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Three Spinocerebellar Ataxia Type 2 Siblings with Ataxia,
Parkinsonism, and Motor Neuronopathy
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Abstract

Spinocerebellar ataxia type 2 (SCA2) represents a family of dominant neurodegenerative disorders that re-
sults from CAG expansion repeat mutations. The phenotype consists of some common features, most notably
progressive ataxia. We describe three siblings with SCA2, manifesting parkinsonism and ataxia in the first
sibling, juvenile parkinsonism in the second and motor neuronopathy in the third. Genetic examination re-
vealed expansion to 42, 43, and 42 CAG repeats. There was no relationship between the number of repeats
and phenotype. The SCA2 gene should be studied in families with heterogeneous neurodegenerative disor-

ders, including motor neuron disease.
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Introduction

Case Report

Autosomal dominant cerebellar ataxia type 2 is caused by
CAG expansion in the cording region of the ataxin 2 gene
on chromosome 12g23-24.1. The normal range of CAG re-
peats usually extends from 14 to 32 repeats, while it ranges
from 35 to 50 or more in affected persons (1, 2). The clini-
cal ballmark of spinocerebellar ataxia type 2 (SCA2) with
juvenile onset is cerebellar gait and limb ataxia associated
with slow eye movements and hyporeflexia. However, it has
been shown recently that the phenotype of SCA2 is wider
than previously believed. Patients may present with either a
typical L-dopa-responsive parkinsonism or an atypical
parkinsonism including signs of ataxia (3). There may be
considerable intra- and interfamilial variation of clinical
signs (4). We describe three siblings with SCA2 CAG ex-
pansion, one sibling presented with parkinsonism and ataxia,
the second one with juvenile parkinsonism, and the third
one with motor neuronopathy. We investigated the relation-
ship between phenotype and genotype.

Three -siblings were examined after obtaining permission
to use their photographs and informed consent was obtained
to take blood sampling for genetic study. Genomic DNAs
were isolated from peripheral blood lymphocytes using the
DNA Extractor WB kit (Wako, Japan). The regions contain-
ing the SCA2 CAG repeats were PCR-amplified using pre-
viously described gene-specific primers (5-CCCTCACCAT
GTCGCTGAAGC-3" and 5°-37) (5). The number of the re-
peats in the fluorescent-labeled PCR products was estimated
by Gene Scan analysis using an ABI PRISM 310 automated
DNA sequencer (Applied Biosystems, Foster City CA
USA), then, determined through the PCR products sequenc-
ing on an ABI PRISM 310 Genetic Analyzer using a Big
Dye Terminator Cycle Sequencing Ready Reaction Kit (Ap-
plied Biosystems).

The proband (case 1: III-13) is a 59-year-old man. He had
been well until 42 years of age, when he noticed gait diffi-
culties. At 45 years, he was diagnosed with PD. His mother
(II-8), sister (case 2: II-14), uncles (II-4,5) and aunts (II-
2,7) of the mother’s side had been treated under the diagno-
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sis of Parkinson’s disease. The family history suggested they
were affected by hereditary parkinsonism with autosomal
dominance (Fig. 1). He showed mild rigidity and bradykine-
sia. No limb or gait ataxia was noted. Levodopa/carbidopa
was prescribed with marked benefit. The medication allowed
him to perform activities of daily living. He kept his job as
a local government employee until the age of 56. However,
his symptoms progressed gradually. At the age of 57, he de-
veloped dysarthria and trunkal ataxia. Brain magnetic reso-
nance imaging (MRI) study revealed brainstem and cerebel-
lar atrophy (Fig. 2a).

Case 2 (IlI-14) is the younger 58-year-old female sibling
of the proband (II-13). At age 39, she developed resting
tremor and rigidity, and bradykinesia. She was diagnosed
with juvenile PD. She responded to levodopa very well,
keeping her job perfectly for 15 years as an office worker
for an insurance company. She sometimes showed mild
trunkal and leg dyskinesia during “ON” time with levodopa
treatment. She did not show ataxia, abnormal eye move-
ments, pyramidal signs, nor significant dysautonomia except
for constipation. Brain MRI revealed no abnormalities. The
ratio of myocardial *I-metaiodobenzylguanidine (MIBG)
scintigraphic uptake in regions of interest in the heart to that
in the mediastinum (H/M ratio) was reduced (early 1.26, de-
lay 1.09) (6). Her phenotype was indistinguishable from idi-
opathic PD.

