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Study on the Mechanism of Demyelination in Central Nervous System
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Calcium-dependent protease was extracted from human brain myelin membrane and
partially purified on a phenyl Sepharose CL 4B column. It was activated by calcium
ion in the millimolar range, and therefore was determined to be calpain . This
enzyme fraction was electrophoresed and immunostained with anti-chicken muscle calpain
antibody, resulting in staining as a single band with apparent molecular weight of
80K. This protease degraded exogenous myelin-associated glycoprotein. From the
present result, it is suggested that calpain is bound to myelin membranes and involved
in the turnover of myelin proteins.

The wvacuolar degeneration was produced by oral administration of triethyl tin
(TET). The wet weight of brain stems which seems to reflect the degree of accumu-
lation of water increased during the administration of the toxin, whereas the activity
of 2", 3"-cyelic nucleotide 3'—phosphodiesterase altered less remarkably. When TET
was withdrawed from the drinking water, the rats showed a dramatic clinical im-
provement along with reduction in wet weight of brain stems. Treatment with ace-
tazolamide following TET inhibited the clinical improvement and reduction in wet
weight of brain stems. The present results indicates that central myelin has plastici-
ty in recovering from the vacuolar degeneration by removing the accumulated fluid and
carbonic anhydrase is possibly involved in the dehydration of myelin in such a recovery

phase.

Key words: calpain (calcium-activated neutral protease), human brain myelin, myelin-
associated glycoprotein, triethyl tin, acetazolamide
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RSB OB TH LAV IF Yy Fe s
TOMPEESMEERLER L, SRR SBECL 0%
Wb DTH Y, MERMEOERN Y VA DORER
il (BHEEE) ##FT 552 THEELEETH S,

FEAEC OB BB cH b, BIEENEA
(myelin basic protein, MBP), proteolipid protein
(PLP) ¥ X1 Wolfgram protein T&AEDR L% 9#|
EHHAH ChLOEARLGCEHBAORESERY
MRPBEEE L — R Ccll s & B2 O DA, ORI
THTHE, ZhITOWFELS, MBP LU PLP
LT, BEHCRKBLLI 22 Y P BRRARSH
TREY, ThZhEELMHEERE LT EnMbR
TWLWAN2NOE) - BeEs 3 - of, BRI SEHEES
D1 %N, B AR L O RET S EEA
(myelin-associated glycoprotein, MAG) »® b, #
BHlas 4+ 27 Fesoy 7 L oMOERcRcE
ERBEARLLTW36F260 59, —7, PiEM
M IR EEO S REREELG S D, MBP
BLO MAG #5352 LpEI5RTEY, Sato and
Miyatake & & 0 PIRMEEERIX H /v o 7 AMREEMEPHR
B4 fERE# (calcium-activated neutral protease, CANP)
HloOBRFNESE L2 EMELMERED. %
O, bhbhide FBIC CANP EMNFET S Z &
BLUe PREE OMORE L CANP & MBP %45
BT 5 EEHE LY.

AL, L EOBRERY SE 2T, b bR
RERESHEEEL CANP L ORASEBEEEN, Bk
U REEEALFINCBRE L, BBEOEAL AT 2 5 0
CTAZEFELIOHME Lic, b, HEKBIT?
B, %A, RS ORBTIE L TEE S h A
JERE S & i S BERRPIREE, B XU OBEBE Y 41
AT L, AERENREBORBROMEELES -
FERE2OHME L.

Vil *

EMEIZYhSDTNINA 3EE -

v PIMEAE (40g) X 9 Norton and Poduslo ®F
EO -, MY LEFEREET > . W
R 4 k¥ Buffer A (20mM Tris-HCI, pH 7.5;
5mM EDTA ; 25mM mercaptoethanol ; 0.5% Triton
X-100) 50ml T, Teflon-glass K€Y F+A4 F—%FH
WTHREYH A X LI BEG (100,000g, 9047) #,

LM S Triton #BRET 55K Buffer A TP
#g{k L% Bio-Beads SM—2 column (Pharmacia) (0.9
X 9cm) Whid, £OED Buuffer A 2T 0.3
ml/ DAY — KT column #¥#E L. Column ~
DIFBER T EED, BEMES b Y 7 L% 300mM
DOWEEW /D E DIz, WEHER BRIC205THIHHE L
g% Buffer B (20mM Tris-HCl, pH 7.5; 0.1mM
EGTA ; 25mM mercaptoethanol ; 300mM NaCl) &
T¥#5{t. L7z phenyl Sepharose column ohid, 7
5r&® Buffer B ioT 50ml/ B0 2 v — N CHEE L
7z=. Column 7% Buffer C (20mM Tris-HCl, pH
7.5 1.0mM EGTA ; 25mM mercaptoethanol ; 20%
ehtylene glycol) # B\ CEERTEME % 50ml/ W
DAL — FTEH s,

