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[# ZE]1 HM: #iHEIRFERE F( tumor necrosis factor-a, TNF-a )i 5145 4 Bz £E 7 vascular endothelial growth fac-
tor, VEGF )F35HHLEI . 7775+ L 20 ng/ml TNF-o 4bF MCF-7 #Jif2, Jil Western blotting K1l MAPK( JNK, p38 , ERK ){5 53 %
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Tumor necrosis factor-o regulates expression of vascular endothelial growth
factor via JNK and AP-1 pathway in MCF-7 cells

YIN Yong-mei'®, SHU Yong-gian'®, CHEN Xiao-feng' , LI Wei', LIU Ling-xiang', HAN Xiao’( 1. Department of Oncol-
ogy, the First Affiliated Hospital of Nanjing Medical University, Nanjing 210029, China; 2. Lab of Human Functional
Genome, Nanjing Medical University, Nanjing 210029, China )

[ Abstract ] Objective:To investigate the mechanism by which tumor necrosis factor-oe ( TNF-o ) induces expression of
vascular endothelial growth factor{ VEGF ) in MCF-7 cells. Methods: MCF-7 cells were treated with TNF-o ( 20 ng/ml )
for different time periods. Western blotting was used to detect the phosphorylation of MAPK pathway proteins ( JNK, P38,
and ERK ) and the expression and phosphorylation of AP-1 family members( c-Jun,Jun-B,c-Fos, Fra-1,Fra-2,JunD ). The
activation of AP-1 was detected by immunoprecipitation( IP ). RT-PCR and Western blotting were used to detect the VEGF
mRNA and protein expression. The VEGF protein expression was also detected after pre-treatment with inhibitor of
MAPK. ChIP method was used to verify the binding of p-c-Jun to the promoter region of VEGF. Results: TNF-a activated
AP-1 through JNK signal pathway. AP-1 existed in the form of p-c-Jun-c-Jun and p-c-Jun-JunB homodimer after activa-
tion. TNF-« increased VEGF transcription by activating transcriptional factor AP-1 and result in increased expression of
VEGF protein. P-c-jun regulated the transcription of VEGF through binding to the AP-1 site of VEGF. Conclusion: TNF-
o can mediate the transcription of VEGF through a AP-1-dependent pathway.
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FECWiAE , 2. TNF-o i3 INK HIAP-1 5429895 5L IR MCF-7 4R/ VEGF (9315 S13

Af9e3 TR FE R F-( tumor necrosis factor-a, TNF-o )
S M E N RAE T, AR IS R B, h R AR
I EL WA 4300 £ TNF-o0 P LAE 22 22 b AL il £ 2
IR AR R RS AL 2 — i A 5 10 A8 A i

VEGF 2155 I8 A iU s R 2 kA . 1F
Z YN TR LA E A VEGF (Y335, i TNF-o R4
H K 1 epidermal growth factor, EGF ) A% {bA: K
F-a( transforming growth factor-a, TGF- )% .
1E VEGF &P (13 2 F X A7 SP-1 AP-1 5454 {i
S EARFAY AN, TNF-o 7T R E 3 A ] B 4L
Tl AN VEGF BRIk, 18 i e B 40 g b
N F SP-1 1S VEGF 9£35° . 73U
I TP TNF-o 38 3 ] Ff iR 42 55 VEGF YR 3K i A
W, ASS25838 13 RT-PCR  Western blotting . 5%t
PESE T EARVY TNF-or AIMAT3E S Jun A1 AP-1 3245 4
TTFLIREE MCF 40 b VEGF [y 33k, JE T 4E i e
(R R , ISR XS TNF-o 12 3 b 88 1= 28 5
FeBOPE FHALHI AL, Sl R B BIF 2 40 ) g £ 28
FNFERS R03B A RE 1) 25 W 4 fHE SE 06 4R

