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QKT vr—FRE  HE . —KFET
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DT | ORKZERERFEVERE 83 6 ; WA
BE 1 ERT2 U EOMEFERECR
B TAX=HAOFE, SEO7a k
DV OFEREELE - BRIVETEDFYITER,
Q=T v r— FE % ZKFEET
BRIt S e oziaE 1 FERT 2 B ED
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DOFE, ERIOIRBRHIOEE), N DNA
TR BE1EEOMEFRERIEONE (F
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HE, REE. L KAT. KRS 2ot
@&ﬁ:ﬁﬁ\mx MRt R B
E) L TRENORERS, MRI RE,
TAF = NROFEM, EERTER,

(R E~DBELRE)
AIBBRIL. b bT ) DEEFIRATHIEE - AT
AR (RBEZ2 L) | ﬁéb 2008%EAR
TV~ Y R EEWCESL B N
L e §M%Mﬁmw @Téﬁﬁhﬂ”%
BEF L CHifTT 5,

C. HresER
O—W%FAE : (1) [EIZ=E : 53.8% (490 gk

4911 Migk) . (ii)4&[E MELAS &%k - 291
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REEFEWOQEM2ELLL)

& (NREL 68 4 /1EEENAF 223 4 1 X 1),
(iii) @ 2 EMI 2 ELL EDOKEEFERFEIE
DH HMEFRBIEREBRELR=834 (h
IRA 33 & /#RNE 504 : K 2). (iv) ¥
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LEE RS Wb B RERED
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R 14 Bl //NER 14 1)) (1) 28 IO
R TAX=PEAERL 56 BERABY
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DAEFERF OFE)FHIEEEIT 3. 08 B TH
2717,

BREIC, KRIBBRO 7 1 b oL & L,
DI OVRER EREARH VB STV 10 D
BT 10 £DEE (¥ v ) EMEE
9%, TAX=UPFREE 1 4) 2RIER
DXIRITEE L., B LT,

D. &£

HFRETIZ S MELAS B3 DESF - BREIZD
Wik, /MR R — MFFRIZIE ST
W5, AEA G E IR0 AR O MELAS B
FHIZ., ZhvE TCOERNDOHRE (Yasuga S,
Koga Y, et al. BBA 1820:619-624, 2012)
CHEILTRRE TH 2, 20 ) BNz
RS IERIERE O D AEEIZ OV T,
NRELBENHRARESEZ EEY . DR
HASSIAE MELAS 23 A FEIE MELAS & EREZ L |
IVEEE VO ERNINOREFROHE & —F
Lo, T OMMEPREEIEREREIZONT
TIRAEIZL o THRICET 1 FHORIEE
# 2 EILL EOREEBBE IRV AT,
IILOBETIRHETBRRCERIIE
L-arginine ORGP L% S b0
DIE D MELAS JdZE FARFEVETER D ERB ST
BCE (DEMEETEORSR).,
b7 vr— MREZEERIC, BE 104
EARS DY ARRICEERTE T,

E. #&im
BA/NRMRE SRS - HARESEMER
BHEER & XHE2IT MELAS & | Z ORNZRHRESR
FEIZOWT—& N B ZROEET 47— b
WEAEZEMLZ, TNETRAKOBENE
L., U U ARBOEELR -7 10 filic
DUNVTRERND TE T,

F. ek

L AR

Kondo T, Asai M, Tsukita K, Kutoku YV,
Ohsawa Y, Sunada Y, Imamura K, Egawa N,
Yahata N, Okita K, Takahashi K, Asaka I,

Aoi T, Watanabe A, Watanabe K, Kadoya C,
Nakano R, Watanabe D, Maruyama K, Hori O,
Hibino S, Choshi T, Nakahata T, Hioki H,
Kaneko T, Naitoh M, Yoshikawa K, Yamawaki
S, Suzuki S, Hata R, Ueno SI, Seki T,
Kobayashi K, Toda T, Murakami K, Irie K,
Klein WL, Mori H, Asada T, Takahashi R,
Iwata N, Yamanaka S, Inoue H. Modeling
Alzheimer’ s Disease with iPSCs Reveals
Stress Phenotypes Associated with
Intracellular ABS and Differential Drug
Responsiveness. Cell Stem Cell

