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HRAT7 52— Ve X —DEMEISY F—<D
MiEEHck 22

SRAFELERGENBERE (EF LT HEHD
AN H B — AR
(P85 % 2 A12AEAM)

ke b2 Y A —<Hifs USTIMG X, 7 mrF 1 VKA T » X —+ (protein phosphatase, PPase) JHEFITH 5 4 » L
(okadaic acid, OA) D5z X H H#AYcKIBRBET 2R L, AFCEMER L OCBERERICEHREORL 2R b, Bl
E (500nM) @ OA b kb, SHEHCEA IR -METIIH 1 BT, KEAKAHER (premature chromosome
condensation, PCC) 7o 5O HIBIO A {Lis EOHMREELHRD bhic. ¥, DNA A28 X 1, Ml G1/S #ice
ELiz. ZThBDORZL, ¥ 7 r~F v F (cycloheximide, CHX) FE TR BWTHRAFRD LIz, i, AKICE A b
v Hi #7 —+ (histone Hl kinase, HIK) {&EM2A LR L, 2KEEZ CEELRLAXHFEVLE, HREBLLVACERL
To. MROAEFERIZUABME I VEDCEAL L. Zhe L, BEBE (20nM) © OA ¥ #E5 L8B4, NEIBMEREC
HAHRMIT, B70%2 G2/M HICER L, 48~T20HH% & AR ED Le. SHEMCARA S HRC ST,
BLALEA I v TSHRETT 2, 0%LLEOMMA G2/M HiTELL, BRERSOBACABL HIK Fito L
RuBnbhithofc. ¥, OARXKLT, 27 =4 v ESLAEAITE, PCC RFBHEI NI, -7, OA 51Xy,
FY) A — v OBEBIEELBEENRBEIN T A M/ R B KR FZ 54 (platelet-derived growth factor receptor,
PDGF-R) O #ERMNEEB IOBREERFHERAZL O, DEXD, 7 F —=DHEHEK OA BEMH PPase 2’8 EHE LT
b, #iz, MRAMETORECERED Y vEL—B ) VEMERIEHEELRE X R LTV 5 2 ERB I hi.

Key words glioma, cdc2 kinase, protein phosphatase, okadaic acid, platelet-derived growth

factor receptor

HEROBERED Y vEM{EER ) vEMEKISY, EEMRT
BT HED TEBECARAHEHEDO 1 >TH2™. MRA»D
DI FXFLRBIIMBOKEDOZTEFCXITLHHA, Ml
WTEAEDY vERMb—B ) VEMERIGIC X - THIE, ZER
n, ROEE LIt TRAZINS. V vB{ERIEXMET S
DON7TaF A4 vFF—4 (protein kinase, PK) TH5. — %
T, ’u54VkRkAT y & —+ (protein phosphatase, PPase)
REARY vEBRIGEMET 2BEECH D, PK LT 58
e s.

PPase 13kFT+ 5L, vV Vv/A L= vERIEEN PPase
(protein serine/threonine phosphatse, PP) & = v vEB&KE&ER
i) PPase (protein throsine phosphatase, PTP) ik i+ 5h 5.
PP iX, Cohen & & » CEERRY:, BRI L AMBHNE, 2
flifs 1 A vERMET &S PPI, PP2A, PP2B, PP2C @ 4 B
SR hR.

A A X'B (okadaic acid, OA) X, 1981€E 72 =4 V B
(Halichondria okadai) 5 4rRf" EhicR Y =— F{k&H T
5. 0AX12-0-FVS3FH /A NKALRE=1-13-TF A }
(12-O-tetradecanaylphorbol-13-acetate, TPA) & ERBEICH T

NRETRE—F—-THBD, TOFARE 2£<ATH
5. OA Lk, TPA LAKZHBRANOERY vEB{LZEBHT5.
L»L, TPA 7' m 54 %+ —+C (protein kinase C,
PKC) # HEFEELT DI L, OA 12 PKC i {ERE T
MM T 2=, FDT I BRECTICELIME D ZE L PP2A,
PPl, PP2B %, nM~uM DOEERHE TZ DIFRICLET 2",
—F, Tho L34 Bicd 7 3/ BEF % Lo PP2CITiifF
BLiswv. EHRRIHFREGE LG LEAR Lo T, OA B
SUHOBEBBEOEBREATM L XHOBMEATLLEL
HA TV %, Takai Hit PP2A, PPl % X U° PP2B it +
Tz, PERLT, BEOSIXEME T -HICETS
OA B[ (ID50) 23% £, [nM, 200nM, 5uM FRE DEIZ T
B, ¥l, IALOEAEEOREIC XSl L RE
L". BEOBEBELFIALT, OAREABOR YY) vEL
RIS 53 2 MlBERSROMRC R TFHZRDE L)
ish, PP A\« DO v ACB S LT 5 Z &4
oM Iho0h5.

