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Fig. 1. Brain FLAIR MRI (A and B) and clinical course of the patient (C). (A) October 2010; (B) March 2011 (4 months after starting sodium pyruvate therapy). An area of high
signal intensity was seen along the bilateral insular cortex as indicated by arrows (A). However, the high signal intensity almost vanished 4 months after commencement of
sodium pyruvate therapy (B). (C) After starting sodium pyruvate therapy, plasma ammonia level was gradually normalized. BCAA: branched amino acid fluid.

She was placed on a respirator after tracheal intubation. Labo-
ratory data revealed elevation of plasma ammonia (104 pmol/L,
normal <42 pmol/L) and brain MRl indicated a region of high signal
intensity in the insular cortex on fluid-attenuated inversion recov-
ery (FLAIR) views (Fig. 1A). A diagnosis of hepatic encephalopathy
was made and intravenous infusion of branched amino acids was
started. However, her condition did not ameliorate and her plasma
ammonia level increased further to 147 pmol/L. There were no
findings of liver cirrhosis or portocaval shunts on abdominal CT.
After commencement of hemodiafiltration, her plasma ammonia
level gradually decreased to 60 p.mol/L and she could open her
eyes and move her limbs in late October. She was brought off the
respirator. Raised plasma citrulline was detected (129.6 nmol/mL,
normal <40 nmol/mL), and therefore she was suggested to have
CTLNZ2. A diagnosis of CTLN2 was made based on DNA analysis of
the SLC25A13 gene showing that she was compound heterozygous
for 851del4 and IVS11+1G>A [1]. She was started on nasal tube
feeding and transferred to Shinshu University Hospital for further
treatment in November 2010. There were no other patients with
suggested CTLN2 in her family. According to her daughter’s infor-
mation, the characteristic food preference as usually observed in

citrin-deficient patients [2] was not significant and she could drink
alcohol previously although she did not care much for drinking
alcohol.

On admission, she was bedridden and markedly emaciated
(body height 149 cm; weight 29kg). She could move her limbs
spontaneously but could not obey instructions. Laboratory data
showed severe hypoalbuminemia, but serum levels of bilirubin and
transaminase were within the respective normal ranges (Table 1).
Urinary protein was not detected. Serum pancreatic secretory
trypsin inhibitor (PSTI), which is a diagnostic marker of CTLN2 [2],
was also elevated. To ameliorate her poor nutritional condition,
intravenous administration of albumin and fatemulsion was begun.
Due to low plasma Fischer ratio (0.9, normal 2.4-4.4, Table 1), infu-
sion of branched amino acid fluid was also added. However, plasma
ammonialevelincreased to 119 wmol/L and she sometimes showed
consciousness disturbance (Fig. 1C). In December, nasogastric tube
feeding was started with administration of lactulose (30 mL/day),
arginine granules (12 g/day), and kanamycin (750 mg/day) (Fig. 1C).
Liver transplantation was not indicated because of her poor phys-
ical condition and her advanced age. Instead, sodium pyruvate
[4] was given through the nasogastric tube from 3.0 g/day after
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Table 1
Laboratory data on admission and 4 months after starting of sodium pyruvate therapy.
O/AP After Pyr® Normal value

White blood cell (/ul) 5280 3730 3000-9000
Red blood cell (10%/pl) 319 412 380-480
Hemoglobin (g/dL) 9.7 133 12.0-16.0
Platelet (10%/ul) 16.3 15.8 12-41
Total protein (g/dL) 4.7 6.8 6.8-8.3
Albumin (g/dL) 1.7 34 4.2-5.1
Blood urea nitrogen (mg/dL) 16 28 9.0-22
Creatinine (img/dL) 0.21 0.23 0.4-0.8
Total cholesterol (mg/dL) 102 178 120-220
Triglyceride (mg/dL) 52 62 30-150
Aspartate aminotransferase (IU/L) 34 41 12-37
Alanine aminotransferase (IU/L) 24 45 7-45
Alkaline phophatase (IU/L) 550 242 124-367
Lactic dehydrogenase (IU/L) 239 246 114-220
y-Glutamy! transpeptidase (IU/L) 39 28 6.0-30
Total bilirubin (mg/dL) 0.32 0.66 03-1.2
Amylase (1U/L) 39 89 44-127
Prothrombin time (%) 73 95 70-130
Activated partial prothromboplasmin time (s} 36.8 28.4 23-38
PSTI? (ng/mL) 52 16 4.0-20
Plasma ammonia (pmol/L) 9.4 38 <42
Plasma citrulline (nmol/mL) 723 164.3 <40
Plasma arginine (nmol/mL) 181.8 1349 <130
Fischer ratio 0.9 2.2 24-4.4

4 Pancreatic secretory trypsin inhibitor.
b O/A: data on admission.
¢ After Pyr: data at 4 months after starting of sodium pyruvate therapy.

obtaining informed consent from her daughter (Fig. 1C). The
patient’s physical condition gradually improved and she became
capable of having simple conversation although she was disori-
entated with a great deal of confabulation. In addition, she could
stand with assistance. Plasma ammonia level was almost normal-
ized and serum PSTI decreased to 16 ng/mL (Table 1 and Fig. 1C). In
April, however, generalized seizure occurred once despite normal
plasma ammonia level (39 pmol/L), oral administration of zon-
isamide (200 mg/day) was added. Brain MRI showed disappearance
of the high signal region previously demonstrated on FLAIR views
(Fig. 1B). Serum albumin was increased to 3.4 g/dL and she gained
weight up to 31kg. In June 2011, she returned to Osaka General
Medical Center for further rehabilitation.

Subsequently, she became able to walk using a walker and to
take meals without assistance. Although confused speech was still
observed in December 2011, no serious neurological events have
occurred since she was discharged from our hospital.

