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G13997A mtDNA Induces Lymphoma in Mice with B6 Nuclear Background

normal tissues (N). The frequencies of hepatocellular carcinoma formation in Lkb1 (+/-) and Lkb1 (+/-)
mtND6'%%%" mice were 73.7% (14/19) and 81.3% (13/16), respectively. The frequencies of lung metastasis in
Lkb1 (+/-) and Lkb1 (+/-) mtND6'3%%” mice were 14.3% (2/14) and 15.4% (2/13), respectively. Scale bars:
(A) left, 5 mm; right, 100 pm, (B) left, 5mm; right, 200 pym.

doi:10.1371/journal.pone.0118561.g006

Discussion

The current study showed that G13997A mtDNA, which enhances lymphoma development
through ROS overproduction in B6mtND6'***” mice with the B6 nuclear genetic background
[14], does not enhance lymphoma development in A/JmtND6'***” mice with the A/J nuclear
genetic background, which is not prone to lymphoma development (Table 1). Thus, G13997A
mtDNA regulates lymphoma development with the help of the B6 nuclear background. At this
time, we do not know what factors in B6 mice help the lymphoma development. To identify
the nuclear factors that are involved in lymphoma development in B6 mice, it would be helpful
to isolate two B6 sublines that show low and high frequency of lymphoma development, re-
spectively, and to compare their whole nuclear genome sequences.

With respect to the malignant transformation of tumors, G13997A mtDNA, which en-
hanced the lung metastasis of a lung carcinoma cell line [10], neither induced malignant trans-
formation of lung adenomas nor enhanced the lung metastasis of hepatocellular carcinomas
(Table 1). Therefore, G13997A mtDNA does not independently enhance transformation of
normal cells (tumor development) or malignant transformation of tumor cells, probably due to
the requirement of some nuclear abnormalities.

Our previous study [15] revealed that B6mtCOI®*® mice, which have the B6 nuclear genetic
background and carry homoplasmic T6589C mtDNA in their COI gene, exhibited a low fre-
quency of lymphoma development, probably due to the expression of respiration defects in the
absence of ROS overproduction. Therefore, the B6 nuclear genetic background as well as
mtDNA mutations that induce ROS overproduction appears to be required for a high frequen-
cy of lymphoma development in mice.

It has been proposed that accumulation of pathogenic mtDNA mutations and the resultant
Warburg effect enhance cell growth under conditions of hypoxia, and thus are involved in
tumor development [1-4]. To further assess the idea, we have to generate additional transmito-
chondrial mice carrying various nuclear genetic abnormalities or mtDNA with various patho-
genic mutations that induce respiration defects and/or ROS overproduction. Recently, we
generated transmitochondrial mice (B6mtRNA™*"7>") with the B6 nuclear genetic background
and high proportions of mtDNA containing the G7731A mutation in their tRNA'Y® gene [24].
Because G7731A mtDNA simultaneously induces mitochondrial respiration defects and mod-
est ROS overproduction [24], and ROS overproduction has been linked to heart failure [25],
we plan to examine whether these mice will show a high frequency of lymphoma development
or heart failure as they age.
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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 BOLAS3 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
charscterized by severe psycho-motor developmental delay and epileptic seizures with cardiac
and/or renal failure. The most characteristic finding in neuroimaging 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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Map of human mtDNA and the deletions found in patients with Pearson syndrome
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BIZERmtDNADESRSTF, L7 url3 X
I-ZYTREHAkRZ LI nE EIuC
BEEmtDNA, 3 LI bay Y 7HERS L%
DOREL AT AHEAFOEESHENZI N TED 2O
RET L HNRAREEETH S LELONRS.
2ZWTE: - BEHEK O DNA % mtDNA % —EHHT§
HHEREER (Pvull ® L < I3 BamHITHINTL, 0.8%
FHu—-ABRAESBRY Y Tuy bEFS. Tu—
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TELTE, B b &mtDNA & U< & mtDNA §f
B & BOEBETFORERBROER & K%&EmtDNA O
HEEF VY P A TERTD. REBFETH
i, ZORSEPCRTHEBLEES LYy Tro—
VHRIEERSIERET S,

