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BRALA P L AWZ X B - VoS4 v OEELE
NF2ERHE (v—1Y) OO

SRR MRS R BT (EAE LT HURHIR)
&£ F W R

MG IEAE 2T (neurofibromatosis type 2, NF2) OFRHBET-EW TH A~ — 1) »id, RENLHEENESTH DA
T R TR N R 2 SR & AR RS B T 5. I, NP2 REFHEEEORERE L LT, BEFEFICL
LR — ) Y OREDINI S LA 2 OREFERLICE 2 EE7— ) » OBMHRAEE SN BEEE T mED LI
BB A I ElE L LML TWER, BEHEBEFIIBVTA N Y OREFHEIIE LTV PETRHETSH S, FIET
W, LS Y RiE S e s —HE LTEILIZL 27— VN LOFREEREL, BIEA N L ATMAHEEMRE AV
Tp-h g bv—1 v MG, RENRE LT, FHTHSLBRIEMR 126 & 2OMEMIE, b5 0ER
T T ERBIL, AL - LS A RO b 7 o — v MR UZSIMG ® AV . EORER, BBIERMTI
UBITH NI ¥ OFEMEALATR SIB b Wb S F, BET TR TIHMLIERHEL, SATEEROT—) Y HEFLL.
A D MER LA BT % A CHRLA M L A% IS 2 5 &, HHILE p-H M8 Y2k B —) v DR E T DR
PO A A S, R, REMES VoSS S IREBEBETHE NIRRT ORBPPHLI. HREEA NS
WHCd b A NVKRRYVEY T (L0 { ¥ F b (carhobenzoxyleucylleucinal, Z-LLal) (5 M) I & BUEEIT) &, 7
) L SMBOEIE B LIS R S F Y OTHRAR S L, SERERATIE, B KRLEOTERY - ¥ LLERD
wwwN4Vwaﬂ$WWMﬁﬁua%ﬂ,wﬁwﬂfvmm%mk#uv—u>ﬁ%ﬁm#%M%ﬁ¢&m~t$@L
T, WL, 70— S H NSk B p-B b8 4 v OIEEbdT—) > 2 BRME L, MIAHE MWD 2 R e %

PR 2 S 5 O L DSBBIEOREND—KTH S T L AR ERT.

Key words merlin, calpain, oxidative stress, meningioma

AERAMEITE 28 (neurofibromatosis type 2, NF2) 1, #1475
A1 ADHEETHRET B H Y A EEREEORETH DY
S8 o B, RO RIER O #30 % % o b HRIE R
[EAERIES 0 RIEIESAHENICE BT A L 2B E TS
Y, NF2MET e b2 Fgad 22ql2) 2fu@EL, 595ER
F IR S WA ELY XY YT T A F Y VT
BHEEEE R THHNFRREHKEI— FLTWAYY. NF2
BARREL Y- AN - F4F Y VOBENFR Eo T
—1) > (moesin-ezrin-radixinlike protein, merlin) & & i¥N T
5. NFORETFOZERIE, NF2EEOHS0~80%"7, 15l
BiEIED 15 ~35% P71, B X O EEHEEED 20~ 60%
MR I~E g, Thabb, NRRBETOEROATIEIN
SOMEHOFEA N = XL EFELERY, IhoORETE
BOKREBIFET LY AER, HBVETIL—L YT PERT
BN NGk TARELEEARFEREND Y,
ZOFESL Y v REFEEC B TIRE RSN LY
MW= Lot ARBEELCSBENTVEEELLNT
WA, BIE, NF2BETFOERNH SN WEIRIE R fhEiHE

TR12E 11 F 24 BEfy, PRIBFELALRZERE

BWThv—) YOREAFFED ALV E0S, BEHEL
NLTOT—1) ¥ OFBIRBENLD, Thbh, ANIY
LIRTEMD Y AF A v TuFT—ETHEA NI, »REI
EHEL s AL, BB A V8L VI o Te— 1 A EERIC
BRSMENTVEEFTEIEITHS., ZOFEXE, HEEES
BEFERZITE(EHELAVTOBEICLI > THHEEL
BLZLEEHLELOTHEY, 2EHMEERE BT
WS4 v AERALE B PICOWTIERETH 5.

