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Abstract

AIM: To explore the mechanism by which vas-
cular endothelial growth factor (VEGF) up-reg-
ulates multidrug resistance-associated protein 1
(MRP1) in gastric cancer cell line BGC-823.

METHODS: BGC-823 cells cultured in the ab-
sence or presence of VEGF for 24 h were pre-
treated with phosphatidylinositol 3 kinase, PI-
3K/ protein kinase B, and PKB (PI3K/Akt) in-
hibitor L'Y294002 for 1 h before stimulation with
VEGEF. Western blot assay was applied to assess
the expression of MRP1, Akt, p-Akt and specific-
ity protein 1 (SP1) proteins in the three groups
of cells described above, and electrophoretic mo-
bility shift assay (EMSA) was adopted to detect
the DNA binding activity of transcriptional fac-
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tor SP1. The sequences of MRP1 promoter and
MRP1 promoter with SP1 binding site mutants
were synthesized and cloned into the luciferase
reporter gene vector PGL3-Basic to result in re-
combinant plasmids PGL3-Basic-MRP1w and
PGL3-Basic-MRP1m, respectively. The recombi-
nant plasmid was transiently co-transfected into
BGC-823 cells using lipofectamine 2000 reagent,
and the alteration of the mutant MRP1 promoter
activity and the effect of VEGF on MRP1 pro-
moter activity were then investigated.

RESULTS: Compared with the control group,
the MRP1, p-Akt and SP1 proteins were all up-
regulated, and the DNA binding activity of SP1
was significantly enhanced in BGC-823 cells
treated with 32 ng/mL VEGF for 24 h. Con-
trarily, the protein levels of MRP1, p-Akt and
SP1 were down-regulated, and the DNA bind-
ing activity of SP1 was remarkably decreased in
the LY294002 pretreated group when compared
with the VEGF 32 ng/mL group. The analysis
of the luciferase reporter gene activity indicated
that the recombinant plasmid PGL3-Basic-
MRP1m possessed its promoter activity (110.000
* 2.603) in BGC-823 cells, and compared with
the control vector PGL3-Basic, its transcriptional
activity was increased by 1.8-fold (t = -8.936,
P < 0.01). On the contrary, the transcriptional
activity of PGL3-Basic-MRP1m was reduced by
23.6% compared with PGL3-Basic-MRP1w (t =
4.617, P < 0.05), and this was dose-dependently
enhanced at the 12-h time point after the trans-
fected cells were treated with VEGF (r = 0.911,
P < 0.01). When the concentration of VEGF was
increased to 32 ng/mL to continuously stimu-
late the cells for 12 h, the transcriptional activity
of PGL3-Basic-MRP1m (191.000 + 14.799) was
0.7-fold increased than the control group (112.000
+11.358, t =-7.335, P < 0.01). Similarly, 24 h after
the transfected cells were treated with VEGF, the
mutant MRP1 promoter activity was also up-
regulated in a dose-dependent manner (r = 0.945,
P <0.01). Compared with untreated cells (133.000
* 6.083), the greatest activity (426.000 + 7.000) of
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about 2.2-fold was observed (t =-56.032, P < 0.01).

CONCLUSION: The PI3K/ Akt signaling path-
way and transcriptional factor SP1 are two criti-
cal factors involved in VEGF-mediated augmen-
tation of the activity of the MRP1 promoter; the
transcriptional activity of the MRP1 promoter is
decreased by SP1 binding site mutation, and the
enhancing effect of VEGF on the promoter activ-
ity is weakened when compared with the wild
type MRP1 promoter.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.
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D

BH): A % 25 @t 25 48 % 2% & 1(multidrug resistance-
associated protein 1, MRPI)3k B 4% iRz N5, #1
WKt A E A K B F(vascular endothelial
growth factor, VEGF)_EiMRP1 & iA #9 HUH) .

