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[#8 E] %SEUATHFALAABTORECINA T LT EHRE ©% RasMEK 228 E oS B Mmb 22 5%
by & & K MAPK 3 %0 J 012 518 77 % B ERK1/2. ALAT LT P85S A Ba ILEE-3 M Bh- & G 8 C-C Ao H &
& PR B p70S6 i Be E 69 IA T AE A R A AE 5 45 8842, Western Blot 5 #7 B 77 iE % 3 5k 09 o % P38 Lm0 & 3K
p70S6 %k B . p85 B BE ALEE-3 % B Ao & & %8 (-Co 100 nmol £2.% % K& ©f= 10 Yo/ L s MR &£ K B F 218 H 1~ ¥
o p70S6 S B \p8S5 HBs ILEZ-3 ik B Am B & kB8 C-C Rk, p70S6 B A M B BB ER SN AN LE R R E Q5 h
& B 4w AAE A S min BP T 45 F p70S6 #k B, 20 min K B, SF E R BRSO, A BS ILEE-3 i A5 40 H) F wort-
mannin ( 10 nmol) « & & % &5 C-C #7%] 5| Pseudo Z (50 Pmol) F= p70S6 # B 4 4] 7| rapamycin (100 Mg/ L) 34 7T ¥ 2 [H 1T
A B IRE O § 49 p70S6 HMBF R EF . AARNE, KAVWK B p85 BB MLEE-3 A M fe & O HBE CC X F R KRE
O dr AR A KB F RIBE @ Ras #4525 54 E, # Ras FUIK T p85 BhB5 ILEE-3 il R & & #K 8 G2 R
AL, Hp8S BB NUER-3 B FAKTF T AL & & B IR T k. 427 Rasp8S BEBS UEE-3 B fn & & 1 BE C-C
ZAPE G A — AT R — AT ik B 44K, Wortmannin = Pseudo Z T FLBT X A7) A B AR89 ik sboh, % B 7K
FORL)IRBRERKBF S5 0E FRIMEME 240 VB REMBIEH, AAAAIRE IR AL FBAEE MY
50% , Wortmannin A= JE 4§ 7 £ & & i 58 C 47 %] 7| Chelerythine 3 ¥ #] o & % 5Kk & O B A KB F 3t 25 F 7
Mmfe by RIGEAE R . 26 LR, HALE R KE @l Ras BB ILEE-3 Bls- & & 385 -0 /2 30F p70S6
A e TR UM B3R I, p8S AABEILET-3 M E- R OB Gl Ao WAE L P REZATHA.
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ABSTRACT Aim To mvestigate the effects of phosphatidylinositol 3-kinase ( PI3K) / proten kinase C-& ( PKC-¢) complex

on regulating angiotensin (€ Ang activation of p70 ribosomal S6 kinase ( p70S6K) in vascular smooth muscle cells( VSMC) .
Methods VSMC isolated from 200 g to 250 g male Sprague Dawley rats were cultured to 70% to 80% confluence and were

growtlr arrested by incubation in 0. 1% calf serum/ DMEM for 48 h before use. Both H-TdR incorporation and cell counting were

used to estimate the proliferation of VSMC. ~ Western blot, immunoprecipitation and immunoblot analyses were performed to valu-

ate the Ang (@ stimulated kinase expression and Ras-PI3K-PKC-¢ association of VSMC.  Phosphotransferase assay by using S6

peptide as substrate was employed to measure the p70 SO6K activity. Results VSMC expressed p85PI3K, PKC-¢ and

p70S6K; Ang @ and PDGF stimulation did not affect the p85SPI3K, PKC-Z and p70S6K expression.  2) 100 nmol Ang @
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treatment obviously stimulated p70S6K activity of VSMC at 5 min with peak at 20 min.  PI3K inhibitor wortmannin ( 10 nmol)
and pseudosubstrate of PKC-Z pseudo Z (50 Hmol) blocked Ang @ activation of p70S6K.  3) In response to Ang () PI3K
translocated to the membrane and associated with Ras as shown by PI3K coprecipitation with Ras antibody.  Furthermore, both
antrRas and antrPI3K antibodies could precipitate PKC-¢, suggesting that Ang (O treatment resulted in formation of Ras PI3K-
PKC- ¢ complex. 4) In addition, 100 nmol Ang & and