Case 3 (III-12) is the elder 64-year-old male sibling of
the proband (III-13). Marginal muscle weakness and atrophy
in the upper limbs was noted at 14 years of age. The muscle
weakness was slowly progressive. However, he could man-
age everything in his life as a business person up to the age
of 60 years. He did not show signs or findings suggestive of
poliomyelitis or exposure to toxic substances that cause
muscle weakness. Neurological examination disclosed mus-
cle atrophy in the neck, shoulder girdle, and limbs (Fig. 2b).
He did not show ataxia, parkinsonism, or pyramidal signs.
Brain MRI revealed no abnormalities. Electrophysiological

findings were consistent with a chronic neurogenic pattern.
Nerve conduction study was normal with no evidence of
conduction block. Compound muscle action potential was
low, which was consistent with muscle atrophy.

The siblings had a normal allele with 22 repeats that se-
quencing showed glutamines were encoded by (CAG)-
(CAA)CAG)«(CAA)CAG)s. The expanded allele of case 1
had 43 glutamine repeats encoded by (CAG)s«(CAA)(CAG)s.
Case 2 and case 3 had 42 glutamine repeats encoded by
(CAG):(CAA)CAG)s (Fig. 3). The number of repeats was
increased by two in case 1 compared to case 2 and case 3,
and there were no differences between case 2 and case 3 in
the genetic investigation.

Discussion

This family had been noticed as being affected by heredi-
tary PD with autosomal dominance. The proband case
showed ataxia 12 years after the development of parkinson-
ism and was shown to have SCA2 mutation on gene analy-
sis. Case 2 showed parkinsonism but did not develop ataxia
until 19 years after PD onset, when she showed balance dis-
turbance and CT scan confirmed mild cerebellar atrophy.
MRI study did not show cerebellar atrophy. MIBG study re-
vealed a decreased H/M ratio which is compatible with
parkinsonism, while the other 2 cases (1 and 3) showed H/
M ratio values of 2.1 and 1.9, respectively, which are nor-
mal. Case 3 developed bilateral muscular atrophy of the
arms. Cases with SCA2 exhibiting muscular atrophy and
cerebellar ataxia or rigidity have been previously re-
ported (7, 8). Case 3 started to develop muscle weakness
and atrophy of the arms at 14 years of age, which worsened
very slowly. He was not affected by poliomyelitis, with his
serum titer being lower than the detectable limit. Nerve con-
duction velocity was normal, but there was a suggestion of
spinal cord motor neuron degeneration. The CAG repeat ex-
pansion in SCA2 gene was detected in case 3. Pathological
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Figure 3, Fragment analysis of SCA2 gene in the three sib-
lings.

study has previously revealed cases of SCA2 showing motor
neuron degeneration (9). Case 3 (III-12) may be a pheno-
type of SCA2 and should be followed up for the possible
development of ataxia or parkinsonism. Pathological study

b

Brain MRI of case 1 (III-13) (a) and pictures of case 3 (I1I-12) (b).

will be recommended for the motor neuronopathy in the fu-
ture.

Patients with parkinsonism-predominant SCA2 without
ataxia have been recently described to respond dramatically
to levodopa therapy. These cases are reported in Asians, but
rarely in Caucasians. The present cases are compatible with
these reports of PD (3, 4, 7). CAG repeats which were in
the low expansion range and interrupted by CAA were asso-
ciated with SCA2-related parkinsonism (10, 11). Another
finding about SCA disease is the large variation of the phe-
notype. SCA2 has been classified by OPCA, and its pheno-
type seems to be related to the length of CAG re-
peats (12, 13). However there was no difference in the
length on CAG repeats or the gene sequence in our siblings.
Their phenotype varied and they were diagnosed as different
disorders clinically. There may be other factors apart from
the length or sequence of CAG repeats that determine SCA2
phenotype. CAG repeat size can be different between tissues
such as cerebellum, pons, or spinal cord (14). Genotypic ex-
amination for SCA2 should be considered more widely be-
cause of the varied phenotype (15).

In conclusion, we have described three siblings with SCA
2, who developed juvenile parkinsonism, parkinsonism/
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ataxia, and motor neuronopathy. Motor neuron symptoms
and signs may be a manifestation in SCA2. The SCA2 gene
should be studied in families with heterogeneous neurode-
generative disorders, including motor neuron disease.
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Hereditary Neuropathy — Variety of Disease-causing Genes and
Progress of Molecular Genetic Diagnosis

B OB X B B =&
Akihiro Hashiguchi*, Hiroshi Takashima*

Abstract

Inherited neuropathies are clinically and genetically heterogeneous. At least 30 genes have been
associated with Charcot-Marie-Tooth disease (CMT) and related inherited neuropathies. Genetic studies
have revealed that abnormalities in the following factors are the cause of inherited neuropathies: myelin
components, transcription factors controlling myelination, myelin maintenance system, differentiation
factors related to the peripheral nerve, neurofilaments, protein transfer system, mitochondrial proteins,
DNA repair, RNA/protein synthesis, ion channels, and aminoacyl-tRNA synthetase.

