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CU Y ESD AL THERNGBYEEEIREICEES, WREEEINLC DD, K50% TRflkokE
BRSNS, HERE (RPALDEETNS), SHEHRE (REROEINFIRYS VD, BEIERE WK _EICRZA3))
BRENBT ENDH B, #5%FiMOEEE, FEEFHREPMOMPREETREL T BEMLMEIN TV,

Fie, EHCEVELOEEMREEELELTL 3. EEMICE, JEIREOMOTELR, 2R nE, mr%%&
ERENLTHBN, M OEHTEEMEEETAROEREL2HE5LH0, KEROERED X —HHIIC
HER TR ERE NS,

5T, MEAITIOEREEETH S, FICIEER - BRERYAETIE, UIEUISIRELEME GBS L8R
MBS FE 4 (chronic inflammatory demyelinating polyneuropathy:CIDP) & D#EFIAFIRE L %5 BIEF & 1FET %,

B, BARTELOEMICL D ERIN TV SEHEEIT Asbury&Comblath DEMENENSNTEDL Y, iz
HoERSBUTEL LT, COBKMEETE, 2 D00BREABERRNEERIN TV S,

112 REHEMR GERFRR)
BEE R ORI EZERT, 10mm’ MIRT, FENS EUE CHEEDRESENL TV, RENTRETE
HBEEIAREES NS (BO - MR VD). FFRANTER TR, RERKBZR TCLHEREDEBEN AL
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TREWVEFILEELES, T, BRMIEES 1Unm’ L EC B3 585 5,

113 BEREBENMR

EFIDKI 80%IC, HRCERERETHEEREDRE, GET oy 7 2RY5, CEEEREEADZND 60%LL
TIETT S, L L, ZOFRREBBERZT RS TOREERICEEINS LIEEST, SEEOENSL, BAE
RALEDIEREZ TOEENALNZ L LNHS (DEVEEEENERD 1310/%3), HL, AREZEEER
BOEMOMEEREZCLEHY, TIVIFEOBEICEMORR, SHARHIMMNEREI NG, £z, 28BEDE
BITiX, FRESEEFRLIREEZVESLHZIFINERT IHEND S,

114 &

FEBOBRBEOREREZT DR, VHhOZREEET, IF L ABRE 7Y VEE (04gKeDays H
HAEESTD PEERTIYTFVARELTWS, —BHHREATOL R/UVAEENMTbNA, AF04 FOBMEER
TRATLEEMTHER L THLETVAEBLNTWEY, L I3 2004 FOEERBEERESAI NS/ U ES
BEinizmn?,

1.2 #A%E! GBS
2110 AREDOMB D
GBS 3% < £ T IREE) PRERBOEANFEFTE THLA, 1980 EREBELIOSEOHEEELZEL, THEE
RERAELEZ ONSEADEERS N, THER] P—RECBRETNIBRUFEOFEENREEEI N, &5
2, 1990 FEIC A D FIEDOHETHITT B0 W3 chinese paralytic syndrome & FEEN A REESHE SN Y, FDHROHE
LW & b, S2EEEEERE - o« —3/39— (acute motor axonal neuropathy: AMAN), FOEFER L L TOEMEE
BREEIERE! — 1 — 1 /3F— (acute motor and sensory axonal neuropathy: AMSAN) & FREN B REBATHEE X N, GBS
DO—EEREHE UTEMENB K E o7z, BER, RES THBE B, T8 B RAEnTw5, BRI, Bk
Tid GBS DRH¥A THiEE) HTHADITHL, 7Y7 TR MH#R) BRBNLINTWE, CNHWETIE, BHE
TOHMEPBEMREEEOSHEEENRONS Y, BEHICEE S 0BIGEFDET 200 EBELME LTEBL
CENFETHS,
E 5L, ANRE T Campylobacterjejuni (cjejuni) & X BEITIHBRICER L TVAEENZNT ENHMENTEY,
Jejuni DFFD Y RA 1) THE (lipooligosaccharide: LOS) D7 FHEIEN L MIERICBEILHT T 2BIEERETHEH T
VAT FEBELALULTWAENS CNLEEMBFET - MI BRI CHETEH - A7V 4T RFHRESKRE
INBFEENBV Y, TOHF - AU TV Y RSB AEROBEELNRAF T — A —IC R D BB ARSI G, BIcE
UL RS 5,

