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ataxia, and motor neuronopathy. Motor neuron Symptoms
and signs may be a manifestation in SCAZ2. The SCA2 gene
should be studied in families with heterogeneous neurode-
generative disorders, including motor neuron disease.
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. mEAALBEAL O ZEHE & KT e & LT
DEEHEE = 2 — a8 F — % BF 5B mMR
BTHY, BEETOULEORBBETF - &
ZFEEDH S ENT W5, EHFE, CMT O
EFNHWIIBNTCT AANY v 2T 0
AT U SRR D OB DR S
TWAHD, b MIBWTIE, BHHOBEELL
I B8 3 Bk (Randomized controlled trial)
TAHDEDFERE S NG IR S Tl
L7\,

L»L %A 5, TOI04EMTCMTICH§
LWL OPORIRGEGRIGRAER SN, 4%
OiRENED St A Rl ECEEE BD
NDHOT, T TR 104 B o5 7 & B3
T ho T HECMTREHFICKG T 5L

Zoa— TN F = AL B SEH O B H
LEBENTHEIENSCMTBE THEET
NEEHIZOWTI L, HbAECTHEIICD
W fili v,

3 1122 M 2000 4E~ 2010 4B (2223 THrb L
7= CMT BENOEEN RSB X O AW 08k
BhRRT, WEHGEEE LT, K& {00
TERWGHR EBFZFRNT 7O —F WD 5,

1. CMTICX T 5 EWEHE
a7z CMT OB LTk, (1)
neurotrophin-3 (NT-3). (2) 7Aa ¥ v
e, (3) 72 X, (4) creatine, (5)
modafinil 7z ST AMENRE SN Tnb,

1) neurotrophin-3 (NT-3)
neurotrophin-3 (NT-3) &, ¥ =27 #llgic

* Therapeutic trials, medical alert for specific drugs and anesthesia for patients with Charcot-Marie-

Tooth disease
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£1. CMTIZH 52 F 28R LB B L BENREDOE LD
NPt ik poES T2 RAA > b 1R 3k
HERI B TORBBME L R
. 8 A - . R LR ME B8 .
1 | neurotrophin-3 (NT-3) RCT (B3 4 AL NT-34 L) il\:gls, NCS, MRC NIS O 3)
e 179 A e .| smETHEEELL
2 | 7TAINVEVER (AA) | RCT (15362 A AA 1g/ B 56 A AA 3g/ B 61 A) | 27 ABDCMINS 1 o i psme L 7
. e L2rRBOEFME | 2EHETEZL
3 | PRINVEVE (AA) RCT 81 A (B39 A, AA 30mg/kg 42 \) MOV W 8)
20 A 12BMBOIAIVY— | 2EBTELRL
o EEER TNt | mET 0,
4 | creatine +EBIEAT RCT (B3 10 A creatine 10 A) B, HEY 17 W& T type 1 ¥, ADL 10)
ADL WE
i EE o o fohe CHEMTERL, MET
5 | creatine + EEEFT RCT %?%}:;; 9 A creatine 10 A) gﬁﬁ?){f@%%%& 74 EEE MHC type Ila/Ilx 1D
’ ’ #hl, ADL tE
6 UNEYF— 3 DR RCT 8 A 4 BBROEBETERS | EY-REA - FREGN 18)
® A3E x 4BDML—=7) i DL E
; YNE)F—3a DR RCT 16 A Berg balance scale. up | Berg balance scale & 10m 19)
7 (12 B OB VA ML —2v) & go test. 10m #H1T HBITHhE
% ~
o | B E—H | o | CMTI06 A, 3% ha—sa8 mEFeknago | MIEESM S0
I_E, B ke AN i . -
FHEA O MRC 227 MRC 227 Dz EOEHOFRLE
= CMT 28 A FEFELEFEFORH
‘ ' L BES
9 | EFIEFR/FEFOBN | BIENR S8 VAR Hi EEERL 14)
CMT 1A 49 A MEFLENEFOH | FEELZ L. 272 LERE
| feAe 5% LI oT J
0 | #REF/MEFORN | BENR | Lorawnr»y s nhsickst (3m) | Hz TR S FTET 15)

RCT = randomized controlled trial, NIS = neuropathy impairment score, NCS = nerve conduction studies, MRC = medical research council, CMTNS = Charcot-
Marie-Tooth disease neuropathy score, MCV = motor conduction velocity, ADL = activity of daily living, MHC = myosin heavy chain
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factor X platelet-derived growth factor & 17 )
BIWCER LT AL RET S L S Twn
%o Sahenk H X, CMTIAEH 8 %4 % NT-3#
5 (n=4), BEXEH h=4) 02K
VEZRIZEID 4C, A3 E 6 » AMKEE %2175 C
B C ORISR & FEM L7223 SR 7
74 <Y —x FAREA Y b idsural nerve
biopsy (fascicular biopsy) TOEEMHZ TO
EERMER DEAL, A v F Yy FERAL b
ld neuropathy impairment score (NIS) T ®
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XERTH D TrkB/COT T=Z M 24
f& % Trembler-J~ 7 Z 122058 [\ & 5 L.
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CMTD50% % L& 5 CMTIA X, 17 % Y
BARERE (17p11.2-p12) @ 15MbEE O &
BIZEIDAL, CORMICHELET 5 EET
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WeFEAEZ, AFTVA N ETRaNE
BTh b,
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3, PRV =5y b (FR) 2K
L. 7072570 rdH50Ed% 025 KER
EThHbHrAFT 7R M2 7T BHEEE L,
Pmp22%3 & —a—naF—7 <2 ) % 4 T
BT 20 E) PRI LY 2052
Vv 7Ty MTE, AEMEICBWTE
BTy N D16MED Pmp22 DFEBHRH SN L
D TUTATU REETIE AR
B D Pmp22 DFB LV NVIZHERS & v o
21 ERA LTz —FAF TV R o8
ST, LBHRO Pmp22 B1EF 5B 1.3
BRELTHH S, ¥ o9 vl ok
ALY EL 7 v b OEE MR E L E L
2o B 55 AMAF 7 AN v G5k
2L CH IBERETIE, EEIRERE IR S
N D50%FEEE £ T L. CMAPAK T A
ENTWY, 720 FF 79 R b v kR
T, HEOBE S I E b o> T o 7295
BRI IH SN Tz T ofEEIE, F
FTT A Y5 X o T Pmp22 3 Bp )
SNAHN, FEROYUH IS ETAET L L W
AEDVEL LAY 2T VIR OEE e
RO LWL YV WMEIIRDL 2D TlE e v
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FFTI)AVIZe PTEFEERD L 720
FERIGH ST Wi nwas, EWIZ X 5 PMP22
DBIZFREPURETH L ERIFI LD TR
L7z, PMP22 5 BLEMHIC & 0 i3k = Frpkne
WRETHI &R LA THIMN 2T
HolrbFEZHNL,