On the other hand, a precise molecular diagnosis is often needed to confirm a clinical diagnosis, offer
genetic counseling to the patient and family, and provide prognostic information to the patient. Unfortu-
nately, along with the increase in the number of genes that must be screened for mutations, the labor and
reagent costs of molecular genetic testing have increased significantly. On the basis of the recent progress .
of DNA analysis methods, the use of resequencing microarray seems to be an economical and highly ’
sensitive method to detect mutations. In this study, we attempted to screen for CMT patients mutations
using these methods.

' Key | words Charcot‘Marle-Tooth disease (CMT) dlsease causmg genes mo[ecular gene’uc dmgnos:s, mlcroarray, rese
quence. heredltary neuropathy B ’ . .
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Table CMT OS#HY BEEBES

FRE i HBET B ARE A

CMT1# (RiE%, AD) CMTIA 17p.112 PMP22 BB THES (0 70%)
CMTI1B 1q22 MPZ EREEEEET
CMTIC 16p13.3-p12 LITAF/SIMPLE 10 K5
CMT1D 10q21.1-q221  EGR2 EER
CHN 22q13 S0X10 Waardenburg fE{RRE
CMTIE 1G22 MPZ BRE
CMTIF 8p21 NEFL R, RIS

CMT 4 B (Bif6Z), AR) CMT4A 8q13-g21.1 GDAP] ey
CMT4B1 11q22 MTMR2 NGRS (RIS 2 15%)
CMT4B2 11pl5 SBF2 (MTMRI13) HEERAE
CMT4C 5q23-q33 SH3TC2 (KIAA1985) BT, Rig
CMT4D 8q24 NDRGI BB
CMT4E 10921-q22 EGR2 B
CMT4F 18q13 PRX EHASE, mEREE
CMT4G 10q22 HK1 R TIE, BEaRmEE
CMT4H 12p11.2 FGD4 2ERUTRIE, FEigie
CMT4J 6g21 FIG4 AR

CMT X g5 CMTX1 Xq13 GJB1 E R ) I
CMTX5 Xq22.3 PRPS] e, HrErEss

CMT 2 & (Bh%#, AD) CMT2Al 1p35-p36 KIFIB FHECRRZHD
CMT2A2 1p35-p36 MFN2 IRE TR, SR
CMT2B 3q13-q22 RAB7 TR W
CMT2C 12q23-g22 TRPV4 AR R
CMT2D 7pld GARS TR IET
CMT2E 8p21 NEFL : BENE, iRE
CMT2F 7q11-q21 HSP27 (HSPBI) distal HMN OjE#H
CMT2G 12q12-113.3 ] 10 REARES5E
CMT2H 8q21.3 A<Hg ek EE
CMT21/] 1q22 MPZ BEWE, Adie BT
CMT2K 8q13-g21.1 GDAP] s
CMT2L 12924 HSP22 (HSBPS) distal HMN O#5H
CMT2M 19p12 DNM2 FERMEBAE, RS
CMT2N 16422 AARS

CMT 28 (8%, AR) AR-CMT2A 1g21.2-q21.3 LMNA BEEHHEMET
AR-CMT2B 19q13.3 MED25 30 mAIRAE, BEAR
GAN 16q24.1 GAN1 HmEEEE, BafEs
ACCPN 15q13-g15 KCC3 PMRIEIEEL, Andermann fE{RRE

CMT 28 (hfgay) CMT-DIB 19p12-p13.2 DNM2 e, R
CMT-DIC 1p34-p35 YARS HE

LEFE (claw hand) k%23,

REREREMHCEE T 3 2 3dh v, 28
B EFRTHREEACIRSERAZ XD o h
3. INSOERBEENHET, BRE R Y AL
HECET $ 7R LT 5,

CMT i3, BEERAL L UEREEENICHES N, E
IR OMREEREE D 38 m/BUT 2 BEER, HEE
BREEDS 38 /LA LR EHERA X BT B, 270, BRAE
BRI HRER  bERB L b HETER LS A P
FRELTw3,

BRI CEREEEEEE (autosomal dominant
AD) Db D% CMTI, EREHELMER (autosomal
recessive : AR) O b D% CMTY, BWEE X AD b AR

b CMT2 HENE,CMTI 1, BB L% 28U TR

fiE D Dejerine-Sottas fEIREE (DSS) L FAZETH 2 28,

CMT3 Q&I H & DER S LTV, X Hdbkmy

HO CMT 2 CMTX k83 h 2,

I. REEREF

1991 w2 Lupski 528, peripheral myelin protein 22
(PMP22) OB CMTIA OIERTH 3 LHEL TH
2, CMT OEZFHRERENCES LTS, 20
B COMT ORESEEFRES CAZSh, ZhETI 30
UEEZEENTYS (Table), LrL, ZhTbERK
FED CMT BESEESHEEL, SB35 CHBR0E
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(A) CMT 2BRICHITDBEFERDEE