10 ng/ mL. PDGF incubation with VSMC for 24 hours stimulated VSMC proliferation, which could be abrogated by wortmannin and

Wortmannin and pseudo Z significantly blocked the complex formation.

nonspecific PKC inhibitor chelerythrine. Conclusion

This findings demonstrate that Ang ®stimulation of p70S6K occurs via

a pathway of Ras PI3K-PKC-¢ and p85PI3K-PKC- Scomplex play an important role in this procedure

I & & 5K 25 @) angiotensin Ang 1E I &
3 WL4H i ( vascular smooth muscle cells, VSMC) 345
FAE RS FE AR AR . SCHR[ 2-4] 718 Ang
H8 0 200 A PN A6 8 T R B U 2R VB C( protein ki
nase C, PKC) \iEH.—RINHAEKREFHFHE 51
S, WO R O S SRR S 2 R R TE
25 ¥ ( mitogine activated-protein kinase, MAPK) B,
R AME 5 I 15 B ( extracelluar signalregulated ki-
nases 1/2, ERK1/2) %%, P70 #% & H 1A BB (p70
ribosomal S6 kinase, p70S6 ¥) R 2 AR/ =R E
HEMMRER R . YRS S5 EKE T 535
FLHA R ML, p70S6 P B B B is « SR B E PR3
B3 B K B, 25 3h ik A0 0 0 IE, p70S6 4 4 1 5
PaEt 3 P70S6K @it AT mRNA fO# Bt FE S Bl
ot A K I ST, p70S6 BB NS AL 2 B
e % s WL B2-3 3 8§ ( phosphatidylinositol  3-kinse,
PI3K) IR 3518 . SC#k[9, 10] #R1E Ang © T il 8%
TR VSMC AL LD p70S6 Bali s te, SR HAS
SEFIERIFATEE, #HI 5 Ras RaFMEK-ERK1/2
A%. fEH VLR T 1E B8 Raf £ Ang @ B35
ERK1/2 i #E A ke 3= ZAE H, i B PKC- € B4R
2 Saward 26 BT HRGE 1 Bmol Ang B5 VSMC 1
F 15 min A0S PI3K, i PI3K p8S V. B3 i 2= R 1ok
BRI R AE e . 3 4F AN /D SCHR B 8 PKC-2 2
PI3K W RIS R H, RN 215 p70S6 Wil 1)
A1, HiE Mz PIBK AR 724 Prdins(3-5) P(3) KM
POl R, BRI PKC-2 AR AT BE A S Ang
BOE p70S6 FEE, Jf$E i PI3K-PKG-¢ BX & i %
p70S6 W 1t 1) TAE R

1 MR5REE

11 #H

# H-Ras #i fk 2 1 PKCG-C $i R 2 71 1§ &
Boehringer Mannheim 2 Santa Cruz /A 3], #L p70S6 #
B 470 /& Fu 41 p8SPI3K 41 1R 4 & Upstate Biotechnology
Inc /A ], S6 Bk & /v 2 A Kinetek Pharmaceuticals Inc

/N E [ PP]ATP % Dupont /A & 7 &, Protein A-
agarose # Life Technologies Inc /2 | 7 & , wortmannin
chelerythrine 7 rapamycin % Sigma /A & /= &, PKC-¢
Bt R4 B Calbiochem /] (La Jolla, CA) .
1.2 MmMEFEAMEEF

