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In order to reveal the pathophysiological mechanisms of developing
Charcot-Marie-Tooth disease (CMT), we examined the genes that had already been
recognized as disease-causing genes of CMT. To evaluate the involvement of deletion or
duplication of the responsible genes, we established the modified analyzing method of
MLPA for the responsible genes. We have reported that a compound heterozygous
minor and large deletions of PMP22 gene was detected in a patient with severe CMT
by MLPA. We identified the disease-causing gene mutations in many Japanese CMT
patients and revealed the genotype-phenotype relationship. CMT1A, which is most
frequently found in Caucasian CMT patients, was less frequent in Japanese
population. Furthermore, we could not identify the disease-causing mutation in most
Japanese CMT patients. To identify the genetic background of Japanese CMT patients,
we should establish sensitive screening methods and search for novel responsible
genes.

AR ERA
(EHHAL : 1)
RS EEE & &t

2010 F 1, 600, 000 480, 000 2, 080, 000
2011 4 1, 400, 000 420, 000 1, 820, 000

R

R

R
o 3, 000, 000 900, 000 3, 900, 000

WFZe5y 8 [ ks
BfE D58 - B - NESREERES: - /NERSE
% — U — K : Charcot-Marie-Tooth %5 * (&M= = —1r /35— . DHPLC i + MLPA %



1. WFFERRAE Y WD 5

Charcot-Marie-Tooth (CMT) JRIXMEERE 3
2500 N2 1 NEBHERSVWEMBE=a2—n=
NRF—=Th5. ZALFEMRBIEL, EHR
HEATPE DAL O K T L O 246, %
IR S DVE S, FROERHEOIERZ &7
5.

AIEFRKE < 2 >OB8 T E L O TY
WO IND. EHIZFEOmMEICE-NAH
IR b IE SN TWND.

M= TIE, HRUTSERRT T, MPZ, PMP22
REDTFHEREWHEAOER L/ r—=
YTL, iERB L OB FOREEZE L, CMT
i 1B BOJFR A B Lz, 2ok o7k
RN D, BARIZEBIT D CMT 95 D ORI fRHT
MaEx & 720, JHEDWIIE & BAR T2 Wik &t
SLL, ZHOBRTRE AL CE . FF
W2, ROBEEOEW 17pll. 2 OB TFEHED
fECTHREDO®mVZNNESCEZ S DBEBE T
BArRA7 ) —=Vv 7T 5KEOHW
Denaturing Gradient Gel Electrophoresis
(DGGE) ¥ <° Denaturing High Performance
Liquid Chromatography (DHPLC) ¥ #ESr L,
MBEEAT> TELN, HARANDIER TIEECK
DRER DL & Fie v, K OIRKIIA Y
Ths.

DHPLC {E72 E A7 U —= v ZRIFEICRE
RBEHT 2 H7ET, BB TFORRKLEE
E OB T E 720, CMT 995 Tl
s E o T b 0N %
Haploinsufficiency (2 & » CTHRENER T
52 EHEZLN, BIATORERAEOMER
DYEELEZ T,

2. WEoHB

DHPLC {% & MLPA £ % Of F L #8509 128 s 1
ZRRAT L, AARAN CMTROEEHE 4 S
MZTH L, BIXOEGE T LR OB
REWHLMNZTHZ EEHME L

3. WHED ik

WHRIZ OMT IR DB n R RiE S iz
RE¥STY CMT 993 222 SEM, #hsETY CMT 5 127 45
DHb, 17pll. 2 BisFEME, RKEDRWN
JEFl xR E T 5.

(1) DHPLC #EZAWEZEB TEROR 7 U —
=R LTRBY, K LITRT LD,
SR LA R NS L CHRER &k
BT 5.

O HE¥HTL CMT JBIZFB\WNTiE, PMP22, MPZ,
LITAF, EGR2, NEFL, GJB1, GDAP1, MTMR2,
PRX, YARS, DNM2 IZDW\THEZEZITH.

@ #hFRA CMT J5 1233V T IL MEN2, RAB7, HSP22,
HSP27, GARS, NEFL, YARS, DNM2 |Z-DW\THR
REITH.

(2) FEIK &I+, FricEMEEEERE & 58
7D MLPA {EE AW BNE(LOBRREY
WeNL9 5.

O BEETIX, PMP22, MPZ, LITAF, EGR2,
NEFL, GJBL IZ DWW THMBRIEZEMN L, “hvE
TOMRB TIIEREZRB O 72> 7= 115 Hliz>
WTHRHEZIT) .

@ #hM I, MEN2, RAB7, GARS, NEFL,
HSP22, HSP27, GJB1 DARFE S AT KA HEST L,
MBEITH). ZTNETOMBTIILREZR
727 o 72 100 Bl DWW TR Z1T 5 .