CMT153 i

////////// Y=

PMP22 8% Lot

GJB1 10 20 30 40 50 60 70 80 90 100 %
Fig. 1 CMT ORERETHEE B mPZ
A Boerkoel CF, Takashima H, Garcia CA, [ PMP22
Olney RK, Johnson J, et al: Charcot-Marie- Z0f
Tooth disease and related neuropathies: (BY CMT ERIICH B BETREDER
mutation distribution and genotype- -
phenotype correlation. Ann Neurol 51; 190- Bidezy ///////// //// ////////// /};:i ; S
201, 2002 (X#R2) X DEIAH, B: Szigeti K, - T T
Nelis E, Lupski JR: Molecular diagnostics of :
Charcot-Marie-Tooth disease and related B
peripheral neuropathies. Neuromolecular e . .
Med 8: 243-254, 2006 (SC#k3) X 0 &4Zs, 10 20 30 40 a160708090wo%
R DNA 58 - ESEE - %BaR
----- TDP1, APTX, SETX
STUVBHEERSET | SN MDY 4 | vinA pRPST MEDSS
EGR2, SOX10 > : T
: o PRIFUN
.. | tRNABEER
it eec) AARS, GARS
CMTI, CMT4 Hi YARS
K DSS, CHN oMT2
STUYAVE—ZY N , . AAYFpRIL
PMP22, MPZ, ) SLC12AB, TRPV4
PRX, GJB1 % .
: ShIVRUPEE |
HBZSME, - HERS : MFN2, GDAP1, HK1
NDRGT, DHH '
ARHGEF10 P N ey
. . FEOHREE
STV VEERHOEE - 108 - B NEFL, HSPB1, HSPB8
MTMRZ, DNM2, RAB7, SBF2, GAN1, KIF1B
Fig. 28R CMT BERES LITAF, FIG4, FGD4, SH3TC2

FEEFEROUBENBHETH 5,

CMT DEREEFHETCE LS VDI, CMTIA %
Sl&E T3 PMP22 DEETH Y, CMT £401 50%,
BiRER) CMT 09 0% %2 L 2, o 1 ZoER &
UT, gap junction protein beta 1 (GJBI) HEFsh,
myelin protein zero (MPZ) 532 ATEi < o HRIH CMT
DERE: G/BI DREVRLH L, TOEIPRIETH
3, WEH CMT OERTIX mitofusin 2 (MFNZ2),
G/BIBHEL RO ENBH, RETLE L OFTERD
FAZEh Tk (Fig 1),

FEREEFE, BFKDT3ERSSMTDI 2
SEEND, Q¥ YV rarR—3vt, @z vE
BEOETRT, @3V VEEEHOME - A5 - 4
H, OHESL - R, O@=a—~u7 4520k - BH
EaBEE, @3 ba v FY 7HE, @ DNA BE-EE-
BEBEE, @14 Y Fv3N, @7 8.7 YIVIRNA

(transfer ribonucleic acid) &REESE, 2 ETH B,
noOREZ, HltEE L BRREOH 2R LES
ZEPHIENTVD (Fig 2), IRBIZDVWT, FEE
Rl REET L % 0S8z oW TlEi3 2,

1. ETUYAVR—RV N

PMP22, MPZ, periaxin (PRX), GJBl iz ¥#Z
KHled, STYVarF—ay b OEERBBOTR
TEODIHBACMT 224, §iROBEY,
CMTIADRE 72 5 PUP22 DEEBE b %\,
PMP2 RS> ) VEREHTIZ Y YO 20%% 50
%,

PMP22 SEBHET 5 X =X 5k LTI, PMP22 4855
ZRATHRECEYN U LEENEET 2101, RS
HFOBEFIRAMEZ OB - BT ClA DD,
PMP22 &1 1.5 Mb O 2 BizflarEhTL
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REERE A Rl B

BIERFHEAHAZ

20— E---CMTIA

- BLCD - B - B

0 a—: R&E-HNPP

Fig.3 PMP2Z EEFHEMEZ (EF - READZXA)

E3120THS (Fig. 3. TOH 1 D2OHREE LIz
PMP22 82 aC—FHETZ L 5,

PMP22 OERIX, fluorescence i situ hybridization
(FISH) 5 CRERR T & 2, PMP22 % & 0fRE 5 ieeas
THRDTHERCH 2 B —0 PMP22 BEF01H 2 %5
B IDFETE, FA—ERICERZE 13 ¥ -0k
ERBEZ2IC-DOREAELVIHIIC—BTD LN

iiEET CMTIA E2HiCx 3, #i, 1ol a
E— U R WA PMP22 DR & 2 BEEE
Be55tE = = — v /%F— (hereditary pressure sensitive
neuropathy) & 2 %%, &£, PMP22 D 1EZED7 &/
BEBHIC & > TH CMT ® DSS 23FHE3 29,