% B8 CH#R[ 17], A 200~ 250 g 7 14 Sprague Daw-
ley A B8 £ 30 ik 2 B H VSMC, B 4 10% /N4 it 7&
B DMEM %552 2370, B 5~ 13 K VSMC T 100 em
BARIFRERE 70%~ 80% @4, F 4 0. 1% /N4
11 7 B9 DMEM #5 75 2 4% £ 35 7~ 48 h £ VSMC A& T
BiERA, A5 A Ang PDGF % #| # 20 min.
PI3K 9 47 %] %] Wortmnnin. 3¢ 4F & ¥ PKC-#7 #1 7
Chelerythine.PKC-¢ ¥ i 77| ( PKC-& {8 % J& #7) Pseudo
Z 1 p70S6 ¥ B 17 %] 5 rapamycin T Ang (©\PDGF Z
H] 10 min fE A,
1.3 HHEEBRRERENE

1% %% % @& Ang @) . PDGF 1E | 5 i1 VSMC
FIBSBR Z Rk =0k, &M 1. 0 mL TME £ % ik
(10 mmol Tris, 5 mmol MgCl,, 1 mmol EDTA, 25 mmol
NaF, pH 7. 5; Il& & &0 /7 100 Hmol NazVO,, 20 mg/L
leupeptin, 1 mg/L pepstatin A, 4 mg/L aprotinin, 1
mmol DIT) HfE4 M. HAE, Kb LEEBE R BT
20 A, vks £ R A E A BE 48 A, 15 000g % A% 30 min,
B EE R, 1% Bradford ZENE & HHAHNE & &
WKE, B i 07 T-80 CHF A
1.4 p70S6 FEEEMENE

B SCHR[ 18], BLHL p70S6 L B 4 4K % 5% T IE
#1(50% bead slurry) 5 BL, #m 30 WL T 52 2% 9 9K ( 25
mmol b-glycerophosphate, 20 mmol MOPS, pH 7.2, 5
mmol EGTA, 2 mmol EDTA, 20 mmol MgCl,, 1 mmol
NazVOy, 0.25 mmol dithiothreitol) , 717 4 Vo JE 47 S6 &
A 50 Hmol [ =¥ P] ATP(2 x 1015 dpm/mol), T
30 °CK AL 15 min, EX 20 UL KSR A4 BT 2 em®
p81 phosphocellulose & A7 4% ( Whatman 2 &), F &
1% orthophosphoric acid % & F KW ¥ = &, A rit
BT R AT E
1.5 Western Blot SE&&
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B8 CHR[ 11], B 9% # SDS-PAGE 4 % fit fo
3 WRER, BN 20 Vg B a &, BB EKE
I F,TOV Bk 20 min. FHERBHFEANL BRI,
150V Bk EFFAE. $EGHTEHRT LR
F&, Fl Life Technologies /A =] & Fl 3 Hl T £ i AL 2
2 h, # 1: 200 /i p70S6 %1 B . p8SPI3K = PKC-C # 47,
4°Cit &, TBS W ZEFE 10 min x 3 3k, AR T A4y
B i 7| € (ECL, Amersham International ple. United
Kingdom) & & .
1.6 Ras BAEGAILEZ 3 HBE- ERMEE C-CREIUE
A

SB[ 12], LTME 24 B R RN E &, o
#T Ras % 41 2 p85PI3K # #1 2 protein A-agarose T
4°CiE A 12 h # 1T % /% YU JE ( immunoprecipitation,
IP) . Protein A-agarose Al TME % »F #% % — K, TTBS
2 9% 7% (20 mmol Tris, pH 7.5, 500 mmol NaCl, 1%
Triton X-100, 0. 1% betamercaptoethanol) 7t — %k, F
A TME & ¥ & #— K. )5, F 9% # SDSPAGE
BH 2% B A28, 4t p8SPI3K F1 PKC-¢ # 41
HEAT %,9% EF 8 (immunoblot, IB) 52 %,
1.7 4HBETHE S AR ARIEDE AL E AR H B L

