj
veiksnj [23]. Giminai¢iams, kuriems nustatomas patogeninis variantas,
rekomenduojama atlikti klinikinj fenotipo jvertinima ir nuolat juos stebéti [3].
Taigi genetiniai tyrimai ir molekulinés priezasties nustatymas reikSmingi
parenkant individualizuota gydyma ir stebésenos strategijas.

Tyrimo metu identifikuotos kelios deSimtys anksCiau literatiiroje
neaprasyty patogeniniy/ tikétina patogeniniy (P/TP) varianty. Tai plecia
pozitrj apie naujas KMP genetines priezastis miisy regione. Analizuojant
literatliroje neaprasytus genetinius variantus, atlikus klinikinj ir molekulinj
charakterizavima, funkcinius tyrimus, gali biiti identifikuotos KMP ir retus
sindromus lemiancios anksc¢iau neaprasytos genetinés priezastys. Funkciniai
tyrimai, kuriais nustatoma klinikiné genetinio varianto reik§me, ne tik padeda
patvirtinti molekuling diagnoze, bet ir leidzia geriau suprasti ligos
patogenezés mechanizmus, o tai  atveria galimybes sukurti naujas
diagnostikos ir gydymo strategijas. Praktinés zinios apie KMP ir rety
sindromy anksciau neaprasytas genetines priezastis bus naudingos tolesniems
moksliniams ir diagnostiniams tyrimams Lietuvoje ir pasaulyje.

Ginamieji teiginiai

1. Kardiomiopatija serganCiy asmeny grupéje dazniausiai nustatomas
hipertrofinés kardiomiopatijos fenotipas, kuris pasizymi
epidemiologiniais skirtumais.

2. Kardiomiopatijy genetiné architektiira yra jvairi ir gali sietis su
skirtingais ar persidengianciais fenotipais.

skiriasi priklausomai nuo genotipo.

4. Molekulinis ir funkcinis naujy, iki Siol neaprasyty kardiomiopatijas
lemianciy genetiniy varianty analizavimas leidZia tiksliau suprasti ligos
mechanizmus ir suteikia reikSmingy klinikiniy jzvalgy, kurios gali
pagerinti pacienty stebésena, gydymo individualizavimg ir ligos eigos
prognozavima.
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2. LITERATUROS APZVALGA
2.1.Kardiomiopatijy fenotipai ir pagrindinés jy genetinés priezastys

Kardiomiopatija — liga, kuriai bidingi miokardo struktiiriniai ir funkciniai
poky¢iai, kuriy nesukeélé iSeminé Sirdies liga, arteriné hipertenzija, jgimtos ar
igytos voztuvy ligos [3].

Remiantis Europos kardiology draugijos (EKD) KMP gydymo
rekomendacijomis, Siuo metu iSskiriami 5 KMP fenotipai: hipertrofine
kardiomiopatija (HKMP), dilataciné kardiomiopatija (DKMP), nedilataciné
kairiojo skilvelio kardiomiopatija (NDKS KMP), aritmogeniné desiniojo
skilvelio kardiomiopatija (ADS KMP) ir restrikciné kardiomiopatija (RKMP)
(1 pav.) [3].

HKMP DKMP ADS

NDKS

P KMP

1 pav. Kardiomiopatijy fenotipy schema [3]

ADS KMP - aritmogeniné deSiniojo skilvelio kardiomiopatija; DKMP - dilataciné
kardiomiopatija; HKMP — hipertrofiné kardiomiopatija; NDKS KMP — nedilataciné kairiojo
skilvelio kardiomiopatija; RKMP — restrikciné kardiomiopatija

Hipertrofinés kardiomiopatijos fenotipas apibréziamas kaip KS sienelés
sustoréjimas nors viename miokardo segmente > 15 mm, kurio nesukelé kitos
Sirdies ligos [3]. Esant maZzesniam miokardo sustor¢jimui (13—14 mm), ligai
patvirtinti reikia kity HKMP ypatybiy (Seiminé HKMP anamnezé¢, patvirtinta
genetiné priezastis, stebimi elektrokardiogramos (EKG) pakitimai). Vaikams
HKMP nustatoma, kai KS sienelés storis yra daugiau negu 2 standartiniais
nuokrypiais (SN) didesnis uz prognozuojamg vidurkj (Z skaicius >2) [3].
Hipertrofiné kardiomiopatija yra dazniausia i§ visy KMP (1 i§ 500
suaugusiyjy) [24].
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Apie 40-60 proc. HKMP serganciy pacienty, kuriems buvo atliktas
genetinis iStyrimas, nustatomi ligg lemiantys geny variantai [3,25].
Didziausia tikimybé nustatyti geneting priezast] yra jauniems pacientams,
kuriy Seimoje buvo serganciyjy HKMP. Maziausiai tikétina — vyresniems
asmenims, kuriems biidingi neklasikiniai HKMP pozymiai [3]. Nustatyta
daugiau negu 50 geny, susijusiy su HKMP, taciau tik 8 sarkomeriniai genai,
jvertinti kaip turintys stipriausiy patogeniskumo jrodymy (MYBPC3, MYH7,
TNNT2, TNNI3, TPMII, ACTCI1, MYL2 ir MYL3) (2 pav.) [26-28]. Du
dazniausi genai (nustatomi apie 75 proc. atvejy) — miozing sujungiantis
baltymas C (MYBPC3) (40-50 %) ir beta-miozino sunkiosios grandinés
(MYH?7) (3540 %) [29-31].

2 vpav. Genai, turintys vidutiniy ir stipriy hipertrofinés kardiomiopatijos
patogeniskumo jrodymy [28]

Vidiniame apskritime pavaizduota hipertrofinés kardiomiopatijos genetin¢ architektiira ir
genokopijos, sukelianios kairiojo skilvelio (KS) hipertrofija; viduriniame apskritime —
baltymy lokalizacija arba signalinis kelias; iSoriniame apskritime — genai, turintys patikimy ir
stipriy patogeniSkumo jrodymuy, pabrézti paryskintu Sriftu.
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Maziau negu 5 proc. suaugusiyjy gali biiti nustatomos fenokopijos,
imituojanc¢ios HKMP fenotipa [3]. DaZniausiai tai metabolinés kaupimo
(glikogeno, amiloido ir kt.), mitochondrinés, neuroraumeninés ir kitos
sindrominés kardiomiopatijos (1 lentelé¢) [30, 31].

1 lentelé. Pagrindinés hipertrofinés kardiomiopatijos genokopijos [29]

Lastelés Licos
lokalizacija Baltymas Genas g . Paveldéjimas
. o pavadinimas
ir funkcija
Meta‘?ol.lnls AMP—gamma- PRKAG2 ITRKAG2 AD
reguliavimas | 2 subvienetas sindromas
. Su
Lizosomy . .
memebrana/ lizosomomis Susijes su X
. susijes LAMP?2 Danono
glikogeno chromosoma
Kaupimas membranos
P baltymas 2
Alfa- Susijes su X
Lizosomos galaktozidaze GLA Fabry e
chromosoma
A
KRAS
RAS-MAPK | RAS Seimos SOS1 .
RASopat AD
kelias baltymai PTPNI1 opatyos
RAF1
Transtiretinas TTR Amiloidozé AD
Daugiau negu
100 geny
branduolio ir
o . . itoch ij . .
Kiti Mitochondrijy m Olglg)ﬁdrlju' Mitochon- AD, AR ir
baltymai o drinés ligos | mitochondrinis
koduojanciy
mitochondrijy
baltymymus ir
tRNR

AD — autosominis dominantinis; AR — autosominis recesyvus.

Fabry liga (MIM 301500, ORPHA:324) nustatoma apie 1 proc. visy
neaiskios KS hipertrofijos atvejy [30]. Tai daugiasisteminé lizosomy kaupimo
liga, kai dél patogeninio GLA geno varianto truksta fermento alfa-
galaktozidazés A (1 lentele) [3, 19]. Sios ligos paveldéjimas susijes su X
chromosoma, todél serga vyrai. Motery fenotipas gali buti nuo besimptomio
iki sunkios formos dél atsitiktinés X chromosomos inaktyvacijos [19]. Sios
ligos atpazinimas turi labai svarbig teraping reikSme, nes ankstyvas gydymas
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pakaitine fermenty terapija apsaugo nuo ligos progresavimo ir pagerina
pacienty prognozg [19, 30].

PRKAG?2 sindroma (MIM 261740, ORPHA:439854) lemia autosominio
dominantinio paveld¢jimo patogeniniai variantai PRKAG2 gene, kuris
koduoja AMP aktyvuoto baltymo kinaze (1 lentel¢). Dél jos defekto sutrinka
gliukozés apykaita ir glikogeno kaupimasis miokarde [31]. Ligai buidinga
pozymiy triada: Zenkli KS hipertrofija, preekscitacijos fenomenas ir laidumo
sutrikimai [32]. Dél sudétingy elektrofiziologiniy pakitimy Siems pacientams
biidinga Zzenkliai padidéjusi ankstyvos (<40 mety) SSM rizika (8-20 %) [32,
33]. Specifinio ligos gydymo kol kas néra. Atsizvelgiant | didele
kardiovaskuliniy jvykiy rizika, rekomenduojama visg gyvenimg stebéti ir
patogeninj variantg paveldéjusius giminaicius [32].

Mitochondrinés ligos — tai sutrikimai, atsirandantys dél mitochondrijy
DNR (mtDNR) arba branduolio (nDNR), koduojanciy mitochondrijy
kvépavimo grandinés vienetus, mutacijy (1 lentelé) [31]. Sie geny pakitimai
sutrikdo oksidacinj fosforilinima, tod¢l sumazéja adenozintrifosfato gamyba,
kuris yra labai svarbus lgsteliy energijos Saltinis. Mitochondrinés ligos, tokios
kaip MELAS (mitochondriné miopatija, encefalopatija, laktatiné acidozé ir j
insultg panasiis epizodai, MIM 540000, ORPHA:550), MERRF (miokloniné
epilepsija, pasizyminti ,,apdriskusiomis® raudonomis skaidulomis, MIM
545000, ORPHA:551), MIDD (i§ motinos paveldétas diabetas ir kurtumas,
MIM 520000, ORPHA:255), NARP (neuropatija, ataksija ir pigmentinis
retinitas, MIM 551500, ORPHA:644) ir kt. sindromai, pazeidzia audinius,
kuriems reikia daugiausia energijos, todel sukelia daugiasisteminius
sutrikimus: neurologinius, oftalmologinius, klausos, endokrininius ir
kardiovaskulinés sistemos [31, 34, 35].

Dilatacinés kardiomiopatijos fenotipui biidinga KS dilatacija ir sistolinés
funkcijos sutrikimas, kurio nesukeélé Sirdies perkrovimo ligos (hipertenzija,
voztuvy patologija, jgimtos Sirdies ydos) ar koronariné Sirdies liga [3].
Kairiojo skilvelio dilatacija suaugusiems asmenims nustatoma, kai KS
diastolinis diametras (KSdd) yra > 58 mm vyrams ir > 52 mm moterims, o KS
diastolinis indeksuotas tiiris yra > 75 ml/m? vyrams ir > 62 mlm* moterims
vertinant echokardiografiskai [3, 36]. Vaikams KS dilatacija nustatoma, kai
KSdd arba KS tiiris yra > 2 SN nuo numatyty vidutiniy verciy [3]. Fenotipo
paplitimas svyruoja nuo 1/2500 iki 1/250 [30].

Dilatacinés kardiomiopatijos etiologijos priezastys labai jvairios:
genetinés, toksinai, autoimuninés ligos, infekcijos ir metabolinés kaupimo
ligos [3]. Genetiné DKMP priezastis nustatoma iki 40 proc. tiriamyjy [3, 37,
38]. Siuo metu Zzinoma > 50 geny, susijusiy su §iuo fenotipu. Tik 12 i jy turi
stipriy DKMP patogeniskumo jrodymy (BAG3, DES, DSP, FLNC, LAMNA,
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MYH7, PLN, RBM20, SCN54, TNNCI, TNNT2, TTN) [39]. Dilatacine
kardiomiopatija taip pat gali buti keliy daugiasisteminiy ligy klinikinés
iSraiskos dalis (Barto sindromo (MIM 302060, ORPHA:111), Emery-
Dreifusso (MIM 614302; ORPHA: 251), Diuseno (MIM 310200,
ORPHA:98896), Bekerio (MIM 159050, ORPHA:98895), galiiniy-juosmens
raumeny distrofijjos (ORPHA:102014) ar miofibrilinés miopatijos
(ORPHA:593)) [40].

Tatton-Brown-Rahman sindromas (TBRS) (ORPHA:404443) — tai labai
reta autosominio dominantinio paveldéjimo liga, kurig lemia DNMT3A geno
heterozigotiniai ir dazniausiai de novo patogeniniai variantai [41]. DNMT3A
genas koduoja DNR citozino-5-metiltransferazg, dalyvaujancig formuojant ir
palaikant genomo DNR metilinimg, kuris yra vienas i§ svarbiausiy
epigenetiniy procesy [42, 43]. DNR metilinimas svarbus moduliuojant geny
raiska, genomo imprintingg, X chromosomos inaktyvacija ir yra susijgs su
tumorogeneze [44—46]. Pirmg karta TBRS aprasytas 2014 m. — publikuota 13
asmeny (2 suaugusiyjy ir 11 vaiky), kuriems buvo nustatyti de novo
heterozigotiniai DNMT3A geno variantai, duomeny apzvalga [47]. 2018 m.
aprasyti jau 55 TBRS atvejai (daugiausia — vaiky) [41]. Sindromui budingas
aukStas Uigis, intelekto sutrikimai ir subtiliis veido ypatumai: apvalus veidas,
grubils veido bruozai, horizontaliis stori antakiai, iSreiksti centriniai virSutiniai
kandziai ir siauri voky plySiai [41, 48]. Kiti biidingi TBRS poZymiai:
nutukimas, sgnariy hipermobilumas, hipotonija, elgesio ir psichikos
sutrikimai, kifoskolioze ir afebriltis traukuliai [41]. Taip pat TBRS gali buti
susijes su padidéjusia Gminés mieloidinés leukemijos rizika [41, 49].
Suaugusiems asmenims TBRS diagnozuojamas retai, taciau tokiais atvejais
nustatoma vis daugiau neurologiniy, skeleto ir kardiologiniy pozymiy [41,
49]. Pastarieji apima ankstyvame amziuje nustatomas jgimtas Sirdies ydas
(atvirg ovalig angg ir arterinj lataka, Sirdies pertvaros defektus), mitralinio ir
triburio voztuvo nesandaruma bei suaugusiesiems nustatomg kardiomiopatijg
ir aortos Saknies dilatacija [41, 48—54]. Sis sindromas diferencijuojamas su
kitais pagreitéjusio augimo sindromais, tokiais kaip Sotos, Weaver sindromu
ir kt. [55].

Nedilatacinés kairiojo skilvelio kardiomiopatijos fenotipas yra naujas
KMP apibrézimas. Sis fenotipas diagnozuojamas, kai nustatomi ne ieminiai
fibroziniai KS miokardo pakitimai ar riebaliné infiltracija su arba be bendru
ar lokaliu inotropijos sutrikimu, arba nustatoma izoliuota bendra KS
disfunkcija be fibroziniy miokardo pokyciy [3]. Anksciau tokiems pacientams
buvo nustatoma DKMP be KS dilatacijos, aritmogenin¢ KS KMP, kairé
dominuojanti ADS KMP ar aritmogeniné DKMP, kuri neatitikdavo ADS
KMP kriterijy [3]. Kadangi tai naujas fenotipo apibrézimas, jo paplitimo
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daznis dar néra zinomas [56]. Sio fenotipo genetinés priezastys persidengia su
DKMP ir ADS KMP fenotipais [3].

Aritmogeninés deSiniojo skilvelio kardiomiopatijos fenotipas
apibréziamas vyraujancia desiniojo skilvelio (DS) dilatacija ir (ar) funkcijos
sutrikimu, esant histologiniam paZeidimui ir (ar) elektrokardiografiniams
pakitimams pagal paskelbtus kriterijus [3, 57]. Budinga struktiiriskai
progresuojanti miokardo atrofija, kai DS miokarda pakeiCia fibrozinis,
riebalinis audinys [58]. Jau apie 15 m. ADS KMP nustatoma remiantis 2010
m. darbinés grupés kriterijais, kuriuos sudaro DS funkcijos ir struktiiriniai
pakitimai, audiniy patologinis charakterizavimas, EKG repoliarizacijos ir
depoliarizacijos sutrikimai, skilvelinés aritmijos, Seiminé anamnezé ir
genetinis iStyrimas [57]. 2020 m. paskelbti Padua kriterijai, kuriais remiantis
nustatomas KS jtraukimas esant ADS KMP [59]. Ligos paplitimas siekia nuo
1/2 000 iki 1/5 000, priklausomai nuo geografinés vietovés [60]. Si KMP
dazniau nustatoma vyrams [3].

Aritmogening deSiniojo skilvelio kardiomiopatijg lemiantys geny
pakitimai nustatomi apie 50-60 proc. pacienty [23, 61]. Dazniausiai
identifikuojami desmosomy geny P/TP variantai (PKP2, DSP, DSG2, DSC2,
JUP) [3]. PKP2 geno, koduojanCio plakofiling 2, pokycCiai nustatomi
dazniausiai (20-46 proc. ADS KMP atvejy) [60]. Taip pat su liga siejami ir
kiti trys ne desmosominiai genai (DES, TMEMA43 ir PLN) [3, 60]. Kai kuriy
geny (DSP, JUP) pakitimy lemiamoms autosominio recesyvaus paveldéjimo
ligoms buidingi ne tik Sirdies, bet ir odos bei plauky pakitimai (Naksos (angl.
Naxos, MIM 601214, ORPHA:34217) ir Karvadzalo (angl. Carvajal, MIM
605676, ORPHA:65282) sindromai [62, 63].

Restrikcinés kardiomiopatijos fenotipas reciausias i§ visy KMP fenotipy,
kuris apibiidinamas kaip restrikciné KS ir (ar) DS patofiziologija, esant
normaliam arba sumazéjusiam diastoliniam tariui (vieno arba abiejy
skilveliy), normaliam arba sumazéjusiam sistoliniam turiui ir normaliam arba
padidéjusiam skilveliy sieneliy storiui [3]. Daznai RKMP btidingas Zenklus
abiejy priesirdziy padidéjimas. Padidéjes miokardo standumas sparciai
padidina intraskilvelinj spaudima, nors skilveliy tiiris padid¢ja nedaug [30].
Restrikciné fiziologija gali pasireiksti esant dekompensuotai HKMP arba
DKMP [3]. Fenotipo etiologinés priezastys gali biiti genetinés ir ne genetinés.
I$ genetiniy priezasCiy dazniausiai nustatomos sarkomeriniy, citoskeleto,
branduolio baltymy, filamino, titino genai ir metabolinés kaupimo ligos, o i§
negenetiniy — endomiokardo fibroz¢, hipereozinofilija, infiltracinés ligos
(amiloidozé) ir radiacija [3]. Restrikciné kardiomiopatija susijusi su
blogiausia prognoze i§ visy KMP fenotipy. Pacienty, kuriems nustatyta
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genetiné RKMP priezastis, vidutinis 5 m. iSgyvenamumas yra tik apie 50 proc.
[3, 64]. Dazniausia mirties prieZastis — sparéiai progresuojantis SN.

Viena dazniausiy RKM priezasCiy yra Sirdies amiloidozé. Tai
progresuojanti inlfiltraciné liga, kurig sukelia amiloido fibriliy sankaupos
ekstralgsteliniame miokardo tarpe [65]. Liga yra susijusi su bloga
i§gyvenamumo prognoze. Zinoma daugiau negu 40 baltymy, kurie gali
kauptis kaip amiloidas, taciau tik 10 amiloidogeniniy baltymy kaupiasi
miokarde ir sukelia reikSmingas Sirdies ligas [66]. Du dazniausi amiloidozés
tipai — lengvyjy grandziy (AL) ir transtiretino (TTR) — sudaro daugiau negu
98 proc. Sirdies amiloidozés atvejy [65]. Transtiretino Sirdies amiloidozé
(ATTR) pagal tai, ar nustatomas 77R geno patogeninis variantas, skirstoma j
du potipius: varianting (paveldima) transtiretino amiloidoz¢ (ATTRv), jei
nustatoma 77R geno pakitimy, ir laukinio tipo ATTR (ATTRIt), jeigu TTR
geno mutacijy nenustatoma [65]. Siuo metu Zinoma daugiau negu 130 TTR
geno varianty, kurie sukelia Sirdies ATTR [67]. Tam tikri geny variantai
labiau sietini su neurologiniu fenotipui, kiti — su kardiologiniu, taciau
daugumai i$ jy buidingas misrus fenotipas. Taip pat pastebimas tam tikry 77R
geno varianty paplitimas pagal etnines grupes ir $alis, pavyzdziui, Vall22lle
variantas daZniau nustatomas Vakary Afrikoje, Val30Met — Svedijoje,
Portugalijoje ir Japonijoje [68].

2.2. Genetiné architektira

Per pastaruosius tris deSimtmecius identifikuojant genetinius pakitimus
daugiausia démesio buvo skiriama monogeninéms (paveldimoms pagal
Mendelio désnius) ligoms nustatyti. Seiminés KMP daZniausiai yra
autosominio dominantinio paveldéjimo, reciau autosominio recesyvaus ar
susijusio su X chromosoma [3]. Ligoms, susijusioms su autosominiu
domantiniu paveldéjimu, pasireiksti uztenka vieno pakitusio alelio, paveldéto
i§ motinos arba tévo arba de novo kilmés [23]. Tokiais atvejais ligos
perdavimo palikuonims rizika yra 50 proc. [3]. Dominuojantys P/TP variantai
pasizymi itin mazu aleliy dazniu (jprastai <0,01 proc.) bendrojoje
populiacijoje, taciau turi didel¢ kliniking reikSme (3 pav.) [23].

Vienos baziy poros pakeitimai vadinami taskinémis mutacijomis. Jos
klasifikuojamos i sinonimines, missense, ir nonsense. Sinoniminiai pokyc¢iai
nesukelia aminortigsties pasikeitimo ir dazniausiai néra kliniskai reikSmingi.
Nesinonimings missense mutacijos gali turéti jvairy poveiki baltymams, nes
pakeicia jy katalizinj aktyvumg, susilankstyma ir stabilumg [69]. Nonsense
mutacijos lemia prieslaikinio baigmés kodono susidarymg, dél kurio
sutrumpg¢ja baltymas. Delecijos ir insercijos turi skirtingg poveiki geny
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funkcijai, priklausomai nuo to, ar dél jsiterpusiy ar netekty aminoriigsciy
susidaro DNR rémelio poslinkis [70]. Splaisingo mutacijos sutrikdo jprasta
RNR splaisingo procesa, kurio metu i§ pre-RNR transkripto pasalinami
intronai, kad susidaryty brandi iRNR ir jvykty tinkama baltymy transliacija.
Taskinés mutacijos Siose sekose gali sukelti netinkamg egzono ir introno
atpazinima, dél kurio pakinta iRNR seka [71]. Nonsense, rémelio poslinkio ir
splaisingo variantai priskiriami baltymg trumpinanciy varianty grupei [72].

Autosominis dominantinis, Autosominis dominantinis,
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3 pav. Kardiomiopatijy genetinés architektiiros schema [3]

Daugelis KMP vertinamos kaip monogeninés ligos [30]. Hipertrofing
kardiomiopatija dazniausiai lemia P/TP variantai genuose, koduojanciuose
sarkomerinius baltymus [30] (4 pav.). Sarkomeriniai genai skirstomi j
koduojancius storojo (MYBPC3, MYH7, MYL2, MYL3) ir plonojo (TNNT2,
TNNI3, TPM1, ACTCI) kontraktiliniy miofilamenty baltymy komponentus
[73]. Plonasis miofilamentas yra reguliacinis, priklausomas nuo Ca®' ir
sudarytas i§ penkiy baltymy: tropomiozino, aktino ir troponino komplekso,
kurj sudaro troponinas C, troponinas I ir troponinas T [74]. Sie baltymai
koordinuotai veikia tarpusavyje perduodami Ca**, kuris reguliuoja plonyjy ir
storyjy filamenty sgveika. Lygiagreciai plonajam miofilamentui yra storasis,
sudarytas i§ miozino molekuliy, kurios adenozino trifosfato (ATP) hidrolizés
energija paver¢ia mechaniniu sarkomery judéjimu (sutrumpéjimu) [74].
Miozino ATP aktyvumas gerai suderintas su Ca®" aktyvavimu plonajame
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filamente, kad biity uztikrinta aktino ir miozino sgveika ir jégos generavimas.
Miozino galvutés srities geny mutacijos pasizymi biofizinémis savybémis,
kurios sustiprina susitraukima, bet pablogina atsipalaidavimg [30]. Miozing
sujungiantis baltymas C tiesiogiai nedalyvauja jégos generavime, bet
moduliuoja ir kontroliuoja kontraktiliskumg sgveikaudamas su miozinu ir
titinu [30]. Geny pakitimai, lemiantys HKMP, ne tik turi biofiziniy pasekmiy
sarkomery funkcijoms, bet ir padidina susitraukimo energetines sanaudas.
Pastebimas sumazéjes fosforilinto kreatinino ir ATP santykis, pakites
ATPazés aktyvumas ir padidéjusios energijos sagnaudos.

Dazniausiai HKMP nustatomi P/TP variantai MYBPC3 ir MYH7 genuose
[28, 29]. Miozing sujungiantis baltymas C turi tris izoformas, kurias koduoja
skeleto MYBPCI1, MYBPC? ir Sirdies MYBPC3 genai [75]. MYBPC3 genas
sudarytas i 35 egzony ir yra 21 kbp ilgio. Jis susideda i§ 8 domeny, panasiy i
imunoglobuling, ir 3 fibronektino III domeny [76]. Palyginti su skeleto
izoformomis, MYBPC3 pasizymi budingais struktiiriniais papildymais, kurie
sukuria idealig signalizavimo platformg [76]. Tarp CO ir C1 yra domenas,
turintis daug prolino ir alanino (PA). Kelios fosforilinimo vietos yra M motyve
tarp Cl ir C2 domeny, taip pat 28 aminoriigi¢iy intarpas C5 domene.
Dauguma MYBPC3 P/TP varianty yra rémelio poslinkio, nonsense arba
splaisingo vietos variantai, dél kuriy susidaro prieslaikiniai baigmes
(terminaciniai) kodonai [77].

Miozino sunkiosios grandinés 7 baltymas sudarytas i§ 1935 aminoragsciy,
40 egzony [78]. Sj baltyma sudaro j Src homologija 3 panasus domenas
(SH3), galvutés motorinis domenas ir j spirale susukta uodega [78].
Proteolitinio skaidymo metu miozinas 7 suskyla j dvi dalis: sunkyji (SMM) ir
lengvaji (LMM) meromiozing. Sunkusis meromiozinas gali biiti toliau
skaidomas j 1 subfragmenta (S1) ir 2 subfragmentg (S2). Pirmasis
subfragmentas turi SH3, motorinj galvutés domena, kuris turi konventerio
segmenty, sudaryta i3 dviejy izoleucino-glutamino (IG) motyvy [78]. Sie du
IG motyvai tesiasi iki miozino molekulés uodegos srities, kurioje yra S2 ir
LMM. Galvutés sritis (dar vadinama miozino motoriniu domenu) sgveikauja
su aktinu, ATP ir yra labai svarbi motoriniam aktyvumui [79]. Ilga uodegos
sritis sgveikauja su kitais baltymais. Dauguma P/TP varianty yra galvos
srityje, jie daro poveikj aktino prisijungimo vietoms [79]. Dauguma su
HKMP susijusiy MYH7 P/TP varianty yra missense variantai [78].

Vidutinisky ir stipriy HKMP patogeniskumo jrodymy turi ir kiti
nesarkomeriniy geny variantai: ACTN2 ir CSRP3, koduojantys Z disko;
FHOD3 — filamenty; ALPK3 — M juostos; PLN — sarkoplazminio tinklo
baltymus (2 pav.) [28,29].
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4 vpav. Geny, siejamy su kardiomiopatijomis, ir jy pakitimy lemiamy
(persidengianciy) fenotipy schema (adaptuota pagal [30, 80])

ADS KMP - aritmogeniné deSiniojo skilvelio kardiomiopatija; DKMP - dilataciné
kardiomiopatija; HKMP — hipertrofiné kardiomiopatija.

Dilatacinés kardiomiopatijos genai koduoja jvairias grupes baltymy,
dalyvaujanciy generuojant miocito kontraktilisSkumg, sarkomery vientisuma,
citoskeleto ir branduolio architekttira, elektrolity homeostaze [23, 30] (4 pav.).
Dazniausiai DKMP atveju nustatomi patogeniniai baltymg trumpinantys 77N
geno variantai (iki 15-20 proc.). Titinas — didziausias zmogaus baltymas,
kuris apima pus¢ sarkomeros ir yra svarbus islaikant jos struktiirg raumens
susitraukimo ir atsipalaidavimo metu. Sie geno variantai siejami su daznomis
aritmijomis, taciau didelés rizikos skilvelinés aritmijos dazniausiai susijusios
su zenkliai sumaze¢jusia KS sistoline funkcija [81]. Baltyma trumpinantys 77N
geno variantai taip pat pasizymi geru atsaku j optimaly SN medikamentinj
gydyma ir siejami su geresne prognoze [81, 82]. Kai kurie kiti genai siejami
su didele SSM rizika (LMNA, FLNC baltyma trumpinantys variantai,
TMEM43, PLN, DSP, RBM20). Nustacius Siy geny P/TP variantus ir esant
papildomiems SSM  rizikos veiksniams, rekomenduojamas IKD
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implantavimas pirminei prevencijai (Ila jrodymy lygmuo) [3]. Kiti du
sarkomery genai, MYH7 ir TNNT2, turintys patikimy HKMP patogeniSkumo
jrodymy, taip pat budingi ir DKMP fenotipui. Iki 3 proc. DKMP atvejy
nustatomi P/TP variantai MYH7 gene [39].

Fosfolambano (PLN) mutacijos sukelia DKMP veikdamos kalcio
homeostaze [30]. PLN reguliuoja kalcio jsisavinimg sarkoplazminiame ar
endoplazminiame tinkle per kalcio pernesimo ATPaze, veikdamas kaip
molekulinis kalcio ciklo stabdis. Fosfolambano P/TP variantai budingi tiek
DKMP, tick ADS KMP [30].

LMNA geno P/TP variantai nustatomi apie 6 — 8 proc. DKMP atvejy [30,
83]. Sis genas koduoja laming A/C — vidinés branduolio membranos baltyma,
svarby tinkamai branduolio strukttirai palaikyti [30]. Su LMNA genui siejami
Sirdies laidumo sutrikimai, supraventrikulinés ir skilvelinés aritmijos,
dazniausiai registuojamos dar prie§ atsirandant struktiiriniy DKMP fenotipo
pozymiy [83].

Aritmogening deSiniojo skilvelio kardiomiopatijga dazniausiai lemia
desmosomy genai [3] (4 pav.). Sirdies desmosomos palaiko miocity
struktiirinj stabilumg per lgsteliy adhezija, reguliuoja transkripcijos genus,
susijusius su adipogeneze ir apoptoze, palaiko tinkamg elektrinj laiduma
reguliuojant tarpines jungtis ir kalcio homeostaze [57]. Viena i$ svarbiausiy
desmosomy funkcijy — mechaniskai sujungti gretimas lgsteles per tarpinius
filamentus ir taip sukurti vientisg citoskeleto tinklg [84].

Su ADS KMP siejami ir baltymy, susijusiy su citoskeletu, defektai,
galintys  pakeisti  kardiomiocity struktirinj ~ vientisumag  bei
mechanotransdukcijg ir taip atkartoti desmosomy mutacijy mechanizmg [84].
Desminas, kurj koduoja DES genas, yra tarpinis filamentas, veikiantis kaip
tiltelis, jungiantis sarkomery Z diskus su sarkolemomis, desmosomomis ir
branduolio apvalkalu [84]. D¢l Siy sgveiky desminas koordinuoja greta
esanciy Z disky judéjima su branduolio ir plazmos membranomis.

Sanger metodas, taikytas pavieniy geny sekoskaitai, pakeistas naujos
kartos sekoskaita (NKS), kuri sudar¢ galimybe analizuoti dideles geny grupes
[40]. Sanger sekoskaita — tikslus metodas, taciau reikalaujantis daug darbo ir
laiko sgnaudy [85]. Naujos kartos sekoskaita atlickama naudojant lygiagrety
sekoskaitos procesa, todél vienu metu galima iStirti didelj skaiCiy geny
greifiau ir maZesnémis sgnaudomis, negu taikant Sanger metoda [85-87].
Daugelis diagnostikos laboratorijy sitlo tikslines geny paneles, kuriose
daugiausia fokusuojamasi j tam tikrus genus, kurie, kaip jau Zinoma, susij¢ su
tam tikromis genetinémis ligomis [85]. Dideliy geny grupiy iStyrimas leidzia
padidinti tikimybe¢ nustatyti liga lemiancius genetinius variantus, ypac¢ kai
tiriamos ligos yra genetiSkai ir kliniskai heterogeniskos [13, 40]. Diagnostinés
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galimybés dar labiau iSsiplété atsiradus viso egzomo ir viso genomo
varianty interpretacija [13]. Amerikos medicininés genetikos ir genomikos
koledzo ir Molekulinés patologijos asociacijos rekomendacijose pateikiami
genetiniy varianty patogeniSkumo vertinimo kriterijai, padedantys iSvengti
klaidy interpretuojant geny variantus [15].

Kardiomiopatijoms buidingas rySkus genetinis ir alelinis heterogeniSkumas
[3]. Daug skirtingy geny varianty gali sukelti tg patj fenotipg arba to paties
geno skirtingi variantai gali lemti skirtingus fenotipus. Patogeniniai variantai,
susije su KMP, pasizymi nevisiSku penetrantiSkumu, kai ne visiems
asmenims, turintiems tokj patj genetinj variantg, pasireiskia liga [23]. Taip pat
bidingas skirtingo pasireiskimo fenomenas, kai nustatomas skirtingas ligos
sunkumas tokj patj geno variantg turintiems asmenims. Kai kuriems
pacientams gali pasireiksti sunki ligos forma, kitiems — labai lengva arba visai
besimptomé [3]. Siems skirtumams gali turéti jtakos negenetiniai faktoriai,
(pavyzdziui, aplinkos veiksniai) ir papildomi kartu paveldimi genetiniai
faktoriai, galintys sustiprinti arba susilpninti pagrindiniy genetiniy veiksniy
poveikj [3, 23]. Kai kuriems asmenims biidinga sudétingesné ligos etiologija
(poligeninis paveldéjimas), kai ligai pasireiksti reikia keliy ne monogeniniy
genetiniy ir negenetiniy veiksniy (3 pav.). Manoma, kad moduliuojantys
genetiniai veiksniai gali buti ne mendeliniai genetiniai variantai, kuriuos
galima nustatyti naudojant dabartinius tyrimo metodus [3]. Sie variantai gali
biti skirstomi j dvi grupes: dazni variantai (nustatomi >1-5 proc. populiacijos,
daro mazg individualy poveikj), ir vidutinio efekto variantai (paplite <1-2
proc., poveikio dydis ir daznis yra tarp dazny ir mendeliniy varianty) [23].
Genomo asociacijy tyrimai (angl. genome-wide association studies) leido
jvertinti dazny varianty paplitimg tarp KMP [3]. Tyrimy metu lyginamas
milijony genetiniy varianty paplitimas visame genome tarp liga serganciy
asmeny ir kontroliniy grupiy [23]. Tokiu biidu pastebéta, kad HKMP ir DKMP
biidingas poligeninis paveldéjimas [88—90]. Ateityje tikimasi jtraukti Siuos
variantus atliekant genetinius tyrimus siekiant padidinti genetinés analizés
jautrumg, taciau tokiy moduliuojanciy varianty nustatymas vis dar yra
moksliniy tyrimy objektas ir néra taikomas klinikinéje praktikoje [23].

2.3. Hipertrofing kardiomiopatija lemianciy geny patogeniniy varianty
sasajos su jy fenotipine israiska

Genetinés etiologijos ir klinikinés ligos formos rysys islieka neaiskus [29].

Keli tyrimai atskleid¢, kad HKMP sergantiems asmenims, kuriems nustatyti
P/TP sarkomeriniai variantai, HKMP poZymiai pasireiské anksciau, dazniau
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nustatyta Seiminé HKMP anamnezé, zenklesné asimetriné KS hipertrofija,
maziau reikSminga KS iSstimimo trakto (KSIT) obstrukcija, didesné
skilvelinés aritmijos ir Sirdies nepakankamumo rizika [91-95]. Lyginant
storojo filamento geny (MYBPC3, MYH7, MYL2) ir plonojo filamento geny
(TNNT2, TNNI3, TPM1, ACTC) pakitimus, pastebéta, kad pastarieji susije su
didesne pazengusio KS funkcijos sutrikimo ir Sirdies nepakankamumo rizika
[96]. Kai kuriose mokslinése studijose, lyginant Sirdies vaizdiniy tyrimy
rodiklius (miokardo iSilginés deformacijos analizés ir Sirdies magnetinio
rezonanso tomografijos (SMRT)) tarp asmeny, turinéiy MYBPC3 ir MYH7
geny P/TP variantus, skirtumy nenustatyta [97, 98]. Kiti tyrimai parode, kad
pacientams, turintiems P/TP MYH7 geno varianta, dazniau nustatomas
priesirdziy virpéjimas (PV) [99].

Akivaizdu, kad ne visi tam tikro geno variantai turi vienodas klinikines
pasekmes [100]. Bet kuriame analizuojamame gene galima aptikti
nepatogeniniy varianty, pasizyminc¢iy gera prognoze, ir patogeniniy varianty,
sukelianCiy zenkliy baltymo struktiiros ir jo funkcijos pakitimy. Siekiant
zenklaus aleliy retumo (pavyzdziui, daznai retesni patogeniniai variantai
nustatomi tik vienoje Seimoje) ir didelio iSraiSkos heterogeniskumo
(pavyzdziui, variantai turi skirtingas klinikines isSraiSkas tiek vienoje $eimoje,
skirtingose Seimose, kuriose nustatytas toks pats variantas) [29]. Daugumoje
HKMP tyrimy daugiausia démesio skiriama geny, o ne atskiry varianty
palyginimui. Kartais lyginamos tik didziausios pacienty grupés, turincios
teigiamg ir neigiamag genotipg [29]. Naudojant Sarkomeriniy Zmogaus
kardiomiopatijy registro duomenis, buvo palygintas MYBPC3 geno baltyma
trumpinanciy ir netrumpinanciy varianty fenotipas, taciau klinikiniy skirtumy
nenustatyta [77]. Taip pat nesiskyré Sio geno skirtingy lokalizacijy varianty
klinikiné iSraiska. Pastebéta, kad MYH7 motoriniame galvutés domene
esantys P/TP variantai susij¢ su sunkesne ligos forma [101-103]. Nors kai
kuriuose tyrimuose keliy sarkomeriniy P/TP varianty nustatymas buvo susijes
su blogesne ligos prognoze, taciau kitose studijose toks rySys nenustatytas [93,
104, 105]. Remiantis atliktais moksliniais tyrimais, Europos kardiology
draugijos KMP gydymo rekomendacijose bei Amerikos Sirdies asociacijos
(ASA) ir Amerikos kardiology koledo (AKK) HKMP gydymo
rekomendacijose geny P/TP variantai néra jtraukti j suaugusiyjy, serganciy
HKMP, SSM rizikos skai¢iuokles [3, 106].
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2.4. Geny pakartotinés analizés reikSmé

2015 m. AMGK/MPA paskelbé atnaujintas geny varianty jvertinimo
rekomendacijas [15]. Siose gairése nurodyti 28 jrodymy kriterijai (16 remiasi
patogeniskumo, kiti 12 — nepatogeniSkumo jrodymais) ir jy derinimo
taisyklés, leidzian¢ios geny variantus suklasifikuoti i penkias klases:
patogeniniai, tikétina patogeniniai, neaiskios reikSmes, tikétina nepatogeniniai
ir nepatogeniniai.

Europos kardiology draugijos KMP ir ASA/AKK HKMP gydymo gairése
rekomenduojama kas kelerius metus periodiSkai ir sistemingai i§ naujo
jvertinti geny variantus ir, esant naujy jrodymy, juos perklasifikuoti [3, 106].
Geny varianty klasifikacijos pasikeitimai gali turéti tiesioginés jtakos Seimos
nariy iStyrimui [106]. Perklasifikavus variantg j P/TP, pradedamas Seimos
genetinis iStyrimas. Sumaz¢jus varianto klasei iki tikétina nepatogeninio ir
nepatogeninio, Seimos atrankinis iStyrimas pasikeisty j jprasting klinikine
priezitrg [106]. Nuo 2016 m. iki 2019 m. pagrindingje varianty interpretavimo
duomeny bazéje ClinVar buvo reklasifikuoti 4 501 variantai (0,79 proc. i$ visy
jtraukty varianty) [13, 107]. Daugiau negu pusé¢ klasifikacijos pasikeitimy
(2 584/4 501) nustatyti tarp neaiskios reikSmés varianty. Dauguma jy buvo
perklasifikuoti j tikétina nepatogeninius (61,4 %) ir nepatogeninius (13,2 %).
Tikimybe, kad variantas, kuris 1§ pradziy buvo jvertintas kaip nepatogeninis,
bus perklasifikuotas j patogeninj yra labai maza [13]. Tik 7 tikétina
nepatogeniniai ir nepatogeniniai variantai (0,17 proc. i§ visy klasifikacijos
pasikeitimy) buvo perklasifikuoti j P/TP [107]. Amerikos medicininés
genetikos ir genomikos koledzas pabrézia, kad svarbu informuoti pacienta,
kuriam atliekamas genetinis tyrimas, kad genetiné interpretacija ilgainiui gali
keistis ir, atsiradus varianty klasifikacijos pasikeitimams, apie juos informuoti
[108].

2.5.Naujy patogeniniy varianty molekulinis charakterizavimas

D¢l platesniy genetiniy tyrimy galimybiy (didéja tiriamy geny skaicius)
didéja neaiSkios reikSmes varianty skaicius [12]. Klinikinéje praktikoje Sie
variantai yra mazai vertingi, nes néra kliniskai pritaikomi. Variantai, kurie
anksciau nebuvo aprasSyti mokslingje literattiroje, vadinami naujais (angl.
novel).

2015 m. paskelbtos AMGK/MPA geny varianty patogeniskumo jvertinimo
rekomendacijos remiasi tipiniais jrodymy kriterijais  (pavyzdZziui,
populiaciniais duomenimis, kompiuteriniais modeliais (in silico), funkciniais
jrodymais, segregacijos analize) [15]. Geny variantai vertinami perziiirint
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populiacinius duomenis nustatant aleliy daznj bendroje populiacijoje
(pavyzdziui, ,,gnomAD*) [109], nustatyty genominiy variacijy (pavyzdziui,
,,ClinVar®) [110] ir klinikiniy duomeny baziy (pavyzdziui, ,,OMIM®) [111]
duomenis [13].

In silico priemoniy algoritmai leidzia jvertinti varianto sekos poveikj
nukleotidy ir aminortigsciy lygmeniu, kitiems genomo elementams ir galima
varianto poveikj baltymui [15]. Vieni jrankiai gali prognozuoti, ar missense
pokytis pakeicia baltymo strukttirg, kiti — ar genetinis pokytis turés poveikij
splaisingui. Missense mutacijos poveikis priklauso nuo aminortigsties ar
nukleotido evoliucinio konservatyvumo kriterijy, vietos baltymo strukttiroje
ir aminoriigities pakeitimo biocheminés pasekmés [15]. Siems kriterijams
jvertinti naudojami ,,PolyPhen2* [112], ,,SIFT* [113] ir ,,MutationTaster*
[114] jrankiai.

Lygiagreciai atlickama biologinés informacijos sluoksniy analizé yra labai
svarbi siekiant tinkamai jvertinti varianty patogeniSkumag. Metilomo ir
transkriptomo analizé padeda geriau suprasti kokie molekuliniai mechanizmai
lemia konkre¢iy sindromy metilinimo sutrikimus [115]. Multiomika ir
funkciniai tyrimai efektyviai atskleidzia genomo pakitimy pasekmes, nes
leidzia nustatyti pakitusia geny raiSka, metilinimo profilius, baltymy
potransliacines modifikacijas ir 1gsteliy atsakg [116].

Itin daug démesio skiriama neaiskios reikSmeés varianty funkciniams
tyrimams [12]. Funkciné genomika apibiidinama kaip nustatyto geno varianto
poveikio vertinimas DNR arba jos produktams: RNR arba baltymui.
Daugiausia démesio skiriama funkciniam varianto poveikiui jvertinti ir
numatyti, kokiy pasekmiy tai turés geno funkcijai ir ligos priezastingumui.
Funkciné genomika padeda klasifikuoti variantus nustatant jrodymus,
patvirtinancius arba paneigiancius patogeniSkuma [12]. In vitro arba in vivo
atlikti funkciniai tyrimai, patvirtinantys varianto neigiamg poveikj genui ir jo
produktams, priklauso stipriems patogeniSskumo jrodymams pagal
AMGK/MPA  kriterijus [15]. Vertinant funkcinio tyrimo pagristuma,
atsizvelgiama | tai, kaip tiksliai tyrimas atspindi biologing aplinka
(patikimesni in vivo ir visos baltymo biologinés funkcijos jrodymai).

Kardiomiopatijy atveju patogeniskumo patvirtinimg labai sustiprina
bendros segregacijos Seimoje jrodymai [13]. Atliekant detaly fenotipo
jvertinima, rekomenduojama istirti kuo daugiau giminaiciy. Atsizvelgiant ]
daugumos KMP penetrantiSkuma, susijusj su amziumi, pirmg kartg nustacius
neaiskios reik§més variantg Seimoje, gali prireikti po keleriy mety pakartoti
segregacijos analize, nes fenotipas gali pasireiksti vyresniame amziuje [13].
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3. TYRIMO METODIKA

Tyrimas atliktas 2020-2024 m. Vilniaus universiteto ligoninéje Santaros
klinikose (VUL SK). Sis tyrimas — biomedicininio tyrimo ,,Pacienty,
serganc¢iy retomis Sirdies, stambiyjy arterijy ir plauciy ligomis, stebésenos
tyrimas‘ dalis. Tyrimui atlikti gautas Vilniaus regiono biomedicininiy tyrimy
etikos komiteto leidimas (Nr.2020/1-1182-669, iSdavimo data — 2020-01-28)
(1 priedas). Tai vieno centro miSrus kohortinis stebésenos tyrimas. Visi
tiriamieji pasira$§é informuoto asmens sutikimo formas dalyvauti tyrime.
Tyrimo metu pacientams taikytas standartinis KMP i§tyrimas ir gydymas.

3.1. Tiriamyjy asmeny atrankos kriterijai

Dalyvauti tyrime buvo pakviesti asmenys, kurie lankési VUL SK dél
jtariamos arba nustatytos kardiomiopatijos. [traukti tiriamieji turéjo atitikti
visus jtraukimo kriterijus.

Itraukimo ] tyrima kriterijai:
e kliniskai nustatytas KMP fenotipas;
o atlikti genetiniai tyrimai (NKS, Sanger);
e amzius> 18 m.;
e asmuo sutiko dalyvauti tyrime.

Nejtraukimo j tyrimg kriterijai:
o atlikus iStyrimg, pacientui KMP nenustatyta;
o neatliktas genetinis iStyrimas arba pacientas atsisaké atlikti genetinj tyrima;
e amzius jtraukimo j tyrimg metu < 18 m.;
e pacientas nesutinka dalyvauti biomedicininiame tyrime.

3.2.Duomeny kaupimas duomeny bazéje

Tyrimo duomenys buvo kaupiami nacionaliniame atviros prieigos mokslo
tyrimy duomeny archyve ,,MIDAS Biomedicina“ (https://biomedicina.midas.lt/).
Siam tyrimui sukurta skaitmeniné aplinka (RETSSAPL). Nuasmeninti tyrimo
duomenys buvo suvedami j specialiai Siam tyrimui sukurtas duomeny rinkimo
formas: paciento registracija ir HKMP analizei sukurtas papildomas formas
(pirminio i$tyrimo, stebésenos ir jvykiy formos) (5 pav.). Kiekvienam tiriamajam
buvo suteiktas Sio tyrimo identifikacinis kodas, kuris naudotas mokslo duomeny
archyve ,,MIDAS Biomedicina®“. Kodo sudarymo principas: RL-PC (protokolo
pavadinimo santrauka), 20 (paciento jtraukimo metai), eilés Nr. 000001
(pavyzdziui, RL-PC-20-000001 ir kt.).
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Pacientai

1 RL-PC-21-00001
2 RL-PC-21-00002
3 RL-PC-21-00003
4 RL-PC-21-00004
5 RL-PC-20-00005
6 RL-PC-21-00006
7 RL-PC-21-00007
8 RL-PC-22-00008
9 RL-PC-11-00009
10 RL-PC-21-00010
1 RL-PC-21-00011
12 RL-PC-21-00012
13 RL-PC-21-00013
14 RL-PC-21-00014
15 RL-PC-21-00015
16 RL-PC-21-00016
17 RL-PC-21-00017
18 RL-PC-21-00018
19 RL-PC-20-00019
20 RL-PC-22-00020

Paciento registracija

MIDAS Nr
Kodas
Ivaukimo data/ pasiraya ISF =]
Tyrimo subgrupé
lgimitos irdies ydos
Plautiné hipertenzie
Aortopetios
Kardiomiopetios
Keralopetjos
Plaués igos
Diagnozés
Diegnozss (pagrincinés) TLK xodas
Diagnozés (pagrindinés) ORFA odas

*Gimimo data. B Améius:
Lytis:  Moteris  Vyras

Simplomy pradzios/ diagnozés jlarmo data @
Tksios diagnozés nustatymo data =]
Ligai skirtas gydymas (tyrimo pradEoie)  Tap  Ne
Jei TAIP (medikamentinis)
Modkamontinio gycymo pracBa =]
Joi TAIP (chrurginis)
Chirurginis

gydymas
Chirurginio gydymo data | Pastabos (chir. gydymui)

1 @

PRIDETI EILUTE

Pastabos

Joi NE (gydymas)  Nerokalinga/nataikoma

Funkeiné Kasé (FK) (traskmomets) 1 Il I
Kompliasjoe T Ne

Jei TAIP (kompikacijos)  Su lige ar jos cydym susije
l3eitys tyrmo pabaigoie  Gyvas  Mirgs

Joi GYVAS (medikamontinis)
Mecikamentinio gydymo pradiia 2 =
Joi GYVAS (chrurginis)

Stebéjimo forma Jvykio forma
*Dokumento data « vykio data: >
Sekimo duomenys Ivykis
Pris8irdziy virpejimas  Taip  Ne Miektomija
PrieSird2ly virpeJimo atsiradimo data = Alkoholiné pertvaros abliacija (APA)
Skilveling lachikardija/skilveliy virpeji Taij N LG T D
ilveling tachil ija/skilveliy virpejimas aip e EKS impl N
Skilveliné tachikardija/siveiiy virpéjimas (data) PrieSir2iy virejimas
Kardiovaskuliné mirts ~ Taip  Ne Priesird2iy plazdéjimas
Kardiovaskuliné mirtis (data) =] Skilveliné tachikardija
Mirtls cél visy kity priezasély — Taip ~ Ne Skilveliy virpgjimas
Mirts dél visy kity priezastiy (data) = Kardiovaskuling mirtis
Mirtis dél visy kity prie2aséiy
Staigios ircies mirties rizika (%) Kita
Kite
Ar pasikeité simptomai?  Taip  Ne
Slalusas  Allikla  Alsisake 7
v Simptomai, susije su HKMP
Max. KSIT Gmax. prie§ 2
Asimptotinis  Taip  Ne
Dusulys/SN kiinka ~ Taip  No Max. KSIT Gmax. po
NYHAKlase |1l W IV Max. KSIT Gmax. po 6 mén. ?
Krotines skausmas ~ Taip  Ne 5
Jeigu Taip ar tipinis?  Tipinis  Netipinis MeCKSTISaapeliaen: )
Tigines KA lunkcine Klase 1 111l SNpo 1V @
Galvos svaigimes ~ Taip  Ne
Sinkopé Taip Ne

Prios kick lalko jvyko paskutiné sinkopd?
Permugimai arba aritmijy simptomai
Kita

5 pav. Duomeny rinkimo formy ,,MIDAS Biomedicina* pavyzdziai
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Tyrimo duomenys buvo renkami i§ tiriamyjy medicinos dokumenty,
esan¢iy VUL SK elektroninéje sistemoje. Renkamy duomeny grupés:

¢ Demografiniai duomenys: gimimo metai, amzius, lytis, gyvenamoji
apskritis.

e Diagnozés kodas pagal TLK.

e Objektyvios apzitiros duomenys (kiino pavirsiaus plotas).

e Ligos anamnezés duomenys (ligos pradzia, simptomai).

