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Cardiomyopathies: From Anatomy to Molecular Medicine

Keiichi Hirono

Department of Pediatrics, Toyama University Hospital, Toyama, Japan

Cardiomyopathies are defined as abnormalities of the ventricular myocardium. Pediatric cardiomyopathies are
rare diseases. Increasingly, the importance of genetic mutations in the pathogenesis of isolated or syndromic
pediatric cardiomyopathies is becoming apparent. Pediatric cardiomyopathies are genetically heterogeneous
with many different causative genes and multiple mutations in each gene. Variants in the same gene can cause
different phenotypes, and variants in different genes can cause the same cardiomyopathy phenotype. There
are multiple modes of inheritance for cardiomyopathies, including autosomal dominant, autosomal recessive,
X-linked, and mitochondrial. Published guidelines have recommended approaches for genetic testing and
family screening in patients with isolated, autosomal-dominant cardiomyopathy. The increasing application of
genomic analysis to the pediatric cardiomyopathy population is creating a wealth of information that requires
expanded registry participation to further understanding of the pathogenic mechanisms underlying pediatric
cardiomyopathies and the genetic, environmental, and other, as of yet undiscovered, modifying factors that
impact the severity of disease. This compendium summarizes current knowledge of the genetic and molecular
origins of the most common phenotypic presentations of pediatric cardiomyopathies and highlights key areas
where additional research is required.
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BIETHS. EHREDOIICH 2 & D% —RIEOIE, EHREDOINEEZ ~RMOIE & K5
ENB. NROOHIE TR A B FICHRA BZERDN S D, BIENZEEDRETH 5. BB
EHERORTENE, HROAENE, XN, I P FUTRERATHS. BIRTELAEDRE &
LT, FA—#nFHNOREZZRIER LW M2 R L, B TERDOZ DM TH—DKRY F A
Ry FRLERZHET B LEHTHE L, F—DOKKENTEERL RIZERZRT T ENEFEND.
e, W—DBEFERZAELTOVIRELTE, BWREH, RREA-RBEANTERLTHS. Kk
e BHICRIEENREZITS CENRETH D, FHROE 5735 DIIIEDIREMRIHD AR TH 5.

i Cbic 2] TH5. TUTEBRENDIRKICHZ & D2—
RIECHIE, BB D DR 2 — R OE & K
DE &1, 2006 fEOKELOET 2= (AHA) Ti& AMLTW3 (Fig. 1, Table 1). — XM O AAEIS IR,
NEEAEY) 0B ORI R Z 29 % &5 %0 REM GRIZEBRIE), RO 3 DICHEENS.
DEREMND 2 VIIELINIE 269 % LR ERER AFTIE, DFOMMEEICDOWTHEIL, —Xk
LERIN, [ZOFRMIZIICDIz2H LI LIEHE DEREE UTC, MERTUPRGRIE, JASRALOATE, (OAif
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Fig. 1 Current classifications of Cardiomyopathies

The 2006 American Heart Association classification proposes genetics-based classification; primary cardiomyopathies.
Modified from Maron BJ, et al. Circulation 2006; 113: 1807-1816

Table 1 Current classifications of Cardiomyopathies

R 734 K=Y R, Gaucher$®, Hurler &,
Hunter J&

Eyka ANE/OX M=V R, Fabry s, $EER
(Pompe &), Niemann-Pick &

S HR, E*R, tFWE

DRBEGERE IDRIBEHRHEE,

HRMUEFBERIEZE (Loeffler fE(&EE)

REEY (AFE) HIarF—oR

Rt YEPRTR, FIRRRIERETTENE,
FURBREREIR T, B IRARIERETTERE,
BEimpalE, RIFAEKEE

FEES ] Noonan fEf&8%, Z3\EBFAEIREE

R - FRE Friedreich %38%E, Duchenne-Becker §5¥
A +O7«—, Emery-Dreifuss YR kO
T4—, HEEMIR MOT 1 —, HRRIHE
FEfE, #EETIERELAE

