W TRLRI LRI, TTRELRE) S
Thh IPaVFYTRTELLD DEEHER
X p23, M2lXRLAzBYTHS. TOFTHLDY
ATl IPaVFUTEEETE H595
ERTELLIBIETHAE. HnI &, BF
DEBBAICETITE Sy, BEHMD LITEE
DIEFHERPHAEL IS oA, I ba VY
THRER)LENSHD, R 11, BEORENE
Vv miDNA E2EEQER & 20 B b REERERE
R, H-ICIRE SN/ mDNA BEEOERZ,
p.143, F1ITRL7.

S oD 0kEIL, OREBERHROKEL
DAY —==F, @I bay F)T7OEEES
OFEFICFT o5, FiEE, BEORREREY
FICERRINICEENRTH Y, BEIcLoTit,
ZBHROBEMAR LB L TED T {BERS
5. BEWR IV THROBEZEICAT
RabDTHY, UTFIRRT—FEEE 70—
F ¥ — MIBE->TEDL LTV ).

IDEVRE, Z DDA
FGF-21, GDF-15) DfisE

TSk, AEE - N VEAI IV RFY TR

&1 HEMEEOEVE IV RUFROHERIR
Tissue Symptom/Sign KSS Pearson MELAS | NARP MILS
CNS | Seizures - - + - +
Ataxia + - + o f
Myoclonus - - +/— - —
Psychomotoy Retardation - - - - - +
Psychomotor Regression + - +/- - -~
Hemiparesis/hemianopia - - - - -
Cortical blindness - - - - -
Migraine-like headaches - - - - -
Dystonia - - - - +
PNS Peripheral Neuropathy - +/— -
Muscle Weakness - + + +
Ophthalmoplegia +f— - - - -
Ptosis - - - - -
Eye Pigmentory retinopathy ~ - - )
Optic Atrophy - - - - +/—
Cataracts - ~ - - - -
Blood Sideroblastic Anemia +/- - - - -
Endocrine | Diabetes Mellitus - ~ - +i- - -
Short stature - + + + +
Hypoparathyroidism - - - -
Heart Conduction block ~ - 4 f- - -
Cardiomyopathy ~ - 4/ - +f-
Gl Exocrine pancreas Dysfunction | +/- - - - -
Intestinal pseudo-obstruction - - - — - -
ENT Sensorineural hearing loss - ~ + + +/- -
Kidney Fanconi's Syndrome +/- i - + /- - ~
Lab Lactic Acidosis + + + + - -
Muscle bx: RRF + +/= + + - -
Inheritance | Maternal - + + +/- + +
Sporadic + - - + - - -

Gl: gastrointestinal tract, ENT :ear-nose-tnroat, Lab: [@boratory test.
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clinical symptoms

Screening hy new biomarkers
@ FGF21, ® GDF-15

Hyper-alaninemia Mild form of PDH

Exceptional mitochendrial disorders

LHON

> | NARP (adult)

DM(non-lactic acidosis phase)
Drug-induced deafness

Mild form of complex |
Parkinson disease

]Abmrma! urine organic proﬁle] Normal L/P ratio
with lactic acidosis

Increasing L/P ratio with
high pyruvate and lactate

v Muscle blopsy ;

[ dicarboylic aciduria |

} Ketotic hypoglycemia I inonnoglycemia I

} Decreased L/P ratio [ / \
Y

Non-ketotic|hypoglycemia
y
- RRF(—) RRF(—) | |RRF(--)
g?}% acid B-oxidation increased| | normal normal
PDHC L/P ratio | {L/P ratio] |L/P ratio
CPTI () T
Camitfna transport . l mutation In protein coding region I
Organic cation v % v v Y Y v
rensporter | | [GoPase J[PC ~ JTEi][E3]fPDH |[TCA |[PC ] [coX ATPasel | Respiratory chain
e Y F1,6DPasell Type A || E2 phosph|| Cycle || Type | |Complex | NARP }1 enzyme defects
, Biotrpldase PEPCK atase defect || B Respiratory mONA abnormality
Multiple carboxylase chain enzyme large depletion
Y defects depletion
HMGCOA lyase hepatomegaly PMR  PMR PMR  HighNHs |y clear DNA tRNA mutation
Propionic acidemia Abnormal Abnormal CT fumarase cltrullinemia -
Methylmalonic acidemia cT Floppy infant succinate Fioppy infant MELAS
Other organic acidemia Severe metabolic acldosis  Abnomal Abrormal CT : MERRF
Ketotic hypoglycemia . cr Apnea atiack HCM
_ Severa metabolic acidosis  KSS
. MNGIE
Leigh disease Leigh disease  poLg
LIMD LIMD Leigh disease

B 1 A e & BT O—F — -

NAFw—h—ELTHwORTE Lal,
INBIEFEICEHELIIRESL T, M TIXIEE T,
PR CIEfE2E L 25804\, 72, Leber
1z 1 A8 B ZE 4 JE <° NARP (newrogenic atrophy
with retinitis pigmentosa), FEHIRZMEHEIEZ: &0
SR, FLBR, YWV VIRIXIEE CH B, EH T,
YR ORMTIE, HRILHFORMBETIR
HICEILBETZZ2T52 bbb (BRMEMFICH
R AEILBRMGE), £OBEE, B7y=Vl
EORECHARIMEDEELER L2
Lhpn, FOT, RERE SN F<—0—
7S FGF-21 & GDF-15C &% 4. FGF-21 1%,
fibroblast growth factor receptor 19 DEEF 7 7 3
V-iZBL, BEROHBI IV FYTHTHE,
95% DS THHITEETHS V. ThETov—
H—THHAR CIVEVE LPHOBEICHE
THRERER, £NEN 3%, 83%, 2% TH5S
&M, FGF21 OFUROEMMEIHRES N
7Z(E 2-A). bhvbiid, 347 Filllaox ¥

RO — LT LY, #7212 GDE-15 # BH L7 (F
2B, Zw—d—ik, B BRELLIC
%%k%%@%=b3>FU?%%ﬁ®%f*ﬁ
TERDEREELOND FTE, ).
ﬂ%z@m»%ﬁv~ﬁ~@ﬁ&mMm@L#
MMTET, WIRELANNVTOBME 25,

ZOMOE S RE
BT ¥ RV A RETLLBONEHR
THY, T4 rFx v 7H20 L EEKTNIE,
TV =V ADEEREE). JLBEEVEVBED
ENVEWP )R 15 D ECEETIEI10), 7Y
& I (3- B -hydroxybutylate/acetoacetate © IF. & 3
WEFEI DL Chid, —kEy72 K8 3
MY FUTY N v AOBLRTEN DR
t%ﬁﬁ%%.%ﬂ&ﬂﬁﬁﬁ&?%#,ypw
PIEETHNX, —KRRKIEE, I bav iy
TI) o7 A EHRTE, ELEVBREAE

N~
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A &ETO1Fv—H— ROC curve
100 ——— J;-.‘V':j; sy ,,-
|" el L e B e é >
80 ; S e
E BB DO B00G %8
= 3 2
5 60} =5
A &
g 40 ' g«“ﬁ o~ FGF-21
o —o—Lactate
20% § ~e--Pyruvate
:é &8 --L:P
o g - CK
0 20 40 60 80 100
100-specificity

B GDF-15: ROC curve
100

80

60

40

sensitivity%

20 -

0

0 50 100 150

100%-specificity%

M2 =hIYRUPROTLWAAFY—H—, FGF-21 & GDF-15
FGF-21: fibroblast growth factor-21, GDF-15: growth differentiation factor-15.

BRERRERELHE). REET W73 /7BR,
REDOBMAL, REET Y F— A0EI R PH
BETH L, ERESET Y NV A0FER
5. ¥4 T 2BIGER) - ¥4 7 1 BIGER) W
NOFERHEY 2 525115 mEq/L BL_EOF CL 1l
JEE, EVEERMEET S F-VA%EE). R
hA RO, GOMSIZEBT VYV AN F
L, I bay FYTRGECEMINETH
b, by rhUstibiRET 5. R0
BRI o RS IABIEDOERIC, 73
BAMbERTHAS.