@ EME B S, breakpoint %
ST L, OO ERS 2~ 285
BT HEFEICONWT, BET S,

Demyelinating CMT 1
227 cases

{ CMT1A duplication & deletion
by FISH or Southern blot ‘

PMP22, MPZ, LITAF, EGR2
IEFL, GJB1, GDAP1, MTMR2 |
i MTMR13, PRX, DNM2, YARS

d:p l dell l r;egative positive l lnegaﬁve
[50 cases] [ 2 case ] [ 175 cases] [25 cases] [ 115 cases]

/ |
i Screening by SSCP or DGGE |

P22, MPZ, LITA

R2, NEFL, GJB1 i
positive l negative l positive l l negative
[ 140 cases ]— [ 4 cases ] [ 1 cases]

axonal CMT
127 cases

)

" MFN2, RAB7, NEFL
| GARS MPZ GJBT |
HSP27, HSP22

{ PMP22, MPZ GUB1, MEN2
! RAB7, GARS, NEFL HSP27, |
| GDAP1, HSP22, DNM2, YARS

positive l

1 REMREAE

J/ negative

(8) BIFEREERE LIEMICHOWT, F
R KO R A G, AR LR & o
BEBSCT S, ZHODOEIEFER, %
JEAEHRIZ DOV TR L 7.

4. WFIERLE

(1) @ BESER CMT JEIZIBWT, PMP22 28 M
(CMT1A EHE A5 Te) 10 5, MPZ 255 20 {3,
NEFL Z8 % 8 i, GJB1 285 19 f5], EGR2 A% 1
B, PRX (B L TiX 5 BlICEBIE T ARZRD
7=, 111 4] (48.9%) IZRENREHTH - 7=.



@ #HERA CMT % T, MEN2 Z55 14 5, GARS
ZEH 1 5], MPZ ZE 8 % 5 15, GDAP1 Z5 % 1 44,
GJB1 288 % 6 R L7=. 100 1] (78.7%)
BRA AR THo7=. Fiz, 26D distal
HMN ~C HSP27 D25 B 43857~

(2) MLPAVEIZ & 0 #f¥E7 CMT 95 0 3 45 C PMP22
OEEN B ST, £z, FISH{%ET PMP22
RK&ERBOHT- 1 BT, mﬁwm27)w@%
R KRBO T BIER & it Uz, #5r R I
B % [A @ L, break point i: 4bp D
microhomology % HERd L7=. PMP22 REKNT X
HiaiotEEMEs = 2 —a X F— — Iz
BAETH Y, mmz@ﬁ@itik%%%
TIEFNC R WT Y, EEMICBE L Tk, SE
B, WUNRKEEZEOFT D RN H D DT,

IR Z T 0NEMIN RSN
CMT R (235 1) B MLPAVEIZ L 2 B AL Ok
FIE, PMP22 DA TE RN R &4, FISH A
TIERHARETH D/ REOBRHICAEHT
Hot-.

(&Ht@ﬁ%%%ibﬁﬁkmﬁﬁéﬁ
RFEFSEZ R SN LT, AL
ﬁ%Mﬁ@ﬁE¥%ﬁﬁ§jaﬂﬁma%m
TRIZ BT 2 s AR 2R

1. HEHEACMTROBGTFERERE

1AE# PMP22 MPZ LITAF NEFL GJB1 GDAP1 MTMRZ2 EGRZ2 PRX F 3 &t
Our study 53 10 20 0 8 19 0 0 1 5 1M1 227

233% 44% 88% 0% 35% 85% 0% 0% 04% 22% 48.9%

2. BRBECMTROEGFERRE

MFNZ2 RAB7 GARS NEFL HSP27 MPZ HSP22 GDAPI GJBI 7TH it

Our study 14 0 1 o 0(2 5 0 1 6 100 127
11.0% 0% 0.8% 0% 0% 4.0% 0% 08% 47% 787%

1BAPISZRE R U distal hereditary motor neuropathy (distal HMN)EGISETR Y

BEYR ClE 48%, HhRA Tl 78% DIEL
THHKRNRHTH 5. COMTIA MO EIX
23% L@ W Enh, £z, HIHUAID
P 510 W PR 7S T FRRE | 2 BRTEAL - Eﬁk?é
ZEME, BAAN CMTIA OFEFID 22 HNT
@%%Q%ﬁf,E%%%%XWLTw&w
JEBI2N B 5 FIREMEMNE 2 BT

2 | REESTRY OMT 955, X 3 (2dhsR
BT D HIEF R E R T
D CMT1A BEE TITZEIT/NEENTIRIET 523,
B RIER G AFET HZ ENR ST,
CMT1A A TITIER A — %1% <, PMP22, MPZ,
EGR2, NEFL R TIIERE A gain of
function |ZfB1 %, AL EHENICHIE LEIT S F
< EERFINZ .

I CMT 975

© LHMEIEFEAAE &5 PRX R TIE, loss
of function (281, FLHEHINIIET 21

Number of patients

Number of patients

0
0 10 20 30 40 50 6 70

Number of patients .

“

FEIRICEITT D LWV IO REDR D 5.