3. Discussion

A previous study on the genetic analysis of 102 CTLN2 patients
reported that the age of onset of encephalopathy in CTLN2 patients
was highly varied (range: 11~79 years) [3]. However, most CTLN2
patients exhibited encephalopathic symptoms before 50 years old,
and patients with onset over 60 years were very rare; only 2 of the
102 patients developed CTLN2 at age>70 years (one 71-year-old
woman and a 79-year-old man) [3]. The underlying pathomech-
anism causing the variation in onset age in CTLN2 patients is not
fully understood. The SLC25A13 gene mutations in our patient were
the most common variants in Japanese patients [3]. In the previous
study, no obvious correlations were observed between the severity
or onset age of the disease and types of mutations [3]. However, the
incidence of CTLN2 showed a clear male preponderance (approxi-
mately 2:1), and the onset age was higher inwomen thanin men [3].
These findings suggest the existence of some factors that prevent
development of CTLN2 in female patients.

Of particular interest in our patient was that the characteristic
food preference was not so remarkable and she could drink alcohol.

Imamura et al. [5] reported a case of symptomatic and asymp-
tomatic CTLN2 siblings with the same homozygous SLC25A13
mutation (851del4). The asymptomatic elder brother at age 47
years did not exhibit the characteristic food preference or alcohol
intolerance, while the younger brother who developed CTLN2 at
age 37 years showed the characteristic food preference and alcohol
intolerance [5]. These food preferences and alcohol aversions are
assumed to be directly linked to hepatic mitochondrial AGC (cit-
rin) deficiency [2]. However, several shuttles or enzymes, such as
glycerol 3-phospate dehydrogenase or malate-citrate shuttle, have
been suggested to work as compensation systems for citrin [2].
Hence, the diversity in activity of the compensation mechanisms
may have some impact on onset age and severity of the disease. In
patients with citrin deficiency, the onset of CTLN2 may be caused
by impairment of these compensation systems. However, possible
factors inducing disruption of the compensation mechanism, such
as infection, too much alcohol drinking, change of diet and some
medical drugs, were not found in our patient.

The prognosis of patients with CTLN2 was poor after onset of
encephalopathy until liver transplantation for this disorder. Over
50 CTLN2 patients have been cured by liver transplantation, and
at present, liver transplantation is the most promising form of
therapy. However, due to a shortage of donors in Japan, not all
CTLN2 patients can receive liver transplantation, and it is therefore
important to establish effective therapeutic alternatives. Recently,
oral administration of sodium pyruvate in addition to arginine was
reported to be efficacious in a 13-year-old citrin-deficient patient
showing mild symptoms, including postprandial lethargy, fatigue,
and anorexia [4]. However, it is not known whether sodium pyru-
vateis also efficient for CTLN2 patients with severe encephalopathic
symptoms. Our patient showed a decrease in plasma ammonia and
areduction in encephalopathy attacks (Fig. 1C). Thus, our observa-
tions indicated that administration of sodium pyruvate is effective
even in patients with severe encephalopathic symptoms. The pre-
cise mechanism by which pyruvate ameliorates the metabolic
abnormalities in citrin deficiency is not fully understood, but recent
studiesindicated that pyruvate can reduce the cytosolic NADH/NAD
ratio in the liver, which activates ureagenesis [2,4].
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4. Conclusions

While a definitive conclusion cannot be reached based on a sin-
gle case, the lack of typical food preference may be included in the
clinical features of aged CTLN2 patients. Hence, the possibility of
CTLNZ2 should be considered even in patients suffering from hepatic
encephalopathy who do not show the characteristic food prefer-
ence, particularly in the elderly. This is the first case report showing
the therapeutic efficacy of sodium pyruvate in CTLN2 patients with
severe encephalopathy. Administration of sodium pyruvate in com-
bination with arginine granule may a good therapeutic choice for
patients who cannot receive liver transplantation.
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Abstract

We present the case of a Japanese male infant with Alexander disease who developed infantile spasms at 8 months of age. The
patient had a cluster of partial seizures at 4 months of age. He presented with mild general hypotonia and developmental delay.
Macrocephaly was not observed. Brain magnetic resonance imaging (MRI) findings fulfilled all MRI-based criteria for the diagnosis
of Alexander disease and revealed mild atrophy of the dorsal pons and medulla oblongata with abnormal intensities. DNA analysis
disclosed a novel heterozygous missense mutation (c.1154 C >T, p.S385F) in the glial fibrillary acidic protein gene. At 8 months of
age, tonic spasms occurred, and electroencephalography (EEG) revealed hypsarrhythmia. Lamotrigine effectively controlled the
infantile spasms and improved the abnormal EEG findings. Although most patients with infantile Alexander disease have epilepsy,
infantile spasms are rare. This comorbid condition may be associated with the distribution of the brain lesions and the age at onset

of Alexander disease.

© 2012 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Alexander disease; Glial fibrillary acidic protein gene; Infantile spasms; Brainstem; Hypsarrhythmia; Novel mutation

1. Introduction

Alexander disease (AxD) (OMIM #203450) is a
hereditary neurodegenerative disease pathologically
characterized by Rosenthal fibers in astrocytes, and it
is caused by mutations in the gene encoding glial fibril-
lary acidic protein (GFAP). AxD is classified into three
clinical subtypes by age of onset: infantile, juvenile,
and adult. Most patients with infantile AxD present with
seizures, megalencephaly, developmental delay, and
spasticity. For patients with AxD, especially the infantile

* Corresponding author. Address: Department of Pediatrics,

Graduate School of Medical Sciences, Kyushu University, Fukuoka

812-8582, Japan. Tel.. +81 92 642 5421; fax: +81 92 642 5435.
E-mail address: htorys@pediatr.med.kyushu-u.ac.jp (H. Torisu).

form, brain magnetic resonance imaging (MRI) findings
are distinctive, and Van der Knaap et al. proposed the
following MRI-based criteria for the diagnosis of AxD:
extensive cerebral white-matter changes with frontal pre-
dominance, periventricular rims, abnormalities in the
basal ganglia and thalamus, brainstem abnormalities,
and contrast enhancement of particular gray- and
white-matter structures [1]. Tadpole-like brainstem atro-
phy is characteristic of the adult form, but not common
in the infantile form [2,3].

