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Fig.1 Causes of mitochondrial encephalomyopathy

Mitochondrial eneephalomyopathies are caused by mutations in nuclear genes and mitochondrial DNA. The latter

include depletion, deletion/duplication and point mutation and these mutations result in defect in respiratory

chain enzymes. Among nuclear gene mutations, these in enzyme complexes (subunit genes and assembly genes)

and those in translocation into mitochondria directly affect respiratory chain enzyme activities. Mutations in the

other genes asseciated with replication, transcription and translation of mtDNA cause multiple deletion and/or de-

pletion of mtDNA resulting in enzyme deficiencies. The numbers below the complexes indicate the numbers encod-

ed in nuclear DNA and mitochondrial DNA.
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BET, £AKRFTHLBCSILARSOENRD
FIEZNTWVEY.

c. SFPIFUZDNAOMY - HBRICHY

bHha3EF

b2y R 7DNAGHEY - #HEII DD
EDNAHRERFORIFERGK AL EHL M
XhTwvwa., ZO%E mitDNABIOREE LT
i, 2HARKEXRZREFERSRSE. T4b
t, HDNAZLN & mtDNARE A -MIZfEfr L
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TWwaHaI &I RS, FEXRETEITHEFER
iZ, thymidine phosphorylase (TP}, adenine
nucleotide translocator-1 (ANT-1)*. Twin-
kle™, DNA polymerase gamma (POLG)™ #?
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VWi, 37, miDNAGOXZIREZ, TPUAIZ,
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Table 1 Mutations in nuclear-encoded genes

GENES PHENOTYPES
Complex I subunits
NDUFV1 Encephalomyoapthy
NDUFS4 Leigh encephalopathy
NDUFS7 Leigh encephalopathy
NDUFS8 Leigh encephalopathy with cardiomyepathy
NDUFS2 Encephalopathy with cardiomyopathy
NDUFS1 Encephalopathy, Leigh encephalopathy
Complex I subunits
SDHA Leigh encephalopathy, Optic nerve atrophy and ataxia
SDHB Familial pheochromocytome, Hereditary paragamglioma
SDHC, SDHD Hereditary paragamglioma
(Gene associated with complex 111
BCS1L GRACILE syndrome

Tubulopathy, encephalopathy and liver failure

Genes associated with complex VI assembly

SURF-1

Leigh encephalopathy

S5C02 Encephalopathy with cardiomyopathy
5C01 Encephalopathy with liver failure
COX10 Encephalopathy
COX15 Encephalopathy with cardiomyopathy
Others
Thymidine phosphorylase Mitochondrial neurogastrointestinal encephalomyopathy

ANT-1 Chronic progressive external ophthalmoplegia

Twinkle

Chronic progressive external ophthalmoplegia

Mitochondrial polymerase y

Chronic¢ progressive external ophthalmoplegia

Thymidine kinase-2

Mitochondrial DNA depletion syndrome

Deoxyguanosine kinase

Mitochondrial DNA depletion syndrome

R EBRES LAY, Tfaml DE{LF
EREIv PTIREZRBERTOH 0,

n.ﬁ%u@?aﬁyuﬂﬁ

1. BBELAANLOMERS

MEM D75 B35 L L. RETHE
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H5. miDNARELERE TR 2 MEM D44,
1R ET 2 ¥ 79 5 mtDNADS, Yok
ILFEHEEY, I PILFYT. HIRBEGHEE
EIRVTEORBMRPEACALIONE, I
SRR TR IR TED LR TWE, IF
12, MEMMIDNASMEROATFO ST A I —¢
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Fig. 2 Taurine modification and its defect
The 3243 and 3271 mutations for MELAS are located in mitochondrial tRNA-Leu (UUR) and the 8344 mutation
for MERRF in tRNA-Lys, respectively (a). The anticodons in both tRNAs are specifically modified to be able to re-
spond the restricted codons (b). It has been proved that the modification is taurine addition and is defective in the

case of 3243, 3271 and 8344 mutations (c).
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tRNA-Leu (UUR)

Taurine Taurine
»
trmU*
Ho OH HO  OH
5-Taurinomethyl uridine 5-Taurinomethyl 2-thiouridine
(tm>U) (tm3s2U)
Fig. 3

ZERNRTHLDT, 720N ABRREW.

b. PoFaAKLEHBRE

MEM O {EHL SERTHSLHIMIER, 3271
EREMEMORENLERTH 58344 E R,
FhZFhof ¥y (UUR) &BRNA LY V0
BERNARICTEET 5 (Fig. 3a). UURES RNA
B2 FYUUVAXUUG*ZEL., JIVEBRNA
T3 F X AAA L AAGHRRT L. BEXRFOD
WKZEBEAE, AR, XL HEER XS
OXMFE S, I FY3XFREBAPGOLS
ICRBTELINOGOEBRNAILBWT, EF
TI7T¥FIFro0130FR (U34) ¥y o) >
AT TwsOI, BRIREOEREHOHR
BRNATRZOESHFRELTWEI EZ2HIL
L7-*"* (Fig. 3c). €L T, EBROHERNA
EHAEX B+ 57 I /EBEOBRBENED
Lok, aFy-7TryFarFrodoBEdEg
LI EFIEWIL. ChoOERERIE, ER%E
Lo RNATO L ON, BRIV TR
WERELLS DT EAHEMIEEHLLZ LS
5.