REREE MxED, NX>55, EiE, L,
HIV=F>, Kwashiorkor

HE®RE -BREE 2BIVTIM—TR, EEHX,
BEER Y U F, BERZIE, fEEEZREBIIRK

ERERE

EaEE TYNSHAoI VR, 074X T7ER,
TSR

The 2006 American Heart Association classification pro-
poses genetics-based classification; secondary cardiomy-
opathies. Modified from Maron BJ, et al. Circulation 2006;
113: 1807-1816

AR E, I oY RYU 7DE & RO EEDE
(RN ERIC DWW TS 5.

. OEREREDHHEEE

OIS W TS ORI, AR, i P R
O 3 FEHOMBIMAET %, DAL OIEIART D 1E
E90% 7% 5570, MlaTiEINs oD 3 MdiE
AL EEADNTNS. DT O I ISR
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MR EEA LTe a5 —7 20T X = V75 EDORG G
MWEEICHEL, & OICBMIENOIMAICBERS
RERZHHBL TS,

. OERHA

ORI AN BT I S s R (myofibril) 7%
b5, KRG &z I —tik 2 /R0 iIRd T LIt
LA T 5. Ol I d AR I E L= v
THBERE L, FEIHHEBNCHEE LAV 2D L
A A 2 DR EE T H 5 fi/Mafk (sarcoplasmic retic-
ulum), ORISR E R ATP OMRIRTH S I b
YRUT, ¥ G BMEET S (Fig. 2).

1. IREE
DML, AT " FERT & T 5 thick fila-

ment &7 7 F 2 EKIT & T % thin filament, MV

I E S NIHERFEIC K Dz ENTnw5. 7

O F UHRHEDMI ST % 2 RO Z RIS E Nz 2.2um

(FRIERE) OUHEHALIE, YV AT (sarcomere) &

MENns.

@ thick filament : 24> &# (myosin heavy chain:
MHO) &, % 8 520kDa (&)L k) O
6 BIAEHT, 2MHOEH (220kDa) & 4 HDEH
(20kDa) X O EN%. head, neck, tail ® 3 K
AL AT ENS. DFHMEIICIE, o-MHC &
B-MHC D 2 FHDT AV 7+ — LHFBIT 5. b
R CRDERICa-MHC %, D& f-MHC HH 5
HI 2% (RUART Y FOLEH T, EEZIGHEE
DFVa-MHC M5BT %).

* head domain : 77 7 F B X T ATP HisEE L, I
Ma I ET B,
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Fig. 2 Locations of genes known to cause cardiomyopathies

* neck domain @ A Y VESENME AT S5
- tail domain @ a\V v 7 AKEIEZ 75§ BRIRDERT T
thick filament O 3= ERER KRS

@ thin filament : 7 7 F > (actin) (&EKIKD 44kDa
BHET, 2AREMINY v 7 AfEz2R L, 77F
e (actin filament) ZJERKT 5. OHIAIIET
RRAEINCIZ S fia-7 7 F > RBWia-7 7 F >
MFEBIT 20, 4% 1ELRRICR S & 0iia-77 7 F
YOEEGHEINLTOL . FARPERAR COE
KO % & F1Eia-7 7 F 2 HhECENT 5.

@ FBKRIF T (tropomyosin) i 2 KDa\Y 7
AMEDOERMAET, 2 AR 7 F HEDOREDOTR Y
IChiE L, Ca2'JEfFME R GLIEND iIchBwT 7y
FU—IF T URBREN Y AT S.

@bk oR=> (troponin) #&H : FR=id bn
K=V C, baR=VI, +FaRZV T XORENRE
NBZEEERTHB. C2 ITEZMENDH D, DD
Uk 17z Rt d & 2 & D.

