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MELAS % L < I3 MERRF OB Wi % 522 72T A% 5 4 B (symptomatic) & L7, R L ERRY
BE. MRS, TRTOTY b —EDOANROBEFOSEERE Lz, FTORILZ OB
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Table Columbia Neurclogical Score (CNS), global neuropsychelogical seore (GNP, MRS ventricular lactate estimates (MRS Lac, in
institutional units), venous lactate [V Lac, in mM/L}, age (in years), and fasting glucose (Glue, in mgl/dL) in families harboring the
A32430 mutation and the AB344G mutation

Clinical group ONS GNP MBS Lac ¥ Lac Aga Glue

Control group, n = 11 TEE =23 .08 = 016 371 105 1108 49+ 14 o+ 1T

Mutation 3243 £344 3243 8344 4243 2344 3243 2244 32438 8344 3243 8344
Asymptomatic 718 +41 BT =05 012032 0.19+032 37=115 30=29 15200 20201 8715 47=17 DO=35 BT 6
Cligosymptomatiz 628 £ 88 620246 051058 035084 B4 =37 38 =10 23192 15204 50220 B0=17 12087 TA=x15
Symplomatic KB4 £ 8T Bl3=T5 196=075 0BY+048 82+083 485=16 28=13 200D 82=15 42=18 11564 B3z 8

Values are mean + SD. The paternal, noncarrier controls from all families were analyzed together.
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Figure 2. MRS veniricular lactate (expressed in institu-
tional units {i.w.], mean * SEM in institutional units) by
clinical group in MELASI3248 families.

ERIZ. MRS FEATIC X B AINERIR T ORBREL BH TR LI b D TH 5, HLREZHEN
72 BB (symptomatic) IE EEEE R L, EEELHETIZ B bhrolz, ZTOZ LIX

MELAS B3 CREROIMMEEZ R ET H 2 & T, ZOBEOEEEB LOTFERIHALNITRD
AREMEZ D TN D LB BT,

{ Tehled Bassline characteristics and follow-up data for patients with MELAS and carrier refatives® ]

Abbreviations: MELAS = mitochondrial encephalomy opathy, lactic scidosis, and stroke-fike episodes; NA = not spplicable.
2 [}ata are mean + SDirangsl.
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BB e L bICAFCELTE=Y— Lz, FPRIZ, 74o—7 v 7HIH 10.6 £ (FHE
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( Figure  Kaplan-Melec survival plot ]
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¥ o7, MELAS BBE TldF v U 7 —HRIC B U CRRTRR @A - 7o, fam & LT, A32436
TREE-S MELAS BE CiL. BERE, MENREROETERGETE L, 207 —FIX,
FER Do — AR EZBRRIEREITY LT, ERCHERALRDEBAOND, b oL
LY. BT OWEEES TP A2 LA, HIBSE &0 L, MELAS T® Q0L # % ¥ % Al
MRHD . DWTIE, MORBOREFEEEZE TSI hay F) THETHIRRMSKESR
AEND,

QB LB IE IR T HEEIEROTUR K O RIER

=y BRI A 1T, TLBRDFEA RS L AXAT A BILRIREEDS A7 B BIZHESND, — A
\CEEFRIRIE CRIREL R A DI, FERIBNCH AT A ThHY, MO KBRS MLAE I & HFL - BREUIEAR
BEROTLEICLLENEL, FORFIEBLL TETCERBRERZ TRRLTOINUFR
VTR BB, IR MIE DIEREATEEL LT, FEx OFENRBN TERH, R TEHIHH
VRN O RERKEF N A (R 5T, LEBROEAZREIML 5 hb, FA7 ABD
& LB I D VIR IV B TRV, RER T N AL R ERK R T NI LDEFIL [REAKET
R ALFRICEESENRHEN CO2 EAZETHLOTIIR, P7unEEE) T A (DCA) I,
SRIETHY . A E LB M ITE RSN TE, LBEIXE T 325000, BRRIZIRIL
MNLEZ BN TE, AARTI, ISP RITHROERER THD Liegh MEZLZ T LITHEHASNT
X3 fi P B AG M AN D AT - BREE D DITE R TERWEFI OB ELH oA REZRBIEA
SR RS TV VDo 7 7, 2006 £E1Z720 . MELAS 12395 DCA IZ LD ERIRIBBRARA R
Sh. AREBETERASN CWEYZ7ooEEE - 7 A (DCA) i, fF-BEE TN, EERREY
FREEILLY, £HE8REFIEEESEEBRVEVIBETH o, ZOHE LI, DCAITHSR
BN RS R 720 . ATEDTRBREL T, I BRI REOKR TN Y L2 50, ST
LU LB LOES N TR, S LB E T, BB IIEDRBAEREEEZ T IFER
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DREP AN LRRRTRELR>TNE,