BRYE I TiRA BIRRENRA bWzl &
ShAFERE S QT NEREST A ELS. B
i, EEREE, MRS ORIRBESTHOF
B EE TH 5. BFEEREERC XS REH
TY RV, ERBT IV OLICLBETAAY
WEMRE X NS, FRFD, a1 94 AQL0, Hr=
FY(TNHNF V), ANVI I a— L EOHRRE
BRESNTNBEBEDEWEERETS 5.

WM. FLEESER X b KV 7% Lethal Infantile
Mitochondrial Disease : LIMD (McKusick No.
605711, No.614299, No0.615330, N0.613183
% E)

FERBICEESREM7 Y F— V2, BIABIME
TRIEL, DA%, FA&ERL, EErEEE 20,
LI UL, BUfE, ZWSAETHRCTHIEELI b
2y PYPHOBELRSEA TS, Z0ELE, B
BICEIMTH 0, RSB O ZLIIWTH 5.
B EMOBKATRRE NI FEE L. Rk
BT REE (2 BRI WKREURLRE (1
FLIA) IKCT 3L ¥ TVEBHEELREERIEE
STwiEn, L, BFEERBERORIHEREM

| Deletiohs ~ |’

BIEEDBURLT L, BRRESFHHEINS. i,
BIETFEE TR, BEFEERMROSRETFESR,
Ty Y 7Y SEEFRE, mtDNAOENEF 38
ETFORE (3 b3 FY 7 DNAKIBERE,
BOLA3DREFELLE, £ OBETFRENHSE»PIZX
hT&J I b3V FY7DNARBERETE, &
DNA IS U mtDNA OB BBIRICHAS LTnw 3
(E2). &7 6 RBERSRZ H TR complex B
FEMARET 3 Uk a0, BERIZE. B
12, BEES:AWEEREEIEETHD, BRE
MOMBREEIIIEREL I BDELD B, &L D,
A% EARTEEAREET Y F-v %%, B
PERB AT D ARRE THETE U 7= LIMD KEG] % BER L 729,
T ORERE, EREES SRBEEROI NIV FY T
IMFRE#TBE L, mtDNADEREY —r v XA %R,
BENERELRH L mtDNACERBETFOER
RITIFIT100% TH Y, ThICK D EFHOZEE R
ol bFEIbERE WWNELEADTHRE IR
BOLASRH¥E (McKusick No.613183) 91, HEYuE
REMBERRETRL, REHEO 2131 IKEETE
2ET3. VRBEETIHAREROSME Y 52
B—DF YT V—Z Y82 LTIAVEY T
BETEERBERERKOL 2, 3BT IREER
F. o, BFREREREAKOL, 2, 30RE
R\EBGE, DEFEIEIIES, /-, BFE
BRMRESHD1, 3, 4, 5ORSRIBEL2BAE,
mtDNADBELZFE 2 BEZFORE (S vy Py 7
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DNA f B EEME ) (McKusick No.609560, 188250,
9251880, 601465, 203700, 613662, 174763, 612073,
603921, 256810, 137960, 271245, 606075, 612075,
612075, 604712, 245400, 611224, 221350, 610345,
615084, 615076, 615418, 103220 615471, 605654) %
T PAVFYTIRNADEELEFEIFICES. 3 b2
v F Y 7 DNARIBREREEE, BENIIC S 26TDEE
FEREOBESHBZELHTHY, B—ORBWT
i, ERENEREEORE Y- hb, Z0O
BEEZITEIENERTHS.

