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W, 72, E hTREHEBEEZES aFr—ARE
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NI ENTNARNLD, UL, T4, MRAEREYD
ERIZ LY, PIEARO RSB 2 E RIS, BTV
THIBRATER DRRBEIEZITRV, BRE SNDIEE
FRIZOWTERIND X 512> T& 7z, FRIKAKEE
HREER EOPHRMREERORIEIRERIZIL, E'Y
BN B THD Z L%, ITEDREIE & LI FER
KEPHEER TD 7 R EDEE & 5 ORI
b LEERT AR AR EE < @E SN TV 550 178
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NZTHZ LT BRESE CBEINIBRIIXNT D
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[BEBEDRE COBBRME LU (M)
YR TOELIZOVTOIXEL B 2—]
EENTFARFREFIZI T AWERE DO A =X
L D— DT HEBEFRESE (functional reorganization)
NddHLLTWE. MO—HMOBER, BBRAF LI
RSB 2 RE D BRI LR ZAT O £ THH D
T, 2DH A 7%, 1) BEREDRE TOHERHE,
2) XHAPEBR~ OB REERHRIZ 0 LTV 5. BT, BK
DRFTZREE TIX, » 5HEEL b oikMiRITESIC
5‘%3‘9%6 L7220, BRI S S DM A E
BIZFE-> TRV, JIE %28 C-#EEHmIC £ 0 [EIER
ARETH D & LTS EBE T, RIKEH-ERM THE W
WGEEBNZRE LA YRR SDZEE2BELIELDT
»BH. giIFEOHIE LTCastro b 19k, —REENEF %
GIBRL72 T v M T, GIBRELEH D RANZ RIRLBREF A3 HER
L7 Z & B2 KRR E Dy NESRIRE D FERD bR LTz,
BEE L SN 2RI & BMERMTICIIRE o7z & L
TV, PRV TNudo H W ITEBNEF 2 FEER, F
DIGEENE N L—= 7 %475 &, EEE 52 -AD
DXEFEBEO~y 7HRELEZZ 2R L.
Jenkins 5% B /L DRFE X BRI DO BAELIZRI L T
FREDREEZRL TS, —F, &L, EERIMO
BEREDS KPR BRI~ REER R 95 &\ D RARIC
Nz Jones B3 1 RLKleim B 1%, BIEHKEET L
7 v NOYEY FOFEMRRED DAY, EEV T E D
FRIRAYER T, ORI LA & 5 FTREME 271
L7z BT v N TESFEER, EBFE LS
BRI E LT2BETITZE S TRVWEEL D b, Al
YERTO T T AENBHEIMN U7 Z LRIV E LT
W Z & BRI, BB (L LTHR L. £
NIz & o T, therapy & L TDITEY, EBITEGHI 2
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RO 2 ED D AREER DS Z 2R L. &
B, BB OMEIR R OFERITERH D & Lz
Schallert & DR L e U TR 2 R, N,
BRer & HARIZ (naturally) Eo 72 E&B 2 {To72Z &
Thv, TEMNEITERNZRTE (active
learning) &FECDOWVTWBAEEMEZIEBRLTWD
W F 7z, FRROSMIC CGESEFEER, HHLRED)
2 DRI IR IR ER OIEENEF O/F I AN L
TV Z &9, BPRBEDEMMBHBND Z &9, /MK
P THRAD S F T AR EMT B L oY
D190 ERIBAIZHRESNLTWS. ZZTiF, M
RRFR TR 2 O CREE I GEREERD I TEFHR D
BRI E S T2 AL Z H Z L ZFEH L TV 5.
IhIZFNT~v=tal—ya rTbbtherapy®
RARIZ L > TEIR DD Z L 2TRBRLTWNA.
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Fox OfEFRIT ERROWTIC LIBT3 H 5
28, FEE% OO EIEIRRIL, &5y OMENREE
B DREEDESY DT 5 DT/ L, BUDZBERIRERALD
BERETFREEE, FmARIC X - THEEREE Z 2D TiX
BV EBELEREED . ZidJones HY DA
2212 T, IR ER D o F 7 2 $5R0m BE 1T IR
BICE S TENR DT L VI RERHT-1-DTH
5. FZTEDHE AL LT, RAT v b RIKK
BEICRELY 52, EBEFEREL LI E T
7o BEERIARBEBR THUNERARI A £ L, Bk
BOGS 5 SRR O el h> &, FIFRA ML 7 (U M BRI 5
ZDHEERIN L. TOEREUTITRT.

[ 5]
1. xt%

HEWistar REEHZ ~ & (4 — 54 A#E, 350 — 400
g) IBIETHD. 7v MI2EFOFRALMEr —
2T, BART12FF[Y A 7 VOB EBRIERN T » b
BTHEL, KFEHIGEHI1IA 1 ELEEY 52
. ZNbDT vy N EESICEE Y 5 2 1%, R
RETLEMRIE  (skilled IR, %) 275
# (=3, L-skilled®¥), EEXZ G X TZREMRI
# (simple FI¥E, ®%i®) #3258 (n=3, L-simple
), BEXHX-%IIEE L20EE (n=3, L-non-
training 8 ), sham-operation (FHFFIBIIEES
B 2 7o & RIRRTEN, EERRITITL 2V 247720
skilled AT HEE (n=3, S-skilled®f), sham—
operation Z{T7/2\ simple JIEEZ T 58 (n=3, S-
simpleft), sham—operation Z4T7/2VIIEEAE L2V
B (n=3, S—non—training &) D 6 FEIZHyiTT-.