- baR=ZY ClC2 AT Ty R EED.
RINCIE M2 "WEA T 20, Ca2 WA T 5 &
DR D U FE D AR S 5 .

c PaRZVII T F VKBTS, FaR=VOD
iR =y FTH 5.

chaEZY T PR VEAGKRE FaRIA TV
AT %.
CRTIFFET TR Fa R VEHAKIEIHSE LA
WV, haR=v 17 7FreaLTrosFr—3
FyURESEMS FaRI AT ek Ty s Eh
3. CQFEEFRTIE, CthiaLliraR=yC
ICREEZ (LN D, RV -7 7 F VB0
BEEEEL, FORIATIET IF VO SBH)
LCT77F 7 —IF T UHEEMMRRE NS K51
R0, UHEDBRT %.

2. HILaATERER

(O myosin binding protein-C (MBP-C): b &5 34
¥ URHER R, IV AT ORGEHEFRCE S 3 5.

@ titin : Z 455 M AT E THT %701 & 2,700,000, £
K L.Opm DERIR 5 ARDHIEIEDEHE T,
AV ELFFT B LISV IR T OREAEHS.

® nebulette : 7 7 F UHEEEN 22 E D, dHER
BT 7 F R R .

3. {HREERED
TOFURIAY VEa-T 7 F = (a-actinin)
LT A3 (desmin) & 57 LT % Z Arid ofifEIc
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EEENTWVWE. &5 ZHIGHIREIC T 2850
T RAZRZ AT (costamere) & FFIX I % K5k 75 i
(AR ZEKTS. IRAZATIKIEEF a2V v
(vinculin), Z—1V > (talin) 7% & DHIfEIREN &
& &1, focal adhesion kinase (FAK) % muscle LIM
protein 7% ED ¥ 7 F AREEHENMAES 5. 21
il — R ERESER TH B A>T 7)) > (integrin)
ZNLT, fifanoas—r>y, 74070 x7F,
=0k EDOEE (extracellular matrix) & #75
L, MiFEARHEOUSRZBEO o Migicizis e s
Iz, AN OB E A N L AEKITIBA S TV
BEOBHCE 5> T3, FloDIREO iR B
TIE Z FIENMTEMN (intercalated disk) ZJER L, #i
fa—HlaEE R 1 Tdh 2 71 RN~ (cadherin) 7
7= (catenin) Z/T L CTEED & 5 .OEMIEE L%
RENCHE LTS,

. —RMEOEE

1. BBXRELOEHAE

1) #=

AERBLOEERE, FISOZEPRREETDE Ll ERE
DRI KD, HREDK T2 3 RETHS. O
BOUFEMEZT LA BRI TUEL TV B HEANE L,
FERSEHAENRONS T e HH 5. MEERICHH
THHEAELL, BERITALID 0.2% & @b
DIED DB V. NI B EERNIFER T3,
FIBHIC 1 DD E—=I0H b, FNLREEIE 10 %5
5 CHIET 2 & ONZ W, IR O ALK E
&, Noonan JEMERER &R B PEESIEIERICE T 5
EDME L, NREHLIE O FEIE NS D AR TLL
FEMNZ . AEKBLOIE X455 D ZSRFEDRIA &
LCREEHERRETH S, BINCIIIEER2IC L %
DARZEETH, oL & EICEZEONR & I
DK R E3HENH 5. HBAMICIE, O
DA —TZ IR & SEFRBAN 2R e LTV 5. D=
FRDIEK D ZIRZ BN Z < GERFERRILL, #
UWERI TR e s as 2 £ 1o 9 (PSR
DE). ODFERIC KD, DEANFEEIMEL, ik
RbEEZRT. £z, OMHEEOMK R, o5
WaEld T ehdbb, OOz, MFEzET
ke HB. WHiE, EFCENTOEHHZ
WY, REITIOHER & I 1 O R 72 & 7o LA a7z
AU B 6 GESEFAEARLOIE) 12, TRARTH 5.
2) EEENER
AERALDE X TSIV TR T OEBTH O, D