3) TAIANE VB

cyclic AMP (c-AMP) 13 CREBIZ & % PMP22
DTAE— Y —~DFEE T ARAE L. PMP22 D3
EAMinsash, 7AINVE VR c-AMP &
BAMICHEST A LI o TPMP2 D3 %
Y B TR R TR S hTw B b,
T A VY Y EEDS PMP22 583 % 3 5 ) Retk
I2WEH L7 Passage 513, CMTIAET VT A
127 ATV VEE5Tme/ kg & RS L7z ko
A, v AOEDEEIEEL, LENE0R
BHAHE AN L7z 1)e 7 A VK ¥ RIGHETT
CABIER 58 & O B TR ARAE O I R I E W
W7o 2d TAINY YBIEEFETIE. #

E TNy (WA

T ATHT AN VIBIEBRO R R 2 5%
T, CMTIABE 2R & LB OT A
TN VIBRIBEAIEE o T2e FOHFTH IR
RBEE D O RECKE TN 2 DDRER
TH b, 12 HODEHIL 18~ 70K D
CMTIABE 19 Ex 5 & L, RERSH,
TAINE Vil H¥x 5, 3g/ HIX5 8O
ST 12 » HBER L7228 T, 794 <
) —x v FERA ¥ b %CMTNS (Charcot-
Marie-Tooth disease neuropathy score) & L
Twa, FofE 1EHOCMINS, &
B B, 10m A AT R, SF-367% & D
QOLIC3MTOET Lol T2 3HE
MTHERSOMEEICEI R, 3g/ HEED
TAINYE VIRIZEETHAHZ EAIRETZD,
HHERRE P o7 b9 1 DOHIFIE,
2 ~16 D EECMTIAR B N H L L7z
Burns & O i RIEBRTH 5%, 1 513 54
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CMTIABEI XA G e L, hERSRE
TAANYE VBE0mg/ kg 5 FI o), ST
A=) =LY FRA Ve lE P S,
EHh )Ly FRL Y N EFROBT - &
AL - RATHERE - QOL 2 & LT12 4 AT
BIFL 720 MRMREEEIAECIEIREVDH D
D, BT B T o fR R E R o 1
MAAH NIz, 72720, WA CTHJY - EE)
FERE - QOLIZEIT RN 728 4o 72,

CNUAC BB T A 3 e v BRI
BB OPRENTVEY, wihd T
AANE VIBOFBLZNRIEERE I N T
Vi, 7272 L. Biak L7 Micaleff 5 @ 5Bk D 5
%M Tk, CMTNS O e B SEIRFE M E B T
¥ % CMTES (CMT examination score) @ &
WHEHT A&, BERB L1/ HRGHT
X CMTES 28 EBAL Lot L. 3g/ Hix 51
TIECMTES 2123 02> 720 £ 72, Burns
LOMEDBERBMITTIE, TAINVY VBE
&7z 5 Ao EE T IE APz 8 AT
FTL TV WIENDL T Y T A AHURE
CMREHEEM R 8T = DS Tl R wizn,
NOEDOFROBERIIRSNI2HDTH b,
ZOLHIERBNTHRELTLLEET
ELRVERPTTWAEZD, INHDOT7 A3l
CUBOMPIE L CHEN R L 5o /2)
WELTik, (1) 7AINVE VEBROFELT
ST VIR &b, (2) FHMEEE &
L TOHCMTNS R NCV 2%# 5 Tld 72 220 727
BEME. (3) WFZEF WA AT B 7 Rl LIz
KoWTBY, 1TEMEW) EHMTIORE
DNETEEZEDSTHHTE o)y T
Bk, B ERBETF LR TwE 0 L
FGATY =2V FRA Ve LTOFHMNER =
RSIRRNC BT 2 FEE - B ENEEEE R
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4) IV IV
PMP22 525 8Cid. Dejerine-Sottas sydnrome
* congenital hypomyelination 7¢ & & 0 i O
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CMTZE 322N TBY, 2O05T%
R& & L T3 dominant negative effect 23HEl < #L
Twad, $bbh, ZEpmp22% b O transfec-
tion D FEERR Tid, 2 EPMP22% 1 A5/ fk
(ER) W5 LMIBIICRIET 5 2 LT &4,
ERAMVAFIHUET RN = A% EL B
RRENTWS,

TNVT IVERKT AR H LTS EF
N5HROEBBETH LD, Khajavi 5 1% 2
VI IV EBRSTAHEZEICLDERICHESE LT
W AHEERPMP2E 2 ERD O i L. Ml
JEIZRIAEL, ERA ML AFREDO TR —
ARRWA S D T L RERMACRLW,
T7WoIE, T AEHCERRTH, 2L
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al YO TR N — 3 23 U FEE
DINT I VOFRIL, BEERRZITTEH
A7, MPZEZERIZIAZMEEFT NV TH RS
nNCTBY, CMTIBTORIE L HFEEn 2,