BN L REFRPOMBTRD LI, DT u-A
Wos4 v Em A S I EEICERL TV A0 HER
EHTHEE M, BEEmM LNVO AL L7 L RETHEE
(LN BDE, EHCICOER ALY Y LBENSZ ISR
AR ER ALV, WTh b 5FE80kDa & 30kDa
OFTIZy b bEANTFU2BETHD, MgV
ABENRERT 2 EEEEOA VAL Y IZHRECEST
5. ZOBC, A7z v FE30kDad b 17kDa il B 1L
L, k¥ 7=y bi&80kDan & 78kDa ® A HHS % #% T 76kDa
OFEELEI~EBEHEILL, #EL 2 52BAEORES LT

Abbreviations . EMA, epithelial membrane antigen; NF2, neurofibromatosis type 2; TBST, Tris-buffered saline-

Tween 20; Z-LLal, carbobenzoxyl-leucyl-leucinal
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3. ANSA I, [k, U UEBER PR 7Y -5V A0
REP DL LD, E0 @G P, T - 20070,
BRI, YA PO T =0, TN T—FY, -
FU VRN ES OEEMN, WOEFT CERLLSATY
BIEMRENTVS, HEBRTEEORMIIFRTEIZ
ERBEMIZLBEL, TROEMBICEI 7V —FTAVD
B LBEALA P VAN DN, L EFEEELTWSOTE
Zud eV EHRICETOTEFEETo 7

AR CIE, SIS v Ew—Y > OMBEBEEE BT
Al EMEL, HEEBRRTLEE—Y ORFLED
Zuledb, v yREENICERTA MU —<H
e U2IMG 2B v b — L E LTHERL, B
FPLAICEBT=Y L u-h 1 OBER ELFIICHR
# L7, BEEEAREICoVTIE, BHFEORBBA RV OMBR
BERICTEERE o -4 VS > ORWEERDH SNz %
BEIHEERL, Hiov—1 X OBWRERS AL L HEED
RN L T2 RENHE L.

WHRELVHE

I. 3=

1999 £ 5 2000 4 £ TIZ HHEE THBIIRA % S i
UEREIENE 126] & oA EAR, B S —7
HEOMIBHRUIMG 2 REDOM R E Lz, HIRED RE
HErEwosBEE, HRERBHE (World Health
Organization) DRREESFIZHE- 7%, AERIE, BB E
(meningotheliomatous, grade 1) 2%, #1TH! (transitional,
grade 1) 74, #HMEFMAAE (fibroblastic, grade 1) 14, /I
FER R (microcystic, grade I) 16, % & UNZRE! (atypical,
grade 1) 11 ThH -7z, BEEEOERITMHHAMR, TALHIC
MESERTHEEL, ERELMETLET-130CTRELZ.
7, BEEASO—ITHENE, B ICERICHED LEEE
L7, U25IMGHIRE S & UBAIERE IR 05538121, 10%
4 HEIRILFE (fetal bovine serum) (Gibco BRL, Rockville, USA) ,
1%R=3) V-A ML T h=A Y rEHFDDulbecco’s Modified
Eagle Medium (DMEM) (Gibco BRL) #5#i & L, ##37C,
5% COy DEMBT TiT» 7=,

I. BERSPEILFABD D4R T

TARERE L, MBEABEROEETH L0 EEERER
(epithelial membrane antigen) #5H L, ZOHFEN, HMEF
M) Yy NREDENCHHATH S ZEFMEN TS,
L=#oT, HMEREMEEG, SEEL ML, RERET
EMADBHENRIO B ECHEZ L 2 A LR, LTOE
BRICH L 7.

. AL 75 THE

U251MG #life & BEIERE o s flifaiE, wihd 77 R
ATIRIZI XTI VI Y Mok o RS, MIBRY VSt %
EHALT 2 O IEBEPICAINS T LLF ) T3 T THBEA
* /%4 7 (Sigma, StLouis, USA) (5 M) &iNz 1KHALE
L7z, 72, A/ <4 veize BV Y
LEHE UINHLE LA, Be LT, U25IMGHlax A

