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HEEFH (P<0.05,P<0.0D, HE—EMBRBM; EHMRFEIFH PAN HREHEBEAB(P<0.0D); 5%
PR PAL-pGL3-A(-804/ 4+ 1T K 3%, 245 e Ffkr & & PAI-pGL3-B(-636/+17) \PAIpGL3-C(-449/+17) &t , 3¢
N E B IS B E B (P<<0.01) ;35 % PPAR« %34 Fi B (PPARe-pSGS) W4 E T MRS F PAT1 R EHE
ERARP<0.0D), 45 THBRFT LI HepG2 41 js PAFImRNA RX X HEREH, #7 PA RERN%E,
PPARa £ 5T B PAFL % FH M F KB 7 PALI g 51 F-804 ~-636,-449~-276 [X 3% P 77 76 T 1 BR E A A9 3R
¥ PAIFl R RZXNFT].

[XRA] THR; SR AAREEY SR A EBREBE M HF-1; HepG2 41/
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[Abstract] Objectives To observe the effect of linoleic acid which is the activator of peroxisome proliferator-activated
receptors alpha (PPARe) on plasminogen activator inhibitor type-1 (PAI-1) expression in HepG2 cells,and to investigate the
mechanisms how the linoleic acid and PPARa influence and regulate PAI-1 gene.  Methods HepG2 cells were exposed to
linoleic acid at various concentrations, RT-PCR and ELISA were used to determine the expression of PAF1 in HepG2 cells,
Four luciferase reporter gene plasmids containing different human PAI-1 gene promoter from -804 to +17 were constructed
and transfected into HepG2 cells. The transcriptional activity of PAI-1 was demonstrated by the luciferase activity. Results

Compared with the control , linoleic acid could remarkably increase PAI-1 mRNA expression and protein activity in a con-
centration-dependent manner(P=0. 038, P<C0, 001),and enhance the level of PAF-1 transcription significantly (P<C0. 01).
Compared with the PAI-pGL3-A(-804/-+17) plasmid,when the plasmids PAI-pGL3-B(-636/4-17) and PAI-pGL3-C(-449/
+17) were transfected, linoleic acid depressed the luciferase activity remarkably (P<C0. 01) . When co-transfected with
PPARe-pSG5, linoleic acid could increase the level of PAI-1 transcription further(P<C0.01).  Conclusions Linoleic acid
could regulate PAI-1 mRNA expression and gene transcription. PPARa was involved in the regulation of PAI-1 gene expres-
sion. The sequences that could regulate the expression of PAF1 gene induced by linoleic acid may exist in the areas from -804
to -636 and -449 to -276 of PAI-1 promoter.

[Key words] linoleic acid; peroxisome proliferator-activated receptor; plasminogen activator inhibitor type-1; human
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1 7Y 2F 7 B JR 0TS 30 1) 9] (plasminogen acti-
vator inhibitor type-1,PAI-1) &k R 4 75 B JR 5 15
#) (plasminogen activator,PA) FE 4 HMWH ¥,
NN EEARE RAGEEATHTLE
REFIRISCE R AL, REENAEBERT
Ho BV MAMEF BN TEY . LK PA-
17K F 19 7+ 55 & 3 Bk 3 #% 5 1k (artherosclerosis,
AS) ELHRE MM EE AR HE,PAI 5l #
FR VI, A AR R X MIrEWZ
—0 3 S Ak 7 ) B35 A 32 1K (peroxisome
prolliferators-activated receptors, PPARs) & — 2§
HEAEENEEZEF . BTEZERERE. BB
BRI AWML, PPARe BHPH—P TR, FE
RETHE OB EHE.BHIESESHH .25
Xof Aig AR A R IE R N A R BN H T A
TEASHEE KRDPREBEER. EHRE
PPARe MR MR AR E., AGESHREHER
*F PAI-1 BERFXFERHZ 0, B FEF T R
PPARe £ 5 PAI-1 BEFXFAE KT RENLH .

1 #HEEFZE

1.1 ## (1) AFFE (human hepatoma HepG2)
Ak . PPARa-pSGS KX M It R EFE¥H
YhRHEEHRFTABERER/AE, O FER
FUFLES . F 4 DMEM 85 52 23 L LR BG4 1 35
W3 B Gibco BRL /2 7], & RNA #HRH| Trizol Li-
pofectamine™ 2000 (0. 75g/L) Wy B Invitrogen 7%
7] ,RT-PCR & 7] & . DNA Marker DL 2000 ¥ H
TaKaRa KEZEY T EERAE, THERKEAH
Sigma /7] , pGL3-Basic-Vector X E R & H H
Bk R NS I pSVB-gal FIAHRL 5% K BB &
EE RN & K B-gal KW F &34 Promega
AR =&, PCR ¥ 8 H Perkin-Elmer 2 & = i,
DU(r) -640 ¥ B & 8 43 #71¢ ~ Backman 7= 5, ¢
B AR AR 4 1 & 42 4 Tanon Gis-2008 = . (3) 5l
¥4 3% PAF1 R A2 B GAPDH EE ¥ 1
341, PAI1 E#f:5’-GAGGTGCCTCTCTCTGC-
CCTCACCAACATT-3’, F {##: 5’-AGCCTGA-
AACTGTCTGAACATGTCG-3’; GAPDH I ##:
5’-ACGGATTTGGTCGTATTGGG-3’, Fi#f:5’-
TGATTTTGGAGGGATCTCGC-3” , A L5 9
HWhHILEREHEYTEATEK.