12 (4) :487-496, 2013

Kawakami E, Kawai N, Kinouchi N, Mori H,
Ohsawa Y, Ishimaru N, Sunada Y, Noji S,
Tanaka E. Applications of
Myostatin—siRNA  with
Skeletal
Recovery of Muscle Function. PLoS One
8(5) 164719, 2013
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Atelocollagen

Increse Muscle Mass and

2. HEHERK

<ERNFEE>

KIE ¥ [TGF-beta ¥ 7 /VHIENC L D85
THEEME R BIRETE ORISR 5 54 [B] B A%HR
LRSS 20134531 ER

K # [TGF-beta HEES TERIZLD
FVHEEMER B & A X R Y v VIERREDIRE
HERG ) 25 31 [E B AMRIBEF SRS 2013
#£11 H 228 HE

<EEFE>
Ohsawa VY,

Hagiwara H, Hinohara A, Sunada Y. Inverse

Nishimatsu S, Fujino M,

regulation of myogenesis and
adipogenesis by caveolin— 3 through type
I TGF~ beta type I receptor kinase. EMBO
workshop. Molecular mechanisms of muscle
growth and wasting in health and disease.
Ascona, Switzerland, Sep 15-21, 2013.
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mEE A
BEERE— |\ P R TIRIGERE KBFE WEZE |ZaEE| ER | 2013 | 2339~
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2342
HEEH I haRY TPKEESEEE, 1B BE(S B O MR EFER | A | 2013 |791-797
iEgiyna G, HFEE— TR ERER
FRIEN, TR [, E+EE2hR
g RRIZE
MEsh
BRERL BXHA MVA RREEA BE | =T | HEE
Goto M, Komaki H, MELAS phenotype associate Brain & 36 180-182| 2014
Saito T, Saito Y, |dwith m. 3302A>G mutation Devel "
Nakagawa E, Sugai |in mitochondrial tRNA(Leu evelopmen
K, Sasaki M, (UUR)) gene.
Nishino I, Goto Y
R O X by NU TR &R BR/NER | 2013 | 91-98 | 2013

DIRENRFRE & 72 DRI ER
KD E-T (TAFXF= UK
B, EAEVERF N U LE

EDBR3E)
T E S hary KU THBERE  HAREKR 72(1) |175-184| 2014
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9) EFIVRUT TR

mitochondrial disease

EE-HBR

S PaVRYTRRBASROIRUN OS5 B HHECE
FELTEY, IrarYRUTRE, IOV RUT7OHEE
BETFICEoTRIBEROKBIHTHS. TOBERT
SRS RE DR T oMt 25 & d. LizhioT,
FEREZBETH SN, HENTXVF—REEDOR,
IR REZZITRTL, AR R-EREEH ORERD
MBICHZ NS WEDI I IV R THEELD
mEn3. LHL, BRIFaVRUTHEELSIRED
— RN D DDHB.

ok i}

AV RIUTHRONEEE, FOBEICEWEE
v, BETFERRCIZDE, HEENEEICKSYD
H, BRERICEZDELNSS (B 12.27-7). Th
SOSER, BV I LIS eET, BUEERRE

THOEND, BEFEENAELZ-/ZD, E{LEEE
WRZ-EDT3.

EHA - il

TravRUTAIE, TxE—-RFIcHhhbB
ZLDOBENFELTOVBED, TOENTLETFEE
FOBEETERIEANELZ L. BT CERE
EHEARE S BEDY, ThETNHEROY T2y
FCTETEY, ZO—EEI AV RUTRICEET
53X b FU7 DNA (mtDNA) Elca—REhTn
3. oTREELTIE, #%DNA LOBELCTFERDE
&L mtDNA BEDBELHH 3. mtDNA 3% DNA
CERYD, 1T aOY—EETACEND, BiC
ZOEHE-THHENIREEIC 2D (mtDNA R ZAER
B, E7z, BITIE mtDNAOKREE SEEM BN
TW5H, ERHPFERDPMENTERDOLRTE
FTE(N\TRTSAI)HELNHD, BDNA LD
BEFEETHRDDRELANTOLEOS S L IZEAR
WKBZ->TWVWS. EBETICHERETS mtDNA 3ZE
DOERICTIDMBATERVD, BALTENETS
TEHHIBNTED, ZHEINO mtDNA X THH
FiZEB. LiEh-oThEeds EIOEMNMNIEE mtDNA
DEETAHIHEIIZT, FRhFsho Tl (B3R
Bf). UL, IRNTHREREBETIERL, REDE

