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HufAEREFEHPRIER -

FxEk RN B B
(LB R IERLEE #0500, LR B AR TR0, FTE 050017)

WE MERKET (Angll) w7 S AT AARES KL ML P-4 WA I (vascular smooth muscle cells, VSMC) FhHiEfT3RiA, HAE
FHAL 5 02 3k 4 sk 0 2 ) -1 (activating protein-1, AP-1) [ 3E DA 428 X AL I AP-1 A7 s g5 5 0%, it — 0 B Ang Il
AT AP-1 G5 &I TERI A T O], PSR (cycloheximide, CHX) /EA c-Jun BERALANHIF], £ DNA- 2 A Sk HAE Al
EATEIE S, PRI Ang I1 6] AP-1 255 5 R 1) 5 M 40 o 4r WL 4538, %2 Ang I RBRTH VSMC, iz
AP-1IAH AL — c-Jun KV BB FH . S 4 ftb 2 4 A 7R, fE4% Ang [ ARBRMA0 M, c-Jun FEOEA T-40 A%, M
T LT AN HH A2 3 s A AR . F 22 SR IR AL U AR R IE S, Ang T T 545 o-Jun W& fb. HOVIGT B 26 0% 7 Bt
(electrophoretic mobility shift assay, EMSA)IR, c-Jun MBERRAL K15 AP-1 45 & 1055 B 5Kk 28 IS U o R 13 vk, Fixy
12 DR R S B e S IE A OGO &R, CHX GBI FEINT c-Jun BEIRALAIHI Ang Il 15311 AP-1 255350k, (HEARM c-Jun 1
KB BRI AR, AP-1 IR AT 12 Ang [T 1F KSR Hug M R gk i EZEH L 2 —, H IR I CHX 42 c-Jun

AR AL PRI A 7).

REER RN, AR IKER IR, AP-1, c-Jun, BESRIETY

ZFRPES R363

OIS R, M-I UL (vascular
smooth muscle cells, VSMC) A2 1145 ik % 10
(angiotensin Il , Ang II') [")—ANEE £k, 1 H.,
52 Ang 1 U8 15 1055 D RE ) 3= 2040 . Ang 11 B
A5 R VSMC W 4 A1, A< I [a) ) 350 mT 5 2
VSMC JERAIEEE . A= d 0o wos, Angll fig
575 F VSMC FRIA 045 M4 9K 22 IR A N (1) 2 Fil
MAEEPEY I, I H G UK A sk /K- EAiE
S5, 76 Ang I H R AASE PR SRR 0 AT 1 St 15 1)
IR, fEfH AP-1 (Fos-Jun 2RAK) 54 Sk &=
JRIE DR A Bl 45 G e . SR, Ang I {2 2E
AP-1 5 To 454 (10 701 HLHI AN 28 At
5 H I E i (cycloheximide, CHX) 14 c-Jun ¥
BT, M5 Ang [T XF AP-1 5 1f & 5K 28 56 A
JA B AH AR BN i A5 5 gk 2R R DR 3RO 1

.
1 ARSI

1.1 ###

SD K Bl HHA AL & e shyr b e it 514t

A T AEMBAR A A GG Angll o CHX (Sigma
/N#]); Taq DNA A, ANTP (FE3E4M TREA
Al); M199. AMV Wi s fii . T4 2 8% 1 F2 B
(Promega 2~ 1l);  HEIR R 70 BT R4 (Gel shift assay
systems, Promega /A #)); c-Jun. STATS £ i [#HT
{& . Protein A-Sepharose. 1t %% & J6 ik 71 (Santa
Cruz); [y-?P]-ATP (Abat#msin L) TREA ) .
1.2 #pEEFRS 4

B 5 R HENE SD R, WU 3= 3l bk i,
PG H2 0y B . 5597 VSMC. 0.25% JEBE AL AL4K,
I 4~7 ARA1 ML 5856 4l BAE & 10% B2k /N
1.7 (newborn calf serum, NCS)fF) M199 £ 7 AL,
K E 70%~80% M, HICI M199 B33
WedE2ahJa, MA Ang Il EXWKE N 1x
10° mol/L, #4k4:K77% 0.5, 1. 3. 6. 12, 24h )5

[ 5K HRBIE R R BII H (30570661), 5 BRI T
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WA, Bi4h T CHX (20 mg/L) Tl & 0.5h )i,
N Ang 130 BCAS [RIB1), WSc AR 4n e 10647 DL 5K
¥, DLEIME R IE 24 h 41H0AE hy X I 4.
1.3 MTT 43 #7