¢ Gyvenimo anamnez¢s duomenys (gretutinés ligos, Seiminé anamneze).

¢ Genetiniy tyrimy duomenys.

e Laboratoriniai tyrimai (biocheminiy kraujo tyrimy rezultatai).

e Instrumentiniai tyrimai (EKG, Sirdies ultragarsinis tyrimas,
veloergometrija, 24 val. EKG Holter monitoravimas,
spiroergometrija, SMRT, fizinio krivio TTE).

e Informacija apie skirta medikamentinj gydyma (vaisty grupés),
atliktos intervencinés procediros ar chirurginis gydymas ir jy
rezultatai.

e Informacija apie stebésenos metu jvykusias komplikacijas, gydymo
baigtis.

3.3.Kardiomiopatijy klinikinis fenotipo jvertinimas

Analizuoti suaugusiy asmeny (vyresniy negu 18 m.), gydyty VUL SK
20052024 m., kuriems nustatyta KMP ir atliktas genetinis iStyrimas,
duomenys. Klinikiné KMP diagnoz¢ patvirtinta remiantis naujausiomis EKD
KMP gydymo rekomendacijomis [3]. Detali genotipo — fenotipo ir analitiné
statistiné analizé atlikta tik HKMP sergantiems tiriamiesiems dél per mazy
kity KMP fenotipy grupiy. Pastarosioms grupéms atlikta apraSomoji analizeé.
Ivertinti demografiniai duomenys (lytis, amzius diagnozés nustatymo metu),
fenotipo pozymiai (pagrindinis fenotipas, KS nekompaktiskumo pozymiai) ir
taikytas specifinis KMP gydymas. Tiriamiesiems, kuriems KMP nustatyta iki
18 m., ligos fenotipiniai poZymiai j tyrimg jtraukti nuo pilnametystés.

3.4. Hipertrofinés kardiomiopatijos klinikinis fenotipo jvertinimas
3.4.1. Tyrimo populiacija ir duomeny rinkimas

Klinikine HKMP diagnozé patvirtinta remiantis naujausiomis EKD KMP
gydymo rekomendacijomis, kai, atlikus transtorakaling echokardiografija
(TTE) arba SMRT, nustatomas nors vieno KS miokardo segmento sustoréjimas
> 15 mm, kurio nesukélé kitos Sirdies ligos: arteriné hipertenzija, Sirdies
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voztuvy patologija ar jgimtos Sirdies ydos [3]. I galuting HKMP genotipo—
fenotipo sasajy analize¢ nebuvo jtraukti asmenys, turintys daugiau negu vieng
P/TP variantg, ribotus HKMP patogeniskumo jrodymus ir HKMP fenokopijos
(pavyzdziui, Fabry liga, amiloidozé, PRKAG?2 sindromas). | subanalize, kurioje
buvo lyginamos HKMP serganciy asmeny grupés su P/TP variantais ir be jy,
jtraukti tik probandai (6 pav.). I kitg subanalizg, kurioje lyginti HKMP fenotipo
skirtumai tarp MYBPC3 ir MYH7 geny bei jy varianty, jtraukti probandai ir
giminaiciai, kuriems patvirtintas HKMP fenotipas (7 pav.). Tyrimo metu
vertinti tiriamyjy demografiniai rodikliai (amZius, lytis, gyvenamoji apskritis),
medicininés istorijos duomenys (Seiminé anamnezé, gretutinés ligos),
atlikta nagrinéjant troponino I, B tipo (smegeny) natriuretinio peptido (BNP),
kreatinino ir glomeruly filtracijos grei¢io rodiklius. Hipertrofine
kardiomiopatija sergantiems asmenims buvo skiriamas EKD KMP
rekomendacijomis pagrjstas medikamentinis ir intervencinis gydymas [3].
Medikamentinis gydymas vertintas skiriamy medikamenty grupémis.
Hipertrofinés kardiomiopatijos SSM rizika 5 m. laikotarpiu vertinta naudojant
validuotg skaiciuokle (https://doc2do.com/hem/offline/webHCM.html).
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Suauge pacientai,

- * Pacientai, kuriems nustatyti kity KMP fenotipai, metabolinés
kuriems nustatyta KMP,

kaupimo ligos (n =67):

aFEiktgs genetinis - DKMP (n = 20)
!styr|mas NKS, . - ADSKMP (n = 8)
sutmlfantys dalyvauti - NDKS KMP (n = 13)
tyrime (n = 313) - ATTR sirdies amiloidozé (n = 15)
! > - Kitos retos ligos: Fabry, mitochondriné liga, TBRS (n=11)
Probandai, kuriems * Giminai€iai, kuriems nustatytas Seiminis P/TP variantas (n = 24)
patvirtintas HKMP
fenotipas (n = 222) * Pacientai, turintys >1 P/TP variantg (n = 4)
I * Pacientai, kuriems nustatyta HKMP genokopija ar sindrominé
. KS hipertrofija (n = 2)
Tyrimo populiacija * Pacientai, kuriems identifikuoti geny variantai, turintys ribotus
(n=214) HKMP patogeniSkumo jrodymus (n = 2)
I
y v
HKMP sergantys asmenys, HKMP pacientai, kuriems
kuriems nustatytas P/TP P/TP variantas nenustatytas
variantas (n = 92) (n=122)

6 pav. Hipertrofine kardiomiopatija serganciy tiriamyjy atrankos schema tarp grupiy su patogeniniais/tikétina patogeniniais variantais ir be jy
ADS KMP - aritmogenin¢ deSiniojo skilvelio kardiomiopatija; DKMP — dilataciné kardiomiopatija; HKMP — hipertrofin¢ kardiomiopatija; KMP —
kardiomiopatija; NDKS KMP — nedilataciné kairiojo skilvelio kardiomiopatija; NKS — naujos kartos sekoskaita; P/TP — patogeninis/tikétina patogeninis; TBRS
— Tatton-Brown-Rahman sindromas; TTR — transtiretinas
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* Pacientai, kuriems nustatyti kity KMP fenotipai, metabolinés
Suauge pacientai, kaupimo ligos (n = 67)
kuriems nustatyta KMP, - DKMP (n = 20)
atliktas genetinis - ADS KMP (n = 8)
iStyrimas NKS, - NDKS KMP (n = 13)
sutinkantys dalyvauti - ATTR $irdies amiloidozé (n = 15)
tyrime (n=313) - Kitos retos ligos: Fabry, mitochondriné liga, TBRS (n=11)

* Giminaiciai, kuriems nustatytas Seiminis P/TP variantas, bet

y néera HKMP fenotipo (n=11)

Pacientai, kuriems

patvirtintas HKMP * Pacientai, turintys >1 P/TP variantg (n = 8)

fenotipas (n = 235) * Pacientai, kuriems nustatyta HKMP genokopija ar sindromine
KS hipertrofija (n = 2)

* Pacientai, kuriems identifikuoti geny variantai, turintys ribotus
HKMP patogeniS§kumo jrodymus (n = 2)

Tyrimo populiacija « Pacientai, kuriems P/TP varianty nustatyta nebuvo (n = 122)
(n=83) * Pacientai, turintys kity geny P/TP variantus nei MYBPC3 ir
| MYH7 (n=18)
¥ v
HKMP sergantys asmenys, HKMP sergantys asmenys,

kuriems nustatytas MYBPC3 kuriems nustatytas MYH7
geno P/TP variantas (n = 55) geno P/TP variantas (n = 28)

7 pav. Hipertrofine kardiomiopatijs serganciy tiriamyjy atrankos schema tarp MYBPC3 ir MYH7 geny patogeniniy/tikétina patogeniniy varianty grupiy
AKMP — aritmogeniné desiniojo skilvelio kardiomiopatija; DKMP — dilataciné kardiomiopatija; HKMP — hipertrofiné kardiomiopatija; KMP — kardiomiopatija;
NDKS KMP — nedilataciné kairiojo skilvelio kardiomiopatija; NKS — naujos kartos sekoskaita; P/TP — patogeninis/tikétina patogeninis; TBRS — Tatton-Brown-
Rahman sindromas; TTR — transtiretinas.
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3.4.2. Ramybés elektrokardiografija ir Holterio monitoravimas

Ramybés EKG vertinta MAC 2000 (GE Healthcare) aparatais. Rinkti KS
hipertrofijos poZymiy, blokady (atrioventrikuliné (AV), Hiso pluosto
kojy¢iy), repoliariacijos sutrikimo pozymiy duomenys. Pastarieji suskirstyti |
repoliarizacijos sutrikimus priekinése derivacijose (neigiami T danteliai V1-
V4), Soninése derivacijose (neigiami T danteliai I, aVL, V5-V6) ir apatinése
derivacijose (neigiami T danteliai 11, III, aVF). Tyrimas visiems tiriamiesiems
atliktas pirminio iStyrimo metu ir kartotas stebésenos laikotarpiu.

24-72 val. EKG Holterio monitoravimo metu vertintos supraventrikulinés
ir skilvelinés aritmijos (ekstrasistolija ir skilvelinés tachikardijos epizodai).
Tyrimas buvo atliekamas kas 1-2 metus, siekiant reguliariai jvertinti SSM
rizikg 5 m. laikotarpiu.

3.4.3. Transtorakaliné echokardiografija

Visiems tiriamiesiems atlikta jprastiné¢ dvimaté TTE, naudojant ,,Vivid
S70N, E90, E95“ (GE Healthcare, Hortenas, Norvegija) ir ,,Affiniti 70G*
(Philips, Eindhovenas, Nyderlandai) ultragarso aparatus. Tyrimo metu,
remiantis 2015 m. Europos Sirdies ir kraujagysliy vaizdinimo tyrimy
asociacijos (angl. European Association of Cardiovascular Imaging
(EACVI)) rekomendacijomis, vertintas hipertrofijos isreikStumas, storiausio
segmento storis, asimetrijos tipas, KS diametry parametrai, kairiojo
priesirdzio (KP) storis ir tiirio indeksas, KS sistoliné ir diastoliné funkcijos
[117, 118]. Pacientams, kuriems triko TTE matavimy tyrimo apraSyme,
rodikliai pamatuoti analizuojant jrasytus echokardiografinius vaizdus.
Dazniausiai trukstamas rodiklis buvo KP storis, kuris vertintas i§ parasterniniy
Sirdies ilgosios asies vaizdy. Kairiojo skilvelio i§stimimo trakto obstrukcija
apibrézta kaip maksimalus KSIT gradientas >30 mmHg ramybés biisenoje,
atlieckant provokacija Valsalvos manevru arba fizinio kriivio TTE [3].
Hemodinamiskai reikSminga KSIT obstrukcija laikytas maksimalus
gradientas KSIT >50 mmHg [3]. Sis gradientas vertintas kaip indikacijy
intervenciniam gydymui riba. Simptominiams HKMP pacientams, kuriems
ramybés ar Valsalvés manevro metu stebétas KSIT maksimalus gradientas
<50 mmHg, atlikta dvimaté echokardiografija fizinio kriivio metu pusiau
gulimoje padétyje (,,Vivid“ E95 ultragarso aparatu), siekiant jvertinti
dinaming KSIT obstrukcijg ir mitralinio voztuvo (MV) nesandaruma [3].
Tyrimo metu vertintas MV priekinés burés sistolinis atsilenkimas (angl.
systolic anterior motion, SAM), jo sukeliamo MV nesandarumo laipsnis, KS
midventrikulinés ir virs$tinés obstrukcijos, KS aneurizmos pozymiai. Tyrimas
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atliktas visiems tiriamiesiems pirminio iStyrimo metu ir kartotas stebéjimo
metu.

3.4.4. Kardiopulmoninis fizinio kriivio testas (spiroergometrija)

Tyrimas atliktas daliai tiriamyjy veloergometru, naudojant ,,CardioSoft 6.7
ECG* (,,GE HealthCare“, JAV) ir ,,Vmax Encore* (,,CareFusion®, JAV)
sistemas. Progresyviai did¢jancCios apkrovos protokolas buvo parenkamas
atsizvelgiant ] tiriamyjy amziy ir pradinj fizinj pajéguma: per 10 min.
pasiekama 150W apkrova, jauniems asmenims — 200-250W, vyresniems nei
75 m. — 100W. Pacientams, kurie gal¢jo kriivio metu pasiekti maksimaly
numatomg deguonies sunaudojimg (VO;max), apskai¢iuojamas toks kriivio
didinimo greitis, leidziantis baigti testa per 10 min. Tyrimo metu registruota
12 derivacijy EKG, sektas arterinis kraujo spaudimas, periferiné saturacija,
registruoti dujy koncentracijos matavimai. Analizuoti Niujorko Sirdies
asociacijos (NSA) (angl. New York Heart Association, NYHA) nustatytos
funkcinés klasés, VO, max. (ml/kg/min), anaerobinio slenksCio ir
hemodinaminés reakcijos duomenys.

3.4.5. Sirdies magnetinio rezonanso tomografija

Sirdies magnetinio rezonanso tomografijos vaizdai gauti naudojant 1,5 T
,,Siemens Avanto (Vokietija) ir nuo 2021 m. lapkri¢io mén. — ,,Philips
Ingenia Ambition”“ (Nyderlandai) standartinius skenavimo jrangos su
prospektyvine EKG protokolus. Tyrimo metu gauti keturiy, dviejy, trijy
kamery ir trumposios asies vaizdai naudojant 8 mm trumposios asies pjuvius.
Vaizdy morfologiné ir funkciné analizé buvo atlikta naudojant ,,Siemens
Argus“ (Vokietija) ir nuo 2021 m. lapkri¢io mén. ,,Philips IntelliSpace*
(Nyderlandai) programing jrangg. Matavimai indeksuoti kiino pavirSiaus
plotui. Vélyvojo kontrastinés medziagos kaupimo (VKMK) vaizdai gauti
taikant vélyvojo kontrastavimo metodika praéjus 10—15 min. po gadobutrolio
,,Gadovist (,,Bayer AG*) suleidimo j vena. Sirdies magnetinio rezonanso
tomografija su VKMK buvo atlieckama tiriamiesiems pirminio iStyrimo metu
ir kartojama kas 3-5 m. nesant kontraindikacijy [3, 106]. Parametrinis
vaizdinimas, naudojant T1, T2 Zemélapius ir ekstralgstelinj turj, atliktas
nedidelei tiriamyjy grupei, jtrauktai j tyrimg jo pabaigoje, todél | statisting
analiz¢ Sie rodikliai nejtraukti. Tyrimo metu vertinti KS diametry, sieneliy
storiy, HKMP hipertrofijos tipo, KS sistolinés funkcijos, KS indeksuoty turiy
(galinio diastolinio, galinio sistolinio ir sistolinio), miokardo mases rodikliai.
Taikant VKMK nustatyta gadolinio kaupimo lokalizacija ir pobudis. Daliai
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tiriamyjy triiko miokardo masés ir jos indekso duomeny, kurie rinkti kartu su
gydytojais radiologais naudojant ,,Siemens Argus‘ programing jranga.

3.4.6. Ivykiai stebéjimo metu

Tyrimo stebéjimo metu rinkti duomenys apie naujai atsiradusias aritmijas
(PV, skilveling tachikardijg), stimuliatoriaus ar IKD implantavima, pertvaros
redukcing terapija (miektomijg, alkoholing pertvaros abliacijg), Sirdies
transplantacijg ar KS pavaduojancio prietaiso implantavimag ir mirStamuma.
Saves nepalaikanti skilveliné tachikardija (toliau — skilveliné tachikardija)
buvo apibréziama kaip daugiau negu trys nuoseklts skilveliy susitraukimai,
kuriy daznis > 120 k/min., epizodo trukmé < 30 s [3].

Atliekant tyrima buvo vertinamos individualios ir sudétinés vertinamosios
baigtys, kurios buvo sudarytos remiantis mokslinés literatiiros duomenimis
[91, 92]. Individualias baigtis sudaré:

e priesirdziy virpéjimas;

e skilveliné tachikardija;

e optimalaus gydymo fone isliekantis pazenges SN, apibréztas kaip du
i§ eilés jvertinimai, kai nustatyta ITI/IV NSA funkciné klasé;

e progresuojantis SN, kai nustatoma progresija i§ I/Il NSA funkcinés
klases i III/IV;

e insultas.

Mir§tamumo dél visy priezasCiy, buvusio gaivinimo, tinkamos IKD
iSkrovos jvykiy skaiCius buvo per mazas vertinti atskiras vertinamasias
baigtis, taCiau Sie jvykiai jtraukti j bendraja sudéting baigt;.

Sudétines baigtis sudaré:

e Sirdies nepakankamumo sudétiné  baigtis:  atlikta  Sirdies
transplantacija, implantuotas KS pavaduojantis prietaisas, KS IF < 50
proc. ir i§liekantis pazenges SN.

e bendroji sudétiné baigtis: PV, mir§tamumas dél visy priezasciy, buves
gaivinimas, tinkamos IKD iskrovos, SN sudétiné baigtis ir insultas.

3.5. Genetiné analizé

Tiriamyjy asmeny kraujo DNR NKS analize 2015 — 2020 m. atlikta VUL
SK naudojant ,,TruSight Cardio Sequencing™ panele (l/lumina Inc., San
Diegas, Kalifornija, Jungtinés Amerikos Valstijos (JAV)). Paruostos DNR
bibliotekos sekvenuotos ,,Illumina MiSeq 9 sistema (///lumina Inc., San
Diegas, Kalifornija, JAV). Duomenims analizuoti taikyta standartiné
,,lllumina“ bioinformaciné¢ darbo metodika (//lumina Inc., San Diegas,
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Kalifornija, JAV). Nustatyty geny variantai analizuoti ir anotuoti naudojant
,,VariantStudio 3.0 programine jrangg ([/lumina Inc., San Diegas,
Kalifornija, JAV). Sinoniminiai arba introniniai variantai ir variantai, kuriy
aleliy daznis > 2 proc., j tyrimg nebuvo jtraukti.

Nuo 2020 m. NKS buvo atlieckama VUL SK naudojant ,,Human Core
Exome* rinkinius (7wist Bioscience, San Franciskas, Kalifornija, JAV) [119].
Analizuota 33 Mb egzomo sritis, apimanti 21 534 genus i§ GRCh38.p13
pirminio rinkinio [120], i§skyrus 1 394 genus, kurie nebuvo jtraukti j tiksline
sritj. Sekvenavimas atliktas CeGaT sekvenavimo paslaugy centre Tiubingene,
Vokietijoje. Gauti demultipleksuoti FASTQ duomenys buvo iSsiunciami
analizuoti ]} VUL SK. Nusekvenuotos sekos sulygintos su GRCh38 Zzmogaus
genomo referentine seka naudojant ,,BWA MEM (Burrows-Wheeler
Alignment with Maximal Exact MAtches) v0.7.17¢ algoritmg [121].
Duomenys vizualizuoti naudojant ,,IGV (Integrative Genomics Viewer)“
jrankj. Variantams identifikuoti naudotas ,,GATK v.3.8* algoritmas [119].
Variantai anotuoti ir filtruoti pagal jy in silico analizg (,,PolyPhen 2 [112],
H»SIFT“[113] ir ,,Mutation Taster* [114] jrankius), genomines duomeny bazes
(,,ClinVar“[110], ,,OMIM* [111]), aleliy daznj populiacijoje (,,1000 Genome
Project™ [122], ,,EXAC*, ,,gnomAD* duomeny bazés [109]), biomedicininés
literattiros Saltinius (,,PubMed™ [123]), naudojant ,,Ensembl VEP* [124],
,, Vefanno® [125] programing jranga [119]. Anotavimui naudota HGVS (angl.
Human Genome Variation Sociaty) nomenklatiira [126].

Segregacijos analizei Seimoje naudotas Sanger sekoskaitos metodas,
diagnostinis protokolas patvirtintas VUL SK Medininés genetikos centro
Molekulinés genetikos ir citogenetikos laboratorijoje. Koduojancios geno
sekos polimerazés grandininé reakcija atlikta naudojant specifinius
pradmenis, sukurtus naudojant ,,Primer Blast* jrankj [127]. Polimerazés
grandininés reakcijos produktai buvo sekvenuojami naudojant ,,BigDye®
Terminator v3.1 Cycle Sequencing Kit“ (Thermo Fisher Scientific, Valtamas,
Masacusetsas, JAV) ir ,,ABI 3130xL Genetic Analyser” (Thermo Fisher
Scientific, Valtamas, Masacusetsas, JAV) [128].

Atliekant pirminj jvertinimg, geny variantai klasifikuoti remiantis
AMGK/MPA rekomendacijomis [15]. Analizuoti tik tiek variantai, kurie
atitiko kokybés ir padengimo filtry kriterijus bei pasizyméjo >99,9 proc.
aptikimo patikimumu. Visi prieinami VUL SK j tyrimg jtraukty asmeny NKS
rezultatai peranotuoti pagal hg38 referentinj genoma. 2024 m. rugpjucio —
rugséjo meén. peranotuoti genomo duomenys buvo i§ naujo iSanalizuoti ir
varianty  patogeniSkumas nustatytas taikant esamas AMGK/MPA
rekomendacijas [15]. Analizuoti DNR kopijy skaiciaus variantai, kliniskai
reikSmingy poky¢iy nenustatyta.
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Analizuojant DNMT34 ¢.2324C > A Seimin] variantg, bendradarbiauta su
Vilniaus universiteto Gyvybés moksly centro mokslininkais. Papildomai
atlikta tiriamyjy transkriptomo analizé, DNMT3A baltymo sekos ir struktiiros
kompiuterin¢ analize [129].

3.6. Statistiné analizé

Kardiomiopatijy fenotipiniy, epidemiologiniy poZymiy ir genetiniy
priezasciy architektiiros duomenims analizuoti taikyta apraSomoji analize, o
HKMP genotipo—fenotipo sgsajy rodikliams — analitiné statistin¢ analize.

Kiekybiniy kintamyjy normalumui jvertinti naudoti Shapiro-Wilk testai.
Netolygiai pasiskirste kiekybiniai kintamieji buvo apibendrinti naudojant
mediang, pirmajj ir treCigjj kvartilius, o tolygiai pasiskirste — vidurkj ir
standartinj nuokrypi. Kategoriniai kintamieji pateikti absoliuciais skaiciais ir
procentais. Netolygiai pasiskirsCiusiems kiekybiniams kintamiesiems
palyginti dviems nepriklausomoms imtims naudotas Mann—Whitney U testas,
porinéms imtis — Wilcoxon signed-rank testas ir daugiau nei dviems grupéms
palyginti — Kruskal-Wallis testas. Normaliai pasiskirst¢ kiekybiniai
kintamieji, lyginant dvi grupes, jvertinti naudojant Welch Two Sample t-test,
daugiau negu dviems grupéms palyginti — dispersiné analizé (ANOVA).
Kategoriniai kintamieji palyginti naudojant Pearson chi kvadrata arba Fisher
tikslyji testg. Visi testai buvo dvipusiai. Genotipo ir maksimalaus KS sienelés
storio rySiui vertinti stebéjimo metu taikytas tiesinis miSrusis modelis (angl.
linear mixed-effects model).

Individualios ir sudétinés baigtys vertintos atliekant Kaplan-Meier analizg.
Cox o proporcings rizikos regresijos modeliai buvo taikyti vertinant baig¢iy
rizikos santykius (angl. hazard ratio) tarp tiriamyjy, kuriems nustatyti P/TP
variantai ir jy nenustatyta, atsizvelgiant ] amziy HKMP diagnozés nustatymo
metu ir lyt].

Dvinar¢ logistiné regresija naudota daugiamaciams rySiams su dvinariu
priklausomu kintamuoju nustatyti. Nepriklausomi kintamieji buvo sugrupuoti
i atskiras grupes naudojant koreliacijag ir kitus testus, siekiant iSvengti
multikolinearumo problemos. | analiz¢ jtraukti tik tie modeliai, kuriuose visi
nepriklausomi kintamieji buvo statistiSkai reikSmingi. Rodikliams modelyje
pateikti galimybiy santykiai (angl. odds ratio), taikant 95% pasikliautinajj (PI)
intervala.

Slenkstinés kiekybiniy rodikliy vertés apskaiciuotos remiantis ROC (angl.
Receiver operating characteristics) kreivés analize (Youdeno indeksu).
Pateiktas  atitinkamos slenkstinés vertés prognozés jautrumas ir
specifiSkumas, taip pat AUC (angl. area under the curve) ir 95% PI.
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Skirtumas tarp grupiy vertintas kaip statistiSkai reikSmingas, jei p reikSme
buvo mazesné negu 0,05. Statistiné analiz¢ atlikta naudojant SPSS (20 versija)
ir R (4.4.2 versija) programy paketus. Statistinés analizés grafikai generuoti
Microsoft Excel (16.100.2 versija), R (4.4.2 versija), Python (3.12.4 versija),
Prism (10 versija), Pages (14.1 versija) programy paketais ir SankeyMATIC
narSykliniu jrankiu.

Disertantés indélis

Disertanté savarankiskai konsultavo ir atliko dalies tiriamyjy klinikinj
kardiologinj KMP fenotipo iStyrimg (autorés indélis tyrime pateiktas 2
priede). Taip pat tyrimo metu vykdé $iy pacienty klinikinj steb¢jima. Ji sudaré
HKMP analizei specialiai sukurtas formas duomeny archyve ,,MIDAS
Biomedicina® ir j sukurtg duomeny baz¢ surinko tyrime dalyvavusiy asmeny
genetinius ir fenotipinius duomenis. Tyr¢ja pati atliko trukstamy
echokardiografiniy duomeny matavimus, o bendradarbiaudama su gydytojais
radiologais, surinko trikstamus SMRT duomenis. Disertanté atliko
peranotuoty genetiniy duomeny analize¢ ir, remdamasi naujais jrodymais, —
varianty perklasifikavima, kuris perzitrétas ir patvirtintas gydytojo genetiko.
Tyréja apdorojo surinktus KMP genotipo ir fenotipo duomenis ir atliko
statisting jy analize.

39



4. TYRIMO REZULTATAI
4.1. Kardiomiopatijy fenotipiniai ir epidemiologiniai poZymiai

IS viso j tyrimg traukta 313 asmeny, i§ kuriy 277 sudaré probandai ir 36
giminaiciai (2 lentel¢). Dazniausias j tyrimg jtraukty KMP fenotipas - HKMP
(235 tiriamieji 1§ 313).

Hipertrofinés kardiomiopatijos fenotipas nustatytas 222 probandams ir
13 giminaiciy, kuriems identifikuoti su HKMP susij¢ P/TP variantai. Moterys
sudaré 43,0 proc. (n = 101), amziaus diagnozés nustatymo metu mediana buvo
50,5 [37,2-61,2] m. Vienuolika giminai¢iy buvo P/TP varianty neSiotojai,
jiems HKMP fenotipas dar nebuvo pasireiskes (2 lentelé). IS 222 probandy,
11 tiriamyjy HKMP nustatyta iki 18 m. Probandy grupéje 11 tiriamyjy
nustatyti KS nekompaktiSkumo pozymiai. Detalesné HKMP genotipo—
fenotipo analiz¢ pateikta 4.3 skyriuje.

Dilataciné kardiomiopatija nustatyta 20 probandy, i$§ kuriy 5 taip pat
turéjo KS nekompaktiSkumo pozymiy. Moterys sudaré 45,5 proc. (n = 9),
amziaus mediana diagnozés nustatymo metu buvo 49 [39,5-57,5] m.

Aritmogeniné deSioniojo skilvelio kardiomiopatija nustatyta 6
probandams ir vienam giminaiciui. I$ jy 3 buvo moterys, 4 — vyrai. Vidutiné
amziaus mediana diagnozés nustatymo metu — 42 [36-56] m. Vienai 39 m.
amziaus giminaitei nustatytas patogeninis PKP2 geno c.2357+1G>A
variantas, taciau fenotipiniy ADS KMP nestebéta.

Nedilataciné kairiojo skilvelio kardiomiopatija nustatyta 10 probandy ir
3 giminaiciams, i§ kuriy 6 — moterys ir 7 — vyrai. Vidutinis amzius diagnozés
nustatymo metu — 29 [24-46] m. Daugumai tiriamyjy (11 i§ 13) nustatyti KS
nekompaktiskumo pozymiai.

Transtiretino Sirdies amiloidozé nustatyta 13 probandy, i§ kuriy 5 —
variantiné (paveldima), 8 — laukinio tipo (senilin¢). Variantine ATTR
nustatyta 2 moterims ir 3 vyrams, kuriy amZziaus mediana diagnozés
nustatymo metu — 73 [59-74] m. Laukinio tipo ATTR identifikuota 2
moterims ir 6 vyrams, kuriy amziaus mediana diagnozés nustatymo metu —
80,5 [76,5-82] m. Astuoniems pacientams skirtas specifinis Sirdies ATTR
amiloidozés gydymas transtiretino stabilizatoriumi tafamidziu. Stebéjimo
metu mir¢ 5 pacientai: 4 sirge ATTRv ir 1 — ATTRIt. Tikétina patogeninis
TTR geno c¢.302C>T variantas nustatytas dviems giminaitéms (32 m. ir 42 m.),
kurioms $iuo metu Sirdies amiloidozés fenotipo pozZymiy nestebima.
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2 lentele. Kardiomiopatijy atvejy pasiskirstymas pagal fenotipus

Kitos retos

ADS NDKS ATTR .
HKMP DKMP i - IS :
KMP | KMP | amiloidozé Fabry Mitochon TBRS SV
driné liga
Probandai 222 20 6 10 13 4 1 1 277
GiminaiCiai 13 0 | 3 0 1 2 2 2
G+ ir F+
Giminaiciai
11 0 1 0 2 0 0 0 14
G+ 1ir F-
IS viso: 313

ADS KMP — aritmogeniné deSiniojo skilvelio kardiomiopatija; DKMP — dilatacin¢ kardiomiopatija; F — fenotipas; G — genotipas; HKMP — hipertrofiné

kardiomiopatija; NDKS KMP — nedilataciné kairiojo skilvelio kardiomiopatija; TBRS — Tatton-Brown-Rahman sindromas; TTR — transtiretinas.
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Fabry kardiomiopatija nustatyta 4 | tyrimg jtrauktiems probandams (2
moterims ir 2 vyrams) ir vienam giminai¢iui. Amziaus mediana diagnozés
nustatymo metu — 44 [39-50] m. Fabry nefropatija nustatyta 3 tiriamiesiems,
i§ jy dviems atlikta inksty transplantacija. Neurosensorinis prikurtimas
nustatytas dviems, o Fabry ligai budingi pakitimai akyse — 3 pacientams.
Trims pacientams skirtas gydymas pakaitine fermenty terapija agalzidaze beta
ir vienam agalzidaze alfa. Vienai pacientei skirtas gydymas farmakologine
Saperony terapija — migalastatu.

Mitochondriné liga ir Tatton-Brown-Rahman sindromas detaliau
nagrinéjami 4.4 skyriuje.

4.2. Kardiomiopatijy genetiniy priezasc¢iy architekttra

Atlikus tiriamiesiems nustatyty geny varianty pakartoting analizg, trys
tikétina patogeniniai variantai perklasifikuoti j patogeninius (8 pav.). Vieno
patogeninio varianto klasifikacija buvo pakeista j tikétina patogeninj. IS 57
neaisSkios reik§més varianty 5 (8,7 %) buvo perklasifikuoti i tikétina
patogeninius, 13 (22,8 %) varianty klasifikacija pakeista ] tikétina
nepatogeninius, o dauguma 39 (68,4 %) isliko neaiSkios reikSmeés. Keturi
anksC¢iau nenurodyti variantai klasifikuoti i neaiSkios reikSmés. Po
pakartotinés geny varianty analizés i§ viso nustatyti 42 patogeniniai (101
tiriamajam) ir 39 tikétina patogeniniai variantai (69 tiriamajam) (9 pav. ir 3
priedas). Neaiskios reik§més variantai nurodyti 4 priede.

Patogeninis Patogeninis
42

Tikétina patogeninis Tikétina patogeninis
36 39

Neaiskios reikSmes
43

Neaiskios reikSmes

Tikétina nepatogeninis Tikétina nepatogeninis

8 pav. Tyrimo metu nustatyty genetiniy varianty perklasifikavimo schema
Patogeniniai variantai pazyméti raudona spalva, tikétina patogeniniai — oranzine, neaiskios
reikSmés — geltona, tikétina nepatogeniniai — Zalia. Kairéje pus¢je pateikta pirminé varianty
klasifikacija, deSinéje — varianty klasifikacija po pakartotinés geny varianty analizés. Kreiviy
storis atitinka geny varianty skai¢iy. Linijomis iliustruojami varianty klasifikacijos
pasikeitimai po pakartotinés geny varianty analizés.
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ALPK3
ANK2
CDH2 m
CSRP3 IR
DNMT3A
DSC2
DSP
GLA mmm
KCNQ7 1
MYBPC3 I———
MYH6
MYH7
MYH11
MYL3
MT-TL1 1
PKP2 1R
PLN 1R
PRDM16 1R
PRKAG2
TPM1
TNNC1
TNNI3
TNNT2
TTR 1
TTN .

mPatogeniniai Tikétina patogeniniai

9 pav. Tyrimo metu nustatyty P/TP varianty pasiskirstymas
Paveiksle pateiktas nustatyty geny varianty skaicius.
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Asmeny, turin¢iy HKMP fenotipg (probandy ir giminai¢iy), grupéje P/TP
variantai nustatyti 113 tiriamyjy (48,1 %), i$ jy patogeniniai variantai nustatyti
30,6 proc., o tikétina patogeniniai — 17,4 proc. tiriamyjy (3 lentele).
Asmenims, kuriems nustatytas DKMP fenotipas, P/TP variantai identifikuoti
8 (40,0 %) tiriamiesiems, i$ kuriy dominavo tikétina patogeniniai — 5 (25,0 %)
(3 lentelé). Penkiems (71,4 %) asmenims, sergantiems ADS KMP, nustatyti
P/TP variantai. Tiriamyjy, turinCiy NDKS KMP fenotipa, grupéje P/TP
variantai identifikuoti 5 (38,5 %) asmenims. Tiriamiesiems, kuriems nustatyta
Sirdies ATTR amiloidozé, P/TP variantai nustatyti 5 (38,4 %) asmenims.

3 lentelé. Geny varianty patogeniskumo pasiskirstymas pagrindiniy kardiomiopatijy
fenotipy grupése

ADS NDKS

HKMP DKMP KMP KMP ATTR

Patogeniniai 72 3 2 3 1
variantai 30,6 %) | (15,0%) | (28,6%) | (23,1%) | (7,7 %)
Tikétina patogeniniai 41 5 3 2 4
variantai (17,4 %) | (25,0%) | (42,9 %) | (15,4 %) | (30,8 %)
Keli
patogeniniai/tikétina

o 7(3,0%) | 0(0,0%) | 0(0,0%) | 0(0,0%) | 0(0,0%)
patogeninial
variantai
Neaiskios reikSmeés 41 6 3 3 0
variantai* (17,4%) | (30,0%) | (42,9%) | (23,1 %) | (0,0 %)

I8 viso (probandai ir
giminaiciai, turintys
fenotipg)
*Tiriamiesiems galéjo buiti nustatyti keli neaiSkios reikSmés ir kiti patogeniniai/tikétina
patogeniniai variantai.

ADS KMP - aritmogeniné¢ deSiniojo skilvelio kardiomiopatija; ATTR — transtiretino
amiloidoz¢; DKMP — dilataciné kardiomiopatija; HKMP — hipertrofiné kardiomiopatija; NDKS
KMP — nedilatacing¢ kairiojo skilvelio kardiomiopatija.

235 20 7 13 13
(100,0 %) | (100,0 %) | (100,0 %) | (100,0 %) | (100,0 %)

Keli P/TP variantai nustatyti 7 (3,0 %) asmenims, turintiems HKMP
fenotipg (4 lentel¢). Vienam pacientui nustatyti MYBPC3 tikétina patogeninis
¢.1343T>C ir patogeninis CHD?2 ¢.1219G>A variantai. CHD2 geno variantas
aprasytas mokslinéje literatiiroje asmenims, kuriems diagnozuota ADS KMP
[130]. Tiriamajam vyravo HKMP fenotipas su KS nekompaktiskumo
pozymiais. Vienai Seimai nustatytas HKMP ir ilgo QT sindromas,
identifikuoti patogeniniai MYBPC3 c.1484G>A ir KCNQI cA477+1G>A
variantai. DvideSimt septyneriy mety amziaus probandei ir jos 33 m. broliui
nustatyta asimetriné KS hipertrofija ir Zenklus QTc pailgéjimas. Kitos Seimos
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trims asmenims nustatyti du patogeniniai MYBPC3 geno ¢.3530_3531insG ir
PLN geno ¢.26_29dup variantai. Abu genai siejami su HKMP. Sie variantai
identifikuoti 75 m. probandei, jos dukrai ir antikui, kuriems nustatytas HKMP
fenotipas. Visiems $eimos nariams buvo implantuotas IKD dél didelés SSM
rizikos. Vienam pacientui nustatyti du MYBPC3 geno patogeniniai variantai :
c.3815-1G>A ir ¢.1483C>T. Siam pacientui, sulaukus 38 m., dél
progresuojancio Sirdies nepakankamumo atliktas KS pavaduojancio prietaiso
implantavimas.

4 lentelé. Tiriamyjy, serganciy hipertrofine kardiomiopatija, kuriems nustatyti keli

. . Pacienty
1 variantas 2 variantas .
skaicius
MYBPC3 geno TP variantas CHD? geno P variantas
NM_000256.3:¢.1343T>C, NM_001792.5:c.1219G>A, 1
p-(Phed48Ser) p-(Asp407Asn)
MYBPC3 geno P variantas KCNOI weno P variantas
NM_000256.3:¢.1484G>A, NM %00g218.3:c.477+1G>A 2
p-(Arg495Gln) -
MYBPC3 geno P variantas PLN geno P variantas
NM_000256.3:¢.3530_3531insG, | NM_002667.3:¢.26_29dupGCTC, 3
p-(Phel177LeufsTer31) p-(AlallLeufsTerl0)
) MYBPC3 geno P variantas
izt waokoseiwer. |
- p-(Arg495Trp)

P — patogeninis; TP — tikétina patogeninis.

Daugiausia P/TP geny varianty nustatyta MYBPC3 ir MYH7 genuose.
MYBPC3 geno variantai 100 proc. budingi HKMP (5 lentel¢). Kita vertus
MYH?7 12 proc. varianty nustatyti DKMP tiriamyjy grupéje ir 88 proc. —
HKMP tiriamyjy grup¢je. MYBPC3 gene varianty molekulinés patologijos
pasekmés buvo skirtingos. Dazniausi — missense variantai (30 %), kiek retesni
splaisingo ir rémelio poslinkio nesukeliancios insercijos/delecijos
(atitinkamai apie 10 proc.). DaZniausias MYH7 geno mutacijy tipas — missense
(96 %).

IS viso nustatyti 5 baltyma trumpinantys 77N geno variantai, i§ kuriy du —
rémelio poslinkio, trys — nonsense variantai, susije su DKMP fenotipu (3
lentele).

Fabry liga sergantiems pacientams nustatyti 4 skirtingi GLA geno variantai
(9 pav.). Tikétina patogeninis missense ¢.270C>G variantas nustatytas 50 m.
moteriai ir jos 25 m. stinui. Kitas patogeninis missense c.703T>G variantas
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patvirtintas 60 m. pacientei.

Tikétina patogeninis rémelio poslinkio
nesukeliantis pokytis ¢.796_801+3delinsTATA nustatytas 39 m. vyrui.

Patogeninis nonsense ¢.1024C>T variantas patvirtintas 44 m. vyrui.

5 lentelé. Dazniausiy geny varianty tipai ir jiems biidingi fenotipai

Tipai MYBPC3 MYH7
Missense 6 (30 %) 24 (96 %)
Nonsense 525 %) 0 (0 %)
Rémelio poslinkio 525 %) 0 (0 %)
Splaisingo 2 (10%) 1 (4 %)
Indel 2 (10 %) 0 (0 %)
Biudingas fenotipas

HKMP 20 (100 %) 22 (88 %)
DKMP 0 (0 %) 3(12 %)
I§ viso skirtingy varianty: 20 25

DKMP — dilataciné kardiomiopatija; HKMP — hipertrofiné kardiomiopatija.

Aritmogenine desiniojo skilvelio kardiomiopatija sergantiems pacientams
nustatyti trys skirtingy geny variantai: tikétina patogeninis DSC2 geno
c.577_624del, patogeninis PKP2 geno c.2357+1G>A ir tikétina patogeninis
TPM1 geno c.112G>T. Taip pat NDKS KMP sergantiems asmenims nustatyti
trys skirtingy geny variantai: tikétina patogeninis DSP geno ¢.2001G>A,
tikétina patogeninis MYH11 geno c¢.5324 5325del ir patogeninis PRDM16
geno c¢.259C>T variantas. PRKAG?2 sindromas, priskiriamas HKMP
genokopijoms, identifikuotas dviems moterims, kurioms nustatyti missense
patogeninis c.905G>A ir tikétina patogeninis c.1642T>C variantai.

IS viso tyrimo metu nustatyti 24 mokslingje literatiiroje neapraSyti P/TP
variantai (6 lentelé). Dauguma Siy varianty (54,2 %; n = 13) buvo susij¢ su
HKMP fenotipu (7 lentel¢). Keturi variantai lemé¢ DKMP, trys — NDKS KMP
ir du — Fabry ligos fenotipg. Vyravo tikétina patogeniniai variantai, jy
identifikuota 17 (70,8 %). Daugiausia mokslingje literatiiroje neaprasyty P/TP
varianty nustatyta MYH7 gene (29,2 %; n = 7) (8 lentel¢). MYBPC3 gene
nustatyti trys nauji P/TP variantai, i§ kuriy c. 1996 A>T variantas identifikuotas
dviems negiminingiems probandams. Patogeninis c.3530 3531insG variantas
MYBPC3 gene nustatytas trims vienos Seimos asmenims, kuriems taip pat
identifikuotas patogeninis PLN geno c¢.26 29dup variantas. GLA ir TTN
genuose nustatyta po du mokslinéje literattiroje neaprasytus P/TP variantus.
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6 lentelé. Mokslinéje literatiiroje neaprasyti geny variantai

Pacienty,
Baltyma koduojanti . kuriems .
Balt Mut P
Genas Klasifikacija | RNR referentiné | Nukleotido pokytis a ?/II.'LO Amino ragsties pokytis u. achos nustatytas ac1§ntq
referentiné seka tipas . fenotipas
seka variantas,
skaicius
Rémelio
ALPK3 TP NM_020778.5 ¢.2956del NP_065829.4 p-Ala986GInfsTerl2 poslinkio 1 Pro HKMP
ANK2 TP NM_001148.4 c.2683C>T NP _001139.3 p.Arg895Ter Nonsense 1 Pro HKMP
CSRP3 P NM_003476.4 c.120C>A NP_003467.1 p.Cys40Ter Nonsense 1 Pro HKMP
DNMT3A4 TP NM_022552.4 c.2324C>A NP_072046.2 p-Ser775Tyr Missense 1 Pro, 2G TBRS
DSP TP NM _004415.4 c.2001G>A NP_004406.2 p-Trp667Ter Nonsense 16 I\II(DNIE)S
GLA P NM_000169.3 ¢.703T>G NP_000160.1 p.Ser235Ala Missense 1 Pro Fabry
Adel
GLA TP NM_000169.3 Cj%fng A3 delins | \p 000160.1 p.? Indel 1 Pro Fabry
MYBPC3 P NM_000256.3 c.1996A>T NP_000247.2 p.Lys666Ter Nonsense 2 Pro HKMP
Rémeli
MYBPC3 P NM 0002563 | c.2603 2612del | NP 0002472 | p.GlyS868AlafsTer8 p;’;;;{l; 1 Pro HKMP
. Rémelio

MYBPC3 P NM_000256.3 ¢.3530_3531insG NP _000247.2 | p.Phell77LeufsTer31 poslinkio 1P, 2G HKMP
MYHG6 TP NM_002471.4 c.1662C>A NP_002462.2 p.Tyr554Ter Nonsense 1 Pro HKMP
MYH7 TP NM_000257.4 c.936C>A NP_000248.2 p.Phe312Leu Missense 1 Pro HKMP
MYH7 TP NM_000257.4 c.947G>A NP_000248.2 p.Gly316Glu Missense 1 Pro HKMP
MYH7 TP NM_000257.4 ¢.1385T>C NP_000248.2 p-1le462Thr Missense 1 Pro HKMP
MYH7 TP NM_000257.4 c.1408-1G>A NP_000248.2 p.? Splaisingo | 1Pro,1 G DKMP
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6 lentelé (tesinys). Mokslinéje literatiiroje neaprasyti geny variantai

Pacienty,
Baltyma koduojanti . kuriems .
Balt Mut P
Genas Klasifikacija | RNR referentiné | Nukleotido pokytis a ?/1’1.10 Amino riigsties pokytis u. AcTIos nustatytas ac1§ntq
referentiné seka tipas . fenotipas
seka variantas,
skaicius
MYH7 TP NM_000257.4 ¢.2390C>T NP_000248.2 p-Ala797Val Missense 1 Pro HKMP
MYH7 TP NM_000257.4 c.2492A>C NP_000248.2 p.Lys831Thr Missense 1 Pro HKMP
MYH7 TP NM_000257.4 c.4822C>T NP_000248.2 p-Argl608Cys Missense 1 Pro DKMP
Rémeli NDK
MYHII TP NM 0024743 | c.5324 5325del | NP 002465.1 | p.Thrl775ArgfsTer9 emeio 1 Pro S
poslinkio KMP
MYL3 TP NM_000258.3 c433A>C NP_000249.1 p.Asnl145His Missense 1 Pro HKMP
NDK
PRDM16 P NM _022114.4 ¢.259C>T NP _071397.3 p-Arg87Ter Nonsense 1 Pro KMPS
TPM1 TP NM_001018008.2 c.112G>T NP_001018008.1 p.Glu38Ter Nonsense 1 Pro ADS KMP
TTN TP NM_001267550.2 | ¢.69923 69926dup | NP_001254479.2 | p. Lys23309AsnfsTer2 ;Z‘;:EE; 1 Pro DKMP
TTN P NM_001267550.2 c.89839C>T NP_001254479.2 p.Arg29947Ter Nonsense 1 Pro DKMP

ADS KMP — aritmogeniné desiniojo skilvelio kardiomiopatija; DKMP — dilataciné kardiomiopatija; G — giminaitis; HKMP — hipertrofiné kardiomiopatija; NDKS
KMP — nedilatacing¢ kairiojo skilvelio kardiomiopatija; P — patogeninis; Pro — probandas; TP — tikétina patogeninis; TBRS — Tatton-Brown-Rahman sindromas.
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DNMT3A geno tikétina patogeninis variantas c¢.2324C>A pirma kartg
apraSytas §io darbo metu trims vienos Seimos asmenims (6 lentelé) [129].
DNMT3A genas siejamas su labai retu TBRS. Detalesné §io varianto analize
pateikiama 4.4 skyriuje.

7 lentelé. Mokslinéje literatiiroje neaprasyty gemy varianty pasiskirstymas pagal
patogeniskumgq ir kardiomiopatijy fenotipus

Varian NDKS ADS L.
patogettl?ékumas HKMP | DKMP KMP Fabry KMP TBRS IS viso
Patogeniniai 4 ! ! ! 0 0 7
(30,8 %) | (25,0 %) | (33,3 %) | (50,0 %) | (0,0 %) | (0,0 %) (29,2 %)
Tikétina 9 3 2 1 1 1 17
patogeniniai (69,2 %) | (75,0 %) | (66,7 %) | (50,0 %) | (100,0 %) | (100,0 %) | (70,8 %)
& viso* 13 4 3 2 1 1 24
(54,2 %) | (16,7 %) | (125%) | (8,3%) | (42%) | (42%) | (100,0 %)

*Procenting iSraiSka apskai€iuota nuo visy mokslingje literatiiroje neaprasyty varianty skaiciaus
—24(100,0 %).