2. H% - BRLNOKEICETAHEE

HE-BHELVXVOMEMBEOHFEL AWK
TH5. FHRLANTOERHENEATH, £
OMRHT LI - BBLAL, TLbbERE
LALTONEREIRLDIIv 5%, MEMIC
BT, BEPERLFEBPHEMREBED
Z LWL L Tk, TORELELL
ZERHLEITHL MEMIZBWTHW {2
ORBEFAVMERENTE-S. mtDNALR
PHTAETAVBWIRELE L Lo/, LAL,
20005 IChbhvbh il E HE KRS, BV ERBENT
i oXREET,
mtONA* fi ¥ 5 <7 A (Mito-Mice) DEHIC
By L, |

K 9z mtDNA % 80% L & T4 § 5 Mito-Mice
RAERH2ACOVDSEEMNARYED, B
BLE6HATHLCT S, FEHIIHFAIL2 T, MESE
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DRTEFVEVZ L, KSSTIR, KBAH®
EUMEPBERBROGH L ELROGREDT,
FOHROERL EDNSHOBETHS.
Mito-Mice & ¥ FORAEOUDL o E K& %R
Mz, BEEATHS KSSHbESnt
e, BRERTRIBEZILNATWS, /=
7EL, b FOEATHXREERBHIERSELEYT
AL BEMEL-ELZZSRBHFAREE
ANTV5S. Mito-Mice ¥ B2 25, Al
¥ BV {OLORET, HEHR mDNA DD’
HAXINTwE™, B otDNAO &R
{7 & DEIERIZ DWW T, Mito-Mice DYIHIR % 5540
CRHTAZET, HLvaRsfioh stk
¥dhd. :

11 B#ICERdHHLVAR -
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MERBOREL-EAOERE B, G
MZHREFORG PRI GHOLNATWV DS
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)y THPBETHS.
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HTBZO2EORPIHOVTIE, wIDETAH
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The Prospects for Pathogenesis and New Therapy of
Mitochondrial Encephalomyopathy

Yu-icht Goto

National Institute of Neuroscience, National Center of Neurology and Psychiatry

Recent advances in research on mitochondrial
encephalomyopathy are described based on eti-
ology, pathomechanism and therapy. First, nu-
clear pathogenic genes have been identified
such as structural genes for complex I and 1I,
assemble factors for complex 111 and 1V, and
several factors associating with mtDNA replica-
tion. Second, the pathogenesis of the disease
has been extensively studied using culture cells
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and mouse models. Inter-mitochondrial com-
pensation of the mtDNA genome having differ-
ent pathogenic point mutations, wobble modifi-
cation defect of 3243 and 8344 mutations, and
the newly established mouse with large-scale
deletion of mtDNA are reviewed. Third, topics
of the therapeutic research, such as dichroloace-
tate and L-arginine as new drugs are also de-
scribed in this review.
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(SUMMARY)
HAgZHanefiReRUEs 5. ARNNLREER
RTdhb3, REIT5E M (ragged-red fiber), £l

FraYFVTROZHIEBWT,

SDH iEPEME (strongly SDH-reactive blood ves-
sel), > hZu—i cB{LEEFRXEREOVL TRy,
bLLRRToHAEbY BT EVBETH
5. (BRI 49 ¢ 45-49, 2005)

(KEYWORDS} RRF, SSV, ¥k~ 0—A
c LB RN
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I rarFUTHEOZEIZBWTR, Bt
BEKIERZ E 5252 LWz, S hav kY7
REOHFAETIIHT 2 LTS H 5, £ORKEL
SBEFRIE, AEENE, &A¥HE S
EFERBRETHD, TOPTLREFRTEIR,
BRI Far P Y 7ROEBERSYHY T2
M EHELBERREL LI TR, B
BOTOHLEESHICRTHREZBRETH S,

T rAFITROBEERERZHOEBIIK
U, ZOREFNRAONFRSESRIC LI
TTHDH., LdL, BEBHREOSIERTRETO
WRIZBEICEONZ Lo TEw, TOHEN
H, HFRMRERSHENESBETHD, &
NETORFICL ZHIBBER S TWE I E,
AARHE IR oS —F iz Ml o TR S R BHOD
HIFITHD, I by P 7ERENH->TLANER
HeRrkbha o i R DI W)