BLDWNE B SRR ER TS 5. &
ERTE, REZE, H£EN, 5TR{EFR0
BT WEE S 25, HHWETIE, Gomor Tri-
chrome BELRET, BELL-EEI aYFY7
AAREIT S H5HE (RRForagged-red fiber) & L THERY
TE, I barFY72ERMCRETIaNS
BBk 3 (SDH) OE R E ThIBYE T2 2,
RRF %< Th, Fbhro—ai cBib#EE(COX)
et CHRAMEE RGN B KEBEE
(SDH) @ & ¥ 3x & C B IR BE 0 j& 4=(SSV : SDH
reactive vessels) % 5872154, AER L EHLE
%%, mDNAEZFEOBEORAL, I PavF
1) 7 t(RNA B{ZF O HEEL mtDNA DRRET
W RREDSHMHEICH A, —7F, HEEH mtDNA
DEFEERBEZDY V37 a— FESICEET
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BEA, RREIGEMEICRY, HiREORARE
2 COX B RIBZRDLDATHY, HHEH
RiZ—fRicZ vy, BRI, (RNA OEES
%35 MELAS Tid, RRF & SSV OTENRA LN
BT ENEL, RREDIZEAEN COX BHETH
%. —7, CPEO/KSS Tif, I P2 F1)7 DNA
DRRENHREEN, FORREDIFE A LR
COX BMTHB. —75, NEOHREETER
BT D Leigh ETIE, COXXR¥E, ¥neyr

-BRBk ZEBEFE /K48 (PDHCD), ¥E{EF D SURF!

ZE M3V FYTEETF D ATPaset D
T8993G % L { I3 ND5 @ GI3513A D SZER DR
EBHBEL, WD RREEA SRV, FIFLE
i, IFaV R TEBRT-VORER LT
BORBREFEFEETE, ZTHRWIZIPIVFY7
DNA DZEARES LTEERER&/2L, RRF
DHALZDIEFLALZCOXBELRSL, D
G PERBEEEREEZRTPEOD LI
KSS #RDFE % & B0 b EERE,

3 ica—ay S RESHIIRE L3

v
FYTRSGEOSWEIEELRTY. tova—
Fv— M, SRENHTRAEE LSRR
SEHOERF EFICRE LA R ABERE O
HUERATHE. I PAVFYTHRTR, BETF
EELGHEENHTROBETUTOENED
5. IPAVFYTRNABEFOAERPLI D



Mitochondrial disorders
MIDNA Defects of Nuclear DNA
mutations Intergenomic mutations
signalling
/ \ A 2 Y
i Mendelian
woboradic | | Maternial Mendelian Biochamicalcofooy
o duplications microdeletions MDNA mutations o miDNA leslons
Y l / \ M 1:4 Ti \ fi
Protein-encoding| | Protein-encodi tDONA | [Multiple moNA] | Multiple issue-specific
arnd RnNi gen[gsg or tRNAnggnégg d[gpleuon Udgleet?ns defects v defects
Generalized
defects
@ 3 iﬁ)\?@?“@ﬂuﬁi‘ﬁ(@:ﬁ%ﬁ:ﬂ] 5°*r1 f\
Z ROV RUPRTCR, BETFES CSHREBEZNFEOEMARTUTORINSS. = MOV U7
IRNABEETFOMRERYE FOY FUT7 DNA OARE T RRF ABEICHED. —05, RmERFE

T FU7 DNA OBFmERBEROY N0 O~ RERICTFEY 556, RRF [JEICED, #HiR

HEDXNAREN COX BBDRIAZFRDSDHTEHD,

ERIERT B —RICZ LW, OB T RERE

HITTw b O— REEORETE, RRF EHEMEICHD, BOR/IRER COX 85
Nﬁ%%@é@&t@%ﬁ B o — )LD &*n@ﬁf%ﬁ%szWWﬁ@ﬁmboox%ﬁ

/\.}E%%&wu "_'715 Jﬁﬁﬁﬁt—c l&‘.

SOV RFUZ DNADEBODOSS, ZhI2 RUT tRNA

R @"—i%ﬁ'((aﬁ. BRBEMIREMEC D, ARED L FEERSETE, MFEEETHD™IL.
—7, M T—IVORBEETCORETFRS TR, BSREHEESBRECHRGMEZRITDOBE L,

PRI BR R BOB5 S

a2 K1) 7 DNA OKKFTIERRE D3I
B, —F, BERNFI NIV FY 7 DNADET
BERBEOY V87 a— FEBICHEET 55
&, RREIZBEHICZY, TR KIDRFER
COX A KRIBHBRDDDHZTHY, HHHEITR
H—izZ L. BOBFERBRY 71y
FDF Iy a— FEBOEFE T3, RRFIEEE
WY, BRHEORANARFE R COX HaoRiEw R
DEDKRTHEY, BT NVORE2E/THE
ZFEE T, RRFPBHELL COX HARED

SH@ROB. —77, BEFNTE, mDNAOE
FEDIH, I haVFYT RNABETFOREE

T, BREGEPMEEL LY, AXRED LK
BIREE T, m%&L&D@Tw —7F, %
T VORERRLTEETFREETR, BREeR
HEEEECHRGRREL R T ODE L, Bz
EELRaAUSEREERTIObLH S,

m%m TR

# Eﬁ%&%f@%m

BEDSHAERD UGB R ISE L
B, IRBIIERECEETHY, WRTEXHHBME
WCHRFDH H—FT, FaBRICBW T 5 LEND
2. (4. BB L O3 R T hE
ZEESBESLNTL D, ZOBICRET A4,
FEAEDPTERBGEI OB 2 WA 2 L 2%
VW, BEONAENT T, ATIHREESLE
ThY, FARWC Lo T, BEERRIET Y F—
VADOIER O LETH D, BERCHIE,
SRIFERUE M EERRRETEL, Z2HER
EIRBZ DB, ZoBEs, 9, MARLEE,
M#E7 7= OEELZHERL, GG/MS FHIT
KA%%&»$%&$E%@§FLOwTﬁW
TB, RBAF AU VER 3-RAFNT NV 2,
TUvEST EATAERELVDHL. LNV I ART—
FMOBEDOEFEIZLD, HH0HRHFRMPA by
TTAWEENDY, ERENLRH T Ty 7
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e 1 v e A 3 Y T AT R

= — . T e e et o s

1t

FIL RUTRIEONZHER

TB-lactate, TS-alenine
TU-Krebs cycle intermediates

RO PIRCRNNE ST

yes
TU-3-MGA* r T U206

¥es Roma IO
origin

CMP encephalomyopathy,
Leigh syndrame

TNH, o ves | | /Pratio® 1o

fatal infantile lactic
acidosis,
encephalomyopathy

hepatopathy

hypotonia l encephalopaﬂ '

Y
sideroblastic
anemia

AT INTY T b B

‘[cat7-2a>G || TmEM7O, | |scor || oo | | PorAl | |ssesr>co| | suctar| [sssat>ac| | monas | | POLGr |
| in TMEM70 || TAZ, ATPSE | | SCO2 in MTATPE in MTATPS | | deletions J
no

>| IF negative |<

PUS1, YARSZ2

| common mtONA mutations” l"*' negative |

Muscle, liver biopsy -

M4 HESRERSOBE T O—F v— k

FERPS UIIARHRHICRELES. REIERICERTSHD, URyIARF—FOBEDRBICKD, $503
REROA by TIDTREMEDS D, EBFRNEAHEHTOYIIMECD 5%, GC/MS SFICT, TCA U4 Z)LhRREE
YOEBCOVWTIERT 3. RPAFINTOVE, 3-AFILIIVYIVE, PUEZF IRTEEHHD.