Most infants with AxD experience seizures, but
infantile spasms are rare, with only 1 reported case to
date [4]. The pathogenesis of infantile spasms is pre-
dicted to include dysregulation between the cortex and
deep gray matter involving the brainstem during a crit-
ical period of development [5]. In this study, we present

0387-7604/$ - see front matter © 2012 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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a case wherein an infant with AxD carrying a novel mis-
sense mutation in GFAP and involving the dorsal pons
and medulla oblongata developed infantile spasms at
8 months of age.

2. Case report

The boy was the first child of healthy, non-consanguin-
eous Japanese parents. He was spontaneously delivered at
41 weeks of gestation. At birth, he weighed 3564 g, and
his head circumference was 35.5 cm. He had seizure clus-
ters at 4 months of age, when his height, weight, and head
circumference were 65.2 cm (—1.1 SD), 8.1 kg (+0.3 SD),
and 44.0 cm (+0.1 SD), respectively. He did not follow
objects visually. Neurological examination revealed mild
general hypotonia, but feeding problems were not appar-
ent. He exhibited asymmetric tonic seizures following eye
deviation and rightward head rotation with cyanosis.
These seizures occurred more than 10 times a day. Elec-
troencephalography (EEG) revealed multifocal spikes
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on mildly slow background activity (Fig. 1A). 1.5-T brain
MRI results fulfilled all MRI-based criteria for the diag-
nosis of AxD [1](Supplementary Fig. 1). The MRI scans
also revealed a thin corpus callosum, mild atrophy of the
dorsal pons and medulla oblongata, and T2 hyperinten-
sity in the pons, cerebellar peduncles, and medulla oblon-
gata (Fig. 2). After obtaining informed consent from the
patient’s parents, the entire coding regions of GFAP were
sequenced using DNA extracted from the patient’s
peripheral blood, and a single heterozygous missense
mutation was detected in exon 7 (c.1154 C>T), causing
the replacement of serine at amino acid position 385,
which is conserved in several mammalian species, with
phenylalanine (p.S385F; Fig. 3). The seizure frequency
of the patient was gradually reduced by treatment with
carbamazepine, zonisamide, and clobazam. Two months
later, his seizures became more subtle, and occurred a few
times a week.

At 8 months of age, his seizures changed into
tonic spasms with a series formation. EEG revealed
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Fig. 1. Interictal sleep EEG. The EEG data revealed multifocal spikes on slow background activity at 4 months of age (A), hypsarrhythmia with

some periodicity at 8 months (B), and frequent high-amplitude spikes

at F3 on slow background activity at 11 months of age (C).
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Fig. 2. Brain MRI scans at 8 months of age. (A) A sagittal T1-weighted image revealed a thin corpus callosum and mild atrophy of the dorsal pons
and medulla oblongata (white arrowheads). (B) An axial T2-weighted image revealed hyperintensity in the cerebral white matter, dorsal pons, and
cerebellar peduncles. (C) An axial T2-weighted image revealed mild atrophy of the dorsal area of the medulia oblongata ( * ). (D) An axial T2-
weighted image shows hyperintensity at the cervicomedullary junction (white arrow).

Wild type Patient

385 385

Q T F 8 N L Q@ SIF
CAG FCCTTCTC(AAC CTGCAG CAG AL CTTCTTC(AAC CTGCAG
89 100 89 100

I WMWMM\M 5

1154 1154C>T
H. sapiens QTF{SZN LQ
P troglodytes  QTFSNLQ
C.lupus QTFSNLQ
B taurus QTFSNLQ
M.musculus QTFSNLQ
R.norvegicus QYFSNLO

Fig. 3. Direct sequencing analysis of the patient revealed a heterozy-
gous missense mutation S385F due to a C-to-T transition (¢.1154 C>T)
of GFAP. The amino acid sequence within the region around position
385 is conserved in several mammalian species.

hypsarrhythmia (Fig. 1B). His activity declined thereaf-
ter, but he did not present with apparent bulbar palsy
or spasticity. His head circumference reached 47.0 cm
(+1.7 SD). Valproate, administered after discontinuing
carbamazepine, reduced the frequency of spasms, but
EEG abnormality remained. Lamotrigine administration
eliminated the seizures and improved the EEG abnormal-
ities. His mood improved, and he was able to move
actively. EEG then revealed multifocal spikes on slow
background activity (Fig. 1C).

3. Discussion

Most infants with AxD frequently experience seizures,
although this disease is primarily caused by dysfunc-
tional astrocytes with abnormal GFAP. Recent research
has revealed that astrocytes play a notable role in synap-
tic signal transduction; astrocytes in synaptic terminals
are supposed to absorb glutamine, which is neurotoxic.
AxD could cause intractable seizures via synaptic dys-
function [6]. However, infantile spasms are extremely
rare in AxD. To our knowledge, only 1 case of AxD,
involving an 11-month-old Korean infant, was accompa-
nied by infantile spasms and hypsarrhythmia [4].

The genetic background appears to have little associ-
ation with the comorbidity of AxD and infantile spasms.
This present patient had a novel S385F mutation within
the tail domain of GFAP, in which mutations affect the
assembly and network formation of GFAP in vitro [7].
Two point missense mutations (N3861 and R416W)
and small deletions have been reported in the same
domain in patients with infantile AxD, but tonic spasms
were not described. Furthermore, the Korean patient
had an R239L mutation within the rod domain. R239
is known as a hot spot for GF4 P mutations, but specific
seizure characteristics have not been reported [8].