1 R

1.1 fafeskFeiX Al

NFLUIRE AR MCF-7 9 3 ATCC. PCR ¥73%
A& B 9EH invitrogen 23 7, Fugene 6 14 H 3 [#
Roche /A ], G R BRI 55 &0 H 92 & Promega
], ChIP 7 & W H 35 [ Upstate /A Fl. c-Jun
( H-79 ). JunD( SC-74 ) JunB( Sc-8051 ). c¢-Fos( Sc-
52 ) Fra-1( N-17 ), Fra-2( Q-20 ).p-JNK( Sc6254 )%
Puikilg A 3¢ E Santa Cruz A #], p-c-Jun( ser63 ) | p-
p38( Thr180/Tyr182 ). p-ERK( Thr202/204 ) it [ 3%
[ Cell Signal /A #], p-c-Jun( ser73 )T  H 3 [F
Upstate /A A, VEGF $TiA H H A Abcam 2\ #], B-
actin I 3 2 H Sigma N Hls DMEM. L-Gluta-
mine 4 F 3EE GIBCO 2 7, 2 it 4 fft FH 28 11 Bl 4 o)
IR A A H 35 Roche 22 F) . TNF-o 14 | R&D
N TR S 2 TR R A 20 ng/ml,
1.2 ¥k

MCF-7 4% F DMEM 5353, A 10% Jia 4
M3 100 U/ml 58 2 F1 100 pg/ml $55 2%, BT
37 C 5% CO, &1 T Ry4n B 15 3248 b, BOG 80 K
R oY AE R
1.3  Western blotting #& | TNF-o *F MCF-7 4@ fie.
AP-1 Rk F ik Ao Al X A5 5 8 509 % vh

k20 ng/ml ) TNF-o &b BEXTE0A: K3 MCF-7
Yif,EMH 0.0.5.3.6.12.24 h J54425 5 x 107 -4

A 400l 20 i 24 i 2 i Ach B, $5E B4 i 0 2
H LGB RE R, B50 pg F1H EAE3] NuPage
10% Bis-Tris T 1 53 B, BNk % G4 I8 1R £ 4E JiE
FH 5% IR T E U583 (4 0. 05% Tween-20/PBS 7
FiR TWEE 2 h LLEBRARR R a5 &0 0, B0k 2 I
JMAPT Fra-1( 1: 1 000 ) . Fra2( 1:1 000 ).c-Jun( 1:
1 000 ) .p-c-Jun( 1: 1 000 ) .c-Fos( 1: 1 000 ) JunB( 1:
1 000 ). JunD( 1: 1 000 )LA f&2 VEGF( 1:500 ).p-JNK
(1:1 000 ). p-ERK( 1: 1 000 ),p-P38( 1:1 000 ),
B-actin( 1:2 000, YE AN Z )IIHUAT 4 CH . 47
BIMAARR B — 4B E 1 he A ECL J5 ik, B2
I, 4B BT S5 A I R
1.4 RT-PCR # # TNF-o % MCF-7 %8 . VEGF
mRNA &k 8% v

2L 20 ng/ml TNF-o &b H X804 K 3] MCF-7 41
Jf20.3.24 h, Trizol a7 — 20 ¥ 4% B 41 il 5. RNA.
1% W REASVEBERE BHEEC LUK 2528 , 200 O EE A
M5 20 2 07 8 &t 20 A% 2H S RNA 2 pg, M
SuperSeript"" Wi SR 2R 58 5 L cDNA J5 #47 PCR
R o 94 °C WA M 3 min, S8R5 #E A 30 4~ PCR 1
.94 CAEME 60 5,57 CiB K 60 5,72 CHEfH 90 s,
HRGAE 72 CHRLEIEM 5 min, BX 10 pl RT-PCR 7=
YITE 1. 8% MR FEEERE LTk

SI1YF %) VEGF IEM 514 5'- GCGGGCTGC-
CTCGCAGTCTA -3', 2 Inl 5| ¥ 5'-TCACCGCCTTG-
GCTTGTCAC-3"; GAPDH 1F [1] 5| ¥ 5'-GGCTCTC-
CAGAACATCATCCCTGC-3", JZ 1] 5| ¥ 5'-GGGT-
GTCGCTGTTGAAGTCAGAGG-3'
1.5 59830 40 m TNF-o #7849 AP-1 3% % R
ZRARBLET K