V. 2AvyE—-1>77> bk

AT, »2VWEFARAFHL VBERERNETL,
Sy oy LEECOTA5/ANRERBRL T 7 ey ¥
—~4 772+ (floppy infant) &ETh TS, &
HERETOALDIZ, 1) FBLS 5 VERERLERE -
Bifig & g <, 2) REPEEITET 5 HEHERO

e (WEMEODE), ) BETESROREATAL

EOREERT. —RICHTAERBOGRERORER,

FRGER I kD B 5. ERRSEORBRRTE, 1E

ITLBIAREFICUE2HEL TS, EiR32E
TR (BICTR) R a#RIcky, W
ERTRE, TXTCONIIEME & > T3, fEo
T, BERORTLEREALES, ROEKRE, B
EHOREIHBRETORE &5 2 5hi\ g4,
TRy¥—=4 Y77V bELT, ShaVEYTHED
BB HEEL 5. i, AEHCERAZEL bhk
VBHRERE A S LETR Yy - VTPV P T
phd, KVBARERBEOI IV FYTHERE
2.

Tuy¥—4 Y77y NCREENEERG, FHE
TRGEFEICER T 2 EGREOENTH 5. FE
FHECT 256, RO TERCNA T, #k
AR UHEBRORERERE, FICBYEENORER
PEETHS. BREE L RBERNICER S him
BHREOPRHRRARE LR THERRRE, BR
VLT 3. RORERE, BE, RIEORE,
EROREORBREECTH 3. FETIE, BED,
—AED, —AXDH, —APHELEEORHRKFICER
ThD. Bt —RNREEDD B I A 3F - Tk, EM
FAEALICER X h, REAREEIC L I HERETE,
BAGHEMICEEE NS, UL, DREIENTE
AN HORESATENED, WEOHELEX
BlAHEIZ W, ERRE CHERGRERIEE R
£ TH3EREIBETEI L7 —, BLBIERER

vzruT 4 -, BREEYZ N7 4 —, EEEF
THEVZ ruT 4%, - PRI
Fdhohy. BEEGHEETE, RETELLY
IEROHNZEE RS 5. FEEL LT, RRRD
FTOREEOHRL, REOEEEREEATSF
R eks, S L sHROMBEEITODNTE
FEROYE, FOIESEE, Wi, JEE, MRS, 3UH,
EFFEORFERBIOWTERICHENS, RRAET
DAHDBETHNTE, XESEMSEBEEERS, @
A MIEHIE T & WS B REAEEEIEEES, HHEO
VTR 2R URR T H LB REEEEIEEERE
AbhB.

B 6 » A BEHRESEL, BEREEES LU
WHAEES I3 kT7uy -4 V77V b ThR
W, E9/NREBRES ba Y FY 7TREEY, AR,
EAEYVBEEDISA v — B — BN T3 EREE
Th3.

V. B&R

IRV RY PRSI —~EERELES
1B, TRLE-REEOBOPIEER, BHEE,
DL E DRREEERTESS VN, BRK-TER
ROFPHEEORRET 3REHNLT VDWALED
EBHEEY, PECEELERERTS 3. KL i3,
2001 4 5 2006 I 13 C, HAREWT (MELAS
mitochondrial myopathy, encephalopathy, lactic
acidosis, and stroke-like episodes) DSERE% IEREIZ T
3EMTaR— PAEEAEML Y. T, EBER
DEE - BIURBEBIIOLWTEEBLEERBVI L %
WE L. iz, HIR - BERHICEEZIL -8B
BigoFlo I bay ¥ 7T, KEEE (BFR) «
DWTERE LA &b, EEROERIT —2.08D
Te L7 RERELZED-MELAS BEFISFIICD
WT, RRELEVHFUWEFETY, BRRALEVS
WAREHERSEL 2L = 2 RXERN-E VBT
BB L, TOROMRE, WIEHE &FH &
MEESREI O E R L