BIDIBE, TORAITRTIREIERCEE
THhH FERFFREREDORE, oI bar
F)77a—F%— b EBICERT HULENH S,

HERMEOLEHER &OB OB RBHE—0
EROBEO7TI—F v — b2 E5RT Y.
mtDNA 5V 38 DNA BRIZE TSI barv
N7 OREEEICLY, BAE, BEAELLT
WREIOLHEE & LSS S havFy7
WERIEEFET 5. BT miDNA DEEIZL D
ZHLOPRHEENTV. WEOFLEE, b
DIINF-LFORZE U THHIER/INEE
VY TOREBRRICLY, LAREE &)
TETHE. FHREIIOLERLIZLTY, &
FRBRT, BRFIRICHEHTE, HERE BFE,
FEERHOREMES 5 EER, FEESH- /2
%4, mtDNADEEELED. /-, Ibav
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RO 7 LBEDSEHIROMMERTER SN BT
EbH 5.

SEFTEPE—DERTZZ ENTEE, H
B IZRTFIET CK DR, HAEROBIREHD

T, BRPREALERICENTED O,

=AY FU P EEEOE(EFRIRE

HEARRR, AEARET, b U ISR SRR
PHIPIVR)TERELT, BAEERER
IR SETE M, blue-native gel 12 & AFPIRSHEESR ¥
Yo DEBLUEBDOEERITY, SLZERIT
WRERETRIET 5. BHEICLo T, HEAD
HNV=F 2, TZVHFA L QIO RRERFBR DM
WOLEESH TS, Kk e, 3tav
R 7HBEOLOHSOER, b LI{BENEF



LVH b L ORENSY = [\ N }Q !_} 771&%‘55;5‘;0) LVH &L DIHEN B )

BFRES L CREFEMZI ) X . BERI L DI R / B/

AL Ry rEmEbnsas | BRIV Y XL EHE RIS h TS SE
® LN / i

v @ (kiR AR

o LRI

o RN

T DNA O35 T 7 g

AB243G, T3271C, T8993 C/G, §§§§;§§§ 4

Ad300G, AB344G 7 & > DD U < iR

v

B & U LR ARER :
L Eikabia o :

(RO XNTE, SHZEIIOELR) H
OFN I FIr KU TORIR ;

(ragged-red/ragged-blue fivers)

@7 -4 LORM (Pompe i)

[ zilelshslnpatoy. o

93 + U0 LCHEREE IR O
(facat or homogeneous deficiency)

..............................

AL AT

ORFRERHE -V
@A R

O hLF ERE SUTEREE

I . 2 |
+ D + — Molecular genetics o #
s | vyrTay rewe | mgosmne || wromsmm | [ ponasn
| Longrange PCR e TN T SR HUIINE U RET

miDNA @k R % T B T ) = OB H R {ET
(Kearns-Sayre syndrome, PCR-AFLP {2 & 3 %R O AERGMGR{ET
Chronic progressive extermal R ORIE RN VAT
ophthalmoplegia: CPEO) v T T Y PINEE R S

RRRRC LR |
EHERMRORE [

®5 = ROy RUPLHEOSE T O—F v —

PERETHIETHA, ZOMEEOHEIZLY
F DD BART AT FENORIEOEFHHILT
A, M, AEOKRpI8~FBHELT
EEVA%)

RGP EATDESD

2 havFY TROBETFHREL, mtDNA O
WM TH2WHBA L 724 DNA OIRER S 17
b Twg, HREERIFEICOWTE, A&
B E—DEAERER, BELIREDPTHE
T3 HOWHREEEY 71y FOEFELL
(B EDEERDOT YT —BETFREET
B, BEESZED L ETRTCOBHTOE—EE
FEOIRDOREVRIDZ B, Flz, I FaVFY
TDNADY V)3 %a2—-FLEAERILLEE
FEThnE, TOREHRNTOTIAI)C
LR LIS OBRREERRIEN
AREZ 5. mtDNA DRED L ITHEHEEE (mD-

NADLEDEDRFEE, BTy VOREICL
DRI Z o 72 mDNA DR % & ),
mtDNA @ (RNA b L { i¥ IRNA D8, ¥ DNA
DEBRF, HD)VRY—AF 87, (RNAD
BHIRFORE L2 &L, BROBESERIBES 2
B, 35123, PREERERTEED ZWREET bR
EENTBY, by FYT7OHE - BaEF
DEELIME, WHREEREIC X 2R EER
BHTLNE. TNLOELIFEFRTIRHT D,
MBETNIEEFEIL, UmDNA ORE, 2)
¥ DNA OEEL LT, OBEFRERDZLEEZT,
QO FERVHELE 2 BEETF, @ mDNAD
MR - BEUT b BRETF, @I bV FYT
ORI PDABREF, @I bV FITE
B BT 2BET, ORBEZROAHEE
BIEF, OEMES S AF —ICHET L BET,
® RNA OB+ FABEFLRENEFETS. 2
NOBETEREPHEET A0 KEBRY -7
Y= BV T TBY, FOERI
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Rest: CK normal or 4+
Exercise: nomma) Tactate, ammonia ++, CK 444+
DINA fest PYCM gone (p.RS0X pG2055)
B Muscle biopsy: PPL deficiency by histochemistry, biachemistry, or both

usde biopsy: PFK
defictency by
: histochemistey,
i ‘ A . biochernistry, or both fype ity
myalgias L : : -
e ' ' g g tental refardation
y Induced BN Cotobydrates :

B . S : : d Proximal weakness PCK (lype 1X) I8
myoglobinuria . ] pre-exercise IR Muscle biopsy: PGK isoform A
. N worsen e deficiency )

S —— PGAM ¥
8 Muscle biopsy: PCAM deficiency - (type X} :

B M-subumit ki

: cal
Muscle biopsy i} activities of respinatory
RRF and COX- o chain enxymes :

k deficient fibers R MIDNA or RDNA

I mutation screening

DINA test CPT gene {comman
& S113L mutation)
i Muscle biopsy: usually nosmal
i Muscle paia, A i

§ transient 8 Increased serum long-chatn acyleami

nomaldow free camnitine

recorrent ] . LI Cultused {ibroblasts: VLCAD deficiency
i myoglobinurla I . : ; j -

ncreased serum lang-chain 3-hydroxy-
i acyleamnitines
Dicarboxylic aciduria
H Cultured fibroblasts: B-oxidation defect

| SINGLE DE COMBINED DEFECT)
§;§S§E,‘3F,§EW°$ < > OXPHOS: (HIl+HV+Y

mtDNA encoded
t-ANA r-RNA

nDNA enicoded mIDNA
OXPHOS subunits mMiDNA encoded deletion/duplication
OXPHOS subunits
Y
nDNA encoded ' nDNA encoded I
e ; . miDNA-NGNA communication
auxliary protein / transtation factors / replication fark/nucleotide metabolism
chaperones / assembly /factors ribosomal proteins /
t-ANA madifying enzymes
- SECONDARY DEFECTS -
cdfat?t@r bio.synihesls / wrarisport MONA miDNA
. Nioid biosynthests ™. - depletion < > multiple deletions
chondrial fisston 7 fusion -
© detdification -
époptotic factirs
. Leging
i ‘_neurqde'g‘eﬁeratiife dise;

M7 =h3IYRUPEOBEFLE IO—F v— b

—283—



B

WA BTS2 Y,

1) Suomalinen A, et al.: FGF-21 as a biomarker for
muscle-manifesting mitochondrial respiratory chain
deficiencies: a diagnostic study. Lancet Neurol 10:
806-818, 2011

2) Yatsuga S et al.: Biomarker X as a new biomarker
for muscle-manifesting mitochondrial respiratory
chain deficiencies. (in preparation.)