WO B g e, AL AR T 96 AL L,
A MaGEE S, TG RG24 h, A4 R 2P AL,
M 8 MEAL, I AR EE CHX (5. 10,
20mg/L), Al 0.5, 1. 3h, HALIMFEIRE, N
ANMTT BLRE N 1 gL, 485 4h, HFL L
T LN 20% SDS 100 wl, 37°CHEH k.
FRAE 570 nm A AL MDERAEA), LLIFR R4
JiE 3.
14 SERMELFELRE

PR ai g B AE K A 70% filA s,
fl CHX (20 mg/L) Til§# & VSMC 0.5 h J&5, 1]
Ang T3 0.5, 3h, £ 4% ZEHERE. 1%
Triton X-100 &b FEAT 25 3 1 5, RO %
YU c-Jun Z PR, AV AL PR HRP
PRIC R BER OF 1 R AT 455 [ Y., DAB W fh.
1.5 RNA #{2EUK RT-PCR

KM SRR W o &5 — P VSMC
HERIUS RNA, AU, IIABERLS 9, 12
Promega 7~ 7] AMV 10 &% 55 g 38 57 & Ui B 15 6 ik
cDNA. UL ¢cDNA A #iti, #EAT & & PCR Al i
Bk RN REFEECEWESI NS
ACCTTTGAGCCTGTGCCCAT 3', Fiigl¥h 5

GCTACACCTCTTGCCTCACT 3'). LA GAPDH 1k}
ZH.
1.6 HEINEREBRINES

¥ 3C Wk (2] 7 vk 2 i W A (10 mmol/L
HEPES-KOH, pH 7.9, 10 mmol/L KCI, 0.1 mmol/L
EDTA, 1 mmol/L DTT, 1 mmol/L PMSF,
1 mmol/L Na,VO,) T oKyt AL 2L 41 Y 15 min )5,
TN NP-40 229K 0.6%, WRIESR RS 3 s,
4°C, 12000 r/min &0 5 min, WEHEDE, MAZ
fit W B (20 mmol/L HEPES-KOH, pH 7.9,
400 mmol/L NaCl, 1 mmol/L EDTA, 0.1 mmol/L
EGTA, 1 mmol/L PMSF, 1 mmol/L Na,;VO,,
1 mmol/L DTT), i IE# &% A, VK 20 min,
4°C, 12000 r/min 20> 20 min, W4 B, Hek R
Lowry vABEAT 8 A € 5. B 200 wg 4 A 4% $2 B
Y, I NET- B 2% ¢  (50 mmol/L Tris-HCl,
pH 7.5, 150 mmol/L NaCl, 0.1% NP-40, 1 mmol/L
EDTA, 0.25% FHJK) 2 20 180 pul J5, A

BT 22 S IR B IR AL R FEBUAR | pg, 4°CHEZ) 2D,
BN 20 wl Protein A-Sepharose 42 M AAFH A 200 wl,
ACHEDIE. 12 000 r /min &L 20 s, W Protein
A- Pl - Prik e EAY). PRI 0.5 ml NET-
Ve ¥k 22 vh W T (50 mmol/L Tris-HCl, pH 7.5,
500 mmol/L NaCl, 0.1% NP-40, 1 mmol/L EDTA,
0.25% M) Z& P T (50 mmol/L Tris-HCI,
pH 7.5, 150 mmol/L NaCl, 0.1% NP-40, 0.1%
SDS, 1 mmol/L EDTA, 0.25% W), 28y
(10 mmol/L Tris-HC1, pH 7.5, 0.1% NP-40)J- 4°C
YR 20 min, 12 000 r/min 250 20's, VB JE
2 x SDS EAFZZ MU EEDLTE, 100°C N#4 3 min,
12 000 r/min £5.0» 20 s, H F35 A 8% SDS-PAGE
NEEAN)E, B S PVDF IE L, H¥PL c-Jun
PUARREAT 8 5T BN 2 B RS B R AL c-Jun HE .
1.7 IR T

FSCHR VAR 1 730, 43 i DL 3 A K BRI 4
Bk R IE N B (-427~-402 bp) AP-1 Z5 536 F
(5" AGAGCCGCTGATGACTTATGAGAGGT 3) I}
X BE 5 4 #% A R (oligodeoxy-ribonucleotide,
ODN) A #R%l, % Promega A w51 & 1t WH P 347
HL VK I 8 6 2042 43 BT (electrophoretic mobility shift
assay, EMSA). SKH T4 2 1% 15 B W A viig b i v
HATHREbRE, B 10 pg 2 5 [y-2P] ATP #rid
EREHRA], EHMH 0.5 h, 25 A% c-Jun,
STATS % wlEHiik AT 8T 7, L 100 fifid
PR ICEREE A SE 25 A0 I, AT R e
Br. JERLH) DNA- & 5 A2 54 5% AR ERN
A5 Wt Jhe B s FLUK 2 2 05, SRR E T ~70°C B
5% 24 h.
1.8 HitEHE