BFREENE

Guroff O FED ¥ TT, TAHVEHE LS V
BB T VIR R IIE Lic, EHIERE
¥ (300mD) BLLToOMEE o ER L. RIGEK (3
BT A VEMHES v 20mM Tris-HCl pH 7.5 25
mM mercaptoethanol) 1451, BEEIEMEAE 14501 &
L O 150mM b H vy 2FEH 104 7 LIk 3mM
EGTA %W 10pl. BERRISII605H, 22CTfTyy, 100
2l Dk#E trichloroacetic acid #Mz 52 &k v ik
o, K155 HEE Lo, &0 (3000g, 3047
24T, EEORKE (280nm) % EGTA WHINRIGH
¥R UCHIRE Ui, BERIGME 1 BRI, EREBUGK
X OWMKE (280nm) 1.0 D LAY 6T L0 L FEH
L.

HEMEEREL (MAG) SBRE

e MMEE LD, Quarles 5OHE WD it TR
BIEEN (MAG) #HB L. MAG (200ng) %4
BT v (BSA) (20p], 0.25%) WML, Ha
A VIEMESE (2040, 0.01 BA7), RIGHHE (25¢1,
25mM Tris—HCl, pH 7.5; 25mM mercaptoethanol)
BLUOEEs v o A8 (101, 37.5ml), EGTA
B (10gl, 7.5mM) 7t Lid E-64 B# (100pxM)
C18FsR, 3TCTRIL & |-,

Gel electrophoresis &4 7' Immunoblotting

EEREM S (50pe) HEHETE L, Laemmli and
Favre OFEE 2 -7, 7.5% SDS—polyacrylamide
gel W TESKEI 1T\, Towbin HOHED HEL
Totetio—efKiZ 7y b L. 72y b% Tris-
buffer saline THEML 7 3% BSA NIz, BRTT—
WBE Lo, HBEBRG N vHE GEREEER
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W, BARE—1HEEE) (1 x250) #25CT 1 BREEIG
8, Bl A s vk IEREKR 18-G (Vectro,
1 x250) %25CC 1 BIRUG &7, Bhdletk, <4
FUH -V TEDV—EAF vEHE5H (Vector,
1X200) &£25CT1MfIRIG S ¥, Fig#, 4-chlo
ronaphthol ##H & L THVTRESI .

BESRIG MRS & G & § e MAG B % Lid & FEE
w, BEHKBB LU oy b2V, #l MAG- £/ 7
v —F Adifk (D7E10, Doberson %, 1985) ZHWT
Pt LR RS

Triethyl tin FFET v FOER

884 ? Sprague-Dawley 7 v + (#f) #% triethyl
tin (TET) (Organisch Chemisch Inst., Urecht,
The Netherlands) 10mg/L SHHEKCHE L.
7y bIEHBEL, EBBEREESY Pettinelll 50
FFEEW B - CRHE L RBUE L. WTEBM, 60R %
o — 5 LR T LR L BHOAE, Rl &
LIBEEARE Lk, SRR & fienesE
Ao o3 TR LT

—#H D35 v MX30ARM triethyl tin #5270, 50
mg acetazolamide (Lederly Japan) % 0.04N 7KE{l
F Y ARTHEML, BEEERTES L. KBRS Y
T ADLDOER S v b AL L

Cydic nucleotide phosphodiesterase (CNP) &%

e

Prohaska H D FHE® ¥ LT, 27, 3 -cyclic
nucleotide 3’ —phosphodiesterase (CNP) &% HIE
Uto. BERIGM: 1 B3 1 5, 27, 3 —cyclic AMP
MmE lgmol @ 2 -AMP *#ET 540D Lic.

FRES HOBIER

Triethyl tin #45 M P50 % B8 P2 E O FRM
%, % F T magnetic resonance imaging (MRI)
TEHE L. BMoEEEED, WiEE BrEMsy
BNZAT - 7.