;2277 EMAVRUTHRONE

1. A{bEindE
a. @8k 1 RIBE
b. E&& I REBiE
c.BEGHNRIEE
d. EEENIIERE
e. ERRVRIEE
T BROESERIBHE
I.DNA BEICKDHE
1.%DNA ZE
2.2 hOVRUFDNA B
a.mRE, BER
C.RZIREE
3. #%DNA ZEE MIDNARRHERICEET 258
ILESFRERRIC K D98
1. 3 KR8
a BT NIREIE (Kearns-Sayre FEREEEE)
b.2AI0O0-XAEHESIZ IV RUFR | MERRF
C.EAPRREREMS S b RUTH - MELAS
2. ZDfhDiRE
a. Leber BEIHEHRERE
b. Leigh BjiE
c. Pearson &
d. NARP
e. MNGIE
f. Z0ft (Wolfram fEREE, Alzheimer fR/5&)

Sy

MERRF : myoclonus epilepsy associated with raggedred fibers, MELAS:
mitochondrial myopathy, encephaiopathy, lactic acidosis, and stroke-like
episode, NARP ; neuropathy, ataxia and retinitis pigmentosa, MNGIE:
mitochondrial neurogastrointestinal encephalomyopathy.
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BREEAEDHEFTHVBEEEZRDTV. —A,
BEROREL, BREGTHITENIZEALTH
3. BEITRECLE, ZEENELIRVEREER
FELENCETHD, BHLFICEE mtDNANMED -
b eWnoT, BT LERKICES ERRLRNED
ST BT TEICENEETHS.
BTFEERIUNOBZEXREIIFDNA LIcEETS
BEFERTHY, BRIEREESEBEERTSH
%. BiREICE-oT, mtDNA DESEICHHhbIBEESR
I—FIE3BETFOERZEDHNREEN, Thb
1 T RANC mtDNA DR ZIRERZEREZRT T
ZOBEDOBEEERE, FREMLTIEEEDNA £
DEBEECFERDBCHERNURETS.

R RAEIA

REWEERBEE LT, BEET I RS
FEfZRE (chronic progressive external ophthalmoplegia :
CPEQ), HEFAMME - AT O —IATADAER
B (myoclonus epilepsy associated with ragged-red
fibers : MERRF), b FU7RHHE - AT > F—
R - ZR AR RRFEVEREIERE (mitochondrial myopathy,
encephalopathy, lactic acidosis, and stroke~like
episode : MELAS) 7% 5. TN5 3WEIFERERT
HBPRMEFERIC Lo THEENT VS,
1) BEETIEN R FEERSE . B ET R
PR RE 2 B (S AR T 22 - IRERGE BN HIRE (B L IAR
) ZRHMET 5. REEROBOIEMEDEL, &
WEEREEIR (BR/METF, BhEEMe), HARMRREIR GRRE
BEREH, MEEET, BEEHE, TEAESRD),
DER (BEEEE L), BEIRK (Bartter FERE
Fanconi JEMEEA L), WOWIER (EFE, R,

BIFIRIRESEARE), EEER (B2E, ETHERL)
BRERGHL, EFOZEHEMNEEINDTLHZL.
R EE TREAES LMV EERE RS BMEE
TPV BRI R 2 B 7% Kearns—Sayre iEfZEE (KSS)
LXATVS. KSSIHIBMET S RS R ERERE D
BEITh, EIRDNZEEICRMEENS D, EERE
BENC LI & BIBIEETT RS R B E R B O E
EREEZ NG, B ET SRS R R R,
KEBRIEEDEEmtDNA ZIEE mtDNA &b
BEDHINEZL, TOXIEHEEDNA EIEH DNA B
HETRZREEANTOTIAI-LXATNS. TON
THTSAI—& KSS R B HEETT I 41 IR F R BE
1REETIX 40 ~ 65%, KSS Tid 90% LI EDFEFITER
HHEN, MEORREIE—DEDLEFRINTNS.
2) MERRF: MERRF &3@% 10 BaifglicHEL, =
FI—F AL LI A7 a—X A TAD A LN
ERHMEL, Z2LOFITHEMESFERERHES. K
BICEENBHR BT AHE (ragged—red fiber : RRF)
LiF, IPIVRYTREEOBREG TR IR
ZIPaVRYTORERE (B 15-21-13A) DTt
TH?3. TORBE(LIE 3 KFREOWTHICHREDS
N3ELOTHH, MERRF 2T ORFEIFTR TIXiRu.
FEHEHCHREENZBEDIFLALR, EEKNE
MIETTHB. mtDNA DV (RNA D 8344 %
HEAMERRFEBED 80%ICFEET .