22/ 3 RIS 45 R ) SPSS 10.0 Zi vk
PEEAT AL J7 220080, SEIREE DL v £ 5 Ron, DA
P<0.05 RpRgit xR

2 7% R

2.1 AREFE CHX ¥ VSMC i& B0

h T WA [FIK EE CHX X 40 i 1) 75 P A T
FHR A 7 & (5. 104 20 mg/L) ) CHX &b 3 41 ity
0.5. 1. 3hJq, #47 MTT 204 45 B o, (ERT
MR B N, VSMC % 1 8 H 2 4 1k
(P>0.05). 4% 3% ] 20 mg/L 71 & () CHX T &b B
VSMC, 47 HAh 525
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JL 2 LA AN B c-Jun FOAEAE (45 32K SR,
G g% A0 H Ak 2E G AU SE T IX— R (B 2). T

(@

Angll (10 *mol/L)0 05 1 3 05 1 3 (h)
CHX (20 mg/L) - - - - 4+ + 4+

‘ e ‘IB: anti-c-Jun

IP: anti-p-Ser
IB: anti-c-Jun

Angll (10 *mol/L) 0 0.5 1 3 05 1
CHX 20 mglL) - - - = ¥ 4

AP-1 (BRI E HG i . 5 DNA g5G 11 sk
A, BT 22 Z R FR A BN A2 SR I AT 4
PEUUVE Ja K s IR Ak c-Jun ZAKCF. B 1 SR, fEBE
Ang Il 531 c-Jun FRIAHE &, BERAL c-Jun KPR
SEAT TR, ) CHX #iALPE VSMC 0.5 h J&,
Ang 1 HI3, c-Jun KL BARAZ W, (HILEHR
KT B B A X sl g 7R, Ang I FLAT 44
FEDR IR I B 1 R Y A2 0l R i AP-1 RIE RS
c-Jun WEFRALIE LM SE B, CHX & —FF AP-1 fif
P A ) 41 1) 7).
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Fig. 1 Effect of Angll and CHX on expression and phosphorylation of c-Jun

(a) Western blot. Cell nuclear extracts were immunoprecipitated (IP) by anti-phosphoserine antibody and immunoblotted (IB) with an

anti-c-Jun antibody. Total c-Jun was detected by immunoblotting. (b) Rate of p-c-Jun/c-Jun as shown in panel (a). Results are x + s from three

independent experiments. * P < 0.05, compared with control (0 h); ** P< 0.05, compared with VSMCs treated by Ang I .
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Fig. 2 Expression and localization of c-Jun in VSMC induced by Ang II
(a)~(c) VSMC was treated with Ang Il (10° mol/L) for 0, 0.5, 3 h. (d) and (¢) VSMC was treated
with Ang Il for 0.5, 3 h after incubation with CHX for 0.5 h. Immunocytochemistry x200.
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23 CHX#I#l Ang I iFS MM EZKRFEER
ik

H T kB MR CHX M c-Jun B R A X I
BRI R IR SE R IR, $EHUAH S RNA,
AT RT-PCR. 45 R B, H Ang I (2% &
10° mol/L) Ab¥E VSMC 3 h, A I & $ i i 45 5 9K
2L R RV, L mRNA KV 8850 i T
w1 A%, JFFESEE 12 h, B CHX itk # VSMC 1]
] Ang 1175 5 10045 S 7k 32 IR R SR, i i
FEIAE 3 g 26 KK 3). Bk AT L, CHX
XF c-Jun B R (40 T R I S K 2R R SR R 1)
RIKTEYE, 378 AP-1 (MBS IR AL TE A2 1% BE K R IR
JIT DA TR

(a) Angll CHX + Ang Il
0 3 6 12 3 6 12 (h

Angiotensinogen e b b -

GAPDH

1.0- ok
0.8} ol

kk

mRNA/GAPDH

0.2F

0
Angll (10 °mol/L) 0 0.5 1 305 1

3 (b
CHX (20 mg/L) - - - - + + +

Fig. 3 CHX inhibited the expression of angiotensinogen
gene in VSMC

(a) The mRNA of angiotensinogen gene was detected by RT-PCR. (b)

Bar graphs showed the densitometric analysis of RT-PCR products.

Results are x+ s from three independent experiments. * P < 0.05,

compared with control, ** P < 0.05, compared with VSMC treated by
Angll.