Understandably, the age at AxD onset is an essential
risk factor for the comorbidity, but the distribution of
the brain lesions affected by AxD also could be involved.
Several studies revealed that the brainstem is partly
involved in the pathogenesis of infantile spasms. Simulta-
neous EEG-functional MRI recordings revealed that
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high-amplitude slow wave activity in hypsarrhythmia is
associated with cortical and subcortical structures such
as the brainstem, thalamus, and putamen [9]. Autopsies
of patients with infantile spasms revealed common brain-
stem findings such as a small tegmentum and a spongy
state and/or gliosis in the central tegmental tract [5].
Although whether the Korean patient had brainstem
lesions was not described, there was an interesting case
wherein an infant with AxD experienced multifocal sei-
zures with hypsarrhythmia; enhancement of her MRI
scan revealed lesions in the periventricular region of the
fourth ventricle and tectum of the brainstem [10]. The
present patient also had dorsal brainstem lesions and mild
atrophy, although most infants with AxD do not have
brainstem atrophy [2,3]. The characteristic lesions of the
brain in this present case may be involved in the rare
comorbidity of AxD and infantile spasms.
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| Lo

outer membrane

L-arginine

intermembrane space

inner membrane

succinate

FADH>

NADH:

matrix
ruvate < 1
e | }
(thiamine, lipoate, FAD) Free fatty acids
(Biotin) ‘Acetyl CoA /
7 B-oxidation | uridine
oxaloacetate - creatine
phosphate

Oz

Respiratory chain engymés Iilo

o Wie)
o] o]
-

NS

creatine

Vitamin C

Vitamin K

Coenzyme Q

@ P <V
/

R 1

I PAVRUPRICERENTOSHRELO VEESR

— 304 —



Fr— 2R 2IZRT.

1. 5%

A, EA—RyEGOmML) 1 [E 500~1,000 mL &
LRE, BAEWzuEE, B4 —1K 2 500mL 2 50%
FTEYE20mL 1A ZEYEABEEET S, EA-F i
Na135mEq/L, HCO3 25 mEq/L & MHAESHE O #LAL 12 ¥
, REMET > F—y AFERICAETF LT WK Na IE
LREMET S F—y ZDMIEI, S hay Y 7EEED
BEBRETO o LOERAREREAIEEZEZ 5N 5, KA
Y — NEBKOBEEEICSU CHMT 5. IR E L <
WBKEH D 20mL/kg/hour BE & L, 1 KHEOBEEDD
HLICIME Na 8 L OME A 2 2SI LB sl ErH#
L, B, RT3, Bie Dhend s
B, TRV AR R nER o T, thoEHE

EIRT 2, 7, MFENSFHSNZEE, KYOBRE
ExBT, <v = b —uk EQRKER THIRMRE % ER
95,

B, 7AF¥ UHEQOmML : 10% 7L ¥ = VIEEEE)

1| 5mL/kg/hour &E

MELAS ORFEHREFIEThHIUL, BFEPREFEIEFKER
5 6 BRI 7 L ¥ U 5 mL/kg/one shoot @ & MEHRIE
BBEMNTHBY, M7 AF o vBEHDME DS
IA=F—FRT. TLXZVOE—73REB 55T
9. 5mMBEETCERTE. —7, ¥FLU Y, cGMP,
NOx DE— 2713300 L %5, B RRRFEIEFIE 2 1Y
TTPAX =51, ZOBIMKRIICEZEL 2 MRIH
B4R T, FEER 12 BT MR EifRlE, DWI &
%5, ADCR(EE, T2WI Tk <, HAMHEGE R
LTwa, LaL, 7THE, 1»B#HE XU 42 HED MRI

AR BREHAE
SERIC | RBETIF—R Eh—Ro O ST ®Syk  GTab/day TID
g 0.5-5.0g/day TID
l EILE 2 EENa 0.3-0.5g/kg/day TID
TR S ERE A ELRZY  0.5mg/A #2E/day LU R; Smg/Tab 2Tab/day BID
BFRERER NAL— 2.0g/day BID INAT— 2.0g/day BID
l JAXIY 9Tab/day TID JA4%/>  9Tab/day TID
JSAXI 9Tab/day TID JA4%/>  9Tab/day TID

[ mEem-cs o7 |

I)LAILF 3Tab/day TID

TILHIILFY  3Tab/day TID

7UFIUF  9Tablday TID F7UFIUF  9Tab/day TID
INA— 2.0g/day BID INY— 2.0g/day TID
................................ | MELASOBIZERBEEIETHNIL |evrerrsssrsserrrmssrressesssssssssssssnsssneens

FI/EEEHE| | ——————— F7ILF¥ > 0.5g/kglone shoot

FHBEOANAL v — |

ZTHhvk  30mg/A F2[E/day NAY—

FILFZY 0.3g/kg/day TID

2.0g/day BID
RSN 100mg/day MID

I

Fum R EE

BRI | TRAX—RBEUEH |

BIEOER

> /N7 REYUY 1Tab/day

TINTER 3.0-6.0g/day TID

LT
BB REA HFA11)y% 3Tab/day TID HFA0Yys  3Tab/day TID
25wk 6Tab/day TID 3wk 6Tab/day TID
FrgiEENamE NaCl 0.2-0.5g/kg/day NaCl  0.2-0.5g/kg/day

TLEZR SFvROy

2 I PAVRUT7EREICHTDREEZRRO7O0—F v—b
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L-arginine (n=24)
ns

Citrulline(n=24) ADMA (n=24)

k

12000 Hk 80 *E 1.2
— —
10000 70 1.0
9542.31169.9 60 .
Q Q 35963 Q
g 6000 5110425686 £ 40 g06
= 4000 =30 . /\i 204
20 wggry 216442 02 0352008
2000 petso %24‘&‘5»9 10 o : T
O 1 1. ] O 1 i J O 1 1 ]
pre  15min 30min 24hr pre  15min 30min 24hr pre  15min 30min 24hr
NOx(n=24) cGMP (n=24) Lactate (n=24)
sk L
3% ek
60 Hk i 1.2 8 okl
10 7 728055
50 T ’ 093016 6
< 40 208 <5 648+0.79
2 - 806 24
2 30 go. g
200 4155130 S04 g g o100
2852047
10 513403 2714112 2454126 0.2 1
O L H J 0‘15i0‘02 O 1] L J