ELEVERIE, 3 DDRREHEES OBEERRD, ERAHAT Y T ORKKEDEL THEL,
ENAEEBRKREER RKISIZED T TV CoA ITREHEN TCA A2 VT AD, T, ILEEBL /K
REROBE TRBOL/NETHLIABMICERRIND, /2, T2V TIUEBBREOR ML
W7 I=CERESND, RREMRERFER X —HEmo B EREHIck3e Ay
BRITIE, DUTICRTEBHREMPESN TS Y, (RITEER)

O EERRLAROBRE AL UVBRIIHERERAIGER AR LR G UERR, —BLRE., AE4k
9%, '

Letters to the Editer | Mitachondrion 7 {2007} 399-403

Lae Pyr Ghieose (@ Eliminaiion of hydrogen peroxide
S i Py + H0, —» Asitate + CO, + HO

T L (b Glycolysis
Lie Py activation O

(ef} Aloshe! cxidation
Ethansl
HAD: HADS
HADH + 4+ H"+ HADI

@ FEFEROBEIEL MRS STMENZE L BRI TS MEIZETET S monocarboxylate
transporter (MCT)DVERIZLVHIARN DOILES L AZHS D, lactate dehydrogenase (LDH)D K
ZIL T, BV UERIE glyceraldehyde—3-phosphate dehydrogenase (GAPDH) DR L7325
NAD*Zit#59 %, Phosphoglycerate kinase (PGK)IZ. 1,3-bisphosphoglycerate (BPG)?DV> % ADP
LU THERS L, ATP & 3-phosphoglycerate (3PG)&AES, -DFED, E/VE L EEIL L/P b OBV VR BET
&> Th, glyceraldehyde—3-phosphate DEA{LIZHEER NAD ZHEHE A2 LT, BIER KSR
EHE9 5,

@PDHC DATEAL: ©/VE BRI, AP ZHIC PDK O3EFEME(L %38 T PDHC OIRIELIZEL,

FHEMILSNTZ) B2{k PDHC X PDK O RIS LZBL TR B LS ISR PDHC L7253,

@7 na—VOBb: eV EEIX, NAD'% alcohol dehydrogenase (ADH) & acetaldehyde
dehydrogenase (ALDIIIZ##G 3528 T, =&/ — VEBRLLBEBR & R AR IET S,