& ES

Phenyl-Sepahrose CL 4B column Z o= b 75 4
B 1 woR L., BERIEMEE column % Buffer C
TEEE, SR D EROE L > THEHEE R, RE
B 1o — BB column R 1 v 2 B,
LEERSHHEL, FBMLIRBRIFTALZEMHERSH
fo. EEEIEMEL, column WEFTOHEAEY X — R
T EhEh otk FEV X~ PHEHFEL, S
R VI LR RGIBEEFRY T 5 AR 8 F

1.0 jm [N -1.0
"
n
i3
08 ! ! ~10.8 g
l ) 9
0.6 8 —0.6 ! E
& 2
g
0.4} ' 04 ' 2
: :
02 0 Ho2 F
] ‘\
pldl ] 1 L t b 0

5 10 15 20 25 30 35 40
FRACTION NUMBER (3 mi/tube)

B 1 phenyl Sepharose CL 4B column
saw b s 77 4 —

PSS, Bio-beads SM—2 column (Phar-
marmacia) T Triton % BREL 2%, Buffer B
T4 Uk phenyl Sepharose CL 4B column
CEE . (DIEBWT, column % Buffer
B T gL, () ok, BEEEHSHEE Buffer
ClTHEHEE, 3ml #2H L. % Buffer @
$HA T A iR/ L.

100

80—

60

40 —

RELATIVE ACTIVITY (%)

0 l | [ | Ly

0 05 10 15 20 25 50
ca’* (mM)

B2 hyyndd ERER

BEREMLC BB A v I L4 F /z%ﬁ% 0.1
mM A5 5mM OEE TR L.

v (calpastatin) #%, %@ hydrophobicity ®& I
Lo ThHNAL vinb DS hi-dDEEL bR
BEREOTEMLICLE L Ay 7 A F VIBERPBE L
72&Zh, 0.1mM »B 5mM DAy 7 a4 vk
EORHEIC R T, 50%0E®E 1mM oy
ThAAvELES L (B 2). 3bEFA—nTn
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F7-HAEFRTHS E64 w LI RE B L
ToE A, 100eM @ E-64 12X b 0.1 BOBEEE
ML IEE N, BEXD, b MBS L 008k -
HHLL-EAEERZ I V314 v T (calpain 1T,
mCANP) TH 5 Z & AEEFENCHER S .

BREESENEAOTNBERT V31 v HilkE
V- Western blot analysis OF5E, 4F& 80K o
By VERDL (B 3). o4&, Vitto and
Nixon L Oe L ORI hioh 1 vOiLT
gE—H LI

e MR D OB MAG & ABREORIGHER, b
TORREXBL., 5mM QAT Aty OFAET
TAB#EIT MAG #4508 L. oBEY+PCE, 97T
B% 10K U derivative MAG (dMAG) &% h
T\, MAG O4fE, 100eM © E-64 XU 1mM

a b

B3 AN, VKAL) Tay b
BERTEME S E (50 pg) BIEBERE Hovov 4 v HE
(lane a), 7 ¥ b2 — [ (lane b) THREY
Bl

D EGTA X oBHBCHE s (B 4).
HEBEEOEALSEM A h= XA 2BELPET A DK,
FERFEMMBIE T v TH S TET :ET v bRIFERL
fo. TET #55 v +id TET 85K THE®H 7 HE
i, BB IUBEOEBRE YR L. SEBRKEE,
TET #&5#@kticcrok2 v L3RBT L, TET
BEPCHLIEIDS » FHFET L. TET #5 %2600
TH L, BESRIKCEE LE DS, HEREITH
10 M cEM - H4% Lic (B 5). TET #5308#%%
JUBORBEI = — F ARREE T B TR L, BHEAM
BEEZHMINCRE Lz, 308, 60B#EOWTFhic
BT MEROBEEII BB LT, FRCHEN

12245

dMAG-

B4 i MAG bk« 14/ 705 b
MAG & BHREHSE & ORINEREIH MAG
/ 2 a—Fvhifk (DT7E10, Doberson, 1985) %
RBuCHhgEgfs L7z, lane 1; 150ng b b k8
MAG, lane 2; 0.01 B AIBEREMESDE, lane 3—
5; MAG BXUBEREMSHE, 25, lane 3; 1
mM EGTA, lane 4; 5mM E{bhvod 4,
lane 5; 5mM #H{bAL Y LB LU 100 uM E~
64 Nzt BUSIE3TE C T18R T - 7o,
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; TET ADMINISTRATION———

3_

2 -

1 L.

c 1 i ] i 1 i 1

10 20 30 40 50 60 10
DAYS
B 5 TET h#5 v MoBid 5 EHEED

R
TET i 7 » b B 2 EHEEDOEE L Pet-
tinelli HOJHiE (1981) Kt - TRa7—{L L1,

LTWwi (B 6-A). TET #4595 » biokd 5/ Rk
S UKBEROBEROBLIIMBRICH LTBETH -
o BMEBRBERDT TET #b54iktk, SBREoRE
ESFAT LT LR BERGE M7 (B 6-A).