15min 30min 24hr
= 3

pre pre

15min 30min 24hr pre  15min 30min 24hr

FIFUBEEOERBNTA—4—

7 V¥ U5 mL/kg/one shoot D BEINEEEE, TAF=vOE—73HEH 150 TI5mMBEE CTLEAET
%, =7, ¥ bAU Y, GMP, NOx DE—22 300 &% 5. LiedioT, 7I¥=voMERRE RS 30

DTCE~T LB LELLND,

HTIE, 2 BHEGREMEELL J0X)IiC, FERE
BHEEBEDM 7LV = v R2EET S 2 & T, BRIKE
KD A% 63 MRIES EbBENR2CEELEL, TDIR
Bk, HAREMSEREER 7 —DEMEERBEE LT
2 HEROIBRDHET L, BIE PMDA ICHGEEFTTH 5.
TAFX U SRR IR, MELAS IC&6F7 2 & N %
AT 2RREEZ SN T 508, REFIREIRD
BIINERVWIEEZORP IV EEZ 552,

C. 794 v FEGOmg/A)

1E 1A, 1H2E &

MR BEIRERE DD, 7V -V 2HEELE
FRALIEE R 2 I L, WG OB AvREE = 4§ % &
WhLTw %, FHERRE 24 RRLIAICBBR L, &K 28
REH T 5,

D. Eabr=iE0.5mg/A)

1EIA, 1H 2@ #F

BIEMEOBRREE D S dNABBIERI E LA
5.

E. Y2 Fu—LiE(B00 mg/A)
1E 30 mg/kg/H, 3 HEf FE
&4 DIBBICIRDB A SNRBEA, AT 0L FRLA

BEZIT) WS, RCEAL T RETH 5. EERICIERA
R EFIE S Z L%,

2. MRS

A F4mUvy 78(100mg) 3% 53 B

B FLIR MAE (M5 th ZLERE S 40 mg/dL ML EDHé&) T
X, BREE TORBRIFEPBEAHEELZRZ T 270, &R
BRIMAEZ AT 5.

B. oYUy FME(IOmg) 68 o3 AR
R#%& 702 V46 U RBHEZ 25,
C. NA > —HIR (250 mg/d) 2,000mg 4 2

TYU—=FPANVDAARY Y ¥ —,

D. /A% v8E(10mg) 9%t 3 &H

BFEERMLEE, V) v B2 R TRINE N, MEN S
FaryRFYTIEDAENnS. HBLERZEL, BRA
AR zWET 5. HEERESFEOWSE, MHARE -
EVBREOKT 2RO 2HEVDH 5, PR DA -
ELEVEBHET EE 208, RN CoQuold BN Ik ixEd
FIziEE L RvwoT, SR CoQuid FRHEER I L <
MENICESE L Twa EE2 onTn3, EIfFRICEE,
BEARE, BRBREENDH B, 47X/ Vi3 CoQu
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6 years-old girl

stroke-like episodes

L-arginine therapy at 2 hours after the onset of

DWI

12 hours
After the
Stroke

7 days
After the
Stroke

42 days
After the
Stroke

4 BRERICTINFZDEER USE OIS MR L
MELAS/Leigh BfEA —/8—7 v 7 THET7 + 0 —FDEET, Juhh, GHORYE, BERESR COMNEDEREER
L7 BB 2HETTAF = 2IRE L, ZOBMKRIICEE L 72 MR B2 7§, F1EE 12 BRI © o MRIEGI,
DWI TRk B & O AREERBHERICSE5 2R L, FAEAIE ADCIc TEES, —5 T2WI &z <, 8
REHEGEE TR LW, L, BEME, 7H%, 1rARBEU42 HEO MRIEG TR, £BERIIEERL ..

T2WI

P b EE LT0a 0L Y 7L A4 FERENDEL,
MR %88 5, MRS Favy FY 7R chERL
ERZET 5.

E. 7UFT I F§(25mg) 98 23 &%

CAEVBHKRBEROMER L L TOMIEEM. £F
WNTATP o ERY VBOEBRZETIALEXY 7 —
YlioT, EWVEVEE, HEWIEa-T FININEBRE
DItREEFIG DR & LCERY 5.

F. 2L F 480300 mg) 3% o3 &F
REH I LOFHEE L UORBEEIBORZEE:BHE
L, ZRXVF—EEREEELT 3.

BERIOMESRE

RETbN 02 I oy FY PEEEICHT 2R
iZ, DEOEFRE 2EEBICLBEETH Y, BRI
BTN RIET Y ACEIBRBEREE WY, S b
av FPY 7EBEEICHUEBICERA ST 258, B
HEORREEER L CEGFBICENEIHREH 20137
HTh3, WAENZI Fav FY 7OBEREZILD Y
TEDTENL XD, RRTEED CEEL Y, TFEAL
EMchrY ruuliBrmABMERREL L CHEAZ
NT07d, Yo oERIN T3, f, BFEkcmz
THREHRBEBESRE SN, BETRERAINTHR WY,
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Endothelial
layer

Smooth muscle
layer

Accumulation of abnormal mitochondria in
the endothelial and/or smooth muscle layer
(8SV: Strongly SDH hyperactive vessels )

l COX positive

:/ Pathological Occlusion (segmental)

recurrent stroke-like
episodes

1"-— Physiological Occlusion (functional)

e

Endothelial dysfunction Risk factors
by FMD © Stress
@ Dehydration
| @ Fever
NO depletion @ Cold exposure
@ L-arginine}