ADS KMP - aritmogeniné deSiniojo skilvelio kardiomiopatija; DKMP - dilataciné
kardiomiopatija; HKMP — hipertrofiné kardiomiopatija; NDKS KMP — nedilataciné kairiojo
skilvelio kardiomiopatija; TBRS — Tatton-Brown-Rahman sindromas.

8 lentelée. Mokslinéje literatiiroje neaprasyty geny varianty pasiskirstymas pagal
dazniausius genus

Mutacijy tipas MYH7 MYBPC3 GLA TIN
Missense 6 (85,7 %) 0 (0,0 %) 1 (50,0 %) 0 (0,0 %)
Nonsense 0 (0,0 %) 1(33,3 %) 0 (0,0 %) 1(50,0 %)
Rémelio poslinkio 0 (0,0 %) 2 (66,7 %) 0 (0,0 %) 1(50,0 %)
Splaisingo 1 (14,3 %) 0 (0,0 %) 0 (0,0 %) 0 (0,0 %)
Indel 0 (0,0 %) 0 (0,0 %) 1 (50,0 %) 0 (0,0 %)
I8 viso 7(100,0%) | 3(100,0%) | 2(100,0%) | 2(100,0 %)

4.3. Hipertrofinés kardiomiopatijos genetiniy prieZasciy sgsajos su
fenotipine iSraiSka

Siame skyriuje apraomos didziausios §io tyrimo kardiomiopatijy grupés
—HKMP — genotipo sasajos su fenotipu. Skyrius suskirstytas j dvi pagrindines
dalis. Pirmojoje dalyje nagrinéjami HKMP fenotipo skirtumai tarp dviejy
tiriamyjy grupiy: vienoje nustatyti P/TP variantai (P/TP+), kitoje — genetiniai
variantai nenustatyti (P/TP-). | §ig analize¢ jtraukti tik negiminingi asmenys,
kuriems kliniSkai nustatyta HKMP. Antroje dalyje analizuojami tik
dazniausiai nustatomy HKMP geny MYBPC3 ir MYH7 ir jy varianty
skirtumai. | $ig analiz¢ buvo jtraukti ir giminaiciai, kuriems minétuose
genuose nustatyti P/TP variantai ir fenotipiniai HKMP pozymiai.
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4.3.1. Hipertrofinés kardiomiopatijos grupiy fenotipo palyginimas
priklausomai nuo genotipo

4.3.1.1. Demografiné ir genetiné charakteristika

I§ 222 probandy, turin¢iy HKMP fenotipg, | analize buvo nejtraukti 4
asmenys, kuriems nustatytas daugiau negu vienas P/TP variantas, 2 tiriamieji,
kuriems nustatyti PRKAG2 geno P/TP variantai, ir 2 asmenys, kuriems
nustatyti MYH6, ANK2 geny, turinCiy ribotus HKMP patogeniskumo
jrodymus, variantai (6 pav.). | galuting analiz¢ jtraukta 214 probandy, kuriems
nustatyta HKMP, i§ jy 42,1 proc. sudar¢ moterys. Hipertrofinés
kardiomiopatijos amziaus mediana diagnozés nustatymo metu — 52 [38—62]
m. Dauguma tiriamyjy buvo i$ Vilniaus apskrities (10 pav.).

Vilniaus 71.0%
Panevézio 8.4%
Siauliy 6.1%
Utenos 4.2%

Alytaus 3.3%

Klaipédos 2.8%
Kauno 1.4%
Marijampolés 1.4%
Telsiy 1 0.9%
Tauragés = 0.5%

10 pav. Tiriamyjy gyvenamosios vietos pasiskirstymas pagal apskritj

Atlikus pakartoting geny, susijusiy su HKMP varianty analizg, 2 tikétina
patogeniniai variantai perklasifikuoti j patogeninius (11 pav.). I§ 33 neaiSkios
reikSmés varianty 7 (21,2 %) Kklasifikacija buvo pakeista j tikétina
nepatogeninius, 3 (9,1 %) perklasifikuoti j tikétina patogeninius, o dauguma
(23; 69,7 %) isliko neaiskios reikSmés. Trys ankS¢iau nenurodyti variantai
perklasifikuoti j neaiSkios reikSmés.
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Patogeniniai Patogeniniai
27 29

Tikétina patogeniniai Tikétina patogeniniai
24 25

Neaiskios reikSmeés Neaiskios reikSmés
33 26
I Tikétina nepatogeniniai
7

Tikétina nepatogeniniai -

3

11 pav. Hipertrofinés kardiomiopatijos genetiniy varianty perklasifikavimo schema
Patogeniniai variantai pazyméti raudona spalva, tikétina patogeniniai — oranzine, neaiskios reikSmeés — geltona, tikétina nepatogeniniai — zalia. Kairéje puséje

pateikta pirminé varianty klasifikacija, desingje — varianty klasifikacija po pakartotinés geny varianty analizés. Kreiviy storis atitinka geny varianty skaiciy.

Linijomis iliustruojami varianty klasifikacijos pasikeitimai po pakartotinés geny varianty analizés.
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Pagal genetiniy tyrimy rezultatus HKMP sergantys pacientai suskirstyti i dvi
grupes. Pirmaja grupe sudaré 92 (43,0 %) asmenys, kuriems nustatyti 48
skirtingi P/TP, susij¢ su HKMP, variantai (P/TP+), i§ kuriy 10 neaprasyti
mokslingje literatiiroje (5 priedas). Baltyma trumpinantys P/TP variantai
nustatyti 31, missense — 59 ir delecijos, kurios nelemia skaitymo rémelio
poslinkio, — 2 asmenims. Dazniausiai identifikuoti MYBPC3 geno P/TP
variantai (n = 49), reCiau — MYH7 (n = 25) ir kity geny P/TP variantai (n = 13)
(12 pav.). Antrajai grupei priklausé 122 HKMP sergantys pacientai, kuriems
P/TP varianty nenustatyta arba nustatyti neaiskios reikSmés variantai (P/TP-).

TNNT2  ALPK3
22% 1,1 %
TNNCI

TNNI3 CSRP3
33% \ / L1%
43 %

MYL3
7,6 %

MYH7
272 %

MYBPC3
533 %

12 pav. Nustatyty P/TP varianty pasiskirstymas su HKMP siejamuose genuose
HKMP - hipertrofiné kardiomiopatija; P/TP — patogeninis/ tikétina patogeninis.

4.3.1.2. Genetiniy varianty ir HKMP pozZymiy s3saja
Lyginant P/TP+ ir P/TP— grupes, nustatyta, kad P/TP variantus turintiems
asmenims HKMP simptomai pasireiské statistiSkai reikSmingai anksciau

(mediana, pirmasis ir treciasis kvartiliai 41,5 [31,0-56,0] m. vs. 52,5 [45,0-63,0]
m., p <0,001). Taip pat P/TP+ grupei anksc¢iau nustatyta HKMP diagnoz¢é (43,5
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[32,3-58,0] vs. 54,0 [45,8-65,0] m., p < 0,001), daZnesnis pertvarinis HKMP
tipas (92,4 % vs. 77,9 %, p = 0,004) (9 lentelé). PriesSingai, P/TP— grupéje
nustatyta daugiau gretutiniy ligy ir dazniau skirti kalcio kanaly blokatoriai,
angiotenzing konvertuojancio fermento inhibitoriai (AKFI) ar angiotenzino
receptoriy blokatoriai (ARB) (p < 0,001). Taip pat Sios grupés tiriamiesiems
re¢iau nustatyta HKMP $eimin¢ ir SSM anamnezé (atitinkamai p < 0,001 ir p
= 0,026). Bendrai KSIT obstrukcija identifikuota 37,4 proc. pacienty,
hemodinamiskai reikSminga KSIT obstrukcija (G maks. >50 mmHg) — 28,5
proc. tiriamyjy, o KS vir§iinés aneurizma — tik 4,2 proc. asmeny, taCiau
reikSmingo skirtumo tarp grupiy nenustatyta. Pirminio iStyrimo metu 5 m.
HKMP SSM rizikos procentas buvo didesnis P/TP+ grupéje (2,7 [1,9-3,8] %)
palyginus su P/TP— grupe (1,9 [1,5-2,6] %) (p<0,001). Elektrokardiogramoje
KS hipertrofijos poZymiai reciau identifikuoti P/TP+ grupéje (66,3 % vs. 80,3
%, p = 0,020) (10 lentel¢). Taip pat P/TP+ grupéje refiau nustatyti
repoliarizacijos sutrikimo pozZymiai (46,7 % vs. 23,0 %, p < 0,001), jskaitant
reCiau registruotus neigiamus T dantelius Soninése derivacijose (44,6 % vs.
73,0 %, p < 0,001). Atliekant Sirdies vaizdinius tyrimus, nustatytas P/TP
variantas buvo statistiSkai reikSmingai susijes su storesne KS sienele
(maksimalus storis) (17,5 [15,0-21,0] mm vs. 17,0 [15,0-19,0] mm, p = 0,009
TTEir 21,0 [18,0-23,0] mm vs. 18,0 [16,0-20,0] mm, p < 0,001 SMRT). Taip
pat Siems asmenims nustatytas mazesnis KSdd TTE (4,7+0,6 cm ir 5,0+0,6
cm, p = 0,002). Daugumai tiriamyjy identifikuotas VKMK SMRT (i§ viso —
88,0 %), kuris tarp grupiy nesiskyré. Vis délto VKMK KS pertvaroje dazniau
nustatytas P/TP+ pacientams (59,5 % vs. 44,0 %, p = 0,036). Klinikiniai
simptomai, laboratoriniy tyrimy rezultatai, spiroergometrijos rodikliai tarp
grupiy statistiskai reikSmingai nesiskyre.
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P/TP+ ir P/TP- grupése

Rodiklis I viso P/TP+ P/TP— »
(n=214) (n=92) (n=122) reikSme
?%temka ytis,n 1 g5 ua 10 | 38(413%) | 52(42.6%) | 0,847

Amzius simptomy
pradzios metu
(metai)

50,0 41,5 52,5

370610 | (31.0-560] | [s0-630) | 0

Amzius HKMP
diagnozés 52,0 43,5 54,0

nustatymo metu [38,0-62,0] [32,3-58,0] [45,8-65,0]
(metai)

<0,001

HKMP pertvarinis

0, o 0
fipas, n (%) 180 (84,1 %) | 85(92,4 %) 95(77,9%) | 0,004

HKMP virStninis

o o V)
tipas, n (%) 46 (21,5%) | 16 (17,4 %) 30 (24,6 %) | 0,204

KS asimetriné

0 0 ()
hipertrofija. n (%) | 200935%) | 91(989%) | 109(893%) | 0,005

KSIT obstrukcija, n

o 80(37.4%) | 30(32,6%) | 50(41,0%) | 0210
0

Hemodinamiskai
reikSminga KSIT
obstrukcija (Gmaks.
>50 mmHg), n (%)

61(28,5%) | 21(228%) | 40(328%) | 0,110

Midventrikuliné

o, 0 o,
obstrukeija n (%) | 20021%) | 12(130%) | 14(115%) | 0728

KS virSiinés

0 0 0
aneurizma. 1 (%) 9 (4,2 %) 22,2 %) 7(5,7 %) 0,306
figlkaH irm?niSSM 2.2 2,7 1,9 <0,001
PITRITO [1,7-3,2] [1,9-3.8] [1,5-2,6] ’

iStyrimo metu (%)

Seiminé HKMP

o, 0 o,
anamnosé. n (%) 23(10,7%) | 19 (20,7 %) 4(33%) | <0,001

Seiminé SSM

o, 0 0
anamnoss. n (%) 29(13,6 %) | 18(19,6 %) 11(9,0%) | 0,026

Simptomai pirminio iStyrimo metu

Dusulys, n (%) 134 (62,6 %) | 58(63.0%) | 76(623%) | 0911

rsllzf;l)smas kratingje, | o5 4449) | 40435%) | 55@45.1%) | 0815
0

Sinkopé, n (%) 17 (7.9 %) 8 (8,7 %) 9 (7.4 %) 0,724

Sirdies permusimai,

o, 1) o,
o (%) 81(37.9%) | 37(402%) | 44(36,1%) | 0,535

Gretutinés ligos

Pirminé arteriné

0 0 o,
hipertenzija. n (%) | S0 701%) | SL(554%) | 99811%) | <0001
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pozymiai P/TP+ ir P/TP— grupése

Rodiklis IS viso P/TP+ P/TP- 2
(n=214) (n=92) (n=122) reikSme

Gretutinés ligos

Koronarin¢ $irdies

liga, n (%) 39 (18,2 %) 8 (8,7 %) 31 (25,4 %) 0,002

g/t)s)hpldem”a’ n 117 (54,7 %) | 41 (44,6%) | 76(62,3%) | 0,010

(C(,/Lo‘;mms diabetas,n | 50 9306) | 4@43%) | 16(131%) | 0,029

NSA funkcin¢ klasé, n (%)

I 21(9,8%) | 10(10,9 %) 11(9,0 %)

I 75(350%) | 32(348%) | 43(352%) | 0,903

Il 51(238%) | 20(21,7%) | 31(254%)

Medikamentinis gydymas pirminio i§tyrimo metu

Beta-adreno o o o

blokatoriai, n (%) 180 (84,1 %) 75 (81,5 %) 105 (86,1 %) 0,368

Kalcio kanaly o o N

blokatoriai, n (%) 64 (29,9 %) 16 (17,4 %) 48 (39,3 %) <0,001

‘(A;/f;“’da“’“as’ t 11 (5,1 %) 5(5,4 %) 6(49%) | 0,865

AKFUARB, n (%) | 124(57,9%) | 40(43,5%) | 84(68,9%) | <0,001

MRA,n(%) | 33(154%) | 10(10.9%) | 23(189%) | 0.109

ﬁ{,ﬁo‘)mal diuretikal, |15 700 | 6(6,5%) 9(74%) | 0.808

Tiazidiniai arba j

tiazidinius panasts 52 (24,3 %) 17 (18,5 %) 35 (28,7 %) 0,085

diuretikai, n (%)

‘(Ag/‘:;lk"aguhanml’ M| 44206%) | 16(17.4%) | 28(23,0%) | 0319

Kategoriniy kintamyjy skaitinés vertés pateiktos skaiciais ir procentais skliaustuose, kiekybiniy
kintamyjy — mediana, pirmuoju ir tre¢iuoju kvartiliu lauztiniuose skliaustuose.
AKFI — angiotenzing konvertuojancio fermento inhibitorius; ARB — angiotenzino receptoriy
blokatorius; HKMP — hipertrofiné kardiomiopatija; KS — kairysis skilvelis; KSIT — kairiojo
skilvelio i§stimimo traktas; MRA — mineralkortikoidy receptoriy agonistai; NSA — Niujorko
Sirdies asociacija; P/TP+ — grupé, kurios tiriamiesiams nustatyti patogeniniai/tikétina
patogeniniai variantai; P/TP— — grupé, kurios tiriamiesiems patogeniniai/tikétina patogeniniai
variantai nenustatyti; SSM — staigi $irdiné mirtis.
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10 lentelé. Pacienty, kuriems nustatyta HKMP, fenotipiniai pozymiai P/TP+

ir P/TP— grupése

Rodiklis N 1% viso P/TP+ P/TP- p
(n=92) (n=122) reikSmé
EKG
KS hipertrofijos 0 o o
pozymiai, n (%) 212 | 158 (74,5 %) | 60 (66,7 %) | 98 (80,3 %) 0,024
Neigiami T
danteliai Soninése | 53| 159 (60,6 %) | 40 (44,0%) | 89 (73,0%) | <0,001
derivacijose, n
(%)
Néra
repoliarizacijos 213 | 71 (33.3%) | 43 (47,3%) | 28(23,0%) | <0,001
sutrikimy, n (%)
TTE
Senclosstors | 214 | 170 17,5 170 | 0,009
E;Hf)e [15,0-20,0] | [15,0-21,0] | [15,0-19,0] |
KSdd (cm) 214 4,8+0,6 4,7+0,6 5,00,6 0,002
. 43 42 43
KP storis (cm) 214 [3.8-4.7] [3.7-4.6] [4.0-4.8] 0,072
KP tiirio indeksas 46,7 46,7 46,7
(ml/m?) 214 [36,9-58,9] [37,5-56,0] [36,7-60,5] 0,589
1,0 1,2 0,95
EA 220 07716 | josi17 | qog0-147 | %936
Kardiopulmoninis fizinio kriivio méginys
VO2 max 117 20,6 20,5 21,5 0.599
(ml/min/kg?) [17,8-24,6] [16,9-25,0] [18,7-23,7] ’
Anaerobinis 117 51,5 50 54,0 0.176
slenkstis (%) [43,0-62,0] [43,0-59,5] [44,0-65,0] ’
Laboratoriniai tyrimai
Troponinas I 16,5 24,0 14,5
(ng/l) 192 [8,0-48,3] [8,0-66,0] [7,0-37] 0,132
120,6 123,7 118,5
BNP (ng/l) 206 1 156 1_69.471 | [58.1-292.6] | [53.5-261.8] | ©°%°
SMRT
72,0 71,0 72,0
o > > >
KSIF (%) 184 [63,0-77,0] [63,5-76,0] [61,5-78,0] 0,679
gl il | 153 | (655 @0 680 | g
tiiris (ml/m?) ’ ’ ’ ’ ’ ’
gl soims | 153 | (100 |98 190 oo
tiiris (ml/m?) ’ ’ ’ ’ ’ ’
irlls(izll(lilli(s)t‘[ﬁllj > 183 45,0 44,0 49,0 0,353
(ml/m?) [38,0-55,0] [39,0-53,0] [38,0-58,0]
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10 lentelé (tgsinys). Pacienty, kuriems nustatyta HKMP, fenotipiniai poZymiai P/TP+
ir P/TP— grupése

Rodiklis N & viso P/TP+ P/TP- p
(N=92) (N=122) reikSme

SMRT
Maksimalus KS

. . . 19,0 21,0 18,0
sienelés storis 184 [17.0-22.0] [18.0-23.0] [16.0-20.0] <0,001
(mm)
Miokardo masés 176 90 86,5 91,0 0.161
ivndeksas (g/m?) [74,0-104,5] | [73,0-103,0] | [75,0-109,0] ’
Sirdies indeksas 32 3,1 3,2
(I/min/m?) 174 [2,6-3,7] [2,6-3,6] [2,6-3,9] 0,329
VKMK, n (%) 184 | 161 (88,0%) | 77 (91,7 %) | 84 (84,8 %) 0,158
VKMK KS
pertvarinéje 184 | 94 (51,1 %) | 50(59,5%) | 44 (44,0 %) 0,036
sienelgje, n (%)

Kategoriniy kintamyjy skaitinés vertés pateiktos skaiciais ir procentais skliaustuose, kiekybiniy
kintamyjy — vidurkiu + standartiniu nuokrypiu skliaustuose arba mediana, pirmuoju ir treciuoju
kvartiliu lauztiniuose skliaustuose.

EKG — elektrokardiograma; HKMP — hipertrofiné kardiomiopatija; KP — kairysis priesirdis; KS
— kairysis skilvelis; KSdd — kairiojo skilvelio diastolinis diametras; KSIT — kairiojo skilvelio
iSstimimo traktas; P/TP+ — grupé, kurios tiriamiesiams nustatyti patogeniniai/tikétina
patogeniniai variantai; P/TP— — grupé, kurios tiriamiesiems patogeniniai/tikétina patogeniniai
variantai nenustatyti; SMRT — §irdies magnetinio rezonanso tomografija; TTE — transtorakaliné
echokardiografija; VKMK- vélyvasis kontrastinés medziagos kaupimas.

4.3.1.3. Stebé¢jimo ir klinikiniy i$ei¢iy duomenys

Vidutinés stebéjimo trukmés mediana sieké 4,2 [1,6-6,8] m. (11 lentelé).
Pacienty P/TP+ grupéje stebéjimo trukmé buvo ilgesné nei P/TP— grupéje (p
= 0,011), tai galima sieti su §ios grupés ankstyvesniu amziumi HKMP
diagnozés nustatymo metu. Stebéjimo metu 5 m. HKMP SSM rizikos
procentas iSliko didesnis P/TP+ grupéje (2,8 [1,9-4,6] vs. 2,0 [1,5-3,4], p <
0,001). Siems pacientams dazniau nustatytos indikacijos implantuoti IKD
(39,1% vs. 18,9 %, p=0,001).

Maksimaliam KS sienelés storiui TTE stebéjimo metu jvertinti tarp P/TP+
ir P/TP- grupiy naudotas tiesinis miSrusis modelis (13 pav.). P/TP+ pacienty
pradinis KS sienelés storis buvo statistiSkai reikSmingai didesnis negu P/TP—
grupés tiriamyjy (B = 1,735, 95% P1[0,859, 2,61], p < 0,001). Vien tik laiko
poveikis nebuvo statistiskai reikSmingas ( = 0,104, 95% PI [-0,042, 0,249],
p = 0,162). Genotipo ir laiko sgveika taip pat nebuvo statistiskai reikSminga
(B=0,003, 95% PI [-0,1995, 0,206], p = 0,977).
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11 lentelé. Pacienty, kuriems nustatyta HKMP, stebéjimo ir klinikiniy iseiciy
duomenys P/TP+ ir P/TP— grupése

Rodiklis I8 viso P/TP+ P/TP-— 2
(n=214) (n=92) (n=122) reikSme
Stebéjimo trukmé 472 4.5 3,7 0.011
(metai) [1,6-6,8] [1,9-8,6] [1,1-5,9] ’
figlkiggirsnsohfnem 2,3 2.8 2.0 <0,001
) ! [17-3.6] | [1L9-46] | [15-34] ’
E‘“&%ﬁms micktomija, | 104700 | 5(54%) | 541%) | 0748
Alkoholiné pertvaros N o o
abliacija. n (%) 17(79%) | 6(6,5%) 11(9,0%) | 0,504
Indikacijos IKD

o, o, o,
implantvimuin (%) | 30 @76%) | 36(39.1%) | 23(189%) | 0,001

EKS implantavimas, n
(%)

Sirdies transplantacija
arba KS pavaduojancio
prietaiso
implantavimas, n (%)
Priesirdziy virpéjimas,
n (%)

Slz%ehne tachikardija, |43 20104y | 23 (25.0%) | 20(164%) | 0,120
Insultas (%) 12 (5,6 %) 3(3,3%) 9 (7,4 %) 0,195
xlléi?sr?ﬁ;m?&? VISU | 314%) | 3G3%) | 00,0%) | 0,078
ISliekantis pazenges
SN (NgA funkciné 53(24,8%) | 22(23,9%) | 31 (25,4 %) 0,802
klasé III/IV)
Progresuojantis SN, kai
nustatoma progresija i§
/I NSA funkcinés
klasés i [II/TV

SN sudétiné baigtis 60 (28,0 %) | 28 (30,4 %) | 32 (26,2 %) 0,498
faef;ir:” sudétiné 97 (453 %) | 44 (47.8%) | 53 (434%) | 0,524
Kategoriniy kintamyjy skaitinés vertés pateiktos skaiciais ir procentais skliaustuose, kiekybiniy
kintamyjy — vidurkiu + standartiniu nuokrypiu skliaustuose arba mediana, pirmuoju ir treciuoju
kvartiliu lauztiniuose skliaustuose.

EKS - elektrokardiostimuliatorius; HKMP —  hipertrofiné kardiomiopatija; IKD -
implantuojamas kardioverteris defibriliatorius; KS — kairysis skilvelis; NSA — Niujorko Sirdies
asociacija; P/TP+ — grupé¢, kurios tiriamiesiams nustatyti patogeniniai/tikétina patogeniniai
variantai; P/TP— — grupé, kurios tiriamiesiems patogeniniai/tikétina patogeniniai variantai
nenustatyti; SSM — staigi Sirdiné mirtis; SN — Sirdies nepakankamumas.

1361%) | 333%) | 1082%) | 0,135

3(14%) | 3(3.3%) 0 (0,0 %) 0,078

62(29,0%) | 27(29.3%) | 35(28,7%) | 0,916

31(14,5%) | 13(14,1%) | 18(14.8%) | 0,898

Stebésenos metu 3 asmenys miré. Visi jie buvo P/TP+ grupéje. Sios mirtys
nebuvo tiesiogiai susijusios su HKMP ar SSM. Viena 58 m. pacienté miré nuo
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sepsio sukelto sepsinio Soko ir dauginio organy disfunkcijos sindromo.
Moteriai buvo nustatytas patogeninis c.1996A>T variantas MYBPC3 gene ir
51 m. amziuje jai atlikta Sirdies transplantacija. Kitas pacientas mir¢ 70 m.
amziaus po iSeminio galvos smegeny infarkto. Vyrui buvo identifikuotas
tikétina patogeninis ¢.170C>G variantas MYL3 gene. TreCioji pacienté miré
71 m. amziaus nuo komplikacijy po plauciy veny izoliavimo procediros.
Moteriai nustatytas patogeninis ¢.1505G>A variantas MYBPC3 gene.

Maksimalus KS sienelés storis stebéjimo metu pagal genotipa
- P/TP- - P/TP+

40

301

201

Maksimalus KS sienelés storis (mm)

0 10 15
Stebéjimo trukmé (metais)

13 pav. Maksimalus kairiojo skilvelio sienelés storis, iSmatuotas transtorakalinés
echokardiografijos metu, stebéjimo laikotarpiu pagal genotipg

P/TP+ — grupé, kurios tiriamiesiams nustatyti patogeniniai/tikétina patogeniniai variantai;
P/TP—— grupé, kurios tiriamiesiems patogeniniai/tikétina patogeniniai variantai nenustatyti.

Kaplan-Meier isgyvenamumo analizé parodé¢, kad sergantiems, HKMP ir
turintiems P/TP variantus, anks¢iau nustatytas PV (p = 0,021), skilveliné
tachikardija (p = 0,004), sudétiné SN (p = 0,006) ir bendroji sudétiné baigtis
(p = 0,002) (14 pav.). Statistiskai reikimingo pazengusio SN (III/TV NSA
funkciné klasé), progresuojan¢io SN (progresija i§ I/Il NSA funkcinés klasés
1 HI/IV) ir insulto pasireiSkimo skirtumo tarp P/TP+ ir P/TP— grupiy
santykiai (angl. hazard ratios) buvo apskai¢iuoti naudojant Cox ‘o proporcinés
rizikos regresijos modelius (15 pav.). Atsizvelgiant | amziy diagnozés
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nustatymo metu ir lytj, tiek individualiy, tiek sudétiniy vertinamyjy baigciy
rizikos santykiai tarp grupiy statistiSkai reikSmingai nesiskyré. ReikSmingi
klinikiniy iSei¢iy skirtumai tarp P/TP+ ir P/TP— grupiy nustatyti
neatsizvelgiant | amziy diagnozés nustatymo metu ir lytj.

A Priesirdziy virpéjimas B Skilveliné tachikardija
= — P/TP+ -
s s PITP- g s — P/TP+
° e — P/TP-
= b =
= =
E A c
g 40 g
- c
s - 40
g 20- g
= o
8 p = 0,021 g 20+ p = 0,004
o E o
1 1 1 1 ) 1 1
0 10 20 30 40 50 60 70 0 20 3 40 50 60 70
. . - AmzZius (metais) Amzius (metais)
Rizikos grupiy skaicius Rizikos grupiy skaiCius
P/TP+ 92 92 91 82 66 50 25 4 P/ITP+ 92 92 89 81 68 50 29 5
P/TP- 122 122 120 17 12 91 55 20 P/TP- 122 122 120 117 1 92 58 24
C Sirdies nepakankamumo sudétiné baigtis D Bendroji sudétiné baigtis
(<3 —  P/TP+ Iy — P/TP+
£ s £ g
P — PITP- P — PITP-
s N
>
2 504 2 50
€ €
«C - o -
g g
@
< 10 £ 40
o8 S,
g 20 ] g ]
s p = 0,006 g p = 0,002
o - o J
T L] L] L] 1 T 1 T L] L] T L] L] 1
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Amzius (metais) Amzius (metais)
Rizikos grupiy skaiius Rizikos grupiy skaiius
P/ITP+ 92 92 91 81 65 48 27 5 PITP+ 92 92 90 81 62 44 24 3
P/TP- 122 122 120 117 112 94 58 23 P/ITP- 122 122 120 117 110 89 51 17

14 pav. Klinikinés iseitys pagal genotipg

Atlikta klinikiniy iSei¢iy Kaplan-Meier i§gyvenamumo analiz¢ tarp P/TP+ ir P/TP— grupiy
nuo gimimo. A — priesirdziy virpéjimo individuali baigtis; B — skilvelinés tachikardijos
individuali baigtis; C — Sirdies nepakankamumo sudétiné baigtis; D — bendroji sudétiné
baigtis.

P/TP+ — grupé, kurios tiriamiesiams nustatyti patogeniniai/tikétina patogeniniai variantai,
P/TP—— grupg, kurios tiriamiesiems patogeniniai/tikétina patogeniniai variantai nenustatyti.
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A P/TP+ vs. PITP —

RS (95 % PI) p reikSmé
Skilveliné tachikardija = 1 2,386 1,295-4,395 0,005
Pazenges SN (NSA IIl/IV funkciné klasé) = S e 1,677 0,961-2,927 0,069
Progresuojantis 8N (i5 /Il NSA ] = 1.658 0.804-3.420 0471
funkeinés klasés j V) ’ ’ ’ ’
Priesirdziy virpéjimas ] e SE—— 1,823 1,087-3,056 0,023
Insultas = 2 0,661 0,177-2,469 0,538
Sudétine SN —— 2,026 1,208-3,397 0,007
Bendroji sudéting = [y | 1,912 1,270-2,878 0,002
) 1 1 1
0 1 2 3 4 5
Rizikos santykis (95 % PI)
B P/TP+ vs. P/ITP- atsizvelgiant j amziy
diagnozés nustatymo metu ir lytj RS ©5%Pl)  preiksmé
Skilveliné tachikardija = ——— 1,325 0,69 -2,531 0,395
Pazenges SN (NSA IIl/IV funkciné klasé) = —— 0,989 0,553-1,769 0,971

Progresuojantis 8N (i /Il NSA ] ._-_. 0,873 0,402-1,897 0,731

funkcinés klasés j llI/IV)

Priesirdziy virpéjimas ——— 1,394 0,817-2,380 0,223
Insultas = te—— 0,516  0,132-2,011 0,340
1
1
Sudétine SN = e s 1,204 0,701-2,068 0,502
]
1
Bendroji sudétine = ——— 1,304 0,855-1,987 0,217
]
1 T T T 1
0 1 2 3 4 5

Rizikos santykis (95 % PI)

15 pav. Individualiy ir sudétiniy baigciy rizikos santykiai ir 95 proc. pasikliautinieji intervalai pagal genotipg

A —rizikos santykiai tarp P/TP+ ir P/TP— grupiy; B — rizikos santykiai tarp P/TP+ ir P/TP- grupiy atsizvelgiant | amziy diagnozés nustatymo metu ir lytj.

PI — pasikliautinasis intervalas; P/TP+ — grupé, kurios tiriamiesiams nustatyti patogeniniai/tikétina patogeniniai variantai; P/TP—— grupé, kurios tiriamiesiems
patogeniniai/tikétina patogeniniai variantai nenustatyti; RS — rizikos santykis; SN — §irdies nepakankamumas.
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4.3.2. Baltymy struktiiros pokyc¢iy jtaka HKMP fenotipiniams rodikliams

Tiriamieji, kuriems nustatyti baltymag trumpinantys P/TP variantai,
i§siskyré¢ ankstyvesne HKMP simptomy pradzia ir amziumi diagnozés
nustatymo metu, palyginti su asmenimis, kuriems nustatyti baltymo
netrumpinantys P/TP variantai ir tiriamaisiais, kuriems P/TP varianty
nenustatyta (p < 0,001) (12 lentele, 16A pav.). Taip pat asmenims, kuriems
nustatyti baltymg trumpinantys P/TP variantai, dazniau identifikuotas HKMP
pertvarinis tipas (p = 0,003) ir didesné 5 m. HKMP SSM rizika pirminio
iStyrimo ir stebéjimo metu (p < 0,001). Gretutinés ligos dazniau nustatytos
P/TP— grupéje, tai galima sieti su vyresniu amziumi HKMP diagnozés
nustatymo metu. Seiminé HKMP (p < 0,001) ir SSM anamnezé (p = 0,042)
dazniau identifikuota turintiems baltymg trumpinancius P/TP variantus. Nors
vaizdiniuose tyrimuose (tiek TTE (p = 0,025), tiek SMRT (p < 0,001) (16B
pav.) asmenys, kuriems nustatyti baltymg trumpinantys P/TP variantai
i$siskyré didziausiu maksimaliu KS sienelés storiu, taciau KS hipertrofijos
pozymiai EKG nesiskyré. Taip pat Siems pacientams reCiau registruoti
repoliarizacijos sutrikimai EKG (p <0,001). Tiriamiesiems, kuriems nustatyti
baltymo netrumpinantys P/TP variantai, SMRT metu daZniausiai
identifikuotas VKMK pertvarinéje KS sieneléje (p = 0,036). Indikacijos IKD
implantavimui  daZniausiai asmenims, turintiems

nustatytos baltyma

trumpinancius P/ TP variantus (p = 0,002).

12 lentelé. Pacienty, kuriems nustatyta HKMP, demografiniai ir klinikiniai poZymiai
pagal genotipo jtakq baltymo struktiirai

Baltyma Baltymo
Rodiklis trumpmz.mtys_ netrumpu?anty.s P/TP- . pv .
P/TP variantai P/TP variantai (n=122) reikSmé
(n=31) (n=61)
Moteriska lytis, n (%) 12 (38,7 %) 26 (42,6 %) 52 (42,6 %) 0,920
Amzius simptomy 38,0 46 52,5 <0.001
pradzios metu (metai) [31,0-53,0] [31,5-58,5] [45,0-63,0] ’
£ ustatym, [31,0-53,0] [33,0-60,0] [45,8-65,0] ’
metu (metai)
HKMP pertvarinis
31(100,0 54 (88,59 5 9 X
tipas, n (%) (100,0 %) (88,5 %) 95 (77,9 %) 0,003
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pozymiai pagal genotipo jtakq baltymo struktiirai

implantavimui, n (%)

Baltyma Baltymo
Rodiklis trumpinz_mtys. netrumpit_lanty.s P/TP- pr
P/TP variantai | P/TP variantai (n=122) reikSmé
(n=31) (n=61)
KS asimetring hipertrofija,n (%) | 30 (96,8 %) 61 (100 %) | 109 (89,3 %) | 0,009
5 m. HKMP SSM rizika 3,4 2,3 1,9 <0.001
pirminio iStyrimo metu (%) [2,5-4,6] [1,8-3,4] [1,5-2,6] ’
Seiminé HKMP anamnezé, n (%) | 8 (25,8 %) 11 (18,0 %) 4(33%) | <0,001
Seiminé SSM anamnezé, n (%) 8 (25,8 %) 10 (16,4 %) 11(9,0%) | 0,042
szne arteriné hipertenzija, n\ 5 4y 9000 | 38(62,3%) | 99 (81,1%) | <0,001
Koronaring Sirdies liga, n (%) 13,2 %) 7 (11,5 %) 31(25,4%) | 0,005
Dislipidemija, n (%) 13 (41,9 %) 28 (459%) | 76 (62,3 %) | 0,034
EKG
KS hipertrofijos pozymiai, n (%)* | 19 (63,3 %) | 41(68,32%) | 98(80,3%) | 0,069
Ije"rli%fc‘g‘ogeflzn(f,e/:;f:om“ese 10323%) | 30(50,0%) | 89(73,0%) | <0,001
iﬁfkﬁslir(t;a;ﬂos 17(548%) | 26433 %) | 28(23,0%) | <0,001
TTE
Maksimalus KS sienelés storis 18,0 17,0 17,0 0.025
(mm) [15,0-23,0] [15,0-20.0] | [15,0-19,0] ’
KSdd (cm) 4,6+0,6 4,8+0,6 5,0+0,6 0,004
SMRT
KS IF (%) *** 69,0 72,0 72,0 0963
[60,0-74,0] [64,0-78,0] | [61,5-78.0] ’
Maksimalus KS sienelés storis 22,0 20,0 18,0 <0.001
(mm) *** [19,0-24,0] [17,0-23,0] | [16,0-20,0] ’
VKMK, n (%) *** 27 (93,1 %) 50 (90,9 %) | 84(84,8%) | 0423
zﬁﬁ KS pertvaroje, n 14483 %) | 36(655%) | 44(44,0%) | 0,036
Stebéjimas ir klinikinés iseitys
Stebéjimo trukmé (metai) 5.8 43 3,7 0011
[2,9-10,3] [1,7-7,1] [1,1-5,9] ’

5 m. HKMP SSM rizika 3,5 2,6 2,0 <0.001
stebéjimo metu (%) [2,6-5,3] [1,7-3,6] [1,5-34] >
Indikacijos IKD 15(484%) | 21(344%) | 23(18,9%) | 0,002

*n=212; **n=213;***n=184.

Kategoriniy kintamyjy skaitinés vertés pateiktos skaiciais ir procentais skliaustuose, kiekybiniy
kintamyjy — vidurkiu + standartiniu nuokrypiu skliaustuose arba mediana, pirmuoju ir treciuoju

kvartiliu lauztiniuose skliaustuose.

EKG — elektrokardiograma; HKMP — hipertrofiné kardiomiopatija; IKD — implantuojamas
kardioverteris defibriliatorius; KS — kairysis skilvelis; KSdd — kairiojo skilvelio diastolinis
diametras; P/TP — patogeninis/tikétina patogeninis; P/TP— — grupe, kurios tiriamiesiems
patogeniniai/tikétina patogeniniai variantai nenustatyti; SSM — staigi §irdiné mirtis; SMRT —
Sirdies magnetinio rezonanso tomografija; TTE — transtorakaliné echokardiografija; VKMK —
vélyvasis kontrastinés medziagos kaupimas.
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16 pav. Amziaus diagnozés nustatymo metu ir maksimalaus kairiojo skilvelio sienelés
storio pasiskirstymas pagal genotipo jtakq baltymo struktiirai

A — amzius HKMP diagnozés nustatymo metu; B — maksimalus KS sienelés storis SMRT.
Diagramose pateikta mediana, pirmasis ir treciasis kvartiliai.

HKMP - hipertrofiné kardiomiopatija; KS — kairysis skilvelis; P/TP — patogeninis/tikétina
patogeninis; P/TP— — grupé, kurios tiriamiesiems patogeniniai/tikétina patogeniniai variantai
nenustatyti; SMRT — §irdies magnetinio rezonanso tomografija.
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4.3.3. Hipertrofinés kardiomiopatijos fenotipiniy rodikliy ypatumai
priklausomai nuo pakitusio geno

Ankstyviausias amZzius simptomy pradzios ir HKMP diagnozés nustatymo
metu nustatytas asmenims, turintiems MYBPC3 P/TP variantus (p < 0,0001)
(13 lentelé). Hipertrofinés kardiomiopatijos pertvarinis tipas dazniausiai
nustatytas pacientams, kuriems identifikuoti MYBPC3 (98,0 %) ir MYH7 geny
(92,0 %) P/TP variantai (p = 0,002). MYBPC3 P/TP variantai buvo susij¢ su
didziausia 5 m. HKMP SSM rizika pirminio i$tyrimo ir stebéjimo metu
(atitinkamai p < 0,001 ir p = 0,002). Hipertrofinés kardiomiopatijos Seiminé
anamnez¢ daziausiai nustatyta asmenims, turintiems MYH7 geno P/TP
variantus (p < 0,001). Kaip ir ankstesnése analizése, gretutinés ligos dazniau
nustatytos P/TP— grup¢je. Kairiojo skilvelio hipertrofijos pozymiai EKG tarp
tiriamyjy grupiy statistiSkai patikimai nesiskyré. Repoliarizacijos sutrikimai
EKG reciausiai nustatyti tiriamiesiems, turintiems MYBPC3 geno P/TP
variantus (p < 0,001). DidZiausias maksimalus KS sienelés storis SMRT metu
nustatytas MYH7 P/TP varianty grup¢je (21,0 [19,0-23,0] mm), nedaug
skyrési nuo MYBPC3 (20 [17,0-23,0] mm) ar kity geny P/TP varianty (20,5
[16,5-22,5] mm), taciau buvo Zenkliai storesnis negu P/TP— grupéje (18,0
[16,0-20,0] mm) (p < 0,001). Vélyvasis kontrastinés medziagos kaupimas
SMRT tarp grupiy statistidkai reik§mingai nesiskyre, ta¢iau VKMK KS
pertvarinéje sieneléje SMRT daZniausiai stebétas MYH7 P/TP varianty
grupéje (72,7 %, p = 0,043). Nedaug nuo §ios grupés skyrési asmenys, kuriems
nustatyti kity geny P/TP variantai (68,8%). Indikacijos IKD implantavimui
dazniausiai identifikuotos tiriamiesiems, turintiems MYH7 P/TP variantus
(48,0 %), reciausiai P/TP— grupéje (18,9 %, p = 0,004).
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13 lentelé. Pacienty, kuriems nustatyta HKMP, demografiniai ir klinikiniai poZymiai pagal MYBPC3, MYH7, kity geny P/TP variantus ir P/TP—

MYBPC3 P/TP MYH7 P/TP Kity geny P/TP
L Jores 1 S > - P/TP- )
Rodiklis variantai (n = 49) variantai variantai @=122) reikSme
(n=25) (n=18)
Moteriska lytis, n (%) 20 (40,8 %) 10 (40,0 %) 8 (44.4 %) 52 (42,6 %) 0,088
Amzius simptomy pradzios metu (metai) 38,0 [31,0-52] 46,0 [29,0-54,0] 57,0 [37,3—64,0] 52,5 [45,0-63,0] <0,001
‘(Arféf;il)s HKMP diagnozes nustatymometu | 3¢ 137 0 5357 | 48,0(29,0-55.5] | 59.0 [37.8-65.0] | 54,0 [458-650] | <0,001
HKMP pertvarinis tipas, n (%) 49 (98,0 %) 23 (92,0 %) 14 (77,8 %) 95 (77,9 %) 0,002
> g;ﬁlg(}/(;\dp SSM rizika pirminio iStyrimo 2.92,1-3,7] 23[1.9-4,5] 2.4[1,7-3.6] 19[15-2.6] | <0,001
0

Seiminé HKMP anamnezé, n (%) 9 (18,4 %) 8 (32,0 %) 2 (11,1 %) 4 (3,3 %) <0,001
Pirmin¢ arterin¢ hipertenzija, n (%) 25 (51,0 %) 15 (60,0 %) 11 (61,1 %) 99 (81,1 %) <0,001
Koronaring Sirdies liga, n (%) 3 (6,1 %) 4 (16,0 %) 1 (5,6 %) 31 (254 %) 0,009
Dislipidemija, n (%) 19 (38,8 %) 12 (48,0 %) 10 (55,6 %) 76 (62,3 %) 0,040
EKG
KS hipertrofijos poZymiai, n (%)* 29 (61,7 %) 17 (68,0 %) 14 (77,8 %) 98 (80,3 %) 0,075
I;Iz/g;ir;n T danteliai Soninése derivacijose, 15 (31,3 %) 11 (44,0 %) 14 (77,8 %) 89 (73,0 %) <0,001

0
Néra repoliarizacijos sutrikimy, n (%)** 27 (56,3 %) 12 (48,0 %) 4 (22,2 %) 28 (23,0 %) <0,001
TTE
?fni‘slmalus KS sieneles storis 18,0 [15,0-20,0] | 17,0[15,0-21,0] | 17,0[16,0-22,0] | 17,0 [15,0-19,0] | 0,064
KSdd (cm) 4,7+£0,6 4,7+0,7 4,8+0,6 5,0+0,6 0,027
SMRT
KS IF (%)*** 70,0 [63,0-75,0] 71,5 [62,0-76,0] 74,5 [68,5-80,5] 72,0 [61,5-78,0] 0,206
Maksimalus KS sienelés storis (mm)*** 20[17,0-23,0] 21,0 [19,0-23,0] 20,5 [16,5-22,5] 18,0 [16,0-20,0] <0,001
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variantus ir P/TP—

MYBPC3 P/TP MYH7 P/TP Kity geny P/TP P/TP- .
Rodiklis variantai (n = 49) variantai variantai (@ =122) reik&me
(n=25) (n=18)

VKMK, n (Yo)*** 42 (91,3 %) 21 (95,5 %) 14 (87,5 %) 84 (84,8 %) 0,550
VKMK KS pertvaroje, n (%o)*** 23 (50,0 %) 16 (72,7 %) 11 (68,8 %) 44 (44,0 %) 0,043
Stebéjimas ir klinikinés iSeitys

Stebéjimo trukmé (metai) 4,6 [2,3-9,7] 5,3 [2,1-7,4] 4,411,7-7,1] 3,7[1,1-5,9] 0,063
5 m. HKMP SSM rizika stebéjimo metu (%) 3,0[2,14,5] 2,8 [1,74,9] 2,5[1,64,3] 2,0[1,5-3,4] 0,002
Indikacijos IKD implantavimui, n (%) 19 (38,8 %) 12 (48,0 %) 5(27,8 %) 23 (18,9 %) 0,004

*n=212; **n=213;***n=184.

Kategoriniy kintamyjy skaitinés vertés pateiktos skaiciais ir procentais skliaustuose, kiekybiniy kintamyjy — vidurkiu + standartiniu nuokrypiu skliaustuose
arba mediana, pirmuoju ir tre¢iuoju kvartiliu lauztiniuose skliaustuose.
EKG - elektrokardiograma; HKMP — hipertrofiné kardiomiopatija; IKD — implantuojamas kardioverteris defibriliatorius; KS — kairysis skilvelis; KSdd —
kairiojo skilvelio diastolinis diametras; P/TP — patogeninis/tikétina patogeninis; P/TP—— grupé, kurios tiriamiesiems patogeniniai/tikétina patogeniniai variantai
nenustatyti; SMRT — §irdies magnetinio rezonanso tomografija; TTE — transtorakaliné echokardiografija; VKMK- vélyvasis kontrastinés medziagos kaupimas.
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4.3.4. Hipertrofinés kardiomiopatijos fenotipiniai rodikliai,
prognozuojantys ligos genetinés priezasties patvirtinima

Hipertrofinés kardiomiopatijos fenotipo ir P/TP varianty sgsajai nustatyti
taikytas logistinés regresijos modelis, analizuojant keliy kintamyjy rysius.
Dvinarés logistinés regresijos modelis, pasizymintis didziausiu tikslumu (72
%) ir preciziSkumu (64 %), leido nustatyti, kad P/TP variantai susij¢ su
jaunesniu amziumi, diagnozuojant HKMP, storesne KS sienele (maksimalus
storis) SMRT ir repoliarizacijos sutrikimy (neigiami T danteliai) nebuvimu
Soninése derivacijose (14 lentelé).

14 lentelé. Dvinarés logistinés regresijos modelis prognozuojant P/TP varianty,
sustjusiy su HKMP, nustatymq

Rodiklis Galimybiy 95% PI p reikSmé
santykis

Amzius HKMP nustatymo metu 0,97 0,94-0,99 0,001

Maksimalus KS sienelés storis

- — <

SMRT 1,18 1,08-1,30 0,001

Nellglar?l T danteliai Soninése 031 0.16-0.60 0,001

derivacijose EKG

EKG - elektrokardiograma; HKMP — hipertrofiné kardiomiopatija; KS — kairysis skilvelis; PI
— pasikliautinasis intervalas; P/TP — patogeninis/tikétina patogeninis; SMRT — Sirdies
magnetinio rezonanso tomografija.

Siekiant nustatyti optimaliausias ribas, leidZiancias atskirti P/TP+ ir P/TP—
HKMP pacientus, atlikta ROC analizé (15 lentel¢, 17 pav.). Ankstyvesnis
amzius simptomy pradzios (slenkstis — 41,5 m.) ir HKMP diagnozés
nustatymo metu (slenkstis — 42,3 m.) leido atskirti tiriamuosius, turin¢ius P/TP
variantus nuo jy neturin¢iyjy (specifiSkumas — 82 proc, jautrumas — 50 proc.;
p < 0,001). Penkeriy mety HKMP SSM rizikos slenkstiné verté (2,3 %) buvo
Siek tiek labiau subalansuota (specifiSkumas — 66 proc., jautrumas — 64 proc.;
p =10,009). Maksimalaus KS sienelés storio 20,5 mm slenkstiné riba vaizdiniy
tyrimy metu turéjo skirtingas charakteristikas: TTE nustatytas mazesnis plotas
po kreive (AUC) (0,60), didelis 93 proc. specifiSkumas ir ribotas 27 proc.
jautrumas, SMRT — AUC buvo didesnis (0,68), tatiau maZesnis specifiskumas
(81 %) ir didesnis jautrumas (51 %) (p < 0,001).
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15 lentelé. Kintamyjy, reiksmingai susijusiy su P/TP varianty nustatymu,
ROC analizés parametrai

Rodiklis Slenkstis | AUC | 95% PI pv . | Specifiskumas | Jautrumas
reikSmé

Amzius
simptomy
pradzios
metu (metais)

<41,5 | 0,67 | 0,60-0,74 | <0,001 82 % 50 %

Amzius
HKMP
diagnozés <423 | 0,67 | 0,60-0,74 | <0,001 82 % 50 %
nustatymo
metu (metais)
5 m. HKMP
SSM rizika
pirminio >23 0,67 | 0,59-0,74 | 0,009 66 % 64 %
iStyrimo metu
(%)
Maksimalus
KS sienelés
storis TTE
(mm)

>20,5 | 0,60 | 0,53-0,68 | <0,001 93 % 27 %

Maksimalus
KS sienelés

storis SMRT
(mm)

>20,5 | 0,68 | 0,60-0,76 | <0,001 81 % 51 %

AUC (angl. area under the curve) — plotas po kreive; HKMP — hipertrofiné kardiomiopatija;
KS — kairysis skilvelis; PI — pasikliautinasis intervalas; P/TP — patogeninis/tikétina patogeninis;
SSM - staigi $irdiné mirtis; SMRT — Sirdies magnetinio rezonanso tomografija; TTE —
transtorakaliné echokardiografija.
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17 pav. Kintamyjy, reiksmingai susijusiy su P/TP varianty nustatymu, ROC analizés
kreives

A — amzius simptomy pradzios metu; B — amzius HKMP diagnozés nustatymo metu; C — 5 m.
HKMP SSM rizika pirminio i$tyrimo metu; D — 5 m. HKMP SSM rizika stebéjimo metu; E —
maksimalus KS sienelés storis TTE; F — maksimalus KS sienelés storis SMRT.