AFRTIE, OA 2FWT, b M2V 4 — = D & ERA
15 PP O®%EIZ B L.

Abbreviations : CHX, cycloheximide; FCM, flow cytometry; HIK, histone Hl kinase; HU, hydroxyurea;
MPF, mitosis-promoting factor; OA, okadaic acid; PBS, phosphate-buffered saline; PCC, premature
chromosome condensation; PDGF-R, platelet-derived growth factor receptor; Pl propidium iodide; PK,

protein kinase ; PKC, protein kinase C ; PP,

protein serine/threonine phosphatase ; PPase, protein
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1. MREER

1. sk

e} 7Y A —<HAKRTHS U3T3IMG 2Rz, Bk h
e b 70 A — <RI SOSEET B, TOHTHAR
ﬁfﬁﬁu:wBMGml<ﬂ%§h%%®@1of%
B0 MY, 56°C TI0HHULE L CHRE(L L1094
pEME (GIBCO #:, #5v F74 5 v F, KE), 100units/
ml =) VG (BRI, ®R), 100sg/ml A LT b As
oy (BRHEE), 0.3ug/ml L-7 4% s vEEE TS RPMI-
640 M (FIKBUZE, B3) 2 BT, 37C, CO. BE 5 DR
EFTEELE. TNTOEREE T, HICERDOEVRY
MR BRI B S D ORER L.

2. fkoRHE

2 3oV (RS, KR) Le FedvRHE (hydroxyurea,
HU) (Sigma, St. Louis, ) i« & 5 FFEEEW & H #fgz SH
By AAS e, ABHCIE, Pl ) SV VICLD
2L, 60mm DMz 2X10° EOMAEE 2.0mM F § ¥V
YEUAT B TSR L. To%k, MEX&Ey
EEERC X D HREEY S EE- R, OFLELAETE
WCIORREIEE L. 0%, 2.5mM HU 28U H
L, IoBSREsERE L, Mk SHIRMCRAS .

I. MBOEFEEEOKEE

1. Yoy 7 —EREERE

WEOEFEAC A A MY, A I vy ATV — b (ER
Rep 54, BR)ICE&Y =L 1x 10! #if/500u OE|ATH
L7, BOEEOEHTUREIEEL, ACRBEDC A
S (FLHER) ¢ STIEcTiR L, 4Rfme ) v Y
A—-THREL, ERRORYEEL, HEhRRFERLL.

2. BERFD2r=—HH

BE 60mm DOF 4 » ¥ 2 K LR UHEBEH0.5% D%
Kgthr i B Xz, 0.3% DEXPELEHPCHEy
BERE, KBED OA ¥z, &7 4 v ¥ 2 1A 1000
ith L5 ICEBL, 37C, CO, BES ¥ORETTHEL
fo. 2%, BE XAk ar=—-REEELL.

0. fmiaRORT

Ma% Taylor DFEMIZHE, VAR 7 L7 — 4 (Sigma) IZ
THREH, FovF v AT A4 &1 F (propidium iodide,
Pl) (Sigma) ¢ DNA #§&E L, 7r—44 b 2 b U — (flow
eytometry, FCM) EPICS-CS » = 5 4 (Coulter Electronics
Inc., kE) 2 BT, DNA v A + 7' 5 A% EBL L, HRELAE E
Fafe L.

V. MROFEE(LO®KET

1. bg v Fi—%f

Ml V) v ERREM 4 B A M K (phosphate-buffered saline,
PBS) T 2 @¥EL, AELTWAHIEY bV 7YV THREN
A L, REBRY MR ERE L, 4C, 4008 T
05 HEOL, Mlax<Ly bELTERLE. EERBT,
Uy VR 3YINE—NTATE F/Ha v - VBIEHET

24gERALL ERTEE L. 20O Ly F R 1I0KEEROF T
B Licth, #2 OLBSERC 2 BIEE LA A 3 v a%int
7-EER T 28/, BEEYT, =&/ —ARIITHRKL=
HUTF—NEL PCAEBLE. = 28 b2k AVTESR
4~Bum DYREREEL, P APy I —REXHLAELET
FEFEMET TRE L.