@ Decreased 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 S8V

5 MELAS B 17 B HEFSREOMERER

b D ELEVIRT P YUY LEESEHINTY
59,

PR
A, TF UMK (L-7 0% = viERE)
0.3~0.5g/kg/H 53 &% WERHIMEH

MELAS T RZEFiEFAE D F B B 19T A e
EHLE LCHEAT 2029, MELAS BE O MR RIS
BRI -7 VX =25 T2 LT, BIEOFHEB L
VCEEEOBRICOELTH Y, EMEERRT & AR
FREEIEM R TH 5 (PEL 23 5 6 AWRERIRT). FIEFHT

BIE 77 VOVSEELEZ 0N, BREFRELRTE
&, MPEFO7 VX VRERZE=SY—L, FT77L1

Lac Pyr
- ¢

4% —\I?:\I(I(IG{-‘ \g 1< IS l ST GG LT I(I"m:i 1
e ,MCT;JMMM&W o
- 4 (b) Glycolysis \
Lac Pyr activation ~ Glucose
NADH + H* G-6-P
\
NAD* F-6-P
(d) Alcohol oxidation ‘1’

_ FBP

Ethanol

© NAD*

C NAD*
NADH + H*

Acetalilehyde

+ NADH

NAD* ADP

= > NADH +H*
\

Acetate

{e)} Urea synthesis
Fum — Mal

A

A ¢.(@
Urea > 0-KG
Orn/Cit Asp

Glucose

_GAR¢>DHAP

{a) Elimination of hydrogen peroxide
Pyr + H,0, — Acetate + CO, + H,0

T

Cytoplasm

ﬁﬁ@@%)

"{c) PDHC activation

Pyr

Mitochondrion

NAD*

GLUD

GG NH;+NADH + H

6 EIEVEEF MU AOVERIERE (Tanaka 59 X h)

E L E ERbK SRR &l (PDHC) % BB
ATP &HE VAL 7T 50 E 0% 5. B EORILDS
2 F—

IR S 2 5B E oflc,
T hav YT
CARETY, HMEAFROTS i_l‘?‘%'/’dﬁ!* SREFHL, PREEROBMEEZECLEZONS,

VFYy 2 ART— %2 BUTRBEL, BERTD
EHET 2 L/PHA25.6 Ll blce 5 X 5 nEELAHE T
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23100 pmol/L T2 7% 2554, WIREZEMNT 22, 1 H
AL TIRELCH S IR EDTRPBETH S, Fiz,
Bs EO|EmY A F A VIGEREE, Bk, BRR v
A, BREBE R EOWBREAPMFETRREOZTRE 2 5
ZEDD, IOXIRBELLLBVE)KEREOER
N LD, avTIA4 TV ARED B EICREETFH
WWEELEZONS (K5).

B, ¥4 uUv 7§(0100mg) 38 493 &#H

B AL IME (M4 P AL ME 2 40 meg/dL M LB &) T
1E, BRME CORBIMIHEIEE 2 Z 1) 2 O ERE
ME D&%,

C. 77V v r#E(100mg) 6% o3 &%

R7Z 7 A VAU IREBEEE 2 /2§

D. N4 —HIR (250 mg/) 2,000mg 42

TV=ICANDAGN Y v — EENCBR{LETK
I BEE L MEESE 2 0E (LT 5. A P L RIS B0
EEEMEE 2, MENEEEOREL LTORRELD. &l
TERICEED, VB E03H 5.

E. /4% v$E(10mg) 98¢ o3 &%

B mEREEE,

F. 7UVF SV F#@5mg) 988 o3 &

UL Y VIBFAEER OISR L L TOBIEER.

G. IAHNF U EE(B00me) 388 3 B
REFEH 8 DL EDHFHEE L REMENR O FEZERZ B R
L, ZANVF—EEREIERNLT 5.

H 27N 724)(100mg) 18 o1 #Hetk

TV=IPINDAIRYYy—, S LPavFY7ke
DEMEZ ZENS &, EREOEBIEPEIIELLET
5. EREMMTERET E LIS, MRS - B
WIHI L CHUMEBRROEIRER BT 5. BATHEILTIER
e %R L, @GELEEORE 2 IIHld 5.

I. {720 (100mg) 18 o1 £
/MR /ER U CHgEEIfE A 2 BifF 9 5.

J. Exevir Yy TEARE

2 hav iRy TEERED cytopathy Z FHT 2MH—D
ez 60n%, M6IKENEVEF Y Y LDIEA

WFEERTY, S bav PV 7EEETIE, ATPELERE
WX DO 78 b —2 AT L, BEIIZIE Leigh
TEICREBS N 2 EEMIOBEEEGEL 3. Bz, &4
BIMENEETL/P H2325.6 Ml EICk 2 BE T3, #lE
RO ATPEROFRICA LY 75, 20k, ZO7
A b= APRBHEIGETL, PRI BEESED
ETT3EE2 605, ZoEWE, Y70 o B,
e vBFAKRERE AR (PDHC) 2 & KRR ICEEL X
CHEEOMIz, VR ZRART—tE 2B UTICEEL,
fRFEZRD ATP AE LA N7 T 2EE0nbD, 78—
VARFHTHEEZOND, ENVEVEET Y VALY
) LEARREEL, S bav P PREECEHTE
FURMFEDREELE LTHRET 2 70y =7 M, Fh 24
471 BN CREESBEEARESERRMAEEEDE
R (EETYEE - HEEE) & L CRRE e, &)
EhoOEERMAFKE LT, £, 7AF= 0D MELAS
IR BIREE L AR, HAED SHFICHFETEZH L »
AREE L LCIED S ER SN TR BT,

X B

1) Koga Y, Akita Y, Nishioka ], et al. L-arginine improves the
symptoms of stroke-like episodes in MELAS. Neurology. 2005 ; 64 :
710-2.