HKMP — hipertrofin¢ kardiomiopatija; KS — kairysis skilvelis; P/TP — patogeninis/tikétina
patogeninis; SSM — staigi $irdiné mirtis; SMRT — §irdies magnetinio rezonanso tomografija;
TTE — transtorakaliné echokardiografija.
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4.3.5. Su MYBPC3 ir MYH?7 genais siejamos HKMP fenotipy analizé

Siame skyriuje analizuojami HKMP fenotipo skirtumai pagal dazniausiai
nustatomus MYBPC3 ir MYH7 geny variantus. Pastaruoju metu ypatingas
démesys skiriamas atskiry geny sriciy analizei, tod¢l Siame skyriuje taip pat
analizuojami atskiry P/TP varianty ir jy grupiy HKMP fenotipo skirtumai
MYBPC3 ir MYH7 genuose.

Su MYBPC3 ir MYH?7 genais siejamos HKMP fenotipy palyginimas

I§ 235 pacienty (probandy ir giminai¢iy), kuriems nustatytas HKMP
fenotipas, | analize jtraukti 83 tiriamieji, kuriems nustatytas vienas P/TP
variantas MYBPC3 arba MYH7 gene (7 pav.). Probandai sudaré 89,2 proc. (n
=74), o giminaiciai 10,8 proc. (n = 9). MYBPC3 geno grupe sudaré 55 (66,3
%), o MYH7 — 28 (33,7 %) asmenys. MYBPC3 ir MYH7 geny P/TP varianty
scheminis i§sidéstymas pateiktas 18 ir 19 pav. MYBPC3 P/TP varianty grupéje
motery buvo 45,5 proc., o MYH7 P/TP varianty grupéje — 39,3 proc. (16
lentelé). Amzius HKMP diagnozés nustatymo metu tarp grupiy nesiskyré
(41,2£15,1 m. MYBPC3 geno grupéje ir 40,7£18,1 m. MYH?7 geno grupéje).
Tarp grupiy nesiskyré HKMP tipai, KSIT obstrukcija, §eiminé¢ HKMP ir SSM
anamnezé, 5 m. HKMP SSM rizika ir simptomai pirminio i$tyrimo metu.
Tyrimo pradzioje MYH?7 geno grup¢je dazniau negu MYBPC3 geno grupéje
nustatytas PV (32,1 % vs. 9,1 %, p = 0,013), taciau viso steb&jimo metu
identifikuoti PV epizodai tarp grupiy nesiskyré. StatistiSkai reikSmingo
elektrokardiografiniy ir TTE parametry skirtumo tarp grupiy nenustatyta.
Nors VKMK SMRT tarp grupiy buvo panasus, tadiau MYH7 P/TP varianty
grupéje VKMK dazniau nustatytas pertvaringje sieneléje (75,0 % vs. 49,0.%,
p.=.0,034). Intervencinés procediiros ir klinikinés iSeitys steb¢jimo metu,
Kaplan-Meier i§gyvenamumo analizé pagal individualias ir sudétines baigtis
tarp MYBPC3 ir MYH7 P/PT varianty grupiy nesiskyre.
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18 pav. MYBPC3 geno varianty schema

Rutuliukais pavaizduoti probandai, kuriems nustatyti pavieniai P/TP variantai. Zvaigzdutémis pavaizduoti giminaiGiai, turintys HKMP fenotipg. Ig —
imunoglobulinas, HKMP — hipertrofin¢ kardiomiopatija; P/TP — patogeninis/tikétina patogeninis.
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19 pav. MYH?7 geno varianty schema
Rutuliukais pavaizduoti probandai, kuriems nustatyti pavieniai P/TP variantai. Zvaigzdutémis pavaizduoti giminai&iai, turintys HKMP fenotipg.
SH3 - panaSus j Src homologija 3; IG — izoleucinas-glutaminas; HKMP — hipertrofiné kardiomiopatija; P/TP — patogeninis/ tikétina patogeninis.
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klinikiniy iseiciy duomenys pagal MYBPC3 ir MYH7 geny P/TP variantus

MYBPC3 P/TP MYH7 P/TP
Rodiklis variantai variantai reikpgmé

(n=55) (n=28)
Moteriska lytis, n (%) 25 (45,5 %) 11 (39,3 %) 0,592
Amzius simptomy pradzios 40,5+14,6 39,6+18,0 0,818
metu (metai)
Amzius HKMP diagnozés 41,2+15,1 40,7+18,1 0,782
nustatymo metu (metai)
E/ISMP pertvarinis tipas, n 54 (98,2 %) 26 (92,9 %) 0,262
g/K)MP virSuninis tipas, n 7(12,7 %) 3(10,7 %) 1,000

0

KSIT obstrukcija, n (%) 16 (29,1 %) 8 (28,6 %) 0,961
KS midventrikuliné o o
obstrukcija, n (%) 6 (10,9 %) 57,9 %) 0,495
i%/?)wrsunes aneurizma, n 0(0,0 %) 2(7,1 %) 0.111
5 m. HKMP SSM rizika
pirminio iStyrimo metu (%) 29[2,13.8] 2.3 [1,8-4.7] 0,758
rsle({f/‘:)me HKMP anamneze, 15 (27.3 %) 11(39.3 %) 0265
(Soj:)mmé SSM anamnez¢, n 13 (23,6 %) 6 (21,4 %) 0.821
Simptomai pirminio iStyrimo metu
Dusulys, n (%) 35 (63,6 %) 18 (64,3 %) 0,954
Skausmas kriitinéje, n (%) 20 (36,4 %) 12 (42,9 %) 0,566
Sinkopé, n (%) 6 (10,9 %) 13,6 %) 0,414
Sirdies permugimai, n (%) 22 (40,0 %) 14 (50,0 %) 0,385
Gretutinés ligos
Pirminé arteriné 0 o
hipertenzija, n (%) 28 (50,9 %) 15 (53,6 %) 0,818
i%/(:)ronarlne Sirdies liga, n 3(5,5%) 4 (143 %) 0219
Dislipidemija, n (%) 21 (38,2 %) 12 (42,9 %) 0,681
Priesirdziy virpéjimas, n (%) 59,1 %) 9 (32,1 %) 0,013
Silveliné tachikardija, n (%) 1(1,8%) 3 (10,7 %) 0,109
EKG
if/f)hlpem"ﬁjos pozymial, i 32 (58,2 %) 18 (64, 3%) 0,591
Neigiami T danteliai 0 o
Soninése derivacijose, n (%) 18 (32,7%) 14 (50,0 %) 0,126
Néra repoliarizacijos o 0
sutrikimu, n (%) 31 (56,4 %) 12 (42,9 %) 0,244
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16 lentele (tgsinys). Pacienty, kuriems nustatyta HKMP, demografiniai, fenotipiniai

ir klinikiniy iseiciy duomenys pagal MYBPC3 ir MYH7 geny P/TP variantus

MYBPC3 P/TP MYH7 P/TP P
Rodiklis variantai variantai reikSmé

(n=155) (n=28)
TTE
Maksimalus KS sienelés 170 [150-20,0] | 17.5[145-21,0] | 0981
storis (mm)
KSdd (cm) 4,7+0,6 4,8+0,7 0,679
KP storis (cm) 4,2 [3,6-4,5] 4,3 [3,8-4,8] 0,251
KP tiirio indeksas (ml/m?) 46,7 [37,7-55,8] 47,9 [40,1-64,1] 0,389
SMRT*
KS IF (%) 70,0 [63,0-75,0] 71,5 [62,5-77,0] 0,729
Maks1malus KS sieneles 203444 213451 0.404
storis (mm)
1(\;/‘;122)“‘10 mases indeksas 83,0 [71,0-103] | 82,0[68,0-100,0] | 0,726
VKMK, n (%) 47 (92,2 %) 23 (95,8 %) 1,000
VKMK KS pertvaringje o 0
sieneléje, n (%) 25 (49,0 %) 18 (75,0 %) 0,034
Stebéjimas ir klinikinés iSeitys
Stebéjimo trukmé (metai) 4,111,7-9,5] 5,4 [2,5-7,4] 0,603
5 m. HKMP SSM rizika
stebéjimo metu (%) 2,9 [1,9-4,6] 2,8 [1,7-5,4] 0,813
Pertvaros miektomija, n (%) 4 (7,3 %) 1(3,6 %) 0,658
Alkoholiné pertvaros 0 o
abliacija, n (%) 3(5,5 %) 3 (10,7 %) 0,400
Indikacijos IKD 0 o
implantavimui, n (%) 21 (38,2 %) 14 (50,0 %) 0,303
EKS implantavimas, n (%) 1(1,8%) 2 (7,1 %) 0,262
Sirdies transplantacija arba
KS pavaduojancio prietaiso 2 (3,6 %) 2 (7,1 %) 0,603
implantavimas, n (%)
Priesirdziy virpéjimas, n (%) 11 (20,0 %) 10 (35,7 %) 0,119
(Sol/q)lvehne tachikardija, n 14 (25,5 %) 7 (25,0 %) 0.964

0

Insultas (%) 0 (0,0 %) 1 (3,6 %) 0,337
Mirstamumas dél visy 0 0
priczaséiu, n (%) 2 (3,6 %) 0 (0,0 %) 0,548
Iiliekantis pazenges SN o o
(NSA funkciné klasé ITVIV) 12 (21,8 %) 6(21,4 %) 0,968
Progresuojantis SN, kai
nustatoma progresija i$ I/I1 N o
NSA funkcinés klasés j 473 %) 6 (21,4 %) 0,061
v
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16 lentele (tgsinys). Pacienty, kuriems nustatyta HKMP, demografiniai, fenotipiniai
ir klinikiniy iseiciy duomenys pagal MYBPC3 ir MYH7 geny P/TP variantus

MYBPC3 P/TP MYH7 P/TP
o . . . . P
Rodiklis variantai variantai reikSmé
(n=55) (n=28)
Stebéjimas ir klinikinés iSeitys
SN sudéting baigtis 13 (23,6 %) 6 (21,4 %) 0,821
Bendroji sudétiné baigtis 21 (38,2 %) 13 (46,4 %) 0,470

*n=75

Kategoriniy kintamyjy skaitinés vertés pateiktos skaiciais ir procentais skliaustuose, kiekybiniy
kintamyjy — vidurkiu + standartiniu nuokrypiu skliaustuose arba mediana, pirmuoju ir treciuoju
kvartiliu lauztiniuose skliaustuose.

EKG - elektrokardiograma; EKS - elektrokardiostimulitorius; HKMP — hipertrofiné
kardiomiopatija; IKD — implantuojamas kardioverteris defibriliatorius; KS — kairysis skilvelis;
KSdd — kairiojo skilvelio diastolinis diametras; KS IF — kairiojo skilvelio i§stimimo frakcija;
KSIT — kairiojo skilvelio i$stimimo traktas; NSA — Niujorko §irdies asociacija; P/TP —
patogeninis/tikétina patogeninis; SSM — staigi $irdin¢ mirtis; SMRT — irdies magnetinio
rezonanso tomografija; SN — §irdies nepakankamumas; TTE — transtorakaliné
echokardiografija; VKMK — vélyvasis kontrastinés medziagos kaupimas.

Su MYBPC3 genu siejamos HKMP fenotipy ypatumai

Nustatyty MYBPC3 P/TP varianty iSsidéstymas baltymo struktiiroje
pavaizduotas 18 pav. Su MYBPC3 siejamos HKMP genotipo ir fenotipo
spalviné diagrama (angl. seat map) pateikta 20 pav. MYBPC3 P/TP varianty
tarpusavio analizéje palyginti dazniausiai nustatyti variantai su kity MYBPC3
P/TP varianty pasekmémis ir analizuoti baltymo domeny grupése lemiami
fenotipai.

Patogeninj MYBPC3 variantg c.3697C>T lyginant su kitais MYBPC3 P/TP
variantais ir taikant dvinarés logistinés regresijos modelj nustatyta, kad $is
variantas buvo susijes su didesne 5 m. HKMP SSM rizika, re¢iau nustatomu
VKMK KS ir DS jungtyje SMRT ir $iek tick mazesniu BNP (17 lentelé).

Tikétina patogeninj MYBPC3 ¢.3763G>A variantg (n = 8) lyginant su
kitais MYBPC3 P/TP variantais (n = 47), nustatyta daugiau sinkopiy pirminio
iStyrimo metu (37,5 %, (n = 3) vs. 6,4 % (n = 3), p = 0,034), taiau stebésenos
laikotarpiu sinkopiy daznis nesiskyre.

I imunoglobuling (Ig) panaSiuose C2 tipo domenuose P/TP MYBPC3
variantai nustatyti 44 tiriamiesiems, fibronektino III tipo domenuose — 9 ir
srityje tarp domeny — 2 tiriamiesiems.
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Moteriska Iytis 0 65 metai
Vidutinis amzius HKMP diagnozés nustatymo metu
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Indikacijos IKD implantavimui - 0% 100 %

PrieSird2iy virpéjimas I_—_.

Skilveliné tachikardija
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20 pav. Hipertrofinés kardiomiopatijos MYBPC3 genotipo ir fenotipo spalviné diagrama (angl. heat map)

Kategoriniai varianty fenotipai pavaizduoti raudona spalva procentais. Kiekybiniai fenotipy rodikliai: amzius HKMP diagnozés metu — pilka spalva metais,
vidutinis maksimalus KS sienelés storis TTE — mélyna spalva milimetrais.

HKMP - hipertrofiné kardiomiopatija; Ig — imunoglobulinas; IKD — implantuojamas kardioverteris defibriliatorius; KS — kairysis skilvelis; KSIT — kairiojo
skilvelio iSstimimo traktas; P/TP — patogeninis/ tikétina patogeninis; TTE — transtorakaliné echokardiografija.



17 lentelé. Dvinarés logistinés regresijos modelis prognozuojant patogeninio
MYBPC3 ¢.3697C>T varianto skirtumus su kitais patogeniniais ar tikétina
patogeniniais MYBPC3 variantais

Rodiklis Galimybiy 95% PI P reikSmé
santykis

5 m. HKMP SSM rizika 2,39 1,226-5,430 0,019

BNP 0,99 0,971-0,996 0,026

VKMK KS ir DS jungtyje

« 14 18-

SMRT 0, 0,018-0,753 0,035

n = 46. Tikslumas — 80 proc, teigiama prognostiné verté — 64 proc.

BNP — B tipo (smegeny) natriuretinis peptidas; DS — deSinysis skilvelis; HKMP — hipertrofiné
kardiomiopatija; KS — kairysis skilvelis; PI — pasikliautinasis intervalas; SSM — staigi §irdiné
mirtis; SMRT — $irdies magnetinio rezonanso tomografija; VKMK — vélyvasis kontrastinés
medziagos kaupimas.

Su MYBPC3 sicjamos HKMP genotipo ir fenotipo spalvinéje diagramoje
(20 pav.) aiskiy skirtumy tarp tiriamyjy, kuriems nustatyti MYBPC3 geno
P/TP variantai j Ig panaSiuose C2 tipo ir fibronektino III tipo domenuose
nestebéta. Tiriamiesiems, kuriems nustatyti P/TP  p.Trpl214Ter,
p-Met1229AlasfsTer9 ir ¢.3815-1G>A, p? variantai, nebuvo nustatyta Seiminé
HKMP anamnez¢, KSIT obstrukcija, sinkopés ir aritmijos lyginant su kitais
MYBPC3 P/TP variantais. D¢l mazo tiriamyjy skaiciaus, turinciy S$iuos
variantus, $i tendencija statistiskai patikimai nepatvirtinta.

Taikant dvinarés logistinés regresijos modelj, nustatyta, kad P/TP
MYBPC3 variantai fibronektino III tipo domenuose susij¢ su storesne KS
sienele (maksimalus storis) TTE metu, palyginti su P/TP variantais j Ig
panasiuose C2 tipo domenuose (p = 0,036) (18 lentelé).

18 lentelé. Dvinarés logistinés regresijos modelis prognozuojant patogeniniy/ tikétina
patogeniniy MYBPC3 varianty skirtumus pagal jy pasiskirstymg j imunoglobuling
panasiy C2 tipo ir fibronektino Il tipo domenuose

Rodiklis Galimybiy 95% PI P reikSmé
santykis
Maksimalus KS sienelés storis 1,229 1.024-1,518 0,036
TTE
n = 53. Tikslumas — 83 proc., teigiama prognostin¢ verté — 0 proc.
KS - kairysis skilvelis; PI — pasikliautinasis intervalas; TTE — transtorakaliné
echokardiografija.
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Su MYH?7 genu siejamos hipertrofinés kardiomiopatijos fenotipy ypatumai

Nustatyty MYH7 P/TP varianty, lemianciy HKMP, iSsidéstymas baltymo
struktiiroje pavaizduotas 19 pav. MYH7 HKMP genotipo ir fenotipo spalviné
diagrama (angl. heat map) pateikta 21 pav. MYH7 P/TP variantai buvo retesni
ir tolygiau pasiskirst¢ baltymo sekoje negu MYBPC3 P/TP variantai, todél
atskiri geno variantai tarpusavyje nebuvo lyginti.

Vertinta, ar yra HKMP pasireiskimo skirtumy lyginant P/TP varianty
grupes, esancias pagrindinése MYH7 baltymo srityse: S1 subfragmente ir
uodegos srityje. S1 subfragmentg sudaro i SH3 panaSus, miozino motorinis ir
IG domenai. Miozino motoriniame domene P/TP MYH?7 variantai nustatyti 19
asmeny, IG domene — 1, uodegos srityje — 7 ir srityje tarp domeny — 1
tiriamajam. MYH7 HKMP genotipo ir fenotipo spalvinéje diagramoje (21
pav.) pastebima tendencija: tiriamiesiems, kuriems nustatyti MYH7 geno P/TP
variantai uodegos srityje, nebuvo stebéta teigiama HKMP Seiminé anamnezé,
sinkopés ir skilveliné tachikardija lyginant su tiriamaisiais, kuriems nustatyti
MYH?7 geno P/TP variantai S1 subfragmente. Atlikus MYH7 P/TP varianty,
esanciy S1 subfragmente ir uodegos srityje statisting analize, Seiminé HKMP
anamnez¢ nustatyta tik esant P/TP variantams esantiems S1 subfragmente (55
% vs. 0 %, p = 0,022) (19 lentel¢). Troponinas I taip pat statistiSkai
reikSmingai buvo didesnis S1 subfragmento grupéje (25,9 [10,0-66,0] ng/1 vs.
6,0 [2,0-29,0] ng/l, p = 0,028). Esant MYH?7 P/TP variantams, iSsidésciusiems
uodegos srityje, dazniau nustatytas vyresnis amzius simptomy pradzios ir
HKMP diagnozés nustatymo metu, buvo mazesné 5 m. HKMP SSM rizika
pirminio iStyrimo ir steb&jimo metu, reCiau nustatytas PV. Vis délto Sie
skirtumai grupése nebuvo statistiskai reikSmingi. Skilvelin¢ tachikardija
nustatyta tik esant MYH7 P/TP variantams, i§sidésCiusiems S1 subfragmente
(30 % vs. 0 %), taciau palyginanti su asmenimis, turin¢iais P/TP variantus
uodegos srityje, statistiskai reikSmingo skirtumo taip pat nenustatyta.
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Moteriska lytis 0 70 metai

Vidutinis amzius HKMP diagnozés nustatymo metu
Vidutinis maksimalus KS sienelés storis TTE

HKMP Seiminé anamnezé - - 0 30 mm
KSIT obstrukcija [ | | B
Sinkopé

0% 100 %

Indikacijos IKD implantavimui
PrieSirdZiy virpéjimas
Skilveliné tachikardija

B s ooroements
: Uodegos sritis

21 pav. Hipertrofinés kardiomiopatijos MYH?7 genotipo ir fenotipo spalviné diagrama (angl. heat map)
Kategoriniai varianty fenotipai pavaizduoti raudona spalva procentais. Kiekybiniai fenotipy rodikliai: amzius HKMP diagnozés metu — pilka spalva metais,

vidutinis maksimalus KS sienelés storis TTE — mélyna spalva milimetrais.
HKMP — hipertrofiné kardiomiopatija; IKD — implantuojamas kardioverteris defibriliatorius; KS — kairysis skilvelis; KSIT — kairiojo skilvelio i§stimimo

traktas; P/TP — patogeninis/ tikétina patogeninis; TTE — transtorakaliné echokardiografija.
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19 lentelé. Pacienty, serganciy HKMP, demografiniai, fenotipiniai duomenys pagal
MYH?7 gene nustatytus P/TP variantus, iSsidésciusius S1 subfragmente ir uodegos

srityje
MYH?7 P/TP MYH?7 P/TP
o variantai variantai p
Loty S1 subfragmente uodegos srityje | reikSmé
(n=20) n=7)
Moteriska lytis, n (%) 8 (40,0 %) 3 (42,9 %) 1,000
AmZius simptomy pradZios 38,0+17,8 43,2420,5 0,570
metu (metai)
Amzius HKMP diagnozés 39,3417,9 43,8420,8 0,617
nustatymo metu (metai)
HKMP pertvarinis tipas, n (%) 19 (95,0 %) 6 (85,7 %) 0,459
KSIT obstrukcija, n (%) 4 (20,0 %) 3 (42,9 %) 0,328
5 m. HKMP SSM rizika
pirminio iStyrimo metu (%) 2,6[2,0-47] 1L911,5-3.7] 0,166
(Sojl)mlne HKMP anamneze, n 11 (55,0 %) 0(0,0 %) 0,022
0
(Sojl)mlne SSM anamnez¢, n 5(25,0 %) 1 (14,3 %) 1,000
0
Gretutinés ligos
Elg/n;ne arteriné hipertenzija, 9 (45,0 %) 5 (71.4 %) 0.385
0
Koronarin¢ Sirdies liga, n (%) 2 (10,0 %) 1 (14,3 %) 1,000
Dislipidemija, n (%) 6 (30,0 %) 5(71,4 %) 0,084
TTE
Maksimalus KS sienelés storis 17,5 18,0 0.739
(mm) [15,0-22,5] [14,0-21,0] ’
KSdd (cm) 4,7+0,8 4,94+0,5 0,444
KP storis (cm) 4,4 [3,7-4.8] 4,1[3,8-4,5] 0,421
KP tiirio indeksas (ml/m?) 47,9 44,8 0,935
[40,7-58,6] [33,0-71,4] ’
SMRT*
72,0 63,5
0 > B
KSTF (%) [64,0-74,0] [61,0-76,0] 0,575
Maksimalus KS sienelés storis 21.945.6 19.343.6 0.221
(mm)
VKMK, n (%) 17 (100,0 %) 5(83,3 %) 0,261
Laboratoriniai tyrimai
Troponinas I (ng/l) 25,9 [10,0-66,0] 6,0 [2,0-29,0] 0,028
120,2 120,6
BNP (ng/l) [91,6-322,8] 158.1-3052] | %8
Stebéjimas ir klinikinés iSeitys
Stebéjimo trukmé (metai) 6,2 [3.,4-7,4] 3,7 [0,7-15,0] 0,341
5 mety HKMP SSM rizika
stebéjimo metu (%) 3,0 [2,1-5,4] 1,7 [1,5-3,3] 0,121
Indikacijos IKD 11 (55,0 %) 2086%) | 0385

implantavimui, n (%)
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19 lentelé (tgsinys). Pacienty, turinciy HKMP, demografiniai, fenotipiniai duomenys
pagal MYH7 gene nustatytus P/TP variantus, issidésciusius SI subfragmente ir
uodegos srityje

MYH7 P/TP MYH7 P/TP
Rodiklis variantai Variantgi . . P .
S1 subfragmente uodegos srityje | reikSmé
(n=20) n=7)
Stebéjimas ir klinikinés iSeitys
Priesirdziy virpéjimas, n (%) 8 (40,0 %) 1 (14,3 %) 0,363
Skilveliné tachikardija, n (%) 6 (30,0%) 0 (0,0 %) 0,155

*n=23

Kategoriniy kintamyjy skaitinés vertés pateiktos skaiciais ir procentais skliaustuose, kiekybiniy
kintamyjy — vidurkiu + standartiniu nuokrypiu skliaustuose arba mediana, pirmuoju ir treciuoju
kvartiliu lauztiniuose skliaustuose.

BNP — B tipo (smegeny) natriuretinis peptidas; HKMP — hipertrofiné kardiomiopatija; IKD —
implantuojamas kardioverteris defibriliatorius; KS — kairysis skilvelis; KSdd — kairiojo
skilvelio diastolinis diametras; KS IF — kairiojo skilvelio i§sttmimo frakcija; KSIT — kairiojo
skilvelio i§stimimo traktas; P/TP — patogeninis/tikétina patogeninis; SSM — staigi Sirdiné
mirtis; SMRT - &irdies magnetinio rezonanso tomografija; TTE — transtorakaling
echokardiografija; VKMK — vélyvasis kontrastinés medziagos kaupimas.

4.4. Su kardiomiopatijomis siejami kiti reti P/TP variantai ir jy klinikinis,
molekulinis charakterizavimas

Siame skyriuje analizuojami tyrimo metu nustatyti reti su KMP siejami
P/TP variantai, jy klinikinés ir molekulinés charakteristikos. | skyriy jtrauktas
Seiminis mitochondrinés ligos atvejis, retas tikétina patogeninis 77R
c.302C>T variantas, nustatytas 4 negiminingiems asmenims, ir $eiminis
DNMT3A tikétina patogeninis variantas c.2324C>A, siejamas su Tatton-
Brown-Rahman sindromu.

4.4.1. MT-TL1 geno patogeninis variantas m.3243A>G

Mitochondriné liga nustatyta trims moterims vienoje Seimoje (20 lentelé).
Probandé — 52 m. moteris, kuriai nustatytas abipusis neurosensorinis klausos
sutrikimas ir atlikta kochleariné implantacija desinéje puséje. Moteriai nuo 27
m. amziaus nustatytas 2 tipo cukrinis diabetas su diabetine polineuropatija,
skiriama insulino terapija. Pacient¢ 52 m. amziuje gydyta VUL SK dél
progresuojancio dusulio ir pirmg kartg nustatyto Sirdies nepakankamumo.
Atlikus TTE, pastebéta zenkli KS miokardo hipertrofija, jtarta miokardo
kaupimo liga. Atlikta koronarografija, reikSmingy vainikiniy arterijy
susiauréjimy neaptikta. Diagnozei patikslinti atlikta SMRT, nustatyta
koncentrine KS miokardo hipertrofija (sieneliy storis — 12 mm), be VKMK
zidiniy. Zinoma, kad moters motina sirgo cukriniu diabetu, jai buvo

82



suprastéjusi klausa. Pacienté nukreipta genetiko konsultacijai, atlikus viso
egzomo sekoskaita, nustatytas MT7-TLI geno patogeninis variantas
NC 012920.1:m.3243A>G, (ENST00000386347.1:n.14A>G, 1s199474657)
heteroplazminéje bikl¢je. Toks pats geno pakitimas nustatytas pacientes 57
m. seseriai ir 25 m. amziaus dukrai.

Seseriai nustatytas abipusis neurosensorinis klausos sutrikimas,
implantuotas kochlearinis implantas kairé¢je puséje. Moteriai nuo 38 m.
amziaus nustatytas 2 tipo cukrinis diabetas, skiriama insulinoterapija. Pacienté
konsultuota kardiologo dél progresuojancio dusulio, atlikus TTE, nustatyta
KS miokardo hipertrofija. Atlikta SMRT, nustatyta koncentringé KS
hipertrofija (KS sieneliy storis — 11-12 mm), VKMK nestebéta. Paciente
vaiky neturi.

Probandés dukrai kardiologinio iStyrimo metu KS hipertrofijos
nenustatyta, SMRT rastas Siek tiek padidéjes miokardo masés indeksas (52
g/m?*; normos verté <49). Audiologinio iStyrimo metu nustatytas abipusis
neurosensorinis klausos sutrikimas. Kity mitochondrinés ligos pozymiy

swor—

komanda.

20 lentelé. Patogeninio MT-TL1 geno m.3243A4>G varianto klinikiniai pozymiai

Probandé Sesuo Dukra
Amzius diagnozés nustatymo metu (metais) 52 57 25
MT-TLI  geno  patogeninio  varianto
NC 012920.1:m.3243A>G  heteroplazmija | 20-23 10-20 4547
kraujyje (proc.)
MT-TLI  geno  patogeninio  varianto
NC 012920.1:m.3243A>G  heteroplazmija | 36-39 25-30 58-60
Slapime (proc.)
Abipusis neurosensorinis klausos sutrikimas + + +
Kochleariné implantacija + + -
2 tipo cukrinis diabetas + + -
Maksimalus KS sieneliy storis SMRT (mm) 12 12 9
KS IF SMRT (proc.) 49 60 56
Troponinas I (ng/L) 80 50 59
NT-proBNP (ng/L) 253,7 25285 112,5

IF — iSstimimo frakcija; KS — kairysis skilvelis; NT-proBNP — N-terminalinis pro-B tipo

natriuretinis peptidas; SMRT — $irdies magnetinio rezonanso tomografija.
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4.4.2. TTR geno tikétina patogeninis ¢.302C>T variantas

Tyrimo metu 77R  geno  tikétina  patogeninis  variantas
NM_000371.3:c.302C>T, NP_000362.1:p.(Alal01Val), rs1555631417
nustatytas 4 negiminingiems asmenims i§ 4 skirtingy Seimy (22 pav., 21
lentel¢). Pirmos Seimos probandui nustatytas homozigotinis c¢.302C>T
variantas. Tiriamojo tévai nebuvo tirti, tod¢l siekiant atmesti 77R geno 3
egzono heterozigoting delecijg, atlikta polimerazés grandininés reakcijos
analize, delecija neaptika. Sis variantas homozigotinéje bikléje mokslinéje
literattiroje ankS¢iau nebuvo apraSytas. Kitiems trims negiminingiems
probandams (2, 3 ir 4 Seimos) nustatyti heterozigotiniai ¢.302C>T variantai.
Seiminis variantas taip pat nustatytas dviejy probandy (2 ir 3 $eimos)
dukroms.

TTR c.302C>T missense variantas yra transtireting koduojanCiame 3
egzone. Jis nebuvo rastas GnomAD duomeny bazéje [109]. Sis variantas yra
TTR patogeniniy missense varianty karStajame taske. ClinVar duomeny bazéje
[110] klasifikuojamas kaip tikétina patogeninis/neaiskios reikSmes.
Heterozigotinis 77R ¢.302C>T variantas mokslingje literatiiroje anksciau
aprasytas keliems pacientams, sergantiems Sirdies amiloidoze [131-133].

A %) B C A4z D
1|72 1 |2
T T 1 E——— 1 B g
| | //ﬂ/
1wt 2 l 4‘( 56 7 Iwt 1 /2w "3
1 = i =l
] I
1 2 3 lzJivta 4 s iis lijﬁ/ﬂm 1 2 i
VO | \
1 2 3 1 2 34 5 6 78 910 112 123 4567 12

22 pav. Geneologijos: A — 1 Seima; B — 2 Seima; C — 3 Seima; D — 4 Seima
Rodiklémis nurodyti probandai. Zvaigzdutémis pazymétas Seiminis NM_000371.3:¢.302C>T,
NP_000362.1:p.(Ala101Val) variantas.

1 Seima. Probandas — vyras, kuris biidamas 44 m., pastebéjo deSinés kojos
pirsty tirpima, véliau iSplitusj | abi galiines (22A pav., 21 lentel¢). Ilgainiui
galiiniy tirpimas progresavo, atsirado ranky, kojy ir liemens parestezija iki
bambos srities. Vyras tirtas neurologo, 45 m. amZiuje nustatyta virSutiniy ir
apatiniy galiniy sensomotoriné polineuropatija ir ryski tetraparezé. Pragjus 4
m., nustatytas Sirdies pazeidimas. Pirminio iStyrimo metu EKG registruotas
normalus danteliy voltazas, TTE kairiojo skilvelio hipertrofija sieké iki 13
mm, KS sistoliné funkcija buvo nesutrikusi (KS IF 67 %) (23A, E pav.).
Sirdies magnetinio rezonanso tomografijos metu nustatyta asimetringé KS
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hipertrofija (zenkliausia pertvaringje sieneléje), VKMK midmiokardiskai iki
50 proc. stebétas KS apatingéje sieneléje ir lokaliis fibroziniai zidiniai
hipertrofuotame KS pertvarinés sienelés baziniame segmente (24A, B pav.).
Véliau EKG registruotos deSinés Hiso pluosto kojytés ir kairés Hiso pluosto
kojytés priekinio fascikulo blokados. Hematologinis AL amiloidozés
iStyrimas buvo neigiamas. Riebalinio audinio, dvylikapirStés ir storosios
zarnos bei kauly cCiulpy biopsijose nustatytos amiloido sankaupos su
nespecifine imunohistochemine reakcija transtiretinui. Vis délto kauly
scintigrafijos tyrimas buvo neigiamas (Perugini 0 laipsnis) (25A pav.). Atlikta
endomiokardo biopsija, kurioje rasta amiloido sankaupy, taciau
imunohistocheminé reakcija transtiretinui buvo nespecifiné (25B, C pav.).
Tuo metu nebuvo galimybés atlikti masiy spektrometrijg. Pacientas miré 52
m. dél pneumonijos komplikacijy. I§ Seiminés anamnezés Zinoma, kad
paciento mama ir teta i§ mamos pusés sirgo nepatikslinta Sirdies liga (22A
pav.). Abu probando tévai buvo lenky kilmés. Seimos nariai genetiniam
iStyrimui neatvyko.

2 Seima. Probandas — 74 m. vyras, kuris kreipési kardiologiniam i$tyrimui

deél kelis metus jauc¢iamo dusulio ir skausmo kriitinéje (21 lentel¢). Nustatyta
sutrikusi KS sistoliné funkcija ir koncentriné abiejy skilveliy hipertrofija TTE
(23B, F pav.).

23 pav. Koncentriné kairiojo skilvelio hipertrofija transtorakalinés
echokardiografijos vaizduose

Parasternin¢ ilgoji asis: A — D; parasterniné trumpoji aSis: E — H. 1 Seimos probandas
— A, E; 2 Seimos probandas — B, F; 3 Seimos probandas — C, G; 4 Seimos probandas —
D, H.
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24 pav. Veélyvas kontrastinés medziagos kaupimas Sirdies magnetinio rezonanso
tomografijos vaizduose

A, B — probandas, 1 Seima: (A) midmiokardinis VKMK kaupimas pertvaringje sieneléje
(trumposios asies vaizdas), (B) midmiokardinis VKMK kaupimas apatinéje sienel¢je (2 kamery
vaizdas). C, D — probandas, 2 Seima: difuzinis transmuralinis (daugiausia subendokardinis)
VKMK KS ir DS, KS ir DS hipertrofija ir nedidelis skys¢io kiekis perikardo ertméje
(trumposios asies vaizdas (C), 4 kamery vaizdas (D)). E, F — probande¢, 3 Seima: difuzinis
midmiokardinis VKMK KS ir DS, KS ir DS hipertrofija (trumposios aSies vaizdas (E), 4
kamery vaizdas (F)). G, H proband¢, 4 Seima: difuzinis subendokardinis VKMK KS ir DS, KS
ir DS hipertrofija (trumposios asies vaizdas (G), 4 kamery vaizdas (H)). DS — deSinysis
skilvelis; KS — kairysis skilvelis; VKMK — vélyvas kontrastinés medziagos kaupimas.

- AR 3
. | "

25 pav. #"Tc-PYP kauly scintigrafija (4) ir 1 Seimos probando endomiokardo
biopsijos histologiniai duomenys (B)

B — hematoksifilino ir eozino dazZymas. Raudonos rodyklés zymi amorfines eozinofilines
sankaupas miokarde (amiloidas). C — Kongo raudonasis dazymas. Raudonos rodyklés zZymi
amorfines amiloido sankaupas (rausva spalva).

Véliau, atlikus SMRT, nustatytas restrikcinés KMP fenotipas su sutrikusia
KS sistoline funkcija (KS IF 45 %), reikSminga simetrine KS hipertrofija ir
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difuziniu subendokardiniu VKMK KS ir DS (24C, D pav.). Hematologiniai
AL amiloidozés tyrimai buvo neigiami. Pilvo riebaly biopsijoje nustatytos
transtiretino amiloido sankaupos. Probandui nustatytas permanentinis PV,
létiné inksty liga ir 1étinis pavirSinis gastritas. Po dviejy mety, sulaukgs 79 m.,
pacientas miré nuo storosios zarnos adenokarcinomos. Probando brolis sirgo
nepatikslinta $irdies liga (22B pav. 1I-3). Seiminis 77R ¢.302C>T variantas
nustatytas 47 m. probando dukrai (22B pav. III-2), kuriai §iuo metu
fenotipiniy transtiretino Sirdies amiloidozés pozymiy nenustatyta.

3 Seima. Probandé — moteris, kuri biidama 50 m., kreipési kardiologo
konsultacijai dél progresuojancio dusulio fizinio krivio metu, periferiniy
edemy (21 lentele). Atlikus TTE, nustatyta koncentriné KS hipertrofija
(maksimalus sienelés storis iki 14 mm), i§saugota KS iSsttmimo frakcija (KS
IF 55 %), restrikcinio tipo KS diastolinés funkcijos sutrikimas, abiejy
priesirdziy padidéjimas ir plautinés hipertenzijos pozymiai (23C, G pav.).
Atliekant standartinj iStyrima dél plautinés hipertenzijos etiologijos,
identifikuota plauCiy arterijos smulkiy Saky trombembolija. Jtariant
trombofilija, moteris konsultuota hematologo ir genetiko. Nustatytas
padidejes VIII faktoriaus aktyvumas ir MTHFR geno variantas c. C.1286A>C
heterozigotinéje bikléje. Sis heterozigotinis variantas néra siejamas su
hiperhomocisteinemija, veny ar arterijy trombozés rizika. Véliau, atlikus
SMRT, nustatyta simetriné KS hipertrofija su nedaug sumazéjusia KS
inotropija (KS IF 50 %) ir difuziniu VKMK KS ir DS midmiokardiskai (24E,
F pav.). Po 3 mety moteriai atlikta rieSo tunelinio sindromo operacija abipus.
Itariant Sirdies amiloidoze, atlikta pilvo riebaly ir endomiokardo biopsija,
kuriy histologiné analizé patvirtino transtiretino amiloidoze¢. Véliau EKG
registruotas PV, taCiau kardioversija neatlikta dél pakartotinése
transezofaginése echokardiografijose nustatyto trombo kairiojo priesirdzio
ausytéje (nepaisant adekvacios antikoaguliancijos). D¢l pasikartojancio
skys¢io susikaupimo deSinéje pleuros ertméje ir dazny pleuros ertmés
drenavimo procediiry implantuotas ilgalaikis pleuros drenas. Pacienté miré 60
m. dél dekompensuoto Sirdies nepakankamumo. Moters motina (22C pav. I-
2) ir modiuté i§ motinos pusés sirgo nepatikslinta Sirdies liga. Seiminis 77R
¢.302C>T variantas nustatytas 33 m. probandés dukrai (22C pav. I11-4), kuriai
Siuo metu fenotipiniy transtiretino Sirdies amiloidozés poZymiy nenustatyta.

4 Seima. Probandé — 72 m. moteris, kuri buvo pirma kartg hospitalizuota
del insulto (21 lentel¢). Skubiai atlikta trombektomija ir stebéta visiSka
simptomy regresija. Hospitalizacijos metu EKG nustatytas PV, kairés Hiso
pluosto kojytés blokada ir Zemas danteliy voltazas standartinése derivacijose.
Pacienté skundési dusuliu fizinio kriivio metu ir periferinémis edemomis. Ji
neige kitas létines ligas, nevartojo jokiy medikamenty. Atlikus TTE, nustatyta
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koncentriné KS hipertrofija (maksimalus KS sienelés storis iki 19 mm) su
sumazgjusia KS inotropija (KS IF 40 %), restrikcinio tipo KS diastolinés
funkcijos sutrikimas (23D, H pav.). Hematologniai AL amiloidozés tyrimai
buvo neigiami. Pilvo riebaly biopsijoje identifikuotos amiloido sankaupos, o
kauly scintigrafijoje nustatytas 3 laipsnio kaupimas pagal Perugini, kuris
patvirtino Sirdies transtiretino amiloidozés diagnoze. Atlikus SMRT, nustatyta
koncentriné KS hipertrofija (maksimalus KS sienelés sustoré¢jimas iki 20 mm)
su sumazéjusia KS inotropija (KS IF 44 %) ir difuziniu subendokardiniu
VKMK KS ir DS (24G, H pav.). Neurologinio iStyrimo metu patvirtintas rieSo
kanalo tunelinis sindromas. Pacient¢ nuosekliai nevartojo paskirty
medikamenty, kelis kartus hospitalizuota dél Sirdies nepakankamumo
progresavimo. Metus stebéta moteris miré nuo Sirdies nepakankamumo
dekompensacijos. Pacientés motina (22D pav. [-2), sulaukusi 87 m., ir brolis
(II-3), biidamas 77 m., miré nuo insulto. Probandés tévas (I-1) miré 65 m. po
operacijos dél jtariamos trombozés. Seimos nariai nebuvo pasiekiami
genetiniam iStyrimui.
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21 lentelé. Negiminingy asmeny, kuriems nustatytas tikétina patogeninis TTR geno variantas ¢.302C>T, pagrindiniai klinikiniai duomenys ir

iSeitys

Probando Nr. 1 2 3 4
TTR varianto
NM_000371.3:¢.302C~1, Homozigotinis Heterozigotinis Heterozigotinis Heterozigotinis
NP_000362.1:p.(Alal01Val)
zigotiSkumas
Lytis Vyras Vyras Moteris Moteris
Amilltls simptomy pradzios metu 44 74 50 7
(metai)
Amzutls diagnozés nustatymo metu 49 77 57 74
(metai)
SN NSA funkciné klasé 111 111 11 11

Seiminé anamnezé

Motina vyresniame
amziuje ir teta i§

Brolis sirgo Sirdies

Motina sirgo Sirdies
liga, mociute i$

Motina ir brolis
vyresniame amziuje

funkcijos sutrikimas

motinos puses sirgo liga motinos pusés miré .. .
v 11 . . miré nuo insulto
Sirdies ligomis staiga
Mazas QRS voltazas — + + +
Pseudoinfarkto pozymiai EKG — — - -
Laidumo sutrikimai DHPKB, KHPKPFB KHPKB - KHPKB
PrieSirdziy virp¢jimas — + + -
KS hipertrofijos tipas Koncentriné Koncentriné Koncentringé Koncentriné
Maksimalus sieneliy storis (mm) 13 21 14 19
KS IF (%) 67 10 55 40
Restrikcinio tipo KS diastolinés
- + + +

&9




duomenys ir iseitys

Probando Nr. 1 2 3 4
DS hipertrofija + - +
Skystis perikardo ertméje + -
Asimetriné
KS hipertrofijos tipas SMRT (zenkliausia Simetriné Simetrine Simetrine
pertvarinéje sieneléje)

Maksimalus KS sieneliy storis SMRT 16 19 14 20
(mm)
KS IF SMRT (%) 77 45 50 44

Midmiokardinis KS Difuzinis Difuzinis Difuzinis
VKMK SMRT pertvarinéje ir subendokardinis KS | midmiokardinis KS ir | subendokardinis KS ir

apatingje sieneléje ir DS DS DS
9mT¢-PYP kauly scintigrafija 0 laipsnio - - 3 laipsnio

Amiloido sankaupos,

tikétina nespecifiné o

imunohistocheminé TTR amiloido TT(E;(?;ﬁZ;dO
Histologinis jvertinimas reakcija | transtireting depozitai pilvo . -

o . L endomiokardo
kauly ¢iulpiy ir riebaly biopsijoje biopsijose
endomiokardo
biopsijose

NT-proBNP (pg/ml)* 474 11401 3368 2471
Troponinas I (ng/1)* 111 95 65 45
Polineuropatija + - - +
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duomenys ir zseztys

nustatymo (metai)

Probando Nr. 1 2 3 4
Létiné inksty liga — + —
Virskinamojo trakto sutrikimo N 4 3 B
pozymiai
Rieso tunelinis sindromas - - + +
Dvigalvio raumens sausgyslés B N B 3
plySimas
Stebéjimo laikotarpis po diagnozés 3 ) 3 |

Miré 52 m. nuo

Miré 79 m. nuo

Miré 60 m. nuo SN

Miré 75 m. nuo SN

dukrai, kuri neturi
fenotipiniy pozymiy

ISeitys pneumonijos storosios zarnos . .
o . dekompensacijos dekompensacijos
komplikacijy adenokarcinomos
Variantas nustatytas Variantas nustatytas
5 . . .. 47 m. amziaus 33 m. amzZiaus dukrai,
Seimos segregacijos analize N N

kuri neturi fenotipiniy
pozymiy

*Pirminio i§tyrimo metu.

DHPKB — desinés Hiso pluosto kojytés blokada; DS — deSinysis skilvelis; EKG — elektrokardiograma; KHPKB — kairés Hiso pluosto kojytés blokada;
KHPKPFB - kairés Hiso pluosto kojytes priekinio fascikulo blokada; KS — kairysis skilvelis; KS IF — kairiojo skilvelio i§stimimo frakcija; N — neZinoma;

NSA — Niujorko $irdies asociacija; SMRT — $irdies magnetinio rezonanso tomografija; SN — Sirdies nepakankamumas; TTR —
vélyvasis kontrastinés medziagos kaupimas.
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4.4.3. DNMT3A geno tikétina patogeninis variantas ¢.2324C>A

Tyrimo metu trims suaugusiems dviejy karty Seimos asmenims
diagnozuotas labai retas Tatton-Brown-Rahman sindromas (22 lentel¢).
Probando viso egzomo sekoskaitos metodu nustatytas tikétina patogeninis
heterozigotinis DNMT34 variantas NM 022552.4:¢.2324C>A,
NP_072046.2:p.(Ser775Tyr). Sis variantas anksiau nebuvo aprasytas
mokslingje literatiroje. Missense c.2324C>A variantas nebuvo registruotas
ClinVar [110] ir gnomAD v.4.0.0 [109] duomeny bazése. In silico analizé
prognozavo, kad §is variantas sutrikdo baltymo struktiirg ir funkcijg: Sift —
patogeninis (0) [113], PolyPhen — tikétina patogeninis (0,997) [112], MutT —
patogeninis (0,99) [114], AlphaMissense prognozuoja variantg kaip
patogeninj (0,8848) [134]. Seimos segregacijos analizé atskleidé, kad
¢.2324C>A variantas buvo paveldétas i§ 58 m. motinos. Jis taip pat nustatytas
39 m. probando broliui (26A pav.). Tévui Seiminis variantas nenustatytas.
Siekiant geriau suprasti pagrindinius molekulinius procesus, iSsamiai kliniskai
iSnagrinéta Seimos Sirdies ir kraujagysliy sistemos patologija, atlikta
periferinio kraujo transkriptomo ir laisvai cirkuliuojan¢ios DNR (angl. cell-
free DNA) analize.

Probandas — 34 m. vyras, kuris nukreiptas kardiologiniam iStyrimui dél
bendro silpnumo, galvos svaigimo, Sirdies plakimo ir dusulio fizinio kriivio
metu (22 lentelé; probandas). Atlikus TTE, nustatyta KS ir aortos Saknies
dilatacija (KSdd — 6,9 cm, indeksuota — 2,79 cm/m?), vidutinio laipsnio MV
nesandarumas, iSsaugota KS iSstimimo frakcija. Kriitinés 1gstos kompiuteriné
tomografija su angiografija patvirtino aortos Saknies dilatacija (sinusy srityje
— 4,8 cm, proksimalinéje kylan¢ios aortos dalyje — 4,1 cm). Atlikus SMRT,
nustatyti KS nekompaktiskumo pozymiai, KS dilatacija (KSdd — 6,9 cm),
tatiau VKMK miokarde nenustatyta. 24 val. EKG Holterio monitoravime
registruotas trumpas saves nepalaikancios skilvelinés tachikardijos epizodas
(5 QRS kompleksai) ir intermituojanti II° 1 tipo AV blokada. Probandas
nukreiptas genetiniam iStyrimui jtariant bei diferencijuojant Marfano
sindromg, pagreitéjusio augimo sindromg arba paveldimas medZziagy
apykaitos ligas. Vyras turéjo psichomotorinio vystymosi sutrikimy, vidurinéje
mokykloje mokesi pagal specialiojo ugdymo programg. Nuo vaikystés
nustatyta skolioze, pectus excavatum koreguota chirurginiu biidu. Po
imobilizacijos dél kojos liizio, biinant 23 m., nustatyta giliyjy veny trombozé.
Atlikto hematologinio iStyrimo metu polinkio j trombofilija nenustatyta.
Vyras buvo auksto tigio (191 cm), svéré 120 kg, kiino masés indeksas (KMI)
— 33, galvos apimtis — 63 cm.
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22 lentelé. Tatton-Brown-Rahman sindromu serganciy Seimos nariy aprasomoji

analizé

Probandas Brolis Motina
Lytis Vyras Vyras Moteris
Amzius
diagnozés 34 39 58
nustatymo metu
(metai)
Ugis (cm) 191 192 169
Svoris (kg) 120 140 130
KMI 32,9 38,0 45,0

Galvos apimtis — 63
cm, hipertrichoze,
grubts veido
bruozai, sinofrize,

Galvos apimtis 62
cm (90-97%o),

Galvos apimtis —

netaisyklingas sinofrizg, 56 cm, §velnesni
Veido iSvaizda danty augimas, $velnesni veido veido bruozai,
nutrupéje priekiniai bruozai, horizontaliis
dantys, horizontalis tankis antakiai
hipertelorizmas, tankis antakiai
horizontaliis tankiis
antakiai
Verbalinis 1Q balas
75 — prastas
verbalinis
. . Lank¢ bendroj
suvokimas, Lanké bendrojo an e. ?n eje
.. . lavinimo
. neverbalinis IQ lavinimo mokykla
Intelektine . mokykla pagal
. balas 55 —lengvas | pagal standarting .
negalia . standarting
intelekto mokymo
o mokymo
sutrikimas, programa
. programg
specialus ugdymas
vidurinéje
mokykloje
Scheuermanno
Kifoskoliozé, kifozé su kritine
Stuburo
Skeleto pectus excavatum stuburo .
.. . .. . . osteochondrozé,
deformacijos chirurginé korekcija | kompresija, 38 m. . i
. . spondiloartrozé
vaikystéje koreguota

chirurginiu biidu
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22 lentelé (tgsinys). Tatton-Brown-Rahman sindromu serganciy Seimos nariy

aprasomoji analizé

Probandas Brolis Mama
KS dilatacija
6,9 5,9 6,7
(KSdd) TTE (cm)
Aortos daknies Pro}c.siryalinés Aortos sinusy
. . kylanciosios aortos diametras — 4,5 -
dilatacija .
aneurizma (6 cm) cm
UZpakalinés MV I-II° MV
MV/TV burés skilimas, MV MV o
.. nesandarumas, |
patologija prolapsas, I1I° MV nesandarumas
nesandarumas TV nesandarumas
KS
nekompaktiskumo + - -
pozymiai
Trumpi epizodai Trumpi epizodai
Saves nepalaikanti supraventrikulinés | supraventrikulinés
Aritmiios skilveling ir saves ir saves
! tachikardija, I11° 1 nepalaikancios nepalaikancios
tipo AV blokada skilvelinés skilvelinés
tachikardijos tachikardijos
Arteriné
. .. + + +
hipertenzija
o _ Giliyjy veny o
Apatiniy gah_?““‘ | trom bOZ.é. po Veny varikozé Veny Varlk(?ze,
veny patologija imobilizacijos dél tromboflebitas
kairés kojos liizio
Limfedema - + +
Dislipidemija,
Astigmatizmas, ) .1s.11.)1 emlj?
. " létiné inksty liga
ginekomastija, .. . .
Papildomi strijos pilvo srityje, Skrandzio 3a stadija, 2 tipo
oFvmiai/ abiejy pedy erozijos, sgnariy | cukrinis diabetas,
P ty tinés [ hindfoot tipo hipermobilumas, kriities navikas
gretutines 1gos deformacijos, plati trumparegysté (atlikta kairés
péda, sanariy kriities
hipermobilumas mastektomnija)

AV - atrioventrikuliné¢; KMI — kiino masés indeksas; 1Q — intelekto koeficientas (angl.
intelligence quotient); KS — kairysis skilvelis; KSdd — kairiojo skilvelio diastolinis diametras;
MV — mitralinis voztuvas; TTE — transtorakaliné echokardiografija; TV — triburis voztuvas.