® R 3= & B : aspartate glutamate carrier (AGC) DEEBIERE ThHY . type I adult- =
neonatal-onset hypercitrullinemia (CTLN2) B RRKBEFEE THOL NV RIBREIZ, TAITX
VBOILarRITROMRE~OEBERBEBEIN TN, AL BRI, malate (Mal)
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dehydrogenase (MDH) 2 NAD*ZHLEL. VoI @eLAF Y oFiiRZ 1D, TANRTE VBRI T
B SIZ LY | glutamate oxaloacetate transaminase (GOT) T/ NEIVEEDNA ST O EEER
BHED, SED. TANTEUEL. MILE CARSI, REVAINVECAS TV IV ERIGLT
VR NIRRT D, TAX/anIBE) 7 —Bik, TAX/angBinb7 X =17 <v
Br AT 5, 77—k, 7N BROKBIEL) TR~ ERIRT 503, 207 < /VRRITE LY
VEEORINC LD NAD O T 7 F B bl LD, TAX T —EiE, TAXF=0hR
HLAN=FUEART BN, ZOFN=F ATV M ERETINa R T RICERE S LD,
ML TIELNT: a RN E— NV BRIE, SRaV RUT RIZEESNT I/ EDOZ R B LRY
glutamate dehydrogenase (GLUDNCEDRIGIZHETe, FERBNARSNI T VEIVERIZ, Iha
RUT I SHIIAE 1T ESN D, 2ENARBRIG»SE 2 5L, VIV REBICBITST AST7F
VEEDINT L RY T LI ~DEREEE T, B VEROTINICED, F VAV BROIM= R
U7 D HFRIAE ~DERESILD,

® p 0 FAT VR TOHFEREF (auxotrough) ¥

IR TIHEOMIE T THD o 0 F A7 VRIL, MFLEIZIE MELAS *° MERRF 20 100%%
B RU7NEEL, BT EEROBRERIZIZE 0 20TV, LAL, EAEVERETY
DURERINT AT T EEOINaRYT DNA 28 TWA R U B A B RO AR L R % 2R
WREREIR A E T B, OEY, ZD 0 0 AT IR, BFEERMAFENES CHIER MR RS
ICAEXARLZ AENTRETH S, i, EAEVEEORIMCEY L/P EIEFE{LL, SIERT
D ATP SRE BT AL CRIABRELE ZHN TV, IR RITROMIEET LV THS 00
PATYRTH, EE LS %O MIBEAEL EE TEIL T, EALVBROAERR (Bh) TO
PRI TED,

DIREBHE. EAEREO LIRER, LT IVF 28 OIFFHRERICAVOMARTFRICH
EREN TS

EALVERIL. BARFICEIE T AAHIRENCHY L OB O FIER LA ThHY | A ERR
BELl Blz BT A . B OREQ LR ERFET D, EACVERIE, LEIGEIZEL, O
SRR TR E—IREE RIS, WRMEOFIER LS AT 2EIEHEALL, B M AR oA+
B URARL ZADSD DMH RIS, ZOLE 2 — TiE, Bl EERICHLNIT R Te eV E VR
O LGIEEL DG REIC OV TOERB L OERITZEO REERN T 5, FITEVE VRO
NGO Ca E53E. BALIER . LA REEIZIT B AR L OVR Al D E R DV TAE
a7 SO, EARICITE AL VEAR O BRAEINCE SRS 1 THY, L
JiiSA P SAFRT, DR, DFEELLRERENEEND,

®EENICHEET AWETHY . BWEANZL AR, £ DBRRFANT TIZHFEL
W3 (BERERICOVWTIIAMOEELR-STNAD) .
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2 WEH, (LA R OSEAI M I ONC BUAIRE K

2.1 {LERXROHEER

CASEE. 113-24-6

{E%4: EArEVERT R DA

SRS Aoy S o NU R/ NI A= VAT ol RSNV gt sl g Yl A
L EAEVEET R Y U LS

B[4 Sodium pyruvate

2.2 MEALFRMEE

Bha 0 >300 ° C(lit.)

LEE (FREE) ¢ 1,267g/c

JBITER © 1,426-1,43

BPRRIBEE : 2-8° C

solubility : H,0: 100 mg/mL

S RERR

FHEE © 99. 0%LL L

BRN : 3568341

227 M . ¢ Stable. Incompatible with strong oxidizing agents.
CAS 5— & ~_—RA: 113-24-6(CAS DataBase Reference)
EPADALZEME 58] Propanoic acid, 2-oxo-, sodium salt(113-24-6)
2.3 EFIZHMEET CICEBEIER 7 —F722 L