2. ¥FrFygfE

BOWEELOBEY BRCHRET oD, Mdk 2 #
s —VTEEE, BEERYER, ¥4 rRatE LUE¥ER
FETHELL.

V. £X b2 Hl #3—+ (histone HI kinase, HIK) 7 v

4

1. fEfar > 0BEAE R

Mar s N—RY Ay CEBL»HREMAL, K& Ll
Tris-HC 16 4= B &K (Tris-buffered saline, TBS) T 1 EI¥E
i, 2x10° MR LT 100p OEEW (40mM HEPES-K
Bt + VYA pH 7.5 60mM 2-7VerFERAT7 =1 b,
20mMp-= bR 7 2 =B AT7 =24 b, 0.5mM b poSF Y
vEEF PV ¥ A, 250mM (k> + V) 94, 16mM k=7 %
vua, 1% MY Fv X100, 10pg/ml 7 7w F=v, 10ug/
ml B A _FFv, 10ug/ml_FAxFv, 10ug/ml 7 v F 4
v, A0ug/ml 7 ot T 2= A FARAAREI) KN, T
DEBWHTD T 5T 7 —E4 Ve € g 3TN THMEOR
AR AR, KPIcl0pEBE L, 12,0008 TI58H, —2C
THELL, EEOBARBY A1 A5y VEHEEF » |
(Bio-Rad, Richmond, *[E) %AW THIE Liz.

2. HIK 7y 24

HIK EMILUTO Lo wfE L. 15ug BHERYED ki
O R OBEROBE R A L 404 & L7z, 20mM
HEPES-Ki#{t+ + ¥ ¥ & pH7.5, I5mM =F L v 7)) 3 -
A (2T F A s—F ) ABEER, 20mM b= 7R Y
&, 1mM CFF A LA b=, 500nM A-FF—¥Af Vet
) — <~ | (Sigma), 20ug & & b v W-S B (Sigma). BUSI
154Cir*®-P-ATP (10mCi/ml, ~3000Ci/mmol, 7 =¥ + & -
Oty W) 24T S0uMATP ofinc X 0B L, 200
RI30C FTwBE, 3 X FFY BT PV v 4 (Sodium
dodecylsulfate, SDS) BLApk B v 7 WV AREIH 20ul & X TR
IEa s Uitk 3 R AE Lic., 2oy v TR,
Laemml O FE? IR, 10~20%D 7 FF 4 = b ¥ A2 T
SDS-EVTF 2V AT I VEXKEE (SDS-polyacrylamide gel
electrophoresis, SDS-PAGE) %17\, EA*FHE LIz, il
7T %EEEE, 10% A &/ — M TI0 M2 mEE L, KEEHRL
ok, A=+ TFOA TS T 4 BT L.

Vi, M/ iR REEEFRESE (platelet-derived growth

factor, PDGF-R) #B B DK

PDGF-R D&¥E% EPICSCS v AF Al THRE L7z, Ml
T eTT —EEREEVE PBS FTER, T vIIRTR
MHL, =wAHe b PDGF-Ra 7 ==y b §i{k (Genzyme,
Cambridge, *E) &K CIOPMEE S 2. PBS T2
EHESE, MEA VF TR VEBIFR~VARE IR T Y

phosphatase; PTP, protein tyrosine phosphatase; SDS, sodium dodecylsulfate; SDS-PAGE, sodium
dodecylsulfate-polyacrylamide gel electrophoresis; TBS, Tris-buffered saline; TPA, 12-O-tetradecanoylphorbol-

13-acetate ;
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vtk (DAKO, Glostruop, ¥ v—=—72) L FBICKIL €,
PBS T3 E¥k#H L EPICS CS v AF 41T & 0 M L1s.

53 #

[, U3T3MG DOHEIEBEECRET 0A OHE

OA BEROMIMOMEECEIZETEEL L ) v I L—f/
FERE B L OCHERRE R TD 2 2 = - BELESY B CRE
Lz (®1). PUSv I —ERREC X2 EMAR0OEE
TiE, 2aM BAF T, OA 5% AIBEE T, 3& A LIHELE
I B Y RUITE 7 o7, Lo L 10nM DAk e % & MR
EELDREAEHAT, EHRAIBES I OCBEREEC
P Lo, 7272 10~20nM DF4, HE5HTRERE T Voty
7 — BRI X A AMRBIZIZE A EE(Le T, T2~96
BERIEE & b A MRS 2SR L. ZAhCsf L, 100nM LT
B4R X 0 R ARREIIEY Lz (K1-A).
SRR OB ORAEIL, OA 2nM LA T CIIRIR & s
LT, BlEhsdar=—HrEt3@ZDdbhithotz, L
LEND RIC7e 5 & BREEERC 2 0 = —HEEEA TSI S h,
10nM BLETIZ2 e = —BRIEBD b Neh -7 (K1-B).
OA B E5ROMROMEL LY, MHAZENE CHE L L
5, OAS00nM #5-0%4&, 1ERETizE A X ofMias Wi
SEEEO X 5L Ligsd, 3EMSIZIL, sEeimiizm