Vyro fenotipas iSsiskyré grubiais veido bruozais, horizontaliais tankiais
antakiais, sinofrize, netaisyklingai suaugusiais dantimis, hipertrichoze,

ginekomastija, strijomis pilvo srityje, kifoskolioze, kelio sgnariy valgus

deformacija,

placiomis

94

pédomis

ir  sgnariy

hipermobilumu.




Neuropsichologiniu vertinimu nustatytas lengvas intelekto sutrikimas pagal
Wechslerio intelekto skale (III versija) (verbalinis intelekto koeficientas — 75,
neverbalinis — 55). Po pirminio kardiologinio iStyrimo pacientas keleta mety
gydymo jstaigoje nesilanké, nes simptomai neprogresavo. Po trejy mety
kontrolinio vizito metu nustatytas aortos Saknies dilatacijos progresavimas
(muo 4,8 iki 5,3 cm (Z jvertis — 6,46)), zenkli neigiama proksimalinés
kylancios aortos dalies dilatacijos dinamika (nuo 4,1 iki 6,1 cm (Z jvertis —
9,14)) ir MV nesandarumo progresija (nuo II° iki III°) (26B pav.). Taip pat
naujai diagnozuotas II° aortos voztuvo nesandarumas. Transezofaginés
echokardiografijos metu patvirtintas MV prolapsas ir MV uzpakalinés burés
skilimas (26C, D pav.). Pakartojus 24 val. EKG Holterio monitoravima
nustatyti trumpi saves nepalaikancios skilvelinés tachikardijos epizodai (26E
pav.) ir I° bei II° 1 tipo AV blokados epizodai. Probandui rekomenduotas
kardiochirurginis gydymas, taciau pacientas ir jo Seimos nariai nebuvo
apsisprend¢. Po ilgy svarstymy probandas sutiko atlikti Sirdies operacija,
taciau likus kelioms dienoms iki numatytos hospitalizacijos chirurginiam
gydymui staiga namuose miré. Artimieji atsisaké patologinio iStyrimo, todél
tiksli mirties priezastis liko nenustatyta.

Probando brolis — 39 m., auksto figio (192 cm), nutukes (svoris — 140 kg,
KMI — 38), galvos apimtis — 62 cm. Vyras turéjo Svelnesnius veido bruozus
negu probandas, horizontalius tankius antakius, sinofrizg, strijas pilvo srityje,
sgnariy hipermobilumg ir skeleto deformacijas (22 lentelé Brolis).
Scheuermanno kifozé su kritine stuburo kanalo kompresija koreguota
chirurginiu biidu 38 m. amziuje. Pacientas neigé mokymosi sutrikimus,
mokesi bendrojo lavinimo mokykloje pagal standarting mokymo programa,
studijavo kolegijoje, dirbo nekvalifikuotus darbus. Kardiologinio iStyrimo
metu vyras skundési dazno Sirdies plakimo epizodais ir dusuliu fizinio kriivio
metu. Atlikus TTE, nustatyta KS dilatacija (KSdd — 5,9 c¢cm, indeksuota 2,22
cm/m?), nesutrikusi KS sistoliné funkcija ir nedidelio laipsnio MV
nesandarumas. Kompiuterinés tomografijos su angiografija metu nustatyta
aortos Saknies dilatacija (4,5 cm, Z jvertis — 2,96). Atlikus SMRT,
identifikuota KS ir DS dilatacija (padidéjgs KS ir DS tiiris, KSdd — 5,7 cm),
priesirdziy padidéjimas. KS nekompaktiskumo pozymiy ir VKMK miokarde
nestebéta. 24 val. EKG Holterio monitoravime nustatyti trumpi paroksizminés
supraventrikulinés ir saves nepalaikancios skilvelinés tachikardijos epizodai.
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26 pav. A — Seimos geneologija: II-2 — probandas, II-1 — sergantis brolis, I-1 —
motina. B — proksimalinés kylanciosios aortos aneurizma (6 cm) kompiuterinéje
tomografijoje. C, D — transezofaginés echokardiografijos metu nustatytas mitralinio
voztuvo uzpakalinés burés skilimas (raudonas trikampis) tarp P2 ir P3 segmenty. E —
trumpi placiy QRS kompleksy tachikardijos epizodai, nustatyti 24 val. EKG Holterio
monitoravimo metu.

Probando motina — 58 m., nutukusi (svoris — 130 kg, KMI — 45). Pastebimi
Svelnesni veido bruozai negu probando, horizontallis tankiis antakiai. Jai
nustatyta kojy limfedema, kojy veny varikoze, trofinés opos blauzdose,
tromboflebitas, gydymui atspari arteriné hipertenzija, 2 tipo cukrinis diabetas
ir skeleto problemos, tokios kaip stuburo i§varzos, osteochondrozé ir abipusé
gonartrozeé (22 lentele). Moteris lanké bendrojo lavinimo mokykla pagal
standarting mokymo programg, dirbo nekvalifikuotus darbus. Konsultuota
kardiologo dé¢l dusulio, skausmy kriitinéje ir Sirdies plakimo. Atlikus
vainikiniy arterijy kompiutering tomografija su angiografija, plauciy
perfuzijos scintigrafijg patologijos nenustatyta. Atlikus TTE, identifikuota KS
dilatacija (KSdd — 6,7 cm, indeksuota 2,85 cm/m?) su nesutrikusia KS sistoline
funkcija, II° MV nesandarumas ir I° triburio voztuvo nesandarumas. Sirdies
magnetinio rezonanso tomografijos metu nustatyta KS dilatacija (KSdd — 6,5
cm), padidéjes KS turis, taCiau aortos Saknies, kylanCios aortos, KS
nekompaktiskumo pozymiy ir VKMK kaupimo miokarde nestebéta. 24 val.
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EKG  Holterio monitoravime  nustatyti  trumpi  paroksizminés
supraventrikulinés ir saves nepalaikancios skilvelinés tachikardijos epizodai.

Kompiuterine baltymy analizé leido daryti prielaida, kad Seiminis
DNMT3A variantas ¢.2324C>A yra metiltransferazés srityje, taciau toli nuo
aktyvios vietos ar DNR jungimosi kilpy. Nepaisant to, §is pakitimas gali turéti
reikSmingg poveiki DNMT3A baltymo struktiirai, dinamikai ir funkcijai.
Periferinio kraujo laisvai cirkuliuojanc¢ios DNR ir transkriptomo analizés
metu nustatyti sutrumpéje mononukleosomy fragmentai ir pakitusi geny
raiSka daugelyje geny, susijusiy su kardiovaskuline sistema, pavyzdZziui,
sumazeéjusi TPM2 ir TGFBR3 geny, susijusiy su aortos aneurizmomis, raiska.
TPM?2 aktyvumo sumazéjimas, nustatytas analizuojant pilvinés aortos
aneurizmos lopus, susijes su ligos progresavimo mechanizmu [135]. Taip pat
nustatyta padidéjusi FOXPI geno raiska. Sis genas yra transkripcijos
faktorius, svarbus jvairiy audiniy, taip pat ir smegeny bei Sirdies, vystymuisi
[136]. Tai pabrézia DNMT3A epigenetinio reguliavimo svarbg
kardiovaskulinés sistemos vystymuisi ir funkcijai.
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5. REZULTATU APTARIMAS
5.1. Kardiomiopatijy fenotipiniai ir epidemiologiniai poZymiai

Siame tyrime vyravo tiriamieji, kuriems nustatytas HKMP fenotipas (235
tiriamieji i§ 313). Antra pagal daznuma fenotipo grupé — DKMP (20 asmeny
i§ 313). Sie rezultatai atitinka mokslinés literatiiros duomenis, pagal kuriuos
HKMP yra dazniausia i§ visy KMP fenotipy, o DKMP yra siek tiek retesné
[24, 30]. Kadangi NDKS KMP yra naujas fenotipo apibrézimas, jo paplitimo
daznis dar néra Zinomas [56]. Vienas i$ retesniy KMP fenotipy yra ADS KMP
[60]. Siame tyrime NDKS KMP nustatyta 13, o ADS KMP — 7 asmenims.
Reciausias 1§ visy KMP fenotipy yra RKMP, kurios viena daZniausiy
priezasCiy — Sirdies amiloidozé [3]. Transtiretino Sirdies amiloidozé Siame
tyrime nustatyta 13 tiriamyjy. Mitochondrinés ligos paplitimas siekia 1 i§
5 000 gyvy gimusiyjy naujagimiy, o Fabry klasikinio fenotipo paplitimas — tik
1 1§ 40 000 vyry [19, 35]. Sirdies paZeidimas Fabry ligos atveju nustatomas
daugiau negu 80 proc. pacienty [137]. I disertacijoje pristatomg tyrima buvo
jtraukti 5 asmenys, sergantys Fabry liga ir viena trijy asmeny Seima, kuriai
nustatyta mitochondriné liga.

Kardiomiopatijy fenotipams budingas tam tikras lyCiy pasiskirstymas.
Hipertrofiné kardiomiopatija ir DKMP dazniau nustatoma vyrams negu
moterims [25, 138]. Vyrams taip pat Siek tiek dazniau nustatoma ADS KMP
(~55-60 %) [60]. Siame tyrime HKMP ir DKMP daZniau nustatyta vyrams
(atitinkamai 57,9 % ir 55,5 %). Aritmogeniné kairiojo skilvelio
kardiomiopatija nustatyta 4 vyrams i§ 7 tiriamyjy.

DKMP dazniausiai diagnozuojama nuo 20 iki 50 m. amziaus [138]. Tyrime
DKMP pacienty amziaus mediana diagnozés nustatymo metu — 49 [39,5—
57,5] m. HKMP vidutinis amzius diagnozés nustatymo metu — apie 48 m.
[139]. Pastebéta, kad HKMP nustatoma vis vyresniame amziuje: iki 2000 m.
vidutinis amzius diagnozés nustatymo metu buvo apie 40 m., o nuo 2010 m.
padidéjo iki 51 m. [139]. Panasi amZziaus mediana diagnozés nustatymo metu
nustatyta HKMP probandams 52,0 [38,0-62,0] m. Aritmogeniné kairiojo
skilvelio kardiomiopatija dazniausiai nustatoma nuo 10 iki 50 m., vidutinis
amzius diagnozés nustatymo metu — apie 30 m. [61, 140] Disertacijoje
pristatomame tyrime vidutiné amziaus mediana ADS KMP diagnozés
nustatymo metu — 42 [36-56] m.

Kairiojo skilvelio nekompaktiSkumu vadinami fenotipiniai poZymiai,
kuriems buidingos isreikstos trabekulés ir gilios tarptrabekulinés kisenélés [3].
Naujausiose EKD KMP gydymo rekomendacijose KS nekompaktiskumas
neiSskiriamas kaip atskiras KMP fenotipas, jis laikytinas fenotipiniu poZymiu,
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kuris gali pasireiksti kartu su kitais KMP fenotipais: HKMP ar DKMP [3].
Siame tyrime KS nekompaktikumo pozymiai nustatyti 5 proc. (11 i§ 222
probandy) tiriamyjy, serganciy HKMP, 25 proc. (5 i$ 20) tiriamyjy, serganciy
DKMP, ir daugumai 84,6 proc. (11 i 13) tiriamyjy, serganciy NDKS KMP.
Literaturoje KS nekompaktiskumo pozymiai su kitais KMP fenotipais bendrai
nustatomi iki 39 proc. [141]. Hipertrofinés kardiomiopatijos atveju padidéjusi
KS trabekuliarizacija gali biiti nustatoma iki 27 proc., DKMP atveju — iki 44
proc. [142, 143].

5.2. Kardiomiopatijy genetiniy priezasciy architekttra

Europos kardiology draugijos KMP gydymo rekomendacijose ir ASA/
AKK HKMP gydymo rekomendacijose patariama kas kelerius metus
periodiskai ir sistemingai perklasifikuoti geny variantus. Toks
perklasifikavimas gali tiesiogiai paveikti Seimos nariy kaskadinj iStyrima
[106]. Viename centre atlikus retrospektyvinj geny varianty perklasifikavimo
pagal dabartinius AMGK/MPA kriterijus tyrima, nustatyta, kad 22 proc.
varianty, susijusiy su HKMP, buvo perklasifikuoti [144]. Neseniai atliktoje
ispany HKMP subkohortos studijoje po pakartotino jvertinimo 16,8 proc.
varianty klasé¢ padidéjo, o 14,0 proc. — sumazéjo [145]. Jungtinés Karalystés
studijoje, skirtoje pakartotinai jvertinti pacienty, kuriems nustatyta
kardiomiopatija, tik neaiSkios reikSmés variantus, 1,6 proc. varianty
perklasifikuota j P/TP, 3,2 proc. varianty patogeniskumo klas¢ sumazinta |
tikétina nepatogeninius, o dauguma (95,2 %) varianty iSliko neaiSkios
reikSmés [146]. Disertacijoje pristatomame tyrime, atlikus kardiomiopatijy
pakartotinés klasifikacijos analize, 22,8 proc. neaisSkios reik§Smés varianty
priskirti tikétina nepatogeniniams, o 8,7 proc. — tikétina patogeniniams
variantams. Né vienas i§ P/TP varianty nebuvo perklasifikuotas i Zemesne
klasg. Gauti rezultatai jrodo, kaip svarbu reguliariai perzitiréti geny variantus,
susijusius su KMP.

Kardiomiopatijy fenotipy genetinés priezasties paplitimas yra jvairus. Liga
lemiantys geny variantai nustatomi iki 40 proc. DKMP atvejy [3]. Siame
tyrime P/TP variantai identifikuoti taip pat 40 proc. tiriamyjy, kuriems
nustatytas DKMP  fenotipas.  Aritmogeninés deSiniojo  skilvelio
kardiomiopatijos atveju P/TP variantai nustatyti dazniau negu nurodoma
literattiroje. Atlikus tyrima, P/TP variantai identifikuoti 71,4 proc. tiriamyjy,
o literattiroje nurodoma, kad P/TP variantai nustatomi iki 60 proc. ADS KMP
atvejy [3]. Kadangi NDKS KMP yra naujas fenotipo apibrézimas, tikslus
paplitimas ir genetinés prieZasties dalis dar néra tiksliai zinoma [3]. Siame
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tyrime P/TP variantai identifikuoti 38,5 proc. asmeny, kuriems nustatytas
NDKS KMP fenotipas.

Mokslings literatiiros duomenimis iki 5 proc. HKMP serganciyjy pacienty
gali buti nustatyti keli keliy geny (digeniniai) arba to paties geno
(oligogeniniai) P/TP variantai [147]. Vis délto kai kuriose studijose
nurodoma, kad dvigubi P/TP variantai asmenims, sergantiems HKMP, yra
daug retesni nei manyta anksciau [148]. Disertacijoje pristatomame tyrime
keli P/TP variantai nustatyti 7 (3,0 %) asmenims, turintiems HKMP fenotipa.
Anksc¢iau manyta, kad dvigubi P/TP variantai HKMP fenotipui gali turéti geny
dozés efekta [104, 105, 149]. Pastebéta, kad Sie pacientai gali turéti labiau
iSreikSta KS hipertrofijg [147]. Kitoje metaanalizéje nustatyta, kad asmenys,
kuriems identifikuoti keli P/TP variantai, apie 7 metus anksciau nustatoma
HKMP, negu tiems asmenims, kuriems nustatyti pavieniai P/TP variantai
[150]. Vis délto taip pat yra tyrimy, nurodanciy, kad pacientai, kuriems
nustatyti dvigubi P/TP variantai, fenotipiSkai nesiskiria nuo ty, kuriems
nustatytas vienas P/TP variantas [151, 152]. Siame tyrime vienam pacientui,
kuriam nustatyti keli patogeniniai MYBPC3 variantai, dél progresuojancio
Sirdies nepakankamumo atliktas KS pavaduojancio prietaiso implantavimas.
Kitai Seimai nustatyta HKMP ir ilgo QT sindromas, identifikuoti du
patogeniniai MYBPC3 ¢.1484G>A ir KCNQI c.477+1G>A variantai.
Literattroje aprasyti tik keli atvejai, kai tam paciam pacientui ar Seimai buvo
nustatyti P/TP variantai, siejami su HKMP ir ilgo QT sindromu [153—-155], ir
tik du atvejai, kai tam paciam pacientui nustatyti P/TP MYBPC3 ir KCNQI
variantai [156, 157]. Siame tyrime, sickiant i$gryninti HKMP fenotipa,
tiriamieji, kuriems nustatyti keli P/TP variantai, nebuvo jtraukti | HKMP
genotipo—fenotipo analize.

Kardiomiopatijoms budingas genetinis heterogeniskumas [3]. To paties
geno skirtingi variantai gali sukelti skirtingus fenotipus. MYBPC3 geno P/TP
variantai iSskirtinai biidingi HKMP fenotipui, o MYH7 geno P/TP variantai
dazniau siejami su HKMP, taciau nustatomi ir esant DKMP fenotipui [3]. Tarp
DKMP MYH?7 P/TP variantai nustatomi apie 3—5 proc. atvejy, o tarp HKMP
— 15-25 proc. atvejy [23]. Disertacijoje pristatomame tyrime, MYH7 P/TP
variantus skirstant pagal fenotipa, vyravo tiriamieji, turintys HKMP fenotipa
(88 %), mazesne dalj sudaré asmenys, turintys DKMP fenotipg (12 %).
MYBPC3 P/TP variantai nustatyti asmenims, turintiems tik HKMP fenotipa.

Skirtingiems kardiomiopatijy fenotipams budingi tam tikri daZniausiai
nustatomi genai [3]. Dazniausiai DKMP atveju nustatomi patogeniniai
baltyma trumpinantys TTN geno variantai (iki 15-20 proc.) [81]. Siame tyrime
5 probandams nustatyti baltyma trumpinantys 77N geno variantai, susij¢ su
DKMP fenotipu. IS jy 2 — rémelio poslinkio ir 3 — nonsense variantai.
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Aritmogening deSiniojo skilvelio kardiomiopatija dazniausiai sukelia
desmosomy geny P/TP variantai, daugiausia jy nustatoma PKP2 gene (1949
%) [84, 158]. Disertacijoje pristatomame tyrime patogeninis PKP2 geno
¢.2357+1G>A variantas nustatytas vienam probandui ir dviems giminaic¢iams.
Kitas desmosomy genas DSC2 yra retesnis, nustatomas iki 3—8 proc. ADS
KMP atvejy [84, 158]. Tyrime tikétina patogeninis DSC2 geno c.577 624del
variantas nustatytas vienam probandui. Fabry liga sukelia P/TP GLA geno
variantai [3, 19]. Missense GLA variantai yra patys dazniausi, nustatomi iki
69 proc. atvejy [159]. Siame tyrime P/TP missense variantai identifikuoti
trims i§ penkiy pacienty, kuriems nustatyta Fabry liga.

ISplétus geny paneles, vis daugiau nustatoma neaiskios klinikinés reik§més
varianty [160]. Sie variantai klasifikuojami kaip neaiskios reik§meés dél
informacijos trikumo ir priestaringy duomeny apie jy vaidmenj tam tikram
fenotipui. Hipertrofinés kardiomiopatijos atveju neaiskios reikSmés variantai
yra gana dazni [13]. ShaRe registro HKMP studijoje neaiskios reikSmés
sarkomeriniai variantai nustatyti 9 proc. pacienty [92]. Kitose HKMP
kohortose neaiskios klinikinés reikSmés variantai identifikuojami 19—22 proc.
atvejy [17, 161, 162]. Disertacijoje pristatomame tyrime neaiskios reikSmeés
variantai buvo nustatyti 16,9 proc. tiriamyjy, dauguma — turintiems HKMP
fenotipa. Jei jmanoma, neaiskios reikSmés varianty interpretavimas turéty
apimti ne tik in silico metodus, bet ir genotipo—fenotipo sasajy analize,
segregacijg Seimose ir esant galimybéms patologinius ir funkcinius tyrimus
[160].

Jungtingje Karalysteje 2015 m. atlikto HKMP genotipo—fenotipo sasajy
tyrimo metu mokslinéje literatiiroje neaprasyti variantai nustatyti 31,6 proc.
tiriamyjy (84 i§ 265 varianty) [93]. Kitoje daugiau nei 2 900 HKMP serganciy
probandy kohortoje paskutinius 6 m. stebétas laipsniSkas literatiiroje
neaprasyty varianty maz¢jimo procentas, kuris pastaruoju metu siekia 35-40
proc. [163]. 2008 m. HKMP studijoje anksc¢iau neaprasyti variantai nustatyti
51 i§ 203 tiriamyjy (25,1 %) [94]. Siame tyrime identifikuoti 24 mokslinéje
literatiiroje neaprasyti P/TP variantai, kurie sudaré 29,6 proc. visy nustatyty
P/TP varianty. Dauguma $iy varianty (54,2 %; n = 13) buvo susij¢ su HKMP
fenotipu.

5.3. Hipertrofinés kardiomiopatijos genetiniy priezasciy sgsajos su
fenotipine iSraiSka

Tarp HKMP serganciy probandy P/TP variantai, susij¢ su HKMP, nustatyti
43,0 proc. tiriamyjy. Tai atitinka esamus literatiros duomenis, kuriuose
nurodoma, kad geny variantai, susij¢ su HKMP, nustatomi 40 — 60 proc.
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pacienty [3]. Daugelyje tyrimy HKMP sergantiems asmenims, kuriems
identifikuoti P/TP variantai, HKMP nustatoma anks¢iau negu asmenims,
kuriems genetiné prieZastis nenustatyta [91-93, 164—166]. Panasi tendencija
stebéta ir disertacijoje pristatomoje kohortoje: pacientams, kuriems
identifikuoti P/TP variantai, HKMP diagnozés nustatymo amZzius buvo
mazdaug 10 mety ankstesnis negu asmenims, kuriems genetiné priezastis
nebuvo nustatyta. Kadangi asmenims, kuriems HKMP genetiné priezastis
nenustatyta, liga diagnozuojama vyresniame amziuje, todél jiems jprastai
randama daugiau gretutiniy ligy [91, 167].

Tyrimuose pastebéta, kad P/TP variantai, susij¢ su HKMP, yra siejami su
didesniu KS sienelés storiu ir asimetrine KS pertvaros hipertrofija [91, 93,
165, 166]. Vis délto multicentrinégje HKMP SMRT fenotipiniy charakteristiky
studijoje fenotipiniai MYBPC3 ir MYH7 P/TP varianty pozymiai nesiskyré
[97]. Siame tyrime asmenys, kuriems nustatyti P/TP variantai, turéjo rySkesne
KS asimetring hipertrofija, Zenkliausias skirtumas stebétas SMRT. Siekiant
jvertinti maksimaly KS sienelés storj TTE stebéjimo metu tarp P/TP+ ir P/TP—
grupiy, taip pat naudotas tiesinis misrusis modelis. Sis tyrimas pasirinktas
todé¢l, kad TTE buvo atlikta visiems pacientams pirminio iStyrimo metu ir
véliau kartota stebéjimo metu. Sirdies magnetinio rezonanso tomografija
steb¢jimo metu atlikta tik nedidelei daliai tiriamyjy. Pacientams P/TP+
grupéje pirminio iStyrimo metu nustatyta Zenkliai storesné KS sienelé nei
P/TP- grupéje, taciau stebéjimo metu Sie duomenys nebesiskyré. Tai reiskia,
kad KS hipertrofija asmenims, kuriems nustatyti P/TP variantai,
neprogresuoja Zenkliau nei P/TP- grupéje nustat¢ius HKMP diagnoze. Siuos
rezultatus reikéty vertinti atsargiai, nes skirtingy tyréjy atlikti Sirdies vaizdiniy
tyrimy rezultatai gali skirtis [168].

Palyginti su vaizdiniy tyrimy rezultatais, EKG duomenys skiriasi. Kairiojo
skilvelio hipertrofijos pozymiai EKG nustatyti 74,5 proc. HKMP serganciy
pacienty. Tiriamiesiems, kuriems nustatyti P/TP variantai, reCiau buidingi KS
hipertrofijos poZymiai ir neigiami T danteliai Soninése derivacijose. Panasts
rezultatai pateikiami Portugalijos HKMP registre: KS hipertrofijos pozymiai
EKG buvo daznesni tiriamiesiems, kuriems genetiné priezastis nenustatyta
[161]. Tyréjai aiskino maZesniu VKMK SMRT ir didesniu arterinés
hipertenzijos paplitimu kaip aplinkos modifikatoriumi, kuris galéty padidinti
danteliy voltaza EKG P/TP— grupés asmenims. Kitoje studijoje neigiami T
danteliai Soninése derivacijose taip pat buvo reik§Smingai susij¢ su retesniu
teigiamu genotipu [169]. Sie EKG rodikliai koreliavo su VKMK atitinkamoje
sieneléje SMRT [170].

Ankstesni tyrimai parodé¢, kad sarkomeriniy geny P/TP variantai susij¢ su
padidéjusia SSM rizika [93, 171]. Hipertrofine kardiomiopatija sergantiems
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pacientams, kuriems identifikuoti P/TP variantai, dazniau nei tiriamiesiems,
kuriems genetiné prieZastis nenustatyta, nustatomas didesnis vidutinis EKD
SSM rizikos balas [161] ir dazniau implantuojamas IKD [17]. Tokios pa¢ios
tendencijos pastebétos ir Siame tyrime.

Tiriamiesiems, kuriems nustatyta HKMP genetiné priezastis, pirminio
iStyrimo metu ir stebéjimo laikotarpiu nustatytas 0,8 didesnis HMKP SSM
rizikos procentas, o IKD implantavimo daznis buvo apie 10 proc. didesnis
negu asmeny, kuriems P/TP variantai nenustatyti. Vis délto ASA/AKK
HKMP ir EKD KMP gydymo rekomendacijose genetiné priezastis nebuvo
jtraukta kaip patikimas SSM rizikos veiksnys [3, 106]. ShaRe registro analizé
parodé¢, kad pacientams, kuriems nustatyti P/TP variantai sarkomeriniuose
genuose anks¢iau patirdavo klinikines iSeitis, tokias kaip PV, skilvelinés
aritmijos, Sirdies nepakankamumas ar bendrosios sudétinés baigtys [92].
Daugianariuvose modeliuose, koreguotuose pagal tiriamojo lytj ir
biogeografing kilmg, sarkomerinio P/TP varianto nustatymas isliko
nepriklausomu nepalankiy jvykiy prognozés veiksniu. Koregavus modelius
pagal amziy diagnozés nustatymo metu, rizika, susijusi su P/TP varianty
nustatymu sarkomeriniuose genuose, sumazg¢jo, taciau skirtumas isliko
statistiSkai reikSmingas [92]. Kitoje studijoje pastebéta, kad klinikinés iSeitys,
koreguotos pagal amziy HKMP diagnozés nustatymo metu, statistiSkai
reikSmingai nesiskyré, atsizvelgiant | genotipg [91]. Daugianariy kintamyjy
modeliuose tik amzius diagnozés nustatymo metu buvo susijgs su
nepalankiomis iSeitimis. Taigi tyréjai padaré¢ iSvada, kad genotipas néra
kohortoje nustatyti P/TP variantai buvo susij¢ su ankstesniu PV, skilvelinés
tachikardijos, Sirdies nepakankamumo ir bendrosios sudétinés baigties
nustatymu. Vis délto, pakoregavus nepageidaujamy jvykiy rizikos santykij
pagal amziy HKMP diagnozés nustatymo metu, reikSmingy skirtumy tarp
genotipo grupiy neliko.

Siame tyrime KSIT obstrukcija nustatyta re¢iau negu prognozuojama
mokslingje literattiroje (37 proc. atvejy nustatoma KSIT obstrukcija ramybéje,
33 proc. — KSIT obstrukcija provokuojama fizinio kriivio metu) [172]. Siame
tyrime KSIT obstrukcija nustatyta 37,4 proc. HKMP serganciy pacienty, o
hemodinamiskai reikSminga KSIT obstrukcija (kai KSIT maksimalus
gradientas >50 mmHg) — 28,5 proc. Kitose studijose taip pat nustatyti retesni
KSIT obstrukcijos duomenys, pavyzdziui, japony tyrime KSIT obstrukcija
identifikuota 36 proc. HKMP serganciy pacienty [173], vengry studijoje
hemodinamiskai reikSminga KSIT obstrukcija nustatyta 20 proc. tiriamyjy
[174], o suomiy studijoje KSIT obstrukcija registruota tik 6 proc. atvejy [17].
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Vidutiniskai 1,6 proc. tiriamyjy per metus Sirdies nepakankamumo NSA
funkciné klasé progresuoja j III/IV esant neobstrukcinei HKMP [175].
Nustacius HKMP su provokuojama obstrukcija, §is rodiklis padidéja dvigubai
iki 3,2 proc. per metus. Esant HKMP su obstrukcija ramybéje, Sirdies
nepakankamumo progresijos j III/IV rodiklis padidéja iki 7,4 proc. per metus.
Disertacijoje pristatomame tyrime per stebéjimo laikotarpj (mediana 4,2 [1,6—
6,8] m.) 14,5 proc. tiriamyjy nustatyta Sirdies nepakankamumo progresija i$
I/Il. NSA funkcinés klasés j III/IV. Tai siekty apie 3,5 proc. Sirdies
nepakankamumo NSA funkcinés klasés progresijos j III/IV klase per vienerius
metus. Sis rodiklis tarp P/TP+ ir P/TP— grupiy nesiskyre.

Baltymo struktiiros poky¢iy jtaka HKMP fenotipiniams rodikliams iki $iol
yra mazai tyrinéta. Atliktoje mendelines ligas lemianciy geny patogeniskumo
pakartotinio jvertinimo studijoje MYBPC3 geno baltymg trumpinantys
variantai buvo labiausiai susij¢ su HKMP [176]. MYH7 baltymo
netrumpinanciy varianty sgsaja su HKMP buvo mazesné negu MYBPC3
baltyma trumpinanciy varianty, taciau didesné negu MYBPC3 baltymo
netrumpinan¢iy varianty. Ispany atliktame tyrime vertinti tik baltyma
trumpinantys P/TP variantai MYBPC3 gene. Nustatyta, kad per 7,8 m.
steb¢jimo laikotarpj tiriamyjy prognozé buvo gera, nepageidaujami jvykiai
reti (1,51/100 pacienty/metus), komplikacijos taip pat retos [177]. Siame
tyrime pastebéta, kad tiriamieji, kuriems nustatyti baltyma trumpinantys
variantai, iSsiskyré ankstyvesne HKMP simptomy pradzia ir amZziumi
diagnozés nustatymo metu, didesne 5 m. HKMP SSM rizika pirminio i$tyrimo
ir stebéjimo metu, daznesne Seimine HKMP ir SSM anamneze, didesniu
maksimaliu KS sienelés storiu ir daznesnémis indikacijomis implantuoti IKD.

DazZniausiai HKMP nustatomi P/TP variantai yra MYPBC3 ir MYH7
genuose [28, 29]. MYH7 geno P/TP variantai siejami su daznesniu PV negu
kiti sarkomeriniai variantai, net ir atsizvelgiant j amziy, lytj, probando statusa,
kairiojo priesirdzio dydj, maksimaly KS sienelés storj ir KSIT gradientg [99,
178]. Disertacijoje pristatomo tyrimo pradzioje MYH7 geno grup¢je dazniau
nustatytas PV negu MYBPC3 geno grupéje, taciau viso stebéjimo laikotarpiu
naujai identifikuoty PV epizody daZnis tarp grupiy nesiskyre. Taip pat
tyrimuose pastebéta, kad pacientai, kuriems nustatyti MYH7 geno P/TP
variantai karStuose taskuose, sietinuose su HKMP, tur¢jo didesng PV rizika
[99]. Kitose studijose pastebéta, kad turintiems MYH7 P/TP varianta HKMP
nustatoma anks¢iau, jiems dazniau iSsivysto KS sistolinés funkcijos
sutrikimas nei asmenims, kuriems nustatyti MYBPC3 P/TP variantai [150,
161]. Siame tyrime amzius HKMP diagnozés nustatymo metu tarp MYBPC3
ir MYH?7 grupiy beveik nesiskyre. Kitose studijose skirtumy tarp MYBPC3 ir
MYH7 P/TP varianty klinikiniy poZymiy nepastebéta [151]. Tarptautinio
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SILICOFCM projekto studijoje, tarpusavyje lyginant MYBPC3 ir MYH7 P/TP
variantus, nerasta skirtumy tarp amziaus, lyties ir KS sieneliy storio, kaip ir
Siame tyrime [178]. Austry studijoje nurodoma, kad KS miokardo iSilginé
deformacija tarp MYBPC3 ir MYH7 geny varianty, lemianc¢iy HKMP,
nesiskyre [98]. Keliy centry atliktame tarptautiniame tyrime taip pat nebuvo
pastebéta SMRT skirtumy tarp tiriamyjy, kuriems nustatyti MYBPC3 ir MYH7
geny variantai [97]. Disertacijoje pristatomame tyrime VKMK SMRT tarp
grupiy buvo panasus, tac¢iau MYH7 P/TP varianty grupéje VKMK statistiskai
patikimai dazniau nustatytas pertvarinéje sienel¢je.

Manoma, kad to paties baltymo variantai skirtinguose domenuose gali
lemti skirtingus fenotipinius pozymius [29]. Sarkomerinés zmogaus
kardiomiopatijos registre tirti MYBPC3 baltymg trumpinanciy (91 %) ir
baltyma netrumpinanciy varianty fenotipai, kurie tarpusavyje nesiskyré [77].
Suskirs¢ius baltymg trumpinancius variantus pagal geno lokuso kvartilius, jy
fenotipai tarpusavyje taip pat nesiskyré. Nors minétoje studijoje MYBPC3
baltyma trumpinan¢iy ir netrumpinanciy varianty fenotipai neturéjo
reikSmingy skirtumy, taciau pirmoji Ib fazés geny inzinerijos studija kaip tik
vykdoma simptominiams suaugusiems asmenims, sergantiems HKMP,
kuriems ligg sukélé MYBPC3 baltyma trumpinantys variantai [29]. Tyrimo
metu tiriamas rekombinantinio su adeno-susijusio viruso serotipo 9, turincio
MYBPC3 transgeng (TN-201), saugumas, tolerancija ir farmakodinamika.
Disertacijoje pristatomame tyrime pastebéta keletas skirtumy tarp dazniausiai
nustatyty geny varianty ir domeny grupiy. Patogeninis MYBPC3 variantas
¢.3697C>T buvo susijes su didesne 5 m. HKMP SSM rizika, re¢iau nustatomu
VKMK KS ir DS jungtyje SMRT ir §iek tick maZesniu BNP palyginti su kitais
MYBPC3 P/TP variantais. MYBPC3 P/TP variantams fibronektino III tipo
domenuose buvo biidingesnée storesné KS sienelé TTE metu, palyginti su P/TP
variantais ] Ig panaSiuose C2 tipo domenuose. Pastebéta, kad baltymag
trumpinantys MYBPC3 variantai yra tolygiai pasiskirst¢ gene, o missense
variantai — labiau susitelke¢ C3, C6 ir C10 domenuose [77]. Siame tyrime
missense variantai buvo dazniau nustatyti C3 ir C10 domenuose, o baltyma
trumpinantys variantai buvo susitelke C3, C9 ir C10 domenuose (18 pav.).

MYH?7 P/TP variantai buvo tolygiau pasiskirste baltymo struktiiroje negu
MYBPC3 P/TP variantai ir vyravo missense mutacijy tipas. Pastebéta, kad
MYH?7 motoriniame galvutés domene yra proporcingai daugiau P/TP varianty
negu uodegos srityje [79, 102, 103]. Motoriniame galvutés domene esantys
P/TP variantai sietini ir su sunkesne ligos forma [101-103]. Kai kurie MYH7
geno variantai, tokie kaip p.Arg403Gln, p.Arg453Cys, p.Gly716Arg,
p.Arg719Trp, sietini su didesne SSM rizika [179]. Sie variantai yra i$sidéste
motoriniame galvutés domene. Kaip didesnés rizikos regionas taip pat
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i§skiriamas konverterio segmentas, kuriame esantys P/TP MYH7 variantai
susije su blogesne prognoze [101]. MYH7 variantas p.Argl712Gln, siejamas
su vélesne HKMP pradzia, yra distalinéje uodegos srityje [180]. Siame tyrime
p-Arg453Cys variantas nustatytas vienos Seimos nariams (probandei ir jos
broliui). Jiems HKMP nustatyta sulaukus 32-34 m., abiem dél didelés SSM
rizikos implantuotas IKD. Kai probandei buvo 37 m. atlikta Sirdies
transplantacija. Kity didesnés SSM rizikos MYH?7 geno varianty §iame tyrime
nenustatyta. Taip pat vienam probandui nustatytas p.Argl712GlIn variantas.
Vyrui HKMP diagnozuota sulaukus 48 m., reikSmingy nepageidaujamy
jvykiy neregistruota. D¢l MYH7 P/TP varianty pasiskirstymo baltymo
struktiiroje, analizuoti ne atskiri geno variantai, o variantai, esantys
pagrindinése baltymo srityse (S1 subfragmente ir uodegos srityje). Tik S1
subfragmento grupéje nustatyta teigiama Seiminé HKMP anamnez¢ ir didesné
troponino I koncentracija. Taip pat Sioje grupéje nustatytas jaunesnis amzius
HKMP diagnozés nustatymo metu, didesné 5 m. HKMP SSM rizika, dazniau
nustatytas PV ir skilveliné tachikardija. Vis délto Sie rodikliai statistiskai
reikSmingai tarp grupiy nesiskyre, tikétina dél per maZzos tiriamyjy imties.

5.4. TTR tikétina patogeninis ¢.302C>T variantas

Anksciau aprasyti tik keli asmenys, kuriems nustatytas 77R ¢.302C>T
variantas. Sis variantas daniausiai nustatytas lenky ir rusy tautybés
pacientams ir siejamas su Sirdies ATTRv [131, 132, 181, 182]. TTR ¢.302C>T
variantas pirmg kartg apraSytas 2007 m. kaip p.Ala81Val aminoriigsties
pokytis. Tuo metu variantas buvo siejamas su Sirdies pazeidimais ir nustatytas
Jungtinéje Karalystéje [183]. Kitoje studijoje 77TR ¢.302C>T (p.Alal01Val)
variantas nustatytas trims lenky ir rusy tautybés asmenims, turintiems Sirdies
amiloidozés fenotipa [131, 182]. Disertacijoje pristatomame tyrime asmuo,
kuriam nustatytas homozigotinis 77R ¢.302C>T variantas, taip pat buvo lenky
kilmés. Lenkijoje atliktame tyrime dalyvavo 10 pacienty, kuriems nustatyta
Sirdies ATTRv, tik vienam i$ jy nustatytas ¢.302C>T variantas [181]. Tai buvo
67 m. vyras, kuriam nustatyta Zenkli KS ir DS hipertrofija (maksimalus KS
pertvarinés sienelés storis — 2,7 cm), sumazéjusi KS sistoliné funkcija (KS IF
35 %). ir progresuojantis §irdies nepakankamumas (II/II NSA funkciné
klas¢). Pacientui taip pat nustatytas PV, abipusis rieSo kanalo tunelinis
sindromas, ortostatiné hipotenzija ir lengva polineuropatija. Sirdies ATTRv
patvirtinta atlikus masiy spektrometrija, nes hematologinio iStyrimo metu
nustatyta neaiSkios reik§més monokloniné gamapatija, o audiniy biopsijoje
rasta mazy amiloido sankaupy. Vyras miré¢ po 4 mety, sulaukes 71 m., nuo
insulto [181]. Mokslinéje literatliroje aprasytas tik vienas kiny kilmés vyras,
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kuriam nustatytas T77R ¢.302C>T variantas [132]. Pacientui, sulaukus 58 m.,
nustatytas abipusis rieSo kanalo tunelinis sindromas. Pra¢jus 7 m., pasireiske
juosmens spondilozé. Liga spar€iai progresavo. Po vieneriy mety nustatyta
kardiomiopatija ir ortostatiné¢ hipotenzija, masiy spektrometrija n. suralis
biopsijoje rastos transtiretino amiloido sankaupos. Pacientas miré budamas 67
m. nuo pneumonijos. Jo motina sirgo neuropatija [132]. Disertacijoje
pristatomame tyrime probandui, kuriam nustatytas homozigotinis 77R
¢.302C>T variantas, labiausiai buvo iSreikSta polineuropatija su tetrapareze.
Praéjus 4 m., diagnozuotas Sirdies pazeidimas. Kitiems pacientams, turintiems
heterozigotinj  ¢.302C>T  varianta, labiau pasireiSk¢  amiloidiné
kardiomiopatija.

Homozigotiniai 77R geno variantai yra reti. Kiek Zinioma, homozigotinis
TTR c.302C>T variantas mokslingje literatiroje anksciau nebuvo aprasytas.
Vis délto yra apraSyti kiti homozigotiniai 77R geno variantai [184—189].
Asmeny, kuriems nustatytas homozigotinis Vall22lle variantas, vidutinis
amzius, Sirdies ATTRv diagnozés metu buvo 10 mety mazesnis, palyginti su
asmenims, kuriems patvirtintas heterozigotinis variantas (64+6 m. vs. 7248
m.) [186]. Siame tyrime pacientui, kuriam nustatytas homozigotinis variantas,
ligos simptomai pasireiské anksc¢iau (nuo 44 m.) ir vidutiniSkai 6 m. anksc¢iau
negu 3 Seimos probandui, kuriam identifikuotas heterozigotinis variantas.
Asmenims, kuriems nustatytas homozigotinis variantas, biidingesnis didesnis
pakitusio transtiretino kiekis serume, palyginti su pacientais, kuriems
patvirtintas heterozigotinis variantas. Viename tyrime dviejy asmeny, kuriems
nustatytas homozigotinis 77R variantas ir kurie sirgo ATTRv polineuropatija,
transtiretino lygis buvo dvigubai didesnis negu asmeny, kuriems nustatytas
heterozigotinis Val30Met variantas [190]. Gyviny modelyje peléms,
turin¢ioms homozigotinj zmogaus 77R Val30Met variantg, kepenyse
nustatytas dvigubai didesnis zmogaus 77R mRNR ir baltymo kiekis negu
peléms, turinCioms heterozigotinj variantg [191]. Taigi pacientai, kuriems
nustatytas homozigotinis 77R variantas, gali sirgti sunkesne ligos forma.
Jiems simptomai pasireiSkia ank$c¢iau nei asmenims, kuriems indentifikuotas
heterozigotinis variantas [192].

Probandui, kuriam nustatytas homozigotinis 77R ¢.302C>T variantas,
kauly scintigrafijos tyrimas buvo neigiamas, nors endomiokardo biopsijoje
aptikta amiloido sankaupy. Dél nespecifinés reakcijos | transtireting,
imunohistochemiSkai amiloido tipas negal¢jo buti patvirtintas. Tuo metu
misy centre nebuvo galimybés atlikti masiy spektrometrijag. Nenustacius
monokloniniy baltymy kraujo serume ir Slapime, kauly scintigrafijos
specifiSkumas ir teigiama prognostiné verté artima 100 proc. [193]. Vis délto
yra keletas situacijy, galin€iy nulemti neigiama radionuklido kaupimag
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miokarde: labai ankstyva ligos stadija, Sonkauliy [0Ziai, neseniai diagnozuotas
miokardo infarktas, per anksti ar per vélai atliktas skenavimas ir tam tikri 77R
geno variantai, dazniausiai susij¢ su ATTRv polineuropatija [65]. Klaidingai
neigiama kauly scintigrafija gali biiti nustatoma asmenims, turintiems B tipo
amiloido fibriliy, kurios randamos ankstyvose stadijose pacientams,
turintiems p.Val30Met ir p.Tyrl14Cys variantus [194]. B tipo fibrilés
susideda i§ viso ilgio transtiretino, o A tipo fibrilés — i§ viso ilgio transtiretino
ir C-terminaliniy fragmenty miSinio [195]. Asmenys, kuriems nustatomos B
tipo amiloido fibrilés, dazniausiai suserga anksciau, jy Sirdies pazeidimai yra
mazesni negu pacienty, kuriems nustatomos A tipo amiloido fibrilés [196].
Asmenims, turintiems 77R p.Phe64Leu varianta, kauly scintigrafijos
jautrumas, atliekant tyrimg su *™Tc difosfonatu ar *Tc hidroksilmetileno
difosfonatu, buvo labai zemas (10,5 %) nustatant Sirdies ATTRv [197]. Mazas
tyrimo jautrumas pastebétas ir 77R p.Ser9Tyr varianty atveju [65]. Jei
amiloido tipas i$lieka neaiskus, diagnozei patvirtinti rekomenduojama atlikti
masiy spektrometrijg [65,198].

5.5. DNMT3A tikétina patogeninis variantas ¢.2324C>A

Be pagreitéjusio augimo, intelekto sutrikimo ir kity zinomy TBRS
pozymiy, probandas ir jo Seimos nariai, kuriems nustatytas sindromas,
iSsamiai iStirti dél kardiovaskulinés sistemos sutrikimy, kurie mokslingje
literatiroje apraSomi reciau.

Daugumai TBRS diagnozé nustatoma vaikystéje, taciau $iuo metu jau
aprasyta ir apie 20 suaugusiy asmeny atvejy [41, 49, 52, 53]. Dazniausios
vaikams biidingos kardiovaskulinés sistemos patologijos: igimtos Sirdies ydos
ir anomalijos (prieSirdziy pertvaros defektas, atvira ovaliné anga, skilveliy
pertvaros defektas ir atviras arterinis latakas) bei Sirdies voztuvy patologija
(MV prolapsas, MV ir triburio voztuvo nesandarumai) [41, 48, 50, 51, 54,
199]. Kardiomiopatija ir aortos Saknies dilatacija nustatoma reciau ir dazniau
suaugusiems pacientams [41, 49, 52, 53]. Aprasyti tik keli Sirdies ritmo ir
laidumo sutrikimy atvejai, jskaitant bradikardija, pasireiskusig naujagimiui,
atrioventrikuling tachikardijg suaugusiajam ir pacienta, kuriam pasireiske
presinkopés dél ortostatinés tachikardijos sindromo [41, 48]. Triiksta
klinikiniy duomeny apie disertacijoje aptariamos $eimos narius paauglystés
laikotarpiu, nes Seima pirma kartg iSsamiai iStirta tik suaugusiyjy amziuje.

Visiems trims disertacijoje aprasytiems Seimos nariams nustatytas jvairaus
sunkumo MV nesandarumas. Atrioventrikuliniy voztuvy patologija apraSyta
pacientams, sergantiems TBRS, vaikystéje ir ankstyvoje jaunystéje [41, 48,
54]. Tatton-Brown ir kt. apra$¢ keturis MV nesandarumo atvejus: du — 21 m.
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suaugusiems, po vieng — 9 m. vaikui ir 16 m. paaugliui [41]. TrecCiajam
pacientui tai pat nustatyta aortos Saknies dilatacija. Mitralinio voZztuvo
prolapas nustatytas 34 m. afroamerikietei, sirgusiai TBRS ir hipofizés
adenoma, ir 14 m. pacientui, kurio bukl¢ isliko stabili pakartotiniy TTE tyrimy
metu (tirta 16 ir 18 m.) [49, 54]. Kiek Zinioma, iki Siol néra aprasyto né vieno
TBRS atvejo, kai buvo nustatytas MV uzpakalinés burés skilimas. Tai reta
jgimta MV nesandarumo priezastis, dazniausiai susijusi su prieSirdziy
pertvaros defektu, MV prolapsu, netinkama papiliarinio raumens rotacija ir
Marfano sindromu [200, 201].

Kardiomiopatija anksc¢iau buvo diagnozuota tik dviem asmenims: 41 m. ir
34 m. vyrams, sergantiems TBRS [49, 53]. Pirmojo asmens atveju KMP
nebuvo i$samiai aprasyta [53]. Antrajam pacientui SMRT nustatyta DKMP:
zenkli KS dilatacija (KSdd — 7,0 cm) ir sumazéjusi KS sistoliné funkcija iki
34 proc. [49]. Aprasytoje Seimoje probandui nustatyta Zenkliausia KS
dilatacija (KSdd — 6,9 cm) ir KS nekompaktiSkumo pozymiai. Jo motinai
identifikuota Siek tiek mazesné KS dilatacija (KSdd TTE — 6,7 c¢m, SMRT -
6,5 cm). Visiems $eimos nariams nustatyta iSsaugota KS sistoliné funkcija.