2.4 BFlOREE T-X72L

2.5 BYSBRORENE T2l

3 FERAR
3.1 $A%ERT 2R
DEAEVERITY R U RE~- TR (Ctrn—/-) KB AT Vv E=T HbORFGHREEZR
KETDH Y

IFAVRYTOTANRGEL I NEIVEEXY VT —ThHV I v &Ea—RFLT
W5 SLC25A13 DERIT. RAREIR Y MY v MfE (CTIN2) ORETH D, ¥ MU ¥
KO~ ™2 (Ctrn”") T CILN2 OFERITR SRS, FFOBH CITALB/ © e BRI B
BRES T UESTALOREAREEL KT, ZOMARTIE. ENEVROBREMHD
BHBEEDIT. Y FY Y KO w 7 & (Ctrn™) TOT ART R LV MY AT O W THRE LT
FiEd, FPERERICLYV T vEov A u T4 RHLOREERELRE LI, TORK
B U RY RO A (Ctrn”) OFEZRAVZERERTIE, EAEVBROBEICLD,
L/PHIHMET L, 7V E=ThbOREIAREEZYWE L, ZOEBIIHERTETH-
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A Lachte |2 Ci2 Om
A Lactate (2 mM) + Pyruvate (0.2 mM)} | ! M-Em; 2t
NH,CI (2 mM) {02 [ o5 1 ] 2
B Omithine (2 mM) 257 0 7 L X15
225 i { g
4 2T 2 4EF
i, £ | . i
£ g5 1) L 1253
H £ TR i 2
’ i i
§ 15 % s 1 : i =2 §§
- 188
g 1L = =z
3
=1 g
gos
4
B
0
-]
Bl 2
a 2
ga5¢ §
2
8 20 &
g 3
€45 g
g =
& 10+
S -
0 100
Perfusion Time (min) Perfusion time {min)
Fig. 1. Effects of Asp, dtrate and Pgrnnurms‘s {A) and L/P ratio Fig. 2. Dose-dependent effect of Pyr on ix and :
(B) in gﬁ;)md ;Wf' &ﬁf&ﬂm NH.C1 Oi’:jg F:g"d:"m uptake (A), and L/P rafio (B Fdiumng[x.‘ Nm and Orn infusion,
TIEASUT ¥y perfusion wi 'y Py, NHCL, a rate g Eplr R i
infused for fimes indicated in figure. ’;‘be concentrations for each are the Pyr mﬂn! tration was ffrm f ;m-‘shuwn m‘ ﬁ
shown. Livers frem Ctrn™™ or Ctra™ mice were perfused as are expr as means 5 T e * E‘%'"
described in Section 2. Results are expressed as means=+SEM for 5-6 HP<0.05) and *H{P0.01) for smﬁr{ng differences in urea,
independent experiments. Significant difference between genotypes ammenis and L/P valoes compared to Ctrn ™™ mi

within the same fr group are indicated by *(P <2005} for Asp
and citrate, and #P<0.05) for Pyr.

Teo —7 ., FERE TOBERILE|ITH 5 phenazine methosulfate T, REASKBEELHEL.
LPHBIET Liz, TANRTHF ULV h ) v oRMNE, REAHREES L/PHLVThLE
fELehotz, MY URIBIZ, BREEOHBRLORRIC LY —REICHED
NADH/NAD+EEZS EH-925 Z & T, REEGHBEELRTEEX DN, ZOERNS, /v 7
TR ADFRHES ZBRERTII, L E L ERITHIAE O NADH/NAD+HH A {E T+ 5 =
LRI N,

QAN EVBIIE TOHMMEY 3 v 7 2B W TREBTREZUES TR TOTE h—
VAREERRDSEE?