BRNRBRSBFEME $£34E ¥35

ORI 2175 8 DDV LI X 7 B (LT
DHERENIR—FED0BICBVTRHDENS
(Table 2). FIfEL~)LCIX, HEARHLOGIEDZE ¥
AL T 4T AV FOBEZEOHINR AV D L
EPEDOBINN, actin-activated ATPase DG D EEAIA
HoN%. BiHoFREICHENT, AR DEL
TERIT T IV F IR & 3ROV F—THE DK
2759, PRERALOIE L N EEARIR A 2= B BUiE
LRI &S IC, #EEATEROAREEEETHD,
Jig &SR ORE M (locus and allelic heteroge-
neity) DERHHN S, MERALLHEICHKR S A RN
5N %5 & MYH7 £ MYBPC3 TH YD, 2DT
50% 7% 5%, RO DY)V A T LT D TNNT2,
TNNI3, TPMI1, ACTC1, MYL3, MYL2 C 10%7% 5%
. i, HENTHEGESZ N EER D IR
DAET 2.5~5% DEFTHRHNEENE K5I E-T
T3, TOXIBREBHFIEFRIECRIOERETH

0, OFYIERIS ICD H AR DEIE D B, IR/
FOEATFICA T, BIETHESR ¥V RxT1v
DR T, BB T ORI BLOVTHE DR RN I
FHTH5.

OV X TEEETETF

MYBPC3 D& InFZ8 5%, MEKALLHIE CldRkd
K<ROENBZBInTFAERTHS. MYBPC3 1%,
> VN LTI O ZEL SRR 217> TWna &
EZLNTWVS. 1 EDOAEKELLGIEDE G 72 %
TRI A AZRICKO T I /BHhE]EINEDL
WERHRINIC, MYBPC3 D3>y AERNT
L—LYT7 R THY, Reh&EEanEtsnsg 2.
MYBPC3 DBnFARITIZBLENME L, FIEDBEFE
PTHO, LEERIZBOD, WolAFIET S ED X
2 GO RBLOE & A% TH % Y.

MYH7 O fn 12 BT NE KB FE 2K D JFIK O
20% 7% 585, —fRINIC, MYH7 BI5T245%1%, #
HHZRER 205, LRI RIS FE 9 2 BRI 7R IR K
BLE & BEA S 5 Y. MYH7 O 572 B
KELDFEFZIICIR 59, HLIRELOEIE S DA
e, IANRF=ICERENS.

thin filament ® O R VEHEGEHZI— RT3
TNNT2 & TNNI3 #E FIC &R D Z RN D D,
RERBLOE, PRIRELOEE, HRELOIE, Ol
FLREEICEEDENS . DL DOYILIARATE
FIDX SIS, TNNT2 25 UK UK R EEE O 41k
RALOAIEZ 7R g DDIRZERIED U A 7 ik, b
R VOBIEFERICKD thin filament FD ALY
U LS REAS S REIZ IR BLOIE D &SR L, $ik
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Table 2 Causative genes for hypertrophic cardiomyopathy

Gene Protein Locus Inheritance Prevalence (%)
Sarcomere
MYH7 B-Myosin heavy chain 14q11.2-q12 AD 25-40
MYH6 a-Myosin heavy chain 14q11.2-912 AD <1
MYL2 Regulatory myosin light chain 12923-g24.3 AD <1
MYL3 Essential myosin light chain 3p21.2-p21.3 AD <1
TNNTZ2 Cardiac troponin T 1932 AD 3-5
TNNI3 Cardiac troponin | 19p13.4 AD 1-5
TPM1 a-Tropomyosin 15922.1 AD 1-5
ACTC a-Cardiac actin 15q14 AD <1
TNNCT Cardiac troponin C 3p21.1 AD <1
MYBPC3 Cardiac myosin-binding protein C 11p11.2 AD 25-40
TTN Titin 2qg31 AD <1
Z-disc
ACTNZ2 a-Actinin 2 1942-q43 AD <1
ANKRD1 Cardiac ankyrin repeat protein 10923.31 AD <1
CSPR3 Muscle LIM protein 11p15.1 AD <1
LDB3 LIM binding domain 3 10922.2-923.3 AD 1-5
MYOZz2 Myozenin 2 4926-927 AD <1
TCAP Telethonin 17912-g21.1 AD <1
VCL Vinculin/metavinculin 10922.1-923 AD <1
Calcium-handling
JPH2 Junctophilin 2 20q13.12 AD <1
PLN Phospholamban 6qg22.1 AD <1