S BOCER[13], BUA K R AT B9 VSMC #] K 4 jE
BA(4x 10" ML) HEM T 24 LEARF, .05
mL(2x 10" N4 Af), B8 24 he # T miE 3w A %
SZEFE 240 5, EVMC AT IS, m/ N 1FE
WE K 10%, B & 44 fm A\ 100 nmol Ang & 4 %
E,TFFE) = 10 Yg/L PDGF( 4 ¥k Z, T FEl) . Wort-
mannin ( 2% Z 10 nmol, T []) «chelerythrine ( £ ¥ &
10 Hmol, T []) £2 rapamycin( 2 3% & 100 nmol, T [F)
T Ang G.PDGF & 10 min fm A\, & B4 4 24 10%
/N E W DMEM 7%, #8857 24h, K5 #
TTH =R HAHRBENERLSEHER, 4% 68 K%
Feit. @MLK 18 h, 10 AR R % v Bt &
# % (? H-thymine deoxyribonucleotide, H-TdR) F £ &
B 2mCi/L, 6h EUH, 7467 H-TdR # 5% %, F
D-hanks & % =9k, L4 fRE LR E . A EEZHK
MR TRBSRREL, 5% —ARRE R, T
ATEERA, THE B N ERARF A0 IR (F X 500
mL, PPO 3, POPOP 0. 1 g) T & & [A ¥k 4 AT 1L
(Packard 28] ) WA 58 Z, L& 247 B EK(de
cay per minute, dpm B d/ min) & 7,
1.8 ZEitahsE

U » L5 T, REETEQHBERAT ¢
Bk, ZRWEFRA P< 0.05 % P< 0.01 #/#7.

2 £ R

2.1 IMEFEINMMFTIX p70 %E B So6 HEs.
p85 WEHEANEE 3 BESANE B BEs C-C

Western Blot 73 #1 & 3l IF % £5 35 1) VSMC £ 1A
p70S6 ¥ it . p8SPI3K I H. {7 1 PKC-2, Ang @A
PDGF IR 0 p70S6 1 « p8SPI3K V. H# 47 Al
PKC-2 3R ( B 1, Figure 1) o
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Figure I VSMC express p70S6K, p85PI3K subtype and PKC
¢ Western blot analysis was carried out with anti p70S6K antibody (A),
ant p85PI3K antibody (B) and ant p70S6K, antibody (C), respectively.

2.2 MERKZ QHEMLEFBIMEME p70 ZE
F & S6 HEs

K 2 (Figure 2) 78 Ang VSMC fEH 5 min
RN FF 46 55 p70S6 1E, 20 min & &0, £ 40 H §T
()5 i, Bl JE B E FRIR(A), FFEFEKBNEB) .
p70S6 B 471 7] rapamycin ( 100 nmol)  PI3K 1 ]
7] wortmannin( 10 nmol) F1 PKC- ¢ #1157 Pseudo Z ( 50
Umol) 341 1] 5 RLBH W Ang GHIFEH (K 3, Figure 3) o
2.3 MEEKE CRIE Ras BBSANES 3 B E R
W - EAMEK

Yz Ang ORI PDGF #Il¥ 5, 7T W %2 3] PI3K
] Ras AL 3F 52 £5 G PR, 7EHL Ras LA
MEEH A PBK /F7E. Kl 3A(Figure 3A) H11] IL47L
Ras HUAR PTIE 1 85 E LUK 70 B8 5% 6 J5 75 FH Bt PI3K
PR A 22 vl T 7R p8S 45417, wortmannin 10 nmol AJ fH
Wr Ras PI3K AHH.455 . &l 4B M1 4C( Figure 4B and
4C) Hu] WA {E$T Ras $T4R 0] K PKC-C TR & UTIE
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(B); T H.$1 PI3K $i 44t o] K PKC-C JTTE T 2K,
PI3K \PKC-¢ 2 [8] ) A E A F 75 AT 4% wortmannin £
pseudo Z FHIT(C) » HH ik, FRATTAT CAHE KT 40 L 52 Ang
COf PDGF #1345, Ras PIBK.PKC-¢ =ME A% S
E—EIER—MEE &1 . Wortmannin 1 pseudo
Z "] P AN DI RE E SR T K, 1B PI3K-PKC-¢
XN DR E G REZEN.
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Figure 2 The effects of Ang (©) on p70S6K activity of VSMC
A: Time course of Ang @ on p70S6K activity.
of Ang @ on p70S6K activity.