3 ) Finsterer I, et al.: EFNS guidelines on the molecular
diagnosis of mitochondrial disorders, Europ J Neu-
rol 16: 1255-1264, 2009

4) Honzik T, ef al.: Neonatal onset of mitochondrial
disorders in 129 patients: clinical and laboratory
characteristics and a new approach to diagnosis. J

Inherit Metab Dis 35: 749-759, 2012

5) BRI 3 Py R THIE - BEPRHE, LT
=NV E T 2014 FIRIER

6 ) Berard A, et al.: A Diagnostic Algorithm for Meta-
bolic Myopathies. Curr Neurol Neurosci Rep 10:
118-126, 2010

7) Saada A The use of individual patient’s fibroblasts
in the search for personalized treatment of nuclear
encoded OXPHOS diseases, Mol Genet Metab 104:
39-47, 2011

8) KA BRI b BT . SoRAHHR AR
B, W MUTS, BASERIREU B E RS
1) —ANo0.20: 623-637, 2012

L L
AERK BRI

—284 -




U PAIEESE . Mitochondrial Diseases -

f 4. BEREICONT

1 BB

- a) MELAS

Mltochondrtal myopathy enoephalopathy actlc acudosns and stroke-llke episodes FRRERS

—MIRRDER

- 40 RELAETIC, BB,
FUErP R REZ BB ETARETHD

EXEEHIC—E L&V
LK BBRERB LCEELORE
BEETHEOEBELEY,

- BRFATR, ESE BERRE
DHYRFL

.........

..........

BEEEX | 2 baX FUT7REGERER)
MOMIM # 540000

Rt A, REER, [ROEHRRFE
- RMEE OB ESR (RBMR) TR, BMZEFReEpLE

RIS,
BAETICIE, BB ERRAAE,
- BRTE TR, RRF(GRBIZARHE; ragged-red fiber) X SSV(strongly succinate dehy-
; drogenase-reactive blood vessels) PR 51, COXEBIFEED I ENEZLY

REGHBELREPRON, REEZFHMICERTAIETE

EIROETF, B ROMAPRREEIEIHEERRICT NF VU REPRESNL

................................................................................................................................

B /g - complex I &R TARTOEFEERERRIB

B {5 5 3R - MTTL1: tRNALeu(UUR)gene (590050), MTTQ: tRNAGIn gene (590030),
MTTH: tRNAHis gene (590040), MTTK: tRNALys gene (590060), MTTC: tRNACys
gene (590020), MTTS1: tRNASer(UCN) gene (590080), MTND1: NADH-Ubiguinone
oxidoreductase subunit 1 (516000), MTND5: NADH-Ubiquinone oxidoreductase sub-
unit 5 (516005), MTND6: NADH-Ubiquinone oxidoreductase subunit 6 (5160086),
MTTS2: tRNASer (AGY) gene (590085). '

EAEERETRIETS

BRRZET D, TLMEROM

REEIRY, ZEREMICHE - BERERVUE

ZEHTR2TRCT S

J

AR

MELAS (mitochondrial myopathy, encephalopathy,
latic acidosis and stroke-like episodes) (%, SKEIDF#
FENFHE Pavlakis I X D IO TRE S NERT
bV BEDHOHLTIPIYFY7DNAD
ARBCERELTED LY. £ITEABSATY
ZBRBEFEERZRIICART. TORKE, mito-
chondrial cytopathy, mitochondrial angiopathy 7%
ZhELE2z2 N5, mitochondrial cytopathy D43F.
REIEFEEREREEOVETTHY, ok
FLLT, ORNADEBEBEFICLLS Y 7E
HTOBREY: 313V FUY7DNA TEREN
DEFEERERY 2=y POREEEBEICLS
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B E1E (complex)I, IV DIEWET, @I bavF
)7 RNA DT Tty 7 BE  RNAI9 DFERE
Y @ RNA OEEBEICHER S 7 VEHD
a@"’"?ﬁ‘i‘; %515 ¥ mitochondrial angiopathy i,
R/NBAR DENIRIEIR IR RE R T A MBI IR EED
AETH2 9 Thicid, )EOREEEDE
GIC L BEFEI by P 7HEICL BHHEN
Bl ZAY MgRED, NO DERTHET IV
#:V@ﬁT”,@%%ﬁ%%ﬁ%ﬁ%@@Tu
#EE T 5 NAD/NADH HDETIZL 5 NO AR
ISOTREIEE, ANO DTV —F VANV DHE
B AEEBLREDPES L Tn5 (I 1.




583 G 1o A MELAS Hanna, MG etal, 1998
1642 G to A tRNA (Val) MELAS Taylor, RW, et al, 1996
1644 G to A tRNA (Val) MELAS Menolti F, et al. 2004
3093 Cto G 168 rRNA MELAS Hseieh RH, et al. 2001
3243 Ato T tRNA (Lew) UUR MELAS Shaag A, et al. 1997
3243 A to (3 tRNA (Leu) UUR MELAS Goto Y, et al, 1990
3244 Gto A tRNA. (Len) UUR MELAS Kirino Y, et al. 2005
3252 T to C tRNA (Len) UUR MELAS Morten KI, et al. 1993
3256 Cto T tRNA (Leu) UUR MELAS Sato W, et al. 1994 -
3258 Tto C tRNA (Lew) UUR MELAS Sternberg D, et al. 2001
3260 Ato G tRNA (Lew) UUR MELAS Nishino I, et al. 1996
3271 T1o C tRNA (Leu) UUR MELAS Goto Y, et al. 1991
3291 Tto C tRNA (Leu) UUR MELAS Goto Y, et al. 1994
3308 Tto C NDI MELAS Campos Y, et al. 1997
4269 A to G (RNA (Ile) MELAS Hayashi J, et al. 1994
4317 Ato G (RNA (Ile) MELAS Tto T, et al. 1992
4332Gto A tRNA (GlIn) MELAS Bataillard M, et al. 2001
7512 Tto C tRNA (Ser) UCN MELAS / MERRF overlap | Nakamura M, et al. 1995
8206 Ato G {RNA (Lys) MELAS Sakuta R, et al, 2002

’ 8316 Tto C tRNA (Lys) MELAS Campos Y, et al. 2000

8356 T to C tRNA (Lys) MELAS / MERRF overlap Zeviani ML, et al. 1993
9957 T to C COX 11 “ MELAS Manfredi G, et al. 1995
12147 G o A ®RNA (His) MELAS / MERRF overlap | Melone MA, et al. 2004
12770 Ao G ND5 MELAS Liolitsa D, et al. 2003
13045 At C NDS5 LHON / MELAS overlap Liolitsa D, et al, 2003
13084 Ato T NDS Leigh / MELAS overlap - Crimi M, et al, 2003
13513 Gto A ND5 MELAS Santorelli FM, et al. 1997
13514 Ato G ND35 MELAS Corona P, et al. 2001
14453 G to A ND6 MELAS Rayn K, et al. 2001

2002 SEI T NIRRT EAR L LIZHEREAD
I bay P TREFNZTIE, MELAS OHEE
FAANI0FTALR) 018 B THo . %<

DEFETIE, 10T 500 BB 7 BEZE P AR S

YRIZRDPNE Y, I HMEE PR E R R
FERDTHHTH S, UL, BIELEYIET
B, ESHPRBRIEEL LTRY, REMICITE
EREEOMIERET A, SEL, FEE &
WM, HIET, 5iE, REEERE SAHE
PREG T, MRME, BRELGEE, WPW(wolff-
Parkinson-white) JEfEEE 2 & D (MEEEE, DeTo-

BEFEAAE (2 h— MIFZE) Ti, ANERIDSHAEL &
D 32 ERT LT VR L o7 ¥,

2005 @M’E;& L7 MELAS D&Mk 25K 2

VR, BEERELAE CT, BHES MRI(TL, T2, Flair,
DWI, ADC,MRA 72 & D ¥ — 7 £ > ), SPECT,
MRS, Il - BEH O - YV YE VB T3 B,
AP -JRAP GCMS, A A, L/P kb, 4 Nkl
anion gap, FHAEMRIZX AFHHEE, RibEICL B3
Fa Y R T DNA OEIEFHT, ML 5%
DNA BIZFHT, BRGNS - &0

ni Fanconi FEIERE, MERW, KHE, FIREREERE EHWCEFEEREREE R ENBHTICRT
KTFE, BIFIRBABRETERZEOSZAMWNE D, HERZ MELAS BE ¢, ERHMCT T
BEEHIZEDLE W, BEN - ZEMIZZOLD /J\}%%%ﬁ“f‘oﬁﬂ“’%ﬁﬁﬁ@Wﬂ%ﬁﬁEﬁdb