5) JVTFV-EYT 4L

T VT F X BB E O R E WA
7eWF9EDY 2 D& %o Chetlin & DHETIE, 20
ADCMT BHE %, creatine 5g ¥y 5B - A3k
GO, 12 B B ER) 2 X, EEET
BCHIRE, . BERIENN L7 B % AR E)
EEATVE 2, ZofER, T Ttype I
MEDRMELEDBEI Ly #5705 ADLIZ s L 72
PN LT FUEGICEBRRTIE R ER)
WX DR LEEZ SN2, Smith &iF, 18 A
ODCMT EBEICHECER 2 S5, 71
TF RGBT, EEFI % TOW R
BIZBWTI Y VEH (MHC) O ¥ 4 78
BALT BH &9 o, EEEEBENTLET 2 H (2
ODVTIT SR T2 ¥, 2 Ly s o ip5e
WBWT, MHCY 4 FINFEEIZHA L Tw
2 A TMaB LS 4 FlxidinL <
WIEbDDHEETE R o700 ST

DILH EAYEERIZoOWTIE s L7 F vk
HTHELZRDOTBY., MHCY 4 F10W#b
BLUS A THadBEMEMBL T2 2O
20D RE T DL E, Z LT F Vit
AR OB E L S5 b 00 EREEEY
FIREFELAAL RV, BEOREICL VS
HEEZ LI,

TF T 4 SIS L ) B OB EE Y%
L72E W BELH AN, av b — 2%
FATREVEZDIEF Y A LA fEn 4

2. CMTANDEZEENNA
HAEEERN ANCET 2050k, (1) &
2% & L Coveruse weakness DA E, (2)
THEEREHORE. (3) U ) 5F—3 3
YORE B EHFEY EiFshTn g,
overuse weakness (i IZ L 5 DK T
DHEFT) BdHHHhEIPITOonTIE, FlEF
CBEEHF) #701% IEF X Fi i & s 5
FEWTHE ENT WA, Vinc & 1F. CMT A3 106
Gl T Y O — V4844 OIS AT B
FOENE—FHB OB OELX:E% Bt L.
T bO—VEETIA X FH O FHEH -
2 DBI% TH o720zt L, CMTET
S EFH T OFG o 72 BED655% 722 &
5. BERIC X 55 ET O RN % Je 1%
L7z, L0, 5V 5 uilhatE v
SE RN Cld, CMT B3% 28 AOF4Em7712
DWTHEFLIMEFOMIZET RV
o 7219, FBEIC, CMTIA BE49 Ao F
WIER DR IIZDONWT, FIZ AL FE A —
Y= HWTEENICMEL-EZ A, Fl&
FLRMEFLOHNEEHD o 7217,
PRIZ LS OFZETIE, iR THE L
TIN=T Tk FEFICHEELHHET %
BOTHWIze T E, CMT Tz
LB WIMRT I B EE Tl — i
WV OBENHIR %8R T 5 Id v e
LRAONDH, EATH CTIEBERE T 20
B EL GRS 5,
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LRAEIGHEL TCWzh, ZoRFIE8H
BB I LT, A s
WL CTREREOEMN 28 REHRTE
A5, BB S 2R EEwENS
HRIMMTE DL, T/o0 WTHEREES
(AFQ) a7 547 ¥ AZDWTOHET
. AFO%ML)T LT 4 BRI ZH) T
Wz DEf20% T, FhUSAOBFETECH
ek LTw?, oo LT
. TRZZEVPRICRS ] [REEL R 2]
(#3325 LW R &ETholze TD—J T,
FER DO BALZ R A 72 BE I h o T2 JEH
s Tk, ADL OB R0 A BB RE T D
EERELTWDLILDLH D, CMTEHEIZ
AFOZEET L 2P A D TEZW
A5 A &2 DBE BT F OLEERIE R
RIS BLENEYH B L BbiLb,

INEYF—Ya ORI OWTIE, H
AREEOMENPECELTRELED S, H
3248 D b L —= v 7 COEBT L
WO H % B 72028 T, 89T & AT
#L, HEREFHIEAETH o 7203 F R
izt L7222, $NopETIE. 120
ODEW NS VA ML == ¥ 72 TBerg
balance scale & 10m =47 2%k 3 L 72 & O
Db HN, IS OMBOFEFICOVTIET
SHEIE AN TRV, D e b EY
B I A RIS O . BEONNT VAW
Lol HLREOINE ) FT—Yay
2 BREBRIMECER EEZ LN,

3. CMTEEPFETNEEA

CMT EEZ Mo WEHRBICBE LA,
flEF & 5 YA CMT BE OREAF O FEREAR
FEALEED, EEROCMTEZE TH o 72
A, ERZHAEILLIZVTHIEDND Do
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NPO# AN TdH 5 CMTH) & (Charcot-Marie-
Tooth Association) Dk — AL — FIZ, F
ETHLUAREOD HER ORI ) A D
BRI NTBY., 250FAPHY EiFo5NnT
WP, ) LIFS TR AEFADIEE ALY
ECMTREREZFDATHEHE N T, =2 —1 e
F—wHEULUEEOH HFEHTHY., CMT
BETOMTY) A7 7 EFM % mIZow T
RENT W,

Lo Lahs, BiEggEchrer s
YAFZOoWTiE, (1) CMTTC=a—u
INF— DAL o 72 & HIEFIE D& D
bk, (2) BE=2—unXF—%EL5%
EENHERELYV OIS VETZ 2 —1a Y
F— % E U BEMPEBHE S Tnb 2 &,
(3) REHEBEE THMIC L 0 ERIEAELL
TEFEZWI LR ENL, L) bIFCMTL
T ZHTARETH S L) DD
MW—F LB TH A, CMT2RCMTX TD
FERGMEMLHY, € v RAF IO
Wi, By £ 7O CMT Td - THEHIZ
BIEETCHLIRZEEZOLN A,