121 ERERER

PiBET & H3BIC AMAN, AIDP ROREZET 5, DXY, EITERRBIC LITEONEH HETEZEL, EEEMED
BRET 2B, AMAN Tit, AIDPICHHUMIEHEEEERIRETERNEZLUNAEABETH S, FHBREIIE
T~HkT 5D, EFICK>TRTEL TS 2BAL DV ERRET S, EEMEREDOSHIE AIDPICHHLFHLEZ
5NTV3, X, MHREEEOEHE AIDP KD IR TH 2,

123 BRIEEFHE!

GBS AT T, BREBFNEHIINERARUHBRICK{BEEINS, INET, FRINTEZZHo %Y
Hadden #¥ ” TRV I EFHRCEREREFRRICE D E0OT, FEUEETIHEER - REREOEBER Y
o HEE FRZESY, BEHEIEURBETHRZTIREALLZHNEINS,

370



1.24 WAV T U Pk

REBE T, cjejuni iC & BIBS%E FefTHEEUCFE D ADHE LIE UEH GMI Pt L 5. AREBEOREY
PNIFRZ M & 0 BHICEA DD D TOFHRIELT LE BBV EBbTWes, —75 TREICEE T 24808
BEOENOTHEETBHEAHAL TVA, oM, HlXIEH GalNac-GD1a fifk, #i GDla ik A HEh TV 5,

2. FEBONAFI—H—ELTOHR - AT VA T Bk

BIEEETH A ) Ay R, HIBolEHE B outer membrane 1257 L, FKIEOREA S 2 MIBEANCH)
FTRBENTVWA, 6, Ml ETEaLATFo—b, A7 »d2x)r, MlaRAobREeEE w525k
11 3 e (RREEENE Tk BRI MRS B F 2 B4 70 ) %0 glycophosphatidylinositol-anchored protein (GPI
T AR I DY T EES F L HICIEE S T b Uipidrafts) PHENS E X B O X9 s RE
LTWa, TOTENE, AVF)Ldy REGERNSEMENPTOERCMBLTVWAEEALLS Y,

Tk, 7284 GBS £EBED 0% B NOH Y 7 )4 RFEPRIHENZ O THS 5 h 7 RicbiBNTz &S,
IR TR D DEITRA G T 2 BEDNZ L, AR, cjgumi i KBBATIE, MENRD U KA Y dEORE
MOML 2 UHETHH T UAY Rlc K LT 03 GFHEEDS S E0D) OT, cjejuni \TH L THE Uik
1 LR X9 IR L A WRERIIRNC HI L 72 > U A Y Rt S S L TR RENE 20 TR e E LD
NTWB, TOFZNIELTNUE, BESEREIIC ANELL T N OMEOTHMAMET T 234 ThH b, HE GBS
BB RENBHH T VAL FHREOTMHMEER & HIETLTL 5,

BIHE, HAREOHA T U4y Pk & T OEEDIEFG & OICRFEDBIRNH 2 L O, TRVEKT
OEBEMNEEDN TV A, FORIZE LIS DD, Fisher SEMERC T 23 GQIb FifkLWHES - FiE0 - LT GBS
LS R RS TR GT a Hifk, 7 b A 00 )b 2SR5 D GBS 11X GM2 JifEREH E N5 T L Wb 55
TND LIS OIEE GBS I X iy, TR GBS BB 0% g, i GMI Hik, GMIbHifk, Fi GDlafifk,
i GalNAc-GDla Fifk A4 DA SR THREBE NS,

# 1 Guillain-Barré SEGEEERBIIA > 7' 4 2 FhtkOEE

PRI ! ST FiH 0 3 RGO

MiliZEA  AMAN {4k C. Jejuni, H. influenzae H1GM1 Fifk, #i GMIb Fifk, i
WG9, ESGEmGR GDla ffifk, #i GalNAc-GDla fifk

EeTY, ERMEE B CMV R FiGM2 Fifk (IgM 751E)

PR IR

RV, LR, RBEY R SOEROL #i GDI1b Fifk

WHBH - SEER - EREEd 7 i GTla fifk

i R RGE R Hi LM Fifk

SABEIRRE - SeFR C. Jejuni. H. influenzae #i GQ1b #Hitk

(Fisher SE{REEE)