B: Concentratiorresponse
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3 p70 #%ZE B S6 MBS rapamycin. AR AL EE-3 2
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F3kR OFEHME TR p70 %EB 4 So HESHIF I

Figure 3 The effects of p70S6K inhibitor rapamycin, PI3K i
hibitor wortmannin and PKC ¢ inhibitor pseudo Z on Ang (©
activation of p70S6K in VSMC a: P< 0.0l compared with control
grpip, b: P< 0.01 compared with Ang @ group, c: P< 0. 01 compared
with PDGF group.

=z -]
A & = - F =
o 4T e
S & & 5 &S
R 7 B T
Wortmannin + .

IP: anti-Ras, 1B: anti-P1IK

B
e sm - o
Paoudo T - . - -
P anti-Rae 18: amPXC T
c
- — - . . —-— 72 kD)
Wonmanmn - - .

P anti-POK, 18: a1 PKCL

B4 p8s BERALEF-3 MEBFIE B MES C 5 Ras BIBK R
Figure 4 Ras association with pSSPI3K and PKC-¢ A and B.
p8SPI3K and PKG- & were immunoprecipitated ( TP) with Ras antibody.  C.
PKG-¢ was immuno- precipitated (IP) by p85PI3K antibody.

2.4 Wortmannin #1 chelerythrine PE &7 [0 & XK =
B ME B AAaIETE

AW G 40 L T BORY H-TdR 8 N5 01
7 Ang (5 100 nmol) A1 PDGF (10 U/ L) $) 4 #5451
I VSMC 358 (1 1E F, Ang ORI PDGF A BH 4H 21 fi
T B TR, H-TdR 5\ & B 2 8.
Wortmannin F1 chelerythrine 33 7 FH 7 Ang COF1 PDGF
FIYEF (3R 1, Table 1) .

Fz 1 MEEKE O M/RIESE K EF . Wortmannin F1 chel-
erythrine X I & 5 75 Al 20 B 1 58 £ 52

Table 1 Effects of Ang PDGF, wortmannin and chelery-
thrine on VSMC proliferation ( n= 6, ; *5)

Cell number H- TdR incorporation

— (%109 (dpm)

Control 2.26 0. 14 503 +51
Ang © 3.32 0. 29* 740 £75°
PDGF 3.51 0. 46 754 +95¢
Wortmannin 2.2510.21 512 £41
Ang &+ Wortmannin 2.32%0. 12 540 £34"
PDGF+ Wortmannin 2.31%0.23¢ 542 +60¢
Chelerythrine 2.42%0.43 493 75
Ang @ Chelerythrine 2. 47 %0, 43" 550 £84"
PDGF+ Chelerythrine 2. 42 0. 36° 560 £71¢