FFTOI IV FY TRBETRIBEEDE R
EICH 5 MELASY TIE, ZD80%ICII VYT
DNA®tRNALeu (UUR) BEFDA3243CGERER
Wit ZOBERFEER, HEABERBEON1.6%IC
Boh, EWEEMSYYT—%EXBL, b TRY
EVEBETFEELELIONEY. k2 Y) -2V
THIR L 7296 4O MELASBE T, 5EEOENHA
EET-7%. ZOER, MELASIZZORESREHTH
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j B S8
EEE |53 (55.2%)| 37 (64%) | 16 (43.2%
SDRIT -2.9 ~2.9 -2.8

18 cases (13.8%) published in 14 Pediatrics
73 cases (56.2%) published in 63 Internal Medicine
39 cases (30%) in 33 publications (Pathology)

B3

IRR (18FERI) LEAZL (18EELIE) o4 fET B 2
LRCEE, FOHRTEEDEIA (56.2%) K{EHE
BAh6h, TOVEEEEIZ—2.98DTH-7- (K3).
Z DFEICHIL 5T, PubMed T 199142 5 2006 4F
FTTHREL, HETE 5 MELASI30EM 2 MEt L
el 3, k- bF—g ERBEVESROEEN
16:0% LB T Ldiba o, INERHEI & T, &

BREROEZRIEVWCHBICERII A TR

BEVWEBEALERELTELABI LB TESS, K
ANEFud e UBARERIE E ¢, ESE+EE R
BERELDABZEIEELWEEDL, EROESE
DHFER, THIEBVLO XN MELASIKE
AT HESEORRE L LT, 1) FTEREARKERL
EVHWAE, 2) MERNERERARIC X 2R TE-
TEEANORKENR, 3) I PV FUTEEICE Sk
MV BN - SIIRBOREERE, 4) GH AW
WAEETXE2ER (BE7NV¥=VE S &
EREZONBY, WELFERETHETHS. YRt
# 2~ OMELAS BE T, SEICKERILEVHW
TEMESE (GHD) #3Y, BRERLVEY (GH) #
FETW, TNTOERTEREMERYE. LrL,
SRR E &3k L7z 1T, GREFREFRLELZ.
1, MEMSOTBRE LT, HHEBRICEDICEL
EEL 6N, MEERELRTTRESHET,
MELAS B ~O GHALICH L CTRSHIRITLT
WS AEAD B,

—7, NREIMELAS T, BSEDEBS64%IC
#Zbh, —2.98D L EHLEEREALE (K3). /D
RicB I3 ESEOENT, WEITTREIRLTHE
W IV FYTEETFREDOF Y Y7 -SEETH
5. B, RREBREEOES R, DM+ B
(MIDD: maternal inherited diabetes mellitus with
deafness), L ERADLNS & i, MELASE!
DRETFEELETHEENE TN T 3 THESE

% BE  pewsan o EE pewssqn
2 m 7 28 - i 7
2 ! : 26 ]
24 a1 ] L s
» L Lo} 75 : | | et 75
Y L) = Q &2 A o 3V
Py [P i 0 o P> ﬁ 50

7 1A | e T 25
8 |z =46 1 i
16 =] o 1§ e
ST I g
14 14 ] :
12 12 =

i o | PPy

10 1
6 7 8 910111213 14151817 673910111213141515.17
S (8 i (®)

B MELAS /MR n=14 A THEE (A3243G)
B MELAS AR n=7 © Kearns-Sayre syndrome

® DHRERBHRREBE
4

<, BHIEROBELEIE 5L BbhE. I+
VEYTRICETA2WEOBMI 2R 4IZR/T. D
RHFEOI a3y P 7THTE, EEROATEL,
PRHEBELEYA Y THBIILHRINS, KEICR
ENBIEEEDEERAAIIE, MERREORES &
0, RAKEFRLE Y FIAEEOHREBHFICAN
RF B URETH 5.