MPZ %, $x U U :2BRT2FEESTH POES
2a—FLTW3, 2V YERESOHESEED S
aXR7 PR rOEZCESL, CMTIB OER®E
BFELTRES NS, REE CMT O#910%% & o
P87, IR CMT @ CMT2l/] OERE B2 L b
RS Nz, BRI DSS 222 ER b & 5, RiE
FRPEEER Y, BRBCLEESEDOND,

PRX ¥, Schwann @233 =V 2K T 2H0 3
) Y L EROEE S L, CMT4F OFEEHEET &
LTHEESND, T2V UV~ L EROESHEE
D, BERIT) VBEMNEIEBISNEY, BYEORE
TRERESE EABRHNTH 5,

GJBI 1 connexin32 (Cx32) # a—F LT H b,
CMTX1 DEBEEEF & LTRES Y Cx32 1
Schwann #ElE T E ) VIR R T 2O X ¥ v 75
AR TIBAL LTEETH S, FREZEICIE, 3E
LIS ) UBBEINL Z L850, ez hEl

ROFERFIE T Thofind s, BEE, 1Aty
AERC I DRESEIZE T 81, XLEHEEELR
THLRDORUNLVEETH 2, LERET 5,
—%, GBI ORKOBIBMES ND2, I RV AER
DPNCHARERE TRV, REERE b OREOFHI
SEIED =2 —u N F 5B 5 LREI T B,

2. STUVERERSERT

Early growth response 2 (EGR2), sex determining
region Y-box 10 (SOXI10) 2 EMIhichi 2, Eio
BHEE CMT OFER &2 2 BHRBOERE S 2 5,
EGR2 t SOX10 BIEEMOERRSHIHRT T, S
U VEREOOBETFRERCEE Y 3109, BRafos
BOLOEFHL R 2T 088\, EGR2 &, CMTI1D,
CMT4E, DSS, %RME S LY VBEE= 2 —0,35F —
(congenital hypomyelinating neuropathy . CHN) 7 &
OFRFEEEFE LTHES N, EREEEES X UHH
BEBRZET 2, SOX10 W CHN % Waardenburg -
Shah fE {&##® Waardenburg -Hirschsprung j% o B K
BEFELTAESN, 2L MEROREDRE
2275,

3. TTUVESERADEZ - K5 - =

P ) rOMRKIEET 5 CMT O RERBEFIRS
< myotubularin related protein 2 (MTMR2), SET
binding factor 2 (SBF2), dynamin 2 (DNM2),
rab-protein 7 (RAB7), lpopolysaccharide-induced
TNF factor (LITAF), FIG4 homolog (FIG4), five
(FGD4Y, SH3 domain and tetratricopeptide wpeats 2
(SH3TC2) e ¥ hizHiz 5,

MTMR2 &, tyrosine phosphatase % 2 — FL, 3x
VBT 2y SRR EET 2 LB bR,
CMT4B1 DRFEET & LTRSS Wi, MTMR2
12 SBF2 Lt BB EBRT A I ETCRAT F—¥ig
BB ERL, ZRETETw 5 L H 2 BN T 05, SBE2
&, MTMR2 Hi#%y 7 VEEw BE L, CMT4B2 DI
FE#EFE U THEES 2w, CMT4B2 Gi%$ PERRPIEE
EEHTICEBHISh TV S,

- DNM2 %, #Rs8-BewiEsy, s CcMT ©
&% CMT-DIB QFRBREET & U TRE S L9,

RAB7 @/Maink & IR E O FEEE I & b #ilan
MEEZEEBIEL, CMT2B 0FEEET L CAE
N0z, THRIZEFEEZSHLLT L,

LITAF/SIMPLE WEBXME, BIo 4V —A D53
BBE5Y 3 %2 60, CMTIC OEERBEFT, 10
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RCHET 27,

SH3TC2/KIAAI985 13 5§ = VY VI % Ranvier &
ROMERFICEREL, CMTAC OREHEFELTRES
iz,

FIG4 i, CMTOERE L THERENEBERTH
Bo RAT 7 FVNA ¥ b —NARBHCEHEL, CMT4]
OEREET & UTRES LY, FGD4 ¥ FIG4 FiE
2007 I HERR S i RIRE{EF T, Schwann MEgD 45
SBT3 L EZ 6N TB Y, CMTLH OEKEHE
ETF & LTEE & iz,