ZORENTOR IFEFMICL 52 50T W
ZEnEFShS, oS- HSRTR, St
YFUTREBC I THEESEZ Y, REEL
FrHZE3ICHZ LT LB EDLNT YL ST
BEMEDSE L,

@ JEURE

TEUREER, Gomori MY 70— AR
B0 L ThHBH, FIL TR modified Gomori tri-
chrome staining * {2 h 3, ZORMBTIL,
MENEREELTI/NEEE S P FY 7H5kR
gD, ThEANOKRGREREOCHRE L. &
2 FUTHROBHEERDICB LT, KEIZS
24t (ragged-red fiber : RRF) 28 & O i it TE
BTE3((E1). HREPNSBSERICR Ra s
nohs, BB THHIE A REmANnLE
H¥%, hid, EFERERTHS R LS
W, TOWHITI Py FUTHBREHHL T
WLIEERBLLBTHS, &6 KTEFHME
BoesFic 5% k, REYINICE 3 20 bsiE
ETw5, Bowm, KE2oFEk(EXL), W
HMEEOZEL(Z Y A2 OEE, HAKORE) T
Hd,
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1 SEAIT AN (Ragged-red fibe

GEbRrAZ 2V OLOBER, I IV THEBMULIRRFTH S,
o, DERE TOFREEERATH Y, NBoFRERB LML Tw3, &
YO 2oOKME, TTORBREORENFERELODHLOBDL IS,

JEVRE

b

a3l

F2 SEZ5RH, §SOH =

COXEHtinm

EYi: RRF %, FERRR SSV OXFRTH5. RRF it SDH TRRL, COX REATR, BRT 5 bOCIH) L gy

b0 GERETF)INHS. SSV L SDH TR 5.

mtDNA Z2% 35D, AZRII(RNA BRIRICTF
T2 EEPREERESHS LS RRF 258
»HLIBEMBE L, —H, AU mDNARE TS,
SERMNELNI— FEEHOBESPHE DNA LcfF

£ 3 EEBRETFLEROBA W, RRF ZHEN
thTH3, LarLZhizbflsinboT, &

DNA LOBIEFORESTFEHEINTWLLAIRE
R, FIRRHERY P2 a—2 c BICBERREE
Tit, MO RRF¥FEDH NS,

RRF OFF R R OB & IEH I
U O» R, BHETZ b5 3 ORmEt
HOBYTHY, WHELOMOERHEL LD
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I EMAERRERECREER WS TH
%5, $7- RRFBFHBOEOADFRHTIIE &
FEZHoLNDIEND L. A0 Lo EEL
KB, e CcREokx st 3
2%), Bl 1,000 OB iz 1, 2MEF
£33 RRF 835, sHBRE Lo E D O
BREEL Y, RB(F A4 7 DOXKNFE, RS
4 Z7OHHEE, MO HE L FOfoR
HRLGOLELEANLAMBLEIIC RS, 35
B L > T, EEFREPH HREFIRED
BRI 3280w,

Eﬁffﬂﬁﬁﬁ

Iy FU7ROABEERETE (EAS

¥ 32 o0FMREEENT 5. BHEReal, B
BEOLDEREEICLLEZTWEDTIRZL, b
L ETHEALFHRRICEATHWLRZRITHY, I
ZHIEAPREMEOR, RICEEZEICAKEL
WEEZDDL. LItoT, Bicaryiro—n®
RUFr 8o —F bicBwTRETS 2 590
RTHBH, ¥k, EEZERMOBRER, £b¥
B FEICE o TRZHRW,

1, ONIEBAERERMNRE

a7 B K B BE FE (succinate  dehydroge-
nase ; SDH} 2, TCARBIRODIBKRERTH D &
Ebie, EFEEROESHEN(ONIEB -2 Y
¥/ YEBALERER)OBSGRIGIE o Tw5,
Thabb, TCABRETLFEERZEUOBS
HEELXREPELLTVWS, Gatklliz4>o0
Y72y bpbsih), 3NTHEDNA Lo —
FEanTwad, TODIHI3BREKELT7 7R
FAYH T2y FFp)BSDHRIE 2 - T
W3,

SDHiZ: P2 FUTAHERBLTEELT
Wh, FmtDNAWKZI—F a3y 722y
FELEVLODT, mDNA ORELSEFELET S5
E2»iHE DEESR1I2vw, RRF 3 SDH
RETERRT L. Thid, & Z mtDNA
WERPHSI S, MUz baryFUY 70O
(PRESEED 2338804 5 Z £ 23 SDH B0 k57 &
LTEszondhstHEizond,

BaZE S RAE R B E T2 P2 FYUTIRT

H5 MELASiZBWLTi}, FREPHM(BZE S <
)OIk LRELED S 5, SDH B
BT, FOEENRATHUEROREXEL
TEBE2N50T, MNGIROMITEZ 45 L £
HTRELEIBEIBITMALTROEEL T
WLISKEETES, Z0L3RMES, &
SDH B M (strongly  SDH-reactive blood
vessel ; SSV) & iy, MELAS B3E D 80%iZ 7
3 5(RE2), SSVEEFHMETCH» S L, I
TEHBEIEPICE b FYTHEEL TV
ROMESETE B,

i, 2 hIFYTHRO—FFEIC SDH Xi§
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