L 20 ng/ml [ TNF-o &b 3EXT 504 K ] MCF-7
4, YER 0,0.5,3 h J5, #6405 x 107 4 A
400 wl 4 AR LA . BT A A AR FREA A T pl
p-c-Jun,4 CHEENH . A 20 wl 7853 8 EAY Pro-
tein A agarose,4 CZZME2HE5) 1 ~3 h, Wt I} 7 R 5
O /NG 5 . LA A Bk 0.5 ~ 1
ml ) VEHRULVE 2 o KBR BV, A 20 wl SDS-
PAGE L AE22 wh i it Jie J5 T 2 UL UE | Ik Bsf vy 3 25 0
JEFEME O ZE N, WAKBAEPE 3 ~5 min, BG4
FE 5 F T SDS-PAGE HLik
1.6 # &R %z tbm AP-1 F VEGF & iA 644
#EAER

L 20 ng/ml TNF-o Ab RN} E04: K MCF-7 41
M, 15 0,0.5,3 h J&5, 4% Upstate 2 /) A9 chromatin
immuno -precipitation assay kit F/EFR P Ee/E. (1)
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TESCHGTHT 24 ho¥F 1 x 107 MCF-7 40T 150 mm
YIRS FR L, ] TNF-a( 20 ng/ml )43 5I7EH] 3,12 h
Jo A 2R 800 1% . (2)37 CHER
10 min, W FEE IR, FIVS PBS P 2 K. K540 i
TJ5 400 x g 4 CE.L 4 min, JUEMFHIA 1 ml
SDS 2L VK FIFE 10 min. (3 ) RAIHA ¥ DNA
B A B LE 500 ~ 1 000 bp B F Bt (4) 4 C
11 000 x g &0 10 min, FEBE2 ml B.L0E$,
FERULVE . ¥ L8 PO 40 o S i DLUE 22 v il 10 %
ik HUH 100 Wl fE AN S, (5) R T ERAERE
ST 5, A f0FF DNA/protein A agarose-50%
slurry,4 °C 1530 30 min, &0 5 76 _EiEHIIA p-c-
jun HTAK 4 C JEE R, P A S S DNA/ protein
G BUIEHE 4 C BERs 1 he O JERER T VR ZE ol
WPk ,65 C L JE K DNA-FE 1 B sg ik, (6)
DNA H Bk QlAquick PCR i & 4lifk, & AP-1
GEAT K E A 150 bp o VEGF [ FIAG Y 48 . 5]
Y5 M IE 18 514 5 -AGATGTTGCCAGGGAACT-
GA-3"; & 11 51 ¥ 5'-GAGACGAAACCCCCATTTCT-
3. RN G EORIEAT PCR #244E.

2 & B

2.1 TNF-o % AP-1 F 3% i 49 EAE A

AP-1 GG % B TG 2 BRI AE B 1 iR Gk
IRV B4 v B W R A K T A 4 v BRI A SE B A
T TNF-o YEFHJG AP-1 KRR B B Fak K. &5
R, TNF-o 1EFH AT B & 198 MCF-7 40l AP-1
FKIEH c-Jun, c-Fos Fl JunB [ 35 ; HH c-Fos £
TNF-o 1E 5 Rk A0 A 5 HJ2AE 3 h 5 R
IR 1A ). AP-1 % HAl 5 5140 Fra-
1 .Fra-2 7E MCF-7 Z4Hffirh 2 555835, JunD 250Kk,
TE TNF-o VE G 2RIB7KF- YA H B0 o 0 72E 5 PR
TNF-a %F AP-1 &8 51 Fra-1, Fra-2 Al JunD JC W]
WIEAEHCE 1B ). c-Jun /2 AP-1 K5 i e 8 %
B —A BB, BERR AL Y c-Jun R DL7E 5% SR AKX 2
PRIFEAT IR 4% . TNF-o YEHIG 358 T p-c-Jun( ser73)
R R K E 1C o A S50 R K il 2 p-c-Jun
( ser63 ) 7K P By BIAR TR ),
2.2 TNF-o - FEE AP-1 £ R R £& VA p-c-
Jun ## c-Jun YA R p-c-Jun = JunB &89 R R =&
WY

IEFEA T AP-1 ZJE A 5 LA Jun-Jun [R] R —
REH Jun-Fos 578 —RIRTE X Ae e . HIFTE R
AR 2 SR TR AR A S U — SRR A 05 P 553 , 7 240 L v S
RIS AR ALK R