10,
——Q
A S
—a— 5
5 8 ——10
Q4 —o—20
§10 —a—100
< ——500
3 OA ()
0O 1 2 3 4
Time(Days)
g £ B
=
£ | A
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g |
o
O
1k i
OA O 10 20(nv)

Fig.1. Effects of OA (2-500 nM) on the growth of U373
MG cells. OA was added at day 0 (arrow). (A) Viable
cell number was counted by trypan blue dye exclusion.
Cell growth was inhibited by adding OA in a dose-and
time-dependent manner. (B) Colony formation in soft
agar. Colony formation after adding OA at the concentra-
tion of higher than 10 nM was completely inhibited. The
data indicate the means of triplicate experiments, with
experimental errors (SD) being less than 5%.

BALL, —8UBEREL 7o 7o, ZHICH L OA 20nM %4
FLIGET, BRMBROMATLIRE A ClRO MBS
WBHEHONEh -7 (K 2).

0. KRE 20aM) © 0A [CLZMBAMCRETBE
OA DA RIZTTHEYERE (20nM) B I, =
B (500nM) B EDOBEHTTHRE Lz (B3, 4, 5).
HBHFEIAOMET OA 20nM % #i 5 L7ziB 4, 12BN &
DSHIB LT G2/M HADEI A28 L, 248+ 2 L,
G2/M FA~DHRDER L SO DR » btz 368
iz, SHOMROEIAILEICHA Lz, 36BERILIGIE,
fRAMCZ K E2ELIRD bhich o7 (”3).

Fig.2. Phase-contrast micrographs of early S phase-synch-
ronized U373MG cells treated with high concentration of
OA. (A) Cells at early S phase. (B) At 1 hr after adding
500 nM of OA, most of cells were round-shaped as if in
mitosis. (C) At 3 hr after adding 500 nM of OA, all cells
were completely round and floating. Similar results were
obtained when exponentially growing cells were incubated
with high concentration of OA.
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OA 20nM Z#E LIcHE, WRL

HELT, SHOETMCEARRDLAT, EREFALA T 2

v 7T G2/M BB T L.

LA Lt Bofifas Gl B BiT

L7884, OA 20nM TRE L7-#K290% L £ oflfigss G2/
M HiciE - L, A80%RIE L AMRIC G2/M B IELc¥ ¥ T

Hotz (K4).
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Fig. 3. Flow cytometric analysis of asynchronous U373MG cells. Exponentially growing cells were incubated with OA (20 nM)
for indicated time. Cells were harvested by trypsinization and stained with PL Stained samples were analyzed with EPICS CS
system. (A) Non-treated control. (B) OA-treated. After exposure for 12 hr, OA-treated cells accumulated in S and G2/M
phases. After exposure for 24 hr, more cells accumulated in G2/M phases, but the content in S phase decreased. There was

no significant change in the profile from 36 hr to 48 hr.
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Fig.4. Flow cytometric analysis of early S phase-synchronized U373MG cells. These cells were synchronized in early S phase

with sequentia

| thymidine and HU block. HU was deprived from culture medium at first. The solid line indicates the cells

incubated with 20 nM of OA and the dotted line indicates non-treated control cells. Then, the cells were analyzed as in Fig.
3. OA-treated cells entered G2/M phases with normal timing, but they were arrested at G2/M phases.

Ohr

Number

Cell

{6hr

18hr

C

0

n t

e n

t

Fig.~5, Flow cytometric analysis of early S phase-synchronized U373MG cells. The cells were synchronized and anlyzed as in
Fig. 4. The solid line indicates the cells incubated with 500 nM of OA and the dotted line indicates non-treated control cells.
OA-treated cells moved for several hours in S and then they were arrested at G1/S phases.
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. S&E (500nM) ® 0A OMIBHICRIEST ZE

OA 500nM #5912 C, HEIHMANT » 2 IS KRB T 1285
A% T TR AMEET Lz, £ 08BIT4  ETIEL
L7z, SEIREICRABIN ML, OA 500nM 512 TR
W, ERFRISHIA T Lo, kL (M5).