RO HHEDSR AT T 5 7.
AERELOAIE DM 4 DD TPM1, ACTCI, MYL2,
MYL3 BIETARIIBMTHS. TPMI OE{L AR
LR AE IR DE 25 [ il T &, e
KALDHE D s FARIZIF E A ED N KD K X
AR PRIV THAEAICHEM U thin filament
DAV LEZEZHENEE 5.

2. {EERELOERE
1) #=
PEARALOAIEE, fe=B DFRR & IHETE DR T AR
TH5. LFDZEN, ZERORMHEIC KD, OIE
MERL, OHEHEMETRT S, NEEITE, win
DERNC LD ONS. FIREBIC I DET, 54
EFRIES0% ERRTH S W, KRN, DEAE
FEFKEEA TH S, EMRERDITEIC KD, %
AR L, ORI E RS 5. TNF-a/k
ERL DY A b A1 VWIS EEIN L, Ok 2 B
E9%. SEUFRREE, RYTHEEOEKTICK 20108
», REIRIC K 28R5ETH 5. EEIE, ACE R
SO LWL T E NRHIRRRICIIA T, AARRIERA
PR L EMBIEEOE KIS KD PRIV SAYE
ENTVS.

2) EEFHNER

PLAERLOVTIE DR 30~40% IS KGN H D, /IR
T2 b ay R 7oA aE s
EDHEDONTEARTH D, XEHEMEDH R ORENEE G
ERZENTH 3.

FKIFEMEIEERLLIEIC DWW TIE, 50 DL E O JF K#
GFHRBENTWS (Table 3). FEMHLER D
FIAE D 30~35% IS I TFEARM AN ENTED
TTN, LMNA, MYH7, INNT2 D EE R BILFTH 5.
TIN DB TERNMRE IRV EEINTED,
FIEVESLIRALOEIE D 25%, JRFETEHLIE RO E D
18% TG TN TS 2. (FilikEd 2 rk S fLIERLLE
SEDYFE, LMNA BIZFZRMN 13 18NS 12,

{r 38 i 3 2 0 5 AR RO i E T3, lamin A/C
(LMNA) B FZERPEH5NS P, LMNA Z 5
KX D ERT INZIERLOIER, PIHICIEES
Ty 7ix EDREEENEDOND T &, DI
FEDV AT NENT EWEMINTH B 1.~k
{EEREE IR OIE DB EOET T 20, &
K& OB L OBEIER O LI B P,

BRI B 2 0 S PERALDIE R, YA a7
VOBIETAERDERTH S LBV, YR
17 « »i#{n & Duchenne *° Becker muscular dys-
trophy (DMD/BMD) OEfE#EIzTTEH%. DMD

© 2018 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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Table 3 Causative genes for dilated cardiomyopathy