FiE ()AABEBGC-8234m il A AEA, —a4
HHLIEIR24 h, 5 —2AVEGF4E M 24 h, /e —
2EPI3K/Akt47 4] FILY294002F 4 2 1 hJg &
ZmVEGF4E A 24 h, Western blotix 4~ 3 42| &
FEIZAMRP1. Akt. p-Akt&ZSP1%& & & ik K
F, EMSAZ A & £ 162845 X B T SP15
DNA# 2 &7, Q)MESFESMRPIE R
BT R BSPLL A4 5 R EMHMRPI %
B B 3 F 5 69 & 4050 0 F B 5 A W AR
(PGL3-Basic-MRP1w. PGL3-Basic-MRP1m),
KT EESIREBOMRPIER B
F fEBGC-823 4 it ¥ &L 64 7 % A VEGF *f 3
R AN A,

ZR: (1)VEGF 32 ng/mLAE F24 h#a 5 k&
A4, MRP1. p-Akt. SP1EE G K-F
¥ Lif, HSPIYDNAZL A E L B30 %;
LY294002 50 pmol/mLFA4L #21 h-&F<-4&VEGF
32 ng/mLAE M24 h)z, 5 VEGF 32 ng/mLE %k
AVER 4848, MRP1. p-Akt. SPIE% & K-F
¥ T8, SPISYDNAL & E A R 45; )
BGC-8234a 2., PGL3-Basic-MRPImE-# &
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FHFEP(110.000+2.603), LiEFFERA T
HAKPGL3-Basict#y 1.845(¢ = -8.936, P<0.01),
12 5SPI4EAAL & R EZAMYIMRPI B3 -F
(PGL3-Basic-MRP1w) & /(144.000 + 6.888)48
Yo, HdE M T 523.6%( = 4.617, P<0.05);
VEGFER 12 h/g, L&MW E, L2/ B
Bk R = 0911, P<0.01), VEGF¥ A K E A
32 ng/mLA A & KA (191.000414.799), 5 &
VEGF/E A £8(112.000+ 11.358)48 4k, & 1E3g
20.745(¢ = -7.335, P<0.01); VEGF4EA24 h
J&, WAVAR Z IR M0 7 X _LFASP14E A5 &
R EJGMRPI B3 -T R FEEE = 0.945,
P<0.01), 5 R VEGF# A 41(133.000£6.083)
ARV, 3K EPE(426.00047.000)38 52245 =
-56.032, P<0.01).

it VEGFXXMRPI B 3T & Mty L4k A
5 ¥ EPIBK/AKtZ 5 18 74 & 38 5% 45 L B -F SP1
8 kK B EWA A MRPIA A &3 -F RSPl
LS REB L BT FRRIE, VEGF
HEW AR R R EZ AT 2.
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B1; B3 Fi5H; PISK/AkHE S8 ; #5%EFSP1

D3RR £ A A K B F(vascular endothelial
growth factor, VEGF) A} % 24 i 26 48 % %&% & 1 (multi-
drug resistance-associated protein 1, MRP/) & 3T
Eey LAAE R 5 s EPI3K/AKYE 58 5 &3
3RHF R TSPl Rk R ERARK; MRPIA R &
FHFTRSPIZ& S LR R EH BT ERRE,
VEGFA 3 & 6 LiRAE A R de R X Z AT 2.