v, AF ATV EMATEILAN Y T AOLERS LI

e R PAR
V. B{EX b LR (CBEMEAERS)
7 F AN OU5IMGHIR % v L BEIENE O 11485 2 M A%1F

%

Faronvzy Mohkoltg, 4+ /<Ay (6 M), it
F Ny (10, 20mM) & 3G ICEFERE (5-20 1 M) DiERRLAK
EARE L IRBLE L2 e LT U25IMGHITZIZ B v
T, 4474y eMATEBILKEDH, &5 ITEEHRE
KELERANS I LDAERE L IGFLEL 7.
V. HREGHHNNS CRBETH I HIVEN LT X009
3 )va4 <+ Jb (carbobenzoxyl-leucyl-leucinal, Z-LLal)
pusd
BEHALKERERHOY—) O HEIEECTL p-H1 V34
kBT REHTAD, BRGL AV VTHERTH
B ZLlal (7 F FRFZERT, KR) G pM) 2L AREETS 7
192 7 5 2 2RO U251MG Ml 2 v L SEIENE o a4 L2
BANHIZI Y TNVIY Mk o AT, WECRAF /T
v v B uM) EHELA VYT L (10mM), ERRIEAE (6, 10 4
M), ZLLal G uM) %, BEWKEAF/ =AYy BuM) &1
{tH Ny s (10mM), BER{LAKFE (10 M), Z-LLal (5 M)
RS L IREAEL .

V. 92470y MER

BRI PRS A TR IEBME Lz, —75, WLl
k1) 73 »-EDTA (Gibco BRL) ALEE#%, & PBS I Tk L
1,000rpm 302 TR & -2 [N L 72 #% PBS w2 T I 7 e e i
L7=. BiWeth, EHI2& 4 %4°C, 15,000rpm T 107 M0 L
R ENE, SBEO0% 2-ANVATIIY ) —VEE
SDSHBMHEFNA 100 CT5 MM L7z, WA KT
Laemmli*®® ® SDSPAGE I & W 1707z, 6% & 8% DK T ¥
VT I RSV EEET, TE 2 fy, £L—rdih10 x
gNERREZXRE LA, BRKE®ETR, 727UV T7IFFL
Llizpgsh/-BEaEs = ot o— AR (Amersham
Pharmacia Biotech, Buckinghamshire, UK) (2§55 L, 1% F
F >~ (Bio-Rad, Hercules, USA) % hlZ 720.1% Tween 20 (F1fi
WT ¥, ) AD M) RIEHEBREE (Tris-buffered saline-
Tween 20, TBST) 2 T1EM 7O v ¥ > ¥ L7 —kifke L
Tl&, Hiw—"1 r#ifk (C18, Santa Cruz Inc, Santa Cruz, USA)
% 2,000 £, PLu-H V84 HMAEE 100065 (Drich, BALEAF
RN EREMEL ¥y -HEERER L L V5B LU
Chemicon International Inc, Temecula, USA), HUiEMALE 12~
WS4 iR (EACERTERTIMBFR ATt v & — Tk
BL L hfts, BLUREAZENEMERAE AELLD
5 % 1,0004%, HAH VSRS F Uk (CSL1-5, Eilik, &€
#) % 4,000, 7% b NI a-F 271 » (TU-02, Santa Cruz Inc)
# 2,000/ 2 FNEFNIGETF AN TBSTTAHRL, B2
Bl H 5 WIT4CT—RIE S, F0%, HRPHERT v
FIgGHE T 72T HRPE#IT~ 7 X IgG Hifk (Amersham) & 1
MR RS &€ 7-1%, ECL¥ v b (Amersham) (2 TS & g iz
L7, WER2 b —VELTHE, a-Fa27YrzHvi
19)39).

V. ®EMmit®ie

FrvX=2F 4 F (EHMF) ICTHEELHRE % PBS
THeE L7k, 4%/STRVAT VT FCEIBEEL .
D%, PBSTHHEL 0.3 %BERILKENRA Y/ — VIZTHIF
WV FF Y F—EERFESEL. HERIELEDH0.1M
2L UEBEBERICAST A FHITAEAN, 15GHO~v A 713y
I—TREBETo. FFERNKCHHOD, 7oy %2
Pk (EEME) 2 FRT205MER 24, —RHfkidht
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EMA itk (Dako Japan, BUHS) ##0E FHV: 4 CT—IREIE S
i, WinT A Y FF LT kBl (Vector Laboratories Inc.,
Durham, USA) % 304-BIRIE & &7z, TEY »-¥dF -k
FE T — AL 0.005 %EBLAEM002% YT I/
Ry FYy (33 -diaminobenzidine) (Sigma) LI & ) FEtE &
g, AT hEFY) THREETo .