CMYV: cytomegalovirus, AMAN: acute motor axonal neuropathy, C. Jejuni: Campylobacter
Jejuni, H. influenza: Haemophilus influenza, 1g: immunoglobulin
#1 IgG 4]

21 - AVITUFTY FRiEORIER

BE, —REICH - H 7032 FREOBIEIE, fES, SRE SEEOVMROEELZ—BIRAETES
ELISA (enzyme-linked immunosorbent assay) {EDMEIE N, ChIZEDECNF THEZLOHIHFAHENTET, LH
U, —ACOFETAE LRAEMELT LLBRBEEE L IIHEEL T0Ry, EllieX i, RkAV 74+
FIZIEES 7 FPRICEEL, MOBLDOSFEREFEL TS, THICHL, ELISAETIE ELISA FL— 1+ ETHE4D
Ay TVFY FPNRERERERICERBTDARED 3 KGEZRB L TRIET 2 EOFA L 3B RS TREENMEES N
%, ChuEHL, BADTIV—TTiE, HY7UAy RABECHET 3 WEREEMREOZRE AV THHZRE GBS B
FHMEFROF CML FiihDIERZ B2 - MfnEMZEMCEMICTANER, choBENFRIEES 7 Mt
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BIEETA2EREHLE Y, ZLT, BEDREL ELISA OR TOFUEE & (34BEE S, I LA EEEERIHE
LTwaeEZLNE, LML, ZOEBREI—EIAREDERKRY Y INVENHETZC LIRETHD, X 0EENE
FETORGELRIEROMENEENS,

2.2 Surface plasmon resonance FBWRIER

COREERIE, BEREAVILO—EBIKBAETEST Y TIVHEEL, »OEROEERBICELILZRETTH
BEEA U LEREICHETEZHEANHZ, ERBEGELUIAEROBHEE RICREDH T U Y RERAHLT
ERENTZY RV — Lz TL— MCBED 135, Z22ic, BEY VTV e—ERMEKIEER, AV 7 VLY RAOHES
% BRED BlAcore 2V THAEERIET 20T, BICPEBEETRIOX I BRERPEREIATVS Y,
T DRDVEBIEREIREIC L ISHFEELNENESBORICEEA, TNE TOELISA DFOBRAFFIRTESFELL
THRFENB LT ATH B,

Bl

CNETHETERELSIE, GBSEEEDH I VERBERERTH 50T ERBICIE LWERE L, BERICERDE
DPNEOPBEDFRERECHETIRTFTHA0DEBTES, BIRRE, EXEEENRERNROS TIEZINC
ET BGEELEMEBROB TRADE IR, £ LEBET, fiAV VA FREMEODERIREVEEZ SN
%, UL, EEEAIN TV S BEZRZIMTICEFBEOREIGEDI 300FETHD, 25 LAEERTLENNG
PEEOHRNEENS,
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ARTICLE INFO ABSTRACT

Article history: Background: Disorders of oxidative phosphorylation (OXPHOS) cause an increase in the NADH/NAD™ ratio,
ReCﬁVEd 26 February 2014 which impairs the glycolysis pathway. Treatment with pyruvate is expected to decrease the ratio and thereby re-
Received in revised form 25 April 2014 store glycolysis. There are some case reports on the efficacy of pyruvate treatment for mitochondrial diseases.
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However, few of these reports assessed their results using a standardized scale.
Methods: We monitored 4 bedridden patients with OXPHOS disorders who continued therapies of 0.5~1.0 g/kg/day
of sodium pyruvate for more than 12 months. The efficacies of these treatments were evaluated with the Newcastle
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!;;rymf' Pediatric Mitochondrial Disease Scale and the Gross Motor Function Measure with 88 items.

Therapy Results: The ages of the patients at the treatrnent initiation ranged from 8~100 months. Of the 4 patients, 3 exhibited
Mitochondrial disease improvements within 1-3 months from the initiation of treatment. Among these 3 patients, one maintained the
NAD* improvement for over 2 years. The remaining 2 regressed 3-6 months after the initiation of treatment. The

Lactate-to-pyruvate ratio blood lactate/pyruvate ratios did not correlate with the efficacy of treatment.
Conclusion: Pyruvate was effective even in bedridden patients with OXPHOS disorders, at least in the short term.
Clinical trials with more patients and less severe disabilities are necessary to evaluate the long-term efficacy of

this treatment. Biomarkers other than lactate and pyruvate need to be identified to biochemically monitor the ef-

ficacy of this treatment.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Tanaka et al. [ 1] proposed that pyruvate has therapeutic potential for
patients with oxidative phosphorylation (OXPHOS) disorders in which
the intracellular NADH/NAD™ ratio is increased. Such an increased
ratio impairs the activity of glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) in the glycolysis pathway. Theoretically, with lactate de-
hydrogenase, pyruvate provides NAD™' and decreases this ratio and
thereby restores the activity of GAPDH, which produces ATP.