2. ARAE

2THT v MIFHINMCSEM, 1T L Z & 7L
DFEITERET D skilled P2 T L7z (K 1A).
ZHidJones bIMIRLIZFRED—EHTH D, ITHAMRR
BEL Z< ORS, BREBR, N7 VAR TR ST
LRV BELREHLFRE L SR TWS" 9, skilledBf
X, #Ft628 BRE, 1 B 1RFR, Bk L7z skilled FE
AT/ o 77, simpleFfid, B2V K LEWEEL LT
EEEOETEREL, 288 M, 1B 1KHITR-T
(1 1B). non-training Bi¥, FJELE KT, AE
r—YNTC28 A MR Z STz,

3. FEXHFE DT

MEEL 5252 L TEUEBEEIC L > TEEMR
Frid | ZIERIPREN B STz, Z OFERIFREDEIE %
TBEATAZHIZ, KEL cnll@EESN-2 ZHN
DI ELIBEEREL, HE2ELIE, SHEOKIC
v N ORI, MRl T U 2[Rk, ik oi st
LCh b B T 5 £ TICE LR 2 5H8I L7z,
INEEBICBWT, FINOHTE & Fifik (4, 6, 8,
12, 16, 20, 28 HR) @B L (K2).

4. KEds/ NEXHFE DSk L EEET VT v FOFER

Ketamine (100 mg/Kg; im), Xylazine (0.5 —
1.0 mg; im) DOFERT T, HIEEF % bregmalZlXxf L
T1lmmEXH, 3 miEs, EFIZXHLT2—4 mbt
RUF7 DR % BRE U, APERREENEF 2 B TS, 1
FEZGIBRER UK E A B U, KIMEREIL Y
a A A VTHRE LT KU NESRRBIC AW -8
I v 7 AT AR THIBUIMIAERR R CHRE S I
TW5 (1—-3MQ). EXRBIZITL HzD b LA v
2PV AP (NV AR 200 u sec, HEFEHEE, 300 Hz, 10
%) AV, FETFL2—1.5 mmOEITREL
7. RIPLIX0.5 mmfEIfE TIT o 72, FIKIZ & 5 BUSES
PLORIEIZIX, IR OBIER L il © R OFHERAHEX
LD HEEOER W BL N BRI B

B

1. 7 v hOIENE.

A, BREBIZIRT — VR EFNLHBZRTHD. A ITBEME
RIBELTORLT, HITHRELZEALLOTHKEL cn
EREIN TS, BRIEMARIETHS FEEOETERETH
5.
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2. BIRIEXFAEDBIER.

FERIIE E10 con ICAESRA TV S, A REEL2EX TV
Wy hREIERIO T v MR LN D WA, B IXEESSE
BICR LN T=REOL O F RIS T, BESER»LEEN
TWRETH S, BidE L bz, BEOBHIGEBEIRD S
N5, B DOREND A DL S 2RI~ B L.

Zay b LT

BEEETNT v MY, KIRES/NESHIEZ AV
THER U7= A FEGEBN B Rl B SRR, EA0.2 mmD
BB L TWRWIRESHERE AV, | D77 28
W, BT LS mDESIZ1IHFTIZOE 208, 20
25y DEBRIEEL 5 2B L. 28 B M OFIEK T
%, R (235 12 TR UM/ NES R & £t L,
ARG T IR DIA S, BiE 2 EEL 5 2 51 L
g Uiz,

5. MR s
28 HREIDIIEZ K ZLETORIERTHE, 10 %

Folmalin, 0.1 MU “PRARTEW (pH 7.4, 33 —37
C) W THERBEE 24T 22V, BIEERTICT, ES100 o
n GRS A 2 VERL LT-%Cresyl violet B 21T o
7=. skilled®f, simple®f, non-training#f CfEE
SNT-Fx DR ZBE LT,

2]
1. MEREFRRER

X3 EEE 52727 v NORMOYFEAEXK %
R UT-. BEEEOKEITREBHEE (FICVE) o
L, RIEMERIRE DA D S Uiz (K34). EE
&L bregma [Zx L C 1 mm B — 3 mm W{A], 3 —
5 mAMAIGFTHY, #120.2— 1.2 mm YR DA
TIIEEZEDRBRENKE o7, 2D OEFHN S FEIZ
EBE, iR ORBRREHEREELZIT TS LHkTsh,
B KBS B & STV AEENEF & BB D EAHE
BICIIEERS X bR TWz Wz 5. L-skilled,
L-simple, L-non—training BRI BT, BEEHLH,
REICERLREZTRD bid o7 (X3B).

2. HikkDEBNEIE
X4\ A58 V EHVERS, SERICEE B L T b A
BT A2 F CICE L OESEL R LT, L-

B

L-skilled® L-simple# L-non-training®

o

3. SMEEMICBITHEERBE.

AZE X100 pm, Cresyl violet o L/~ TH 5.
RBEVELFOEBREBEEGHLHELZ. RETEHFO
V%Y. A&7 —/1iZ0.5 mm #7RF. Bidbregma /5 Wl
121.2 mm#MRDEFTHS. BETHIIBEEOWK, BT
ASBEINHT, REKHITIBREDENIBEIN
. B, REXNEEE@BELHELZ. X/ —iZ1 mn 2R
ka
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==L -skilled =ll=| -simple =dr=L-non~tr
i §—gkillad === S-simple @ S-non-tr

0.7

. Nt A
. \,\ N

01 —2

Latency (sec)
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Day After Lesion (day)

4. BREOEHEE.

MBS ABOEBICBESERL THo BRSEHRT 2T
KELEHBOESE, HEScREoRBAEERT. L -
skilled (XBEE%® 5 % skilled JiffE% L7=BE, L-simple [TfEE
5 % simple A% U/=8, L-non-tr iXEER 5% 1434k
LZpinofofE. S-ixShamBExXHT. 4 BHIIEERX 51 -2
fﬁﬁﬁﬁﬂi&lf?ﬁﬂﬂ'ﬁ'é ZEideholrrd oy PREIATY
72v> (K 2B BM). L-non-training B¢1%, 16 B CHATRET
BT A2Z LN Rhof-7-04-16 HETZ oy XA TV
V.
skilled# & L-simple BN 12 H B = Ti, 0.4851
EERLLTW=IZx L, I6H B2 BITF0/1 2
DOFRFRIZEM X7z, L-non—training BT, 20 H
PRI B RO NTZ. BE OB L IR E LT
AR DR, BEH F CTOBEELRBFEEMHATRD Sk
DiX L-skilled &, L-simple BETHo7~. —F L-
non—training £ CI¥, MR CTOEEMITIBEDOH T
BHLHEAEE L.