V. #hEmiatERe

et b FHE, PUEIRIE LB O 7250 0.1M 7 = > BEAR L
AT A RTTRAEANIBGEDOT A F 0y 2—TREZET
ot FOH, 5% JILH & 0.5% Triton-X (R SEHIHE T3)
ADPBSIZTC204M 7Oy &> 7 %fFoi, RIEGE L FE,
—kHitkE LTI, 5%k Y Uik 0.5%TritonX A ) PBS %
FwTiie—) Y HE% 10045, Hop-Hv3q Y YR F 10045
AR LACT—EUE 8¢ 7. PBS THilfk, EHRT TR
PO Rk R i, 70t ny ey A VF+ T VB
(fluorescein isothiocyanate, FITC) ff & ZR#LE%E, 25% v
S & 0.25% Triton-X A ) PBS T 200452 A AR L T 1IER L
R, 20, PBSTH# L, #¥ld Propidium Jodide
(P) (Eugene, Oregon, USA) % PBS T 4,000- 5,000 = AR L T
SOMBEIE S THor, BAK, FHEEL—WF—BME
LSM510 (Carl Zeiss, Esslingen, Germany) TH#i%EL 7z.
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|, BHEISREARARIC 5T BIEMALEL p-h L/ N1 DK (B)

FEHACE - W3 Y DBERMT 2HAEEHCTYTA
yr7ay bR &, HBEAKO 12460 % 861 TR
g VA VIR BHLTB Y 3R TREDOERER L.
Lal, == vt LTid, £flicBnTERENR LD
orz (R1A). Zhb ORKERAKEEL-L 5 (H1B),
HHAER T p- 2 WA > OFEALD A H NI LB RTUES
W, TEHALE 4o Vot VIEESICHEEL TR —h,
v -1 T L T, SR BV TEREALE A vt
AR AR L8 Bl 7 BT, BEBMEERLAIAT]
BITRENEILH 5 PREFAL N, AEERICIBEVTu-
B WIS ¥ DAL A S Do BHCB L TiE, RS

‘§o
FEP L L P L 0SS

1#-Calpain — ZZZ

Activated
4 -calpain= £

&
AL LA RN

Merlin —

a-Tubulin . S

Fig. 1. Western blot analysis for x-calpain, activated p -calpain
and merlin in the meningioma tissues (A) and the primary
cultured cells (B). U251MG cells were used as a positive
control of merlin and negative control of activated . -calpain.
2 -Tubulin was used as an internal control. In the meningioma
tissues, activated 4 -calpain was strongly expressed in 8 out of
12 cases while merlin was not expressed (A). In contrast,
activated y-calpain was never expressed while half of them
expressed merlin as primary cultured meningioma cells (B).

v ORBIEIALN LR,

B, UWTE&ToyzAyr7ay METIZEWT, B
D UBIMGHIRL b TR v—) v oktta > ba—-), &k
Bl B NS ORI Y bI—p & LTRWE.

I, U2BIMGIcE BT~ & u-hibinet >

1. B AEETTOT—) Yk u-H %4> (K2)

A, 7RSI R D IZEEC 2mM ORI L YT ADTE
FHTCOEAS, TOREBRETIEY VAL yOiFELEAL LR
ot Labl, 44743 > EBERPISS uMIEMT 5
ZECHREED p-H NS DNy BRI ER, £k
s VISR E R, W EBbB38kDanssY F
AN, S5z, BLH VLY L%ES 10, 20mMMNA 5 &,
p-h A v OFEEALIGRERFRICRBO R LL,
=) Y ONREG ORBBREIZIE A VT LREIITES L
Lo,

2., LR ML RIZL B p-H o84 2 OEEL (E3)

FEOEEBRAERICETE, RMTAELI VT AOREE
10mM, 447743 DEES5 . MIZH—L, BERLKE
%5,10, 20 p MR 72, EEE{LKEORIEDLS, 10 o M ORE
el L a kb, WSS ERILE p- o84 VISR
MR ERL, AICEEREe—U v iiEeASHRE &%
otz L L, SSHIHMBLAFEOMRER20 MIZETE
F8gD & -0 oS 2 IEHUTEHILR OREIDR - 7.