Koga Y, Akita Y, Nishioka J, et al. Endothelial dysfunction in

MELAS was improved by L-arginine supplementation. Neurclogy.

2006 ; 66 : 1766-9.

3) Pfeffer G, Majamaa K, Turnbull DM, et al. Treatment for
mitochondrial disorders. Cochrane Database Syst Rev. 2012 ;4 :
CD004426.

4) Kaufmann P, Engelstad K, Wei Y, et al. Dichloroacetate causes toxic
neuropathy in MELAS :a randomized, controlled clinical trial.
Neurology. 2006 5 66 : 324-30.

5) Tanaka M, Nishigaki Y, Fuku N, et al. Therapeutic potential of
pyruvate therapy for mitochondrial diseases. Mitochondrion. 2007 ;
7 : 399-403.

6) Koga Y, Povalko N, Katayama K, et al. Molecular pathology of
MELAS and -arginine effects. Biochim Biophys Acta. 2012 ; 1820 :
608-14.

7) Saito K, Kimura N, Oda N, et al. Pyruvate therapy for mitochondrial
DNA depletion syndrome. Biochim Biophys Acta. 2012 ; 1820 : 632-6.

8) Koga Y, Povalko N, Katayama K, et al. Beneficial effect of pyruvate

therapy on Leigh syndrome due to a novel mutation in PDH Ela

gene. Brain Dev. 2012 ; 34 : 87-91.

Komaki H, Nishigaki Y, Fuku N, et al. Pyruvate therapy for Leigh

syndrome due to cytochrome c oxidase deficiency. Biochim Biophys

Acta. 2010 ; 1800 : 313-5.
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VEERGTED = 5 TEtE 54 5icto e TRNHERE

<ERERIARBEEDHERE>

ShAVRUTR

EIWEVEF NI I LEERE—

B

IV RY TRHOBRARERE, I tar Y
THREEETEE/LL T ETHE, LPL, E
ERFEAEA LS HICBTD, AE % IS
ELTEARENEHNIFELEL 2WwY, R TH
O3 oy Y THROBEMNANBRIE, BEE
FIDBEIET B, WERILT VY 2L BT
5 R BILBRBR R ST Y A LNV DR
BREIETHT, HEEEMROL Y =F V& F
L& LIZIREMMThbRTwh, S a3 FUTHR
KR LBEEER SN T A EMS L EEAEL
R ANR= VIR (AR ARRZEZEARR
R—LR—TUDI AV FYTHAAYT7Ly b
http://www.ped - kurume.com/pdf/mitochondria.pdf) o
L2L, #ZOTEF Y ALA_VEwTRS LR
JV 4 (expert opinion) &<, WBERZZEZD DI
LAID 2\ 22T, BE, HATHETOR
PRIE 2 FNT OV TR 5o

B e R R e R R e R R R R

I. MELAS [C ﬁ?émmmﬁﬁﬁﬁgk
WD L-TINEZVEE

vvvvv

BEEETZREI L2 by FY 7 TR, B
ANVACX DIEHREDENERT 5, BELR

Koga Yasutoshi

A RKREER /N R

(T830-0011 AMKTIBH 67)

TEL 0942-31-7565 FAX 0942-38-1792
E-mail : yasukoga@med.kurume-u.ac.jp

I bV R THERL TS RoH/NEIRO I

FPEGAILS L CIMENEARTIE, ong
P RREDRERENES o T aEEX LR

5o¢¢@m®m SULEARREIE, MR TEAE
T5NO EREBREOEHICEEFEL, TOEEE
L-ThVFZVThb, L-TIVFo VX ) EAE
Ehz NO W, BETFEERBRASE/HED
MELAS &% i, EHEBREOFRIZLY NO 2F
WEL, £/, b2 HERETHBTEERER
KABIZ XY, redox potential IZEFEE &2 L

NADH BFEREED & NO & HREEE O UG 2 Wil
ZOVRLVTEHHIT A EE 2 oh, FRICIEZM
BN EEEREICKA? (R’ 1), MELAS EE%@
BZER R, NO OEETH AT V=

@ﬁﬁ#%%;&#%,%ﬁfuéehm%wﬁ
REEAET 3 5. MEFRBEEREIERICHE
5L-ThAFZroRiE, BiENEMkcs
7% eNOS @ NO EAE LIS ¥ T cGMP #
Erx s &2k, BoOPR/RROEE 21
EAEERE T A S, BMEAICBIT 5 M5EE
WEERLILICIVRRAT L EEDLN LY
(K 2), MELAS & DM FPREFERBRICS
175 NO DBEGMARTH HL-7TVF = v ok5id
BFLTWAMAF L-7NVFoVREZ LHSE,
BONFENRO SR MERE 2 ZRICHET
59, MELAS BE 232 L-7TVF=v#5
1%, MELAS BEOEFRIBMEHZTTRL,
VEMBEAD FRHICD EDLDTERIBEETH S
LEZ D, BERRBEAREHIZE, L-TLF
= - HCl 10%¥# (7 V¥ U %) T 5mlL/kg/
B (0.5g/kes) % 1B CEERS T2, 5
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mENERE TR
-

MEARES SURETBFEICH TS
EEI L2 FUTOERE
(SSV: Strongly SDH hyperactive vessels)
| cox i

RESNEME Y A 2 FOIKIE

| mEvamszrpseE

I~ HBERO T M+ 5 A > b OB

et

[FMD (C & B & REHEEETZ | yXIETF
o XML X

A o Bik

—#{t=% (NO) OET o 753t
e NODERTHBT7ILXZDET o EABE

© NAD/NADH 12 & % NO &R SO

o ADMA (2 & % NO &R RIs O

o JEMEAE S NO £ RISY 3 Z T hydroxypemitrite E4E

e SSV TO COX EEHRDHICH TS NO EDRIG

1 MELAS OfzEhiREDRE (Koga 5%, 2012)

MELAS T, MEAEEBS L UHETESBICSUZREI 2R TOEBRY
SSV & LTHESh, HMEFNANE LT AL NOREYPERET D, £/, MEPERE
eIz IE NO DEBTHETILEFZLOET, L Ry 7 XREPBRICBEICECZETO
NAD/NADH (= & 3 NO A ECOME], FEEBRERICLS NO OERE EVHEE -
T, MENEEEFESIRIGEAOET & LTE<,