Gene Protein Locus Inheritance Prevalnece Phenotype
Sarcomere
MYH7  Myosin heavy chain 7 14912 AD 4% HCM/DCM/RCM/LVNC
MYH6  Myosin heavy chain 6 14912 AD HCM/DCM
MYBPC3 Myosin binding protein C, cardiac 11p11.2 AD 2% HCM/DCM/LVNC
TNNT2  Troponin T2, cardiac type 1932 AD 2% HCM/DCM/RCM/LVNC
TNNC1  Troponin C1, slow skeletal and cardiac type 3p21.1 AD HCM/DCM
TNNI3  Troponin I3, cardiac type 19q13.4 AD, AR HCM/DCM/RCM
TPM1 Tropomyosin 1 (alpha) 15g22.1 AD HCM/DCM/RCM/LVNC
ACTC7  Actin, alpha, cardiac muscle 1 15q14 AD HCM/DCM/LVNC
TTN Titin 2qg31 AD 20-25%  HCM/DCM/ARVC
Z-disc
BAG3 BCL2 associated athanogene 3 10925.2-926.2 AD 2% DCM
CRYAB  Crystallin alpha B 11923.1 AD DCM/HCM
FHL2 FHL2 four and a half LIM domains 2 2912.2 AD
MURC  Muscle related coiled-coil protein 9q31.1 AD DCM
MYPN  Myopalladin 10921.3 AD 2% DCM/HCM/RCM
NEBL Nebulette 10p12 AD DCM/EFE
NEXN Nexilin F-actin binding protein 1p31.1 AD DCM/HCM
Cell structure
ACTN2  Actinin alpha 2 1942-q43 AD DCM
CSRP3  Cysteine and glycine rich protein 3 11p15.1 AD HCM/DCM
DMD Dystrophin Xp21.2 XR DCM
FKTN Fukutin 9g31.2 AR DCM
JUP Junction plakoglobin 17921 AR, AD DCM/ARVC
LDB3 LIM domain binding 3 10922.3-q23.2 AD DCM/LVNC
SGCD Sarcoglycan delta 5q33.3 AD DCM
TCAP Titin-cap 17912 AD HCM/DCM
VCL Vinculin 10922-g23 AD HCM/DCM
Desmosome
DES Desmin 2q35 AD DCM/RCM
DSP Desmoplakin 6p24 AR DCM/ARVC/LVNC
PLN Phospholamban 6922.1 AD DCM
EMD Emerin Xg28 XR DCM
LMNA  Lamin A/C 1922 AD 6% DCM
TMPO  Thymopoietin 12922 AD DCM
ANKRD1 Ankyrin repeat domain 1 10923.31 AD HCM/DCM
GATAD1 GATA zinc finger domain containing 1 7921-922 AR DCM
RBMZ20 RNA binding motif protein 20 10925.2 AD 2% DCM
Others
ABCC9 ATP binding cassette subfamily C member9  12p12.1 AD 1% DCM
SCN5A  Sodium voltage-gated channel alpha subunit 5 3p21 AD 2% DCM
LAMA4  Laminin subunit alpha 4 6921 AD DCM
DOLK Dolichol kinase 9g34.11 AR DCM
* BMD (3 EHEAREDZ < 2 did, WINE/h WA, D270 YO NKZTLIAAT DT

HBWVIEERNTHIET 50, 1F & A EDIEMIE
25 % X CICHERMLOAEZ FIES 5. YA 1T o
VIGHREREATH D, ROy F =T ZE
LT, Mififaz kL Tws. Z2LT, Y)Laxy
& AR ORI AR & DS & & UG ) DRI 35
WTC, iRBEEBREZRIZLTVS. THIc, NO
BREEREER LT, Ml 7 FIVEEICBBEE LT

BRNRBRSBFEME $£34E ¥35

JFERAGL, CRIREIVA M YAy, YLa
JUHY, yrrka¥y, YAMaTLEYEREDY
Ab07 o VEHHEEAEHEAE LTV, E5I1C, Th
LOEMAIE, a-VA MO FVAVEEBELT, I3V
(laminin) AN EE LFETDONTVS. b
A a7 VEEEAOREIX, YA a7 o VA
I ERE R RS DIEDJRR & 72 % .
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3. EROHEHES
1) #=x

KO bR, OEREOMEE S EIRON
R & RO IBRZ R eI & L, WHO 77T
unclassified cardiomyopathy D 1 D& L THHENT
WA Y HENE, FERINCOARRDRSIEL L,
DBHONRITHR > TOBEEBETH S 7. miTHEE
DRHEDIFEIIOIK T, EZEDOIKEES &
EDIRVE DN D 5. FRALLFEICELIL 7z Mt T
RER R ZIEMLIME SN TS, WEHOERFLT
WAREIRORAEDORIC, MRDNERENRd <, il
OILFERLLAEICEE L, Wl ED, 2H DIk
RIER G 2 RN E . RIS HEE IR O SER]
Mo, EEOOEREREZAL, ODBHOMSRICE -
TVWRLEDETHY, TLHTEETHZ Y. |
MFZiGIcHi=%.