V. #EEOHEEL

BEW <72 X 592, OA 500nM £ 54z T, 1 KeRLipc i

RABLLIADS (K 2). Mlgx SHEMCAAL, fs 3w
BROBOMELEETH L, KREALEEER (premature
chromosome condensation, PCC¥) D% 245 . #§utaihiy
B L, BEATHENCc), —HOofMiTi, Reakiays
WHoTwd L5 ILRxk (K6-B). ZhiesL, OA 20nM, »
7 =4 v SmM T, EEEPIIE PCC DFEIZED bhie
Motz iz, OA S00nM 2HEE LHE, v 7 m~fo iy

C

Fig. 6. Light micrographs of cross sections of OA-treated U373MG cells showing mitotic figures. These cells were synchronized
in early S phase with sequential thymidine and HU block. (A) Control. (B) The cells were incubated with 500 nM of OA for
3 hr. The chromosomes were condenced and pulverized. Nuclear membranes were not clear. (C) The cells were incubated
with 20 nM of OA for 24 hr. The chromosomes were randomly placed in a different manner from those in (B), some what

similar to that observed in prometaphase of M phase.

Table 1. PCC induction by OA with or without CHX

CHX(ug/ml) PCC

OA 500nM 0 =+

10 +
OA 20nM 0 -
10 -
Caffeine 5mM 0 —
10 -

O 12

3 4

Fig.7. Histone H1 kinase activity of crude extracts derived
from U373MG cells at early S phase after incubation with
500 nM of OA. The phosphorylated histones were
analysed by SDS-PAGE and autoradiography. - Only
regions of autoradiograms corresponding to histone Hl are
shown. Lane 0, non-treated control; Lane 1-4, the cells
treated with 500 nM of OA for 1, 2, 3 and 4 hr, respectiv-
ely. Increased HIK activity was detected as phosphoryla-
ted histones only at 1-2 hr, then returned to the control
level at 3.hr.

T

Fluorescence

Fig.8. Single-color histograms displaying green fluorescence
intensity of U373MG cells stained with anti-PDGF-R @
subunit monoclonal antibody. (A) Dose-dependent down
regulation of PDGF-R in U373MG cells. (B) Time-depend-
ent down regulation of PDGF-R in cells treated with 20 nM’
of OA. PDGF-R were strongly decreased even within 6
hr.




RAT 7 B—EA VEEZ—DI )~~~ RETHE

(cycloheximide, CHX) BEETFTYL PCC BABHEIN (F ).
shickh, PCC DB, BRERBHCHD Z L WRE T H
1.
SHEECETE LM, OA 20nM & 51T G2/M i
gkt 5. G2/M HOFD EOBETELELTHHhrmb
iz, UBMEOMMOMEYEE LK. < OfMianE+
I LR AT DD W HEEL, MO REIDOE
LEL LT (K6-C).

V. HIK 7vtA4

cde? #+— €0 HIK {EEIEMEIOBIIAEFICRR R T5.
OA #5ic k3 HIK EHOE(LEF~DIcdic, SHFMIC
R# L1z LT, OA 500nM %4 L il a5
L, IBESE e R vy VERLAEDLA, 2K
i (M 7). ZhiZEL, OA20nM, #7 =1 v 5mM #
5T HIK 0 LRRE S 4IRS E TRO bR, o 1.
V. PDGF-R OHHZL

AT B ST OA (5~20nM) HEE LItk 5,
18RRI A B ikEMIC PDGF-R ORJ OB 2@ 1 (K
8A). %7, OA 20nM %##H 5L, B sFRABHEICT
PDGF-R DB EAHI Lizk 2 A, BEKREHCREEORD
wRdfo. OA 20nM B EDH4, 6 RREICIIRB R
HEhiz (K8-B).