=18, VSO, SI0F%. PI3K/AKYSSEIBRSP1AEVEGF LE
SEAIRMRPICPEIER. BFRENBEIFE 2014; 22(36):
5587-5593 URL: http://www.wjgnet.com/1009-3079/22/5587.
asp DOI: http://dx.doi.org/10.11569/wcjd.v22.i36.5587
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FIA, VEGFIIFRIE /KA i 2 23 1) if 8 A0 72
JE ORI R EARSCEY. Bt
RILEMERMRE P VEGFI MRk 5 MR a2
Ziit 24 (multidrug resistance, MDR)% Y42, M
I8 FB 3 ML TV E GF 2 & 1 =% -5 0 1 T s
A BATHI AT TAE R ILVEGF AT LA
R A P 22 25 24 A DG 2R 1 [ (multidrug
resistance-associated protein 1, MRP1)mRNAFI &
HRIA, ZJaJANI X E T EMRPIRE)TIX
-91/+103 /7 41| 1) H 4 5% s 2 Wi 41k 75 2ok TR 844k (i
4, JPGL3-Basic-MRP1w)"?, K I ix B 5 41| 78
A BEBGC-823411 it LA JH 3 151, VEGF
R DA A 10 7 X34 SRAM R P 1R B F X (13
P, PI3K/A 5 5 38 1 1] 771 W] LA 25k 4 1)
VEGFXMRPI J5 3 X [ 50 . (R 2MRPI
2= VN NE S QTR iIN I E| S =1 S ¢y =) R b U 1]
X 1R I A7 U 45 5 AL S 22 AN 2 DA IR A
TATA K CATH, #—20 X7 4Rl 5 27 ix L
L 55 L5 % 5% [RFspecificity protein 1(SP1) ac-
tivator protein 1(AP1). activator protein 2(AP2)
ZE S 5. N, AWK Western blot.
EMSAJT 041 T PI3K/A Kt 53 1% e 54 55 K]
TSPIEVEGF _FIMRPI A &) 1% M HF R,
HHE T ESPI4E A HARAZKIMRPLE )T
X 7 51 1) E 20 7 Ol R g 15 Bk D Uk (fr 44
PGL3-Basic-MRP1m), #8171 SP145& 7 pi AR
JaXIMRP1J&E 2+ X &% 2 VEGF - iMRP1%%
SCEE A B2, Wi — P MIAVEGF2 5
JiRE 40 BUMDR & 2E R R HE R B

1 SRRT5A

1.1 A4 A BRI ARB G C-823 H A 5256 == f
1%, 37 C. 50 mL/L CO,MIFIIRE &1 F&
10%/NF 5 FIDMEME; 38 ip 15 5% SN
VEGFJY HPeprotechA 7], LY2940024 H Cell
Signaling/A 7], Lightshift EMSA KitlJ [ PIERCE
A+, EHPGL3-Basic-MRP1w M PGL3-Basic-
MRP Imif 1 8 PR 5 Rz A ¥ #/A PGL3-BasicHH I
WETERG A TREA R A RS2 4t, NS FokiB-3
BEFF I (B-galactosidase, B-gal) YL 75 K 2B 2
MRk B 2 B, 4l |Lipofectamine 2000
It Hl InvitrogenA F], %'t 2 B 2 2k PR A ik
TG B~ LW 1 Bl 4t o 25 DR A Wl ) 20
B REMFEARBE T

1.2 7%

1.2.1 Zmfes3s 7 BUBGC-82341Ml, $%2.5X10°/4L

Baishideng® WCJD | www.wjgnet.com

BT 6L F, 37 'C. 50 mL/L COB53# 46N
Rige, L 3H (B H 3N R L) — A R
3:24 h; B —H N A32 ng/mL VEGF}57%24 h; #
J5 4150 pmol/mL LY294002 AL BE1 h/,
BI32 ng/mL VEGF4k4E15 7724 h.

1.2.2 Western blotix# R MRP1. Akt. p-Akt%
SP1% & 84 & ik: B HR3ZA40M1 2 X 10°, PBS
YEk 2K, % Nuclear/cytosol Fractionation Kitij
P55 UMK e iz R 1, 1T BC AR A HIERR
2R 5 B, BUS0 pgk AR FiniE BB AR b
100 ‘CA&HS minE P, 12%SDS-PAGE K,
1 mA/em™ BT, 5% B AR W4 = iR b2
PREFHI1 h, BLGAPDH(1 : 500){E N Z I, bt A
MRPIHAR(L 2 200). AktHUAE(1 © 500). p-Akt
PUAR(L © 500)FISP1HLIAR(L & 500), 4 ‘CIEH, 1X
TBST B3R, 10 min/7k, t=EHifh =4 :
2000) Z I #2 K40 min, PEEF -, DABE ik
RN =k 8