VI. /NEEIMELAS

MELAS &, 4085DARNIC, 58, VR, S8, e
®, MiOEGIRE, BEEL & CHET B MMEFR
REEERFEE T 5. SEROEEE T, Maeh
EEERIL-REMREET 58, ERMMEIIRO 8%
BB — BT, %7, REBERELY - Sy
KRB - HAEBRDET. WL, BeEEhiRRfeic
PS5 EEER S TMHNTH B4, BELEDETS S
I, o EEEL LTRERY, SN
BoORIEET 3. S0bE, FER, BEXE 5
THET, 2B, REiEns, s, IRRTE, &
PRIE, BEABLOERE, WPWIEER L &0 IMRERE,
DeToni Fanconi fEIRHEF, VERR, (E5ER, FIRIEEEE
BTELEOZHDWRREEI B SV, BRI
BRI HERAERP OB TR 2 0 & LB
BARETHETS. HAOMELAS 75— MFET
2, BEEMEERLAZBE, NRERRE & RARF
ED QBMEST AR L T ([85). 20OBE, Mz
PR EOFRER % 1ISBRLRT L DB CEESE, &
K- PROBNRD B, EHEECTHNT, BIRE
WEfT-7% ZOER, BEL LI TORSEEMK
&, NRET6E, RABTIORE, FHILCTERMI,
NRECC 1582 A, RAZIC 405, FHEREIIN
RECT5%, RARITE5% &, R, BEE, BITE,
EREFLHINRURETERIIEE TS o129, L
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TR — RSB PMELAS B E ORELER

12
!

2
@ -

g

& @ — —

HRREMELAS 1 < 18year ol
* BB MBLAS > 18 yéar old
o
o
F T =1 1 [] T ] ]
Es

E&b, HMREMELAS EERABIMELAS Tit, B4
DEMARE>TVEERAL L L LD, NRE
MELAS #ERIZBETH o /. LEERTE, N
SRR MELAS SHRAK X D 8.2 8748 T &
HRE RIS,

o Leigh BXJE

HAHH (B B2ERM) 20 RET B EHESR
EEN, BT, AFEIES, X TRORE, R
EHRELEREHEL, O, 5 B FrfshEs
DERERTEENTH 5. HEMBOKE, U7
BEZESUEE - BURER DD, KEEEGE PO
RN T 3. I IV FY 7 DNARE
Tk, T8993C/GER®, T TIMOBE THEI L
REERTY, ThAPBELERL B4 T3 ES
RIET 5. MDNAORE T, BT EERERS v
NRIDKYTa=y b, ZTRACEELELS
assembly BIEFOEELREOWRENH 5. Leighli
DL INREIZFEE T 23 EELERTH 5.

W. #&bhiic

IV Py PREECEIRE, NREERART
i, BERR, BIRER BB, PRLETKELER
2D, —RELBE3HRINLSICEME, ISR

LThoL3BEAAR, 27, I baVFY7HEE
&9 CLIZR¥E%. “any symptom in any organ at
any age” ZSNEVWETH 5.

| ashER: ® - & |

X B

1) Pearson HA, Lobel JS, et al. A new syndrome of

refractory sideroblastic anemia with vacuclization of

marrow precursors and exocrine pancreatic dys-
funection. J Pediat 95: 976-984, 1979

2) Rotig A, Colorma M, et al. A Mitochondrial DNA
deletion in Pearson’s marrow/pancreas syndrome.
(Letter) Lancet 333: 902-903, 1989

3) Alkita Y, Koga Y, et al. Fatal hypertrophic cardiomy-
opathy associated with an A8298G mutation in the
mitochondrial tRNALys gene. Hum Mulat 15: 382
(#308: vonline 1~7}, 2000

4) Cameron JM, Janer A, et al. Mutations in iron-sulfur
cluster scaffold genes NFU1 and BOLAS3 cause a fatal
deficiency of multiple respiratory chain and 2-
oxoacid dehydrogenase enzymes. Am J Hum Genet 89:
486-495, 2011