Aortos Saknies dilatacija yra kita reta pacienty, serganciy TBRS,
kardiovaskuliné patologija. Mokslinéje literatliroje apraSyti tik trys Sios
patologijos atvejai. Pirmasis paminétas 16 m. pacientui, kuriam taip pat
nustatytas ir MV nesandarumas [41]. Kiti du atvejai susij¢ su suaugusiais
pacientais [49, 52]. Pirmasis — 30 m. vyras, kuriam nustatyta 5,7 cm aortos
Saknies dilatacija, aukStas Gigis. Pacientas nukreiptas genetiniam iStyrimui del
jtariamo Marfano sindromo. Viso egzomo sekoskaita patvirtintas de novo
nonsense DNMT3A variantas c.1681G>T (NM_022552.4). Genetinis tyrimas
dél Marfano sindromo buvo neigiamas. Sio paciento tévui taip pat nustatyta
aortos Saknies dilatacija. Kadangi tuo metu nebuvo duomeny apie pacienty,
sergan¢iy TBRS, kardiovaskulines anomalijas tyréjai padaré¢ iSvada, kad
aortos Saknies dilatacija galéty biiti susijusi su nustatytu DNMT3A4 variantu
[52]. Antrasis pacientas — 34 m. vyras, sergantis TBRS, kuriam nustatyta 4,4
cm aortos Saknies dilatacija (Z jvertis — 2,39-3,17). Siam pacientui taip pat
nustatyta DKMP su sumazinta KS sistoline funkcija iki 34 proc. Vyrui
nustatytas de novo DNMT3A variantas ¢.1904G>A (NM_175629.2) [49].
Disertacijoje apraSytam probandui kylancios aortos dilatacija buvo labiau
iSreikSta negu aortos Saknies, kuri ilgainiui progresavo. Paciento broliui
nustatyta tik aortos Saknies dilatacija. Tai jrodo, kad suaugusiems pacientams,
sergantiems TBRS, reikia skirti daugiau démesio ne tik jgimtoms Sirdies
ydoms ir voztuvy patologijai, bet ir aortos diametry matavimui ir jy stebésenai
dinamikoje.

Siuo metu mazai duomeny, ar TBRS turi jtakos gyvenimo trukmei.
Anksc¢iau nebuvo aprasyta staigiy mir¢iy nuo TBRS. Disertacijoje aprasytam
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probandui patologinis iStyrimas nebuvo atliktas, todél tikslios mirties
priezasties nebuvo galima nustatyti, taciau kardiovaskuliné priezastis negali
biti atmesta.

Tatton-Brown-Rahman sindromg dazniausiai lemia de novo patogeniniai
DNMT3A variantai [41]. Aprasyti tik reti Seiminiai TBRS atvejai: du asmenys
paveldé¢je variantus i$ sveiko tévo, turin€io genetinj mozaikiskuma (DNMT3A4
c.2312G>A (p.Arg771Gln) ir c.2645G>A (p.Arg882His) missense variantai)
ir viena Seima, kurioje Seiminio varianto paveld¢jimas — autosominis
dominantinis [48, 53, 202]. Sioje $eimoje stinus ir dukra paveldéjo DNMT34
c.2323-2A>T splaisingo variantg i§ sergancio tévo. TBRS pozymiy
pasireiskimas Seimoje buvo jvairus, o probando (siinaus) fenotipas labiau
iSreikStas negu kity dviejy Seimos nariy, serganCiy TBRS. Panasus ir
disertacijoje apraSytos Seimos atvejis — probandui nustatytas labiausiai
iSreik§tas TBRS fenotipas. Paveldimy TBRS atvejy, kuriems budinga
kardiovaskuliné patologija, ank§¢iau nebuvo aprasyta. Disertacijoje minimoje
Seimoje mozaikiSkumas nebuvo nustatytas. TBRS pasizymi jvairiu fenotipo
pasireiskimu net ir tarp tos pacios Seimos serganciy nariy.

5.6. Tyrimo trikumai

Tyrimas turé¢jo keletg trikumy. Pirma, tyrimo, vykdyto viename centre,
dizainas apribojo galimybe jtraukti didesn¢ pacienty imtj. D¢l maZzos kity
KMP fenotipy, iSskyrus HKMP, imties nebuvo galima atlikti detalesnés
statistinés analizés, todél atlikta tik apraSomoji analizé. Tyrimo kohortg sudarée
pacientai, kurie lankési universitetinéje ligoninéje, todél galimas pacienty
atrankos (siuntimo gydytis) Saliskumas. Retrospektyviai renkami duomenys
gal¢jo lemti kai kuriy duomeny trikuma, nevienodg stebéjimo trukme ir
skirtingus tyrimy atlikimo intervalus. Sirdies magnetinio rezonanso
tomografija atlikta tik ribotam skai¢iui HKMP pacienty (86 %). Kitiems
tiriamiesiems tyrimas neatliktas dél kontraindikacijy: gelezies pagrindo
metaliniy implanty, implantuoty Sirdies elektroniniy prietaisy ir
klaustrofobijos. MirStamumo dél visy priezas¢iy, buvusio gaivinimo ir
tinkamos IKD iskrovos jvykiy skaiCius dél palyginti trumpo stebéjimo
laikotarpio (mediana — 4,2 m.) ir mazo vertinamyjy baig¢iy skaiciaus buvo per
mazas, siekiant jvertinti atskiras vertinamasias baigtis pagal Kaplan-Meier
analize. Sie jvykiai buvo jtraukti j bendraja sudéting baigtj. Nors buvo stebétos
tam tikros MYH7 P/TP varianty, esanciy pagrindinése baltymo srityse (S1
subfragmente ir uodegos srityje), amziaus simptomy ir HKMP diagnozés
nustatymo metu, HKMP SSM rizikos ir aritmijy skirtumy tendencijos, ta¢iau
deél per mazos tiriamyjy imties statistinis patikimumas buvo nepakankamas.
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6. ISVADOS

1. Fenotipinés ir epidemiologinés analizés duomenimis, tiriamyjy

imtyje daZniausiai nustatytas hipertrofinés kardiomiopatijos

fenotipas, kuris pasireiské vyresniame amziuje ir dazniau vyrams,
palyginti su kitais KMP fenotipais.

2. Kardiomiopatijoms buidingas genetinis heterogeniskumas:

Siame tyrime daZniausi patogeniniai/tikétina patogeniniai
variantai, susij¢ su KMP, nustatyti MYBPC3, MYH7, MYL3,
TTR, TTN ir GLA genuose.

MYH7 geno patogeniniai/tikétina patogeniniai variantai
dazniau susij¢ su HKMP fenotipu, taciau gali nulemti ir
DKMP pasireiskimg.

Keli patogeniniai/tikétina patogeniniai variantai, galintys
lemti keliy skirtingy KMP arba KMP ir kartu kanalopatijos
fenotipinius pozymius, nustatyti 3 proc. tiriamyjy, serganciy
HKMP.

DKMP fenotipg dazniausiai nulémé patogeniniai/tikétina
patogeniniai variantai 77N gene.

Tiriamojoje imtyje nustatyti 24 nauji, mokslingje literattiroje
neapra$yti variantai, susij¢ su KMP fenotipiniu pasireiskimu,
sudarantys 29,6 proc. visy nustatyty patogeniniy/tikétina
patogeniniy varianty.

genotipu:

Pacientams,  kuriems  nustatyti = patogeniniai/tikétina
patogeniniai variantai genuose, susijusiuose su HKMP,
anksciau pasireiskia HKMP fenotipas, pasizymintis rySkesne
KS hipertrofija ir didesne penkeriy mety HKMP SSM rizika.
Teigiamas HKMP genotipas susijgs su nepageidaujamais
jvykiais jaunesniame amziuje.

Baltymg trumpinantys geny variantai, siejami su HKMP,
susije su sunkesniu HKMP fenotipu.

MYH?7 geno patogeniniai/tikétina patogeniniai variantai susij¢
su daznesniu prieSirdziy virpéjimu tyrimo pradzioje ir labiau
iSreik§ta miokardo fibroze KS pertvaringje sieneléje,
palyginti su MYBPC3 geno patogeniniais/tikétina
patogeniniais variantais.
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Stebéti MYBPC3 geno atskiry varianty ir jy grupiy bei MYH7
geno varianty grupiy HKMP fenotipo skirtumai pagal jy
lokalizacija baltymy struktiiroje, taciau patvirtinimui
reikalingi didesnés imties tyrimai.

4. Molekulinis ir funkcinis naujy, iki $iol neaprasyty genetiniy varianty

charakterizavimas leidzia tiksliau suprasti ligos mechanizmus ir
pagerinti pacienty ankstyvg diagnostika, prognozg, skirti savalaikj

gydyma, ir nukreipti I eilés giminaicius genetiniam iStyrimui:

Retas TTR ¢.302C>T variantas yra susijes su Sirdies ATTRv.
Homozigotinis §io geno variantas nebuvo anksciau aprasytas
mokslinéje literatiiroje ir gali biiti susijes su ankstyvesne ligos
pradzia ir neurologiniu pazeidimu palyginti su heterozigotine
bikle.

Analizuojant baltymo struktiira, nustatyta, kad anksciau
neapraSytas DNMT3A4 variantas c.2324C>A, turi poveikj
baltymo struktiirai ir funkcijai. Sio varianto specifiniy
klinikiniy poZymiy iSraiSka yra jvairi, o nustatyta aortos
dilatacija, kardiomiopatija ir Sirdies voztuvy patologija gali
biiti pagrindinés Sio sindromo komplikacijos.
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7. PRAKTINES REKOMENDACIJOS

Pacientams, kuriems yra nustatytas KMP fenotipas,
rekomenduojama gydytojo genetiko konsultacija ir genetinis
iStyrimas.

Nenustacius KMP genetinés priezasties ar nustacius neaiskios
reik§més variantg, rekomenduojama reguliariai kas kelerius metus
atlikti pakartoting NKS duomeny analize ir ieskoti platesniy
multiominiy ir funkciniy tyrimy atlikimo galimybiy.

Vertinant pacienty, kuriems nustatytas vyraujantis KMP fenotipas,
NKS duomenis, rekomenduojama analizuoti ir geny variantus,
susijusius su kitomis paveldimomis Sirdies ir kraujagysliy ligomis.
Nustacius patogeninj/tikétina patogeninj varianta gene, siejamame
su KMP, rekomenduojamas kaskadinis genetinis iStyrimas Seimoje,
o giminaiciai, kuriems nustatytas Seiminis patogeninis/tikétina
patogeninis variantas, turéty buti reguliariai stebimi dé¢l KMP
fenotipo pasireiskimo.

Skiriant gydymg ir prognozuojant ligos eiga, rekomenduojama
atsizvelgti j zinomus HKMP genotipo—fenotipo koreliacijos
duomenis, ypaC susijusius su nustatytais patogeniniais/tikétina
patogeniniais ir baltymg trumpinanciais variantais.

Nustacius homozigotinj 77R geno patogeninj/tikétina patogeninj
variantg, rekomenduojama reguliari paciento stebésena, ankstyvas
ligai specifinis gydymas ir neurologinis iStyrimas.

Pacientai, kuriems nustatyti DNMT3A patogeniniai variantai ir
TBRS, turéty biti atidziai stebimi dél aortos dilatacijos ir voztuvy
patologijos, nes Sios biiklés gali greitai progresuoti.
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2 priedas. Autorés indélis tyrimo etapuose

Biomedicininiy tyrimy etikos komiteto leidimas

Pacienty atrankos kriterijy sudarymas

Tyrimo duomeny kaupimo formy ,,MIDAS biomedicina" sukfirimas

Tiriamyjy klinikinis kardiologinis kardiomiopatijy fenotipo istyrimas

Tiriamyjy genetiniy ir fenotipiniy duomeny suvedimas j duomeny kaupimo formas
Trikstamy echokardiografiniy ir SMRT duomeny surinkimas

Peranotuoty genetiniy duomeny analiz¢ ir varianty perklasifikavimas

Statistiné analizé

0% 50% 100%

Autorés indeélio dalis pazyméta pilka spalva.
SMRT - §irdies magnetinio rezonanso tomografija.
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3 priedas. Tyrimo metu nustatyti patogeniniai/tikétina patogeniniai variantai

. Pacienty,
Baltyma koduojanti Variantas, kuriems
Genas Klasifikacija | RNR referentiné Nukleot.ldo Balt.yn.lo Amino rugstles Mu_tacgos neapra.s y-t .as nustatytas Pac1§ntq
pokytis referentiné seka pokytis tipas mokslinéje . fenotipas
seka . o variantas,
literattiroje e
skaiCius
Rémelio .

ALPK3 TP NM_020778.5 c.2956del NP_065829.4 | p.Ala986GInfsTer12 poslinkio Taip 1 Pro HKMP
ANK2 TP NM_001148.4 c.2683C>T NP _001139.3 p-Arg895Ter Nonsense Taip 1 Pro HKMP
CDH2 P NM _001792.5 c.1219G>A NP _001783.2 p-Asp407Asn Missense Ne 1 Pro HKMP
CSRP3 P NM_003476.4 c.120C>A NP_003467.1 p.Cys40Ter Nonsense Taip 1 Pro HKMP

DNMT3A4 TP NM_022552.4 c.2324C>A NP_072046.2 p-Ser775Tyr Missense Taip 1Pro,2G | TBRS

AD

DSC2 TP NM_024422.6 c.577_624del NP _077740.1 | p.Gly193 Ser208del Indel Ne 1 Pro KMISJ

. NDKS

DSP TP NM _004415.4 c.2001G>A NP_004406.2 p-Trp667Ter Nonsense Taip 1 Pro KMP
GLA TP NM_000169.3 c.270C>G NP_000160.1 p.Cys90Trp Missense Ne 1Pro,1G Fabry
GLA P NM_000169.3 c.703T>G NP_000160.1 p-Ser235Ala Missense Taip 1 Pro Fabry

¢.796_801+3de .
- ?

GLA TP NM_000169.3 linSTATA NP_000160.1 p.? Indel Taip 1 Pro Fabry
GLA P NM_000169.3 c.1024C>T NP_000160.1 p-Arg342Ter Nonsense Ne 1 Pro Fabry
KCNQI P NM_000218.3 c477+1G>A NP_000209.2 p.? Splaisingo Ne 1Pro,1G | HKMP
MYBPC3 P NM_000256.3 c.772G>A NP_000247.2 p-Glu258Lys Missense Ne 1 Pro HKMP
MYBPC3 TP NM_000256.3 c.1343T>C NP_000247.2 p-Phe448Ser Missense Ne 1 Pro HKMP
MYBPC3 P NM_000256.3 c.1457G>A NP_000247.2 p-Trp486Ter Nonsense Ne 1 Pro HKMP
MYBPC3 P NM_000256.3 c.1483C>T NP_000247.2 p-Arg495Trp Missense Ne 3Pro,1G | HKMP
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. Pacienty,
Baltyma koduojanti Variantas, kuriems
Genas Klasifikacija | RNR referentiné Nukleot.ldo Balt.yn.lo Amino rug;tles Mu_tacgos neapra.s y-t ?s nustatytas Pac1§ntq
pokytis referentiné seka pokytis tipas mokslinéje . fenotipas
seka . o variantas,
literattiroje e
skaiCius
MYBPC3 P NM_000256.3 c.1484G>A NP_000247.2 p-Arg495Gin Missense Ne 1Pro,1G | HKMP
MYBPC3 P NM_000256.3 c.1505G>A NP_000247.2 p-Arg502Gin Missense Ne 7Pro,4G | HKMP
MYBPC3 TP NM_000256.3 | c.1543 1545del| NP_000247.2 p.Asn515del Indel Ne 1 Pro HKMP
MYBPC3 P NM_000256.3 c.1996A>T NP_000247.2 p-Lys666Ter Nonsense Taip 2 Pro HKMP
Rémelio .
MYBPC3 P NM_000256.3 | c.2603 2612del| NP_000247.2 | p.Gly868AlafsTer8 poslinkio Taip 1 Pro HKMP
P NM_000256.3 2610del | NP 0002472 | p.Ser871AlafsTerg | “ometio N 1P HKMP
MYBPC3 o . c. e A . p.Ser afsTer poslinkio e ro
MYBPC3 P NM_000256.3 ¢.3190+5G>A | NP_000247.2 p.? Splaisingo Ne 2 Pro HKMP
¢.3407_3409del
MYBPC3 TP NM_000256.3 ACT NP_000247.2 p.Tyrl136del Indel Ne 1 Pro HKMP
p.Prol157AlafsTer | Rémelio
MYBPC3 P NM_000256.3 ¢.3467dup NP_000247.2 2 poslinkio Ne 6Pro, 1 G | HKMP
¢.3530_3531ins p.Phell77LeufsTer | Rémelio .
MYBPC3 P NM_000256.3 G NP_000247.2 31 poslinkio Taip 1Pro,2G | HKMP
MYBPC3 P NM_000256.3 c.3642G>A NP_000247.2 p-Trp1214Ter Nonsense Ne 1 Pro HKMP
Rémelio
MYBPC3 TP NM_000256.3 c3683 3684dup | NP_000247.2 | p.Met1229AlafsTer9 poslinkio Ne 1Pro,1 G | HKMP
MYBPC3 P NM_000256.3 ¢.3697C>T NP_000247.2 p-GIn1233Ter Nonsense Ne 12 Pro, 5G| HKMP
MYBPC3 TP NM_000256.3 c.3763G>A NP_000247.2 p-Alal255Thr Missense Ne 9 Pro HKMP
MYBPC3 P NM_000256.3 c.3773T>G NP_000247.2 p.Leul258Ter Nonsense Ne 1 Pro HKMP
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. Pacienty,
Baltymg koduojanti . . .. Varlarjtas, kuriems .
Genas Klasifikacija | RNR referentiné Nukleot.ldo Balt.yn.lo Amino rugstles Mu_tacgos neapra.s y-t ?s nustatytas Pac1§ntq
seka pokytis referentiné seka pokytis tipas nllokslineJ.e - fenotipas
literattiroje e
skaiCius

MYBPC3 P NM_000256.3 c.3815-1G>A NP_000247.2 p.? Splaisingo Ne 2 Pro HKMP
MYHG6 TP NM_002471.4 c.1662C>A NP_002462.2 p.Tyr554Ter Nonsense Taip 1 Pro HKMP
MYH7 P NM_000257.4 c.746G>A NP_000248.2 p-Arg249Gin Missense Ne 1Pro,1G | HKMP
MYH7 TP NM_000257.4 c.936C>A NP_000248.2 p-Phe312Leu Missense Taip 1 Pro HKMP
MYH7 TP NM_000257.4 c.947G>A NP_000248.2 p-Gly316Glu Missense Taip 1 Pro HKMP
MYH7 TP NM_000257.4 c.958G>A NP_000248.2 p-Val320Met Missense Ne 2 Pro HKMP
MYH7 TP NM_000257.4 c.1231G>A NP_000248.2 p.Val41llle Missense Ne 1 Pro HKMP
MYH7 TP NM_000257.4 c.1314G>C NP_000248.2 p-Trp438Cys Missense Ne 1 Pro HKMP
MYH7 P NM_000257.4 c.1357C>T NP_000248.2 p.Arg453Cys Missense Ne 1Pro,1G | HKMP
MYH7 TP NM_000257.4 c.1385T>C NP_000248.2 p.1le462Thr Missense Taip 1 Pro HKMP
MYH7 TP NM_000257.4 c.1408-1G>A NP_000248.2 p.? Splaisingo Taip 1Pro,1G | DKMP
MYH7 TP NM_000257.4 c.1711G>A NP_000248.2 p.Gly571Arg Missense Ne 1 Pro HKMP
MYH7 P NM_000257.4 c.1988G>A NP_000248.2 p-Arg663His Missense Ne 2Pro,2G | HKMP
MYH7 P NM_000257.4 c.2011C>T NP_000248.2 p.Arg671Cys Missense Ne 1 Pro HKMP
MYH7 TP NM_000257.4 c.2129C>T NP_000248.2 p.Pro710Leu Missense Ne 1Pro,1G | HKMP
MYH7 TP NM_000257.4 c.2185G>C NP_000248.2 p-Ala729Pro Missense Ne 1 Pro HKMP
MYH7 P NM_000257.4 ¢.2207T>C NP_000248.2 p.1le736Thr Missense Ne 1Pro,1G | HKMP
MYH7 TP NM_000257.4 ¢.2390C>T NP_000248.2 p-Ala797Val Missense Taip 1 Pro HKMP
MYH7 TP NM_000257.4 c.2492A>C NP_000248.2 p-Lys831Thr Missense Taip 1 Pro HKMP
MYH7 P NM_000257.4 ¢.2608C>T NP_000248.2 p-Arg870Cys Missense Ne 1 Pro HKMP
MYH7 P NM_000257.4 c.2609G>A NP_000248.2 p-Arg870His Missense Ne 2 Pro HKMP
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. Pacienty,
Baltyma koduojanti Variantas, kuriems
Genas Klasifikacija | RNR referentiné Nukleot.ldo Balt.yn.lo Amino rugstles Mu_tacgos neapra.s y-t ?s nustatytas Pac1§ntq
pokytis referentiné seka pokytis tipas mokslinéje . fenotipas
seka . o variantas,
literattiroje e
skaiCius
MYH7 TP NM_000257.4 ¢.2678C>T NP_000248.2 p.Ala893Val Missense Ne 1Pro,1 G | DKMP
MYH7 P NM_000257.4 ¢.4066G>A NP_000248.2 p.Glul356Lys Missense Ne 1G HKMP
MYH7 TP NM_000257.4 c.4259G>A NP_000248.2 p.Argl420GIn Missense Ne 2 Pro HKMP
MYH7 TP NM_000257.4 c.4822C>T NP_000248.2 p.Argl608Cys Missense Taip 1 Pro DKMP
MYH7 P NM_000257.4 c.5134C>T NP_000248.2 p.Argl712Trp Missense Ne 1 Pro HKMP
MYH7 P NM_000257.4 ¢.5135G>A NP_000248.2 p.Argl712GIn Missense Ne 1 Pro HKMP
Rémeli NDK
MYHII TP NM_002474.3 |c.5324 5325del| NP 002465.1 |p.Thrl775ArgfsTerd| oo Taip 1 Pro S
poslinkio KMP
MYL3 TP NM_000258.3 c.170C>G NP_000249.1 p.Ala57Gly Missense Ne 3 Pro HKMP
MYL3 TP NM_000258.3 c.382G>T NP_000249.1 p.Gly128Cys Missense Ne 3 Pro HKMP
MYL3 TP NM_000258.3 c.433A>C NP_000249.1 p.Asnl145His Missense Taip 1 Pro HKMP
MT-TLI P NC _012920.1 m.3243A>G - - - Ne 1Pro,2G ML
AD
PKP2 P NM_001005242.3 | ¢.2357+1G>A | NP_001005242.2 p.? Splaisingo Ne 1Pro,2G KMISJ
Rémelio
PLN P NM_002667.3 ¢.26_29dup NP _002658.1 | p.AlallLeufsTerl0 poslinkio Ne 1Pro,2G | HKMP
. NDKS
PRDM16 P NM 022114.4 c.259C>T NP_071397.3 p-Arg87Ter Nonsense Taip 1 Pro KMP
PRKAG2 P NM_016203.4 c.905G>A NP_057287.2 p-Arg302Gln Missense Ne 1 Pro HKMP
PRKAG2 TP NM _016203.4 c.1642T>C NP_057287.2 p.Ser548Pro Missense Ne 1 Pro HKMP
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. Pacienty,
Baltyma koduojanti Variantas, kuriems
Genas Klasifikacija | RNR referentiné Nukleot.ldo Balt.yn.lo Amino rugstles Mu_tacuos neapra.s y-t .as nustatytas Pac1§ntq
pokytis referentiné seka pokytis tipas mokslinéje . fenotipas
seka . o variantas,
literattiroje e
skaiCius
. ADS

TPM1 TP NM_001018008.2 c.112G>T NP_001018008.1 p.Glu38Ter Nonsense Taip 1 Pro KMP
TNNCI TP NM_003280.3 c.430A>G NP_003271.1 p-Asnl44Asp Missense Ne 4 Pro HKMP
TNNI3 P NM_000363.5 c.433C>G NP_000354.4 p-Argl45Gly Missense Ne 1 Pro HKMP
TNNI3 P NM_000363.5 c.434G>A NP_000354.4 p-Argl45Gin Missense Ne 2 Pro HKMP
TNNT2 P NM_001276345.2 c.304C>T NP_001263274.1 p-Argl02Trp Missense Ne 1 Pro, 1G | HKMP
TNNT2 TP NM_001276345.2 c.886C>T NP_001263274.1 p-Arg296Cys Missense Ne 1 Pro HKMP

TTR P NM_000371.4 c.148G>A NP_000362.1 p.Val50Met Missense Ne 1 Pro ATTR

TTR TP NM_000371.4 c.302C>T NP_000362.1 p-Alal01Val Missense Ne 4 Pro, 2G ATTR

TTN TP NM_ 0012675502 | c46757dup | NP 001254479.2 | P-Met13587AsnfST |- Remelio Ne 1Pro | DKMP

- - er6 poslinkio

TIN P NM_001267550.2 | ¢.53355G>A | NP_001254479.2 | p.Trp17785Ter Nonsense Ne 1 Pro DKMP

TIN P NM_001267550.2 | ¢.54166C>T | NP _001254479.2| p.Argl8056Ter Nonsense Ne 1 Pro DKMP

TTN TP NM_ 0012675502 | ©89923-69926 | \p 01254479 5 | PLYs23309AsnfsT |- Rémelio Taip 1Pro | DKMP

- dup - er2 poslinkio
TIN P NM_001267550.2 | ¢.89839C>T | NP _001254479.2| p.Arg29947Ter Nonsense Taip 1 Pro DKMP

ADS KMP — aritmogeniné desiniojo skilvelio kardiomiopatija; ATTR — transtiretino amiloidozé; DKMP — dilataciné kardiomiopatija; G — giminaitis; HKMP
— hipertrofin¢ kardiomiopatija; ML — mitochondriné liga; NDKS KMP — nedilatacin¢ kairiojo skilvelio kardiomiopatija; P — patogeninis; Pro — probandas; TP
— tikétina patogeninis; TBRS — Tatton-Brown-Rahman sindromas.
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4 priedas. Tyrimo metu nustatyti neaiskios reikSmés variantai

Baltyma koduojanti T s Pacienty, kuriems
Genas RNR referentiné Nukleotido pokytis Amino riigsties pokytis . nustatytas Fenotipas
seka tipas . e
seka variantas, skaicius
ACTCI NM_005159.5 c.892A>G NP_005150.1 p-Asn298Asp Missense 1P HKMP
ACTN2 NM _001103.4 c.2144A>G NP_001094.1 p.Tyr715Cys Missense 1P HKMP
CAV3 NM 033337.3 c.449A>T NP _203123.1 p.Glul50Val Missense IP,1G HKMP
CSRP3 NM_003476.5 c.196T>A NP_003467.1 p.Tyr66Asn Missense 1P HKMP
DMD NM_004006.3 c.242T>C NP_003997.1 p.Leu81Pro Missense 1P DKMP
FLNC NM _001127487.2 c.5155C>T NP_001120959.1 p-Argl719Cys Missense 1P HKMP
FLNC NM_001458.5 ¢.7600G>A NP_001449.3 p.Gly2534Ser Missense 1P HKMP
FLNC NM_001458.5 ¢.7667C>T NP_001449.3 p.Pro2556Leu Missense 1P HKMP
FLNC NM_001458.5 c.7676A>G NP_001449.3 p-His2559Arg Missense 1P HKMP
c.1633_1635delinsGCT .
HCN4 | NM 0054773 |TGTGACACCCGGCT| NP 00sd6s.1 | P-ProcaddelinsAlaCys | b 1P NDEKS KMP,
- - AspThrArgLeuVal) bradikardija
TGTG
JPH?2 NM_020433.5 ¢.1088G>T NP_065166.2 p.Arg363Leu Missense 1P HKMP
KCNJ2 NM_000891.3 c.640G>A NP_000882.1 p.Val214Met Missense 1P DKMP
KCNQI NM_000218.3 c.1189C>T NP_000209.2 p.Arg397Trp Missense 1G HKMP
MIBI NM_020774.4 c.289C>T NP_065825.1 p-Arg97Ter Missense 1P HKMP
MYBPC3 NM_000256.3 c.187C>T NP_000247.2 p-Arg63Trp Missense 1P HKMP
MYBPC3 NM_000256.3 c.442G>A NP_000247.2 p.Gly148Arg Missense 1P HKMP
MYBPC3 NM_000256.3 c.509G>A NP_000247.2 p.Gly170Asp Missense 1P HKMP
MYBPC3 NM_000256.3 c.961G>A NP_000247.2 p.Val321Met Missense 1P HKMP
MYBPC3 NM_000256.3 c.1037G>A NP_000247.2 p.Arg346His Missense 1P HKMP
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4 priedas (tgsinys). Tyrimo metu nustatyti neaiskios reiksmés variantai

Baltyma koduojanti T s Pacienty, kuriems
Genas RNR referentiné Nukleotido pokytis seka Amino riigsties pokytis 356 nustatytas Fenotipas
seka variantas, skaicius
MYBPC3 NM_000256.3 c.3110G>A NP_000247.2 p.Argl037His Missense 1P HKMP
MYBPC3 NM_000256.3 c.3277G>A NP_000247.2 p.Gly1093Ser Missense 1P HKMP
MYHG6 NM_002471.4 ¢.3744G>C NP_002462.2 p-Glul248Asp Missense 1P HKMP
MYH7 NM_000257.4 c.3116A>G NP_000248.2 p.Glul039Gly Missense 1P HKMP
MYH7 NM_000257.4 c.5243G>A NP_000248.2 p.Cys1748Tyr Missense 2P HKMP
MYH7 NM_000257.4 c.5786C>T NP_000248.2 p-Thr1929Met Missense 1P HKMP
MYL2 NM_000432.4 c.142G>A NP_000423.2 p-Asp48Asn Missense 1P HKMP
MYL3 NM_000258.3 c.170C>T NP_000249.1 p-Ala57Val Missense 1P DKMP
MYPN NM_032578.4 c.185A>C NP _115967.2 p-Asp62Ala Missense 1P HKMP
MYPN NM_001256267.2 c.3757G>A NP_115967.2 p.Gly1253Ser Missense 1P NDKS KMP
NEXN NM 144573 .4 ¢.1949 1951del NP _653174.3 p-Gly650del Indel 1P DKMP
PRDM16 NM 022114.4 c.115G>A NP _071397.3 p-Glu39Lys Missense 1P DKMP
PRDM16 NM _022114.4 c.2975C>T NP _071397.3 p-Ser992Leu Missense 1P DKMP
PRKAG2 NM_016203.4 c.868A>G NP_057287.2 p-Lys290Glu Missense 1P HKMP
PTM1I NM_001018008.2 c.97C>T NP_001018008.1 p.-Arg33Cys Missense 1P ADS KMP
RYR2 NM _001035.3 c.1153G>A NP_001026.2 p.Gly385Arg Missense 1P HKMP
RYR2 NM _001035.3 c.2717C>T NP_001026.2 p.Pro906Leu Missense 1P ADS KMP
RYR2 NM_001035.2 c.6166T>C NP_001026.2 p.Ser2056Pro Missense 1P HKMP
RYR2 NM _001035.3 c.9018C>G NP_001026.2 p.-Ser3006Arg Missense 1P ADS KMP
SCN54 NM_000335.5 c.4001T>G NP_000326.2 p-Met1334Arg Missense 1P NDKS KMP
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4 priedas (tesinys). Tyrimo metu nustatyti neaiskios reikSmés variantai

Baltyma koduojanti T s Pacienty, kuriems
Genas RNR referentiné Nukleotido pokytis Amino riigsties pokytis . nustatytas Fenotipas
seka e tipas variantas, skaicius
SOS1 NM_005633.4 ¢.2402C>T NP_005624.2 p.Pro801Leu Missense 1P HKMP
TGFB3 NM_003239.5 c.974G>A NP_003230.1 p.Arg325GIn Missense 1P NDKS KMP
TNNCI NM_003280.3 c.86T>A NP_003271.1 p.Leu29GIn Missense 1P DKMP
TTN NM_001267550.2 c.27851G>T NP_001254479.2 p.Gly9284Val Missense 1P HKMP

ADS KMP — aritmogeniné deSiniojo skilvelio kardiomiopatija; DKMP — dilataciné kardiomiopatija; G — giminaitis; HKMP — hipertrofiné kardiomiopatija;
NDKS KMP — nedilataciné kairiojo skilvelio kardiomiopatija; P — probandas.
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5 priedas. Patogeniniai/tikétina patogeniniai variantai, susije su hipertrofine kardiomiopatija

Baltyma koduojanti Variantas,
Balt Mutacij Syt P
Genas Klasifikacija | RNR referentiné | Nukleotido pokytis 2 ?/II.lO Amino riigsties pokytis » AcHIos neapra§ y. jds I’Ob.Ele.ldl}
seka referentiné seka tipas mokslingje | skaiCius
literattiroje
Rémelio .
ALPK3 TP NM_020778.5 ¢.2956del NP_065829.4 p.Ala986GInfsTer12 poslinkio Taip 1
CSRP3 P NM_003476.4 c.120C>A NP_003467.1 p.Cys40Ter Nonsense Taip 1
MYBPC3 P NM_000256.3 c.772G>A NP_000247.2 p.Glu258Lys Missense Ne 1
MYBPC3 P NM_000256.3 c.1457G>A NP_000247.2 p-Trp486Ter Nonsense Ne 1
MYBPC3 P NM_000256.3 c.1483C>T NP_000247.2 p.Arg495Trp Missense Ne 2
MYBPC3 P NM_000256.3 c.1505G>A NP_000247.2 p.Arg502GIn Missense Ne 7
MYBPC3 TP NM_000256.3 c.1543 1545del NP_000247.2 p.Asn515del Indel Ne 1
MYBPC3 P NM_000256.3 c.1996A>T NP_000247.2 p.Lys666Ter Nonsense Taip 2
MYBPC3 NM 0002563 | c2603 2612del | NP 0002472 | p.Gly868AlafsTerS ;‘Z‘ﬂﬁg Taip 1
Rémelio
MYBPC3 P NM_000256.3 ¢.2610del NP_000247.2 p.Ser871AlafsTer8 poslinkio Ne 1
MYBPC3 P NM_000256.3 ¢.3190+5G>A NP_000247.2 p.? Splaisingo Ne 2
MYBPC3 TP NM_000256.3 C'3407f3i09delAC NP_000247.2 p.Tyr1136del Indel Ne 1
Rémelio
MYBPC3 P NM_000256.3 ¢.3467dup NP_000247.2 p.Prol157AlafsTer12 poslinkio Ne 6
MYBPC3 P NM_000256.3 c.3642G>A NP_000247.2 p.Trp1214Ter Nonsense Ne 1
Rémeli
MYBPC3 TP NM_000256.3 | c.3683 3684dup | NP 0002472 | p.Metl229AlafsTer9 p;’;;;{l; Ne 1
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5 priedas (tgsinys). Patogeniniai/tikétina patogeniniai variantai, susije su hipertrofine kardiomiopatija

Baltyma koduojanti . Vanarjtas,
Genas Klasifikacija | RNR referentiné | Nukleotido pokytis Balt?/n.lo Amino riigsties pokytis MuFacgos feap ra.s y.t ?S Pmb.%l.ldq
seka referentiné seka tipas mokslingje skaiCius
literattiroje
MYBPC3 P NM_000256.3 c.3697C>T NP_000247.2 p.GIn1233Ter Nonsense Ne 12
MYBPC3 TP NM_000256.3 c.3763G>A NP_000247.2 p.Alal255Thr Missense Ne 8
MYBPC3 P NM_000256.3 c.3773T>G NP_000247.2 p-Leul258Ter Nonsense Ne 1
MYBPC3 P NM_000256.3 c.3815-1G>A NP_000247.2 p.? Splaisingo Ne 1
MYH7 P NM_000257.4 c.746G>A NP_000248.2 p.Arg249GIn Missense Ne 1
MYH7 TP NM_000257.4 c.936C>A NP_000248.2 p.Phe312Leu Missense Taip 1
MYH7 TP NM_000257.4 c.947G>A NP_000248.2 p.Gly316Glu Missense Taip 1
MYH7 TP NM_000257.4 c.958G>A NP_000248.2 p.Val320Met Missense Ne 2
MYH7 TP NM_000257.4 c.1231G>A NP_000248.2 p.Valdlllle Missense Ne 1
MYH7 TP NM_000257.4 c.1314G>C NP_000248.2 p.Trp438Cys Missense Ne 1
MYH7 P NM_000257.4 c.1357C>T NP_000248.2 p.Arg453Cys Missense Ne 1
MYH7 TP NM_000257.4 c.1385T>C NP_000248.2 p.Ile462Thr Missense Taip 1
MYH7 TP NM_000257.4 c.1711G>A NP_000248.2 p.Gly571Arg Missense Ne 1
MYH7 P NM_000257.4 c.1988G>A NP_000248.2 p.Arg663His Missense Ne 2
MYH7 P NM_000257.4 c.2011C>T NP_000248.2 p.Arg671Cys Missense Ne 1
MYH7 TP NM_000257.4 c.2129C>T NP_000248.2 p.Pro710Leu Missense Ne 1
MYH7 TP NM_000257.4 c.2185G>C NP_000248.2 p.Ala729Pro Missense Ne 1
MYH7 P NM_000257.4 ¢.2207T>C NP_000248.2 p.Ile736Thr Missense Ne 1
MYH7 TP NM_000257.4 ¢.2390C>T NP_000248.2 p.Ala797Val Missense Taip 1
MYH7 TP NM_000257.4 c.2492A>C NP_000248.2 p.Lys831Thr Missense Taip 1
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5 priedas (tgsinys). Patogeniniai/tikétina patogeniniai variantai, susije su hipertrofine kardiomiopatija

Baltyma koduojanti . Vanarjtas,
Genas Klasifikacija | RNR referentiné | Nukleotido pokytis Balt?/n.lo Amino riigsties pokytis MuFacgos feap ra.s y.t ?S Pmb.%l.ldq
seka referentiné seka tipas mokslingje skaiCius
literattiroje
MYH7 P NM_000257.4 c.2608C>T NP_000248.2 p.Arg870Cys Missense Ne 1
MYH7 P NM_000257.4 ¢.2609G>A NP_000248.2 p.Arg870His Missense Ne 2
MYH7 TP NM_000257.4 c.4259G>A NP_000248.2 p-Argl420GIn Missense Ne 2
MYH7 P NM_000257.4 c.5134C>T NP_000248.2 p-Argl712Trp Missense Ne 1
MYH7 P NM_000257.4 c.5135G>A NP_000248.2 p-Argl712GIn Missense Ne 1
MYL3 TP NM_000258.3 c.170C>G NP_000249.1 p.Ala57Gly Missense Ne 3
MYL3 TP NM_000258.3 ¢.382G>T NP_000249.1 p.Gly128Cys Missense Ne 3
MYL3 TP NM_000258.3 c.433A>C NP_000249.1 p.Asnl45His Missense Taip 1
TNNCI TP NM_003280.3 c.430A>G NP_003271.1 p.-Asnl44Asp Missense Ne 4
TNNI3 P NM_000363.5 c.433C>G NP_000354.4 p.Argl45Gly Missense Ne 1
TNNI3 P NM_000363.5 c.434G>A NP_000354.4 p.Argl45GIn Missense Ne 2
TNNT2 P NM _001276345.2 c.304C>T NP_001263274.1 p.Argl02Trp Missense Ne 1
TNNT2 TP NM_001276345.2 c.886C>T NP _001263274.1 p.Arg296Cys Missense Ne 1

P — patogeninis; TP — tikétina patogeninis
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10. SUMMARY

ABBREVIATIONS

ACMG — American College of Medical Genetics and Genomics
ANOVA — analysis of variance

ARVC — arrhythmogenic right ventricular cardiomyopathy
ATTR — transthyretin amyloidosis

ATTRyv — variant type of transthyretin amyloidosis
ATTRwt — wild-type of transthyretin amyloidosis
AUC — area under the curve

AV — atrioventricular

BMI — body mass index

BNP — brain natriuretic peptide

CI — confidence interval

CM - cardiomyopathy

CMRIi — cardiac magnetic resonance imaging

CTA — computed tomography angiography

DCM - dilated cardiomyopathy

EACVI — European Association of Cardiovascular Imaging
ECG - electrocardiogram

ESC — European Society of Cardiology

HCM - hypertrophic cardiomyopathy

HF — heart failure

ICD — implantable cardioverter-defibrillator

LA — left atrium

LV — left ventricle

LVEF - left ventricular ejection fraction

LVdd — left ventricular diastolic diameter

LVOT - left ventricular outflow tract

MYV — mitral valve

NDLVC — non-dilated left ventricular cardiomyopathy
NGS — next-generation sequencing

NYHA — New York Heart Association

PCR - Polymerase chain reaction

P/LP — pathogenic/likely pathogenic

Q1 — quartile 1

Q3 — quartile 3

ROC — receiver operating characteristics
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SAM - systolic anterior motion

SCD - sudden cardiac death

SD — standard deviation

TBRS — Tatton-Brown-Rahman syndrome

VUH SK — Vilnius University Hospital Santaros Klinikos
VUS — variants of uncertain significance
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1. INTRODUCTION
Relevance of the Research Issue

Genetic testing for patients with cardiomyopathies (CM) in Lithuania was
started at the Medical Genetics Centre of Vilnius University Hospital Santaros
Klinikos (VUH SK) in 2015. Previously, genetic testing of individual patients
was only performed in foreign laboratories. Since then, genetic data on
patients with CM has been collected, thus implementing the directives of the
European Parliament and Council to develop a strategy for the management
of rare diseases [1, 2]. Numerous studies have been conducted in various
countries and ethnic groups to investigate the genetic causes of CM, and the
genotype-phenotype relationship, however, the Lithuanian CM population has
not yet been studied [3].

Cardiomyopathies are one of the most common causes of sudden cardiac
death (SCD) in young individuals. According to the data from the Institute of
Hygiene, 5,671 persons (1.96 per 1,000 inhabitants) were diagnosed with CM
(ICD-10-AM codes 142-143) in 2024, compared to 5,285 persons (1.84 per
1,000 inhabitants) diagnosed in 2023 in Lithuania [5]. In 2023, 328 deaths
(11.42 deaths per 100,000 inhabitants) due to CM (ICD-10-AM codes 142.0 —
142.5, 142.7 — 142.9) were registered in Lithuania [6]. In 2020, this rate was
431 (15.34 per 100,000 inhabitants). According to data from the Institute of
Hygiene, mortality due to CM reached 6.2% in 2023. Successful early
diagnosis of CM and the implementation of preventive measures are often
complicated by the sudden onset of the disease, lack of knowledge about its
genetic causes, the risk of inheritance, its impact on sudden death, and
insufficient understanding of genotype-phenotype relationship [7, 8].

Hereditary CM are a genetically heterogeneous group of myocardial
diseases [9]. The current classification of CM is based on phenotypic features,
however, the phenotypic manifestation of certain gene variants can overlap,
which means that one gene may be associated with several CM phenotypes
[3]. In some cases, genotype-based classification of CM may be more accurate
in predicting disease outcomes [10]. Cardiomyopathies caused by genetic
mutations are associated with higher mortality and risk of adverse events [11].
Therefore, analysis of the genotype-phenotype relationship is fundamentally
important for a better understanding of the disease pathogenesis, improving
risk assessment, and individualising treatment strategies [12, 13]. Over the
past 25 years, the field of cardiogenetics has grown significantly, however,
interpreting the results of genetic testing still remains challenging [14]. Next-
generation sequencing (NGS) has fundamentally changed the possibilities for
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clinical investigation in CM [9]. This led to the identification of new genetic
variants causing the disease. With broader genetic testing capabilities, more
variants of uncertain significance (VUS) are being identified, which
challenges clinical decision-making [12]. To improve the assessment of the
pathogenicity of the identified variants, it is recommended to periodically re-
analyse and reclassify them if new evidence of pathogenicity arises [3,1 3].
These studies provide insight into the biological effects of specific genetic
variations on encoded proteins and their consequences at the cellular level and
are therefore among the most important tools for assessing the pathogenicity
of VUS [13, 15]. As different populations differ in their genefonds, unique
genetic variants are found only in specific populations [16, 17]. Knowledge of
rare DNA changes characteristic of the Lithuanian population and their
functional consequences would facilitate the diagnosis of rare hereditary
diseases and their clinical management [15, 18].

Aim of the Study

To analyse the genotype-phenotype relationship in individuals with a
clinical diagnosis of cardiomyopathy who have undergone molecular genetic
and clinical evaluation.

Study Objectives

1. To analyse the phenotypic and epidemiological characteristics of
cardiomyopathy.

2. To define the genetic architecture of cardiomyopathy.

3. To identify the relationship between pathogenic/likely pathogenic
variants in genes associated with hypertrophic cardiomyopathy and their
phenotypic features, clinical outcomes.

4. To perform clinical and molecular characterisation of novel
pathogenic/likely pathogenic variants in genes associated with
cardiomyopathy.

Novelty of the Research

During this study, for the first time in Lithuania, clinical and genetic data
were collected from individuals with a clinical diagnosis of CM and who
underwent NGS genetic testing at VUH SK. By combining the fields of
genetics and cardiology, this study helps to collect new epidemiological,
phenotypic, and genetic data on individuals with hereditary CM. This
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knowledge forms the basis for understanding the aetiology and pathogenesis
mechanisms of CM.

As hypertrophic cardiomyopathy (HCM) is the most common phenotype
of CM[3], a detailed genotype-phenotype analysis along with analysis on the
impact of the genotype on adverse outcomes was performed in patients with
HCM during the study. It is one of the first research studies in Lithuania to
examine in detail the clinical and morphological features of HCM depending
on the genotype. Analysis of genotype-phenotype relationship provides new
insights into the disease progression and prognosis based on the underlying
genetic cause. The study analysed the differences between individual
MYBPC3 and MYH7 gene variants and their groups, and the impact on the
HCM phenotype. To date, few studies have investigated phenotypic
differences between pathogenic variants associated with HCM that are located
in different domains of the same protein.

With the successful application of knowledge in cancer genetics to the
development of new treatment strategies, cardiovascular diseases are one of
the areas where genetic data may transform clinical management [13]. Genetic
testing is important for individuals with CM because of its direct value for
diagnosis, in some cases, prognosis, management, providing
recommendations for family planning, and genetic counselling for family
members [3].

In this study, several dozen pathogenic/likely pathogenic (P/LP) variants
not described in the literature before were identified. This broadens our
knowledge of the new genetic causes of CM in our region. By analysing
variants not described in the literature previously and performing clinical and
molecular characterisation and functional studies, new genetic causes of CM
and rare syndromes can be identified. Functional studies that determine the
clinical significance of a genetic variant help to confirm the molecular
diagnosis and provide a better understanding of the mechanisms of disease
pathogenesis, which opens up possibilities for the development of new
diagnostic and treatment strategies. Practical knowledge about newly
identified genetic causes of rare syndromes and CM will be useful for further
scientific and diagnostic research in Lithuania and worldwide.

Statements to be Defended
1. Among individuals with cardiomyopathy, hypertrophic cardiomyopathy,

which is characterised by distinct epidemiological features, is the most
frequently indentified phenotype.
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The genetic architecture of cardiomyopathy is diverse and may be
associated with different or overlapping phenotypes.

The clinical and morphological features of hypertrophic cardiomyopathy
vary depending on the genotype.

Molecular and functional analysis of novel, previously undescribed
genetic variants related to cardiomyopathies, allows a more accurate
understanding of the mechanisms of the disease and provides important
clinical insights that may improve the follow-up of patients, personalised
treatment, and disease prognosis.
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2. METHODS

The study was conducted between 2020 and 2024 at VUH SK. This study
was part of the biomedical research project “4 Surveillance Study of Patients
with Rare Diseases of the Heart, Great Arteries, and Lungs”. The study was
approved by the Vilnius Regional Biomedical Research Ethics Committee of
Lithuania (Protocol Code No. 2020/1-1182-669, date of approval: January 28,
2020). This is a mixed-cohort observational study conducted at a single centre.
Informed consent to participate in the study was obtained from all participants.

2.1. Criteria for Selecting Research Individuals

Individuals who visited VUH SK because of suspected or diagnosed CM
were invited to participate in the study. To be included in the study,
participants had to meet all inclusion criteria.

Inclusion criteria:
e Diagnosed with CM;
e Performed genetic testing (NGS, Sanger);
e Age >18 years;
e The individual consented to participate in the study.

Exclusion criteria:
e No CM was diagnosed after evaluation;
o Genetic testing was not performed, or the patient refused to undergo genetic testing;
e Age at the time of inclusion in the study < 18 years;
e The individual did not consent to participate in the study.

2.2. Data Collection in the Database

The study data were collected in the national open access research data archive
“MIDAS Biomedicine” (https://biomedicina.midas.It/). A digital environment
(RETSSAPL) was created for this study. Anonymised study data were entered
into data collection forms created specifically for this study: patient
registration and additional forms created for HCM analysis (initial
examination, follow-up, and adverse events forms) (Figure 1). Each individual
was assigned an identification code for this study, which was used in the
scientific data archive “MIDAS Biomedicine”. The code was created as
follows: RL-PC (protocol name abbreviation), 20 (year of patient enrolment),
serial number 000001. For example: RL-PC-20-000001, etc.
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Fig. 1. Examples of data collection forms “MIDAS Biomedicine”
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The study data were collected from the medical records of the individuals
available in the VUH SK electronic system. The collected data groups were:

e Demographic: year of birth, age, sex, residential county;

e Diagnosis code according to ICD-10-AM;

e Objective examination data (body surface area);

e Medical history data (onset of disease, symptoms, comorbidities, family
history);

e Genetic testing data;

e Laboratory tests (biochemical blood test results);

o Instrumental tests (electrocardiogram (ECG), echocardiography, bicycle
stress test, 24-hour Holter ECG monitoring, cardiopulmonic exercise
stress testing, cardiac magnetic resonance imaging (CMRi);

e Information about prescribed medication (drug groups); interventional
procedures or surgical treatment and their results;

e Information about complications during follow-up and the outcome of
treatment.