Z DA FEH TRIRELOER L O H 5 3
ik, YATFIF v, 27 VEAHA N (HIVIA
BRI, AINKTTF V., XN ETH b,
F 72, CMTNA (CMT North America) 7— %
N—= 212, 200% D CMT BHE B L 2 DORKIE
POEME SN TWD996DFEH ) AT v 7
SNTWBED, ZOF—rR=2 B THEE
BICYUANT » 7T3INTWBEEHE LT, X
Ry =), BR AYF . ZbRTT
VFEF Y, T MV BNV ETY) R ENS
Hho LirLaDE, HERREOFMIA
Wiz 728, BIVER O REBERHERED 1 DT
H A Naranjo | E AT —WVIZHTIEH 5L Z & id
TEY, To%BzTd > TCMTEEICBWT
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4. CMTEE & hxEt

CMT BB DIFAM R HEE D 72D 1 Wkl & 320
LHEICE T REESLETH AH, CMT A
BATKT LR URRE i - BErSE O il v &
ThobETIMELRETH o728 0w s
BHRFETBH LD b, HilEHFIEI 24
FLEBBFTOBRAMEMIEDLZ L iz,
HOLFEEORBEICOWTEHEN EH HEEH
HHIWrd 5 2 & 332138 L v,

ZOHRTH WL O CMT BE =T L
T %O Antognini DHETH 5 Y, L.
CMT international D& B 10004127 > r— b
THRTFROFIEIZ OV TSR, FHEHIC
CMT B3 86 NI HifT & L7-5h 161 MO Fil %
Wl L. EO@B#EEkE H A0S ICHE L 7,
FREEO D bbbk, S5 mMmE7s A (139F
i) - RETMREE I8 N 2F4) Th o 720 il
BIZTBADIZL WEFRZZEBEEZ T4
(22%) W7z b OO, BEH R IKT g
WIME RO BIFE BN o 7o 241 A
(48%) THZ vy=pay RIS T\
RGBT 0o 720 77N (90%) ¢ MV B B
U BEWHET ST A AR R A
Polze WRITH D 10D > 7205 &
ORRBRIETE SN TS, —EHIZCMT
BEORETIE, Bs &+ s P
HCTEHHH. FWEEDEHHED 161 FilF T
HRONLY P72 &, FREEADCMT BE I
BWTE)bUIERETAIBRIZZLVES
ZAHMH Lz,

TR BT, — R AL B HERR R 2o Tl
PREALRRIEE L PEERI R O BAL % BT B 7250
JAERETHDLE VDN TWAED, FOREIW
RIITR I N TR, FHERRE D 5\ (3R
SVRREE % S0 72 CMT B 4 BIC. BREED 5 D
E I & LBRET L 28iE 25 2%, 2o
Wt Tld, BHEREE % 20772 3BITIE 3 ~45

R Tdh - 72Dk L, WIS Z 2072 1
BITIEL2IFMICThH oo s, &0 biThE
PSRRI IZ DWW CIEE 2 i L, BATFREER
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Therapeutic trials, medical alert for specific drugs and anesthesia
for patients with Charcot-Marie-Tooth disease

Kensuke SHIGA, M.D.

Department of Neurology, Kyoto Prefectural University, Graduate School of Medicine, Kyoto

Tremendous progress has recently been made in diagnostic procedures in neurophysiol-
ogy. pathology, and genetics for Charcot-Marie-Tooth disease (CMT), one of the most common
hereditary neuropathies. On the other hand, no beneficial effect has been shown in at least
more than two randomized controlled trials (RCTs) in medical therapeutics or rehabilitation
approach. However, this decade, in which the pivotal molecular mechanisms for CMT have
been elucidated, has seen some beneficial effects in model animals for CMT. Based on the
positive findings in these experiments, several RCTs were carried out in humans, a great
leap in future therapies for CMT. The critical overview of animal experiments and human
RCTs for CMT, together with potentially risky drugs and anesthesia for patients with CMT, is
discussed.

Key Words : Charocot-Marie-Tooth disease, therapy, ascorbic acid, curcumin, ranomized con-
trolled trial, adverse effect, anesthesia
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Dermatomyositis developed in a recipient of allogeneic BMT;
the differentiation of chronic GVHD and autoimmune disease

Bone Marrow Transplantation advance online publication,
13 June 2011; doi:10.1038/bmt.2011.125

Dermatomyositis-like features occurring after allogeneic
BMT were thought to be a rare presentation of chronic
GVHD (¢cGVHD)."~* Herein, we report a male patient who
developed dermatomyositis 14 years after allogeneic BMT.
This 24-year-old man was admitted to our hospital with
myalgia and muscle weakness in his upper and lower
extremities. Examination of his medical history revealed
that he had received an allogeneic BMT from an HLA-
matched unrelated female donor as a rescue for relapsed
ALL at the age of 10 years. The transplant was performed
with a conditioning regimen of BU, CY and etoposide with
a GVHD prophylaxis of CsA and short-term MTX. A
complete engraftment was obtained on day 16. Genotyping
using XY-FISH analysis of a BM sample taken at day 26
revealed that 98.8% of whole nucleated cells were of donor
origin, suggesting that complete chimera was achieved. The
post-transplant course was smooth and uneventful with
grade 1 acute GVHD of the skin. Since day 368, he has
been free from immunosuppressants for over a decade.
On admission, he complained of proximal muscle
weakness at all his extremities, with a grade 3/5 on Medical
Research council scale. Otherwise, there were no abnormal
neurological findings. His skin was dry and thickened over
the entire body, with scattered itchy/scaly papules suggest-
ing the presence of c¢cGVHD. Skin biopsy confirmed
fibrosing dermatitis and hypertrophic sclerosis. In addition,
a heliotrope rash of the face and Gottron’s papules on
the extensor surfaces were noted, indicating that he may
have dermatomyositis rather than cGVHD. Laboratory
examinations showed elevated values of creatine phospho-
kinase (1842 IU/L; reference values 36—-177IU/L), aspartate
aminotransferase (108 IU/L; reference values 12-351U/L)
and lactate dehydrogenase (697 IU/L; reference values 114—
2431U/L). The anti-nuclear Ab was positive at 1:640, but
anti Jo-1 Ab was negative. A T2-weighed magnetic
resonance imaging scan showed high signals in the deltoid
and trapezius muscles. An electromyogram of the right
deltoid showed fibrillations, and short-duration low-ampli-
tude motor-unit potentials, consistent with a myopathic
process. Muscle biopsy of the left deltoid demonstrated that
muscle fiber was remarkably atrophic in the perifascicular
areas. A substantial number of inflammatory mononuclear
cells were noted in the endomysium, perimysium and peri-
vascular regions. These infiltrating cells were predominantly
CD4 + (Figures la—c). At this time, re-analysis of XY-FISH
of whole nucleated cells in peripheral blood revealed that
XY-positive cells increased up to 87%, indicating that he