2) EEENER

I & KEDO N TRD BN D, AFORERE
OFERTIX, EFR 40%) ICHKEHINRED SN, Xl
BPEDE D, WHREAEMEEEEN, BRI
TR, HBWVIEI Fay RY 7B TFEREDIEDN
BPRHZLH D, BENZHENEIEMTHS . TAZ
DTNA *° LDB3 75 E D Z OB FERMNRIKTH
BT ENDMNo TS (Table4).

INFLE RN D DiE R E T, RREETICE
ENELN, AT, YIILaATELFARNER
T, TAZ, LDB3 72 ED/NRTH NS B TARIE
EFNTHS. HBETEROEMNE, Rk
W, BRE, I bar R TEHEREOREBICAHIL
TRENZTENDY, RRIZZIKICDRES 230,
WA, ARA 2V NODLEEED 2 KRN D, H
PAREMEE (0T MIB1 O (s 7 AR ED BN
fe. TOMIBID./ w777 M TATIE, LCE
R b e ERED RS SN, D LS
&£ NOTCHI ¥ 7' F)L & OBEAREE N TS Y,

4. = ba¥ FUTIDEE

2 hary R 7RBOIEZEHT S, S Fav
U 7 ROFERIERR A T, W IEZMHARICEED RS
N, FHCEARD ATP 2B L3 2006, B85,
MM I NS, HAEIICIEZ OZ(IZAL IR Y
WSRO, YIVAXTEIETFEROOFIEC RSN
KO EMERE TV, 2 hay U 7OEEE, AR
RUDHHERR DI K O — RN TH S, VDDA
SOOI Fary FU T (R Fay R TKEE,
MELAS, MERRE, Kearns-Sayr JiEf#ff, Leigh 77z &)

Tl&, IANF—, WE, TAMA, REIREE, S50
SE, MR WSS POV RY TIROIEIRE &I,
ZORICEENS.

ShIYRYTOBRERTEIZI ROV FY 70
DEBIEFARICKYgIEETENS (Fig.3). 2O
> FU 7 DNA D% 13 heteroplasmy (1 fifldric ¥
F3ZEE I hay RY 7 DNA OREE) DR ESh
%. BIBRIRERTH S, BOBIGFERICHRT
%2 bay R 7EIIMA B R R L, g
N I H R ORI R ES X kB ERd T &
MEW.

PV RYUTIROLEIEDHE L 17~40% &
LT, £ BIERBLHETSH % Y. MEA%
O—R9 5% SCO2 DELTARE, AROIFav R
)7 DHEDEFR E LTE BN TS . $CO2
k> b u—L CHbRESR, MSHOEEIR IV O—
HTH D, HAE TN AR AL CVAE S BE > 7 23R K
FERRIET S, @FMcE, I FaY RY TLEE
ZH|FEIKEABMLTIE, S a2 R 7O
W BE 7 W59 % 815 1 (NDUES2, NDUFV2, SDHA,
SCO2, COX15, TMEM70%%), X b2 K17 DNA
DOFIFRICBIET %3En 7 (MRPS22), ATP &GRKICH
WY BT (SLC25A3), V VIREDOVET Y VS
BT 58 (a1 (TAZ) BdH 5. TMEM70 &I b
JY RYT7EEERV ORENS ATP &z ik &
¥, HERIKT, M7 2 F— X, 3-methylacid-
uria ZAHEL Y7, DEE LT, IEABLLIRE, X
A O P B AR HEREAE, X S M B EME RO
iE, KO LFfEEE 2o 2RI, LEER
BRDFHANTH 5.