3) MELAS: MELAS i3z RERE ML $53
FIAVRUTIRTHO, BN EETRETS (80%
D20 LD . BKEREEDDTEETHS (B
15-21-8). ZEHRERERT & ZOMBEHRRE TIX
M O REEL L 13008 UE—B U RO EEZE Il 75
ER®, EREROEEL LSICESTRLER TS

=15+

-13 ERAVRUTRCTROHDHREMR

A: Gomori-hUoO—-LFRETI NIV RUTRFRED. KEBIED4RH (ragged—-red fiber : RRF) [34F(CEEEETIC

SRV RUTOERDEHETIHRADR (KED).

B J/\UBBHKRBEER (succinate dehydrogenase : SDH) & TH, RRF [FBLVEEERYT (KH). £, MELAST
[ZNENRDIMEFBHMEAOS MY RUFHENUEE SDH KM% (strongly SDH-reactive blood vessel:

SSV) ERDBIT DB (KHE).
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ONEETHS. EEENCIEERIRBEIRES
{, BEBNVRI+VRIBLEDON—ELTWVAEL.
COREEBORFEFALUTHEN R LR, 250
ANEIRR, FRCmEBESEESMESRIBENTVWSIL
TH3. TOFTRE, EMEOINTBIHKERR
(succinate dehydrogenase : SDH ) Jt A CA B ICHH
TEBHZEMS, &SDH RIGHME (strongly SDH-
reactive blood vessel : SSV) & X, RRF& &l
RraAVRUTHEREZRTEELTRTHS (H
15.21138B). ¥z MELASIZBAOTIX, 2 havR
U7 EEFBRNA D 1D, tRNA-Leu (UUR) AD 11E
BEEENSRLICHELMCENT. FOERIMTEHIEESE
23243 DA GIZERUTWBIERD 80%DEET
BHEND.
4) Leber BG I RHEERI (Leber ) | Leber i
Z, BESHSEABICHI TEEDZWVIZH A
BHE T TRETHEGEORMEERETDHS. B
LISV TE WPW SEBEB A EDDERSP VAT
HEDOWREREMESZEND S, HARAD Leber i
FZDOORIC IITTIS BREZDS.
5) WERR/HEE . HPRARE RS 2 BB IRYE & HEHE
FUDEELTVWSEZE IRMESNTZ. FROIKE,
MELAS E[AIU 3243 ZEMNRDONTz. WIRREE
ORI 1BMIMaV RUTEEICKBZ LD, HEZS
DEENENSRESNTNS.
B) P /JUDYVRRSZHEEE: AT Ay
RTVERAVVIREDTI )TV IV FRIIEFEOE

# 15-21-8 MELAS OERFREEIR

pct=c] 87
BREEE (—B) 82
62
33
e
62 o
DR ' “ 22
BOLPFUEF—UmE 0 20
=Foo0-32 7
EmE N
e

BI\C KO EERER 729 2R T, mtDNA O 1555 ZEH
KEINZ. | EORS TEREETHCHERZEC
THEHEENTEY, BEOHEBTETI /FYay
RAFHEEOREFNCCOEBRZRANTHBIZ LMD
B RBTHAS. Tk 24 FED DERINE X N -
BEGEFREOEMNC, 3243 ZBEHELLBICETNTY
%.

BMER, BENEOREIC, COBRERATOSD
BHEANRBHEL, IFAVRITEREOEERERTS
BMELICOIENS. MEOREL, SREBFEOK
EEICHES T LlTixh, WRICISCTEEMEDR/17Z
BR2RENRDS. BEOMEZ, IPIVRUTED
FEERBWIC R RIEHRE THY, MRD pHHEE - ¥
IVEVEEE, SIERMRERDN D Z5 &I HEROAE -
UL VBEORENEETHS. EEZMICESS
ZTERLERENZONODFHEMRTHS. Gomori— b
U a—LERETO RRE, INTBBIKEBEZRAT
D RRE® SSV, Fhru—L c B{LBESERETORIE
BHBWCERTHS. ERFHORESME RS
EEERETRACENTES.