B, WTE&TnyZAyr 7oy METBWT, HIEE
WL (3, o L — ) i, AEELDS & EEILE o -4 b8
{fropEaryto—n, FEEv-UyoBEayE-L
ELTHW:,

3. A4+ 7%4 Y VIEFEET (K4

BELATIC L B pu-H NI 2 OTEMRILDY, MBEANOS
Lo b F v HEARIREL-RERETHEILEHIPDLLD
2, A F w4 Yy OFEFEAET CHRILD V¥ 7 b L BERLE
A BMETNA. EORE, A4/ 31 Y OFFET
T, p-h W54 > oEELEEL Hobhy, v—U 0

CaClzmM) 0 0 5 10 20
Ionomycin (M) 0 5 5 5 5
u-Calpain.

Activated ..
I -calpai

a -Tubulin

Fig.2. Western blot analysis for x -calpain, activated s -calpain
and merlin in the U251MG cells, being treated with the
indicated concentrations of CaCl, and ionomycin for 1 hr. p-
Calpain was activated CaClrdependently. Fulllength (75 kDa)
merlin (arrow) was cleaved (arrow head) after treatment with
CaCl2 and ionomycin.
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Hz02(xkM) 0 0 5 10 20 0 éf&"
R
0 10 10 20 &
CaClzmM) 0 10 1 & w)

Ionomycin(uM)0 5§ 5 5§ § § 80
U -Calpain = <78
Activated A 76

M -calpain= e
Merlin = -

o -Tubulin =

Fig.3. Western blot analysis for y-calpain, activated . -calpain
and merlin in the U251MG cells, being treated with the
indicated concentrations of H»0,, CaCl: and ionomycin for 1
hr. After treatment with H»O., activated 1 -calpain increased in
H:Ordependent manner until the concentration of 10 1 M. In
contrast, the full-length merlin (arrow) was cleaved (arrow
head) after treatment with H,O,.

HO0z(gM) 0 0 10 20 10 0 o0 10 000"
CaCk(mM) 0 10 0 0 10 o0 10 10 é&
Tonomycin (M) © 0 [] 0 [} 5 5 5 W

#L-Calpain™

Merlin™

a-Tubulin.

Fig. 4. Western blot analysis for x-calpain and merlin in the
U251IMG cells, being treated with the indicated concentrations
of H:0; and CaCl, with or without ionomycin for 1 hr. Under
this condition, y -calpain was not activated and the full-length
merlin (arrow) was not cleaved (arrow head) at all without
ionomycin. This showed a remarkable contrast with the
features without ionomycin.

H202 (L M) <) 0 2 5 10
CaClzmM) SN 30 10 10 10
PO (kDa)
Tonomycin (1 M) O & 5 5 5 5§ 80
i -Calpain = .

Activated .
/i -calpain

Merlin *

a -Tubulin .

Fig.5. Western blot analysis for y-calpain, activated u-
calpain and merlin in the primary cultured meningioma
cells (M10), being treated with the indicated concentrations
of Hz0;, CaCl; and ionomycin for 1 hr. ,-Calpain was not
activated without HyO,, while merlin expression decreased in
H,Oxdependent manner.

:]:'

ARbBO Lo,

. BEEEMECETAY U e y-hIbisT

BEBEIZ BT, A0y Ay > 7oy MMERIZT
THMEALT - VoS U SRIBET, HBRTTEEEN-)
YOREBFHLNSLIE (K1, M10) 2HREHE L TUBIMG
M & FIBROIRAT 24T - 72,

1. BfLABMLRIZES Ry AN > OEMAL ("M 5)

W BTNy LOREEL 10mM, 14/ 10D
WERER 5 0 MATHE— L, AMLKEZ0,2,5,10 LMINAZ 72, @
B bk % LORETIE p-H LS4 > O v~ v o
b ASNEPo7z. Lal, BELKEORINZLY, &
WA T EHCHE LR R, SR e ol BeRy—
o, BELKREOREN2 p MTESHENY, 5, ME
10 (M ORI AR SNz, ROFRE LM LAEOMIE
WZAIZHBI L T,

H202(uM) 5 5 10 10
CaClz(mM) 10 10 10 10
Ionomycin(uM) § 5 5§ §
Z-LLal(uM) 0 5 0 5§
4 -Calpain = | *
Merlin .
a -Tubulin.. §

U-251MG Meningioma cells

Fig. 6. Western blot analysis for u-calpain and merlin in hoth
the U251MG cells and the primary cultured meningioma cells
(M10), being treated with the indicated concentrations of
H,0,, CaCly, ionomycin, and Z-LLal for 1 hr. Each of them
expressed fulllength merlin increasingly after the treatment
with Z-LLal, which specifically inhibits the proteolysis by
activated calpain.