PG ILTTIE DT Ik gt — 20 T i AL AP-1 LUfar Ao
gl e, T eI S TNF-o 4BS p-c-
Jun( ser73 )F RN, M p-c-Jun( phospho-c-Jun ) J&
AP-1 (IEALIE S T E 2 UEW] TNF-o BT c-
Jun .c-Fos il JunB By &35 i, PRI A4 52 56 46 DN 71
JEIX 3 PR ALY AP-1 KL E S p-c-Jun &5
BIE—E. LIETREY, TNF-o 7 IE LA AP-1
FIEW LA p-c-Jun-c-Jun A M p-c-Jun-JunB [&] 5 —
RARAIE XAFAEC 1B 2 ) A c-Fos £ MCF-7 41 /g
HhRIE AP EAR , TNF-o VRIS 23K KF- A 1 5
{HZAE 3 h 5 RIS BRIk KT B, PR R ) A i
FEPLRE AR BRI FY p-c-Jun-c-Fos SR KT
A

A 0 05h 3h 6h 12h 24h

-1 | ————————
JunB lwl

—— — '.-'. -’ |

c-Fos |

[’;-aclinm

B 0 05h 3h 6h 12h 24h
Fra-1 l ‘
Fra-2 l
[

— —
N et ——

C -

0 05h 3h 6h 12h 24h
[ . =] i
p-c-Junl BT q- q

11— t———

1 TNF-o Xf MCF-7 ZBHIH AP-1 ZCHR A 53 3R 1% B #20
Fig. 1 Effects of TNF-« on expression of AP-1

family members in MCF-7 cells

A: c-jun, JunB, and c-Fos were up-regulated in cells
30 min after treatment with TNF-oc; B: Fra-1,Fra-2 and
JunD were not significantly changed 24 h after treatment with
TNF-a; C: p-c-jun was significantly up-regulated

30 min after treatment with TNF-o

2.3 TNF-a * MCF-7 2a % JNK.P38 #= ERK 13
5 38 B0 v

AP-1 BYTH M =5 % MAPKs ZE R, Z %)%
HEZN VR, b e s 5% S b R E 2R
FBYA 3 A INK, p38 f ERK. 7EAS[RAYZH 2L R0 40
Barb, AP-1 32 N ) B B R 42 . AR ST L Western
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PR FLIE MCF-7 40 VEGF {3635 15 -

blotting Kzl ™ TNF-o /EFHJ5 BERR 1 INK . p38 LA K&
ERK 7K. 4553 58, TNF-o fEH 30 min Ji B
MWERR AL INK ZKF B3 58 , 1 p-P38 il p-ERK 7K
IR SO B3 ), BEIFE MCF-7 48 i H, TNF-
o M3 INK {5538 B0E AP-1 KR, ikt Hofth
Wi 4% MAPKs 38 %547 B S 520

TNF-a (20 ng/ml)
Control 3h 24 h

| . | [B:JunB

[P: p-c-Jun

| | IB:c-Fos

B2 TNF-o BESELE AP-1 RIEMRNEERR
Fig. 2 Status of AP-1 complex after TNF-« treatment
Activated AP-1 family members existed as

p-c-Jun-c-Jun and p-c-Jun-JunB homodimer

0 05h 1h 2h 3h 4h
p-INK ----q

p-p38 |

p-ERK ——— G — —

f-actin

3 TNF-aXf MCF-7 4HfE 5 MAPK 15 S 18 % 89 % 0
Fig. 3  Effect of TNF-a on MAPK pathway in MCF-7 cells
p-JNK was enhanced when MCF-7 cells were treated
with TNF-a for more than 30 min; p-P38 and p-ERK
were not enhanced by TNF-a

2.4 TNF-o #F MCF-7 288 VEGF mRNA %% 6% vh
RT-PCR i 2% 5 i 7%, TNF-o 4F FH AT DL 55
MCF-7 ZHfifi ] VEGF mRNA 7K & 4 ),

TNF-a (20 ng/ml)