R EE RSB L, BRI
FUEEUOBBTELEZ 1) L RZESERE
THTTAH. BERAMELAS D96 BlD 5 E£R- O

’E’m&b% F70, BB R ERRE T, BB
8 MRI T id, T1 T low intensity area, T2 B & U}
FLAIR T high intensity area % 528 5 (€ 2).
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Endothelial layer

R T Vit

recurrent stroke-like episodes

Pathogenic Mechanisms of Mitochondrial Angiopathy in MELAS

Smooth muscie layer
Accumulation of abnormal mitochondria in
the endothelial and/or smooth muscle layer

/ Segmental occlusion pathologically

— Functional occlusion physiologically

e

Endothelial dysfunction by FMD

f

NO depletion
@® L-arginine |

@ icreased activity of NO synthetase by NAD/NADH |

@ Decreased activity of NO synthetase by relative increase of ADMA
@ Free radical bind to NO molecules to create hydroxypernitrite

@ NO molecules bind to COX active center at SSV

(SSV: Strongly SDH hyperactive vessels)
l COX positive

™

Risk factors

@ Stress

@ Dehydration
@ Fever

@ Cold exposure

1 MELAS ORBEEHSRIECE omRistE

MELAS ORZEREFEOREICE, MEHRDSSUHRERSSHHEMRIBENTVS. NERERIFMRELEUT, HER
TNV RUPOREERR (ragged-red fibers) & B)REOERHEZEY (8SV:strongly SOH hyperreactive
blood vessels) BREREND. O SSVIE, BAOHNEROP THEL, FIREROERTOREINDS. L- 7L+
VBEIE, MELASICAHURS IV RUFPNBEBETHINENEBERLEZWET D CETHRIRERRTS.
MELAS S8&E2MSEICE, AR COBIRIG RIS CFRDNGEPE SR 9 RO L- 7ILEZ240 NO DR EBIED (NOX)
BAEZICETULTSD, HDADMA (asymmetrical dimetylargining) HYEXRMICEMLTWS. PiLFEUE, [HEA
RERSLUTEEEHEBICETTD NOARBROERTSHND, COEMBICKID NO &Y MUY UBRARENS.
MELAS BE T, fINFL MERRBRENERICIETUTED, &BRE->TULSETORIRDOBLERENEESNTLDES

BHIBRUT.

myei, BEEHOBEERICIIMEET%:, £
Ok 2 BHEUE, S EP AR, MEENIHE<
(luxury perfusion). FHFREETIL, Modified Gomori
Trichrome ZHEEE T, BELLBEI oV
Y 7HFREITAHEHE (RRF: ragged-red fiber) & LT
HRTE, IPIVNYTERERNCRETZ T
N7 BRIIK SRR (SDH) DIE G RE THBET S
FEBIT 5 4 (RBF: ragged-blue fiber) ¥ S5
(B 3). RREARLTH, Y7 u—ub c BB
FCOX) B THREEE R BECINTBRK
KRB (SDH) DiE S B CEIAREE DR % (SSV:

strongly succinate dehydrogenase-reactive blood ves-
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sels) 2D D, BEDLDL TI I K7 (R-

NALeu(UUR) 15 F D AR43GEE N A b R,
BAZF RIS L Y KA DR 57 (heteroplas-
my) #FERT 5 (K 4).

B SHEEaE
1. EH—HK>®E (500 mL) —@E 500 ~

1,000 mL 5%
DRE, BREVRVWIES, Er—KRr®500
mL {2 50% 7 F7#E 20 mLIA 2R SiEsE T



R
SR a

F2 MELAS O

i b R

MWEERMANOIERE LT, HET, S48,

20 BB FSIET 5.
wigE sk / FESE)

R Par FYTROBETH L. TN E
DRSS R E L, BE, GE9RAT, MRS Co P EaERERY A LA, PR
URIE T LG SR, BRI, WA &R &%
PRTHZELHLBEETEORRTH S, MREE, REKCE

A WwhA, FRE, FEEEPEEER Y

Hobhbboddh, &4

it b o (B4 GH LA

FTRO A, EPHOBERRO 2B EHAL, o8B, 2 bary FY 7REOHER 26E

'3,

e | B

TR A, BPBOERFRO LEEEZHLL, 2B 3 bar K 7REOBRD 2 1HH
iz b o (B3 B L ST

4,

.ﬁ%l@%
, ('j'\"ﬂ/v
. TR
. BB E R
. TS kB o S SR AT S T AR

TR

i 1. ﬁn%it
2. WHERCTCI b Iy B T OEEEE
3(MmAs%ﬁ@)§m@ﬁm%%R““

VRGO FLERAEAT C B LWL

FER L BHER CT, MRI R X ORMEHEMEAEC, RORPHRENFET . '

FEAR 2 ¢ REFRARRE O MUPALARG, b L < B O AT 2mmol (18mg/dL) BLEA, &2 Wik, ik
s (Halid* % L) OBEMET, BHEER, EVCYEABIMNEE LU TCAY 4 2 VI
WREE, MHACBRER LR I L OWE RIS D S

ARG AT, REIZAHHHE (TR M) 7O — ATEREIZB S RRE | mgged-red fibers), INYAE
Bl EREZEdta I B 1T A RRE ® SSV (strongly SDH-reactive blood vessels), 9~ b 7 O — A ¢ B{LEE
WIS, BFIMEI L A3 oy ¥ TRBREOIRES &

R 4 : MERAS DIEEBET L LTHE SR TOABMOBREFRENFLETSH (5 b3 FY 7 RNA-
Leu (UUR) 3 P FY 7 (RNA-Cys &IEF D A5814G, I b2 ¥ BT COXMRT D T9957C,
3 bay FU 7 NDS #EFD GI3SI13A BRE L) :

EoER oy BT REREEOKIR

2005 4E LEi%mﬂ%WWm(ﬁﬁﬂ)vﬁ&t%%ﬁ%Té

5. ¥l — A& Pl Nal3s mEq/L, HCOs 25
mBEg/L &, MR OMBUTIE S, REPET ¥ F—
T AFVERRIZADF LTV E Na MUEDRHIE &,
RIFUET S F—Y ADWEL, I raVFYTER
EEOWEBE T L bDFRAREREA L £ 2
TWwWh, EiRAY—TFiIE, AEH2H 100 mL 2
Er L, MENaBLEMBETAZSEIT3~5
®E5T 5.
2. 7IFU®E (200 mL: 10% 7 ¥
EEglE) —Mm 5 ml/kg &F

MELAS ORZEAFFEFEIETHL, EEFRSE
Vg B b 12 B DAL, 7 U® S mLkg/
one shoot DAMEIREIER TH 5. ZOWHEEIL,
AREM&IRERIEEL Y ¥ —DERFERIRE L
T2 EFDREEMRT L, BT PMDA(EES
IR AR (B RBECOHREBFP THS. 7
VEU® OSSR, MELAS &5 510
BRI T ARRLEZONT NS,

3. S¥Hhv hE (80 mg/A) —E 1A, —
HR2E E
R ZEREENGIEETH Y, T TV aNE
HE LRI EREE IR L, B nmR ke
BEEA T2 L vbilTwna,
4. B A= (0.5 mg/A) —E 1A, —
H2RE &%
BIEHOEREEDH S IR BIEA
ELTHERT 5.
5. VL« X RO—I®3E (500 mg/A) —[HE
30 mg/kg/day, 3 HEHE
- FEADWERBITRIREP AR LN WEE, A5
7OV AREZAT) W, BRI L CERBATH 5.