was in a mixed chimeric status. Therefore, to determine the
origin of infiltrating CD4 + cells, genotyping with XY-FISH
analysis was carried out using a paraffin-embedded muscle
specimen. It was revealed that infiltrating cells in the muscle
clearly had a Y-positive phenotype (Figure 1d). On the basis
of these findings, he was diagnosed with autoimmune dermato-
myositis and not cGVHD, and treated with 60 mg/day oral
prednisolone. His muscle weakness improved dramatically
in a few days, and his creatine phosphokinase level decreased
to 281 TU/L in 2 weeks. The prednisolone was gradually
tapered to 20 mg/day over the following 4 months. At 6 months
after admission, he had no recurrence of any muscle weak-
ness or myalgia, and his skin eruption had improved.
Although dermatomyositis is often associated with malig-
nancy, there was no symptom or laboratory abnormal finding
related to the presence of malignant disease including recur-
rence of ALL at the time of diagnosis. Furthermore, BM
examination also confirmed no recurrence of ALL 18 months
after the diagnosis of dermatomyositis.

Both polymyositis and dermatomyositis can occur after
BMT.? Dermatomyositis shows skin manifestations includ-
ing a heliotrope rash and Gottron’s papules.” However,
cGVHD-related muscle complications of fascilitis/myositis
are very rare. We found only six cases of BMT-related
dermatomyositis in the literature," which developed at 4~
52 months after transplantation. Of a total of seven cases
including ours, patients were aged 24-51 years, four were
female, and five were diagnosed histopathologically. How-
ever, only ours was characterized for the immunopheno-
types and genotyping of infiltrating mononuclear cells,
which showed predominantly recipient-type CD4 + T-cell
infiltration, compatible with the findings of dermatomyo-
sitis.%7 However, in cGVHD-related diseases, interactions
between donor CDS§ + cells and host cells must take place,
which lead to the inflammatory disease.

Clinical features of dermatomyositis/juvenile dermato-
myositis can sometimes resemble those of cGVHD.®
Maternal microchimerism may have a role in the immuno-
pathogenesis of juvenile dermatomyositis, where chimeric
cells include high frequencies of IFN-a-secreting T cells in
response to host cells.5® However, it is undetermined
whether the chimeric CD4 4 T cell itself attacks host cells
in targeted organs in (juvenile) dermatomyositis patients.®
However, in other autoimmune diseases, such as systemic
lupus erythematosus (SLE), type I IFN contributes to the
peripheral tolerance breakdown through the activation of
immature myeloid DCs, which activate autoreactive T cells.*1°
Collectively, we assume that the presentation of mixed
chimerism probably contributed to the overexpression of
IFN, which lead to the activation of the autoreactive
recipient CD4 4 T cells in the affected muscles in this case.
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Figure 1 Cross section of a muscle biopsy sample. (a) Muscle fiber atrophy that was remarkable in the perifascicular areas. A substantial number of
inflammatory mononuclear cells were noted both in the endomysium and perimysium (hematoxylin and eosin staining x 100); (b) stained with anti-CD4
(% 200); (c) stained with anti-CD8 antibodies ( x 200). Infiltrated T lymphocytes were predominantly stained for CD4 +. (d) Genotyping analysis of
infiltrating cells by FISH using a Y-chromosome-specific probe. Infiltrating cells show the Y-positive phenotype, indicating that these cells originated from
the recipient. The green signal (arrow) indicates a Y-chromosome. The orange signal indicates an X-chromosome.

This is the first report demonstrating the origin of
infiltrating CD4+ T cells in a patient with dermatomyo-
sitis who was a recipient of allogeneic BMT. This is an
extremely rare complication, and these findings suggest the
importance of chimerism analysis in any allogeneic BMT-
related dermatomyositis cases to define the precise nature
of the disease.
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Hereditary Neuropathy — Variety of Disease-causing Genes and
Progress of Molecular Genetic Diagnosis

B/ O B\ KX 5 IE =
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.
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AZEsh Ty (Fig. 1),

FREERFE, BFcods e A2 T0I5i
TEENDE, QI Y vavE—Rv ), @3z [E
EEORERTF, @Iz VEEEHO®E - A% - 4
H, QM- 45, @=a—ur 4540} - BY
WREBHE, ®@3 b oy K FEE, @DNA BE-EE.
BEEE, @14V Fvin, @F £ 7YV RNA

(transfer ribonucleic acid) &RiBEE, RETH2, &
NOORER, HBEE L HEREOR 2R LES
ZEFMENTLS (Fig.2), TheiDnT, R
FRlc RERET & 2 OBz 0w TS 3,

1. TXUYaOYR—3 VK~

PMP22, MPZ, periaxin (PRX ), GIB1ZRERZ
CHizd, IXYYavR—2> DR IEBOTLR
&0z b:ﬁ%%ﬁCMT a‘:?@: T HIRDED,
CMTIAQRHE & 7 %5 PMP22 DEESIR S £\,
PMP22 i3 =) VBRBEBTIZ ) v 0 20%% 59
%o