24 Angll Rt AP-1 EMEZKEZREFARETF
&a

G4k Ang 115 S c-Jun B 1L 55 HAR Bk 1M 4
Bk IR R IA Z M ¢ &R, Al EMSA £l
Ang [l X} AP-1 5 H M IO 45 G s PR 52 45 3
Bon, Angll /¥ VSMC 0.5 h J&, & A 53%Er
maiamt R g, £3hkmg, %415
Ang T 15 5 1fi 5 5 ok 22 J5UIE TR 306 (1 I AR AH W) 45
SEAHMEI A HTIESE, DNA- B AE ST vl

B 100 £ 1k = HERR LB ET BTIE BR. IIAHT c-Jun
Pk {ff DNA- & EEAR G R BT, Ui
DNA- #Z & LI E AW 1 AP-1 5 A1 NI X o 45
B, T STATS thn] iz 56 R i X 45 4,
N T WK AP-1 5 STATS 2 Al ) %= &, ¥t
STATS VA 5 EOILWE G HE AP-1 #4445
Ao WY B 5 BT A (8] 4). 78 CHX Fil kb 3
M, HEEOSTRE NS ATEEHE FRE, N
T AW CHX $iH] AP-1 35 PEIALE], X RIFE 41
TR E AT EA R, 4REKW,
CHX X AP-1 &5 G306 PE I 308 15 AP-1 H H K
SEIEK (B 4b 6~8 VKkiE 5 8 4c), 12 CHX #04l
AP-1 WAL T 45 . ik &5 B4R, Ang Il i
T AP-1 5 DNA 254 W [RItAf 5 STATS k4
FEAER, AP-1 BEERAL 2 Ang IT X5 LT A4 JE A I
SR AL 2 —.

(@) 5" AGAGCCGCTGATGACTTATGAGAGGT 3’

3" TCTCGGCGACTACTGAATACTCTCCA 5’

(b)
1 2 4 56
Angll (10°mol/L)- 0051 305
CHX (20 mg/L) - - - -+
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Fig. 4 Electrophoretic mobility shift assay (EMSA) of
AP-1 binding activity in VSMC treated by Ang I with and
without CHX
(a) Sequences of 26 bp fragment (positions -427 to —402) of
angiotensinogen gene promoter used as the probe in EMSA. (b) EMSA

for AP-1 binding to the cis-element of angiotensinogen gene. (c)

Western blot for total c-Jun levels in nuclear extracts.
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Ang Il %} VSMC ZhEERIRT 2 J71h 0, 4k
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ol 1 B
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Ser63. Sre73 {7 st I 4k 1T K K /) AP-1 1) %%
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T, A c-Jun [OBERR AL AT T 2 Ang IT R 354 H

(P SCREIATT, X AT HEE Ang T 1E 40 F B B 1) 43
THLHZ —. Jesh, & &I VSMC H 1] c-Jun &
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WA G, AEARSEES BT FH B B 36 B, R B CHX
X} c-Jun A BCEAT .
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MEZAIAT _RIEVER I, CHX Gl FHWT c-Jun
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Role of AP-1 Activation in Regulation of Angiotensinogen Gene
Expression Induced by Ang Il *

LI Ai-Ying, WEN Jin-Kun”, HAN Mei
(Hebei Laboratory of Medical Biotechnology, Institute of Basic Medicine, Hebei Medical University, Shijiazhuang 050017, China)

Abstract Angiotensin Il (Ang Il ) can induce the expression of its precursor, angiotensinogen, in vascular
smooth muscle cells (VSMC), which is related with increased activating protein-1 (AP-1) binding to its cis-element
located in the angiotensinogen gene promoter. In the present study, cycloheximide (CHX) was used as an inhibitor
to interrupt c-Jun, the role of AP-1 in Ang Il -induced its precursor gene activation was investigated by
DNA-protein interaction and immunoblotting. The results showed that the level of c-Jun, the component of
transcription factor AP-1, was significantly increased in the nucleus of VSMC after Ang Il treatment. The majority
of c-Jun was found in the nucleus but hardly detected in the cytoplasm by immunocytochemistry staining.

Immunoprecipitation assays confirmed that Ang Il could induce serine phosphorylation of c-Jun. EMSA results
indicated that the level of phosphorylated of c-Jun had a positive correlation with AP-1 binding activity to
cis-acting element of angiotensinogen gene and transcription activation of angiotensinogen. CHX inhibited Ang II -
induced binding activity of AP-1 by reducing the phosphorylation of c-Jun, though it did not affect the expression
of c-Jun. These findings suggest that the AP-1 phosphorylation induced by Ang Il is one of the important
mechanisms whereby Ang Il regulates its precursor gene expression in feedback manner. It is found that CHX is an

inhibitor to phosphorylation of c-Jun.

Key words vascular smooth muscle cells, angiotensinogen, AP-1, c-Jun, transcription regulation
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