A SR OMEHEE

BAEThRTWEI b ar Py FEEREICHT
BHIREER, DPEOERRELSEIC LIEERE
THY, REHEZR-THRI TV AES

— 288 —




C ;w)'
s g

MRI T2WI

MRITIWI

Stroke-like episodes
in MELAS

PmTe-ECD SPECT

M2 MELAS QOESEE

ERREA CT TR, /NREIN SAMEEM OB EEIERIEERDD. Fie, Mzt
BFEMETIE, EEE MBI Tl T Tlow intensity area, T2 $&U Flair T high in-

tensity area £33 3.
(4% 14, pxivBE)

WRREREIL .,
[PIRREE]

1. ZILE U HR (L- I EBE) 0.3
~05g/B #3 BE ERAMERE
MELAS T O HRFEEDOTFB B TImERN
FEHRREESE L LT T 5. MELAS BE DR
R REEERACL- TVF 25452
ETC, BEOFHBLUEBEEDERICOENT
Y, EMFERBREPETC, ARERFEHITDH

5.

2. Y/OUvo®ROA00 mg)38E 93 B
15 FLER I fE (13 FLERE 2% 40 mg/dL LA LD

BA) T, BRAS CORBIREI SHAHES

FiT 5720, BREBIVEOESHEIZ

3. 95w h®8(100mEg)68E £3 B%
RE T VAL URBRHEE 2R

4, INT—®FER(250 meg/ E)2000 mg 52
TV—FGTANDAINRY Vv —, BEERNTER

BT ES LR R T35, AL

AT AEHI R WM EE 5. MENEERD

HELLTOHMEDY. BIEAICEL, ElRE

BH 5.
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5. 4% %°8010mg)3& H3 B
EFHmERESE ) VB RETRINS R,
A Py FYTICEY AT NS, Hil bk

“BEAEL, BEARAYERZYGET S HEERD

VEDTU 3, MMHAE - EEVBREDKTRHED
BEENHS. HEMEROLE - UVEVEED
KT S5, HEEITVY A A QL0 ko
EREFZEELZVOT, NEREIL A A
Q10 iR R L CRBRICEES L Tw5
EEZLNTWA, BERICHESE, BHAHRE,
ERBELRENHB, A7 Vi, azrFA
A QL0 U/ LEREEST L ThERAI VYTV A
FERENRDR, MEREM%EET 5. Mian
IV Ry THATREMUERZAE T 5. ‘
6. PUFIVFo8&(25mg)945 £33 £%
VU VBHAEBZORMBEEZ L LTORE
fEF. BEANTATP »oE¥QY VBROERE )
FTaAsNEFRYG—BLizoTENEVER $H5
Wita -7 MR VRS ¥ O RER RS DR
FELTERT 5.
7. THILFP#(EB00 me)3sE 43 A%
REBSULODEBIUVUEHEEHBROEE
BEHEL, TRVF-EEREEEL



ve

MELAS D8 & SSV O REHPR R

3 MELAS OEfsHE

Modified Gomori Trichrome ZSk3E T, BE LRSS MY FUPHREED M (RRF
ragged-red fiber) & UTIBETS, = IV RUFPERENICRET D I\ URIRKEEE
(SOH) OFMRETLRATHHEGE B (RBF: ragged-blue fiber) BRH+5N3. RRF
WELTH, ¥ o0~ c#B{bEEE (COX) RETREMWER MY D)\ D BIKEIEE
(SDH) OEERETHIRBEDBRY (S8V: strongly succinate dehydrogenase-reactive

blood vessels) £E$HD
(I 15, paxv BIR)

8. AT N® (A T7EI) (100 mg) 1§
21 BRE#H
TY=FDANDRAANRY Yy —, Ibay R

T EOERIERFEEILEY, MEBEDEBM

@ﬁﬁ&%&%f% F - R mAT 2R T E & D
| /MRS - BREERE R BN L CHVIMEERSR O
M%&%?%‘%Wfﬁﬂﬁfkmﬁﬁémb,
BERM LR A DFEE T HIH] 9 5.

9. NFAEUL®8E100mg/ f8 A1 &
MR VER LT EER A iR T 5.

10. EIEVERF UYL TERAHE
I bV FYTEEIED cytopathy & FE T 5

B—0{tEY. I IV FUTEEETIE, ATP

EERRIZIVHBOT7T RNV APETL, &

HENZIX Leigh BHEICRE SN2 EEMROL %

EWSEL S, BILBRIEVERET, LPES

25.6 Ll BT B BE T, FERD ATP LD

ANy ST BRIz, TOTHRMTADPFZRIE

FTTarEEZLNLE ZOLEWIE, DCA R,

YOV ¥ BRIl K R RS K (PDHC) % i KIRIC
EEALSEAMEOMIZ, VRYIZAATF— %
25 PFICIRAEL, MERD ATP AR ELVANT
TAHEMERDY, TRV AEFHTHI LD
FEzond, HE FEEreREntEapiss
LCESER S LSRR THL O

T pitfall §

MELAS [C&H9 2 EERODBEISER
MELAS [C{ER RN R <&t TS, MELAS
Tld, MEARBRETEMSEIASNTSD, mEH
IR U P T OB EAmFEL, MErhaRR(E
DURIZAFEEZSNTND. BEERERFIEDR
HEHAE T, DEREE(FEROFNETSHS b
U5 VRER, BRETERASNSATOA MR
B, MEBERERDDSEFEMZ 7O RED Z
ERATHILT, MESHRRFOEREFRFR PO
BEZHREUICHOERETIDOTEEIRCTSSD.
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© 37 74 80 63

MELASZIAS243GERDFHBALH

e re ekt geg0bp

< 97bp I~HJTURIC ctéAsza,seIﬁ

" Haelll digestion
Wild type [RUNNA.

32y 169

—

32y 97

Site gain

: M4 MELAS Q@EETes

EEDB80% TEZ I/ FUF 1BNALeu (UUR) BETFO AB243GEEMNHHT,
BEFRIFICIDERBOZEST (heteroplasmy) EHEETS

(D% 16, pxvBIR)

W MELAS [cg B L FILEZ V3 HElE
ﬁwmqﬂ ’

MHAS@%&%%ﬁuﬁﬁéuﬁw$"/r
mw&m&%m&u81%%«5@%@5&0@“ =4
Hx)ﬁlmlat D RS R ES E%%E’P‘t%iﬂ'!é
Dﬁﬁ*ﬂ WERADI NIV RU PRSEREARE
. é:btﬁm%ﬂa tP‘C&S%) %7‘._, nfmrmﬁ(mﬁs%
FIDR ‘ﬁ,‘%}‘ﬁﬁ%c‘: LT E)blﬁ/ﬁ’&ﬁ“ ) 'bMﬁ,E
’n%%$t§a WFNH, . E$mbﬁﬁk%rt'
F%abt%ﬁ*ﬂtMé R

=) =27

1) Pavlakis SG, et al.: Mitochondrial myopathy, en-

cephalopathy, lactic acidosis, and strokelike epi-
i sodes: a distinctive clinical syndrome. Ann Neurol

16: 4381-488, 1984

2) Goto Y, et al.: A mutation in the tRNA-leu (UUR)
gene associated with the MELAS subgroup of mito-
chondrial encephalomyopathies. Nature 348: 651-
653, 1990

3) Chomyn A, et al.: MELAS mutation in mtDNA
binding site for transcription termination factor
causes defects in protein synthesis and in respiration
but no change in levels of upstream and downstream
mature transcripts. Proc Natl Acad Sci U S A 89:
4221-4225, 1992
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4 ) Koga, et al. MELAS exhibits dominant negative
effects on mitochondrial RNA processing. Ann Neu-
rol 43: 835-836, 1998

5) Suzuki T, et al.: Taurine as a constituent of mito-

- chondrial tRNAs: new insights into the functions of
taurine and human mitochondrial diseases. EMBO J
21: 6581-6589. 2002

6) Koga Y, et al.: Molecular pathology of MELAS and
L-arginine effects. Biochim Biophys Acta 1820:
608-614. 2012

7) Koga Y, et al.: Endothelial dysfunction in MELAS
improved by l-arginine supplementation. Neurology
66: 1766-1769, 2006