PMP22 BT 5 A7 =X 5 & LT3, PUP22 5
HATHRE R L BB ET 2 D10, Hiks
HEOBRETFHASEZ OB E > RS CHABRD D,
PMP22 25T 1.5Mb OS2 BelaRrEhT L
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. 542
SRERIE A EElEE B

BEFHEMHAER

2 AE— E1%--CMTIA

0 JE—: RK---HNPP

Fig.3 PMP22 &EFHRAEZ (BEH REAH=XL)

E50TH2 (Fig.d). TDRD 1 2DHMAELEE
PMP22 32 aC—-FHETHI L ER D,

PMP22 OEEIZ, fluorescence in sifu hybridization
(FISH) B CRESR T & %, PMP22 > & 0B 2 ELEE
THRD TR 2 ¥ — O PUP22 BInFH 3 % H
B IDFETIR, H—ERKEES 13 ¥ —0Rak
ERER 20 -DREFLVWIHIaE-BEDH SN
BT CMTIA L2HTE 3, iz, 1 o013
Y- U RO WIFEEIR PMP22 DR& X 5ETEE
FegstE = 2 — o ¥F— (hereditary pressure sensitive
neuropathy) & %2 %%, &7, PMP22 D 135ED7 3/
BEBHIC L >TH CMT ® DSS BFfET 59,

MPZ %, 32V v hBETI2FEERTHD POES
ZI—FLTW3, S VERRAIOHESZED S
IRy PInY rOEZCESL, CMTIB 0EREE
EFE LTHES NS, HER CMT 0 10%% 59
BT, MIFERM CMT O CMT2/] OFHE R B2 8 d
RERa NIz, BRI DSS 224 2EM b 2 5, i
FWMPEEELR Y, BERBCSFESHEDONED,

PRX 1%, Schwann filgsss =V > 2B+ 2803
TV EWMBEOEEESL, CMTIF OREEREEF &
LTRES D, Sx2) -7 L MBEOESPE 2
D, BERIZY VERSS|EEIENDY, EHORE
TREBESHOAPHIITH %,

GJBI ¥t connexind2 (Cx32) 2 a—F L TE Y,
CMTX1 0 FEREBRERFELTRESNLY, Cx3213
Schwann 8T ) VAR T 2BOX ¥ v 75
EEBRTIEALLTEETH S, BBER, 3
FWELI S Y UREEINZ I LML, REhEE

BDBEE G % 5 Tl ik 3, BEE, 22k
AEBCIDVEBME| R s h, XLRaEEEERS
ThoIwBEUEBLIVEETHED, LHLIFET 5,
—7, G/BI DREDBBHEI N, I ALV ALE
DPNLENREFETH RV, REZRS H ORZORE I
SEBED = o —a/8F—23h 3 LEEINT V39,

2. STV VERERGERT

Early growth response 2 (EGR2), sex determining
region Y-box 10 (SOXI0) ¥R IniwHizb, i
BEEZ CMT OFR &2 2 BEREHOEFI b 72 5,
EGR2 & SOX10 BREMOEREESIHRTT, o
D VEREROBETFRBACES T 310, BefioRs
HOILHEER L2208, EGR2 &, CMTID,
CMT4E, DSS, eREES ) U BRE= 2 —as85F —
(congenital hypomyelinating neuropathy . CHN) Z ¥
ORFBEEFE L THES N, BERaEEES XU
BEMA2ET 2, SOX10 W CHN ® Waardenburg -
Shah fE &% © Waardenburg -Hirschsprung % © [EE
BEFELTAESR, 2% 72?%.—%%@%3%@%’%
22T 5,

3. STV VEEEROEZ - K3 - wE

S ) rORRICEET A CMT O RRBET RS
<y myotubularin related protein 2 (MTMRZ2), SET
binding factor 2 (SBF2), dynamin 2 (DNMZ2),
rab-protein 7 (RAB7), libopolysaccharide-induced
TNF factor (LITAF), FIG4 homolog (FIG4), five
(FGD4), SH3 domain and tetratricopeptide 7epeat5 2
(SH3TC2) mEMBINIZHiz5,

MTMR2 X, tyrosine phosphatase % 2 — FL, 2=
VIR 2 S MERICEET B L L bh,
CMT4B1 DRFEEEFE LTRE S LI, MTMR2

3 SBF2 Y A EBRT AL CRAT 7§ —HiE

W ERL, £RATEHOTWE L L5 T 5, SBE=2
LiMﬂW&H&zﬁ%»F%kﬁﬁbCMT@Z@?
RBETF & L THEES Lz, CMT4B2 vi%ﬁ AR
AT I EBHIshTW S,
- DNM2 %, $ERs3-macEy, P8 CMT T
&% CMT-DIB OFEFEEEF & LTRE S L721%
RAB7 id/Niggsk Lt EEFEORSHES I L v AR
MERXCBEEL, CMT2B 0EFREEFEL TRES
hiz®, TREEBEBEZSHLDT L,
LITAF/SIMPLE VEBAE, Bic5 4 VY —hDH
w5+ 5 %2 50, CMTIC DEEEETFT, 10
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RTHEET 27,

SH3TC2/KIAA1985 ¥ & =V ¥ ¥ Ranvier &
ROMFWBIEL, CMT4C ORFEEEGTFE LTRES
i,

FIG4 1, CMTOERRE LTEZ I EBEFTH
50 RATZ 7 FVNA 73 b= RENCEEL, CMT4]
DEFEEEF L LTHRES NS, FGD4 1t FIG4 Bk
2007 FiER S NI FEEBHEF ¢, Schwann §IfTD 4
{LFENCBEE T 2 LEZ 5N TH Y, CMTLH OEFRE
EF L LTRES Lz,