Abbreviations: NPMDS, Newcastle Pediatric Mitochondrial Disease Scale; GMFM-88,
Gross Motor Function Measure with 88 items; JMDRS, Japanese Mitochondrial Disease
Rating Scale; OXPHOS, Oxidative phosphorylation; MELAS, Mitochondrial myopathy, en-
cephalopathy, lactic acidosis and stroke-like episodes; FGF-21, Fibroblast growth factor 21.
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Additionally, pyruvate activates pyruvate dehydrogenase and non-
enzymatically eliminates hydrogen peroxide.

There are several case reports on the efficacy of pyruvate in patients
with OXPHOS disorders [2~4}. However, few of these reports have eval-
uated the clinical outcomes using a standardized clinical assessment
scale, We semi-quantitatively evaluated the efficacy of pyruvate thera-
py in 4 patients with OXPHOS disorders using standardized scales.
This study was approved by the Ethical Committee of our institution.
Written informed consent was obtained from the parents of every
patient.

2. Patients and methods
2.1, Patients

Four patients who had been on pyruvate for more than 12 months
were studied (Table 1). Two patients had Leigh syndrome associated
with m.8993 T>G or m.9176 T>C mutations. One patient had non-
specific encephalomyopathy associated with complex I and IV com-
bined deficiency. Another patient had myopathic mitochondrial DNA
depletion syndrome. All patients were bedridden, and all but one
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Table 1
Profiles of the patients,
Patients  Clinical Dx Molecular or Age at the start of  ADL at the start of the Tx Dose of sodium pyruvate  Duration of
biochemical Dx the Tx {g/kg/day) the Tx
Patient 1 Leigh syndrome m.8993 TG 8ydm Bedridden 05 27m
Unable to roll over
Tube fed
Patient2  Leigh syndrome ma176 T-C 8m Bedridden 05 66 m
Unable to roll over
Tube fed
Patient3  Non-specific encephalomyopathy Complex 1 + IV deficiency 1y8m Able to roll over to one direction 0.5 then 1.0 17 m
Unable to creep
Orally fed
Patient4  Myopathic mitochondrial depletion  mtDNA depletion 1y7m Bedridden 05 41m

syndrome

Unable to roll over
On a respirator
Tube fed

Dx, diagnosis; Tx, treatment; mt, mitochondrial; ADL, activities of daily living.

(namely, the patient with combined deficiencies of complex I and IV)
were tube fed. The ages at the initiation of pyruvate therapy were 8~
100 months (median 20 months). The durations of therapy were 17—
66 months (median 34 months). During the pyruvate therapy monitor-
ing period, all other concomitant mitochondrial disease medications
were maintained unchanged.

2.2. Pyruvate

Sodium pyruvate was obtained from Musashino Chemical Laborato-
ry (Tokyo). Sodium pyruvate was administered at 0.5 g/kg/day orally or
through a feeding tube in 2 divided doses. This dose was increased to
1.0 g/kg/day in one patient. To avoid osmotic diarrhea, the pyruvate

‘was dissolved in water at concentrations of approximately 2%-10%.
Higher concentrations were utilized if the dilution caused over-
hydration or the volume was too large to drink.