8) Koga Y, et al.: L-arginine improves the symptoms of
strokelike episodes in MELAS. Neurology 64: 710-
712, 2005

9) Yatsuga S, et al: MELAS: a nationwide prospective
cohort study of 96 patients in Japan. Biochim Bio-
phys Acta 1820: 619-24, 2012

10) EERTER /5’-— R BERRMIAERER
DI 8F AR BRI 2 F R B
SERBETOERCICHE T30, REL: I
Y FUTRICE T AR ABRILEICH 75 EVE Y
B M D A RBREORENE—AEISOFS
EIRIGRERZORA—. (http://www.nanbyou.
orjplentry/3404)
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AN

ROV RYTHE
MESE, PERRRR SR VY VIE, T ond e~ K,
— IR - WEEENE F o v B 7 OREEEBORE &
BRELTwAZ EtbpoTETED, (8 hav FYriHl
FEORBED H A RBRHIC A ENTE TS, L LARCR
3 & bayv Y 7HEe ik, MELAS(mitochondrial encephalo-
myopathy, lactic acidosis and stroke-like episodes), Kearns~
Sayer syndrome (KSS), MERRF (myoclonus epilepsy with
ragged-red fibers) 7% EHREE - 5% IR L 95 HEUN AR
E¥ 5,
T by RUT7RERROBR
ErAVFVTHERET BB o TRbRIR T LI,

{h DB L AR EIRAT AP REREE Lo DERT AL C
b5, FHEBICSHMOLEER, B, ARSI NSRS
fE% 827 5 MELAS, RIS TERIC/BHIERE 29 2 KSS 4
ETR, S ravPY7HREE) L RIENASTHD. 3
S, BSREIEICEEGE, B (RER, DIRLEY £ OfREN
FRIELI AV TIREE) Eobd s, LYLE
RRTRSHBMOA TR Fay FYPHEEES 2 L 0L
ZEEREBRTAILLS L, O Fary ) PHOBNER
L TwaERE L, RURETERTCH, O BWARERS
SETHBHI L, @ REEHPHRLTHBI L, @ BERS
Barod, RE¥BbTONDE. ZTOLOEL DHEE, BB

T BRAVEUTE <

‘3N,Kml

- ADP/ATP i

: “FGin T
3
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o fEEE : o
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¥ Ll

54
o
FHAE, AR & v ) RN R VT b TR Y A (2 BRI
FEDUBRE L e % MEFHEEN IS, —HOoItary FY 7
BEFRECELTE, 29—y bRA— X THRER T2 2 &t
THECH 508, MIRSEORRCORETRRTH S, Db
FhavFYHBER, BERAAY I ADIER I D
b5, HENCHS CETTELREL A2 Y -2y
VAL EDHELVERE VLD
FGFZI
FGF (fibroblast growth factor)21 &, 22 % FGF 7 7 &
— BT B RNE VYA b AL o TH DY, FEEE A, B8
%m@,WW&E@(@W%%&%%&%“X%VRUV@%
oM, MhIra—2R -4 va) - WEOET, ke
DRV Y FETRECHRL, FoER A7 R v ZEE
PREER E LTSN Tes3 BliEQ L2, TR
M - 4RI ARY XaEAENT—ETH DY, 2 Hioik
BT b, 1AM E W EHURE T X I D Mg
FGF2l O LFB Ao E v, FEHIEERELLILE
VA P AL VTCH BT EdbroTn D,
FGF21 £3 b FU7H
FGF2L E ba ¥ FY PR BT 2 2 L 2D THEL
7o D% 2010 48, Finland ® Tyynismaa & Carroll & ¢, Dele-
tor ¥ 7 A(E k2 v FY PRO—2TH % TSR R
JEDE TN R) DI FGF21 B F Liiic B 5 FGF21 @
mRNA @ EAZE LY, $7, T 20114, Finland ©
Suomalainen 5%, ABABEIBVWUHERZES I Fav R
) 7REBEOMM FGF2l WRENZ LR T3 I L 2H&L
790 REREMED T b ay Y PHTREMmE FGR2L A9
B LR T 2D 0ERTETH 228, W1 DX REHS
FEZ5NTWw39, 20134, Australia @ Davis 5 b A H
BAETOI Fa v FY 7PRHRIE W CNE FGR21 B ERT 5
TERWELTORYW, REL, SRR Fav Y PR
&N 3 Freidreich ataxia ® & % 2R CIXIME FGF21 o b
REIBD 60T, ZOWRHERIS X 6% 2 ASEHEI N
5.
BB
bhbiid 201240 1 £H7C, SRZZHOREREED
$havRY7HETHS MELAS BEL, S tav Py 7PEE
DBE, AbETNLDBRADMIEFGF2] 2RE L. *
7z, EEENREFL UCER - WhlE v F 387 20 £omE
FGF21 HIE L7, B, RENFEROFMIEOED TH 5.

BEREEI S VIV FY PR EBENBE ¢, m#E
0289-0585/14/ ¥500/53C/JC0PY
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FGF2l B EREZ > THERRTEAMNE{, BREORE
PREKOBRESBS I LT E 7 (p<0.000, Mann-Whit-
ney test), X & ROC f&HTCIL, MiE FGF21 42 286.8 pg/mL
DT, BE -FREELDICOUDOEMETHEREHES S Fa
YRFYPERHATE S LAFEHEINE (K2)., bhbho)
FEER-Ciz I FGF21 #3300 pg/mL M k% & Fa vy FY 7HED
R Y=z v PR LT 3, Davis 5101 350 pg/mL &
T5E L TREER S SICEFTLE,
REORE
2oy FY PROFH AL Fv—h—k LI FGF2L
BEMATHEY, FEDVDERBRINTNE, SEDDRHNAD
F—P i, BE-BFEEIRLLIZ0%ELTWEY, 37
NEBRP RO OPPEDICHABERLELI T3, BEYY
TVERED L TR ZEDTRY, BEOLIZ2RE K&
B kb i BB OEIGE Y 30~85%REEZR L T3 (data
" not shown). & DISENEFOWALFv—h—0BFKEBEEN
3,
SHRORE
Liang 51312, BBEO S b o> P PIROBEIAETE 20~
0% DLWRTH -4, B30k J Il FCF2l 2 A%
J—oV SRELTBIETTO~0%DBIEICTEZ LM
TEBEAILREL TS, S barFITRERELE,
HEPOBBEDRVIMIE FGF 2 A7V —= v 7 L LTCE

X #

1) Nishimura T, Nakatake Y, et al. Identification of a novel FGF, FGF-
21, preferenually expressed in the liver. Biochim BlOthS Acta.
2000 ; 1492 : 203-6.

2) Muise ES, Azzolina B, Kuo DW, et al. Adipose fibroblast growth
factor 21 is up-regulated by peroxisome proliferator-activated
receptor gamma and altered metabolic states. Mol Pharmacol.
2008 74 1 403-12.

3) Kharitonenkov A, Shivanova TL, Koester A, et al. FGF-21 as a novel
metabolic regulator J Clin Invest. 2005 ; 115 : 1627-35.

4) Coskun T, Bina HA, Schneider MA, et al. Fibroblast growﬂ1 factor
21 corrects obesity in mice. Enducnnology 2008 ; 149 : 6018-27.