Barth JE i (&, XHEBHMEOOHEETHEETH
D, REREIFHERRD, 3-AFIVTIVErary
IROGEDHENS. EHFEMEE T, el oy
RU 7 OBEERE MRS NS, —fKkiici, LRE
HNCHIEL, OARPMUMIETIELC T 24, LR,
BTk, PRRBLOAMEXAFIES 2 DRIV ESE U Tz
KRB TH % T L HZ V. Barth JEMEREO B TE LT
W TAZ BT THY, TOBELETEEDZHI MO
VRUTEEDOIVIA Y EVDRZHEER TN
%. TAZ BE AR, IRRALOIE, O REERHE
PHESR OB LR E R &, SRR OTIEEFIET
%7, Barth fEMREREDEEKAEIRZ S BA & ED RV
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Table 4 Causative genes for left ventricular noncompaction

Gene Protein Locus Inheritance
Genes associated with cardiomyopathies and or CHD and LVNC
MYH7 Beta-myosin heavy chain 7 14912 AD
MYBPC3 Mpyosin-binding protein C 11p11.2 AD
TNNT2 Cardiac troponin T2 1932 AD
TPM1 Tropomyosin 1 15q22.1 AD
ACTC1 Cardiac alpha-actin 15q14 AD
ACTNZ2 Alpha-actinin 2 1942-q43 AD
DTNA Dystrobrevin 18912.1 AD
LDB3 Z-Band alternatively spliced PDZ motif-containing protein 10922.3-923.2 AD
DMPK Dystrophia myotonica protein kinase 19q13.32 AD
DSP Desmoplakin 6p24 AD
PKP2 Plakophilin 2 12p11.21 AR
RYR2 RYR2 1943 AD
LMNA Lamin AC 1922 AD
MIB1 Mindbomb, homolog of, Drosophila 18q11.2 AD
PRDM 16 PR domain protein 16 1p36.32 AD
TBX20 T-box20 7p14.2 AD
ABCC9 ATP-binding cassette, subfamily C members 12p12.1 AD
CASQ2 Calsequestrin 2 1p13.1 AR
HCN4 Hyperpolarization-activated cyclic nucleotide-gated potassium channel 4 15q924.1 AD
SCN5A Sodium channel, voltage-gated, type V, alpha subunit 3p21 AD
PLEKHM?2 Pleckstrin homology domain-containing protein, family M, member 2 1p36.21 AD
Monogenic syndromes with major extracardiac traits and cardiac involvement including LVNC
ARFGEF2 ADP-ribosylation factor guanine nucleotide-exchange factor 2 20913.13 AR
MLYCD Malonyl-coenzyme A decarboxylase deficiency 16923.3 AR
MMACHC Cobalamin C deficiency 1p34.1 AR
NNT Nicotinamide nucleotide transhydrogenase 5p12 AR
NSD17 Nuclear receptor binding SET domain protein1 5g35.3 Isolated type
RSK2 Ribosomal S6 kinase 2 Xp22.12 XLD
YWHAE (14-3-3¢) Monooxygenase activation protein, epsilon isoform 17p13.3 AD

MONADRE ShIYRUPDNADRE
BRO—EBRDIIVINVEI
BIRS B BETOER
SRIVRUPADIVINOED
%IRRT 3 EETFOER
SRIVRUPDESRIC =IOV RKUZDNA
RS 3 EETOER DEER
SRIYRUPDNAOEIZEIC [ S IV EKEUFPDNA
BRS 2 BETOER DB—R%K B
Sr3IYVRUPDNA | SR3YERUDNA
DRZ DEERL, EH
( SFOYVRUPOBBMEF=S IV RU PR )

Fig. 3 Causative genes for mitochondrial cardiomyopathy
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