B & 0 R L B oI TET #55 » o
BWT, RSB L CEBCMAERL, TET #
Lepik 2 BEEOREIC B T EOEE B
(8 6-B). B#+kE v x— O CNP EEE R RE
CHLUTHEECET LTV, 208 LIREROE
fbiclt LTBECh - (B 6C). FSETx—H
MAG i & UBESERMEER (myelin basic protein,

B/5% PHIESA

(A (B) CH

£ $t3 2% 54

(%) (%) ! (%) I
200 _ 00 00 _ 1
n +
A .
100 [ 50 |- 50 |-
0o~ L ok L L oL L
¢ T R ¢ T R cC T R

6 60EM TET 855K

(A) B ER, (B) H#IGR, (C) CNP 7,
% column (BRI 49— p &
LTERLL.

C; %7 b, T; 60HME TET ¥55 v ~, R;
TET #5ti-108%5 » b

*p < 0.001, **p<0.01, ***p< 0.05

MBP) ##l -MAG, #l -MBP #1 7 u—Frfifk%,
FALT Western blot analysis . TEBX T - 293,
BESBLYRD R o1, BEX D, FOBOREE
EEOFERN~ —h—& L THEBERS V.

B 7 TET #57 v FEOBEHE (X 12,000)
(A) 60BME] TET #5. 5 » b, BESOME-BMATH (v) 28D 5.
(B) TET #5tF14B#% 5 » b, BESMEE (RHD BERFDH LN S
D, BEANEHEORDEED S,
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W L AR FAIBZIC L b, 60H/ TET H#45
7 v MEICE VTR O HE TS - ORI R,
B ER#E (myelin lamellar structure) o fi#H
(splitting) ¥ L O'MRHE L RN~ DR BREETH -
o (B T-A). mEREOMRBEEOKEREITRE
»hhishote. TET #5hik 28RS ORIEHO 5 »
MR BT, FEROBRDIRD bhcn, SeE
BEOBEIEREEs L (B T-B).

TET #59-#%, REPUKEBERBERTHS acetazo-

lamide #®&5L7-5 » biekBuv T, EEBFEEOR
BIBEIhihok. ThBDT v FORBEBERR
TET 59 ILERCKELLS v bOZTh EBLER
i oto. —7, acetazolamide BMAZHE L1cT v
NI EEIRE S MR EROHEN LRS- (K
8).

% £ %
(%) 1 ‘T 1
150 — 1 1
100 F'L L
50 |
o L LJ L U1 L L

C T R AIT A

® 8 Acetazolamide [FEI{EMEIHER

308> TET #51%, 3HR acetazolamide %
BE L, MBREERLHELL. & column i,
SEBEO BSOS — ' v M E LTERLE.
C; x5+, T; TET #5PIEEXKT » b,
R; TET #5743 B%, HEHEF» b+, A/T;
TET #5d1-%, 3 Hf acetazolamide »#&5
Liz7 v b+, A; 30 acetazolamide DA %
H5L7v b