5) Xu], Lloyd D], Hale C, et al. Fibroblast growth factor 21 reverses
hepatic steatosis, increases emergy expenditure, and improves
m%ulsn sensitivity in diet-induced obese mice. Diabetes. 2009 ; 58 ¢

6) Ryden M. Fibroblast growth factor 21 : an overview from a clinical
perspective. Cell Mol Life Sci. 2009 ; 66 : 2067-73.
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Mitochondrial Disorders in Childhood
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Abstract

Mitochondrial disorders are genetic disorders characterized by a deficiency of mitochondrial
energy production, which manifests as various symptoms in the central nervous system, skeletal
muscle, and cardiac system in an energy-dependent manner. Because patients are transferred to
hospital in a state of unconsciousness or with epileptic seizures, we need to make differential
diagnoses among disorders that exhibit similar symptoms. Mitochondrial disorders in children are
quite different from those in adults in terms of symptoms at onset, clinical spectra, disease
progression, and prognosis, as if they appear to be quite different genetic disorders. Here, we
summarize the clinical characteristics of the major subtypes of mitochondrial disorders in children,
including Pearson syndrome, lethal infantile forms of mitochondrial diseases, floppy infant, short
stature, juvenile form of mitochondrial encephalomyopathy, lactic acidosis, and stroke-like
episodes (MELAS), and Leigh’s disease. Pearson syndrome shows refractory sideroblastic anemia
and exocrine pancreatic dysfunction during the neonatal period, which are caused by a large
deletion of mtDNA. Most survivors develop Kearns-Sayre syndrome during adulthood. Lethal
infantile forms of mitochondrial diseases show severe metabolic acidosis with high lactate levels
and patients usually die within the first year of life. Residual respiratory chain activity is less than
5% of normal controls. The genetic abnormality has been identified as a point mutation in the
protein coding region, a protein assembly gene or a gene abnormality in the mtDNA replication
system or BOLA3 gene. Floppy infant is one of the important conditions associated with
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mitochondrial disorders in neonates and infants. Short stature with/without maternal inherited
diabetes mellitus or sensory hearing loss is also suggestive of a mitochondrial disorder. The
juvenile form of MELAS shows different clinical spectra from those seen in adults in terms of its
complication with short stature, diabetes mellitus, developmental delay, and deafness. Leigh’s
encephalomyelopathy is one of the most severe subtypes of mitochondrial disorders and is
characterized by severe psycho-motor developmental delay and epileptic seizures with cardiac
and/or renal failure. The most characteristic finding in neurcimaging is bilateral striatal necrosis,
which always develops in patients aged older than 6 months. Most patients become bed-ridden
stage within the first year of life and die before 10 years of age. The mitochondrial diseases seen
during the pediatric period are more severe than those seen during adulthood and such patients
die much earlier. We have to keep in mind that mitochondrial disorders can show any symptom in

any organ at any age. (Neuro-ophthalmol Jpn 31: 457~463, 2014)

Key Words: Pearson syndrome, lethal infantile forms of mitochondrial diseases, floppy

infant, short stature, juvenile form of MELAS
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IPAVFYTRIE, SFAVEFDTOIIALE -
BERBEOBENEREICL DI EEI Xhatkak
EITHERTH S, ZINF—EERELEI LS
5, LAINLX—IRFEOBNPIXMHRR, BB, O
fhle EDRHEEEELRTENS . BEESE, Tuh
AEEFRICERT 2B 8L, ThoOFRELS
faDRBERNTILEN S S, DNREEIICKBTSI b
av FY TR, RARELIERU, BERS, K
ER, R, PREETARELELD, —RE&<{E%
BHEADOESICEERS. ZOBRETIE, MRERED
bV R 7RO OOCTRTT 5.

II. Pearsoni®m (Pearson’s marrow-pancreas
syndrome; PMPS) (McKusick No.26056)

KAEE, FHERBICRET 3 BHOZRRMIEEE
20D SRR MR RS IR R 2 R R e T
BRRARHOBIEMER L LT, 1979F 2 -k
/INERIE Dr. PearsoniZ X DHIH THRE S IV, ]
HREFNIMEB RO 2N U EFI4RR TS
D, MhEFERE ER1HHNA) L@k
&, FORER, MMREEOET, MEGSEEESE
A RRERMA 2L, BB ERT 3
BN READL Tz, ZOEFHTRIE, iz
KB XUNEUF YV RERZOLEML, EhER
FIRRSHFRERD BT &5, FRERET L2488
{7~ 3 Shwachman-Bodian FEIERE & 128859 X

N5, I VFYV, ISV LIS I VICHT BN
SR, BB I SEFITARBETLTHDY,
—H4 VA VRWEE L L ORAS ISR TR
BT AHERORESEIR b har o7 4Bish 24l
BIBPBNCFEC L 728, D 23R4 Ic B & %
FBLTWS. BOIRTR TR, BEEAGOZEHL
Wik, IBUEERR SN TOREROBEN L

SN, —DOOMY UERFEEENHS L U TR
ni,

REBEFORYE : REX TR 1I5FOBETRE
DW|ERHD, ZTOZTLHEEICRTD. FREDE
BT mtDNADAREERL, Z0OE < 2 mtDNA
WORERFIENELEED (752 1EES) Th
D, BIEFRELVS JTRIEEET SRR
(CPEO: chronic progressive external ophthalmople-
gia) & %\ i Kearns-Sayre iEfZHE (KSS) &XBiA
TERY (F1).

W REQCHREDEF TEMBRICHL T3
mtDNA KKK E Z i S B RERERT DR
THFETS. METHBETFERITHALZS, &
BEZEADLTE ORI NEWERSS 3. 1)
BITHICSEERLERTEF, 2 BEESICEY
AERERBREE S D, 3) mtDNADEREILED &
3 EHEF TIOR3 OP, 49 mtDNAOREIZBEDH
SFREWRBFABE VDD, 5) FCEEFREMSE
D &5 BHEFFETPMPS, KSS &3 200OFEl L #EU
DL O». WEEMEE LT, 1) PMPS TRBHOES
LB ILEHERIEF I TS, FREREDE
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Map of human mtDNA and the deletions found in patients with Pearson syndrome
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mtDNA D5, a0 4# B FUatd 3K,
BIRENZB LB VX AT 5 (mitotic seg-
regation). AJETIE, B Y FEOMVEMRES &5
BFTOERmMDNADIENEL, —7, BERHTR
FOWBIELS BN EERTH S, -7,
PMPS Tlk, ZREmtDNADR/PNEENEET 5 &%
Zbh3. 3) ARKmtDNADKEBFIZARHETH
3%, ZLOBAREEFIFAETEI LH 5, KSS
DEFILTHIE E T 5 mtDNA OHBIBRIC BT
% breakdown-reunion & UL < i replication-slippage
C OB SN TS, 4) mtDNA SRR
REE M, TRTOPMPSBIMAFITH3. 202
L, EERARRE (B IS U B
DRMADER) TOEBER (de novo mutation) #
®EEAONS. 5 RAUBEBETFEERED XS
TR 2RER S 0. BHEE TOREF T,
15FEGI R 101334 RAFAE O ST T, R
HEMERCEB LT3 A2 6 3 TIELT
W3, —%, 5Pl 4BRIRIC BREOEREAML

KSS L BUFEICNE. ZOARZT AL LT, H—
I EHE mtDNA OFFRIEROEIZ f5 1) 5 BsE3 2040 O Rl R4
HExbohB. KSSTRASHEFICE R mtDNA RA
SEEPA &AL B8, Y& MG C M BRI e i
LTEY. —%, PMPS Cl, BEIOEMESR L
HEmtDNABBEE NS, —RIC, K%EmtDNAE—
HEECCHIIRD & — A — S — DD, ki
TIEETHICER L T8, Efiie cidiiaik
EEDBA LT EEIbNRD, FEEEREE
FIF U 22383 25 AT, ZREmtDNA RFELE
I U IR R A L, MR Ak L T
oz =K, VR THER mtDNA O & {ii
BRECHELBEREREONT, BHRICLVER
mtDNADEKREICHA S P EZENR SN0 S,
EDHDE L DEFIOEES» 5, 2D OHREDEN,
HIZEE mtDNADB&HST, 3 LE~ATurl 32X
- TRBEBEESEENZ LSRRI R g0
REmDNA, 3 LI IV RY 7HEERE L%
ORBEE G T 5BEFOFESEICh T 20
RATHHHNREREICEE THLEEL OIS,
2L« BFHEIKODNA % mtDNA % — BT
BEIREER (Pyull® L < 13 BamHI TR L, 0.8%
FHu - ABR[EERY Y Tuy bEFS. So-—
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