£ =

LSEOERFE L D OA 12 b 7)) 4~ <MD HEY M
RAMRER ST 5 Z L2l o 72, OA DHRIFERER L
UBEIRESTH D, EEE (20nM) OB4, MizEr G2/
MEBIERL, B5T2HEEE THROEFIT IS Rh T
fo. CHICK L, BEED OA (500nM) 2# 5 L&, Mk
121 EEEL RSty e L, SHEMCRBEI NS
&, DNA V@B ME & h, IBMLIACE S Ol
PCC B L. AFETIMBELHEUNME LI VEL (R
LTuv oz,

W, BRDAOBIAS PK & PPase ®% » b7 =22k
DEIBER TV Z ERKBCHLMTEh 2255, HEM
FOMET, MHEIZEERE T (mitosis-promoting factor, MPF'®)
EUCHBHESROERLIC VAT H, MPF SR E4 %
HO—2TH5 cde FF—ED2 Y v/ AL A =VvFF—4
EHTFOLOIH B cde? F — L DIEHLDIzDITIE,
BAhRBRTA2UO—2DEABY 1 7 ) v BOFE ™
BT, cded $F—E0Prel &4 34 Fidh DR EIA
TOY VR - B Y vEERIEOE S HBIRRICR I B Z LA
BETHDLELLATL B Bkpncit, ATP #&
B ehHANKB L DI5BEEDFr v vEED Y vEHEIZ L o
T, cde? ¥+ —HDFF—EiFERENLPID LY, wee |
2 mik 1 725D PK I3 cde FF—EDFu v v BEBELY ) VEE
tFac it o TEr—EEEXMZ A, ZhCH L,
cde25 BHA, cde? - — RN PTP A LT, ZhbHD
Fry v Y vEBLIZER L, cde2 Fr—~ LR EEEELLM
HMORIMC S+ 5 LME IR, Fiz, ZOMTEKD
It cde2 o —FOEBR{LICIEA VA= v DY vEEDBESE L
TWBLWLWL2, KHFRICE T, BRED OA 1L L D cde2
Fr—ERNER{LERDZ b oy, ZORRIE, 77
VAV 2 H = A OMAERAM, v b FOIRHER®, BHK2IY,

[\
3
3

URBT e BWTHEINRRE—FT 5, LiL, EDXS
12 LT cde2 #r—E&FERELT IO SBELTRT
BTHA. BRI » T, Kumagai & Dunphy 1%, OA #[E#A
DY AF = NOEMBRICMZ S & cde2S BEREDORY VB
fbic & b, cde2 o+ —E4 R PTP EHE#3 1 &I L, Ml
ADETERRT EHE L. ¥z, Lee Bk, OA XHW, 7
7Y Ay AN =L REBINEMARO pre-MPF OEFEIHY
BELTRESRE INH N PP2A THBH Z EXFBH LAY, &
Drrc, BEAEDY Vb - BV vEMERIEA cde2 F 7 —
EOFERLCHECEE LT3,

PCC &5 EG2, WMBICE 21, BhRIAH DNA OFEH
ETHERELEAGOBRESOVETHY, Rao &
Johnson AVHBSAE S & AV o RERIC X DD TRE LA™ E
iR TE, MUOBRIISHORETITRIFL T3, DF
h, DNA OFEENET LTwWishoich, DNACBRE D
LA EA, BASBEIRLTREIAZ LW,
i1, HeLa #ifax H\., MEIERATH S Gl S, G2 #iDHlk
e gL v A AR LA L, SRR F-2. T5
&, Mo PCC, 2% h BEAAR S EGENFEZh
BT EABGH LAY 2o, Nishimoto SIIEHEEEIC
T PCC #24% BHK MilanRERZHHKETSH S ts BN-2 &
SEELY. ZOLRKTIMARE SHRMCRAR, BEY
FHFEEIZE T X LT 5B E DNA AR 2 REEIRE
DNA BENW/2BET Lz ZATEILL, PCC RFHX
nA. ts BN-2 FREAEMT S e FEET L LT RCC BEF
DI, BAGEICLER—HORE T OB ENE 2
LT B 2 L2V 725, X512, Schlegel & Pardee (&
BHK #ifa% SHOBMcRMLIE, 77 =1 v 2% 5755
&, WIBaL: DNA ARAZETTAENCHASEICA D, PCC 2
FEINDERELET. £0%, »7 =1 vithz, OANS
BRI MF I A BHK21 Mifmicst L PCC #5[ &2z L,
Fhd MPF $7cb b cde? 9 — ¥ OFEH{LIC L 5 L #ER
Rt ZOBRERARROBREC-HTE. APFRICEVLT
12, SHEMCEAIA ) A - <RV T, BRE
(500nM) @ OA = X 0 1 BSHILAPIC cde2 # o — £ DiEW LA
Bz (M7) PCCAgEahz., LrLihcil, JKRE
(20nM) % OA % 5mM ®H 7 =4 v Tz PCC R ZHie
Motr (Fel). 72, 20 PCC OFHIZy 7 o~F+ 1 FfFE
TR TSI En e ot (BL). #7241 vIC LD PCC DFE
EH, K xOMBBTERNS D Z LD T, Steinmann &
Schlegel Hiz» 7 = 1 v 0A R EI2 £ A PCC OFEIET
OB EROR LTI, SHCRAMInRELT
N4 A & — DI (BHK, CHO) Tt 474 7 ¥ v BDAK
250, MUOBEIC LB cde? &+ — /¥4 2 ) v BHEE
REETAORE L, &t Ol (HelLa, FS-2, HT1080) T
FORENC, ZOESHENTEAEEE LIcu oz PCC O
FEMAREAVELTLE®, ULxrL, RO L 51 PCC
2N OA TREZEINADIZHL, 27 =1 VTRBEI NI
LSRR, b MR HMREAIAR TH 5 HL-60 2 U37T I B
WThEE IR TWA™, Osmani 513, Aspergillus nidulans
(A. nidulans) ® nimA BEFEN L ERER S5 L RBLE
ASBWERERBIL, E5K, nimA OEEXACHETS D
R bimE BEFEHTHDZ LR L™, %7z, Newport ©
12, VA A=A DEMRSREY AV, HEETO DNA 2% ) 1
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AGH DNA REFET B L, 74 — F Xy 7B X 28R %G
#iiz X b MPF 2 RiE{L+5Z &, 72BN, DNA OBEBKT
LERDBOBBD A4 I Vv IRRETHY 3 F eV
DV VEBERIETHD, OA ®H7 =24 Vi cde2 FF+—+ Y
VLB ET A F e Y v S0 ) VLR EEZE, =
OEREEYRESELTAZ Lt b, EEMC cde? 7 —
YOFuy vEEOR Y vBERIER5 (&R L, PCC %5
T AAREM Y BE LT, ZOHEIT Devault H5DO8E &
—F3 5%, &, Enoch 513, HRBAICEWT, HUk X b
DNA HEMEEShcL ERERASBELFERITRERE &
BEEF rad 1, 3,17, hus 1-5 # BEELEY. Z0 X 51, M
DOEETIE, U VEME - RV VBLRIGE W 5 TR e BIRR
Iz X A HIEEREREET I LA ORI ShTER.