Control 3 h 24 h

4 TNF-a#ES VEGF H&RKEHE
Fig. 4 VEGF gene transcription was elevated by TNF-«

2.5 TNF-o 3} MCF-7 #m it VEGF & & £ 89 %@
S ZE L R TNF-o b3 3 h 5 MCF-7 40 it
RIAT LA B VEGF 5 13K K-F-48 558 1 5 umol/L

SP600125( JNK 1l il5) ) ik 3 MCF-7 4i i 30 min,
T H TNF-o 463 MCF-7 40 3 h, K L4 VEGF
(R 2 1 ZRIB AT W I AR 141 5)
2.6 TNF-oa XTHRRIL c-Jun 5 VEGF 8 745 4 fE
LAl

KT TR AP-1 EEZIE N R RR AL c-Jun J2
B ATE VEGE JH 8T XIS 5 i b &
I 25 B A Bl DX 2 SRR A DR ] 422
I VEGF 1% 5%, A S 56 78 S S8 UL TE p-c-Jun )7,
PCR #3488 AP-1 54608 (K JE 2 150 bp 19 VEGF
Ja TP 5 DNA R Bt S5 R ERW, BRI c-
Jun 4545 T VEGF WA o + X5, H4 2 5
VEGF 5% ; TNF-o [ 8% 58 T B M2 AL c-Jun 5
VEGF a8 F&5a e i K6 ).

TNF-o.  0Oh 3h 12h 24 h 3h
SP600125 = & = }
VEGF — - —
1 —————
B 5 TNF-a Xt MCF-7 415

VEGF & B RIZHI M
Fig. 5 VEGF protein expression was induced by
TNF-« in MCF-7 cells
VEGF protein was significantly induced by TNF-a after 3 h.
Pretreatment with SP600125 ( 5 pmol/L ), a specific inhibitor
of JNK, significantly decreased the VEGE protein expression

0 3h 24 h

12G

IP:p-c-jun,PCR:VEGF

Input

BEl6 TNF-o WML c-Jun 5 VEGF BEFERR AN
Fig. 6 Effect of TNF-« on the binding of
p-c-Jun to VEGF promoter
PCR amplification of DNA present in the anti-p-c-Jun
chromatin immunoprecipitation precipitate showed that TNF-a

treatment promote p-c-Jun binding to VEGF promoter DNA

3 3t i

TR IR 2L 2 10 I 0 3 A R PR P TNF -
Al DL i 22 AL AR 2E 2L N g A i Y 1R 28 R A
B0 TNF-o A5 408 208 B 83 0 457 2 B i A S0
VEGF 1E >k B2 (9 A 10588 T8 B ) o 48 (R 7, i3 3k
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NAZ RN Z M 1T, TNF-o s2 H i E 2
— A AE VEGF JE K 1S 8 1 XA #5 5k
F SP-1. AP-1 AP-2 IZ5 &7 IR AEAR [R] 4121
YR, VEGF &% Sk S 98 15 26 A AR TR o 7 I fie
BRI, TNF-o AT 5 S R 7 SP-1 1755
A VEGF i385 £ LR 41 b TNF-o
e AR AR Y VEGE BYRIE H AT M AS B .

WA WTERY,AP-1 25 T TNF-a ZKHNES
R B LR AN AT i L
PR AP-1 FhAKF B AR 45 SRR,
TNF-o 7] DAHE5R AP-1 MG c-Jun.c-Fos 1 JunB
AR IR 7KK, T RS HG Al 5 15 F8C B3 A Fra-1, Fra-2 il
JunD BFRIA T BAEH . c-Jun J& AP-1 KR F
BN FEVE 2 A M ol i R ROKR RS 2R E K
PR~ 200 e P 5% A 2 4 ] ol L e 3k 7K 1
Smith % 21y c-jun J& R S A ME 30 2R A2 1A BH 1Y
MCF-7 41, e SR S2ARFGREL Ty B, W] =222
REJIIA IR, 48R c-Jun B9 BTE AE 05 0E F BT 1Y
1RFEMER