2.3. Clinical evaluation

The efficacy of the pyruvate therapy was clinically evaluated with 3
standard scales: the Newcastle Pediatric Mitochondrial Disease Scale
(NPMDS) [5], the Gross Motor Function Measure with 88 items
(GMFM-88) [6], and the Japanese Mitochondrial Disease Rating Scale
(JMDRS) [7]. The NPMDS is composed of 4 domains: Section I, current
function; Section I, systemic specific involvement; Section III, current
clinical assessment; and Section IV, quality of life. Sections I-1II are
scored based on objective observations, and Section IV takes the subjec-
tive views of the parents into account. Higher scores indicate more se-
vere clinical situations. There are 3 sets of age-specific NPMDSs.
Depending on the patient’s age at the time of the evaluation, the
NPMDS for 0-24 months or that for 2-11 years was used. The GMFM-
88 is composed of 5 dimensions: A, lying and rolling; B, sitting; C,
crawling and kneeling; D, standing; and E, walking, running and
jumping. The scores are expressed in percentages relative to the maxi-
mum score in each dimension. The total score is expressed as the
mean of percentages across all 5 dimensions. As the patients were bed-
ridden, only dimensions A and B could be assessed, and the scores for
the dimensions C to E were considered to be zero %, Higher scores indi-
cate better motor abilities. The JMDRS is the modified Japanese version
of the European Neuromuscular Conference (ENMC) Mitochondrial Dis-
ease Rating Scale {8]. Higher scores in this scale indicate more severe
symptoms. With the exception of Patient 4, who was only assessed
with the NPMDS, all other patients were evaluated with the NPMDS
and the GMFM at the same time. Patient 2 was initially monitored
with the JMDRS. Then, after a 4-week-washout period, the patient was
reassessed with the NPMDS and GMFM. Changes in motor functions
that were too subtle to be detected with these scales were descriptively

recorded. Serum lactate and pyruvate levels as well as plasma amino
acids were monitored.

2.4, Statistical analysis

Statistical analysis of the biochemical data was performed using
Mann-~-Whitney U-test. A value of p < 0.05 was considered as statistically
significant.

3. Resuits

The changes in motor function and assessment scores are sumima-
rized in Table 2.

3.1. Patient 1 (m.8993 T>G Leigh syndrome)

The therapy was initiated at the age of 8 years and 4 months, and at
this time, this female patient was unable to roll over. In the supine posi-
tion, she could not raise her legs more than 45 degrees from the floor (as
measured at the hip joint). One month after the initiation of therapy, the
patient gained the abilities to roll over and raise her legs vertically from
the floor. The movement of her arms became more active and rapid. The
overall NPMDS score changed from 42.3 to 38.6. The sum of the scores
for sections I-1ll changed from 31 to 29, which indicates that the objec-
tive findings improved by 2 points over one month. Dimension A of the
GMFM-88 also changed from 31.4% to 47.1%, which resulted in a change
from 6.3% to 9.4% in the total score. Thus, this patient’s improvement
was confirmed semi-quantitatively with 2 scales. Next, pyruvate was
withdrawn to confirm the effect of the pyruvate treatment. Within 1
to 2 weeks, the patient became lethargic and less active, After 19 days
of washout, she developed status epilepticus. Resumption of pyruvate
therapy restored her clinical status to the pre-washout state. Upon re-
evaluation at the age of 10 years and 7 months (after 26 months of
treatment excluding the washout period), the patient exhibited main-
tained improved motor ability as confirmed by the unchanged GMFM-
88 score. The NPMDS was not administered at this point.

Blood lactate levels and lactate/pyruvate ratios measured twice
during the pre-treatment period and once after the 19-day-washout
were from 1.2 mM to 1.5 mM (median 1.2 mM), and from 14.2 to 25.6
(median 19.7), respectively. Those measured at 1, 4, 18 and 20 months
after the treatment resumption following the washout period ranged
from 0.81 mM to 1.2 mM (median 0.85 mM), and from 15.7 to 27.3 (me-
dian 20.0), respectively (Table 3). Thus, lactate levels decreased with py-
ruvate therapy, but the difference was not significant. Lactate/pyruvate
ratio was not reduced. Plasma alanine, valine and lysine levels were
measured after the washout and 1 month after the treatment resump-
tion. None of these decreased with the therapy (Table 3).
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Table 2
Clinical effects of pyruvate therapy.