—HRERE T LI, ERED OA OAETIZ, SHRMK
AAXAHRTIL, G2/M H~DEFHNHRBRER LA I v
ITRIABMN, G2/M HTELELTLES. b, HEEN
RER LD, MR G2/M IO BRIt TEET 5D TS
{, MEADRTRIAR I b B3 LtE X bl . Ohkura b
1, Schizosaccharomyces pombe (S. pombe) @ dis 2 E{EF 4%
PPl AT, MPEEDOFRCESELTCVWAZ L% dis2 &
GETOEERSHERGELYE-THLMC L. EHICIOE
EHTR, ARETORRLARCS YREAOMBIOBITE
TDEA VL RENLVN, BEEENELSE
ThPe, MIICELELTLE 5™, B, A nidulans ©
bim G BEFIIMEAED PPl ERREAY = —FL, BF
RAFHWE R bim Gl ZIRPEEDOTSEIC L v, MEPIOKE
WEIETAY. Zoficdh, SEBEEO bws | BEF®, va v
2z vz PPl 87B BEF KW THKROBRIRE S
RT3, ZhALDOKRL D, MEBIORKED bR PPL 232
BTHHENREIATWS. AHRCRIT A ERED
OA MBI X A BEEZKEMOMBRTOBRIZ, ZhboHE
EUTWA, RIT, BEEMC, BEEEET TR, BEEK
KRS TH 5 Hela M5 v ¢ GH, TEAMRIIBVTL
OA KT, RABKOHEBEOWELTT I EAH®EEH
228010 - M PANIZ LT 7Y A Y A H = A OFBIRC BT A #
BB, #E4y (Tradescantia virginiana) O ¥k E™ 1C 1
PPl B LT A L WHOHELRDD. &E, Lorca i,
cde2 ¥+ —EDNEKEE W IIFBHDA LA =VvEEDH Y v
AL cde2 o — ¥R TEMNLL, MR TERET 2O E
T, VP ELFORIGIZ PPl 2AABELTWA I EXREL
™. PPl 2AAMIZHALHOKRIICEISET 5 & ThiE, Hifla
HC PPl OFFEELLHAL TV AL OIEBRIA R 5.
Bz, PPl o NAMOIEEATHHI ve s —1& vy
2 — 2MEEENTWA", Brautigan 5%, J v BHESFMR
DA veer— 2 3MRANMCL YEHL, SHEMEBKC Y-
IHBHB LHREY LTE KRR,