AP-1 [0S R B R FRIB AP B T, [F] I 2
INTEREIR ALK A3t o PRI, A S 56 [m] Bk Az ) 1
AP-1 W EZ O e-Jun BYBEIRILAKF-. TNF-o 7EH
2PN S B BRBE BR 4 c-Jun( phospho-c-Jun, p-c-
Jun )RR TH g o 46 3CHRL 13 JHiR3E c-Jun FT LA
5 N it Sex63 LA Sex73 i s K AEBERIL. AT T
fif TNF-a fEFI S, c-Jun 98 58 76 BB AN A7 o5 & A= W 2
LR K TNF-o £ FH S 9 MCF-7 40 B 246 4
Pt p-c-Jun( ser63 WHLARFI p-c-Jun( ser73 )PLiAbric,
KB p-c-Jun( ser63 ) [ 7K F- A UL B I 20 4%, 1) p-c-
Jun( ser73 )M B TR . X AEERE Amott ! HIfL
WS SN R R 5 B IR 2 Y p-c-Jun
( ser73 VAR K18 &5, 1 TNF i /N R TG p-c-
Jun( ser73 )R KV i O 45 SRR — 2.

HAR) AP-1 FKIEHL 5L c-Fos JunB F ik K P
AN G, XS Hagemann' © BT 57 25
A —3, B J2: c-Fos 7E TNF-o Hli 3 h J5 ik kP
MR TR, T TS T AP-1 5
R BITE MCF-7 4 v DT R IE 045 & 278, A0t
et — iz e DUTE 1) )7 A T 2 p-c-Jun F c-
Jun DU JunB JE B RR — AR, e b ik f
KM B A p-c-Jun F1 c-Fos 45 & W) F IR R IK
JEE, A i Bk A g B0 S5 A, AT RER A e-Fos 7R
MCF-7 4l i 235 K P AR AR, 72 TNF-o
WU A A 55 1) 38 A 2 1 R K e A Ok

[RR AP-1 95k S 8252 MAPK ZREIH 45,

Ja #A ZA WG, Forb A 240 i ) fig rh & 45 E AR
A 3 B INK, p38 LA K ERK. TEAS [ G414
Y, AP-1 52 KN [R) 0 SEG A 5 . AR S0 & BRAE
MCF-7 #1, TNF-o 345 30 min 5t H PRREBR 1L INK
AT, #2758 INK 25 7 TNF-a XF AP-1 A3
% FH R P38 1 ERK 7E TNF-o HI34 3 h J5 4R B
BEIR ALK - A3 5, B 78 #E MCF-7 20 Jfd b ik i 451
S RE BT RRAREEEMIEN. XIMERE
Hagemann SR — B NI, ARBFST D P38
A ERK 783X ™33 F2 v J6 B 2 VE FH sl VE FH A BR

TNF-o 1] L3458 VEGF mRNA D) M 25 1 o 1 36
KAKA-. BT AP-1 G F INK & AR 0, Bt
JNK #1pifi] 5%1) SP600125 Tii4b ¥ MCF-7 40 g, & B AT
PLigid TNF-o 175 510 VEGF 8 11 2635 7K - A 14 5
H—2LUE W T INK 55 5% 5 B X TNF-o 35 5
VEGF By F+ it & s 2AEH

AP-1 X} 35 PR Ay S, T LG o e 45 6 %)
FEHJE ST XA 455 008 S 51, E TS
HoAt 2 SR 35 D 740 NF-kB 25454, FH 551X B0k 5t
PR T4 G B TR L G 8 7 X, W3S S
PR AL 0 TR A IR S SR P e £ S5 928
DUVE G — DR B AL 1Y o-Jun 25 HIESS G
2| VEGF A 8 F. 45 R BoR, RPEVLVE p-c-Jun
J5  PCR § 88 T & AP-1 45507 5, K H 150 bp
VEGF WE s FIF 5. KRBT c-Jun 255 T
VEGF BRI F X3, H#%ZS 5987 VEGF B4 5%
TNF-o (G TR IL c-Jun 5Ja8h F45 At
Iy, AR o R A . B2, ARSCER K B TNF-a
Al PA_EJH MCF-7 40 1% VEGF 3k K, X —4E
FEZE L INK A AP-1 ARG (55 7% s e, R
BIEX MG S5 i b Ty o ny Hih 2 5181
I3 A B — D W R H T SEIR A5 R, MY
F& TR RAE K F TNF-o fi2 2 5 42 28 54 F 4
BUHI DA, B2 (9 02 Ryl DR A 2 410 o o £
LR 253 AL T SE B0k i
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