5) Yatsuga S, Povalke N, et al. MELAS: A nationwide
prospective cohort study of 96 patients in Japan.
Biochem Biophys Acta General 1820: 619-624, 2012

6) Pavlakis SG, Phillips PC, et al. Mitochondrial
myopathy, encephalopathy, lactic acidosis, and
stroke-like episodes: a distinctive clinical syndrome.
Ann Neurol 16: 481-488, 1984

7) Goto Y, Nonaka I, et al. A mutation in the
tRNALEU (UUR) gene associated with the MELAS
subgroup of mitochondrial encephalopathies. Noture
348: 651-653, 1990

8) Kadowaki T, Kadowaki H, Mori Y, et al. A subtype of
diabetes mellitus associated with a mutation of
mitochondrial DNA. N Engl J Med 330: 962-968, 1994
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ShaAYRYFHFEE

Mitochondria Hepatopathy

Al E* MURAYAMA Kei

1 EXRE, SRERR

Irav N THHER, E#EcIbar iy
TREHICHE TR 5 RSl
o Sokol HDIFXIEFKED I F = F Y PHHE (mito-
chondrial hepatopathy) ®HFICDWTH, pri-
mary 7 ® 3 L U secondary DD E LT, &1
CH3 X5 AERBRCHBL TR B, 20k
THERHRIK X > T ERBCIND DO, &
bIADICHHEIL TS, FEFCI b2y FI7
HHE & v 5 SHEAE Db 5 iR, FPRERiHII
koThlERCEND DORIETC LBENW (B
B by P Y THEE),

£ 1 HOMERERIAC L > CRRCEZ I PV K
Y PHHEOA2ONHER, d—2 =T v S LTn
5b0bHY, EbCEREFHCRMALMLATE
TEY, WEMARDDEBZ TS B £,
CNETCEREINTERMI ba v V) TR
LS RBICH LT, IFREER A 4 v ORI E
fiE (MRCD) &w5EBRE LTS, T bavy
Y 7PRHEL v bhd. ¥4, S +avFIT7
DNA FiefEERE (MTDPS) DRk, BEH
oD% 3 by F Y7 DNA (mtDNA) o R
PHRBRIEARIC L Y mDNA DS REXE| %
BT LicknibiERiEs 2 b, Z08E mDNA
Ba—FLTw2 Complex I, I, IV, VOiEH:
ETZ5%Ec L, #&fTEolfErslgc I,

zgxm
IR TIEREERSUI Py P TR

TR & WP
(7 266-0007 -F-IEilskELENT 579-1)
TEL 043-292-2111

92 /NEAE 46 BHTS 2014

6. B

®1 »bﬂ/bU?ﬂ’Fﬁi@ﬁﬁ ’

?anary dssorder

. FRORSH
O HERFFL
Complex I i{E, Complex VRifliE
(SCO1 #FER), Complex MKIEIE (BCSIL
TR), WMARFRERRE ‘
@2 b FU7DNAKBEERE (MTDPS)
(DGUOK, MPV17, POLGEH)
@ BREIFR L : Alpers-Huttenlocher syndrome
(POLG TR)
@ Pearson fE{ZB¥ (mtDNA deletion)
® MNGIE : mtochondrial neurogastrointestinal
encephalmyopathy (TP ZR)
@©FEREFTTSHESMC L S@ETHE
(Complex Il RIAGE)
(@ Navajo FEICH 1 2H4E - BHE (mtDNA deple-
fion, MPV17 £%8)
.ETF&':J.‘U‘ ETFE%*E%@%T?&J"

é;m%?QVb—yz*%év&mﬁZMMwwﬁ
BB E ﬂ?ﬁ:@ﬁ'}r

<4,%m¢§%m§

5. 2L FKY ?ﬁ%mﬁﬁg:&ﬁ%t&ﬁ% #f-’i‘%ﬁﬁg
(BB 5 -, BKEiMEEU ZBABRKHER
%, NASH)