3. KR/ NE SR

H51L7 v NOKMEE &2 R2H R-KT, 0.5
mmHRIZHNESH LR TH S, 20 u ALL
FTHRIER BT FBAT 2 R, 20-40 p ALK, 40
p AL EDOBREBELEBFHE2ATRLE. £, O
T, 8, T & ORiBUSN OB R LT 8771
DWTIEHTREN TN, IOENEES 52 5
HIDFERZ R L, NOLEIIEEL 5 %, 288 B34 L
DL DEM, Tib BEERIABERICISIT A~ v
VYT ORRTHD. EERE 2 721%, L-simple B
R, AERE Lieho /2B L Vb, L-skilled B2 T,
L VEWERE TG L TRY, ZO&E L ILANR
Do/ 2THDT v NTRERERZ TR LTV,

[AFHLLTORE therapy]

ARERD D, ATENR O FER B R B I I E 222
IEF8D LIRD o T3, RO EALDFERE & LT A
T KRB NSRBI U T iL-skilledBENS B & 4K
WERE T, E#BRICAE LTS Z L dbiot-.
Jones B¥ %, — BRI TEBE~D MR DB A %

ELEE2S (2002)

A. L-Skilled Sl # &
B 428 AR I,

REE AT

Pl
futdy
i

g " -\;/4{0»%‘3; I‘Z
N

O>40uA

H5. BEEX5X75 v MNIBIT 3 KBS INESHEIC X BT
T SIS BB AL

7y POBEERIS RZKT0.5 o HRIECHAEBRT S
NTW5S. AREEL LS X LRI, EXEEL S5, 28 AR
L7c, REMKBERCHBLAKRLTT. BENI20 4
ALUF, REHNIZ20-40 u A, BEIX 40 u AL EDERTHI
BBRIG LI Z L &R, ALiIZEA L Li-bregna £ 9 1 mn ¥
B, L1 1 mm MRS 2R,
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ZEHA L, B EEN A LR & B EEN A TR
WCCERRET otz b Bix RO RMEERL,
FAF Iy 7 REALIIAK L Y bR b2
EBHHE LTSS 9 b bR AR D IERFR
HEEET S Z LIRS L TV DT RL, #
i & BT E RIS KRB A2 52 T\
ZEMWTRBRENT. ZOWSER U DD, B
DEEDHZ T 5 Z & TIIR+45 T, @k OfE
M kX B3k, %28 O B2 TR O E D
TACIZOWTHFHMIEI L T UERD -T2 E X B.
L2 L, BRAEBEZRFT R B I, B RIKRKERIZ
B B KA/ NESHNE T L-skilled M OFE &
RTERLBURRFIGEZR LTV iR Lz X 51z
FARE I 1T Jones BY BEMERREAIT -/ T » b
2T, RO KASEER T D 2 F F RO A2 s
LTW5B. Lo TEEEEZS0HIIRRIL, FEEFEMS
MR ERIICEBEY 525 Z L 2 XFFT
% EENEE OV R B RERERNTH D DINZON
TIISBOBRFFRRETH D L E L TVWD, Jonesb
.19 NEHAY A 7 = X AR, e A BRI
(naturally) 5 Z &, BEMNLRFEE (active
learning) EFE DN TWARIEEM 2R L TWDH Z
b, B AREEEAL T D IERL B RO D
WEREHIRG BB TE R TIX ARV BRI E . Z
BT, EEXOEREIRE T, oMoz
S0, HENREINDDITTIERL, VATAEL
THOBELFRR L TWVD &V 5 (REHD 24
B0 EEZEZLND. WZIZ, therapyBiE Tik, &
EDEEDT-OIZF DEE SN OHERT S
DT, VAT L E LTHEER LTV 5 e
ERELERVAANLETHDZ 2R LT
5.

(B EBROTTHEHE]

t N TR~ DERHRIEE S ERDBARFRETH D
Z b, RKRSHE CRHMEE C & 2877, {TBI O (LD
ERTADEZ > QW ABELEEEHMET 5 Z L1
R#EETHHL2, L, FRbEBY Z E1F, JIk
REZUDOEIL L WS BEREENOIEAL, T HIZ
FThOZEREL U THEHICHEEZ & 5 T8, BES
ZZTWER’NDIZRBEEZBNSD. therapylZ
LB EED FEE LT I rEERIAZ L &
BELEES, BWERIEDHEZSZAOND. $/,
bt N T, BEVR KL REEIL, SEEHETH—
ANELTE LRI TidRWeEE 2 b, B oy
ra— VAT 4 —IIHRETHD L2 B2, Flik:
WZAIBRE DS DDONRERTTHZ L2 BHE LG

B, MR OB ECEERIROHEE N AR R B ERIT
B THHLENZD. EBIL, B TIIRBEDHF A L
a— AN ERE L EHR T EOmNEES Z L
DHFEB LW A LA THHEVZD. LIL, Z
NHDOFEITELRETE FEITDEIYETHD. W2
IZEMERRIZ X B AR OBRGEE ~DISHIZH T > T
L, +RICEBELTUTOMNERHDH L EZS.