1.2.3 EMSA & #SP14#9DNA % &7t B id
3LHM A1 X 10°, PBSTEU2IK, ZEPIERCE
A FENER G S I kAT, S Al A% e
(10 pg) 5 A ZARI0 5 5212 5 R IR £ (50
ng)7E20 ‘C X M30 min; K NIREEPE AR
TR e iR (PAGE)E0.5 X TBE HL ¥k 28 1
¥4 °C. 120 VK3 h, AT BRI
T by FHGAEH Q= I T &1 JE Jufis
1y IO\ Bl T K P B S R 2R (T 1 X 2y
WRF 12 75008 F%), R ERE1S min, J11.0 mLAL
SRR ZE iR B % & S min, X T W52
1.2.4 £28PGL3-Basic-MRP1IwAPGL3-Basic-
MRP ImiR & B 4269 & i 5F AMRPIHEEA S
Uiij-2008-+103 U 3 J7 5 AT 73 A I, KB IX 35
91-+103/F 5 2 A Ja s FiE ", & Bux BiDNA
o, &Kpn 1« Nco 1 WY J5, %EFPGL3-
Basic G R MR 5 FE R Bk b, HAhMRPIHE
A 8 3l hr T 4 15 BE R A B Ui (i 44 P GL3-
Basic-MRP1w). X B 75 &31MSP145E AL
B, HIN-28/-220 -24/-18. -14/-8, AL
FE 5 H5'-GGGCGGG-3". F RF 5T R I o st
-2 A ALE R B A Ezrin3E N 3 B 1 [X-75/-69
ZHPISP14 A AL ST HIGGGCGGGRA N
AATATTTIG, KGR BEE TR 250%. K,
A FH MR PR X3 SP1ES G 7 fUR
ANAATATTT, A KA Z JGFIMRPL 5'%-91
FI+1037 51, A4 7 5 240 75 o' F AR 45 25 DR o bt
PGL3-Basic-MRP1m.

Wi £ E

MR M S R
ik VEGF 5 fit 5%
 UMDR % & %
1, 9 Bl s VEGF
KT &R A M T
W% 5 Fe TG F)
HEER L, 4T
Ik T 08 97 69 Fe AR,
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[ IR 1.2.5 w2 R &£ A R ZEBGC-82348 fitt: 1 2 3
B Ji3 4 JEMDR &

& A B NN R
HHE 2R EH
IHEZREFTT
MRPIRWRZ I %
H#gP-gp. MRP1
IR R
B A7 B A
- FVEGF#9 #F %
FEERTHS
R, 12
BT R AR W K
%, VEGF 5 i+ 7%
it 25 44 2 50 ) A8
b=
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B E A KN BREBGC-82341 il th%2.5 X
10°/4LE R F-64L1 F, 37 C. 50 mL/L CO, 8%
FANI R TR, HEIE80%HA. S Lipo-
fectamine 2000 Reagentiji. B 15, fEEPE AL | H
H PR EL T #APGL3-Basic. S ikiB-gal &
YL IR T A& Lipofectamine 200058 & 4. AW ¥
HH PR S AAPGL3-Basic. £ kiB-gal
%1 ng/ LA 2100 uL/ALAE I ) DMEME:
TR, RINFEFaIR &35, iR FHES min ; B
T K Lipofectamine 2000 6 puL/FLi% T100 pL/fL
AN & FIDMEME; FR, FNFE AR 448
4], HIREES min; KA. BWIRIRS, EHE &
B30 min/5 I FJCH PB ST 2 UK A5 % et
fi. 37 'C 50 mL/L CO 557748 % F1E 774-6 h,
FEEEFRWL, W 10% N LS T DMEME: 77271
1.2.6 SP1% 442 5 % AT GMRPI & 3 F R &M
a2 Wtk BRI R RIA R, SR &
Wi A 23 0 R 2 6 B R B-galiG . I Hp-gal
TR TR A A G AR, R B iR A A
Ji 2 G B AR AE S5 ) 9 R E 1, B RS BT
TEE = PR/ B-galliE PE.
1.2.7 SP14:415 5 R £ EVEGFXMRPI & %)
F R &R VEGFRSMKE, B0, 0.5,
2.0, 8.0, 32.0 ng/mL. FEFLAHMIH L FEE Y41 ng
FAFKIPGL3-Basic-MRPImAN pgh )i i
B-gal, # 4k4-6 hfF#:10%/MEMLIEFIDMEM
B IR, IMNAS TR IOV EGF 4y il 4k 4 15 7%
6+ 12, 24 h, W5E ZOGR MM B-galif P, 115 H
s, J5idIE