2.3. Assessment of the Clinical Phenotype of Cardiomyopathies

During the study, data from adults (aged 18 years and older) with CM who
were treated at VUH SK between 2005 and 2024 and underwent genetic
testing were analysed. The clinical diagnosis of CM was confirmed in
accordance with the latest European Society of Cardiology (ESC)
guidelines for the management of CM [3]. A detailed genotype-phenotype
analysis was performed only for HCM patients due to the small sample size
of other CH phenotype groups. A descriptive analysis was performed for these
groups. Demographic data (sex, age at diagnosis), phenotypic characteristics
(primary phenotype, signs of left ventricular (LV) non-compaction), and
specific CM treatment were evaluated. For individuals diagnosed with CM
before the age of 18, phenotypic characteristics of the disease were included
in the study only from adulthood.

2.4. Evaluation of the Clinical Phenotype of Hypertrophic Cardiomyopathy
2.4.1. Study Population and Data Collection
The clinical diagnosis of HCM was confirmed according to the latest ESC

guidelines for the management of CM, when transthoracic echocardiography
(TTE) or CMRIi revealed thickening of at least one segment of the LV
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myocardium > 15mm, which was not caused by abnormal loading conditions:
arterial hypertension, valvular pathology, or congenital heart diseases [3].
Individuals with more than one P/LP gene variant, gene variants that show
limited evidence of association with HCM, HCM phenocopies, or syndromic
LV hypertrophy (e.g., PRKAG2 cardiomyopathy, amyloidosis, Fabry) were
excluded from the final analysis. Only probands were included in the
subanalysis comparing HCM groups with and without P/LP variants (Figure
2). Another subanalysis comparing HCM phenotype differences between
MYBPC3 and MYH7 genes and their variants included probands and their
relatives with the confirmed HCM phenotype (Figure 3). During the study,
demographic characteristics (age, sex, residential county), medical history
(family history, comorbidities), clinical symptoms, and detailed phenotypic
features were evaluated. Laboratory test analysis included troponin I, brain
natriuretic peptide (BNP), creatinine, and the glomerular filtration rate.
Patients with HCM were managed with medical treatment and interventional
therapy according to the ESC guidelines for the management of CM [3]. The
risk of SCD at 5 years was evaluated by using the HCM Risk-SCD calculator
(https://doc2do.com/hcm/offline/webHCM.html).
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Adult cardiomyopathy

; . " * Patients with other cardiomyopathy phenotypes,
patients with available

metabolic or storage diseases (n=67):

NGS test results who - DCM (n=20)
‘c‘onser)ted to - ARVC (n=8)
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(n=313) - ATTR (n=15)
! > - Other rare: Fabry, mitochondrial disease, TBRS (n=11)

* Relatives with familial P/LP variant (n=24)
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phenotype (n=222) * Patients with > 1 P/LP variant (n=4)
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HCM patients with HCM patients
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|
y

Fig. 2. Flowchart of participant selection with hypertrophic cardiomyopathy between groups with pathogenic/likely pathogenic variants and
without them
ARVC - arrhythmogenic right ventricular cardiomyopathy; ATTR — transthyretin amyloidosis; DCM — dilated cardiomyopathy; HCM — hypertrophic

cardiomyopathy; LVH — left ventricular hypertrophy; NDLVC — non-dilated left ventricular cardiomyopathy; NGS — next-generation sequencing; P/LP —
pathogenic/likely pathogenic; TBRS — Tatton-Brown-Rahman syndrome
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Adult cardiomyopathy * Patients with other cardiomyopathy phenotypes, metabolic or

patients with available storage diseases (n=67):
NGS test results who - DCM (n=20)
consented to - ARVC (n=8)
participate in the study - NDLVC (n=13)
(n=313) - ATTR (n=15)

- Other rare: Fabry, mitochondrial disease, TBRS (n=11)
* « Relatives with familial P/LP variant but without HCM
phenotype (n=11)

v

Individuals with HCM
phenotype (n=235) ¢ Patients with > 1 P/LP variant (n=8)
* Patients with genocopies of HCM/ syndromic LVH (n=2)
™ » Patients with variants in genes showing limited evidence of
association with HCM (n=2)
Study population * Patients without P/LP variants (n=122)
(n=83) * Patients with other P/LP variants than in the MYBPC3 and
T MYH7 genes (n=18)
v ]
HCM patients with P/LP HCM patients with P/LP

variant in the variant in the
MYBPC3 gene (n=55) MYH?7 gene (n=28)

Fig. 3. Flowchart of participant selection with hypertrophic cardiomyopathy between groups with pathogenic/likely pathogenic variants in
MYBPC3 and MYH7 genes
ARVC - arrhythmogenic right ventricular cardiomyopathy; ATTR — transthyretin amyloidosis; DCM — dilated cardiomyopathy; HCM — hypertrophic

cardiomyopathy; LVH — left ventricular hypertrophy; NDLVC — non-dilated left ventricular cardiomyopathy; NGS — next-generation sequencing; P/LP —
pathogenic/likely pathogenic; TBRS — Tatton-Brown-Rahman syndrome
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2.4.2. ECG and Holter Monitoring

ECG was performed by using MAC 2000 (GE Healthcare) devices. Data
of signs of LV hypertrophy, cardiac conduction abnormalities
(atrioventricular (AV) block, bundle branch block), and repolarisation
abnormalities were collected. The latter were classified as repolarisation
abnormalities in the anterior leads (negative T waves in V1-V4), lateral leads
(negative T waves in I, aVL, V5-V6), and inferior leads (negative T waves in
IL, I, aVF). ECG examination was performed on all individuals during the
initial examination and repeated during the follow-up.

Supraventricular and ventricular arrhythmias (extrasystoles and episodes
of ventricular tachycardia) were assessed during 24 — 72 hour Holter
monitoring. The examination was performed every 1-2 years for the included
individuals to assess the risk of SCD.

2.4.3. Transthoracic Echocardiography

All individuals underwent routine two-dimensional TTE by using Vivid
S70N, E90, E95 (Ge Healthcare, Horten, Norway) and Affiniti 70G (Philips,
Eindhoven, the Netherlands) ultrasound devices. During the study, the type of
hypertrophy, the maximal segmental thickness, the parameters of the LV
diameter, the left atrial (LA) diameter and volume index, and the LV systolic
and diastolic function were evaluated according to the 2015 recommendations
of the European Association of Cardiovascular Imaging (EACVI) [117, 118].
For individuals with missing TTE measurements in the examination results,
the parameters were measured by analysing the recorded echocardiographic
images. The most commonly missed parameter was the LA diameter, which
was assessed from the parasternal long axis view. Left ventricular outflow
tract (LVOT) obstruction was described as a maximum LVOT gradient >30
mmHg at rest or during provocation with the Valsalva manoeuvre or bicycle
stress test [3]. Hemodynamically significant LVOT obstruction was defined
as a maximum LVOT gradient > 50 mmHg [3]. This gradient was considered
the threshold for interventional treatment. During the study, systolic anterior
motion (SAM), the severity of mitral valve (MV) regurgitation, LV
midventricular, apical obstruction, and LV aneurysm were assessed. The TTE
was performed on all individuals during the initial evaluation and repeated
during the follow-up.
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2.4.4. Cardiopulmonic Exercise Stress Testing

The examination was performed on a subset of individuals on a bicycle
using CardioSoft 6.7 ECG (GE HealthCare, USA) and Vmax Encore
(CareFusion, USA) systems. During the testing, 12 leads ECG, gas
concentration measurements, arterial blood pressure, and peripheral saturation
were monitored. The analysis included data on the functional classes of New
York Heart Association (NYHA), VO, max. ml/kg/min, the anaerobic
threshold, and the hemodynamic response.

2.4.5. Cardiac magnetic resonance imaging

Cardiac magnetic resonance images were obtained by using a 1.5 T
Siemens Avanto (Germany), and, since November 2021, a Philips Ingenia
Ambition (the Netherlands) while using standard scanning protocols with
prospective ECG. Four, two, and three chamber and the short axis views were
acquired by using 8 mm short axis sections. Morphological and functional
analysis of the images was performed by using Siemens Argus (Germany) and,
since November 2021, Philips IntelliSpace (the Netherlands) software.
Measurements were indexed to body surface area. Late gadolinium
enhancement (LGE) images were obtained 10 — 15 minutes after intravenous
injection of gadobutrol (Gadovist, Bayer AG, Germany). Cardiac magnetic
resonance imaging with LGE was performed on patients during the primary
evaluation and repeated every 3 — 5 years in the absence of contraindications
to perform the test [3, 106]. During the examination, the following parameters
were evaluated: the LV diameter, the LV wall thickness, the type of LV
hypertrophy, the LV systolic function, indexed LV volumes (end-diastolic,
end-systolic, and stroke), the myocardial mass, as well as the LGE localisation
and pattern. Some of the individuals had insufficient data on myocardial mass
and its index, which was reviewed with the help of radiologists using Siemens
Argus software.

2.4.6. Adverse Events during Follow-up

Follow-up data included new onset arrhythmias (atrial fibrillation,
ventricular tachycardia), implantation of an implantable cardioverter-
defibrillator (ICD) or pacemaker, septal reduction therapy (alcohol septal
ablation or myectomy), LV assist device implantation or heart transplantation,
and mortality. Non-sustained ventricular tachycardia (hereinafter, ventricular
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tachycardia) was defined as more than three consecutive ventricular beats at a
rate of >120 beats/min with a duration of <30 seconds [3].

The study assessed individual and composite outcomes. The individual
outcomes were:

e atrial fibrillation,

e ventricular tachycardia,

e sustained advanced heart failure (HF), defined as two consecutive

assessments of NYHA functional class III/IV,

e progression from NYHA functional class I/l to class III/IV,

e stroke.

The number of events for all-cause mortality, previous resuscitated cardiac
arrest, and the appropriate ICD therapy was too small to assess separate
composite outcomes. However, these events were included in the overall
composite outcome.

The composite outcomes were:

e Heart failure composite outcome: first occurrence of LV assist device
implantation, cardiac transplantation, LV ejection fraction (LVEF)
<50%, or sustained advanced HF, defined as two consecutive
assessments of NYHA class III/IV.

e Overall composite outcome: atrial fibrillation, all-cause mortality,
appropriate ICD therapy, resuscitated cardiac arrest, stroke, or HF
composite outcome.

2.4.7. Genetic Analysis

Next-generation sequencing analysis of blood DNA for the individuals in
the study was performed at VUH SK while using the TruSight Cardio
Sequencing panel ({llumina Inc., San Diego, CA, USA) between 2015 and
2020, as described previously [128]. Since 2020, NGS of blood DNA was
performed at VUH SK while using Human Core Exome Kits (Twist
Bioscience, South San Francisco, California, USA), as described previously
[119].

The Sanger sequencing method was used to analyse segregation within
families. Polymerase chain reaction (PCR) of coding gene sequences was
performed using specific primers designed by using the Primer Blast tool
[127]. The products of the PCR were sequenced using the BigDye®
Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, Walnut,
Massachusetts, USA) and the ABI 3130xL Genetic Analyzer (Thermo Fisher
Scientific, Walnut, Massachusetts, USA) [128].
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In the initial assessment, gene variants were classified according to the
recommendations of the American College of Medical Genetics and Genomics
(ACMQG) [15]. Only those variants that met the quality and coverage filter
criteria and had a detection reliability of >99.9% were analysed. All accessible
NGS results at VUH SK of individuals included in the study were reannotated
to the Hg38 reference genome. In August—September 2024, the reannotated
genomic data were reanalysed, and the pathogenicity of variants was assessed
according to the current ACMG guidelines [15]. DNA copy number variations
were reviewed, and no clinically significant changes were found.

In collaboration with scientists from the Life Sciences Center at Vilnius
University, an additional analysis of the transcriptome of the individuals with
TBRS was performed, as well as a computer analysis of the DNMT3A protein
sequence and structure, with the objective to analyse the DNMT34 c.2324C >
A familial variant [129].

2.4.8. Statistical Analysis

A descriptive analysis of the phenotypic epidemiological and genetic
architecture data of CM was performed, and an analytical statistical analysis
of the HCM genotype-phenotype relationship was conducted.

The Shapiro-Wilk tests were used to assess the normality of continuous
variables. Those variables with skewed distribution were summarised by
using the median, the first (Q1) and the third quartiles (Q3), while the
continuous variable with normal distribution was summarised by using the
mean and standard deviation (SD). Categorical variables were presented as
numbers and percentages. The Mann-Whitney U test was used to compare two
independent samples of non-normally distributed continuous variables, the
Wilcoxon signed-rank test was selected for paired samples, and the Kruskal-
Wallis test served for researching for more than two groups. Normally
distributed continuous variables between two groups were compared by using
the Welch Two-Sample t-test, whereas, when more than two groups were
involved one-way Analysis of Variance (ANOVA) was used. Categorical
variables were assessed by using Pearson’s chi-square or Fisher’s exact test.
All tests were two-sided. A linear mixed-eftects model was used to evaluate
the association between the maximal LV wall thickness and the genotype
during the follow-up.

The Kaplan-Meier analysis was performed to estimate individual and
composite outcomes. To evaluate the hazard ratios between individuals with
and without P/LP variants, Cox proportional hazard regression models
adjusted for age at HCM diagnosis and sex were used.
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The binary outcome multivariate logistic regression model was used to
identify multiple variable relationships between the phenotypic features
associated with the positive genotype of HCM. Independent variables were
grouped by using correlation and other statistical tests in order to avoid
multicollinearity issues. Only variables with a statistically significant
coefficient were kept in the final model. The odds ratios with a 95%
confidence interval (CI) were presented for the parameters in the model.

The threshold values of quantitative parameters were calculated by using
the ROC (Receiver operating characteristics) curve (the Youden index). The
sensitivity and specificity of the corresponding threshold value predictions
were presented, as well as the AUC (area under the curve) and 95% CI.

The difference between the groups was considered statistically significant
if the p-value was lower than 0.05. Statistical analysis was performed by using
the SPSS (version 20) and R (version 4.4.2) software packages. Statistical
analysis figures were generated using Microsoft Excel (version 16.100.2), R
(version 4.4.2), Phyton (version 3.12.4), Prism (version 10), Pages (version
14.1) software packages and SankeyMATIC browser tool.
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3. RESULTS
3.1. Phenotypic and Epidemiological Features of Cardiomyopathies

A total of 313 individuals were included in the study, of whom, 277 were
probands and 36 were relatives (Table 1). The most common phenotype was
HCM (235 individuals out of 313).

Hypertrophic cardiomyopathy was diagnosed in 222 probands and in 13
relatives who had P/LP variants associated with HCM. Women represented
43.0% (n=101) individuals, and the median age at diagnosis was 50.5 [37.2—
61.2] years. A further 11 relatives were carriers of P/LP variants with no HCM
phenotype manifestation yet (Table 1). In 11 of the 222 probands, HCM was
diagnosed before the age of 18. In the proband group, 11 individuals also
showed signs of LV non-compaction. A more detailed analysis of the HCM
genotype-phenotype is presented in Section 3.3.

Dilated cardiomyopathy (DCM) was diagnosed in 20 probands, 5 of whom
also had signs of LV non-compaction. Two thirds of individuals were women
(45.0% (n=9)), and the median age at diagnosis was 49 [39.5-57.5] years.

Arrhythmogenic right ventricular cardiomyopathy (ARVC) was diagnosed
in six probands and one relative. Three of them were female and four were
male. The median age at diagnosis was 42 [36-56] years. Another 39-year-
old female relative was a carrier of the pathogenic PKP2 variant
¢.2357+1G>A without an expressed ARVC phenotype.

Non-dilated left ventricular cardiomyopathy (NDLVC) was diagnosed in
10 probands and 3 relatives, of whom, 6 were females and 7 were males. The
median age at diagnosis was 29 [24-46] years. Most of the individuals (11 out
of 13) had also signs of LV non-compaction.

Transthyretin cardiac amyloidosis (ATTR) was diagnosed in 13 probands,
of whom, 5 had the variant type (hereditary) (ATTRv), and 8 had the wild-
type (senile) (ATTRwt). Two females and three males had ATTRv, with a
median age at diagnosis of 73 [59—74] years. Wild-type ATTR was identified
in 2 women and 6 men with a median age at diagnosis of 80.5 [76.5-82] years.
Eight patients received specific treatment for cardiac ATTR with the
transthyretin stabilizer Tafamidis. During the follow-up, 5 patients died: 4
with ATTRv and one with ATTRwt. A likely pathogenic 77R gene variant
¢.302C>T was identified in two relatives (aged 32 and 42), who currently have
no signs of cardiac ATTR phenotype.

Fabry cardiomyopathy was diagnosed in 4 probands included in the study
(2 females and 2 males) and in one relative. The median age at diagnosis was
44 [39-50] years.
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Table 1. Distribution of cardiomyopathy cases according to phenotypes

ARVC — arrhythmogenic right ventricular cardiomyopathy; ATTR — transthyretin amyloidosis; DCM — dilated cardiomyopathy; Ph — phenotype; G — genotype;
HCM — hypertrophic cardiomyopathy; Mito — mitochondrial disease; NDLVC — non-dilated left ventricular cardiomyopathy;

syndrome
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Probands 222 20 6 10 13 4 1 1 277
Relatives

G+ and Phet 13 0 1 3 0 1 2 2 22
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G+ ir Ph- 11 0 1 0 2 0 0 0 14

Total: 313
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Fabry nephropathy was found in 3 individuals, 2 of whom had kidney
transplantation. Neurosensory hearing loss was identified in two patients, and
ophthalmologic changes associated with Fabry disease were found in three
individuals. Three patients are receiving the enzyme replacement therapy with
Agalsidase beta, and one with Agalsidase alfa. One patient is also receiving
pharmacological chaperone therapy with Migalastat.

Mitochondrial disease and Tatton-Brown-Rahman syndrome (TBRS) are
described in more detail in Section 3.4.

3.2. Architecture of Genetic Causes of Cardiomyopathies

After re-analysing the gene variants identified in the individuals,
constituting the study sample, three likely pathogenic variants were
reclassified as pathogenic (Figure 4). The classification of one pathogenic
variant was changed to likely pathogenic. Out of 57 VUS, 5 (8.7%) were
upgraded as likely pathogenic, 13 (22.8%) were downgraded to likely benign,
and the majority, 39 (68.4%), remained VUS. Four previously not reported
variants were classified as VUS. After a repeated analysis of gene variants, a
total of 42 pathogenic (101 individuals) and 39 likely pathogenic (69
individuals) were identified (Figure 5).

Pathogenic Pathogenic

40 42
Likely pathogenic Likely pathogenic
36 39
Variant of unknown significance Variant of unknown significance

57 43

kel )

Likely benign '{'ge y benign
4

Fig. 4. Reclassification scheme for genetic variants identified during the study
Pathogenic variants are shown in red, likely pathogenic — in orange, variants of
uncertain significance — in yellow, and likely benign — in green. The primary
classification of variants is presented on the left, and the classification of variants after
repeated gene variant analysis is presented on the right. The thickness of the curves
corresponds to the number of gene variants. The lines illustrate changes in the
classification of variants after repeated analysis.
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Fig. 5. Distribution of P/LP variants identified in the study
The figure shows the number of identified gene variants.

In the group of individuals with the HCM phenotype (probands and
relatives), P/LP variants were identified in 113 patients (48.1%), of whom
pathogenic variants were found in 30.6% and likely pathogenic variants in
17.4% of the patients (Table 2). In individuals with the DCM phenotype, P/LP
variants were identified in 8 (40.0%) patients, of whom, the majority were
likely pathogenic (5 (25.0%)) (Table 2).
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Five individuals (71.4%) with ARVC had P/LP variants. In the group with the
NDLVC phenotype, P/LP variants were identified in 5 (38.5%) patients. In
individuals diagnosed with cardiac ATTR, P/LP variants were identified in 5
(38.4%) individuals.

Table 2. Distribution of gene variants’ pathogenicity across cardiomyopathy
phenotypes

HCM DCM ARVC NDLVC ATTR
Pathogenic variants | 72 (30.6%) | 3 (15.0%) | 2 (28.6%) | 3 (23.1%) | 1 (7.7%)
Likely pathogenic 1} 17 400y | 5.(25.0%) | 3 (42.9%) | 2 (15.4%) | 4 (30.8%)
varlants
Multiple
pathogenic/likely 7(3.0%) | 0(0.0%) | 0(0.0%) | 0(0.0%) | 0(0.0%)

pathogenic variants

iants of rtai
Variants of uncertain |15 4000 | 6 (30.0%) | 3 (42.9%) | 3 (23.1%) | 0(0.0%)

significance*

T‘It?.l (pmb.?gds and 235 20 7 13 13
relatives wi (100.0%) | (100.0%) | (100.0%) | (100.0%) | (100.0%)
phenotype)

*Multiple variants of uncertain significance and other pathogenic/likely pathogenic variants
could be identified in the study individuals.

ARVC — arrhythmogenic right ventricular cardiomyopathy; ATTR — transthyretin amyloidosis;
DCM - dilated cardiomyopathy; HCM — hypertrophic cardiomyopathy; NDLVC — non-dilated
left ventricular cardiomyopathy

Multiple P/LP variants were identified in 7 (3.0%) individuals with the
HCM phenotype (Table 3). One patient had the likely pathogenic MYBPC3
variant c¢.1343T>C and the pathogenic CHD?2 variant ¢.1219G>A. The CHD?2
gene variant was described in individuals with ARVC [130]. The individual
predominantly presented with the HCM phenotype with signs of LV non-
compaction. One family was diagnosed with HCM and the long QT syndrome,
whereas two pathogenic variants, MYBPC3 c.1484G>A and KCNQI
c.477+1G>A, were identified. A 27-year-old female proband and her 33-year-
old brother were diagnosed with asymmetric LV hypertrophy and significant
QTc prolongation. Two pathogenic variants of the MYBPC3 gene
c.3530 _3531insG and the PLN gene ¢.26 29dup were identified in three
members of another family. Both genes are associated with HCM. These
variants were identified in a 75-year-old proband, her daughter, and her
grandson, all of whom had a pronounced HCM phenotype. All family
members had an ICD implanted due to the high risk of SCD. One patient was
found to have two pathogenic variants in the MYBPC3 gene, c.3815-1G>A
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and c.1483C>T. At the age of 38, this patient underwent implantation of a LV
assist device due to progressive HF.

Table 3. Individuals with hypertrophic cardiomyopathy phenotype and two identified
pathogenic/likely pathogenic variants

: . No. of
1 variant 2 variant .
patients
MYBPC3 gene LP variant CHD? gene P variant
NM_000256.3:¢.1343T>C, NM _001792.5:c.1219G>A, 1
p-(Phed448Ser) p-(Asp407Asn)
MYBPC3 gene P variant KCNOI gene P variant
NM_000256.3:c.1484G>A, 2
p(Argd95GIn) NM_000218.3:c.477+1G>A
MYBPC3 gene P variant PLN gene P variant
NM_000256.3:¢.3530_3531insG, | NM_002667.3:¢.26_29dupGCTC, 3
p-(Phel177LeufsTer31) p-(Alal1LeufsTer10)
. MYBPC3 gene P variant
I L E S
- p-(Arg495Trp)

LP — likely pathogenic; P — pathogenic

Most P/LP variants were identified in the MYBPC3 and MYH7 genes.
MYBPC3 gene variants were 100% associated with the HCM phenotype
(Table 4). In contrast, 12% of MYH?7 variants were identified in DCM study
group and 88% in the HCM study group. MYBPC3 gene variants were
characterised by different coding consequences. The most common was
missense, identified in 30% of individuals. Splicing and in-frame deletion
were the least common, accounting for approximately 10% of cases. The most
common mutation type in MYH7 gene variants was missense, identified in
96% of the cases.

A total of five truncating variants in the 77N gene were identified,
including two frameshift and three nonsense variants associated with the
DCM phenotype (Table 2).

Four different variants of the GLA gene were identified in individuals with
Fabry disease. The likely pathogenic missense variant ¢.270C>G was found
in a 50-year-old woman and her 25-year-old son. Another pathogenic
missense variant ¢.703T>G was confirmed in a 60-year-old female patient. A.
likely pathogenic in-frame deletion ¢.796_801+3delinsTATA was identified
in a 39-year-old male. A pathogenic nonsense variant c.1024C>T was
identified in a 44-year-old male.
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Table 4. Types of the most common gene variants and their characteristic phenotypes

Types MYBPC3 MYH7
Missense 6 (30%) 24 (96%)
Nonsense 5 (25%) 0 (0%)
Frameshift 5 (25%) 0 (0%)
Splicing 2 (10%) 1 (4%)
In-frame deletion 2 (10%) 0 (0%)
Characteristic phenotype

HCM 20 (100%) 22 (88%)
DCM 0 (0%) 3 (12%)
Total number of variants: 20 25

DCM - dilated cardiomyopathy; HCM — hypertrophic cardiomyopathy

Three different gene variants were identified in individuals with ARVC: a
likely pathogenic variant c.577_624del in the DSC?2 gene, a pathogenic variant
c.2357+1G>A in the PKP2 gene, and a likely pathogenic variant ¢.112G>T in
the TPM1 gene. Also, three different gene variants were detected in patients
with NDLVC: a likely pathogenic DSP gene variant c.2001G>A, a likely
pathogenic MYH11 gene variant c.5324 5325del, and a pathogenic PRDM16
gene variant ¢.259C>T. PRKAG2 syndrome, which is a HCM genocopy, was
identified in two women with the missense pathogenic variant c.905G>A and
the likely pathogenic variant ¢.1642T>C.

A total of 24 novel P/LP variants were identified during the study that had
not been described in the literature before. Most of these variants (54.2%,
n=13) were associated with the HCM phenotype (Table 5). Four variants were
related to DCM, three with NDLVC and two with the Fabry disease
phenotype. Most of the previously unreported P/LP variants were found in the
MYH?7 gene (29.2%, n=7) (Table 6). Three novel P/LP variants were identified
in the MYBPC3 gene, of which the c.1996A>T variant was detected in two
unrelated individuals. The pathogenic variant ¢.3530 3531insG in the
MYBPC3 gene was identified in three members of the same family who also
had the pathogenic variant ¢.26_29dup in the PLN gene. Two previously
unreported P/LP variants were found in the GLA and TTN genes. The likely
pathogenic DNMT3A4 gene variant ¢.2324C>A was first described in three
individuals from the same family. This gene is associated with very rare
TBRS. A more detailed analysis of this variant is provided in Section 3.4.4.
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Table 5. Distribution of novel gene variants according to pathogenicity and
cardiomyopathy phenotypes

Vatiant 1 yeoy | DCM |NDLVC| Fabry | ARVC | TBRS Total
pathogenicity
Pathogeni 4 ! ! L 00.0%) | 00.0%) | 729.2%)

OBEMC 1 30.8%) | (25.0%) | (33.3%) | (50.0%) e e =
i 1 1
Likely 9 3 2 1 17 (708%)
pathogenic | (69.2%) | (75.0%) | (66.7%) | (50.0%) | (100.0%) | (100.0%)

13 4 3 2 24

* 42%) | 1(4.20

Total s4.2%) | (16.7%) | (12.5%) | 8.3%) | 127 | LE29) 1 160 000)

*Percentage is presented as a proportion of the total number of previously undescribed variants
(n=24, 100.0%).

ARVC — arrhythmogenic right ventricular cardiomyopathy; DCM — dilated cardiomyopathy;
HCM - hypertrophic cardiomyopathy; NDLVC — non-dilated left ventricular cardiomyopathy;
TBRS - Tatton-Brown-Rahman syndrome

Table 6. Distribution of novel gene variants according to the most common genes

Mutation type MYH7 MYBPC3 GLA TIN
Missense 6 (85.7%) 0 (0.0%) 1 (50.0%) 0 (0.0%)
Nonsense 0 (0.0%) 1(33.3%) 0 (0.0%) 1(50.0%)
Frameshift 0 (0.0%) 2 (66.7%) 0 (0.0%) 1(50.0%)
Splicing 1 (14.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
In-frame deletion 0 (0.0%) 0 (0.0%) 1(50.0%) 0 (0.0%)
Total 7(100.0%) | 3(100.0%) | 2(100.0%) | 2 (100.0%)

3.3. Relationship Between the Genetic Causes of HCM and Phenotypic
Manifestation

In this section, the analysis of the relationship between the HCM genotype
and phenotype in the largest group of CM in this study is provided. The section
is divided into two main parts. The first part analyses phenotypic differences
between HCM study groups with and without P/LP variants. Only probands
with HCM were included in this sub-analysis. The second part analyses
phenotype differences between only the commonly identified HCM genes
MYBPC3 and MYH?7, as well as their variants, excluding individuals in whom
P/LP variants were not detected. Relatives with P/LP variants in MYBPC3 and
MYH?7 genes and phenotypic HCM features were also included in this sub-
analysis.
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3.3.1. Comparison of HCM Groups based on Genotype
Demographic and Genetic Characteristics

Of the 222 probands with the HCM phenotype, the following were
excluded from analysis: 4 individuals with more than one P/LP variant, two —
with P/LP in the PRKAG2 gene, and two — with variants in genes with limited
evidence of HCM pathogenicity (MYH6, ANK?2) (Figure 2). The final analysis
included 214 individuals diagnosed with HCM, of whom, 42.1% were female.
The median age at diagnosis of HCM was 52 [38—62] years. The majority of
the study participants lived in Vilnius County (Figure 6).

Vilnius 71.0%
Panevezys 8.4%
Siauliai 6.1%
Utena 4.2%
Alytus 3.3%
Klaipeda 2.8%
Kaunas 1.4%
Marijampole 1.4%
Telsiai 0.9%

Taurage 0.5%

Fig. 6. Distribution of the study individuals’ place of residence by county

After a repeated analysis of HCM-related gene variants, two likely
pathogenic variants were reclassified as pathogenic (Figure 7). Out of 33
VUS, 7 (21.2%) were downgraded to likely benign, 3 (9.1%) were reclassified
as likely pathogenic, and the remaining 23 (69.7%) were still deemed to be
VUS. Three previously unreported variants were reclassified as VUS.
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Pathogenic Pathogenic
27 29

Likely palhogeglz Likely pathogenic
25
Variant of unknown significance Variant of unknown significance
33 26
Likely benign Likely benign
3 4

Fig. 7. Reclassification scheme for genetic variants associated with hypertrophic
cardiomyopathy

Pathogenic variants are shown in red, likely pathogenic — in orange, variants of uncertain
significance — in yellow, and likely benign — in green. The primary classification of variants is
presented on the left, and the classification of variants after repeated gene variant analysis is
presented on the right. The thickness of the curves corresponds to the number of gene variants.
The lines illustrate changes in the classification of variants after repeated analysis.

Hypertrophic cardiomyopathy individuals were divided into two groups
according to the genetic testing results. The first group included 92 (43.0%)
probands who were identified with 48 different P/LP variants associated with
HCM (the P/LP+ group), 10 of which had previously been undescribed.
Truncating P/LP variants were detected in 31 individuals, missense variants —
in 59 individuals, and in-frame deletions in 2 individuals. The most commonly
identified P/LP variants were in the MYBPC3 gene (n=49), followed by MYH7
(n=25) and other genes (n=13) (Figure 8). The second group included 122
HCM individuals who were found to have VUS or no P/LP variants (P/LP-

group).
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MYH7
27.2%

Fig. 8. Distribution of identified P/LP variants in genes associated with HCM
HCM - hypertrophic cardiomyopathy; P/LP — pathogenic/likely pathogenic

Association between Genetic Variants and HCM Features

When comparing the P/LP+ and P/LP- groups, it was observed that
individuals with P/LP variants developed HCM symptoms significantly
earlier (at 41.5 [31.0-56.0] vs. 52.5 [54.0-63.0] years, p<0.001). The P/LP+
group also had an earlier diagnosis of HCM (43.5 [32.3-58.0] vs. 54.0 [45.8—
65.0] years, p<0.001) and a more prevalent septal HCM (92.4% vs. 77.9%,
p=0.004) (Table 7). By contrast, more comorbidities were found in the P/LP-
group. This group had a family history of HCM and SCD less frequently
(»<0.001 and p=0.026, respectively). Left ventricular outflow tract
obstruction was observed in 37.4% of the individuals involved,
hemodynamically significant LVOT obstruction (G max >50 mmHg) was
observed in 28.5% of patients, and LV apical aneurysm was found in 4.2% of
the probands with no significant difference between the groups. At the initial
evaluation, the five-year HCM SCD risk was higher in the P/LP+ group
compared to the patients without P/LP variant (2.7 [1.9-3.8] vs. 1.9 [1.5-2.6]
respectively, p<0.001). Signs of LV hypertrophy on ECG were less frequently
identified in the P/LP+ group (66.3% vs. 80.3%, p=0.020) (Table 8).
Repolarisation abnormalities were less common in the P/LP+ group (46.7%
vs. 23.0%, p<0.001) including less frequent negative T waves in the lateral
leads (44.6% vs. 73.0%, p<0.001).
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Table 7. Demographics and clinical features in HCM patients with and without P/LP

variants

All With P/TP+ Without

Variable (n=214) variants P/TP- variants | p-value
(n=92) (n=122)
Female sex, n (%) 90 (42.1%) 38 (41.3%) 52 (42.6%) 0.847
Age at onset of 50.0 41.5 525 <0.001
symptoms (years) [37.0-61.0] [31.0-56.0] [45.0-63.0] )
Age at HCM 52.0 43.5 54.0 <0.001
diagnosis (years) [38.0-62.0] [32.3-58.0] [45.8-65.0] )
Septal LV o o o
hypertrophy, n (%) 180 (84.1%) 85 (92.4%) 95 (77.9%) 0.004
Apical LV N o N
hypertrophy, n (%) 46 (21.5%) 16 (17.4%) 30 (24.6%) 0.204
Asymmetric LV o o o
hypertrophy, n (%) 200 (93.5%) 91 (98.9%) 109 (89.3%) 0.005
i\(f,%T obstruction, | g0 (37.40) | 30(32.6%) | 50(41.0%) | 0210
Hemodynamically
significant LVOT N o o
obstruction (Gmax. 61 (28.5%) 21 (22.8%) 40 (32.8%) 0.110
>50 mmHg), n (%)
Midventricular N o N
obstruction, n (%) 26 (12.1%) 12 (13.0%) 14 (11.5%) 0.728
LV apical
aneurysm, n (%) 9 (4.2%) 2(2.2%) 7 (5.7%) 0.306
5-year HCM SCD
. 2.2 2.7 1.9

risk scoreat [1.7-3.2] [19-3.8] ns26 | 0001
primary evaluation
Family history of o o o
HCM. n (%) 23 (10.7%) 19 (20.7%) 4 (3.3%) <0.001
Family history of o o o
SCD, n (%) 29 (13.6%) 18 (19.6%) 11 (9.0%) 0.026
Symptoms at primary evaluation
Dyspnea, n (%) 134 (62.6%) 58 (63.0%) 76 (62.3%) 0.911
Chest pain, n (%) 95 (44.4%) 40 (43.5%) 55 (45.1%) 0.815
Syncope, n (%) 17 (7.9%) 8 (8.7%) 9 (7.4%) 0.724
E‘Ejz; palpitations, | ¢y 37900y | 37(402%) | 44(36.1%) | 0.535
Comorbidities
Primary arterial o o N
hypertension, n (%) 150 (70.1%) 51 (55.4%) 99 (81.1%) <0.001
Coronary arterial N o N
discase, n (%) 39 (18.2%) 8 (8.7%) 31 (25.4%) 0.002
gz;hpldemla’ n 117 (547%) | 41 (44.6%) | 76(62.3%) | 0.010
Diabetes, n (%) 20 (9.3%) 4 (4.3%) 16 (13.1%) 0.029
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Table 7 (continued). Demographics and clinical features in HCM patients with and
without P/LP variants

. All With .P/ TP+ Withogt

Variable (n=214) variants P/TP- variants | p-value
(n=92) (n=122)

Comorbidities
NYHA functional class, n (%)
I 21 (9.8%) 10 (10.9%) 11 (9.0%)
I 75 (35.0%) 32 (34.8%) 43 (35.2%) 0.903
I 51 (23.8%) 20 (21.7%) 31 (25.4%)

Medical treatment at primary evaluation

?,Zt)a'bl‘”kers’n 180 (84.1%) | 75(81.5%) | 105(86.1%) | 0.368
Calcium channel
blockers, n (%)

64 (29.9%) 16 (17.4%) 48 (39.3%) <0.001

Amiodaron, n (%) 11 (5.1%) 5 (5.4%) 6 (4.9%) 0.865
ACEUARB, n (%) | 124 (57.9%) | 40 (43.5%) 84 (68.9%) | <0.001
MRA, n (%) 33(154%) | 10 (10.9%) 23(18.9%) | 0.109
EZ‘)’p diuretics, n 15 (7.0%) 6 (6.5%) 9 (7.4%) 0.808
Thiazide or

thiazide-like 52(243%) | 17 (18.5%) 35(28.7%) | 0.085

diuretics, n (%)
Anti lant:
(;)1°°agu ants, i 44 (20.6%) 16 (17.4%) 28(23.0%) | 0.319

0
Categorical variables are presented as counts (%), and continuous variables as median [Q1-Q3].
ACEI — angiotensin-converting enzyme inhibitors; ARB — angiotensin II receptor blockers;
HCM - hypertrophic cardiomyopathy; LV — left ventricle; LVOT — left ventricular outflow
tract; MRA — mineralocorticoid receptor antagonists; NYHA — New York Heart Association
heart failure classification; P/LP — pathogenic/likely pathogenic; Q1 — quartile 1; Q3 — quartile
3; SCD - sudden cardiac death; SD — standard deviation

Table 8. Phenotypic features in HCM patients with and without P/LP variants
With P/TP+ Without

Variable N All variants P/TP- variants P
(n=92) (N=122) VLT

ECG

Signs of LV

0, 0, 0,
hybertrophy. 1 (%) 212 | 158(74.5%) | 60(66.7%) | 98 (80.3%) | 0.024

Negative T waves in
lateral leads, n (%)
No repolarization
abnormalities, n (%)

213 | 129(60.6%) | 40 (44.0%) | 89 (73.0%) | <0.001

213 | 71(333%) | 43(47.3%) | 28(23.0%) | <0.001

TTE
Maximal LV wall 214 17.0 17.5 17.0 0.009
thickness (mm) [15.0-20.0] [15.0-21.0] [15.0-19.0] :
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Table 8 (continued). Phenotypic features in HCM patients with and without P/LP

variants
With prTp+ | VPOt
Variable N All variants S p-value
(n=92) variants
(n=122)
TTE
LVdd (cm) 214 4.840.6 4.7£0.6 5.0+£0.6 0.002
LA size (cm) 43 4.2 43
214 [3.84.7] [3.74.6] [4.04.8] 0.072
LA volume index 214 46.7 46.7 46.7 0.589
(ml/m?) [36.9-58.9] [37.5-56.0] | [36.7-60.5] )
E/A 1.0 1.2 0.95
202 [0.7-1.6] [0.8-1.7] [0.70-1.4] 0.056
Cardiopulmonic exercise stress testing
VO, max. (ml/min/kg?) 117 20.6 20.5 21.5 0.599
[17.8-24.6] [16.9-25.0] | [18.7-23.7] )
Anaerobic threshold (%) 17 51.5 50.0 54.0 0.176
[43.—62.0] [43.0-59.5] | [44.0-65.0] )
Laboratory tests
Troponin I (ng/1) 16.5 24.0 14.5
192 [8.0-48.3] [8.0-66.0] [7.0-37.0] 0.132
BNP (ng/l) 120.6 123.7 118.5
206 [56.1-269.4] | [58.1-292.6] | [53.5-261.8] 0.589
CMRi
LVEF (%) 72.0 71.0 72.0
184 [63.0-77.0] [63.5-76.0] | [61.5-78.0] 0.679
Indexed LV end- 183 65.5 62.0 68.0 0.460
diastolic volume (ml/m?) [55.0-80,0] [55.0-76.5] | [55.0-82.0] ’
Indexed LV end-systolic 183 19.0 19.5 19.0 0.960
volume (ml/m?) [14.0 27.0] [13.0-25.5] | [14.0-27.0] )
Indexed LV stroke 183 45.0 44.0 49.0 0353
volume (ml/m?) [38.0-55.0] [39.0-53.0] | [38.0-58.0] )
Maximal LV wall 19.0 21.0 18.0
thickness (mm) 184 [17.0-22.0] [18.0-23.0] | [16.0-20.0] <0.001
Myocardial mass index 176 90 86.5 91.0 0.161
(g/m?) [74.0-04.5] | [73.0-103.0] | [75.0-109.0] )
Cardiac index (I/min/m?) 32 3.1 32
174 [2.6-3.7] [2.6-3.6] [2.6-3.9] 0.329
LGE present, n (%) 184 | 161 (88.0%) | 77 (91.7%) 84 (84.8%) 0.158
LGE present in the N o N
septum, n (%) 184 | 94 (51.1%) 50 (59.5%) 44 (44.0%) 0.036

Categorical variables are presented as counts (%), and continuous variables as mean (SD) or
median [Q1-Q3].

CMRi — cardiac magnetic resonance imaging; ECG — electrocardiogram; HCM — hypertrophic
cardiomyopathy; LA — left atrium; LGE — late gadolinium enhancement; LV — left ventricle;
LVdd — left ventricle diastolic diameter; LVEF — left ventricular ejection fraction; P/LP —
pathogenic/likely pathogenic; Q1 — quartile 1; Q3 — quartile 3; SD — standard deviation; TTE —
transthoracic echocardiography

The identified P/LP variant was statistically significantly associated with a
thicker LV wall (maximal thickness) on cardiac imaging (17.5 [15.0-21.0] vs.
17.0 [15.0-19.0] mm, p=0.009 on TTE and 21.0 [18.0-23.0 vs. 18.0 [16.0—
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20.0] mm, on CMRi, p<0.001). Individuals in the P/LP+ group also had a
smaller left ventricular diastolic diameter (LVdd) (4.7+0.6 vs. 5.0+0.6 cm,
p=0.002). The majority of patients were identified with LGE in CMRi (88.8%
in total); this parameter did not differ between the groups. However, LGE in
the LV septum was more commonly observed in P/LP+ patients (59.5% vs.
44.0%, p=0.036). There were no statistically significant differences between
the groups in clinical symptoms, laboratory tests, or cardiopulmonic exercise
test variables.

Follow-up and Clinical Outcome Data

The median follow-up was 4.2 [1.6—6.8] years (Table 9). The follow-up
duration was longer in the P/LP+ group than in the P/LP- group (p=0.011),
which may be related to the younger age of the patients with P/LP variants at
the time of HCM diagnosis. During the follow-up, the five-year HCM SCD
score remained higher in the P/LP+ group (2.8 [1.9-4.6] vs. 2.0 [1.5-3.4],
p<0.001). These patients were more likely to have indications for ICD
implantation (39.1% vs. 18.9%, p=0.001).
A linear mixed-effects model was applied to estimate the maximal LV wall
thickness on TTE between the P/LP+ and P/LP- groups during the follow-up
(Figure 9). Left ventricular wall thickness in patients with the P/LP variant
was significantly greater than in the P/LP- group during primary evaluation
(p=1.735, 95% confidence interval (CI) [0.859, 2.61], p<0.001). The effect of
time alone was not statistically significant (5=0.104, 95% CI [-0.042, 0.249],
p=0.162). Also, the interaction between the genotype and time was not found
to be statistically significant (5=0.003, 95% CI [-0.1995, 0.206], p=0.977).
Three individuals died during the follow-up. All three of them were in the
P/LP+ group. These deaths were not directly related to HCM or SCD. One 58-
year-old female patient died due to sepsis-induced septic shock and multiple
organ dysfunction syndrome. The woman had a pathogenic c.1996A>T
variant in the MYBPC3 gene and underwent heart transplantation at the age of
51. A male patient died at the age of 70 after an ischemic stroke. The man had
a likely pathogenic c.170C>G variant in the MYL3 gene. The third patient, a
female, died at the age of 71 due to complications following a pulmonary vein
isolation for atrial fibrillation. The woman had a pathogenic c.1505G>A
variant in the MYBPC3 gene.
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Table 9. Follow-up and clinical outcomes in HCM patients with and without P/LP

variants
With p/Tp+ | Vvithout
. All . P/TP- -
Variable _ variants .
(n=214) (n=92) variants value
(n=122)
Duration of follow- |y 5 1y 6 68) | 45[1.9.86] | 3.7[1.1-5.9] | 0.011
up (years)
5-year HCM SCD
risk score during 2.3[1.7-3.6] | 2.8[1.9-4.6] | 2.0[1.5-3.4] | <0.001
follow-up
(S(,Zliml myectomy, | 10 (4.7%) 5 (5.4%) 5(4.1%) 0.748
Alcohol septal o N o
ablation, n (%) 17 (7.9%) 6 (6.5%) 11 (9.0%) 0.504
Indication for ICD o o o
implantation, n (%) 59 (27.6%) 36 (39.1%) 23 (18.9%) 0.001
Pacemaker o o o
implantation, n (%) 13 (6.1%) 3(3.3%) 10 (8.2%) 0.135
Heart transplantation
or LV assist device 3 (1.4%) 3(3.3%) 0 (0.0%) 0.078
implantation, n (%)
‘(A;/tor)lal fibrillation, 01 6> 29.00%) | 27(29.3%) | 35(28.7%) | 0916
Ventricular o o o
tachycardia, n (%) 43 (20.1%) 23 (25.0%) 20 (16.4%) 0.120
Stroke (%) . 12 (5.6%) 3 (3.3%) 9 (7.4%) 0.195
ﬁ{,f;‘“se mortality, | 3 | 405 3 (3.3%) 0(0.0%) | 0.078
0
Sustained advanced
heart failure (NYHA | 53 04 000y | 22(23.9%) | 31(254%) | 0802
functional class
1I/IV)
Progression from
NYHA functional o o o
class VI to class 31 (14.5%) 13 (14.1%) 18 (14.8%) 0.898
v
Heart failure 60 (28.0%) | 28(304%) | 32(262%) | 0.498
composite
Overall composite 97 (45.3%) 44 (47.8%) 53 (43.4%) 0.524

Categorical variables are presented as counts (%), and continuous variables as mean (SD) or
median [Q1 — Q3].

ICD — implantable cardioverter-defibrillator; HCM — hypertrophic cardiomyopathy; LV — left
ventricle;, NYHA — New York Heart Association heart failure classification; P/LP —
pathogenic/likely pathogenic; Q1 — quartile 1; Q3 — quartile 3; SD — standard deviation; SCD
—sudden cardiac death
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Maximal LV wall thickness over time by genotype
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Fig. 9. Maximal left ventricular wall thickness on transthoracic echocardiography
over time according to genotype

P/LP+ — individuals with pathogenic/likely pathogenic variants; P/LP- — individuals without
pathogenic/likely pathogenic variants

Kaplan-Meier survival analysis revealed that patients with the P/LP variant
had a higher incidence of previously diagnosed atrial fibrillation (p=0.021),
ventricular tachycardia (p=0.004), HF composite (p=0.006) and overall
composite outcome (p=0.002) (Figure 10). No statistically significant
differences in advanced HF (III/TV NYHA functional class), progressive HF
(progression from I/Il NYHA functional class to III/IV) and stroke outcomes
between the P/LP+ and P/LP- groups were observed. To compare the
differences in the clinical outcomes between these groups, hazard ratios were
evaluated by using Cox proportional hazard regression models (Figure 11).
There were no significant differences in hazard ratios for individual or
composite outcomes between the groups by age at diagnosis or sex.
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Fig. 10. Clinical outcomes according to genotype

Kaplan-Meier survival analysis was performed for clinical outcomes from birth comparing the
P/LP+ and P/LP- groups. A — Atrial fibrillation outcome; B — Ventricular tachycardia (non-
sustained) outcome; C — Heart failure composite outcome; D — Overall composite outcome.
P/LP+ — individuals with pathogenic/likely pathogenic variants; P/LP- — individuals without
pathogenic/likely pathogenic variants
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A P/LP+ versus P/LP- . (©95% ¢1)

P value
- 2386  1.295-4.395 0.005
Sustained advanced HF (NYHA class IIl/IV) =] — 1.677 0.961 - 2.927 0.069
Progression from NYHA class VI to class II/IV— — 1.658 0.804 - 3.420 0171
Atrial fibrillation -] —— 1.823  1.087 - 3.056 0.023
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T T T 1
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Hazard Ratio (95% Cl)

P/LP+ versus P/LP- adjusted for age at

B diagnosis and gender HR (95% Cl) P value
'
Ventricular y i E L3 1.325 0.693 - 2.531 0.395
Sustained advanced HF (NYHA class III/IV) = l—:’—l 0.989 0.553 - 1.769 0.971
Progression from NYHA class I/l to class lIl/IV—} b—lh—c 0.873 0.402 - 1.897 0.731
Atrial fibrillation '_é_._‘ 1.394 0.817 - 2.380 0.223
Stroke 0—.%—1 0516  0.132-2.011 0.340
HF composite -] b—i—.—! 1.204 0.701 - 2.068 0.502
Overall composite =] '-é—.—i 1.304 0.855 - 1.987 0.217
T T T 1

0 : 2 3 4 5

Hazard Ratio (95% Cl)
Fig. 11. Forest plots showing the hazard ratio and 95% confidence intervals for the
individual and composite clinical outcomes according to genotype
A —Hazard ratio between the P/LP+ and P/LP- groups of individuals; B — Hazard ratio between
the P/LP+ and P/LP- groups of patients, adjusted for age at diagnosis and sex.

CI — confidence interval; HR — hazard ratio; P/LP+ — individuals with pathogenic/likely
pathogenic variants; P/LP- — individuals without pathogenic/likely pathogenic variants

3.3.2. The Influence of Protein Structure Changes on Phenotypic Features of
HCM

Individuals with truncating P/LP variants had an earlier onset of HCM
symptoms and a younger age at HCM diagnosis compared to individuals with
non-truncating P/LP variants and those with no P/LP variant identified
(»p<0.001) (Table 10 and Figure 12A). Also, patients with truncating P/LP
variants were more commonly identified with the septal HCM (p=0.003) and
had a higher 5-year HCM SCD risk during a primary evaluation and the
follow-up (p<0.001). Comorbidities were more common in the P/LP- group,
which may be related to an older age at the time of the HCM diagnosis. Family
history of HCM (p<0.001) and SCD (p=0.042) was more frequently identified
in patients with truncating P/L variants. In imaging studies (both TTE
(»p=0.025) and CMRi (p<0.001) (Figure 12B), individuals with truncating
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P/LP variants had the greatest maximal LV wall thickness. However, there
were no differences in signs of LV hypertrophy on ECG. Repolarisation
abnormalities on ECG were also less common in these patients (p<0.001). In
probands with truncating P/LP variants, LGE in the LV septal wall was
observed more commonly (p=0.036). Also, indications for ICD implantation
were more frequently identified in individuals with truncating P/LP variants
(p=0.002).