4., HeasHL -

N-myc downstream regulated 1 (NDRGI), desert
hedgehog (DHH), Rho guanine nucleotide exchange
Sactor 10 (ARHGEFI10) Sz hichiz 5,

NDRGI i, Ml2FREEZEAD 1 DTA b v ARGk
VEXRG - HESMEB L URRCEET 3 - Ex 00
THY,CMT4ID OFEREERTF & U TEE S hiz, &fE
., BERERSHLYT,

DHH &, #EERESHEROSGCEEE UME R
TEDOERE%Z 5, 46XY BEBETL %5 minifas-
cicular neuropathy O EEEREF = LTRER L7z,

ARHGEFI0 BHEOAH - #E&wBELTHw 2 £
ZoN, SxVEBREBEEL TwB, BRI IE
WAL b UL RESCEET, BEEUREDRY
WEHREENT w3,

0. Za—0O74 3 XY NEBEXESE

Neurofilament, -light polypeptide (NEFL), heat shock
27kDa’protein 1 (HSPBI), heat shock 22kDa protein
8 (HSFBS), gigaxonin 1 (GANI), kinesin family
membgzr 1B (KIFIB) ¥R Hi 3,

NEFLiE=a—-u745 2> VEEEHTHD,
CMI2ELCMTIFO FREGEFELTCHER R
fezen, BESEREEHLETV,

HSPBI1, HSPBS W3/ 3 v 7BEE (small heat-
shock protein) WHEET 3 :E L5 Tvd, /IEL
Yav 7BEBRA M ALSHEEFINTFY von
OBEBBY, HTEROYEDRHODET 4 5 2
¥ Mef#ET 5 LEZ 50T w5, HSPBIE CMTIF
O, HSPBS & CMT2L DEREEFE LTRSS h
Tz 2928 !

GANI &, HRFEREOHEE, BCHNEry r T —2
WBHEL, EX#ER= 2 — 0,9 — (giant axonal neur-
opathy : GAN) O FEEEF & LTREahi™, BEX

543

THREREL, BROICIAEYEEREE ST 5,

KIF1B 3HFES®ICEEL, CMT2A1 OEFRSBET
ELTHRE S, REREORSMcYy 7813
CMT2A DR & ALK, KR~ 2 MEN2 DRE i &
LZEBHSONTVLS,

6. SNIVRUTEE

MFN2, ganglioside-induced differentiation associated
protein 1 (GDAPIL), hexokinase 1 (HKI) 7t ¥ 7
Wbl b,

MFN2 BEEE CMT 0K b L wWEREBEFCH 5,
MENZ S bay FUTHBIZELEL, S bay Ry 7
DEEITEEL Tw3, CMT2A2 DEFREEF L LT
RIE & nie™, EEMOBMEREL ST 5 - & 4]
AT WVW3E,

GDAPI $ 73 2 a ¥ R Y 7HEwEEL, MFN2
ERHEITI PIV R T OSRR(EHEE S, Lo gta
O CMTYA DREBETF L LCRES e, GDAPI
EMFN2RBEDWI bav R FHECZSHY, § o
YFIT DR - @ERAML, I haY R 7HEDL
MERMLTCWE, THODBEFOREIZLY, -
ARV T OB HEARBECRESEDD, biitliRia o
SMPAVRYITRY VY- BBELBT 2,

HKIW, S ba v F Y 7OBEY 70 — 2 5z
E L, 2009 ££12 HMSN-Russe/CMTAG D EFEET -
L CHEE & h iz,

/. DNA 2. - BE8E - BAR

Tyrosyl-DNA phosphodiesterase 1 (TDPI), aprataxin
(APTX), senataxin (SETX), lamin A/C (LMNA),
phosphoribosyl pyrophosphate synthetase 1 (PRPSI),
mediator complex subunit 25 (MED25) 7z ¥ Zhiz
Hizd, '

TDPI, APTX, SETX X DNA Q&5 - ERE T A
T %o TDPIEEHRE = o — 0 SF — L FH/NMER %
& B9 5 spinocerebellar ataxia with axonal neur-
opathy (SCAN1) OFRREHEF L L CTRE S Lz,
DNAREERABECHENELCZ L, FHA Y 2
TR LD —RHOIC S —RE e 2 B, YIiFsh
72 DNA 2BET 3 EBK DNAWHEE Lz b4 v 2
7—E R BRBEFEN TDPI Th B, TDPL %1 5
—FEHDNA BEHBBE S, SCANL BEDY > 5%
T, —4A#HDNA EEEENEEI N T2,

APTX &, TDPI FiR—4S4 DNA B 5 L TH
D, MR = 2 — o — Nk RRRE T e
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544

: {RNA synthetase ° tRNA

..................

FZ /P RNA

&3 % ataxia with oculomotor apraxia type 1
(AOAL) ORREBERFELTRESNED, 7755 %
VRBROBR LESEEERL, —FEDNA ER
TEEZREZHES ™,

SETX &, DNA/RNA~NY r—2A 0 BE*F S
DNADOEE - -EH - -HH8wwHBE L, ataxia = with
oculomotor apraxia type 2 (AOA2) DEFBHEFE L
CTRES R, ZhRNSEEEAMT 5 2 LhYs
B TH B, SETX 35N ALS (amyotrophic lateral
sclerosis ; ALS4) OFFEELEFE L THEEEINLTY
%38

LMNA W, BEEEOD lamin A/C®3—FLTHED,
AR-CMT2A OFREGRTF L L TEHES L, LMNA
& Emery-Dreifuss & 2 b 10 7 4 —% Hutchinson-
Gilford progeria fEEHOBERELRF TH 2 I & bHIS
LT3, »

PRPSI R X#&EHEiTdY, 7V v HEAFCEET
%, 2007 FiHREPHMERELEHT 2 CMTX5 O
BERBEETE LTEBES NI,

MED25 1% ARC (activator-recruited cofactor) @4
Jazy bEI—-FLTHY RNA polymerase II 2/
THEERBEET 5, ARCMT2B 0EREETFELT
BIE & L9,