WIS ELZITRE, EZNHRE (HER), 2
FBEZEHEE (mtDNA S DNA) R ERTY, &
EWCEHTS. SFIVRYTREIZ TN
TixL, FRHERERDLEOIERE ESFEHERERY
ZEWRHTHD, BELERBERZLEDEZELZDST:
CEFRIEREES LD BWOEICRS.

®e- T

FRRRERIET DO EDZ VDD, JERDIET
FERIE D DIFERAE RO HIRD FRIEE o7 SRHRET
H5. EMNERZICEGEBERNEETHS.

BE-FH - UNEUF—vay
SPAVRYTEEZOLOICH T RBEIC, BHED
LTAEREI Y. TRVF-RECEEREZLS
By, ez, JVYPALQI0, MBEETHIE
BCAIVEREZFERTAH, ZOMRIEASHTIE
Ev. LHL, MELASIC§ 37 )V F VBB hNE
TEEIRERR XY, RIEETFHIZHEELHS. T
SPAVRUTAORBICEREREZ BHHn 7%kt
FBRETHY, FUREEO/ VIO, =T
REZECTI IV RU TR RNV F—EERHET
3. Fiz, HBOASTERZ KREICITS T 2L
3, PO—-AREFLEFE I —REBRNE TS

DT, BETRERTHS. (B2 —)
2341
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by

B SO RUTR (L28) OfERE 588, IFaVRUTE
parRUTH, BAREK 60 EETIE, 213-217, 2002.

W 5, B ISPV RUTHERIE, ppl-86, BMitiA
R, B, 1997.

Zeviani M, DiDonato S: Mitochondrial disorders. Brain, 127:
2153-2172,2004.
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iR - HREAIES 791

SR R R ST S
_mitochondrial encephalomyopathy

EIEE R - NRR

REEE

e

2 R

I MY FYTRBEZE o xoL 2 —
R OPZE LT CHMIBA/NMEES b a v
FU 7 ORRBEAEITE D, W %, O
Bl &SR T A DIERE B3 2 38
METHEERETHS. KR, i
F—EEICHEST L OREFORETH
D, b FJ7DNA DL DNA
P55,
BE ==

IRV F —EERDIRIFEEDME N T L
KD EIER (Z WA R) TRAEL, BE

THIUTHANDZHEFEE TRAET 2 L% 2 g

LIBA, Mise & B ITEIEER I H4T ©

L, BEETEEEREORREY & 2

[ IR
2002 4% D IR L S7 B R AT SR TE o 9 2238 2

XD ST S NIRBEEE L 5 3 S

BARY.

[ * 5 Z (mitochondrial myopathy, en-
cephalopathy, lactic acidosis and
stroke-like episodes ; MELAS)

40 B UETIS, B, VR, R smmp R
., DR OEEIFRE, BREEL L oREY
BT E T L T 5. BB oEL
EE T, R EED LB 2 24
A, E 7 BABIAIR O M R AR — 3% ¢
9, F/z, BEEEESREL DAL
DHR LD T 5. WOINE, Mg
ZhE D ERREIRD TN TH B0, ez
DESHBIZ, WOPLRBEEE LTRY,
WA EMREISOMIIE T2 o0t
RELC, FEEE, ZESME HHET zw
H, BT VEEENE MR BRTE g
iE, ERIVOHRE, WPWERERZ L0 (M2
BERYE F=b—=-Fo7V .75 0=




792 BhERRR - TR SEERR

JE 1% # deToni-Debré-Fanconi syndrome,

VR, KEE, FRBEEETERZSOZ

WOWERZEI ZEBE W, BED 0%

T b ¥ K7 DNA @ A3243G £ E %R

WA, R - 2RI O X9 ZIE R

FEVERAR DR L, SRR BN I M SR

BPOFEBTEZE D S LSBT LT

WL $ 5. HAD MELAS a4 — Mg T

W, SFIETAERNL, NRIIT ISR 22 H,

BN T A0 TH 5.