Table 10. Demographic and clinical characteristics of individuals with HCM

according to the impact of genotype on protein structure

Truncating | Non-truncating P/TP
Variable P/LP variants | P/LP variants (=1 25) :1-
(n=31) (n=61) vaue

Female sex, n (%) 12 (38.7%) 26 (42.6%) 52 (42.6%) 0.920
Age at onset of 38.0 46.0 52.5 <0.001
symptoms (years) [31.0-53.0] [31.5-58.5] [45.0-63.0] )
Age at HCM 38.0 48.0 54.0 <0.001
diagnosis (years) [31.0-53.0] [33.0-60.0] [45.8-65.0] )
Septal LV o o
hypertrophy, n (%) 31 (100.0%) 54 (88.5%) 95 (77.9%) 0.003
Asymmetric LV
hypertrophy, 1 (%) 30 (96.8%) 61 (100.0%) 109 (89.3%) | 0.009
fkscoreat |3 23 19 | g0

. . [2.5-4.6] [1.8-3.4] [1.5-2.6] )
primary evaluation
Family history of N o o
HCM. n (%) 8 (25.8%) 11 (18.0%) 4 (3.3%) <0.001
Family history of N o 0
SCD, n (%) 8 (25.8%) 10 (16.4%) 11 (9.0%) 0.042
Primary arterial o o
hypertension, n (%) 13 (41.9%) 38 (62.3%) 99 (81.1%) | <0.001
Coronary arterial o N o
discase, n (%) 1 (3.2%) 7 (11.5%) 31 (25.4%) 0.005
gz;hpldemla’ n 1341.9%) | 28(45.9%) | 76(623%) | 0.034
ECG
Signs of LV o o
hypertrophy, n (%)’ 19 (63.3%) 41 (68.3%) 98 (80.3%) 0.069
Negative T waves
in lateral leads, n 10 (32.3%) 30 (50.0%) 89 (73.0%) | <0.001
(%o)*
No repolarization
abnormalities, n 17 (54.8%) 26 (43.3%) 28 (23.0%) | <0.001
(%o)*
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Table 10 (continued). Demographic and clinical characteristics of individuals with
HCM according to the impact of genotype on protein structure

Truncating | Non-truncating

Variable P/LP variants | P/LP variants (I}:f]“gé) Vfl;.le
(n=31) (n=61)
TTE
Maximal LV wall 18.0 17.0 17.0 0.025
thickness (mm) [15.0-23.0] [15.0-20.0] [15.0-19.0] ’
LVdd (cm) 4.6+0.6 4.840.6 5.0+£0.6 0.004
CMRi
LVEF (%)° 69.0 72.0 72.0 0263
[60.0-74.0] [64.0-78.0] [61.5-78.0] )

Maximal LV wall 22.0 20.0 18.0 <0.001
thickness (mm)3 [19.0-24.0] [17.0-23.0] [16.0-20.0] :
ﬁ,/?)};: present, n 27(93.1%) | 50(90.9%) | 84(84.8%) | 0.423
LGE present in

o 0 0
septum, n (%)° 14 (48.3%) 36 (65.5%) 44 (44.0%) 0.036

Follow-up and clinical outcomes

Duration of follow- 5.8 43 3.7 0.011
up (years) [2.9-10.3] [1.7-7.1] [1.1-5.9] ’
ik seore during | 2 26 20 | .01
follow-up [2.6-5.3] [1.7-3.6] [1.5-3.4]

Indication for ICD

() () 0,
implantation. n (%) | 1 484%) 21 (34.4%) 23(18.9%) | 0.002

'n=212; 2n=213; n=184.

Categorical variables are presented as counts (%), and continuous variables as mean (SD) or
median [Q1 — Q3].

CMRi — cardiac magnetic resonance imaging; ECG — electrocardiogram; ICD — implantable
cardioverter-defibrillator; HCM — hypertrophic cardiomyopathy; LA — left atrium; LGE — late
gadolinium enhancement; LV — left ventricle; LVdd — left ventricle diastolic diameter; LVEF
— left ventricular ejection fraction; P/LP — pathogenic/likely pathogenic; P/LP- — individuals
without pathogenic/likely pathogenic variants; Q1 — quartile 1; Q3 — quartile 3; SD — standard
deviation; SCD — sudden cardiac death; TTE — transthoracic echocardiography
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Fig. 12. Age at diagnosis and maximal left ventricular wall thickness according to the
genotype’s impact on the protein structure

A — Age at diagnosis of HCM; B — Maximal LV wall thickness CMRi. The diagrams present
the median (Q1 — Q3).

CMRi — cardiac magnetic resonance imaging; HCM — hypertrophic cardiomyopathy; LV — left
ventricle; P/LP — pathogenic/likely pathogenic; P/LP- — individuals without pathogenic/likely
pathogenic variants; Q1 — quartile 1; Q3 — quartile 3

3.3.3. Phenotypic Indicators of HCM Predicting Confirmation of the Genetic
Cause of the Disease

The relationships between multiple variables were analysed with the
objective to determine the most accurate logistic regression model for
evaluating the factors associated with having a positive HCM genotype. Our
multivariate logistic regression model identified with the highest accuracy
(72%) and precision (64%) identified that the positive HCM genotype was
associated with a younger age at HCM diagnosis, a thicker left ventricular
wall (maximal thickness) on CMRi, and the absence of negative T waves in
the lateral ECG leads (Table 11).
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Table 11. Multivariate logistic regression model for predicting a positive HCM genotype

Variable OR 95% CI p-value
Age at HCM diagnosis 0.97 0.94-0.99 0.001
Maximum LV wall thickness on CMRi 1.18 1.08 -1.30 <0.001
Negative T waves in lateral leads on ECG 0.31 0.16 —0.60 0.001

CI - confidence interval; CMRi - cardiac magnetic resonance imaging; ECG —

electrocardiogram; HCM — hypertrophic cardiomyopathy; LV — left ventricle

Receiver operating characteristic (ROC) analysis was performed in order
to determine the optimal thresholds so that to distinguish between the P/LP+
and P/LP- groups in HCM patients (Table 12). An earlier age at the onset of
symptoms (threshold: 41.5 years) and at diagnosis (threshold: 42.3 years)
were able to discriminate P/LP+ from P/LP- HCM patients with 82%
specificity and 50% sensitivity (p<0.001). The HCM SCD risk score at 5 years
at a cut-off of 2.3 had a slightly more balanced performance (66% specificity
and 64% sensitivity, p=0.009). The same maximal LV wall thickness at a
threshold of 20.5 mm on cardiac imaging had different performances: TTE
had a lower area under the curve (AUC) of 0.60 with high 93% specificity and
a limited 27% sensitivity; whereas, CMRi had a higher AUC of 0.68 with 81%
specificity and 51% sensitivity (p<0.001).

Table 12. Receiver operating characteristics (ROC) curves parameters for variables
significantly associated with the positive HCM genotype

Variable Threshold | AUC 95% CI p-value | Specificity | Sensitivity

Age at onset of
symptoms 41.5 0.67 | 0.60-0.74 | <0.001 82% 50%

(years)

Age at HCM
diagnosis 423 0.67 | 0.60-0.74 | <0.001 82% 50%

(years)

S-year HCM
SCD risk score
at primary
evaluation

23 0.67 | 0.59-0.74 0.009 66% 64%

Maximal LV
wall
thickness on

TTE (mm)

20.5 0.60 | 0.53-0.68 | <0.001 93% 27%

Maximal LV
wall

thickness on
CMRi (mm)

20.5 0.68 | 0.60-0.76 | <0.001 81% 51%

AUC - area under the curve; CI — confidence interval; CMRi — cardiac magnetic resonance
imaging; HCM — hypertrophic cardiomyopathy; LV — left ventricle; SCD — sudden cardiac
death; TTE — transthoracic echocardiography
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3.3.4. Analysis of HCM Phenotypes Associated with the MYBPC3 and
MYH7 Genes

In this section, the analysis of the phenotypic differences in HCM in the
most commonly identified MYBPC3 and MYH7 gene groups is provided.
Recently, increasing attention has been focused on the analysis of individual
gene regions; therefore, this section also analyses HCM phenotype differences
associated with individual P/LP variants and their groups in the MYBPC3 and
MYH?7 genes.

Comparison of HCM Phenotypes Associated with MYBPC3 and MYH7
Genes

Out of 235 patients (probands and relatives) with the HCM phenotype,
further analysis excluded: 8 individuals with more than one P/LP variant, two
patients with P/LP variants in the PRKAG2 gene, and two individuals with
variants in genes with limited evidence of HCM pathogenicity (MYH6, ANK?)
(Figure 3). The final analysis included 83 patients with P/LP variants in the
MYBPC3 and MYH7 genes, of whom, 74 (89.2%) were probands and 9
(10.8%) were relatives. The MYBPC3 gene group consisted of 55 (66.3%)
individuals, while the MYH?7 gene group involved of 28 (33.7%) individuals.
The schematic distribution of MYBPC3 and MYH7 P/LP variants in the linear
protein structure is presented in Figures 13 and 14. Individuals with multiple
P/LP variants were not included in the figures. In the MYBPC3 gene group,
45.5% of the individuals were female, while in the MYH?7 gene group, 39.9%
were female (Table 13). The age at HCM diagnosis was similar between the
groups: notably, 41.2+15.1 years in the MYBPC3 gene group and 40.7+18.1
years in the MYH7 gene group. There were no statistically significant
differences between the groups in the HCM types, LVOT obstruction, family
history of HCM and SCD, 5-year HCM SCD risk, and symptoms at the time
of initial evaluation. Atrial fibrillation was more frequently observed in the
MYH?7 gene group than in the MYBPC3 gene group at primary evaluation
(32.1% vs. 9.1%, p=0.013). Nevertheless, there were no differences in the
incidence of atrial fibrillation between the groups during the follow-up period.
Also, no statistically significant differences in the ECG and TTE parameters
were observed between the groups. LGE was similar in both groups, however,
LGE was more frequently detected in the LV septal wall in the MYH7 P/LP
variant group (75.0 vs. 49.0%, p=0.034). During the follow-up, there were no
differences in the Kaplan-Meier survival analysis for individual and
composite outcomes between the MYBPC3 and MYH?7 gene groups.
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Fig. 13. Distribution of MYBPC3 gene variants in the linear protein structure

The probands with a single P/LP variant are presented as a circle. Relatives with the HCM phenotype are shown as stars.
Ig — immunoglobulin; HCM — hypertrophic cardiomyopathy; P/LP — pathogenic/likely pathogenic
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Fig. 14. Distribution of MYH?7 gene variants in the linear protein structure

The probands with a single P/LP variant are presented as a circle. Relatives with the HCM phenotype are shown as stars.
1Q — isoleucine-glutamine; HCM — hypertrophic cardiomyopathy; P/LP — pathogenic/likely pathogenic; SH3 — Src homology 3-like
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Table 13. Demographic, phenotypic, and clinical outcome data of individuals with
HCM according to MYBPC3 and MYH7 gene P/LP variants

MYBPC3 P/LP MYH7 P/LP
Variable variants variants p-value

(n=55) (n=28)
Female sex, n (%) 25 (45.5%) 11 (39.3%) 0.592
Age at onset of symptoms 40.5+14.6 39.6+18.0 0.818
(years)
Age at HCM diagnosis 41.2415.1 40.7+18.1 0.782
(years)
(S(,Zlital LV hypertrophy, n 54 (98.2%) 26 (92.9%) 0.262
‘(A;/fo’;cal LV hypertrophy, n 7(12.7%) 3(10.7%) 1.000
LVOT obstruction, n (%) 16 (29.1%) 8 (28.6%) 0.961
LV midventricular o o
obstruction, n (%) 6 (10.9%) 5(17.9%) 0.495
LV apical aneurism, n (%) 0(0.0%) 2 (7.1%) 0.111
>-year HCM SCDrrisk score | g 15 |5 g1 23[1.8-4.7] 0.758
at primary evaluation
?;glﬂy history of HCM, n 15 (27.3%) 11.(39.3%) 0.265
(F(,Zr)mly history of SCD, n 13 (23.6%) 6 (21.4%) 0.821
Comorbidities
Primary arterial o o
hypertension, n (%) 28 (50.9%) 15 (53.6%) 0.818
(Co/ooionary arterial disease, n 3 (5.5%) 4 (14.3%) 0219
Dyslipidemia, n (%) 21 (38.2%) 12 (42.9%) 0.681
Atrial fibrillation, n (%) 5(09.1%) 9 (32.1%) 0.013
Xz?trlcular tachycardia, n 1 (1.8%) 3(10.7%) 0.109
ECG
(S(,}Og)ns of LV hypertrophy, n 32 (58.2%) 18 (64.3%) 0.591
Negative T waves in lateral o o
leads, n (%) 18 (32.7%) 14 (50.0%) 0.126
No repolarization o 0
abnormalities, n (%) 31 (56.4%) 12 (42.9%) 0.244
TTE
Maximal LV wall
thickness (mm) 17.0 [15.0-20.0] 17.5 [14.5-21.0] 0.981
LVdd (cm) 4.7+0.6 4.8+0.7 0.679
LA size (cm) 4.2 [3.64.5] 4.3 [3.84.8] 0.251
LA volume index (ml/m?) 46.7 [37.7-55.8] 47.9 [40.1-64.1] 0.389
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Table 13 (continued). Demographic, phenotypic, and clinical outcome data of

individuals with HCM according to MYBPC3 and MYH?7 gene P/LP variants

MYBPC3 P/LP MYH7 P/LP
Variable variants variants p-value
(n=55) (n=28)
CMRi!
LVEF (%) 70.0 [63.0-75,0] 71.5[62.5-77.0] 0.729
Maximal LV wall
thickness (mm) (mm) 20.3+4.4 21.345.1 0.404
Myocardial mass index (g/m?) 83.0 82.0 0.726
[71.0-103.0] [68.0-100.0] '
LGE present, n (%) 47 (92.2%) 23 (95.8%) 1.000
LGE present in septum, n (%) 25 (49.0%) 18 (75.0%) 0.034
Follow-up and outcomes
Duration of follow-up (years) 4.11.7-9.5] 541[2.5-74] 0.603
Syear ICM SChisescore | 29 11.9-4.6) 28[1.7-54] | 0813
uring follow-up
Septal myectomy, n (%) 4 (7.3%) 1 (3.6%) 0.658
Alcohol septal ablation, n (%) 3 (5.5%) 3 (10.7%) 0.400
f&‘ﬁfﬁﬁiﬁﬁiﬁ”ﬁ% 21 (38.2%) 14 (50.0%) 0303
ﬁ;;emaker implantation, n 1(1.8%) 2 (7.1%) 0262
Heart transplantation or LV
assist device implantation, n 2 (3.6%) 2 (7.1%) 0.603
(%)
Atrial fibrillation, n (%) 11 (20.0%) 10 (35.7%) 0.119
Ventricular tachycardia, n (%) 14 (25.5%) 7 (25.0%) 0.964
Stroke (%) 0 (0.0%) 1 (3.6%) 0.337
All-cause mortality, n (%) 2 (3.6%) 0 (0.0%) 0.548
Sustained advanced heart
failure (NYHA functional 12 (21.8%) 6 (21.4%) 0.968
class I1I/IV)
Progression from NYHA
functional class I/II to class 4 (7.3%) 6 (21.4%) 0.061
v
Heart failure composite 13 (23.6%) 6 (21.4%) 0.821
Overall composite 21 (38.2%) 13 (46.4%) 0.470

'n=75

Categorical variables are presented as counts (%), and continuous variables as mean (SD) or

median [Q1 — Q3].

CMRi — cardiac magnetic resonance imaging; ECG — electrocardiogram; ICD — implantable
cardioverter-defibrillator; HCM — hypertrophic cardiomyopathy; LA — left atrium; LGE — late
gadolinium enhancement; LV — left ventricle; LVdd — left ventricle diastolic diameter; LVEF
— left ventricular ejection fraction; LVOT — left ventricular outflow tract; NYHA — New York
Heart Association heart failure classification; P/LP — pathogenic/likely pathogenic; Q1 —
quartile 1; Q3 — quartile 3; SD — standard deviation; SCD — sudden cardiac death; TTE —

transthoracic echocardiography

192




Phenotypic characteristics of HCM associated with the MYBPC3 gene

The distribution of the identified MYBPC3 P/LP variants in the protein
linear structure is shown in Figure 13. A heat map of the MYBPC3 HCM
genotype — phenotype is presented in Figure 15. In the phenotypic analysis of
MYBPC3 P/LP variants, the most frequently identified variants were
compared with other MYBPC3 P/LP variants and protein domain groups.

A binary outcome multivariate logistic regression model was used to
compare the pathogenic MYBPC3 variant ¢.3697C>T with other MYBPC3
P/LP variants. The pathogenic variant of MYBPC3 c.3697C>T was associated
with a higher 5-year HCM SCD risk score, a lower BNP and a less frequent
LGE in at the right ventricular insertion point on CMRi (Table 14).

Table 14. Multivariate logistic regression analysis comparing the pathogenic
¢.3697C>T variant with other MYBPC3 variants

Variable OR 95% CI p-value

5-year HCM SCD risk score 239 | 12265430 | 0019

BNP 099 | 0971099 | 0.026
t at the PV i Tt int

LGE present at the PV insertion point |\ | 415 753 0.035

on CMR1

Sample size 46. Accuracy 80%, precision 64%.

BNP — brain natriuretic peptide; CI — confidence interval; CMRi — cardiac magnetic resonance
imaging; HCM — hypertrophic cardiomyopathy; LGE — late gadolinium enhancement; OR —
odds ratio; RV — right ventricle; SCD — sudden cardiac death

MYBPC3 gene P/LP variants in the immunoglobulin (Ig)-like C2 type
domain were identified in 44 individuals, in fibronectin type III domains — in
9 individuals, and in interdomain regions — in two individuals.

In the heat map of the HCM genotype — phenotype associated with
MYBPC3 gene (Figure 15), no significant differences were observed between
the individuals with P/LP variants in the Ig-like C2 type and fibronectin type
1T domains of the MYBPC3 gene.

By using a binary outcomes multivariate logistic regression model, P/LP
MYBPC3 variants in fibronectin type III domains were associated with a
thicker LV wall (maximal thickness) on TTE compared to P/LP variants in Ig-
like C2 domains (p=0.036) (Table 15).
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Female sex 65 years
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Mean Max. wall thickness TTE
HCM family history
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Ventricular tachycardia

0 26 mm
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Fig. 15. MYBPC3 genotype — phenotype heat map in HCM patients

The categorical phenotypes of the variants are represented in red as a percentage, while the quantitative phenotype indicators — age at HCM diagnosis — are
shown in grey, and the maximal wall thickness on TTE is depicted in blue.

HCM - hypertrophic cardiomyopathy; ICD — implantable cardioverter defibrillator; LVOT — left ventricular outflow tract

obstruction; TTE — transthoracic echocardiography
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Table 15. Multivariate logistic regression analysis comparing pathogenic and likely
pathogenic MYBPC3 variants in Ig-like C2 domains versus variants in Fibronectin

Type III domains
Variable OR 95% CI P-value
Maximal LV wall thickness on TTE 1.229 1.024-1.518 0.036

Sample size 53. Accuracy 83%, precision 0%.
LV — left ventricle; CI — confidence interval; OR — odds ratio, TTE — transthoracic
echocardiography

Phenotypic Characteristics of HCM Associated with the MYH7 Gene

The distribution of the identified MYH?7 P/LP variants in the protein linear
structure is shown in Figure 14. A heat map of the MYH7 HCM genotype —
phenotype is presented in Figure 16. MYH?7 P/LP variants were more scattered
than MYBPC3 P/LP variants; therefore, individual gene variants were not
compared with each other. The differences between the main MYH?7 protein
domains were evaluated: the S1 subfragment and the coiled-coil tail region.
The S1 subfragment contains SH3-like, myosin motor head, and IQ domains.
MYH7 P/LP variants in the myosin motor domain were identified in 19
individuals, in IQ domain — in one, in coiled-coil tail —in 7, and in interdomain
region — in one individual. The heat map of the HCM genotype — phenotype
associated with MYH7 gene (Figure 16) shows a tendency: individuals with
MYH?7 gene P/LP variants in the tail region did not have a positive family
history of HCM, syncope, and ventricular tachycardia compared to individuals
with MYH7 gene P/LP variants in the S1 subfragment.

When comparing MYH7 P/LP variants located in the S1 subfragment and
the tail region, a family history of HCM was only found in P/LP variants in
the S1 subfragment (55% vs. 0%, p=0.022) (Table 16). Troponin I was also
statistically significantly higher in the S1 subfragment group (25.9 [10.0—
66.0] vs. 6.0 [2.0-29.0], p=0.028). MYH7 P/LP variants located in the tail
region were associated with an older age at the symptom onset and HCM
diagnosis, a lower 5-year HCM SCD risk at the primary evaluation and
follow-up, and a lower prevalence of atrial fibrillation, though not statistically
significant between the groups. Ventricular tachycardia was observed only in
MYH7 P/LP variants in the S1 subfragment (30% vs. 0%); it also did not differ
statistically significantly between the groups.
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Fig. 16. MYH73 genotype — phenotype heat map in HCM patients
The categorical phenotypes of the variants are represented in red as a percentage, while the quantitative phenotype indicators — age at HCM diagnosis — are

shown in grey, and the maximal wall thickness on TTE is depicted in blue.
HCM - hypertrophic cardiomyopathy; ICD — implantable cardioverter defibrillator, LVOT — left ventricular outflow tract

obstruction; TTE — transthoracic echocardiography
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Table 16. Demographic and phenotypic data of patients with HCM according to
MYH?7 gene P/LP variants located in the S1 subfragment and tail region

MYH7 P/LP

. . MYH?7 P/LP
: VEETE L variants in the
Variable S1 " g p-value
tail region
subfragment (n=7)
(n=20)

Female sex, n (%) 8 (40.0%) 3 (42.9%) 1.000
Age at onset of symptoms (years) 38.0£17.8 43.2420.5 0.570
Age at HCM diagnosis (years) 39.3+17.9 43.8420.8 0.617
Septal LV hypertrophy, n (%) 19 (95.0%) 6 (85.7%) 0.459
LVOT obstruction, n (%) 4 (20.0%) 3 (42.9%) 0.328
>-year HCM SCD risk score at primary 2602047 | 19[1.537] | 0.166
evaluation
Family history of HCM, n (%) 11 (55.0%) 0 (0.0%) 0.022
Family history of SCD, n (%) 5 (25.0%) 1 (14.3%) 1.000
Comorbidities
Primary arterial hypertension, n (%) 9 (45.0%) 5(71.4%) 0.385
Coronary arterial disease, n (%) 2 (10.0%) 1 (14.3%) 1.000
Dyslipidemia, n (%) 6 (30.0%) 5(71.4%) 0.084
TTE
Maximal LV wall 17.5 18.0 0.739
thickness (mm) [15.0-22.5] [14.0-21.0] )
LVdd (cm) 4.7£0.8 4.9£0.5 0.444
LA size (cm) 44[3.74.8] 4.1[3.84.5] 0.421
LA volume index (ml/m?) [ 40é228. 6] [33.‘(‘){5 1.4] 0.935
CMRi!

72.0 63.5
LVEF (%) [64.0-74.0] [61.0-76.0] 0.575
Maximal LV wall
thickness (mm) 21.945.6 19.3£3.6 0.221
LGE present, n (%) 17 (100.0%) 5(83.3%) 0.261
Laboratory tests
Troponin I (ng/l) 25'2 6[.10(:)|‘0_ 6.0 [2.0-29.0] 0.028

120.2 120.6
BNP (ng/l [91.6-322.8] | [58.1-305.2] | *®
Follow-up and clinical outcomes
Duration of follow-up (years) 6.2[3.4-74] | 3.7[0.7-15.0] 0.341
5-year HCM SCD risk score during follow-up | 3.0[2.1-5.4] 1.7[1.5-3.3] 0.121
Indication for ICD implantation, n (%) 11 (55.0%) 2 (28.6%) 0.385
Atrial fibrillation, n (%) 8 (40.0%) 1 (14.3%) 0.363
Ventricular tachycardia, n (%) 6 (30.0%) 0 (0.0%) 0.155

'n=23

Categorical variables are presented as counts (%), and continuous variables as mean (SD) or

median [Q1 — Q3].

BNP — brain natriuretic peptide; CMRi — cardiac magnetic resonance

imaging;

ICD — implantable cardioverter-defibrillator; HCM — hypertrophic cardiomyopathy; LA — left
atrium; LGE — late gadolinium enhancement; LV — left ventricle; LVdd — left ventricle diastolic
diameter; LVEF — left ventricular ejection fraction; LVOT — left ventricular outflow tract;
P/LP — pathogenic/likely pathogenic; Q1 — quartile 1; Q3 — quartile 3; SD — standard deviation;

SCD — sudden cardiac death; TTE — transthoracic echocardiography
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3.4. Rare P/LP Variants Associated with Cardiomyopathies and their
Clinical and Molecular Characterisation

This section will analyse rare P/LP variants associated with CM identified
during the study, along with their clinical and molecular characteristics. This
section includes a familial case of mitochondrial disease, a rare likely
pathogenic 7TTR variant ¢.302C>T identified in four unrelated individuals, and
a familial likely pathogenic DNMT3A variant ¢.2324C>A associated with
TBRS.

3.4.1. Pathogenic MT-TL1 Variant m.3243A>G

Mitochondrial disease was diagnosed in three females in one family (Table
17). The proband was a 52-year-old woman with bilateral sensorineural
hearing loss who received cochlear implantation in the right ear. Type 2
diabetes with diabetic polyneuropathy was diagnosed at the age of 27, and
insulin therapy was initiated. At the age of 52, the patient was treated at VUH
SK for progressive dyspnoea and newly diagnosed HF. Significant LV
myocardial hypertrophy was identified on TTE; therefore, myocardial storage
disease was suspected. To confirm the diagnosis, CMRi was performed,
revealing concentric LV myocardial hypertrophy (wall thickness 12 mm)
without LGE. The woman’s mother had a history of diabetes and hearing loss.
The patient was referred for genetic testing, and the whole exome sequencing
revealed a pathogenic MT7-TLI gene variant NC 012920.1:m.3243A>G,
(ENST00000386347.1:n.14A>G, rs199474657) in a heterozygous state. The
same variant was identified in her 57-year-old sister and 25-year-old daughter.

The sister was diagnosed with bilateral neurosensory hearing loss and
received cochlear implantation in the left ear. Type 2 diabetes was diagnosed
at the age of 38, and insulin therapy was prescribed. The patient was consulted
by a cardiologist due to progressive dyspnoea, and TTE revealed LV
myocardial hypertrophy. A CMRi was performed, showing concentric LV
hypertrophy (LV wall thickness 11-12 mm); no LGE was observed. The
patient does not have children.

During a cardiological examination of the proband’s daughter, no LV
hypertrophy was observed, and a slightly increased myocardial mass index of
52 g/m? (normal value <49) was identified on CMRi. Bilateral neurosensory
hearing loss was diagnosed during an audiological examination. No other
features of mitochondrial disease have been identified in the proband’s
daughter at present.
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Table 17. Clinical features of the pathogenic MT-TL1 gene variant m.3243A>G

Proband Sister Daughter
Age at diagnosis (years) 52 57 25
MT-TL1 gene pathogenic variant
NC_012920.1:m.3243A>G heteroplasmy 20-23 10-20 45-47
in blood (%)
MT-TLI  gene  pathogenic  variant
NC 012920.1:m.3243A>G  heteroplasmy 36-39 25-30 58-60
in urine (%)
Bilateral neurosensory hearing loss + + +
Cochlear implantation + + -
Type 2 diabetes + + -
Maximal LV wall thickness on CMRi (mm) 12 12 9
LVEF on CMRIi (%.) 49 60 56
Troponin I (ng/L) 80 50 59
NT-proBNP (ng/L) 253.7 2528.5 112.5

CMRIi — cardiac magnetic resonance imaging; LV — left ventricular; LVEF — left ventricular
ejection fraction; NT-proBNP — N-terminal prohormone of brain natriuretic peptide

3.4.3. Likely Pathogenic TTR Variant c.302C>T

During the study, the likely pathogenic 77R  variant
NM_000371.3:c.302C>T, NP_000362.1:p.(Alal01Val), rs1555631417 was
identified in 4 unrelated individuals from 4 different families (Figure 17). The
homozygous ¢.302C>T variant was identified in the proband of the first
family. Since the proband’s parents were not genetically tested to exclude
heterozygous deletion of exon 3 of the T7R gene, PCR analysis was performed
and no deletion was detected. This variant in the homozygous state has not
been previously described in the literature. Heterozygous ¢.302C>T variants
were identified in three other unrelated individuals (families 2, 3 and 4). The
familial variant was also identified in the daughters of two probands (families
2 and 3).

The TTR missense variant ¢.302C>T is in the third exon encoding
transthyretin. It was not found in the GnomAD database and is classified as
likely pathogenic/VUS in the ClinVar database. This variant is in a hotspot for
pathogenic missense variants of 77R. The heterozygous 77R variant
¢.302C>T has been previously described in the literature in several patients
with cardiac amyloidosis [131-133].
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Fig. 17. Genealogy: A — family 1, B — family 2, C — family 3, D — family 4. Probands
are indicated by arrows. The family variant NM 000371.3:c.302C>T,
NP _000362.1:p.(Alal01Val) is marked with an asterisk

Family 1. The proband was a male who noticed numbness in his lower
extremities at the age of 44, which progressed over time (Figure 17A, Table
18 Proband No. 1). At the age of 45, after neurological examination,
sensomotor polyneuropathy of the upper and lower extremities and prominent
tetraparesis were diagnosed. Cardiac manifestation was detected 4 years later.
During the initial cardiological evaluation, normal voltages on ECG and LV
hypertrophy up to 13 mm with preserved LVEF on TTE were observed.
Cardiac magnetic resonance imaging revealed asymmetric LV hypertrophy
(more pronounced in the septum), midmyocardial LGE up to 50% in the LV
inferior wall, and fibrotic lesions in the hypertrophied basal segment of the
septal wall. Later, right bundle branch block and a left anterior fascicular block
were observed on ECG. Haematological examination for AL amyloidosis was
negative. Biopsies of the adipose tissue, duodenum, colon, and bone marrow
revealed amyloid deposits with a nonspecific immunohistochemical reaction
to transthyretin. Nevertheless, *™Tc-PYP bone scintigraphy was negative
(Perugini grade 0). An endomyocardial biopsy was performed, revealing
amyloid deposits, although the immunohistochemical reaction to transthyretin
was non-specific. At that time, mass spectrometry was unavailable. The
patient died at an age of 52 due to pneumonia complications.
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Table 18. Clinical data and outcomes of unrelated individuals with the likely pathogenic 77R gene variant ¢.302C>T

Proband No. 1 2 3 4
Zygosity of TTR variant Homozygous Heterozygous Heterozygous Heterozygous
¢.302C>T
Sex Male Male Female Female
Age of onset of symptoms (years) 44 74 50 72
Age at diagnosis (years) 49 77 57 74
NYHA functional class I I I I

Mother at an older age and Mother had heart Mother and brother
Family history maternal aunt had heart Brothe.r had heart disease, materr.lal died of stroke at older
disease disease grandmother died age
suddenly
Low QRS voltage on ECG - + + +
Conduction disturbances RBBB, LAFB LBBB - LBBB
Atrial fibrillation - + + -
Maximal wall thickness on TTE 13 11 14 19
(mm)
LVEF (%) 67 10 55 40
Restrictive LV filling pattern - + + +
Pericardial effusion - + - -
Asymmetric
LV hypertrophy on CMRi (predominantly in Symmetric Symmetric Symmetric
interventricular septum)

Maximal wall thickness on CMRi 16 19 14 20
(mm)
LVEF on CMRi (%) 77 45 50 44
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Table 18 (continued). Clinical data and outcomes of unrelated individuals with the likely pathogenic 77R gene variant c.302C>T

Proband No. 1 2 3 4
. . . Diffuse
LGE on CMR; i/l\ljdmy:)cardlag LC;E n Diffuse subendocardial | Diffuse midmyocardial subendocardial
on =V Sepm anciierion | LGEin LV and RV LGEinLVandRV | LGEinLV and
wall
RV
9mT¢-PYP bone scintigraphy Grade 0 - - Grade 3
Amyloid deposits, non-
specific .
. . TTR loid
. . . immunohistochemistry | TTR amyloid deposition a.rrlly 0.1
Histological confirmation . ; . . . . deposition in -
reaction to transthyretin in adipose tissue biopsy C
) endomyocardial biopsy
in bone marrow and
endomyocardial biopsy
NT-proBNP (pg/ml)! 474 11401 3368 2471
Troponin I (ng/1)! 111 95 65 45
Polyneuropathy + — _ +
Carpal tunnel syndrome - - +
Follow-up after diagnosis (years) 3 2 3 1
Death at 75
Death at age 52 due to Death at age 60 due to cath at age
. Death at age 79 due to . due to heart
Outcome pneumonia . heart failure .
. colon adenocarcinoma . failure
complications decompensation .
decompensation

'At primary evaluation. ECG — electrocardiogram; LAFB — left anterior fascicular block; LBBB — left bundle branch block; LGE — late gadolinium
enhancement; LV — left ventricle; LVEF — left ventricle ejection fraction; CMRi — cardiac magnetic resonance imaging; NYHA — New York Heart Association;
RBBB - right bundle branch block; TTE — transthoracic echocardiography; TTR — transthyretin; ***Tc-PYP - *™Tc-labeled pyrophosphate
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The family history revealed that the patient’s mother and maternal aunt had
an unspecified cardiac disease (Figure 17A). Both proband’s parents were of
Polish descent. Relatives were not available for genetic testing.

Family 2. The proband was a 74-year-old male who had cardiological
examination due to dypsnea and chest pain (Figure 17B, Table 18 Proband
No. 2). A reduced LV systolic function and concentric hypertrophy of both
ventricles was revealed on TTE. Later CMRi showed a restrictive CM
phenotype with a reduced LV systolic function (LVEF 45%), significant
symmetrical LV hypertrophy and diffuse subendocardial LGE in both
ventricles. Haematological analysis for AL amyloidosis was negative.
Transthyretin amyloid deposits were identified in an abdominal fat biopsy.
The proband was diagnosed with permanent atrial fibrillation. After two years,
the patient died due to colon adenocarcinoma at the age of 79. The proband’s
brother had an unspecified heart disease (Figure 17B II-3). The familial 77R
variant ¢.302C>T was identified in the patient’s 47-year-old daughter (Figure
17B 11I-2) who currently has no phenotypic signs of cardiac ATTR.

Family 3. The proband was a 50-year-old female who had cardiological
evaluation due to progressive dyspnoea during physical exertion and
peripheral oedema (Figure 17C, Table 18 Proband. No. 3). Transthoracic
echocardiography revealed concentric LV hypertrophy (maximal LV wall
thickness up to 14 mm), preserved LVEEF, restrictive LV filling, enlargement
of both atria, and signs of pulmonary hypertension. During evaluation for the
aetiology of pulmonary hypertension, small branch pulmonary embolism was
identified. Later CMRi revealed symmetrical LV hypertrophy with a slightly
reduced LV systolic function (LVEF 50%) and diffuse midmyocardial LGE
in both ventricles. After three years, the woman had bilateral carpal tunnel
syndrome surgery. Abdominal fat and endomyocardial biopsies were
performed, and histological examination revealed cardiac ATTR. Later atrial
fibrillation was observed on ECG; however, cardioversion was not performed
due to a thrombus in the left atrial appendage on repeated transoesophageal
echocardiography despite adequate anticoagulation. Also, a long-term drain
was implanted because of repeated fluid accumulation in the right pleural
cavity and frequent pleural drainage procedures. The patient died at an the age
of 60 due to HF decompensation. The patient’s mother (Figure 17C 1-2) and
maternal grandmother had an unspecified heart disease. The familial 77R
variant ¢.302C>T was identified in the 33-year-old daughter (Figure 17C III-
4), who currently has no phenotypic features of cardiac ATTR.

Family 4. The proband was a 72-year-old woman who was hospitalised for
the first time due to stroke (Figure 17D, Table 18 Proband. No. 4). Urgent
thrombectomy was performed, and complete regression of symptoms was
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achieved. During inpatient care, ECG revealed low QRS voltage in the limb
leads, atrial fibrillation, and left bundle branch block. The patient complained
of dyspnoea during physical exertion and peripheral oedema. Concentric LV
hypertrophy, a reduced LV systolic function (LVEF 40%) and restrictive LV
diastolic dysfunction was observed on TTE. Haematological analysis for AL
amyloidosis was negative. Amyloid deposits were identified in abdominal fat
biopsy, and “"Tc-PYP bone scintigraphy confirmed cardiac ATTRv
diagnosis with Perugini grade 3 myocardial uptake. Subsequently, CMRI was
performed, which showed concentric LV hypertrophy with a maximal LV
wall thickness up to 20 mm with a reduced LV systolic function (LVEF 44%))
and diffuse subendocardial LGE in both ventricles. A neurological
examination identified carpal tunnel syndrome. The patient consistently
avoided the prescribed treatment and was hospitalised several times due to
progressive HF. One year later, the woman died because of HF
decompensation. Both the patient’s mother (Figure 17D 1-2) at an age of 87
and her brother (II-3) at an age of 77 died of a stroke. Her father (I-1) died at
an age of 65 after surgery for suspected thrombosis. Family members were
unavailable for genetic testing.

3.4.4. Likely Pathogenic DNMT3A Variant ¢.2324C>A

During the study three adults from two generations of the same family were
diagnosed with very rare TBRS (Table 19). The whole exome sequencing
identified a likely pathogenic heterozygous DNMT34  variant
NM_022552.4:¢.2324C>A, NP_072046.2:p.(Ser775Tyr). This variant has not
been previously described in the literature. Family segregation analysis
showed that the c.2324C>A variant was inherited from the 58-yar-old mother
and found in the 39-year-old brother. The variant was not identified in the
father. During the study the clinical features of the family’s cardiovascular
system was thoroughly examined, and peripheral blood transcriptome and
cell-free DNA analysis were performed in order to better understand the
underlying molecular processes.

The proband was a 34-year-old male who was referred for a cardiological
evaluation due to general weakness, dizziness, palpitations and dyspnoea
during physical exertion (Table 19 Proband). Transthoracic echocardiography
showed LV (LVdd 6.9 cm, indexed 2.79 cm/m?*) and aortic root dilatation,
moderate MV regurgitation and preserved LVEF. Chest computed
tomography angiography (CTA) revealed aortic root dilatation (4.1 cm in the
ascending aorta and 4.8 cm at the sinuses). Signs of LV non-compaction and
LV dilatation (LVdd 6.9 cm) without LGE were identified on CMRi. A 24-
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hour ECG Holter monitoring identified short episodes of non-sustained

ventricular tachycardia and an intermittent second-degree type I AV block.

Table 19. Descriptive analysis of family members with Tatton-Brown-Rahman

syndrome
Proband Brother Mother
Sex Male Male Female
Age at
diagnosis 34 39 58
(years)
Height (cm) 191 192 169
Weight (kg) 120 140 130
BMI 329 38.0 45.0
Facial Head circumference 63 Head
. . Head .
appearance cm, horizontal thick . circumference 56
circumference 62 . .
eyebrows, cm, milder facial
SR cm (90-97%o),
hypertrichosis, coarse svnophrvs. milder features,
facial features, synophrys, YROPALYS, horizontal thick
hvbertelorisi. facial features, b
ypertelorism, improper horizontal thick eyebrows
growth of teeth, fractured evebrows
front teeth Y
Intellectual Poor verbal Attended Attended
disability comprehension, mild mainstream school mainstream
intellectual disability, following the school following
special education in standard the standard
secondary school curriculum curriculum
Skeletal Scheuermann’s .
deformit Kyphoscoliosis, pectus kyphosis with Spinal
Y P P [ Yp1os osteochondrosis,
excavatum critical spinal cord .
. spondylarthrosis
compression
LV dilatation
(LVdd) on 6.9 59 6.7
TTE (cm)
Aortic root Proximal ascending Aortic sinus
dilatation aorta aneurysm diameter — 4.5 cm -
(6 cm)
MV/TV Mild to moderate
incompetence Cleft pc‘)sterlor MV Mild MV MV .
leaflet, mitral prolapse, recureitation regurgitation,
severe MV regurgitation cEUTEHato mild TV
regurgitation
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Table 19 (continued). Descriptive analysis of family members with Tatton-Brown-
Rahman syndrome

Proband Brother Mother
LV non-
) + _ _
compaction
Arrhythmias . Short episodes of .
Y Non-sustained PISOf Short episodes of
. supraventricular .
ventricular supraventricular
. and non- .
tachycardia, . and non-sustained
sustained .
second-degree type [ . ventricular
ventricular .
AV block . tachycardia
tachycardia
Additional . . Resistant arterial
Primary arterial .
features/ . . . hypertension,
e hypertension, Primary arterial .. .
comorbidities necomastia hypertension dyslipidemia, type
24 flomati ’ ypert ¢ ’ 2 diabetes, chronic
astigmatism, oin . .
g. ! . kidney disease
abdominal stretch hypermobility,
. . stage 3a, breast
marks, broad foot, gastric erosions,
. . . cancer (left
hindfoot deformity, myopia
oint h bilit mastectomy has
oin ermobili
) P Y been performed)

BMI — body mass index; LV — left ventricle; LVdd — left ventricular diastolic diameter; MV —
mitral valve; TTE — transthoracic echocardiography; TV — tricuspid valve

The man was referred for genetic testing due to suspected Marfan
syndrome, overgrowth syndrome, or hereditary metabolic disorders. The
proband had psychomotor development problems and attended a special
education program in secondary school. Scoliosis was diagnosed in childhood,
and pectus excavatum was corrected surgically. The patient had a tall stature
(191 cm), weighted 120 kg (body mass index (BMI) 33) and a head
circumference of 63 cm. Neuropsychological assessment revealed mild
intellectual disability.

The patient only returned for this next cardiological follow-up three years
later. Significant progression of aortic root dilatation (from 4.8 to 5.3 cm (Z
score 6.46)), ascending aorta dilatation (from 4.1 to 6.1 cm (Z score 9.14)) and
MV regurgitation (from moderate to severe) was diagnosed. Additionally,
moderate aortic valve regurgitation was observed. Transoesophageal
echocardiography confirmed MV prolapse and a cleft in the posterior MV
leaflet. Short episodes of non-sustained ventricular tachycardia and episodes
of first- and second-degree AV block type I were revealed during repeated 24-
hour Holter monitoring. Surgical treatment was offered to the proband.
However, initially, the patient and his relatives were undecided. After
prolonged consideration, the proband agreed to proceed with cardiac surgery.
Unfortunately, the patient died suddenly at home a few days before scheduled
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hospitalisation for surgical treatment. As pathological examination was
refused by the relatives, the exact cause of death remains unknown.

The proband’s brother was 39 years old, had a tall stature (192 cm), was
obese (weight 140 kg, BMI 38), with a head circumference of 62 cm. The man
had milder facial features than the proband, synophrys, horizontal thick
eyebrows, abdominal stretch marks, hypermobility of the joints, and skeletal
deformities (Table 19 Brother). Scheuermann kyphosis with critical spinal
cord compression was corrected surgically at an age of 38. The patient denied
learning difficulties. During cardiological examination, the man complained
of frequent episodes of palpitations and dyspnoea during physical exertion.
Left ventricular dilatation (LVdd 5.9 cm, indexed 2.22 cm/rnz), a normal LV
systolic function, and mild MV regurgitation were observed on TTE. Chest
CTA revealed aortic root dilatation (4.5 cm, Z score 2.96). An increased LV
and LA volume, along with no signs of LV non-compaction and LGE were
identified on CMRi. 24-hour Holter monitoring revealed short episodes of
non-sustained ventricular tachycardia and paroxysmal supraventricular
tachycardia.

The proband’s mother was 58 years old, obese (weight 130 kg, BMI 45),
had milder facial features than the proband, horizontal thick eyebrows,
lymphedema and varicose veins in the legs, resistant arterial hypertension,
type 2 diabetes, bilateral gonarthrosis and spinal osteochondrosis (Table 19
Mother). The woman denied learning difficulties, attended a mainstream
school following the standard curriculum, and worked in unskilled labour
positions. During the cardiological evaluation, the patient complained of
dyspnoea, chest pain, and palpitations. Examination for the coronary artery
disease was negative. Left ventricular dilatation (LVdd 6.7 cm, indexed 2.85
cm/m?) with a preserved LV systolic function and moderate MV regurgitation
was observed on TTE. Cardiac magnetic resonance imaging revealed an
increased LV volume, no signs of aortic root or ascending aorta dilatation, no
LV non-compaction, and no LGE in the myocardium. 24-hour Holter
monitoring showed short episodes of paroxysmal supraventricular tachycardia
and non-sustained ventricular tachycardia.

Exome sequencing and computational protein analysis suggested that the
familial DNMT3A variant ¢.2324C>A is in the methyltransferase domain,
distantly from the active site or DNA binding loops. Nevertheless, this major
change may have a significant impact on the structure, dynamics, and function
of the DNMT?3A protein. Analysis of transcriptome and peripheral blood free
DNA revealed shortened mononucleosome fragments and alterations in the
gene expression in many genes related to the cardiovascular system. For
example, a reduced expression of the TPM2 and TGFBR3 genes was
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associated with aortic aneurysms. The FOXP1 gene had increased expression,
which is a transcription factor important for the development of various
tissues, including brain and heart [136]. This highlights the importance of
DNMT3A epigenetic regulation for the development and function of the
cardiovascular system.

3.5. Limitations of the Study

This study had several limitations. First, the single-centre study design
limited the inclusion of a larger patient sample. Second, due to the small
sample size of other CM phenotypes except for HCM, a more detailed
statistical analysis could not be performed; therefore, for those CM
phenotypes, only a descriptive analysis was conducted. The collection of
retrospective data may have resulted in some missing data, uneven follow-up
periods, and different intervals between variable measurements. Cardiac
magnetic resonance imaging was performed for a limited number of patients
with HCM. The examination was not performed on other individuals due to
contraindications. The rare incidence of adverse events and a relatively short
follow-up for HCM patients resulted in low events in all-cause mortality,
previous resuscitation, and an appropriate ICD discharge that could not be
evaluated as individual endpoints by using Kaplan-Meier analysis. Therefore,
these events were included in the overall composite outcome. While some
tendencies toward differences in the MYH7 P/LP variants located in the main
protein domains (S1 subfragment and tail region) were observed, statistical
significance was not achieved due to the small sample size.

CONCLUSIONS

1. According to the phenotypic and epidemiological analyses, HCM is the
most frequently identified phenotype in the study cohort and it presented
at an older age, more often in men compared with other CM phenotypes.

2. Cardiomyopathies are characterised by genetic heterogeneity:

e The most common pathogenic/likely pathogenic variants
associated with HCM were found in the MYBPC3, MYH7, MYL3,
TTR, TTN, and GLA genes.

e Pathogenic/likely pathogenic variants of the MYH7 gene are
more frequently associated with the HCM phenotype; however,
they may also determine the manifestation of DCM.
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Multiple pathogenic/likely pathogenic variants, which may result
in several different CM phenotypes or both CM and
channelopathy phenotype together, were identified in 3% of
individuals with HCM.

The most common pathogenic/likely pathogenic variants of the
DCM phenotype were found in the 77N gene.

In our cohort, 24 novel variants not previously reported in the
literature and associated with CM phenotype were identified,
accounting for 29.6% of all detected pathogenic/likely
pathogenic variants.

3. Hypertrophic cardiomyopathy phenotypic features differ depending on
the genotype:

Patients with pathogenic/likely pathogenic variants in genes
associated with HCM are more likely to have an earlier onset of
HCM with more pronounced LV hypertrophy and a higher 5-year
HCM SCD risk. A positive HCM genotype is associated with
earlier adverse events.

Truncating gene variants were related to a more severe HCM
phenotype.

Pathogenic/likely pathogenic variants of the MYH7 gene are
associated with more frequent atrial fibrillation at primary
evaluation and more pronounce myocardial fibrosis in the LV
septum compared with pathogenic/likely pathogenic variants of
the MYBPC3 gene.

Differences in the HCM phenotype of individual MYBPC3 gene
variants and variant groups and MYH7 gene variants groups were
observed depending on their localisation in the protein structure;
however, larger sample size studies are needed for confirmation.

Molecular and functional characterisation of novel variants provides a

more comprehensive understanding of the disease mechanism and

improves early diagnosis and prognosis for patients, thus enabling timely
treatment and first-degree relatives referral for genetic testing:

The rare TTR variant ¢.302C>T was associated with cardiac
ATTRv. A homozygous variant of this gene was previously
undescribed and may be related with an earlier disease onset and
neurological impairment compared to the heterozygous state.

Protein structure analysis revealed that a previously undescribed
DNMT3A variant ¢.2324C>A affects the structure and function
of the protein. The clinical manifestation of this variant is
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variable, and aortic dilatation, cardiomyopathy, and valvular
heart disease may be the main complications of this syndrome.

PRACTICAL RECOMMENDATIONS

Genetic counselling and testing are recommended for patients diagnosed
with the CM phenotype.

If no genetic cause or VUS in genes associated with CM are identified, it
is recommended to perform regular reanalysis of NGS data every few
years and to seek broader opportunities for multi-omic and functional
analyses.

When evaluating NGS data in patients with a predominant CM
phenotype, it is recommended to also analyse variants of genes associated
with other hereditary cardiovascular diseases.

Following the identification of a pathogenic/likely pathogenic variant of
the gene associated with CM, cascade genetic within the family is
recommended, and relatives who have been identified as carriers of a
familial pathogenic/likely pathogenic variant should be followed up
periodically for the development of CM phenotype.

Clinical management and prediction of clinical course in CM should
incorporate the established genotype—phenotype correlation data,
especially those related to identified pathogenic/likely pathogenic and
truncating variants.

For patients with ATTR, if a homozygous pathogenic/likely pathogenic
variant in the 77TR gene is identified, a close follow-up, early disease-
specific treatment, and neurological examination are recommended.
Pathogenic variants in the DNMT3A gene and TBRS should warrant close
monitoring for aortic dilatation and valvular heart disease, as these
conditions can progress rapidly.
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