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Mitochondrial Cardiomyopathy

Atsuhito Takeda
Department of Pediatrics, Hokkaido University Graduate School of Medicine, Hokkaido, Japan

Mitochondrial cardiomyopathy is characterized by an oxidative phosphorylation (OXPHOS) disorder due to
genetic mutations in genes encoding the structure and function of myocardial mitochondria. Mutations in both
mitochondrial and nuclear DNA can cause mitochondrial cardiomyopathy, and it is typically recognized as one
of the generalized manifestations of neurological and metabolic disorders. Cardiomyopathy, however, can be the
only phenotype of mitochondrial disease and is often misdiagnosed. Cardiac manifestations vary from asymp-
tomatic to catastrophic heart failure or sudden death. Although recent evolution in genetic tests has allowed the
identification of the causative gene, tissue sampling to identify an OXPHOS disorder is still regarded as the gold

standard for diagnosis.
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Fig. 1 A schematic representation of the mitochondrial oxidative phosphorylation (OXPHOS) system and

coding genes associated with each respiratory chain complex
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Fig. 2 Human mtDNA structure and causative genes for mitochondrial cardiomyopathy

Individual capital letters represent each tRNA. Mutations in red indicate early onset cardiomyopathy during infancy.
ND1, ND2, ND3, ND4L, ND4, ND5, ND6: Complex | subunit genes. Cytb: Complex Il subunit gene. COI, COIl, COlll:
Complex IV subunit genes. ATP6, ATP8: Complex V subunit genes.
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Table 1 Causative genes for mitochondrial cardiomyopathy
.23V FU7DNA  EEF i IDERIE RIFR (OMIM)
REE ST 71y b
MT-ND1 m.3460G>A HCM, LVNC LHON
MT-ND4 m.11778G>A HCM LHON/Progressive Dystonia
MT-ATP6/8 m.8528T>C HCM Infantile cardiomyopathy
MT-ATP6  m.8993T>G HCM NARP/Leigh Disease
MT-ND6 m.14484T7>C DCM LHON
MT-CYB m.14849T>C HCM Septo-Optic Dysplasia
I hIVFUTEBRR
MT-TL1 m.3243A>G HCM, DCM, RCM, LVNC MELAS/Leigh Syndrome/CPEO/Mitochondrial Mitopathy
m.3260A>G HCM, DCM MELAS/Maternal Myopathy and Cardiomyopathy
m.3303T>C HCM, DCM Maternal Myopathy and Cardiomyopathy
MT-TI m.4300A>G HCM, DCM Maternally Inherited Cardiomyopathy
MT-TK m.8344A>G HCM, DCM MERRF
m.8363G>A HCM, DCM MERRF/Leigh Syndrome
MT-RNR1 m.1555A>G RCM Maternally inherited DEAFness
Il #&IEF BIEF OMIM ID IDERIE FRHE (OMIM)
MREEE ST T 1y b
‘/ak| NDUFS2 252010 HCM Mitochondrial complex | deficiency
#EE| NDUFV2 252010 HCM Mitochondrial complex | deficiency
#EE| NDUFA11 252010 HCM Mitochondrial complex | deficiency
=yl SDHA 252011 DCM, LVNC Mitochondrial complex Il deficiency
B/EGT LT
#EE| NDUFAF1 252010 HCM Mitochondrial complex | deficiency
#HEE| ACAD9 611126 HCM Mitochondrial complex | deficiency due to ACAD9 deficiency
B/aEIv SCO2 604377 HCM CEMCOX1 (fatal infantile cardioencephalomyopathy due to cytochrome ¢
oxidase (COX) deficiency 1)
BaEEIV COX10 220110 HCM Mitochondrial complex IV deficiency
HEEE IV COX15 615119 HCM CEMCOX2 (fatal infantile cardioencephalomyopathy due to cytochrome ¢
oxidase (COX) deficiency 2)
Bw/a%v TMEM70 614052 HCM MC5DN2 (mitochondrial complex V (ATP synthase) deficiency nuclear type 2)
I bV FUTEAER
AARS2 614096 HCM COXPD8 (combined oxidative phosphorylation deficiency-8)
MRPS22 611719 HCM COXPD5 (combined oxidative phosphorylation deficiency-5)
TSFM 610505 HCM COXPD3 (combined oxidative phosphorylation deficiency-3)
GTPBP3 616198 HCM, DCM COXPD23 (combined oxidative phosphorylation deficiency-23)
MTO1 614702 HCM COXPD10 (combined oxidative phosphorylation deficiency-10)
ELAC2 615440 HCM COXPD17 (combined oxidative phosphorylation deficiency-17)
I baY P TESHERR
TAZ 302060 DCM, LVNC BTHS (Barth Syndrome)
AGK 212350 HCM Sengers Syndrome
SLC22A5 212140 HCM, DCM CDSP (Systemic primary carnitine deficiency)
ACADVL 201475 HCM, DCM VLCAD deficiency
HADHA 609015 DCM HADHA (Trifunctional protein deficiency alpha subunit)
I har FU7 DNAREM
SLC25A4 615418 HCM MTDPS12 (mitochondrial DNA depletion syndrome-12)
FiEEY
FXN 229300 HCM FRDAT1 (Friedreich ataxia)
BOLA3 614299 HCM MMDS2 (multiple mitochondrial dysfunctions syndrome-2)with hypoglycinemia
JAIVYALQI0EBK
COQ9 614654 HCM COQ10D5 (coenzyme Q10 deficiency-5)
COoQ4 616276 HCM COQ10D7 (coenzyme Q10 deficiency-7)
I by FUTERER
DNAJC19 610198 DCM, LVNC MGCADb (3-methylglutaconic aciduria type V)