Patient 1, Leigh syndrome with m.8993 T>G

At the Tx initiation 1 month Tx 26 months Tx
(Age8y4 M) (Age8y5 m) (Age 10y 7 m)
ADL Unable to roll over Able to roll over The same asthe ADLat8y5m
Unable to raise the legs > 45° in supine position Able to raise the legs 90°
Moves arms more rapidly
NPMDS i 18 18 ND
I 2 1 ND
m 11 10 ND
v 113 9.6 ND
Overall 423 386 ND
GMM A 31.4% 47.1% 47.1%
Total 63% 94% 9.4%
Patient 2, Leigh syndrome with m.9176 T>C. First treatment
At the Tx initiation 1-month Tx 12-month Tx
(Age 8 m) (Age9 m) (Age 20 m)
ADL Unable to roll over Unable to roll over Able to roll aver
Partially tube-fed Partially tube-fed Orally fed
JMDRS 52 52 53
Patient 2. Second treatment affer washout.
After 4-week washout 2 months after the Tx resumption 11 months after the resumption
(Age5y3m) (Age5y5m) (AgeBy5m)
ADL Unable to roll over Unable to roll over Unable to roll over
Tube-fed Tube-fed Tube-fed
NPMDS i 13 13 15
i 3 3 5
m 14 14 17
v 42 42 167
Overall 342 34.2 53.7
GMFM A 5.9% 5.9% 3.9%
Total 1.2% 1.2% 0.8%
Patient 3, complex 1 + IV deficiency
At the Tx initiation 2-month Tx 12-month Tx
(Age1y8m) (1y10m) (2y8m)
ADL Roll over one direction Roll over bilaterally Roll aver bilaterally
Head control fair Head control fair Head control poor
Mild dysphagia No dysphagia
NPMDS i 7 6 6
It 6 6 2
it 15 13 13
v 16.7 73 7.3
Overall 44.7 323 283
GMFM A 54.9% 66.7% 60.8%
B 13.3% 13.3% 33%
Total 13.6% 16.0% 12.8%
Patient 4, mitochondrial DNA depletion syndrome
At the Tx initiation 2-month Tx 41-month Tx
(Age1y7m) (Age1y9m) (Age5y0m)
ADL On respirator On respirator On respirator
Unable to raise the forearm above the floor Able to raise the forearm 90° at the elbow. Unable to raise the forearm
Myopathy only Myopathy only Encephalomyopathy
NPMDS 1 7 7 15
I 6 6 15
i 5 5 24
v 17 13 108
Overall 35 31 64.8

Tx, treatment; ADL, Activities of daily living; NPMDS, Newcastle Pediatric Mitochondrial Disease Scale; GMFM, Gross Motor Function Measure; JMDRS, Japanese Mitochondrial Disease
Rating Scale; I-1V, Sections I-IV of NPMDS; A and B, Dimensions A and B of GMFM; ND, not done.

3.2. Patient 2 (m.8176 T>C Leigh syndrome) function was not altered and neither was the JMDRS score, which was
52. After 12 months of treatment, at the age of 1 year and 8 months,
the patient was able to roll over and full oral feeding became possible.
However, these subtle changes were not detected by JMDRS. The