a: P< 0.01 vs control; b: P< 0.01 vs Ang & ¢: P< 0.01 vs PDGF

3 g
AR E R PKC-C F1 PI3K BE S 8 1
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Ang WU IMLE 718 UL 48 M % 85 A R B8 p70S6 ¥
B, HAUTMRCRFFX—4510:  Ang VSMC 1k
F 5 min BIJT4530% p70S6 i, 20 min ik F=lE, I
S . P70S6K #1171 rapamycin. PI3K !
#1171 wortmannin F1 PKC-¢ #1011 7] ( PKC 5% 4 J&& 4)
Pseudo Z 2 7] B 12 BH W Ang GOFF T 1 p70S6 B 3
i @415 Ang ©OF PDGF ¥ 5, 7 AR Ras
PI3K-PKC-Z Ifj & & & &, wortmannin Fl chelerythrine
AIHIRIXAN DR E AR BB . AATIAA Ang
FL[E VSMC JEX, IR K I Ang OB BAEKH
TR, ATl R Y. EmAEKETE
AR E R AR RS, 1S 5154 Ras,
Ras KA A7 0E 2 /R 77 Z IR B Raf, 5
R EE B R R A5 T 1% 3 10, Raf #
i MEK #3% ERK1/2 #1715 5 B 4U8UK, ERK1/2
( XFR 22 2L 3 W00 I BB, mitogenractivated protein
kinases, MAPK) #4155 1% 2 41 i #%, J3 3 DNA & 1k
FFARE A AR, 2t VOMC 858 . AT, Ang @ I
MERATEABAR 2, MSEHT 7-TM 24k
(seven transmembrane receptors, 7-TM) . 7TM 5244 &
—f GEARKE, JFFARABRARMEEE. B
4, Ang O BEFE (LRI MG A e ? A /D SOk
TN EARERR RS 7-TM 2R 2 (A 4775 AH B Xt
57 (cross talk) 7?1, Ang @F & EKFT5 5
il % . SCHR 21, 22] 318 Ang ©OR] BUE 400 A
Z Ml B0 & HAE 5 838, W0 Raf \PKC. PI3K . PLC

L%, — BN Ang ORI I P 45 IR 12 B0E p70S6
B — 21 8238 1T RasRaFMEK-ERK1/2 & 1%,

YR DA ) 58 K I Raf 7E Ang @UE ERK1/2 H
FHAEE EEAE A, T H PKC-¢ BUmfez 12, 55—
4] e T Ras PI3K 34218 10120 SR, HL 2 41
BRI ARTE 2. CHR[ 14~ 16] 18 PKCG-¢ 3 5 p70S6
PABE IR 5 A T 3 B PIBK (R0, PKC-C V%
PER# T PI3K A 7= 4 PIP3. R ATTHE M PKC-C
PI3K (&5 5 Ang COWGE p70S6 BB R 5. ASE
ML) VIMC flL#A K& p8SPI3K Al PKC-¢, Ang
B AR M 35S p70S6 i . Rapamycin \wortman-
nin 1 Pseudo Z ¥4 A[ BHMT Ang CIER . HEBIIE,

BATR P B 32 Ang ORT PDGF )35, T B Ras
PI3K-PKC-¢ ThRe 2 A4, i Ras $UAE ML PIBK ik
AR A UIHE PKC-C, wortmannin A1 pseudo Z 2 7] [H W
WS G R. thAh, TATH VSMC 356 1F R 4
BAEFRAMHT T PI3K A1 PKC-C FIPEFH, W23 PI3K
117 wortmannin F1E4F 7 P PKC #0177 chelery-
thrine 33 ] B 241 Ang @5 () VSMC 3458 . 456
DARGH TAE, FATTHR B Ang COBOR 45 1 L0 e
p70S6 FAEE AT BEAL & U0 NS 544 T8 Ang © 1EH
T VSMC AT1 %24k, #i% PI3K, &1L PI3K i &
PKC-¢ — A5 Ras 4 & Dy e B &1k, JF i80S
PKC-¢, Fe&BE p70S6 Wi, 53 VeMC H5HE (
5, Figure 5) ©

Angli

L J

Wortmannin— \

IDNAASAIProcvein
Syvnthesis .

(=) - -

B — Pseudo Z

FRapamycin

5 MIERKE CEH Ras BEGALEE 3 B R EAEE G0 HUE p70 R E R So HEEMIEE
Figure 5 Ang ©® activates p70S6K via the Ras PI3K- PKC- ¢ pathway.
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