Gt i E TR Dimean+ SDEIR, M
FHSPSS17.0% X} S 46 K dh k47 e vk 43 #r, R
PR A B Rk 56 T LA G4 AT, P<0.05°H 2 7
BAS % L

2 B8

2.1 Western blotik#m| &40 2a fEMRP1. Akt.

p-AktZSP1& G £k & RWMEFIR, 3
FAKtEALELHE ER, SXRACK L
A )M LA, VEGFERMAEH4MRPL. p-Akt
JSPUEE (R IE I B, &A%, 1
LY294002+VEGFAL 4 5 VEGF H A FH 2 AH
Et, MRP1. p-Aktf&SP1EHRIEHI T, EA
2] AR, HERFEVEGF_EIMRP1 8 (% ik
(AR, Akt SP1ER (AR T BER AL BT,
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S —— M R P 1

— ————— ]\t

— ——— .t GP]

1 EBRENZL. 1: BGC—823; 2: BGC—823+VEGF;
3: BGC—823+LY294002+VEGF. VEGF: &N AR T
MRP1: Z2MHZHHEE .

1 2 3
o m
e

ihFBgRS —>

B 2 VEGFRLY294002Xd%RAFSPIEHHIRZMA. 1: BGC
—823; 2: BGC—823+VEGF; 3: BGC—823+LY294002+VEGF.
VEGF: [ME& N AR

2.2 EMSA%#m 4 X B -FSP15DNAM &4
g R RIL(ER), KA. VEGF4A.
LY294002+VEGF41SP1 5DNALE A& 156 o 5
Iy 3753.27. 4898.64. 1296.22, 7] WSP15
HLPREF 456 10796 3 5 75 VEGF $u Al F 2 9
SR, TG SR A TR PI3K/AKYE 5l B 4
HIIFFILY 29400245 25 ).

2.3 SP14 445 5 R T IEMRPI & 3)F & Hagm
R LER P ERBEVE BT BoR (B13), HEA TR
PGL3-Basic-MRP Im#1#% 3% i54£(110.000 £2.603)
T IARPGL3-Basic1(60.000 £4.910)11.8£%,
ER HA G (= -8.936, P<0.01), H 5 &
2H i ki PGL3-Basic-MRP1w2H (144.000 £ 6.888)#H
tb, B RIPGL3-Basic-MRPImZH #4353 vh M
[%23.6%(t = 4.617, P<0.05), $&7"MRPI 35 T-[X
SP145 AL i RAL Ja FLe i 1t 9k 55

2.4 VEGF*SP1 4 &4 5. R T EMRPI B3 F
MR Roh SR NK4. VEGFIE6 hE, 51
VEGF{EF4UAR L, SP145 &1 i 848 5 FIMRPI
J& BT T W R AR (P>0.05); AEFH12 hig, &
PEIZHTIE 9, SR E R R @ = 0.911, P<0.01),
VEGF{EFKE N32 ng/mLE A KME, 55
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4 1607 ) LI, FIN R AR 2R mARRR
o o N N . tE %3
140 - VEGFRYU{k, RILAE I BISALIT R, WM 5 n 2 1
i 133 " AAINP-gp /> SHRHLIIE, 16773 wh, Z5LIR  SPLAVEGRH
= 100 - . . . FhRikit
.| EEIITTAGET , B R4 D. Zhang% R esenek, 2
S el —z PIVEGF165/ SHDMECE 25§ 2% Mnf 5 & el ik
@ o0 — # 2 FAMRP1
a0l FHZGII 52, WA, 22588830 VP-161 BRE w9 ks A ik 2]
Lo S5, R R PR R #4 HE FMRPAILRP A7 i 2
K K. AR
0 Py " 1 . BIRATATAR TAERBIVEGFR LA B sem =, 43
o A 7 Bk 5 2m R %
@ e w\cv\‘*" A ILFAIKS62. HABGC-823IMRPT 5 7 TE e 2
02 \> mRNARIZE (2%, FIN AR BN /R 9T, 2 m e