*p<0.001, **p<0.01

kXY, TET @k A8HRECBEEE
R AERESEE LT AbDEEL LR,

% £

AN VL, ThETOPEL LR T AR, M
fam LB UBENIRCHESED SR TV 50, 0O
AEPBEERTE TS S, BE AN ViTHAE
MEERE LTERI TS, HREES X OHas
NEEECE#ELCEE LTV AAERLRESh T
B0 KFEOKE, b MBI L g Y
(myelin-associated calpain I, MAC-11) BEHET 5
ZEDHBME o, MAC-TLITEI#® major donse
line, BiHA4 Y 75 v Fu s/ ) 7 OfifERCEEL,
B FAET S MBP 2084 5-%xbh5b. &
PERBECE T, BEEMEEATHL MAG
EEEHB N A VETTHMT 540520505, In
vitro 12k 5 MAG OfHEEELSEERC X
ORI FREI05W Ul 3 fEEY (derivative MAG,
dMAG) %4 ULaZ EMHBRTWEH, kiibhb
hit v NS (cerebrospinal fluid, CSF) A
dMAG & E—DGFRB%RT MAG SBEHSRD
THEH B, MAC-Iik &5 MAG D4 ERRNIC b
HETH2EEZ20605. BEA CSF Hickds dMAG
OBRELEE 10ng/ml BETH L8, NI MAG
DHISOEFET D MBP X hd 2ng/ml LTFTH 5%
ZEEBEETLE, MAG OOIIERERTHEL D
ElbhAd. MAG B@&EMiss+Y) oF v Ny 7 &
OB H - THBRZTRET-> Tk H, MAC-TIIZ + D4
BHRGAH-TWSLEL LN,

1984 %, Sato Hit e P ORENNBIRBTL L LR
MBE(LIEE (multiple sclerosis, MS) BERK KT,
BRI L5 MBP O5fE LU0 MAG 75 dMAG
AOFBRDBTIEL T WD EEHME LY, BRI -
T, MEAYSET S T s 7 —HiE, Hhosq v
Stz % cathepsin B, cathepsin D 7¢ K& 5 AT
R, thETOEIAS, MAG »H AMAG ~OD
BB AN, VORI L ->THETHL EhD, &
RcBBEADRC B TH H A8 v LR E %
BilTtwbEEZHRA. MS KBEWT MAC-TIC
LEEATRNSTUE L TV ABFIITHTH BN, TEE
HELTE, FAVIFY R Y FRALY Y L BED
L5, AEMBEERT (hrxasFv) o, BE
EHOY VYELIL L5 MAC-T ikt 2RS0T
Ehit MAC-TEETFRIACH N EDNEL LR D,
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EDHBHNY T LA F VREOBLE>LTEIRE
THO MS BIBET2HELLTENTH S, Bk,
HTLV-1 B¥Y v Sk wT, srf vIDER
BRELIUEEEML TV ARG R CIRE
BATE ; AR 7 o7 7 — € RORETFREL - FHEB).
HTLV-1 @B oRFMEES ¥ 7. L, HTLV-1 associ-
ated myelopathy (HAM) #5|%#&Z9. Ohama 5
13 HAM BESfc B TRENERBE ED TR
Eiodbhrhrbb?, BEOCKBFTRZE LicHHe 28
# L7220, Ohama »O#EE, HTLV-1 Bis %0
oAV IF Y Fa X ) TiekuTh has ] vEENRTD
ELTWHAEERERTERS L TEETHS. 51K,
HAM, MS BEMEEMScBLthr s vORESY
in situ hybridization 7c & TEHMIICEN T 20BN H
LEBRDRA.

BESRHER B A O S RLANO 2 h = X A & 5 EEE
ELTE, HMBEREORER LUrORREE LTOR
WAEREY S 5. BMAREIEEORR X657, JE
BRIOC, ¥THENCEILZLAMLATL S, #
WHREO M OMBEIL, BRI OHBICE S LIF
OB TOBEBEL*»RHNT25 2 TEETHY, Ik
FERAIC L BR A B 5.

AT & b, PREMEI RS chie s 2R
EEEPTRIE S L TR BE DR ET L 2 LR
Ehdc. 2L, Y LULBEROBRECEV TILREE
BikBERSECBEE LTV 22 LML RE T R
BB FEEN S v FBRIC BT, BRI
FFLTESENERTZ2 28, BLU TET 8B L 5
HEEEEORE T A HE L TRBBUKEERTE &
BHET 2 &0, FAFERTERENS XIUREREC
BT, ##LYBBEKETERE (dehydration) L,
BMOBSABENBELHE LTV S0 BB X h

5%, mBEO KM ABRORBOTEKER, & .

BREERFEOBEYE L0 L LTERHCEE LT —<
THBEELLRS.

Eij i

BarRrdodicy, Tl CRMABOEL
rEMERFERCRMOTLYELET. ¥, #
R E S, EEIEET IV LomRas
FHEHRMERE =R ER G LET

ERFBLITOH4DB O LicfiThh ¥ L.
CIERBMOBLRELET. BREANEEAE RE
BhE, ABEERLLE, &THESLE, NIH, Dr.

R.H. Quarles.
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