@ #hEEAICIE, MAN2 &R i34 C/NE#IC
bemn%miﬁﬁfi%ﬁﬁﬁww@m

=,

HH

@ FHAZJERITIX, dominant negative Zh 5%,
HHVIEREH gain of function & L
TIEAT -0 EEZLND. mnAE@@
—=<°> GJBL X° MPZ Rz X 6$E|1 AT

BE¥E o B E T < R OGN ﬂét
HIEFMP b B2 5H.

® CMT ¥ T, @5, TREEAL CEITT 50,

GARS B3 Tii%ﬁu WZHER 238 %, GARS
ER ORI E L THE L.

PMP22

PMP22 duplication

Number of patients ~_

Number of patients

W 20 3% 40 5 6 70 0 1 2 30 40 5 6 70
Age at onset (years) Age at onset (years)

NEFL N GUB1 1%

0 20 @ 40 @ e 7
Age at onset (years)
PRX

Number of patients

0
o 10 2 P @ % o 7
Age at onset (years) Age at onset (years)

H2 BMBEMTRICE TS EETFEREREFR

o
ool m @ 4 B & B
Age at onset (years)

MPZ

MFN GJB1

2

3

e

Ny
&

Number of patients

Number of patients

N

0 0! 0
0 10 20 30 40 S0 60 70 0 10 20 30 40 50 60 70 O 10 20 30 40 50 60 70

Age at onset (years) Age at onset (years) Age at onset (years)

X3 BEMECMTRICE TS ECFEERLRIESL

HARNIZEIT D CMT 5[ CTlE, %< DIEBNIC
OWTHRBER T NHEINTELT, 4%
AT —= U THEOWEERIIND & LB
BRSSP X OVeEf & M%&+%ﬂﬁbfw<
VENH D,

5. BRI
(e ERFE . A5
B

Sy HHE R ONEEERTEE 12

UdEEama) (BH4 1)
@D Abe A, Numakura C, Kijima K, Hayashi M,
Hashimoto T, Hayasaka K.
Molecular diagnosis and clinical onset of
Charcot-Marie—-Tooth disease in Japan. J
Hum Genet. & &t A , 2011, 56:364-8.
DOT:10. 1038/ jhg. 2011. 20

@ Hamaguchi A, Ishida C, Iwasa K, Abe A,
Yamada M.



Charcot-Marie-Tooth disease type 2D with
a novel glycyl—tRNA synthetase gene (GARS)
mutation. J Neurol. & % A
2010, 257:1202-4.
DOI:10.1007/s00415-010-5491-x

@3 Abe A, Nakamura K, Kato M, Numakura C,
Honma T, Seiwa C, Shirahata E, Itoh A,
Kishikawa Y, Hayasaka K.

Compound heterozygous PMP22 deletion
mutations causing severe Charcot-Marie
-Tooth disease type 1.

J Hum Genet. #&#HiF, 2010; 55:771-3
DOI:10. 1038/ jhg. 2010. 106

@ Sudo Y, Numakura C, Abe A, Aiba S,
Matsunaga A, Hayasaka K.

Phenotypic variability in a family with
Townes—Brocks syndrome. J Hum Genet. %%
#eA, 2010; 55: 550-1.

DOT:10. 1038/ jhg. 2010. 64

(FxR) GHsih)
OB, EE T, BAEZ, KE—2,
AL E T, AWESE, tEf, FWE: A
ARAIZEITF B Charcot-Marie-Tooth ¥ 1A Y
FEEIZHOWT. 5 114 [ B A/ NER A 220
2, 2011 8 H 13 H, HEHHEKX, 77
v R Y AR TV R E R N —

O BIERE, [WTFHSES, AOBE—AS, K&K
25, RO, EERACE, A EIRER, B
BE¥, FIJE : Distal Hereditary Motor
Neuiropathy VI O 5zBfi. % 53 8] H AR
MRS, 201145 A 27 B, Rk,
Ry 7 4 Ak

QK MET, BHET, WERNE Z2=E
W, HEbBRLF, TR, RO, kR
B, PEEME, RU0E, oo, B
— :  Charcot-Maire-Tooth disease with
pyramidal features @ 1% %. & 53 [HIAA
AN RS, 2011 4E 5 A 27 H, Rk
i, X7 4 ok

OFTEBET, NE—C, AREZE, FIE
H 72X A Charcot-Maire-Tooth Ji& DB F 2
EERRBIZHOWT. 5 52 [ B A/ NS
A2, 2010 4E 5 A 22 B, @, f@EE

N
a2

GFTEBET-, FATFI=E, MEEEIL, WA EE,
AMKE, ABEE, EMHL55, HRET,
YOG - PMP22 B T KKDEEG~T a s
KL D=2 — 0 —RF—D 2 FR.
55113 [l B AV/NERH RS E S, 2010 454
A 23 B, BT, BRI A—v

6. WG

(1) wFgefzs

fe[¥5  WEF  (ABE AKIKO)
IR - R - FEH EhaikhAm
IeEF 5 © 10536949