I 6h
o PO o
£ 400
i B 24h
5

0 0.5 2.0 8.0
VEGF/EH] ?&Ig(ng/ mL)

32.0

B 4 VEGFELAPGL3-Basic—-MRPIMEIERVEZIN. VEGE:
MENEARREF.

VEGF/EH AL, M E0.7/5@ = -7.335,
P<0.01); VEGF{EH24 hj5, thAE LA 2K
773 F ISP A0 i RAF JEMR P B X 1]
g im @ = 0.945, P<0.01), 5T VEGF/E 4
FRLE, B RKIEPERE 2. 265 (¢ = -56.032, P<0.01).

3 111e

AXFT 0, U A R R A R R B
BERR T T B A AR B AL, SRR K
iR 20 M 2 A B KUY, TV E G R ifn
A B PR R P e R R e e (R R
LA iR I A ORI PR AL DR SE, 18
JiR A ) AR e AR Y. B A,
e % BT 7NN VEGE S IR 4 fIMDR 5% £
), AME MVEGFKF O RN IR 16T F HilUs
FIWT I EE R R, MR a7 1HERE" . Volm
S0 R U3 LR IR IR T 5 2 S bR RN
I fis PR R0 SRR P (R R, R DT 22 S L R T
A/t e it VEGF & H 32 AR F 1t-158 148 B i
TN 2 R LR BU 4N, XA TVEGF
A g 5 25 0 9%, KlementZE 28 V4 77 it
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WIRMRPI A 81 X & TE. BE5t R Y], VEGFY
HE R MERIAVEGFRE A2 5, 5 RZRERE
BRI s AL, P LA R I PI3K/AKS 5l
6, Wi RAFEED AT M. PIBK/AKE 5 il 4 /2
RN EENESESER L —, EHRFIIRN
IEFAERIIGE, WAEK. 2. Ry mik
% AR A AKCEPIBK R 1T 1E T F R AR 1%
FRAKTTOE, Akt R RIS S Mg RE . K
J& LB AT 7 A A 52 B IR 551, Taz-
zariZEPF ST R IR, PIBK/AKYE 55 S 2% A %
FEPFEMRP UKl & R EZ A, T LU
IF FAMRP 123K 7K SF 1 5 550 1975 20 A it
74§, MRP1/KF 5PI3K/AktF ik 7E AML4H g
SIEA I, BATHPI3K/AKE 5 3 #4301 71
LY294002 b B4 5, KILVEGF LiAMRP1
B EAEH RS, P IUFSE T PIBK/AKE 5
B E VEGFBUREMRP 1% 5% B2 A AR A/ .
AR, 7EXMR P12k 4% AT 78 1L 72
TR e K R 7 S H A A, I
TE 3 e 45 0 B2 o R P ERE AR F X T S )
MRP IR IT 2 LB K. MRPIEE R 5%
WENHAEEER, e FRBEFEZAIE
ORI, BIESPI4 &4 4. GCEFRX.
NE-145 61855, SPLE —FiEEA IS5 JZEY)
FESR AT IR I SR T, LA AN S B S
Ji A E S GCREAITMENER, &5
VTN T R AN AN PR A . T, A AR bR
P, SP1H & F£IEKT. BRI . BiElL
SRR EBM. HMEATMS SRS
JiR 45 A6 5 8 1 55 5 THT 38 RE RE R S P AR 1 1A 5%
PRSP AR R I, S PI3K/AKE 5@
6 T A RO S R TSP R AL, {3 HEDNAZS
B IR, B E R, B R 3 R A
s, AE LB R R R LV EGFAMY g
VRS R TSP B [ Rk KT, [RIE 38 RE A L

¥IMRP1 84 B 53 78
I7 A IR IR
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