Modified from Ref. 5).

DCM; dilated cardiomyopathy, HCM; hypertrophc cardiomyopathy, RCM; restrictive cardiomyopathy, LVNC; left ventricular noncompaction.

RO PMETNTVS. o5 T2 Tld Complex
[V 7a2=y I —F93EEFERTHRAL
fr3E (HCM) 7 3k 9 & ® i< NDUFS2, NDUFV2,

BRNRBERSBF M

$33E H45

NDUFALIl DREENTHD, WINE Leigh BHIED
ST E LTHISBNTWYS 7. Complex 1147
d=w b2 d— R %8R 7R TS SDHA D



291
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EC B - FLURHNC EE O AIE & UCHAEY 5 3
BFOH I Fay RU 7 O#ELAENEEL TN A]
BEMEA D B . ARLBRICHIET 2 Fay RY T
IDVE Tl ATP JEAEREDIK T ZRELTCI Fav R
V7 BRI LTI D, ERRHED RN

TR EORINA BRSO 5N TVS. T FERT
K2 haAY R TOE 555 EMNE RO TRIRIT
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ENBT ENZ. ZOM, LVNC %, MeERESE,
i 7s & ORBEENRE SN TS, I har
RUTHREL 2N S OIRBICBIT Z5EME A =X L
FHS M EN TV,

= b3V F U7 IDEHEDERKRAEIR

PV RV 7 OER SRR TROET 2L 00 5
HEDOARICES X THIEHIIHRLTHD, FHIE
FEMERRENR-OZEIE RS T L 8%, BPR E DA
RANDA N LV AZHIET BT DO, ZkioD
ZoNFIEZHEGEH S, £ FMHRmIREDNR
HEERER ED I b ay RY TIEOBEEERZ 1 5
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FE24 1D 5 B 12% M RCM Th > 7z & DHEN H
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Noncompaction & U Ty L7z 187 fD5 B I b1
> RU T DHED 40 fl & e % <, DUV T Barth JiE
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Fig. 3 Diagnostic flow chart for mitochondrial cardiomyopathy
Genetic tests for common mitochondrial diseases: MELAS (mt3243A>G, mt3271T>C), MERRF (mt8344A>G), Leigh
encephalopathy (mt8993T>G), KSS/CPEO (mtDNA deletion). Differential diagnosis: Pompe disease, Noonan syndrome,
organic acidemia and fatty acid oxidation disorders, sarcomeric gene mutations, and Barth syndrome (TAZ). Modified

from Ref. b).
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Table 2 Diagnostic criteria for respiratory chain disorders

WAE%E
| ERFREEIR

UFD3EE (D~B) ZINTHILTBRARNICERESHENLI PV FUTRBEEIEI FIAY FIT7HA FNF—
OMDFEETIEHRATERVSHBICE A BERDFET S, PEEBUTD 3 REULOMBICKABT L.
1) #ER, 2) HRA, 3) O, 4) B, 5 Htds 6) K. 7) Ao, 8) &Mk, 9) HAEL 10) IR, 11) RER, 12) FH

FEMREE

QRMMETERB | LIE LIFRRZRITIEET 2, TRRBBREGZROESREE | BHOHMD 1 AEICS b3 FUT7HRERE

JEDEEWMIIE felSRTBEMEDETET B
ORI 2 LISIEREMEDRRI 2
Il FRERAER R
BH&ER 2% LD ragged-red fiber
. BHRENE
Otk : COX(—)fiber
50 U TDHE 2% £
50 B EDIHE 5% E
@ In vitro MEIRSHEE SR B