Bh—-2X - 247 —EIREKearns-
Sayre syndrome ; KSS)/I2 & T %54
BR &5 [ & (chronic progressive exter-
nal ophthalmoplegia ; PEO)

20 I LART D FSHE, MM SRR, MR
IR D 3BT A T, MEETay 7%
100 mg/dL VA b D wm & B BOE, AN
DIBLLBRLES 1OBFELNIEH — v
R AN —IEFEEEEBWICE 5. BT
PSR BRI (PEO) & 4%, BRR A2 b
WEET . BhREEED Ui
B2RY, IPIVFIVTHERT—VOR
W AT HBETFREISRES LTV A,
—7, X F2 Y FY 7 DNAORETIE, 3
ha ¥ N7 DNA OB —KXK%k ZEKX
&, B, B A3243C HEBRSHE SN
TW5, BETERITERE 2R
U — B %iE (Leigh encephalomyelopa-

thy)

B (2 <& 2 k) 0> & FIE S 2
EE) TR, BIT, AEEMEE RS
Pl RE, IRESHEFELE2HEME L,
I, 5, & Wil oZaoEikeRry®
EMTH L., WRRMBORE, 79 7tz
BEOEIE - BALREND Y, KNEEKZ
DT FREICERET A, S ba v N
7 DNA 5 Tid, T8993C/GEERR, TT
IZIZPORETHE SN HERTY, Fh
DEEICER L2 BAIINEL BET 5.
¥ DNA OB TIX, BT EZERBEZEAD
BY7a=y b, SFEAGCRELSZL

assembly BIZFDRE 2 EOWMENZ 2
) =R D% < AT B By
BTha.
=

BOER OB M CT, B MRI(TL 13
FLAIR, DWI, ADC, MRA %2 & DY —
¥ Z), SPECT, MRS, IiLH - % 8o
LB - YVEVER 7B, MY gy
GCMS, Mmigs A, L/P, 4 bk -
SAYF vy T WEMIC X AR, Ry
HIC& B3I a3y FY 7 DNA D& &g
P, IS & 5% DNA BARFIRIT, s
FERHESFRINIE - MO0 % W - BT R
I &

B2l
ZHOLDICETIZRT 70 —F ¢ — |
Wito CHED A, MO, YV VBN
FICEBEEERLST, MBETIEEETDS, I
FHECTIEEZ L5555\, B7 5=
YIEIXELBIEOFEZENTE S, 7
ST VX vy ST LULEDERNHNIE
REMET ¥ F =Y ADFEAEZEES. L/P()
2315 LB (IEH Tk 10), 7 b R (3-8-

Iy
il
W

b o VERER/ T 2 MEEIR ¢ IR 3) A
LTwWil, 1 RE9RKIED, B (mERE

RORF LN TE 5, BB IXFERET
5, L/PHYPEFETHNIE, 1 RWER
W, IbaYFYT NIy T AAEHENT
&, EWVEVEBBKEBEREREZE).
MELAS ®&PEH <13, BEE MRI © T1#
f§5, T2 3B X FLAIR THEFHAHESE
BRI D L 1L IBAZE - BIEEO R EH
WU BRICBZE SN, mEZEHEE L 13—8
L7\, SPECT 13, %< O#E CEFHRL
ICEEST AL 2 580, MRS CRABOEH
EN-TYF VT 285 FVBOKTHBE
S5, KSS Tk, FEEE MRI T £
ZEMEAED. U —AE T, BEESMRITTI
EKES, T2H XU FLAIR T5ESHEEDY
KEGFEER B & OV, 18, IEBEI m s
PICHET 5. TR D HE - IKHEL



Normal lactate

LactateT Hyper-alaninemia

I

-

i

t Abnormal urine organic profile ,

Normal L/P ratio
with lactic acidosis

Increasing L/P ratio with
normal pyruvate and lactate

T

|

! |

1
{

<

i Exceptional mitochondrial disorders

LHON

NARP (adult)

DM (non-lactic acidosisphase)
Drug-induced deafness

Mild form of PDH

Mild form of complex |
Parkinson disease

] Ketotic hypoglycemia l

[normog;ycemia '

[Decreased L/P ratio]

l dicarboyli caciduria ‘

T

<

Biotinidase
Multiple carboxylase

HMGCOA lyase
Propionicacidemia
Methylmalonic acidemia
Other organic acidemia

i
: - T
I Non-ketotic Z}/poglycemla ! ; —
Fatty acid 8 oxidation 2 S a—
CPTI g o
CPTII G6Pase pc ||E1||E3] |PDOH
Carnitinetransport F1,6DPase | | Type | | E2 phos-
Organiccation PEPCK A phatase
transporter hepatomegaly PMR PMR
3 Abnormal Abnormal CT
Ketotic hypoglycemia cT Floppy infant

i | i
TCA PC
Cycle Type
defect B
PMR High NHs
fumarase citrullinemia
succinate
Abnormal