B. A1AVFvRIV

Solute carrier family 12, member 6 (SLCI2A6),
transient receplor polential cation channel, subfamily
V, member 4 (TRPV4) REBZRIEHI 5,

SLCI12A6 13 K-Cl cotransporter (KCC) family @ 1

Fig. 4 tRNA synthetase =z & %
tRNA DT X /7 Findt

DTKCC3 LdHENn 3, K-Cl 2HEET2EH%: T
DEEFRT 5, MPETHK L BWREEHLBRET
% Andermann fE{EEE (agenesis of the corpus callosum
with peripheral neuropathy : ACCPN) O EREET &
LU CRIEE 9,

TRPV4 13 Ca** BEBEREMAFA Y F ¥ A N%a—F
LY, 250REERFBEEL T 5, 2010 4, -
BREMEREC L D FRESER & 7: L 23w CMT2C
DERE LU THRES hiz,

9. 7= /7UIVIANA SElEEE

Alanyl-tRNA  synthetase (AARS), glycyl-tRNA
syntheiase (GARS), tyrosyl-tRNA synthetase (YARS)
BEMINT D2, FHED RNA CHBT 27 & /B
EREEERLZT7I /) 7vMEEBET S (Fig.4), Fh
Th, AARSE7 2 = tRNAEREZPa—-FL
CMT2N OFEFREEZEFE LT, GARSZ7 Y Y)W tRNA
EREREI-FLCMT2D O EREEF L LT,
YARSWEFu v ViIRNASRESE L2 I—F URED
CMTOCMTIDICORHREBEGZF L L TREX R
e, 2D L )7 YV RNA SREER R, Theh
D7 I /BIIIELTWA70, 0 3FBEMSC LK
HZLFET D, TDLd, 5%, 20 3FEEUS D
CMT ORFEETF L L THERS %’LZ;_ TR h
5o

I. &EFRE

PMP22 OE - REZFTIRO FISH S =ZEEE 2
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PCR K&
S DNA &1k
PMP22 DB ~Z
=2 TN
Ik DIES) el s TN~
AT DNase | e T N
PCR &g THTRAL
DNA fragments
PCR products’
MAX586 50D PCR Kt

Fig. 5 J‘ifi’ﬁ::z_—mztf_—‘;,f !
707 LA REFBH LR AFrUER

AN GeneChip® Scanner 3000 7G

f41yx&ﬁ%ﬁmfﬁﬁﬂﬁfﬁhﬁﬁwiﬁm
TOMOFEFRETIEZ S, BL OEAT~TO
FREEFIZDOWT, K0 Sanger Elc L 23— =
SATEFT B REAREALRELET 200, &
BONCRELBET 2 2 LIFTEETH 3, EBHRERD
SEREBETFEHATZ I L, —BOfTIzTaERE
TFbhH29, AUCERTH BB CMBRALE 27 ¢
LB, EERERRERD & BEEET 2HET 2 220,
LEOSGFRBENREROREC LD, v4207
VABEEZRVWRE Y v— 2 =Y B2 EE L CREN T
BRI DOE2 X P CREFESIRRET 5 © L2554
Exole, A7 TuT VARG, Hikd o LEIEL
2DNA %, 5> USEFI%2FY4 > L7 DNA AV
IV —DEBEENIF Y7, "4 TV FA ¥ =Ygy
L, BHADA* ¥ 7 (GeneChip® Scanner 3000 7G -
Affymetrix #3) TESEHLI L CEIITPHET 2
HTETHB (Fig. 5). BEREAY T, 2006 £ ST
CMT OERBEFELTEISATY R 27T BETR -
FHEEFEE 10 EEF R R L 72 CMT-DNA F v
TERVERL, 2007 & VBT R L T w5, BIEEE
CMT BITid FISH 8T PMP22 3 ¥ —#HBIEE - -
TERI%, SI2RT - cHRIE CMT BRSNS E L, 2010
FETWIB0PIRBL BEME SOOI Fo—n %
%ﬁbko%@%%,%%QCMTwﬁﬁﬁﬁ¥ﬁ,&
WET PMP22 DRIZE DX GJBI THo7z DL
T FIBTE MPZ 805 00> > Jo o Bl CMT i3
BERERR MFN2 BB S S odz, PREES HaR

TV U AR

[E{Eﬁ:z —ONF—ZHF v 5'—‘

B B

NMTUTAE—ay End-labeled fragmens

HE RE

B GIBI BETH ol Linl, FERSESETER WE
BIF <, MEH LSRRI NBEFOBRMCEHEE
BFORESERLBEbhs, S5145%1, (oo
TVABE b, RERRELORERY Ly -7
TYAEPERFEMCB RO N LE L bh b, Kit
ﬁy~71yx$@,ﬁ$E~LmO%ﬁ§EW%IE
EBRET BHET, 152 TE Mo At aTx
PEENEROBHLESBLTwE, LirL, KEDS>
SYZARAMEROIE, F-yBPBAT, EBAfcs
BRENOBwa Y Y2 — S BUEL EOMBEND-
2o EEE, ERIBID O3 X b ST B R
BLTBY, RS/ Av—s 2y 25N, BETFS
BT EITW % 5 TS E >,

I & =

CMT BREFEEEFIREHEL I OFELEETH 3,
R R E T B F AR B R T,
ERIBRIG U BB b B 218225, BRIEZTD LS
BEIRETH2Z, cnETCeiryF>rY F ¥ PR TH
% Cronassial® O AR - /—VER, B4 3y
E, 3x¥1 5 QU0 2 EBRBNCREI N ki
HBH, VTRV ENHOHEEES T IRE s
Moz,

HESTAANVEVE, Jrrsy, neurotrophin-3
(NT-3), 707 A7 u VR & OBRBIZESED 5
fLTn3,
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