H202(uM) O 10 10 2 5 10 10
CaCkz(mM) © 10 10 10 10 10 10
Ionomycin (LM) © 5 er" Q‘P 5 5 5 8
I (KDWY
Z-LLal(uM) © o H [1] 0 5

Calpastatine §

a-Tubulin = S5 &

U-251IMG Meningioma cells

Fig. 7. Western blot analysis for calpastatin in the U251MG
cells and the primary cultured meningioma cells (M10), being
treated with the indicated concentrations of HyO3, CaCly,
ionomycin, and Z-LLal for 1 hr. In the U251MG cells, the full-
length calpastatin (arrow) was expressed at first, but cleavec
(arrow heads) after treatment with H,O,. Z-LLal inhibited
calpastatin degradation. In the meningioma tissue, the
cleavages of calpastatin had been expressed (lane of “Ope.
sample” ). After culture, the fulllength calpastatin decreased
in Hy0,-dependent manner, and Z-LLal inhibited the
calpastatin degradation.
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V. #ILA CERBEERIDOZE (K6) Sz, U25IMGHEREIC BV Cld, 4FICBE bk #ES oM, 3
HWISA v DR RIGHER T 5 Z-LLal ZERILA kL ABEZ b 10mM, 14 /<4225 MOZEHETT, —k
5, MMZ A&, UIMGHINE, BEIEEO MMV BEUE O AU A I BV T, ABER{LKFE10 oM, SELD
ZBWTHY =) Y DOFRIIREDEITS D b O OHEIHNH] Ve H10mM, f1 4/ YA 8 uMOEKETT, v—1 v

A B

Fig. 8. Immunofluorescence microscopy for . -calpain (A, B) and merlin (C, D) in the U251MG cells. Before treatment with hydrogen
peroxide, . -calpain was expressed in the cytoplasm (A), while the full-length merlin was expressed in the plasma membrane (C). After
treatment with hydrogen peroxide, . -calpain transferred to the plasma membrane (B), while the fragment of merlin transferred to the
perinuclear and cytoplasmic region (D).

Fig.9. Every 1 ;. m slice images of the immunofluorescence microscopy for merlin in the U251MG cells, which were treated with
hydrogen peroxide. After treatment with hydrogen peroxide, the fragment of merlin transferred to the nuclear region.
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Fig. 10. High magnification of the immunofluorescence microscopy for s -calpain (A, B) and merlin (C, D) in the primary cultured
meningioma cells (M10). Similar to the U251IMG cells, before the treatment with hydrogen peroxide, /. -calpain was in the cytoplasm (A),
while the full-length merlin was in the plasma membrane (C). In contrast, treatment with hydrogen peroxide, ;. -calpain was expressed in
the plasma membrane (B), and the fragment of merlin was expressed in the perinuclear and cytoplasmic region (D).

Oxidative stress

Contact inhibition

ﬂ P Calpaln
@ o é Autolysls

Translocaﬂon Activation

Plasma membrane

Cytosol

Loss of
contact inhibition

Meningioma

Fig. 11. The scheme of meningioma tumorigenesis, that can be
induced by oxidative stress. At first, the oxidative stress due to
aging, induces the Ca* mobilization, and Ca* activates calpain.
Subsequently, the autolyzed and activated calpain translocates
from the cytoplasm to the plasma membrane. At the plasma
membrane, merlin is cleaved by the activated calpain, and this
cleavage product transferred into the nucleus. Accordingly,
the signal pathway for cell adhesion and the contact inhibition
may be impaired, leading to meningiomas.