CT

Severe metabolic acidosis

i Muscle biopsy

{
ki

RRF(—) RRF(—) RRF (+)

increased normal - normal

L/P ratio L/P ratio L/P ratio
COX ATPase || Respiratory chain
Complex | NARP enzymedefects

Respiratory

chain enzyme

large depletion

mtDNA abnormality
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Abstract

The m.3302A>G mutation in the mitochondrial tRNA™*YUR) gene has been identified in only 12 patients from 6 families, all
manifesting adult-onset slowly progressive myopathy with minor central nervous system involvement. An 11-year-old boy presented
with progressive proximal-dominant muscle weakness from age 7 years. At age 10, he developed recurrent stroke-like episodes.
Mitochondrial myopathy, encephalopathy, lactic acidosis, plus stroke-like episodes (MELAS) was diagnosed by clinical symptoms
and muscle biopsy findings. Mitochondrial gene analysis revealed a heteroplasmic m.3302A>G mutation. Histological examination
showed strongly SDH reactive blood vessels (SSVs), not present in previous cases with myopathies due to the m.3302A>G mutation.

These findings broaden the phenotypic spectrum of this mutation.

© 2013 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: MELAS; Myopathy; m.3302A>G mutation

1. Introduction

The m.3302A>G mutation in the mitochondrial
tRNAMUUYR) gene was identified in 6 families including
12 patients with adult-onset slowly progressive myopa-
thy and minor central nervous system complications
including hearing disabilities and oculomotor symptoms
[1-4]. In contrast, we experienced a child harboring the
same mutation who showed the mitochondrial encepha-
lopathy, lactic acidosis, plus stroke-like episodes
(MELAS) phenotype. Approximately 80% of MELAS

* Corresponding author. Address: Department of Child Neurology,
National Center Hospital, National Center of Neurology and Psychi-
atry (NCNP), 4-1-1 Ogawahigashi-cho, Kodaira, Tokyo 187-8551,
Japan. Tel.: +81 42 341 2711; fax: +81 42 344 6745.

E-mail address: komakih@ncnp.go.jp (H. Komaki).

cases are caused by an A-to-G transition mutation at
position 3243 in the mitochondrial tRNAMUUR)
(MTTLI1) gene [5]. The relationship of this mutation
to the MELAS phenotype is noteworthy.

2. Case report

A 7-year-old boy presented with gait disturbance and
progressive proximal-dominant muscle weakness. He
had normal psychomotor development until the devel-
opment of the symptoms. His maternal members includ-
ing his mother did not have symptoms associated with
mitochondrial diseases such as short stature, diabetes
mellitus, hearing loss, mental retardation, and cardiac
complication. Generalized seizures emerged at age
10 years, subsequently occurring 8 times within one
year. Electroencephalography revealed sporadic sharp

0387-7604/$ - see front matter © 2013 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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Table 1

Laboratory data.

Serum (Normal range)

Creatine kinase 716 (57-197) 1U/L
Lactate 68.4 (3.0-17.0) mg/dL
Pyruvate 1.60 (0.3-0.94) mg/dL
Cerebrospinal fluid

Lactate 44.0 (8.4-16.6) mg/dL
Pyruvate 1.92 (0.63-1.27) mg/dL

waves at mid-frontal areas. On physical examination at
age 11 years, he showed winged scapulas and proximal
muscle weakness necessitated Gowers’ maneuver to
stand. His deep tendon reflexes were decreased.
Cranial nerve findings were unremarkable. IQ testing
(WISC-III) revealed borderline mental retardation (full
1Q 76). Serum creatine kinase, lactate and pyruvate, as
well as cerebrospinal lactate and pyruvate, were elevated
(Table 1).

Histological examination of biopsied muscle showed
30% of muscle to be ragged-red fibers (RRFs) by mod-
ified Gomori-trichrome staining. Succinate dehydroge-
nase (SDH) staining revealed strongly SDH reactive
blood vessels (SSVs). Cytochrome c¢ oxidase (COX)
staining demonstrated variable enzyme activities from
strongly positive to negative. Both RRFs and SSVs
showed variable COX activities.

Respiratory chain enzyme activities in biopsied tis-
sues were measured using previously reported methods
[6] The ratio of muscle complex I/1I activities was mark-
edly reduced to 12% of control values. Those of complex
I1I/11 and IV/II activities were 43% and 40%, respec-
tively. In myoblasts and fibroblasts, these ratios were
all within control ranges (Table 2).