[#%bviz]

BB TOEBRITIEGIE b D72 <, FREEE R E
DIRKE % BAFIZPRD R & DEBRFIEDIEEAL, IR
BOBREIZBWTERTREANE L2 HD. /0, E
{EIZxT T AZBE LR OEAE HTWARW. Zh b DR
BB L LT, 5RIRFROEMT, it 2 7M1
EDHTNENEEZ TS,
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The mechanism of behavioral and brain recovery after unilateral

cortical lesion in rats.
Satoe ICHIHARA, MSc, OTRY, Shinji MURAKAMI, MD®, Yutaka FUJITO, PhD®

Sapporo Medical University Graduate School of Health Sciences!, Department of
Occupational Therapy, School of Health Sciences, Sapporo Medical University?,

Department of Physiology, School of Medicine, Sapporo Medical University®

Abstract: To assess the effect of behavioral manipulation as therapy on the new
neural network after brain damage, we studied the effect of skilled training on
neurophysiological change in the intact cortex after unilateral damage to the
forelimb sensorimotor cortex. Eighteen male Wistar rats (4-5 months) were assigned
to 6 groups : (1) rats receiving unilateral forelimb sesorimotor cortex lesion
(FSMC lesion) and postoperative training on the skilled task (L-skilled), (2) rats
with unilateral FSMC lesion receiving simple repetitive task (L-simple), (3) rats
with unilateral FSMC lesion receiving no task (L-non—training), (4)sham—operated
rats receiving skilled task, (5) sham-operated rats receiving simple task, (6) sham—
operated rats with no task. Rats were anesthized with halothene and followed with
Ketamine HCl and electrical lesion was added at FSMC where was confirmed by
electrical microstimulation (less than 20 u A). After chronic operations, rats
were trained according to each task. Recovery of motor behavior was tested by the
symmetry in the use of the forelimbs for upright postural support. Recovery from
the asymmetrical use in the forelimbs indicated the recovery period was faster in
the L-skilled and L-simple than L-non-training groups. Microstimulation mapping
showed forelimb area was expanded in intact cortex of the L-skilled group especially.
These findings suggested that therapeutic effect as behavioral manipulation makes
neurophysiological change in whole brain, evening the intact side, after unilat-

eral cortical lesion.

Key Word : 1lesion, learning, recovery, whole brain, therapy
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X-linked myotubular myopathy 23

Tt

NHEZETY /NRERS? St 'Y

HHE R

FABGCTFEREDODR ) —=v T L&

ER(-?Y & FER?

% —177— K : X-linked myotubular myopathy (XLMIM) - MIM1 BEF - BBEFERR I ) —= 7

AR IR E

1. ZL®iC

B FERIZL 2EEMEEBRIT, EX2DNADEE
BEFNZAT D2 DERE (K&, FEA, —HHEEW, 54,
SHRERERE)NVEZD, BRRNICERORBUIE
BERIFTZ L TRET B,

BIEMEHRBTHDIEREI A NTF—D O b, FHik
FBARLMER L OMEMEE IS myotubular myopathy 3%
SERFHAN BV, X Rk MBERERE LD X~
linked myotubular myopathy (LLF XLMTM) 1X3&4E
BN R, HAEBE®B D VISR LV RIET S
29 XIMIMOEEERIER & Uik, BEZRHEEIKT,
MR SO K T 72 E R HAE B b 228182
N3 floppy infant TH Y, FEHRFERERERE
BETAHIENO LAY L —IEFELPLERSENS
FHRAREDERATHS.

XLMTM D EFEBIEF TH D myotubularin (BLF
MTM1) BIEF1% 1996 £4£|Z Laporte HIZ Lk » TRIE &
, BIFEIIXREAERRT (Xq28) (BT 5.
I5EDxTZ V2 H2.4 kb (1 kbiZ 1000 HEXS) D

1) HURERRERFRIREER LR
(T 060-0061 ALIRHHRXE3FE17 T H)

Eiji UCHIDA, MA, Shin KIKUCHI, RPT
Graduate School of Health Sciences, Sapporo
Medical University

2) FLIRER KRR AR
Naoki KOZUKA, RPT, PhD, Hidekatsu TAKEDA, PhD,
Yasuhito SENGOKU, OTR, MA, Nobutada TACHI, MD,
PhD
School of Health Sciences, Sapporo Medical
University

(Zf+R 200147 A 23 B 5%¥ A 2001410 A 25 H)

mRNAD> HERBE X, 603EDT I /B bER I T
WAMMML Y U R ERRIRRENB Z ¢/ n—=
TIWZE DRI D,

2. X-linked myotubular myopathy OfE

2. 1. HAERICLZ2BERHEKROITA
Hematoxylin and eosin (H-E) e TiX, #ul
BEH U R #Hinyotubel ZERIEL L 72 K/NR R DR BRAR
FARRAEDS 20-50 % BB Sh TW5. E7/-NADH-
tetorazolium reductase (NADH-TR) Y:faTix, &
DR & bl U W CEERTEMENME T3 5T A
T 5 sarcoplasmic halo #52%, fMDOERMI 4
RF— L [AERIZtype 1 BRHED K BRENL & IMEE R
LTW3. L LAY LIHOEREBEDENITIA LI
FTEER L OBAEOFRITRAD bhAaW. £EEOE
B, XIMIMABIRF, ERXEGHREEC A ha 71—
(DM) HIZB T 5L EH Th D nyosin heavy
chain(MHC) DT A ¥V 7 — AHB3ARZDNWTET AV
T4 — LK T DR THNTT 5 &, EEROERE
TiXslow MHC (type 1) , fast MHC (type 2)
fetal MHC (type 2C) O STEIHIZIE®HSIT O, F
T-XIMIMER IR 512 381 B U2 B T 5 AFRRHEIZ DU
THEEFELEERTH D, IMIA BID FOEERRMET
fast MHC D¥F% 7/~ LRIRFIZ fetal MHC DiFE%
R 2D XS I U DR 2 R & 5 D XLMTM
BIRAH & DM TIX R4 D, DMAF TITRBA N HFE T
B0, XIMMMARF TIIFH DORBMET 2 EFR &
FRIRREIZMMELTVWA Z ERFETH B . LasLl
R D, BRIZITERALRH B L OHREERT 2R
TLSN, WTHNOHEEERORENZ DL S TR
EHIBTMIOVWTIIRATSH 5.
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2. 2. MTM1l BB L Wmyotubularin
MIMLELR F XA MG o TRAEMED DR RAIZHEEL
L, 158D~V &2HT5H. £z / LDNATIE
Xa28ZfFFEL, 100 kb DR SEZHL, £D20 kb T
AR DR VMM LB G F R FE STV 58
) MIMIBZFN=2— N9 5EH CTh Hmyotubularin
1%®, tyrosine phosphatase (PTP) M active
siteZBATVBHRT—EH L TWBLSMT, fLdPTP
EOMEMRITALODLBRVWEREINTWVS.
myotubularin DEERTEMEICOWTIIRBEZ ANLWN
B, WS ONDIAE UV AERDOD BIEFIZEBNT
PIPOIEMERALAEE 221 TV D Z L 3B SN T
W3, FREOHIR DG nyotubularin (X serine
phosphatase & PTP DEEF I HBLY VBEEIT 5
TEMNTEBZ D, FHlvdual specificity
phosphatase (DSP) family THD EEX BN TS