PoA R HA

E'J%"EE’E)Z% =R

i NADPH/NADP 1 | %,

Pzl L-7IF=>

L-> bbbl

el

A e
BIERERATOA K

[ ETEGE

NADPH/NADP 1

T

400y GMP

2 MELAS BZERiEREICHT B T7IVX 2V RE
TFIEZLOPDREROIAX—LERT,

VEBREITE, BEOFHBIUEREOERKE =0 bJ 7{E% 100 umol/L BLEIHERT 5.
BT IREER Y. AEARE, 03~05y HEHORMFHRFEEZEILTCREETE, L
kg/H %% 3 CHRES L, mEFo L-7r¥  RHE5EZ 1H 46 BT TRREL, T 7
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.......
sl

(b) Glycolysis
activation

NADH-+H*

-
Lac Pyr

Acetaldehyde
i

NADH+H*

Acetate

(e) Urea synihesis

Arg ASA OAA

Urea A)\

Oom/Cit ~Asp

B 3 ENECES T LOERERE
EVE CBRBEKFEBRESH (PDHC) Z2RARICEELIE3HBZIOENIC,
LIFICREL, BERTOATP AREL X M7 T2@E2/H 5, LLEDIRILY 5

Glucose

(a) Elimination of hydrogen peroxide
Pyr+H202—Acetate +CO2+H20

(Tanaka 59, 2007)
LRy ZZAXF— & 25
, S RACFUTRIESE

T2 /PN 256 LIEICEDEDBEELRBET Y F— 2 IRETH, MEAFROT2ICERT S

TRM=VZEFHL, PRGERAEONREE

B2 100 yumol/L LTI 5% WX H ICHERE
T HLEND B, HARM MELAS B% 96
05 EHO IR~ MK REIFIHESL IR
DY, FUF=ZUPHERTFREENLSTRETE
LEPREAETLODBEHEOHREEL 2 b, FH 23
(2011) % 2 R HAEMHRREEL V¥ —
BRI 2 FMORMEZERERIET L QRBGERE
RN . HEBH), BT, ARHEANMTTO®R
P Th b, ZDHRBETIE, METEIRIEAMEL
BEOBLTR, FERAEIEZTE L, 20
BEEST A, PR 24 (2012) ERKICIZAEE
HRHFETH S,

YT USSP U YU T S T E VS R USRI UV R R U R UR VU VS T U S BT TR T P T e e R e T

RhAVFUTHICSE ﬁ?%mﬂ@mr
ICHTBENEVERT M LREE

711

MY FUTREBEFRERBRES 2 HF

CHEEBICEEAON S,

Vv, F0 ATP ABAEIC L VB 25~ DM
Fﬁﬁ‘:% mitochondrial cytopathy & ##3 5.
RIS EEIRRR BT 2 MR E it 2 &

itl,, B hBEAEETET, 2D ATP /a?
AN X AL E FRT 5 ME— b &%
ZOENBDON, CLEVEBEF N TLATH D,
B3IV ergEr b)Y A0ERBREEZR
9, I bV RYTREETIE, ATP EATRR
WX OMBEOT R = 2D ETL, REI
1% Leigh REICRE SN I EEMROREL S
BEL DB, &L, BLBMLESERET, L/P
At 25.6 DL EICh 2 BE T, BESZO ATP
EEDBERICAIY I T5, 2Dz, TOTK
b=V ABBHITETL, PRI %
EHEDETTIEEZONS, ZOLEWIE

DCA F#, ¥ LK ¥ &mm%%%rAw
(PDHC) %HKBRIEELX 5B & 0TI
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LRy ZAAF— 1% 25 DLTFICIBAFL, MR
D ATP &R EVANT T 2B E8HY, 7K
PP RARFHTHEEEZONS, EBE, I+ 2
Y K17 DNA RZFEIZ X B Leigh BEICK T2
BEMED, VYV BEKERESE PDHEL: X
HBIEIC L B Leigh BE T 2B EY, + b
7u—4 CEBALEERREBREIC L5 Leigh BIELC
B B EEIRED R EAT TIRHE SN TV A,
VLY VBT P U A s ) TERSRAES,
I ba v P 7THRBEICET 5 BALBILEDR
BWELELTHETA e V22 NI, T 24
(2012) £ 4 A 1 BT, BEAZBEHREE
STRATFEEEOE AEEETIE (FEEE &
BiEH) & LTHRREN2, BEPSOEELF
BELT, /27 NVF= D MELAS 12504 %
BEE L, BHARPOHAICEETELHLY
BEREE L CTHREPSEE STV,
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Endothelial layer Smooth muscle layer

Accumulation of abnormal mitochondria in
the endothelial and/or smooth muscle layer
(8SV : Strongly SDH hyperactive vessels)

l COX positive

Segmental occlusion pathologically

[reourrent stroke-fike eplsodesl ~<—Functional occlusion ph{Slologloally

NO depletion ——>|Endothelial dysfunction by FMD[ Risk factors
® L-arginine | - Stress
@ Decreased activity of NO synthetase by NAD/NADH | | -+ Dehydration
® Decreased activity of NO synthetase by Relative + Fever
increase of ADMA - Cold exposure
@ Free radical bind to NO molecules to create hydroxy-
pernitrite

@® NO molecules bind to COX active center at SSV

Pathogenic Mechanisms of Mitochondrial Angiopathy in MELAS
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