O fREE IR SNEEE~Y—) U HFER LT, L L,
NS Y OIEHALIZIZE A LRI ST Wi o 72,
V. Hvna D BREERENIVINZ 2 at/@é);rfﬂ (=7)
HNIA > ONREHERAE TH S L FEFFIZAH VIS D
HETLHDBHINIIAYF O % ilﬁ:IHIJ@UZJIMGﬁH it
Tld110kDa & 106kDa DEERDHEHAE A A S N7z75, #EEL
KEDFRMZ L) ZOREREDO/NNY FiZEd L, GEn LR
b b 68kDa &k 45kDa D /N> RASA SNz, LA L, HssA
YHEAITH B Z-LLal 12 & %479 &, B 110kDa &
106kDa dD /N FASEEIN L 72, BERE AR Mgz BV TR
Iri'H;Jz::, BREALKFEDWRED LA IPEVEEREO A VIS 5 F
WEA L, Z-LLal OB IZ & 1) FF 0N 110kDa & 106kDa @ /8 >

FAE L 72,
M. ==V, p-HiX4 > OMBABENZEAL (F8, 9,
10)
U25IMG Ml I THOLRIEREBEAT ) &, pu-H VNS VI3H

o B VM R Bt A 7R L7228 (X 8A), MER{L KR

LD IRERCHm B ERT LIk -7 (X8B). —7,
=) VICELTIRAMINICIIEER THM B L Tuizy
(X18C) , BWERALKFZRMA EHEH IS 2 RS AA 5
M7z (48D, [M9). §74bb, BILA ML ABZD p-h 8L~
DODRELEEREY =) Y ORER, ZIF—F LT 2750,
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BEALKERNE, =) YHOHBESEFERL TV 24
b—E A ST, T OEEIE BRI BV TH FEIRRICA L
s (10) .

% =

1. ERM (ezrin-radixin-moesin) EREFf & v — 1 >
v—1) i, FOT I/ EEFNE, NP F41IRA—IN—T
FPIN—IBTALIR) Y, FFAFLY, ELIRED
ERM &8 & B VR 2 R T4, = — ) BB
LCRBELBARWUTSH B, ERMEAKREIBVWTIEIED
Rk b BSEEATIZIZMH S Twa. T4hbh, ERMEHAER
1213 & ALOMBICB T, 73 ERRMN 0K 30kDa O
THIBE MR AT IS, INFEF D VERHRUD o -~
Uy s ACECHEBTHIRERED LRELTYE Y, W
HOEBRIZB VT, %, JEiGH(boIRET I ERM & 1 1 23
A ICRAEL, T3 SR & v R R DOV R AT
BIPRES LIRIET, 7o+ 749 A0 b EEDREEH
HLTWAE, LaL, #PVEFYLVENTO LA = kD
VB b T I I EWNTORRTFFI A S Y b=k 45sE
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Abstract

The neurofibromatosis type 2 (NF2) gene product, merlin, is a tumor suppressor protein that is often found mutated in
meningiomas and schwannomas. Recently, it has been reported that aside from NF2 mutations, the proteolysis of merlin
mediated by activated calpain is involved in the development of certain NF2-related tumors. Although meningiomas are well
known to occur more frequently in the aged female, it is unknown why the activation of calpain occurs in them. In this study,
the author speculated that age related production of free radicals might be one of the causes of calpain activation, and
examined the relationship between activated u -calpain and merlin under oxidative stress in cultured cells. The materials
studied were twelve sporadic meningiomas and their primary cultured cells. A malignant glioma cell line (U251MG), which
was not usually related to NF2, was used as a positive control of full-length merlin and negative control of activated s -
calpain. In spite of the consistent expressions of activated s -calpain in 11 meningioma tissues, this activation disappeared
after culturing, and full-length merlin was expressed in 8 of 11 cases. Treatment with hydrogen peroxide induced both x -
calpain cleavage of merlin and the reduction of an intrinsic calpain inhibitor, calpastatin. These proteolyses were significantly
blocked by a specific calpain inhibitor, Z-LLal (5 x« M). According to the immunocytochemistry, full-length merlin was co-
localized with activated u -calpain at the plasma membrane, and then after y -calpain activation the merlin fragments
translocated to the perinuclear or cytoplasmic region. These findings suggest that the activated u -calpain induced by the

oxidative stress cleaved the merlin to impair the signal pathway for the cell adhesion and led to meningioma due to the loss of
the contact inhibition.