4, HpAHML - MR

N-myc downstream regulated 1 (NDRGI), desert
hedgehog (DHH), Rho guanine nucleotide exchange
Sactor 10 (ARHGEFI10) d3ZhiHizb,

NDRGI %, HEEFEREEHD 1 DTA M VARG &
VEVRIG - HilAMEE S URRBCEET A L E2 o0
TBY,CMT4D ORFERF & U THEE S Aie, & fE
3, BEHESHLRT Y,

DHH &, PHERIEES RO b1 BE LR IB AR
F2DFERE % 5, 46XY ERBERTL %45 minifas-
cicular neuropathy O FEEHEETF £ UTRIE X hiz,

ARHGEFIO BHIfE D4R - &S L Twa &%
Zoh, T2V EREEBEL TWwh, BRI
Ptz UL BIEE wBE T, WREEREDRE
PHRESNTW3B,

5. Za—O74 35XV NEREREE

Neurofilament, light polypeptide (NEFL), heat shock
27kDa protein 1 (HSPBI), heat shock 22kDa protein
8 (HSPBS), gigazonin 1 (GANI), kinesin family
member 1B (KIFIB) RY¥BIhitdhi:5,

NEFLBE ==2-u745 A VEABEEQTHD,
CMT2ELCMTIFOHEEBETFELE L TREE R
feme, BHECIRBESHL P T,

HSPBI1, HSPBS i3/ 2y 7EHE (small heat-
shock protein) WBIET 3 L EZ 5N Tw3a,
Yay 7 BRBEEA N A»SMlETLSFY v
YOWEDHY, HINEROYERED D OFRET 45 2
v eBET 2 E 2 SR TWB, HSPBI i CMT2F
®, HSPBS it CMT2L DEEEHET & LCHES h
‘/}“: 25,26)0 ) 1

GANI &, HERITZRE DA, e NERy v 7 —2
WBHEL, EXIFE = 2 —o,3F — (giant axonal neur-
opathy : GAN) DEF#EETF L LTRE s, EX

543

THEREEL, BRI REEOCEERE L0135,
KIFIB BEFERICMEEL, CMT2A1 O EREET
EUTHRE s N2, Bfatk kORI~ y 7303
CMTZA DR EA LR, Ko~z MFN2 DRE T &
BT EMBHILBRTYS,

6. ShOVRUT7ELE

MFN2, ganglioside-induced differentiation associated
protein 1 (GDAPI), hexokinase 1 (HKI) 72 ¥ h
wHizs,

MFN2 38R E CMT OB L2 WEREBEFTH 5,
MEN2 32 ba> P 7HICEEL, S ha v Py 7
D& BEL Twbd, CMT2A2 OFEEEGBFELT
RE S hiz®, BRANOEMEEEL&6T 5 2 &
BTV,

GDAPI 37X P2 U R U THEBHEEL, MEN2
CRBS NIV R T OSEREES D, EE AR
5 CMTYA ORFEEETF £ LCRIES R, GDAPI
EMEN2B DRI bavy PRI 7PaEHY, Sha
YFUT7 DGR - BEEHEHL, S har Py 7RSS
HERHL T2, ThODEBETFOEEI LY, £ b
IVE VT OEPHRANRERRESRID, Gl
SPAYRYVT7AY P U BEEEBITZ,

HK1W, 2 ba > FU7OBBEP /N a— ARSI
L, 2009 12 HMSN-Russe/CMTIG O EFREET &
U CHEZE 3 #iz39,

7. DNA 218 - EBE5E - AR

Tyrosyl-DNA phosphodiesterase 1 (TDPI1), aprataxin
(APTX), senataxin (SETX), lamin A/C (LMNA),
phosphoribosyl pyrophosphate synthetase 1 (PRPSI),
mediator complex subunit 25 (MED25) 2t ¥BIhic
bld,

TDP1, APTX, SETX i DNA O - 5 -l
F 5o TDPI BBERA = 2 — o 85 — L EB/INNET »
&89 % spinocerebellar ataxia with axonal neur-
opathy (SCAN1) QOERAEBETF L LTRES hiz,
DNA BEEFESLRECHMENEL2 L, Mg VR
TR X DRI S h—R L 2 B, Yl Es R
7:DNA ZEET 3B DNARKE S LY b R4 Vv
T —E R R BERY TDPI ThH b, TDPL 213 %
—ZF#H DNA BESEE & h, SCANI BEDY 38
T, —43HDNA BEBESFEEINTH S,

APTX V&, TDPI F—4 8 DNA 5B IBE5 L CH
D, MFRE= 2 — 005 — 1 /NMTE RS ST R
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oooooooooooooooo

. tRNA synthetase &

------------------

&PF9 % ataxia with oculomotor apraxia type 1
(AOAL) DERBET L LTREShE®D, 7755+
CYRBEROED L EAEEMERL, —KHEDNA BE
THEEZRE#HES ),

SETX iX, DNA/RNANY -2 D E+* ¥ b
DNADEBRE -EE - #HHB w5 L, ataxia  with
oculomotor apraxia type 2 (AQA2) DEFREEZEFEL
TRES R, TR5IMEEEEHT 5 2 L5
BEITH 5. SETX 1335 ALS (amyotrophic lateral
sclerosis ; ALS4) OFEEEEFELTHREINTY
539,

LMNA W, HEESHOD lamin A/C 23 —FLTHED,
AR-CMT2A OFEREET & LCEE SIS, LMNA
& Emery-Dreifuss ®H ¥ 2 + @ 7 4 —% Hutchinson-
Gilford progeria FEEFHOERBETFTH B Z L bES
ntns,

PRPSI GXHBECHY, 7V v BASICEET
%o 2007 Fr HEDHMERE L ST 5 CMTXS5 @
FREETE LTRER I,

MED25 % ARC (activator-recruited cofactor) D%
Tazy R I3—FLTHY RNA polymerase II &
THEEHST 5, ARCMTZBOEREEFELT
RIE & hiz,

B, 1AVFvxIL

Solute carrier family 12, member 6 (SLCI2A6),
transient receptor potential cation channel, subfamily
V', member 4 (TRPV4) 7t ¥ TNicHizb,

SLCI2A6 12 K-Cl cotransporter (KCC) family @ 1

Fig.4 tRNA synthetase IZ & 3
tRNAD7 S /7204t

DT KCC3 LdIFEh3, KCl 2H%T 2Eq* 2
DEFART Do NPEBR LBEETES S8+
% Andermann fE{&H (agenesis of the corpus callosum
with peripheral neuropathy : ACCPN) O BEREET
UTHEZE & 7z,

TRPV4 3 Ca** BEREE A F A Y F v ik a—§
LTBY, 2HOREERICEIS L Twa, 2010 &, -
BRI & D IEREE 2 & 72 L9\ CMT2C
DERE LTHEES =,

9. PZ/PYVILIRANA &SRBk

Alanyl-tRNA  synthetase (AARS), glycyl-tRNA
synthetase (GARS), tyrosyl-tRNA synthetase (VARS)
BEBINEHT: 3, FED (RNA KXGT 37 3 /B
PREERBT I/ TYMLLEEET 5 (Fig.4), Th
Th, AARSIEZ7 2 = tRNASRESZ 2—F L
CMT2N OFEFEEETFE LT, GARS 13277V ¥V tRNA
AREFRE2-FLCMT2D O EREEF L LT,
YARS &7 u ¥ ViIRNAERERL a—F URER
CMTOCMTDICO RREBEEFEFELTCREX h
Jei8, 2 DY R )T YV IRNA SEREERIE, FhTh
DT & /BRRHIELTWAT=, T 3FEEMSN b
EFET b TOLD, S, 0O 3IEEUSNIY
CMTOFRRBEEFL LIHERINZ I t8FEan
5,

0. SEFRE

PMP22 DB - RFZHRO FISH BER=3E{L23E 2
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945

PCR Rt

F/E DNA B

PMP22 DB f\“é:tj

DD . w—
iR ~— e
PCR igi8

Fig.? ®IEMEZa—nnNsF—ag
27 LA BETBHCR XAFrURS

Al GeneChip® Scanner 3000 7G

74TV ARKEHI CRETRETSH 3,800 X 312,
2 OMOERBEETREE S, BL0ERNT~TD
FEEEEFIZOWT, R0 Sanger ki k33—
AT T B EERLER LR ET 20, &
BONCHRERBET 2 LITERETH 3, BHRER:
SERBETRHRT 2 2 21, — OB TIZTEER S
BFoH5, AICERTHHBESHENSET22
bd Y, EBETERERD & REMEETF R AT & v,
MEDHFEEEORBALEORBEC LY, <{ 707
VABREZRAWE Y Y — 2 v AR IEH U CERE T
BRI P DOEI A M CEETFESIRIRET 3 & L HSTHE
ERolz, R4 70T VAR, BiE»SHHUMIEL
72DNA %, 52 UDEFZT¥A4 > L7 DNAAY
AV —-DBEEEhLF v T, NATVIA¥—vay
U, BHDA % v 7 (GeneChip® Scanner 3000 7G -
Affymetrix #8) TES2HOI L TR HRET S
F#TH3 (Fig.5). BERBEA¥ T, 2006 EHE ST
CMT OFFREEFE L THERI N TV 278ETF
FHRBETEHIOESFEER L CMT-DNA Fv
TRVEER L, 2007 & D BT ERA L T 3, BEEE
CMT #ICik FISH T PMP22 3 € — B EE I -7
EPE, $HRE - PR CMT B 2% L L, 2010
FETIC B0 FIEBL BEMEL 0ROy bo—n %
BEMT LT 2 OFSR, BB CMT OEREE T, B
WET PMP22 DRiHVDIF GIBI ThoTeDIm L
T, KIRTUE MPZ 5308 6 02 % 0> 5 To o SR E CMT 13
BESRERIEE MFN2 28 b Hnode, RIR b BESRE R