10)

2. 3. MTMl EFERELBRIER L OBEE
XIMTM B FED—K & LT, myotubularin 7 PTP
(Protein tyrosine phosphatse) KA A &AWL
SID (set interaction domain) D#EIEIZ LB
myotubularin ® phosphatase [EHIE TR Z 2 BT
WAW, Fi, IEHD=I DO H, =T V1L
IZPTP KA A % 2— N4 588K, =2 V2 121FSID
Fa—FT5BEBETHHZENHHLTWS.
Laporte b ' %, 198 fEFIFIZFE Iz 133E R
WZOoWT, BRERIZIRBUX, Frier X, /&
RIEAEREK, RERRR, AT T A AMMERRE
FTRTOEA TRHERINTZERELTWD. BRI
TRCTOTZ7 VU TRIY, 3, 4, 8, 9, 11, 12iZ
%<, TDOZ LG XIMMIZEET 52 BEFRED
hot spotSZ DFERIZHFET D B2 b 5.
IR RAERITIBHFEEHTHY, =7
8, 9, 11, 12, 1312 BHBN, PTP KA A LR
SIDIZEB#ETA =2 V11, RICELEI R VAL
BIER DOBERIERIIEE CTH 5. Laporte H1W T,
IhbDI R RAERE Bnyotubulariniz 52 A&
&% b MMMLEE T L FEEO RV~ 7 ANMMMLE R
F, YavuYa Uy NIMHLEMEF, b FMIMRLE
G B UI-RER, Wb nyotubulariniZ 845
EELI®EBRELTWA. LEERST,PIPR AL
RSIDIEmyotubularin iZBWCTHERERIICEE TH 5
TENRENT. F R, FNUSNDZ S VU TEUTE
S OBRKERIRE—FEETHY, LEBRHIEHD
EFEH b E SN TS, F /- Hinyotubularin$ifk
AW BRI COBIT C,PTP R ALV BEI T

SIDUUANDFEBRIZ I 2BV AEREZEFOEFID 5 b,
BEZ S DOiInyotubularin?ME & A FRBRH I AW
DIZXF L, BIEF TIEH EDmyotubularin B3 H X
NBZEMBPIP R A A RSIDUSANDFEBETOD I X
YU AERIZ X D XIMIMIZ, MIML & FORBIKT
WZEBHDEEBEZOND. ZDZ ENBPTPRAA
B L OSID DMIMLE R F DOREIZ 1T 5 EEMEN R
BENRTN5.

FUR U RERITZ I Y 6 LIS D 2-1412 40 1),
1HEEND 2IEEBEOREK, HDHWIIFHEARTY
VU A-4IZDNT TR0 E SN TR, Flzxr Y
V4123317 B cDNA141-144 (AGAA) DREDBEED =
W WTROFE BBRKERIIEE THY, M THE
bARRTHD. TV AERHDWNTITL—LTT
MZESTFROT I /BEMMEIE 2 RAZELT B
MDD D REB LI UHATIE, BEFOEFABHEIZ
BEEZLELLTWAZ ENTRINS.

FOMDERI AT L LT, RERRKIT 7 Vv
HAL (1 E»L2T) ORKENIHHRES N, 7o'
v AE B L [ERRIZ myotubularin IZFE LU TV ARV,
F, BODOBHTIA v be B nE—F—
A TORBREGFREE TH LY | BHRERITZREY
HETHDH. AT 74 AEMNERITA > Fa 3, 8,
LLZEL, FORTHRIZA > Fa U 1ILZEERE .
cDNA1261 DA 2% GIZE#H|L=HD X ST, £
o BLOTeE—F —EBRICERBRE LGS,
FLWART T A REMREDND Z LIZE D, BRL
7= myotubularin ZERIN TS Z ENFREIN,
EFBRAT I 7OREIZL Y, BIEFRBIKT
ROHENSZRZEINDZEEZEETIVNELDS.
AFTIIZ 7 V11 DIREB L RER (cDNA D
12056-T), =27 Y 11 DF v RER (cDNA D
1261C-T), =27 V11D 7 L—AT 7 R (cDNA
D 1131 &£ 1132 IZGGATHEA), =7 V2 13D 7 L—
A7 FER (cDNAD 1433255 TCTTRK), 4~ k
0yl DRAT T A REMERE (cDNA D 1261 D 10A-
G) 23Nishino ¥ LD HWIZ L VHE I TN 3.
BlE, MIMLBEFRB L ZF D FH 20 kb iZAZET 5
MTMR1 BI5F &2 & A 75 225 kb SEIBRD 4/ 2 DNA 3R
A7z, ZOMIMRLER FIIMIML BT & AR
DR ZD, XIMM & DB ER SN T3, F
72, WL Dh>D XIMTMAE B 12 W4 PSR ZRAE, BRI AR L BR
fE, IBA, BEA, FEEZ0ARHNREE I,
myotubulariniZBIZFHHARE D A 72 b 4 Dfigasz
BRLTWAZ ERRBINTWAY, Zh b D BhE
2T D7 0IIE, SRDEFIRFNOEENEE



BEERRIR D BE FH) Bl

RBREEE 2D, ET-BEIMREE L 72 5B B0
728, HAERTRZET 2 REFIZ AN IoRiE D> D ERE 2RI
FEWNIEETHDHLERD.