7'V — <= ORIERIC I PDGF A0 HEMERE O L
PREI N TR DY, 4512, PDGF-Re DRBEAEHCESE e
BEERACLTWDEEZ LR TV A, APFRICH
U373MG X PDGF-Ra # %3 L, PDGF A% 5W 5 &5
BEYRD D, WIS OHEHERENE TV BT
EMRDD. AR TOARBELLED A, BERE
ORIk NIC PDGF-R OREBEATHIShiz. EREOHEN
<Y ADBRMFRRC TERERLTWE™, EFEER VT,

BB O ERE OA 25 LcEIT, 30%Fi%ng
Banss Gl fhicfEik L0k, PDGF-R ORB KM THLy
Bz 50T (K8B), ZOZFMERBEOETHRELL
T L H%. OA 23 PDGFR ORRL{ET X ¢ 514
B LTRTATHS2, BEDEERRETIZ, PDGF s
BoFry vEBEOEDY VvEMEI L h PDGFR O%EER
WATA. ¥4z, PDGFR 2wV v/ALA=VEBHELY vE
ftahis. OA BEZ I H EERERTEEHORTUET Y
FRCHE IR TEH™, PDGFR BHD ) vERLOT#EI &
DSREOLFIMNEM LTSN D S . BIOTRER L
LT, PDGFR REDEE L~V LR VA COER S
. 8FZ, OA X, 255 F—ER cjun b c-fos §
GFORBRYEELVSATHBEL TV 3HBE™ 2, 8
REFEMBROBHAEOBAE SR EIH TS L0 5 HE? »p
5. TALORELHUOEBBIZL V7V A — =Bt s
PDGF-R DEEAHBI T B2 dbihizv. OA L3
PDGF-R DRBEHZSWTIE, BCHROKHNSS.

& i

e 7Y A—<@EED USIAMG #HWT, 7874 vikA
TrE—EA Ve -—THD OA OB IIFTEEYHRIL
RRERU T ORRL B,

1. OA HICE W BERUVRMEESECHEEIAH I
7z,

2. BEISIRRAREETH .

3. {EEE (20nM) OA T, G2/M #i& Gl ghicdic &
b Lo F P ootland 1.

4. BEEE (500nM) OA Tix, DNA SR HE & h,
G1/S fic I ERE B bh.

5. MEED OA T 1 REELIAK cde2 & 7 — € D1EH(L
NBZH, PCCHEYUINL. ZhiIEL, BEEDOA, »
7 =4 VTR ZOELRBE eh o7z,

6. OA # 59z & hiBE R OB METE M1 PDGF-R O %A
Mz bt

BEXp, 79+ —<0HEREIC OA REMY PPase °H
ELTHY, HolaBgETcERED Y VEE - BV VB
EREABELBE LR LTWHZ LB L.

E: &

MeB2 s, Kb, MR LR LE D ¥ L B TAE
EB/CFEEOBELELET. i, APRORTTEL, WHNEE
¥ L @RAFEZ BRI EHEL —FREOMLELLICRH
BLET.
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Abstract

Treatment of human glioma cell line, U373MG with okadaic acid (OA), an inhibitor of protein phasphatases, induced cell
cycle arrest in a concentration- and time-dependent manner. Exposure of early S phase-synchronized cells to a high
concentration (500nM) of OA induced mitotic-specific events such as roundup of cells and premature chromosome
condensation (PCC) within 1 hr. DNA synthesis was inhibited and cell cycle arrest occurred at G1/S phases. These mitotic
specific events occured even in the presence of cycloheximide. Concurrently, cdc2/histone H1 kinase activity rose, but
returned to the control level in 3 hr. In contrast to the effects of high concentration of OA, exposure of asynchronous
growing cells to low concentration (20nM) of OA increased the cell number in G2/M phases. After exposure for 48 hy,
viable cells gradually decreased. Cells synchronized in early S phase entered G2/M phases with normal timing under
exposure to low concentration of OA, but were arrested at G2/M. The cdc2 kinase was not activated. Caffeine, in contrast to
OA, did not induced PCC in human glioma cells. Platelet-derived growth factor receptor (PDGF-R) is thought to be
involved in stimulation of glioma proliferataion. Exposure to OA caaused the cells to down-regulate PDGF-R in a
concentration- and time-dependent manner. These results suggest that glioma proliferation is under the control of OA-
sensitive protein phosphatases and that, especially in cell cycle control, PPases and protin kinases play important roles.