DNA fragments
PCR products

MAX586 8D PCR Kt
TR

|t =2 —0/F—2ar v T |

‘ /\_,B
’-\"8/'\_,8
~_B "B

NATUFA -3y End-tabeled fragmenis

E R

R GIBI RS TH 572, L L, EEIMSETE R 0
Ple % <, EFEH L RRINIEETOEMDITER
BEFORESEELBbhd, X548, 4270
TUABRE L b, REREELORERY Ay -2
TV AEBBETSHCECSRE EE 2 shs, Kt
Ry —7 2 A%k, HTH~1,000 EEERII% 1 &
CHETBHET, 15T M) Aehr et
LEENIEROBMLEE L T3, Lhl, KEDT Y
=Y7ARMRERBIE, T3 EBWAT, B
HENOEWI VY Ca— s BNYEL P ORESR Ho
Teo ATEE, EHIHIZD O3 X N S HLERY LT e
BLTBY, REY AV —7 2V REY, BEFDS
WD E % 5 WEEE A,

L. & 7

CMT BERERFREREL T ORELEHETH 3,
FERES B REEET I B EF ISR ERATRE L
SRBIG U RO FE LB, BRIZD LS ik
FRIEETHI, TRETRRY VIV 4y F&RFTH
% Cronassial® O AESH P -V /—VEE, 4 3>
E, axY%4 4 Q10 2 ¥BHBMICRE SR 2 L i
HEY, WTNIENEOTFHEXEB L2 Clr iz S 5%
Moz,

BELTAINEVE, 77 >, neurotrophin-3
(NT-3), 707 27 v v EHRER © OBETIESED &
nTwni3,
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1. PAONVEVE

FAINEYEEEIRO CMTIA ORE D PMP22
DEETFHREZEP TV LHFIEY, CMTIA £71<
YA BT RAANE VRBESRESTH oI L O
EDB DB, EHT/MNEBRRARDTbhiPuih
HIETF U ARBBIRES BT, EFizB L
T b BB R AR SR A= 2 —
T F —DFRBIET (HFHBREORRE T 25
72 ) WYEEL CHRRREER DM Th iz s, Ba ¥ o/
PHRETIRBES TR, LaL, Bhe—HoE
Bz EEELR S SNl iz, S, HREHIER 0K
HEfTv, X SKHESRETLURMERD 5,

2. 2o = (curcumin)

vaArREEnsAREFEHLSTHBZ IV 3R
PMP22 2282 X % dominant negative effect 2§43
EBEEZBNTWS, I N7 I VIIEREPMP22 EH
* /N (endoplasmic reticulum : ER) WEHEI Y,
ERAPVABTR MV ARERI T2, FEOESR
W& MPZERW k% CMT THRABKTHYD, axxi
CMT W HTHAHEE 2D T2, CMTIA TV
R & iz BHsEER C I EEIBRE R L Tw» 59,

"~ 3. NT-3

HREFERTTH S NT-3 1 & D Schwann HIfEIEM
PHHBEPE SRS IS, CMT 2T BB
BEEsliFand, 58, ARFEETCRIEMO random-
ized control study BHETH 5,

4. 7O ATFOVEREE

7w AT 1 v id Schwann fIfg PSR cCEL &
N, PMP22 % MPZ ¥ 2 =) Y EREEORE S
BThb, Tuys AT O VERES CMTIA €7V v
M BWTHEEE L 2MRRSREEs Y rmEah
T3,

LdL, 207y MEBREERLLa/ AT o
HERFEEOEDE MCRERTE R, Z2E0E
WO AT O CEREORERELNEE BT
%,

EHHIC
HBEMES a—oF—OERIR, 1Y ERELO

BE» S DNABEH#EOESE, o> P 7HE,
tRNA @REBERRESHRTH S, ThOZ, KRBT,

BERRBRRRES TR, BT VERRICHIE T
LEBDH B, CMT D 50% % 5D 5 CMTIA KB \»
TORRERBESE <, 5%, PHSERL, MET
RS U e 0 RIS & 15,
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Marie-Tooth disease neuropathy score, MCV = motor conduction velocity, ADL = activity of daily living, MHC = myosin heavy chain
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