(Sokol”, 2007 1 Lec 2, 2007 % —E5E)
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BERETS2céicky, QBILRTRENRY
# (NADH 1, NADIETF), @ 7HEF—>x
BURTORBICES 7H F— 20#T, @ %
HREE (ROS) OMARARENFIERBC I T L
&SIk D IR, MERREAEC 5,
MTDPS 2, miDNA o8 LRGSR Y0
HEREcEIE, miDNAORIEES(2&EC L,
mtDNA Z5 L T 5 1FRE (Complex I, I,
IV, V) oFETHIEC 5. CoEloETR
A ICETLTL 57 ¥, Complex | BEfURIESE
ELTHDIPBC E DB, BT OZEH
CRAMIBREG 3 & b ) w RESELIET A= — itk
HERFHERF % (NASHY & KB D0 k) MR
BoRELERcTC EdB v, £k, Reye fER
o k5 hRfaiERE o X o P opi#E
CB5CEbHB, PFHEB~EIow -2 R (&
7= VFVIE) ESIERCTEWIHELHA
¥h3 (GRACILE fEfREf) . I NASH ic B«
CTHIPRGIEEOIRTE2MES C e AHIE I T
33,
AMERHBETFREE 2@ I b2y FY THE
FRECERT 3, MTDPS 241 3 8ETF
_RTHEEEFCHY, HRBhPHERETH S,
EATH MPVIZ, DGUOK b HETOZKE
H#EFTH 5. i, Alpers FEBER ORE®EEZ
FeHhd POLGERRE, BT common 5
(p.A4GTT) BEET IHRARACRALNT, F
HiebhnweBbhs, ¥4, JLRMOIMEFER
EBLUVIEET > V-2 (FHCEZER) %5)%
BT LE»ATEEEL T L 5 reversible liver dis-
ease & LT, TRMUBETFREAGEILTHS
7, HEAFREOCREREGDETAR N,
PHETCOI LA FITHHEDE LBHIKDN
Thk, BRLABELCEY, ¥02BLCwE
& fend,

5 WREETED S M foERERAEIR

$hav Py 7IERBHSHESRT S5 &, BHE
ORFETH S SRRILEEOCKT A & &5 &
LHEHG 2 BT 2 EMIC % 50 FEENICK
NASH®¥ F UV vy REEJEE X< BIFTRZET

42, = ha RUTRHE

B2, IBTE b v b b, Tk, Hik
L7 & 5 MTDPS RSB CInZ, MMk
HEzfES b B, I P TRIRT
DORERCHFET D720, FFAEIR - BIRES C
LS, SRS OIFRE FEE~2s7
v b—RCHPTICEREDHB), HTE
=T HifE (BREA C & B2 W), BB Edassch
AL TREMATEERN, drhi, I4278-X
A, BEE, BRIRICBLE L BT A SR & 5T
ERBD. Ehic, TP THOLMTH
fHiE, SABMELZEDRVZ LbEn,

BREEEMSHI-ZEHORLHD

G ERPRIRE

B (ERE, REHE, BRI, B
FHERA L), FEEORTYE, QRTREo=o
KR oh s, FRHOEECR, L/PlEo LA
PS5 (B DEHBE 208 L) HIBNELXSL
L n(METCHEFA LAV LB B), T,
P B REE T CRINHERE, TCA¥ A4 20
W (a~70, 7orBhE) ORNAED S
NBETCTHL, AFr~o vEOBEN L3R
WBEEATLHY (SUCLA2RU L SUCLG] B
), —ERT-THELV-RETH S,
BEFIGHEICBIL C, Complex], W, WOIET
& Complex B DIEH b Lk bF (RERE bic
ETTREZRACET) & mDNA OB %R
B2, ¥ HKfFlE b bk miDNAZER
(qPCR) BT miDNA 2 ¢ —BO{ET 23D N
i (E¥o 30~35%BLTF), MTDPS & Zlick
5o