HItES =2 v 71280 Tk, HFCTOBREREHDOKEL 25, BTO Y L RREEED
HILEY 3 vy 7128V T, EAEVBRHEELZ FHT5 A 0= XA ONWTHRE Lz,
M JE 40mmHg T® 4 BEE O H % D 30 %I, EAE VT R U A RBEIRRINEED Sm
M &72% X 512(0.5gkgh) TR E Lz, BLBBELEIT 10%AREAK (HTS) & 0.9%DERY
BHAK (NS) LR UARICTHE Lz, BAHMEZ L EUBEB X OHTS Wb #in Lz
B, ENVEVBRREFETILIMERALE R TRNZESCE S Z ERH¥R, &b, B
EUVBRIL, CAE VBV EBINENTT A Z L TR/ E L E VB A B BICES &8,
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Table 4. Caspase 3 and PARP immunoblot

signal intensity

Protein Pyruvate 0.9% NaCl 10% NaCl 1

Intact caspase 3 %

(32 kDa) 0.81+0.03* 043+002 064=0.16 o
Activated caspase 3

(21 kDa) 0.02+0.01 054010 041011 %
Total caspase 3 0

(32 + 21 kDa) 0.83+0.17 0.97+0.21 1.05=0.62 2;,..
foActivated caspase 3 o

[(21/32 kDa)100} 36* 56% 40% B
Intact PARP ]

(116 kDa) 3.27+0.27 294033 263x0.16 =
Fragmented PARP

(85 kDa) 0.05£0.03* 115008 093z0.05
Total PARP

(116 + 85 kDa) 3.32+0.63 400092 356=041
%PARP

fragmentation

{85 kDa/116}100] 1.5%* 28% 26%

00

40 4

20 -

—&— Pynivate

e 10% HTS
—— 0.9% NE

7
77

ferfd 'I [

*

{
*
*
* i
[

*
*

50 90 120 150 180 210 240
TIME (min)

o 30

NADH/NAD OELBTTIREEZ SR L M TX 72, BV EVERIL, Mlgmfiia s 2 b
T 5 GSH D &8l L. GSH/GSSG L&D S¥ie, T & 5 RE{Li@uiRiR % 4F £
LWHEIEELT B2 LT, TR P ZABREICET 2 HHREZ CERFRETH D,
LY LRI, A B IC Bel-X (antiapoptotic molecule)/Bax (proapoptotic molecule)tk 2 30N & &,
R raryRYTHLOF R a—5h C O EZIHI L, caspase3 & poly(ADP ribose)
polymerase (DNA repair enzyme) D L& S8 7z, T b OZIRIE, HE B
a9 7 DFEND 30 HLURC L EVBRERETIET, ETREERDALF VLT
DR LEEEI R 5 GSH OB ZMEI TE | FMFOMIED~—I —ZRBD SED T LB

H:]l;;%éo

@AY UEEIE GI3ASOD] F T VAV ==y s U R (BEMREARBILEDET V) O

\ S Ba S ~ 3)
RRIDEITEELED
{A)

L

o] eemy
- = Pyruvate
L . ==~ PBS
£ 7 i
= H
z L
B 601
ford 1
= 504 1
2 H
2 a4 H
2 %
B 304

20

W

O 4 r T T .
100 110 120 130 140 150
Age (Days)
(B)
Croup Disease Onseot Mean Survival
PBS-treated 97.14 9.1 117.8£80
Pyruvate-treated 98.1+ 8.5 130.1£853
ns. P<0.05

ALS (S5EEEi I RAE L) 1. SR/ BB R Ot RIS & AR & 3 D TR A
MEREBTHY | ANRGEENENERRE TH D, ZOBYET L THD GI3ASODL 7
VA =y 7w AERAN, AL VENREROETEMZ DNIDRDORNEIT o7,

IRREMEE
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<A, £% 70 BHELVE UEEE 1000mg/ke/week THEIENERE LI 2 A, F04E
FHIRA Y 12.3 B (10.5%) R L, HROETEELS LEBREA L HELZRED
HERFPICEIT R D o7z, EAEVEROIEESIEIZ, nitrotyrosine DRER ISR S
VT ERBIERT S, vV AEFHD B2 BHREMMS B, A bOEENS ., EAEVEIEREE.
ALS DIiggAEL LTHIfFFTE 5,