Mitochondrial gene analysis was conducted as
described elsewhere [7], and identified the m.3302A>G
mutation located within the coding sequence of
tRNAMUYYUR) - The heteroplasmy proportion of the
m.3302A>G mutation was determined for each tissue
by real-time PCR method using Tag-Man® probe on
ABI 7700 according to the manufacturer. Mutation
loads were 89.5+0.3% in biopsied muscle, 85.8 &

Table 2
Respiratory chain enzyme activities.

Fig. 1. Brain magnetic resonance imaging of the patient (fluid-
attenuated inversion recovery imaging). Bilateral occipital lesions with
high signal intensity are noted, whose distribution in not conforming
to that of vascular territories.

0.7% in myoblasts, 86.9 4+ 0.8% in fibroblasts and
36.1 £ 2.3% in white blood cells.

After MELAS was diagnosed, the patient experi-
enced stroke-like episodes with headache, vomiting,
and occasionally cortical blindness. Brain magnetic
resonance imaging (MRI) showed bilateral occipital
lesions, confined to the cortical ribbon and not conform-
ing to the distribution of vascular territories, with high
signal intensity on fluid-attenuated inversion recovery
images (Fig. 1). During the follow-up period, repeated
MRI examinations never had basal ganglia lesions. At
age 12 years, he became wheelchair-bound, and was

" nocturnal mask-medicated ventilator dependent due to

chronic respiratory insufficiency.

Complex Skeletal muscle Myoblasts Fibroblasts

Patient Control (n=15) Patient Control (n = 5) Patient Control (n=4)
/11 0.09 0.26-1.2 3.2 1.3-5.6 2 1.6-3.4

12% (0.76 £ 0.39) (3.0£1.7) (2.0+0.9)
/11 0.39 0.72-1.8 3.4 3.2-7.4 5.3 1.9-5.6

43% (0.91+041) 4.2+ 1.6) (3.5+1.8)
v/l 0.35 0.42-1.3 37 2.1-9.1 2.8 2.2-5.0

40% (0.88 + 0.36) (47+3.1) (33+12)

Complex I, III and IV activities are shown as proportions to that of complex II. Control values are expressed as mean =+ standard deviation.
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3. Discussion

Our patient initially manifested muscle weakness,
developing epilepsy and stroke-like episodes years later.
Elevated cerebrospinal lactate and pyruvate and
bilateral occipital lesions with high signal intensity on
MRI characterize the MELAS phenotype, and an
m.3302A>G mutation was identified for the first time.
The mutation was in a heteroplasmic state, a common
feature of pathogenic mtDNA mutations. The signifi-
cant tissue-to-tissue variability and inability to quantify
the tissue specific mutational burden for the brain make
it difficult to determine a prognosis for individuals har-
boring this mutation. Although the percentage of muta-
tion load in differ little from those of in myoblast and
fibroblast, the degree of the enzymatic deficiency in mus-
cle, myoblasts, and fibroblasts are diverse in our patient.
The threshold effects of this mutation might be different
between muscle, fibroblasts and myoblasts.

However, the proportion of mutated mtDNA was
highest in leptomeningeal and cortical blood vessel walls
in all brain regions in a patient with severe COX defi-
ciency [8]. Since mitochondrial dysfunction in vessels is
assumed to be essential in the pathogenesis of stroke-like
episodes in MELAS, such heteroplasmy may have been
present in our patient. Moreover, although some cases
with adult-onset slowly progressive mitochondrial
myopathy with m.3302A>G mutations had hearing loss,
recurrent headaches, ptosis, progressive external oph-
thalmoplegia, and depression [3], muscle biopsy revealed
RRFs but no SSVs in these cases. Since SSVs represent
an increased proportion of mutant mtDNA in vessel
walls and are characteristic of MELAS [9,10], the SSVs
in muscle tissue might be linked to the brain lesions
through abundant mutated mtDNA in blood vessels in
the central nervous system in our patient.

His maternal members including his mother did not
have symptoms associated with mitochondrial diseases.
It would have been useful that we analyze their hetero-
plasmic conditions, however, we could not obtain the
samples of his maternal members because of the disap-
proval of providing the samples.

In conclusion, our case suggested the m.3302A>G
mutation to cause the clinical MELAS phenotype. We
should pay attention to headache, convulsion and other
symptoms suggesting MELAS in patients with mito-
chondrial myopathies, particularly those with SSVs on
muscle pathology.
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