JMDRS score actually increased by 1 point due to seizures. At 3 years

Pyruvate therapy was initiated at the age of 8 months for this male
patient who was unable to roll over and had poor head control. Oral
feeding was partially possible. After one-month of treatment, motor
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sEa of age, the patient developed acute encephalopathy associated with a
RRe viral infection and lost the abilities of oral feeding and rolling over. To
‘?; 5-? ‘{3 re-evaluate the efficacy of pyruvate, the patient was reassessed with
;:g % B the NPMDS and GMFM-88 at the age of 5 years and 3 months after a
B § o “5 55 4-week pyruvate washout period. The washout did not cause any dete-
W rioration. Two months after the resumption of the pyruvate therapy,
ea aa neither the NPMDS (overall score, 34.2) nor the GMFM-88 (total score
s e 1.2%) scores changed, After 11 months of therapy after the washout,
o %é 8% the scores for all sections of the NPMDS increased, and the overall
%f—;« = Agf ‘;ﬁ ~ score increased by 19.5 points. The total GMFM-88 score decreased
g % g é g;« fg«g from 1.2% to 0.8%, Thus, pyruvate was not effecjtzve for this pam.?nt.
A2 EIQ|RAEE Blood lactate levels and lactate/pyruvate ratios measured twice dur-
ing 2 months before the first pyruvate therapy at the age of 8 months
D) were 1.2 mM and 44 mM (median, 2.8 mM), and 19.2 and 27.2 (medi-
ey an, 23.2), respectively. Those at 1, 2, 3, 4 and 12 months after the ther-
Tan apy ranged from 0.9 mM to 3.1 mM (median, 2.4 mM) and from 14.7 to
ERER 30.5 (median, 23.1), respectively, Lactate levels and lactate/pyruvate ra-
% 88 E % tios did not change significantly with the therapy (Table 3). Plasma ala-
nine, valine and lysine levels measured twice before and at 1, 2, 3,4 and
2 an 12 months after the therapy showed a mild but non-significant de-
,\ E.T, g T crease with the therapy (Table 3).
g2 T
%gg g e g é =) 3.3. Patient 3 (combined deficiencies of complex I and IV)
FL2|G|(BRES
sEElfmee s This male patient presented with developmental delay, nystagmus,
GER hypertrophic cardiomyopathy and mild hearing disturbance (38 dB).
5o @ At the age of 11 months, he developed status epileptics followed by re-
¥ i @ gression. Increased lactate levels and lactate/pyruvate ratio in the cere-
;:5 3 brospinal fluid (CSF) (lactate:5.2 mM, lactate/pyruvate ratio: 20.0) and
% é‘ = :53‘ :2‘5 b!oodh( lahctate: 112.§ (rimgifi lactate/pyruvat? ratiolz 41(.161) \}e(g I,::0 askin biop-f
m sy, which revealed deficiencies in complexes 1 and IV: the activities o
o o complex | and IV relative to the activity of citrate synthase were 24.7%
=& = and 22.9% of normal controls {n == 12), respectively, and those relative
’g %f’ % sr 3 to the activity of complex Il were 33.5% and 31.4% of normal, respective-
;,; ‘é il l= § 5 = ly. Muscle biopsy could not be obtained. The clinical signs and symp-
g § Slogms toms fulfilled the mitochondrial disease criteria for definite
F2E18|8838 mitochondrial disorder proposed by Morava et al, [9], No mutation
N was revealed in the mitochondrial DNA. Molecular analysis of the nucle-
f—": Lol ar genes is under way. Treatment with coenzyme Qyq at the age of 1 year
g g a E and 6 months did not produce any improvement. Pyruvate therapy was
o i ~ initiated at the age of 1 year and 8 months, and at this time the patient
2Esg had mild dysphagia and incomplete head-control. He could roll over
g § 5 § g only in one direction. After 2 mont'hs of pyru\{afte therapy With' a main-
tenance dose of 1.0 g/kg/day, he gained the ability to roll over bilaterally
‘% = REET and the dysphagia disappeared. The total scores for sections I-III de-
g oE a8 RS creased from 28 to 25, and the score for IV also decreased from 16.7 to
RN SReae 7.3.The GMFM-88 score increased from 13.6% to 16.0%. Thus, the effica-
g’;‘ é‘ »’é ;; ;:L g' ":; 'S;’ cy of the 2-month pyruvate therapy was confirmed by both scales. How-
}53 8¢ L&l 55510 ever, over the next 10 months, a slow regression in motor function was
FIS=E|IS(2REE g observed, and at 2 years and 8 months of age (after 12 months of treat-
£ E ment), this patient's GMFM-88 score decreased from 16.0% to 12.8%.
= T % However, the scores for section II of the NPMDS (the version for 2-11
5 Lo g year-olds was used) decreased by 4 points due to improvements in sei-
§ ;[ ?«ﬁ $| S ‘a zures and gastrointestinal and hepatic function. The regression of motor
i Y function that was evident in the GMFM-88 was not detected by the
g % § %949 g NPMDS (the scores for sections I and III were unchanged).
2 o f;,g Blood lactate levels and lactate/pyruvate ratios measured 4 times
£l Z@ TRFT| 2 during the 9-month pre-treatment period ranged from 2.5 mM to 8.0
21580 |sses|s mM (median, 3.9 mM), and from 14.7 to 35.3 (median, 25.0), respec-
2 % < Ol A tively. Those measured 1, 2, 3, 4, 6, 9 and 12 months after the therapy
ERRE- R 'F:‘ %% % & ranged from 3.7 mM to 9.3 mM (median, 5.6 mM), and from 17.7 to
8 S2Eld|-dma :‘% 45,9 (median 30.5), respectively (Table 3). Thus, neither the blood lac-
s | £ tate levels nor the lactate/pyruvate ratios decreased with the pyruvate
o EEEE §' therapy. Among the measurements, those measured twice during the
2 2 B E E b % first 2-month treatment, which was clinically effective, did not show
&5 = any decrease either. Plasma alanine, valine and lysine levels were