@EN VBT LIME ERORERE TV THRPHEE 2 RS

BRY . MEEDDEAT ZBAICHMIBER LR F L2 ERBERENHRENEEICEETH
D, EERVBRER L = RAF—JRL 25 Vv VBRI —E M IZ R T 3 iRk E
R LTRAFVF L P eRT, ZOMRTIE, LIBAZITY FTAMEICELE VEEE
B2AT ) FTLMFIED SRR S CHREE 2 ENHES N E 5 hERIELT,
FIE  REE, S MBI T CMERZEZ LS SROIBEREZTVERHEEIZ L-0b 3 |
TEELZ, e 9L | E)rhY va (8L iX0.125mmol/kg/min T OCCC T
BELREHD 555 TRE L, RADA X (6IL) 1XFEM LI —EAE2 < BEE L,
FER 2 HBOEEETIX, RFHEEARA ST (NDS) 1 NaCl 4LFE L7 X (10.3%3.5)
TRIMA X (1. 220, DB L XD EAICEE L7228, EAEVEBAEL- O TIEE S
WWHEBIZEE L (DS = 3.3%1.2; P< 0.05 versus NaCl), FM#EMRIIME&SICRST S
13 B B OEHERAR Z RAEARL-CHIARSE CREM L7z, ¥ O CAL S OBHRMIL, v
VEEREEX Y NaCl B CTHEBRICHED Lz (11. 72, 3% versus 4.3%1.2%; P < 0.05), i»
fZ1E1X, caspase-3 J&M, matrix metalloproteinase {&M:E DNA WiH{b#% CAl 4BHC=R
O, ENVE UEREE Tl caspase—3 {FME EF & DNA WA (L AT X. matrix
metalloproteinase Z#&E L7~,

iR
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3.2 ReWKERER T —42L

4 EypshieRER 7 —F72L
4.1 I F—H#72L
4.2 pfF T—FIRL
4.3 Rt 77—zl
4.4 Pett F—H72L

5. BMERBR T —FRL

5.1 HEHRBROE LD T—F722L
5.2 MEIREEERR 7472l
5.3 RIEHREEEHRR 7T —2722L
5.4 BiEEHERBR T—272L
5.5 £MAERERR 772 L
5.6 MATRIMERER 7 —~ 2L
57 *DORERR T —F2L

6 EEEREARRAK

Table 1 Table2
Changes of the NPMDS scores with pyruvate therapy. Changes in motor function and lactate levels with pyruvate therapy.
Before Tx imonth 2 months
Section Before Tx 1 month after Tx 2 months after Tx . -
Lip pouting 6 15 ND
1 7 7 7 Winking & 10 1n
il 6 & & Pulling the mouth comer Nene HNone 8
Tapping 2 xylophone with a stick 5 7 ND
i 3 3 5 Razising the forearms from the bed ficor ~ None 30° °0*
v 17 13 13 Raising the lower legs against gravity Barely Possible  Canhold
Overall 35 N 3 Flexing the wrists aginst gravity Impossibla Possible Possible
Blood lactate level 25mM 27 mM 23mM
NPMD)S, Newrcastle Paediatric Mitechondrial Disease Scale: Tx, treatment. Lactate-o-pyruvate ratio 18 18 18

D3h=FY7 DNA RZIEIZLD Leigh BUEICHR T B IEMENRY

Ir=RY7 DNA KR ZEEICEVERERAOIC Leigh BYAE LW LITERNIC, EVE VBRI NID A%
&% o —7 LV 0.5g/Kg/Day TID L., *DEEKRKIZREBRFI LIz, BE OBRKRRIFHEIL,
Newecastle Paediatric Mitochondrial Disease Scale NPMDS)&fEF# /17 AN TITo7, =
DEEOREEREFLTCODEE TORENROFMIL, NPMDS TlREHALLIFHEA
HiSE7e o Telnth, EDEM, UAL Y BBRERT (v Tl B2 8 TRHMEL 72, RIFFIZII0
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