3. BRTFZWOFIR

BRIRBOIZ I, EE B HDER 228 O RRIE &
AEZEL, VAV L— X EB/2 5 RIS BRENE
VA hn 74— (congenital DM), FFSEM:AHZEMEE
IR (SMA 1), FPHARBOEXRMEIANRF—ThHB
nemaline myopathy 23l L7=JfERZ "¢, BicE
< DFERME I A/F—0 BXIMMME R 5 729121
HAERIINELRBRETHS.

XINMD BA=F W 24T 5 7212, KA H i Bk &
DA L72DNAD D 15fHBH B =7 Y N2 OWTHR
#7774 <— (Table 1) Z M\ Tpolymerase chain
reactionif (LA FPCR) IZ & - THEMET B (Table 2)

BEEFE 25 (2002)

%18 F - FHERES L, RI-PCRIEIC LY =7 vV
ZHEIR L, heteroduplex f##T ¥ /2 1% single—-strand
conformation polymorphism (SSCP) 4T % FAVNT
BEDODRAI Y —=2 7% L, BELRAVFRRD LN
1B E, 34T 57 YV DB EERS| 2 RET HW,

3. 1. XLMTM Bf=FMr7 v ha—n

B IARBDOBEBFERRY ) —=2 7 % het-
eroduplex AT 35 L ONSSCP##MT D 2 FEIR D HFIETE
HBLTWBHY,

heteroduplex f#AT D IIX 112777, heterodu-
plexfRATIZPCRIZ & V 48 L /- IE® DNA & BREDNA %
BEL,BEMHIZEY ZNRENE —A$DNAL LT,
E#DNA & BEDNAD —AEEE S< 5. BEDNAICRE
WD DHEE, EELRDNAKAE T, 7LA) LR
T UANRT=—) 7L, EF+ER, EF+2%,

Table 1. Primers set for each exon of MTM1 gene

Exon}Forward

Reverse

1

5'-GGCGCCCAGTCCAACTTC-3'

5'-CCAAGGAGTCCCAACTTC-3'

2 15-AGAACCTGTAAAGTAGTACC-3' |}5'-TAGGCCAGCCCAAAATGAC-3'
3 |5'-AACAGTGTGTAAATGTAACGTC-3'|5'-AGACTTCTCCTCAAGTTATGC-3'
4 }5'-AGTGCCATTTGTTGTGTATC-3' 5'-TGACCCACAGTCAATCTTGC-3'
5 |5-TAATTATACTGACACAAATACTG-35-TCCACATTAATTGTCTACTATC-3'
6 |5-TTGAAGACTGAACTGTCATAC-3' |5'-AACCTTCCCACGCTGAGG-3'
7 |5-AGATGTACTATAATAGTAGAC-3' |5'-“AGGTTCATCACATACCAGAC-3'
XLMTMF 8 15'-TCCAGAGATGAGGTCAAGC-3' 5'-GGTGCTCTTCAAGAGAAACG-3'
9 I5-TTGATAGCTTAAACTTTCTGAC-3' §5'-TCCAGCACATCATTAAGTCC-3'
10 §5'-CTGATTGTTTGTATTTCATG-3' 5'-TATATACACAAATATTTTCAC-3'
11 |5-AACTCCCTACTGACTCACG-3' 5'-AATCCTGAATGGTAGTGATCT-3'
12 15-ATGCTTTCTCAGTTTTGTACC-3' |5-TAAACAATGAGTTGAATGTA-3'
13 I5-TTATAAAGTTTCAGTCCCAG-3' S'-TTTGGCAAGCCTAATGTATC-3'
14 15-TTTTACTTAGGCTCTCCAC-3' 5'-CTATCTTTTAACAGTGCTAC-3'
15 §5'-AGTGTAACTCAAGTCTCTGG-3' 5'-“AAATGAAAGTCAGCTATCGC-3'
Table 2. PCR condition of MTM1 gene
Time / durarion / temparature
XLMTM [95°C-2min.] X 1 cycle—> [95°C-15sec./52°C-15sec./72°C-45sec.] X 28cycle
= [72°C-Tmin.] X1 cycle




X-linked myotubular myopathy (28T 2 BETFERD RV ) —= 7 L BIZTENT

PCR products of wild type Affected PCR products
o
| J S —— S R —

2) . R T TR T T
LD Lo LUUL L duuu g
. B
3)
T JITTITITY
g TﬂﬁﬂTﬁ¥nT”

4) T T T 7T TIT rhhe
T T T T TR T T IR T

. =

5) (6% polyacrylamide electrophoresis at 800V for 14hr

o] W wild type
] Aj;affected

Fig. 1

Principle of heteroduplex analysis. 1) PCR for target
DNA. 2) Mixed control and mutant DNA. 3) Denaturing
at 95°C for 3 min. 4) Annealing at 37°C for 60 min
5) Electrophoresis in 6% polyacrylamide gel at 800V

for 12-14 hr at room temperature. 6) Staining in

ethidium bromide.

HE+BEDOMED _ARKFDNANRLRHBEELRL,
ZOERERHTEZ LN TEX B8, F 7~ SSCPHE
BT (X 2) IZPCRIZ & W 808 L 7= 7 LV 2 BVE M LT
—AREHDNA L L7zt%, BRIKENZ L > THBE L, i
BEFVEACIZ L DUKBNE DB T+ 5 HEETH 5.
BTV L ORI E IR, K8 7 LV ORRRNE R &
DEKBFHIZ L > TRELSEDLZ LE TN HE®,
FE iz, BOE DM & U TSR TR 2 b
ER— AN ) REMWED B THEIMENTHE X T
WBHH B0 2 ORIV TR O RHEREDE
S, BRRHE TORENE, HRIREBELLEL LA
WX MRS RBEME LWV D BRETN S B8 ),

3. 1. 1. heteroduplex f&#T
heteroduplex &t D EBR FIEA Fig. 12T, &
Hrizix, BEPCREEM IS X NEH X RPCREEM & AV

PCR products of wild type Affected PCR products
o
) I S — ¥errre ¥errer 1 ¥rrer
" “point mutation
i § . §
2) TITITTIT TITAOTIT TOTTTTT T T TR
g ¢ 8 g g g
i | i §

3) TITTITTT TITTTIT I

4) l 6% polyacrylamide electrophoresis at 20mA for 6hr

5) -
+W; wild type
A ; affected

Fig. 2

Principle of single-strand conformation polymor-
phism analysis. 1) PCR for target DNA. 2) Denaturing
at 100°C for 10 min. 3) Quickly on-ice for 10 min. 4)
Electrophoresis in 6%polyaclyleamide gel at 20mA for

6 hr in a cold (4°C) room. 5) Silver staining.