1 DOEEET 20%UTF, £1cld 2 DU LDMEERICK feH > T 30%UTF

1 DOBEMIZT 30%UTF
IV. KERERRAR
IRHESFARE D ATP SRkEE - <1+ X 3SD LT
V. 3FEMFE
BEfldZ by FU 7 0BESHGRREGFREENRDINSBTE
R
| EERRIEIR
12THI bV N 7EREEREICERLIERDNH ST &
Il yREBHER&
- B1&#5 : ragged-red fiber
30~50 7% : 1~2%
30 mkm - ALTEHNIEKL
c 16 MARM T 2% U LOFIRETOI Fav KU 7%
c [ERIEEHTI Oy FU T EENESR
. BREN
OEREIT & 2R EEEERIE DA
@ In vitro MR SHEE SR

1 DDRHEET 20~30%, Ffzld 2 DU EDRESRICE > T 30~40%

1 DDFEMIIT 30~40%

IV. HEgefzAr

SR ATP Sk | 197 1+ R 2-3SD

AZ Y b—RABHATRE TE LR
V. SFEmMFE

BERIEZ POV P 7 ORRECFREEDOAREENHZ T &
VI, LHREETRET 5 1 DU LDOREFRR

Om, BERPIE - EIWVEVE - TSI URIE

QBERHPZ >IN DI (KSS BUL D)

®%P-MRS ¥7:i& PET OEEFRE (B or B

@TIVIA—2—RERE (VO,max, AVO,D, ZLEEIENDIET)

Definite : KE#2 D, & LLIEKEE 1 D+/NEE2 D
Probable : XE# 1 D+/E# 1D, & LIINEEI3 D
Possible : KE# 12, & LIZNEE2D (55 1 DIFEEFRIER)

Modified from Ref. 33).
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ABCB7  ClOorf2 DARS? ~ GFMI  MFN2  NDUFALI NUBPL QRSLI SERACI SURFI  TTC37
ACAD9  Clzorf65 DGUOK GTPBP3 MPVI7 ~ NDUFA2 OPA1  RARS2 SLC22A5 TACO1  TUFM
ACADVL ~ COQz DNAJC19 HADHA MRPSI6 NDUFAFI ~ PC ~ RRM2B SLC25A12 TAZ  TYMP
ADCK3 ~ COQ4  EARS?  HCCS MRPS22 NDUFAF2 PDHAI SARS2 SLC25A19 TIMMSA UQCRB
AFG3L2  COQ9  ECHSI HSDI7BI0 MRPS23 NDUFAF3 PDSS1 SCOl SLC25A20 TK2  UQCRQ
AIFMI ~ COX10 ETHE1  IARS  MTO1  NDUFAF4 PDSS? SCOZ SLC25A26 TMEM70  YARS2
ATPSE  COX15 FASTKD2 IARS2  mrpap  NVPYUFAFS oo spHA  sLc2sa3 i3

(C200rf7)

NDUFAF6
ATPAF2  COX412 FAT4 KARS MYH7 (C8orf38) POLG2 SDHAF1 SPG7 TRMU

BCSIL  COX6B1 FOXRED1 LRPPRC NDUFA1 NDUFB11 PRKAG2 SDHAF2 SUCLA2  TSFM

BOLA3 CPT2 FRDA MECP2 NDUFA10 NDUFS4  PUSI SDHB  SUCLG1 TTC19

Fig. 4 Genetic testing panel for mitochondrial diseases
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Fig. 5 Echocardiography, pathological findings, and respiratory chain complex activities in a patient with
mitochondrial cardiomyopathy (13-year-old male)

a) Echocardiography showed mild hypertrophic cardiomyopathy. b) Skeletal muscle biopsy with modified Gomori tri-
chrome staining showed ragged-red fibers. c) Light microscopy of a biopsied right ventricle showed cytoplasmic vac-
uolization in the myocardium. d) Electron microscopy of a biopsied right ventricular endomyocardium showed marked
proliferation of mitochondria within myofibrils. e) Respiratory chain complex activity of biopsied skeletal muscle and
myocardium showed defects in complex IV and combined defects in Complex I, Ill, and IV. Co I, Co Il, Co II+l1ll, Co Ill,
Co IV: Enzymatic activity of respiratory chain complex in complex |, II, [I+111, lll, and IV. CS: citrate synthase activity.
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