I b3y P Y THHE R SE R o @B <
KBRS ARcENshac L E3dh
v FIHEZRER b PR T WO BEINEE L
BE+T3C L REE L, BIECRHERT?2
& (—-80°CHE) dbhvlETcH 3,
MRGIEEC L B IFRE ORISR, BENEL
ZiEERL, £ OBEHREE, HH S ¥k X
Ul oBELES MTDPSK B W T
mtDNA 583345 3 b2y F) 7ol
MLTL B3, LLARDL, T havrPy 7o
OHRPBERN Z, £boh L nidIEHER

NERH 46 #1872 2014 693

— 711 —



V. HLRER

21308

Tl f—

NADH NAD

[ (SRR |

B

|

11 W%ﬁﬁﬁ@)&é;ﬁ{ &iaé:b‘?ﬁ.é%{{ﬁﬁxﬁ

B~ &bm%/%&

T/ !/'.‘f‘}/@
CoQ10, EPI-743

£
» CoQ

1

NADH

T SPUAAC T 0 53 Ol
_ E%3 B,

VTl ERiC, E

B = h3OrRYTREOGRRR

FiRTH 5,

BEFRECELT, mDNAZIw—Y 20
R—= R Cffo TR (CG&CHAxTrR), ¥
WMERIANE - & b LfEHChHhIE, EHLD
WEISv—7 (FE-BJEI b2y FYTHES
A—7) BEREVBEFRI (miDNA B & U
DNA o FEREBRH) #fifTLTw»35%, MTDPS %
WL ELRARR, yr— Vv H—v—4 v 2ACcHiE
BESIOMETF 270l 51RBnc e ddbbk
Y, BEHCHBEL TP hiE$FEwTdh b,

RBEEEEZOFR BIUER -
RERRDI S H MR EREE

it MRCD ORREL B ICI > TRIUR
LabDTHE, MRCD 1, QB DNAKZ WL
I+ F )7 DNAOREKESE, @R
BROEEKRTAREC 25%, @ HlHorMIEE
FARE ORI (NADH ORI x4 —
HoETHEC Y, @ HlEGE, BERELSIE
EcFERTdb,
BREOKEN R L LZHE, Ordb @ ofih
DECEHUEBELT WL DI ENS T EEELD
&, BER LT, @ (B ETEMERTER R
24 EBp#ELT s, @O ReL2Ivasy
AR BEWEETH b, @ RERCH L COTHER

694  /hRINH 46 ETIE 2014

BT ETH B RIEDKRMORIIL, 5E<HK
REDEETWLCETHD, ¢ @~D
ELFLHBEHLETIToSC L THD, FEE T
Z =V, LP A FRFREFCaicd{, &
FRARHECHET 3L dw— 7 —OEFR
MRCD &fk& LTARE ARIECH 5,

FE FGF21 7% & ORSHEC R R 2 D O
EXnTn3n, FHECELcrRSDE AL
OPRRTH B, BRHUEOKEGHILHEL L
T, BiHEE CH ML The Newcastle Pediatric Miro-
chondrial Disease Scale (NPMDS) AfEbh T\
28, FHECHLCTREDETAHTECnARN,
PLIFBRic > Tkt wn{,

1. SPACFUPHREEEY K-
PRHMEBREEORS
HEA TR ThoE b, T eFrx
FTCRESTWARW, L2L, I+ FUITE
EXEL NS EE, primary TH - Th second-
ary THoTHBME & I VHSLHERAR ol
SRMIET 3 C ERBWC L CRAEV, SIfEHEY

BIL T4 v,

ZAHECHMESRBIZ I Fa v P Y 7ORMESE
S c B, FELAR2ICRTI b2y
FY7H277riSENE AE28ERBRE
fE, REY A4 7 AREEL VI, B, GERIL

F3E23
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