5. IEEXRPCREY 5 u 1l L BEPCREY 5 1l
ZREL, FRRICERXBPCREY 5 ul & con—
trol L3 HBMEKDIESR PCREY 5 1 1 ZIRET
. BEH, 95°CT3mMBA L CTAEM L, ThFh
Z 1 AEHDNA & U714, 37 CTO0LL LB L2
DEVKEBIRY TN T 5. kB A S VIIMDES LR
# (BioWhittaker Molecular Applications #t&Y)
40.0 ml, 10X TBE(+ Y R -7k 7% -EDTASEMEIK) 4.8
ml (ZJRE K% 40. 2 ml Nz, BELRE, 10 %@E{LT
YE=U A (APS) K¥AW 320 p 1, N,N,N° N -
FRIAFALZF LTI (TEMED) 32 p 1% X
BTz, vkER (50.0 cm X 17.0 cm X 0.9 mm)
WEALBELEE 5. GkBHY > 7 VEERR LTZ5 o
W, a—F 4 v IRy 7y7—%1 plx, ¥IC
BAT D, EKIKENT800 VT 1485, RBIZTIT
W, KEWE T %, =F P a7 a I NOUERHEL, 4
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SRR T CIHRBERDFELHERETS.

3. 1. 2. SSCPf##r

SSCPEMT D EBRFIEZFig. 21Z7T. ATIZHW
HIKEAY > TiE, BEPCREMIB L UREB LT3
EEXBPCREDZE < 1.0 pl, 0 —F 4 TRy
77 —%15 u 1IBA L, 100 ‘CT 10 5530E L TH
EPEL, —ARSDNA L LK ETI0O0HBETS. k&
FAA VIZIMDE # VEAHK 4.0 ml, 10 X TBE 1.0 mliZ
BEKZ 5.0 ml Nz, #@ELHE, 10 % APS/K¥EHKR 50
pl, TEMED 10 p 1% S HIZMN%, ¥KEMR (9.0 cm
X84 cmX1.0 mm) [ZHEALEMHEES. EXWK
BNXKEAY AN (156 pl) ZF VAL, 4 C
WZEE L KIEENT, 20 mAT 6 BTV, T,
iR CERROMANE 2 e d. SR EAERIT, BAIIZ25 %
TNVENLT VT e R/ BBEK (2:3) BEIKIZ3043121E
L7, BEKIZ L H8EE (1055 % 6 [E) 2175.
WIZIN NaOH,/ 7 > =T 7K,/20 % FEBERERIRIR /i
Bk (5:1:1:93) BHRIZ I5EE L7=1%, BE, K
BAKTHE UoME2E) L, 1% 78/ KL
LT NVTE R/ BEK(10:1:200) BHRIZ 5 HFRER
LU, ERET LLOWRELHRTS.

3. 1. 3. $F7ru—=7

XIMIMDFE, RRRERIIINZ, BHEEREDOKX
FKRFEAD DI Y VBEALORKNFREND D
T, ¥ 77u0—=7%IZBONST T A I FDNA%
G L A E R ER SR E 21T 9 729, TA Cloning
kit (Invitrogen Corp.) ZAW, 7 /n—=7
EERT 2.

3. 1. 4. HERIIEE

YRR I ILDNA 3 — 7 = > #—SQ5500E (H
MEFTTU=T Y UIEERD 2 AW TUV S, hetero-
duplexfi##T 33 L USSCPARATIZ & W kB E R AR &
NI-BREZEDRY T Y DPCREMERERL, 754
v —RBREBRELE, YT I u—= SR ERT
5. 770 —= L0 @677 23 FDNA
500 ng # 85 & L, RUBIZHIEAZRH I /=ML3 for-
ward 77 4 < —% A\ T, Thermo Sequenase Core
Sequencing kit (HIZFHAMEZR—EY R, EHR) I
£ AV —7 = AR H%DNA Thermal Cycler PJ480
WZEDITS. RORBESRMIE [95 C-54] X 14
A7 V= [95 C-30% /60 ‘C-30Fp] X 2541 %
N— [4C] THB. 5 ulD—r L ARGE
BINZ90 % RALT I e —F 4L %43 ul%
MZ TR G %2200 EZER 53 5. kB & ViT,

Long Ranger #/VIAHE (BioWhittaker Molecular
Applications #8) 7.2 ml, R 22.0 g BIL UM
B/K% 30 ml Nz, WEEEAFHE, AG501-X8 Resin &
2.4 gMZTCIREREFZRIESH. & HIZEETHIZ0
DRERE, 74N F—2=y M HVWTIOXTBE 7.2
mliS EONESR Z#H T TR5 IR T 5. ZOWHK%E 5
SREERERE, 10 % APS /KVAIRES X OVTEMED 250
EbEE5.

RENT 1285 EhE L, fluorogramiZ £ W iz
HUZESIRIREZRERL, av Pa—X0BZ L ik
HEFZ RET B2

4. XLMTM B0 B BRE)

patient 1 O
* 1 *2 * 3 *4
patient 1
patient 2

O

®
*5 *6

patient 2

Fig. 3
Pedigree of patients in XLMTM.
*1,2: Mother and aunt were carrier as XLMTM. *3:
Another aunt was normal. *4: He was dead at neonatal
term and suspected XLMTM. *5: Mother was carrier as

XLMTM. *6: His aunt was normal.
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B

The results of HD in exon 3 (A) and exon 4 (B) of
and XLMTM patients. A; A
heteroduplex band is demonstrated in patient 1 (lane

MTM1 gene in controls

1, arrowed) and his mother (lane 2). Lane 3 is his
father. B; Two heteroduplex bands are demonstrated in
patient 2 (lane 3, arrowed) and his mother (lane 5) .
Other lanes are unaffected normal controls (lane 4 is

his father).

SEF %X, BERZEE I OHERIC X &ER
myotubular myopathy & Wt & 7= 58 2 fEH (Fig.
3) 12X L CMIMLB IR T DFEIT 24TV, ZORER, &
IV EREZRE L.

4. 1. xt%

BRIRZWT OFE R, EIEDXIMIME WS /-B IR 2
A DDNA%, 1zt RE LU TRBORWVEEZEDEYR
DNAZ Nz, 7238, Mg > I fE BRIz >\ T,
EERBIOCOEHRAICE M7+ —A Fartr K
THREZE-.

4. 2. RZV—=VT DR

Fig. b5

The results of SSCP in exon 3 (A) and exon 4 (B) of
MTM1 gene in controls and XLMTM patients. A; A mutant
band is demonstrated in patient 1 (lane 3, arrowed).
Other lanes are unaffected normal controls. B; A
mutant band is demonstrated in patient 2 (lane 3,
arrowed) and his mother (lane 2). Lane 1 is his

father.

4. 2. 1. heteroduplex fETIZ L BAHH

XLMTM A3 Dheteroduplex BT DFE R % Fig. 4A-
4BIZ/R L7z, Fig. 4AIXEE 1 OMMLERF= 7 Y
v 31Z2WT, Fig. 4BIZIIAE 2 OMM BEF=
TV AT ONTDRITFERTHS. BF 1 (lane 1)
BIUOAE 1 OR(lane 2)IIRAITRLIZ & Z A
ANTOT 2T L7 AN RREREINT (lane 31T
ER). FFICEE2 (lane 3) BIEE 208 (1ane
5) III2AKDANT T 27 L7 AN RBRKERIN
7=.

4. 2. 2. SSCPIZk A

XLMTM BBE 12D\ T D SSCP DR % Fig. 5A-5B
W L7z, 8831 (Fig. b5A, lane 3) TIZE® (lane
1B XU2) LB L, BENENRLRD AV FREES
ni-. B#2 (Fig. 5B, lane 3) TII, E¥ThHS
BE20DR (lane 1) LB L, BEEDRR BNV
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6 ¢ v 6 t 1 ¢ c 71

A

control

Fig. 6

control

A A T A G A C A A G T T A T T

193-196 /\

NN N \
Patient 2 (193-6 AAAG del)

The results of the sequence analysis in exon 3 (A) and exon 4 (B) of MTMl gene in controls and

XLMTM patients. A; In patient 1, a nonsense mutation corresponding to C163—T is demonstrated in exon 3. B;

In patient 2,4 bp deletion in frameshift mutation and distal terminal codon after amino acid 25 in exon 4

FRIARBE SN, FIREAEFLHEEISNBEE?
DFF (lane 2) TIXBE2OLERNL RERIUMEIZ
Hii=lp\v ROSHER S -,

4. 3. HEBRIIPEE

BT/ —=r S0 BLNRET T X3 FDNA%R
AW B EE S RE DOV T DFERIIFig. 6AB LI
6BIZ/m L7z, A& 1 (Fig. 6A) IZDWTiZ, HE193
DD 196123 T T D 4 ¥ (AMG) R& %2 B 7~ (Fig.
BA). ZTDOREIZEIVZL—ALTT7 NERBZAEL, F
W2BFBDOT I JBMEILa RUIZEBR LWV B
BIZ ORKEBET L ERRGFONT S hLE
THRESE LBl ST

FIBE2 TITHEIBICHTIZER L TEY, =
DIZHCCANRA— FFTHET A= MEEa Ry
(TGA) 272V, Friv v RAERL>TW = (Fig.
6B). BBl & £ D—IIETH B WF DifiiER— DER
BIAT L ERBEBTFONT u B2 5T 5REE &
2z ah-.
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Eiji UCHIDA, M.A. Y, Naoki KOZUKA, R.P.T., Ph.D. #, Shin KIKUCHI, R.P.T. V
Hidekatsu TAKEDA, Ph.D. ?, Yasuhito SENGOKU, 0.T.R., M.A. ? Nobutada TACHI,
M.D., Ph.D. 2

1) Graduate School of Health Sciences, Sapporo Medical University
2) School of Health Sciences, Sapporo Medical University

Abstract:  X-linked myotubular myopathy (XLMTM) is a congenital myopathy charac-
terized by severe hypotonia and muscle weakness, and respiratory insufficiency
after birth. Surviving patients have prolonged ventilator dependence and severely
delayed motor milestones. Myotubularin, which is encoded by MIM1 gene, is a new
family of putative tyrosine phosphatase and appears to be ubiquitously expressed,
with a 3.9 kb transcript detected in all adult and fetal tissues studied. The
mutations in XLMTM are occurred in all exons, and the types of them are various.
These mutations caused a development of an inactivation of the putative enzymatic
activity of myotubularin. We present clinical and molecular analysis of two pa-
tients with XLMTM in which we identified mutations of the MTM1 gene. In one
patient, an AAAG deletion was identified at the position of nucleotide 193 in
coding exon 4. These 4 bp deletions caused a shift of the reading frame and created
a stop codon (frameshift mutation). His mother had both normal and mutant alleles
heterozygously as a XLMTM carrier. In another patient, a C to T substitution of
nucleotide 163, leading Arg 55 to stop codon (nonsense mutation) was identified.
His mother, who was an identical twin, had both normal and mutant alleles heterozygously
as a XLMTM carrier.

Key word: X-linked myotubular myopathy (XLMTM) «MTM1 gene * Screening of mutation:*
Sequencing