L2 Fk (DK HepG2 LA 2X10*/ml
HEERMT 6 fLiRH, & 10% 884 ¥ K DMEM
BHRWHITHFE,37C5NCO, BERE 2~3d, F
60%~T0% R EMA RS, EH I XM F DMEM
BEFRBYLER 12h; PBS ¥E 3k 3 K, A S B4k 5L 3%

3 24h, & | ¥ ,4°C .9000g B .0 10min, —20°C{§
8T PAT-1 ¥ M40 PBS shye 4 i, B A Tr-
izol IR F BV % RNA, I F RT-PCR 447, #
59 46 P A BT EC A, T G M E DMEM 8% 5% 8
AL W8, (AR WE R 0= axt B4, 50,
100pmol/L,37°CIRE 30min FF FiES M. (2)
RT-PCR 43#7 : F] Trizol i3 42 BU 40 Jig 35 RNA, i
ERIKE. 7 20p] B RERPMA 20g & mR-
NA KM, KB4 % 42°C, 30min; 99°C, 5Smin,
WEF =Y F —20°CHRE. P 25pIPCR RBIE R,
SBIMA 2pg R HEFR YA T I ¥ PALL
M2 B GAPDH, ¥ 3 & # . 95C # 2F t#
Smin, 4k4E 94°C 25 ¥ 45s5.52°C 1B k 30s.72°C ZE A
Imin g 1 MEHF, 3t 35 MEF, B 72°C & i
Smin, Bt PCR =4 57 g 58 5 52 6. 3K , 58 X LR 40 b7
REBHFICFEREKSER. FHFUERN mRNA M
BB AR BIKAH SHMAS B E K& HR
FEHEER. (3)PA FHEHHE. R A STA-
CHROM PAI Kit 52 PAI-1 3, BB ER
AEHT. (OFRBEWE. WES PAIL B3iF£
KFEF(—804~+17bp) HH B E MK L EBRE
BB BB, M PAL-L J3 3F — 804~ +17bp Bl R
FEERBERSWREEBREGEEFTRE. ®it
573 AN 37 ¥4 B E& A Mlul (CGACGCGT) . Bgl I
(GAAGATCT) B il 44 B U1 o s B A B AR 7 P o 2
K& x5 4, 3% (5° ~37) PAI-pGL3-A
(—804~ +17bp) : CGACGCGTGCTTTTACCAT
GGT; PAI-pGL3-B(—636~-+17bp) : CGACGCG
TGGCAGGCGCGTGGCAGGGATGAGGGAAAG
AC; PAI-pGL3-C ( — 449 ~ + 17bp) ; CGACGCGT-
GTTTTGATGGAGGTTATCTTTG ; PAI-pGL3-D
(—276~+17bp): CGACGCGTACAGGCAGAG
GGCAGAAAG, #FTF#5I1#(5” ~37): GAAG
ATCTCAGCCAAACACAGCTGTGCTCCTCT,
PAZEHEA DNA HER, ¥ PALl B3l FX —
804~+17 KEMARKEN AR, SRAXBRE
H P # {& pGL3-Basic-Vector ¥ 3K 18 & A T8,
DNAWIFXEER. GO)LBH - HREMH R
JEICEE YL AL Y KA, B KA 0 BIBSL I 4
M4 2 R T BR A A PR X R (B e s
pGL3-Basic fihi). (6)HepG2 JAuBRnf sty 55y
RAME AR, M 1X10°/ml BEERT 24 9
W, MK Z 80% ~90 % Rl A B LA g S A s e
TR YAl B OB PAT-1-pGL3XO0. Spg. A 5 B B R
pSVB-gal 0. 1 g, 3t ¥ 44 4 55 N % 3% i B. PPARo-
pSG5 0. 2pg, ¥t 5h 5, BH W FH & £ 0 i
DMEM Hir K 4k 5235 5% 12h, B A 5 RSB A
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(&= A Xt H8) . 100pmol/L B M5 5 W, fE A 24h
EREHK. (DHERAMHNBENMLEBEIEME
R o454 R Promega A B]ROL KB 2EH X
B-gal R0 & VLI BRAE , T R R EG IS TR B-
gal Tk, FARNGEBE NN REE D HR
HEBEESMHIAS R Bgal HHHHERT.
L3 &#it¥adE ALKEBHALPEHR 3 KM
BEELRWERENEHE, ERUBZ B L irE=
FR, R A SPSS11. 0 451 # {4 One way ANOVA
SHF. P<<0.05 hERKE B EMHE.

2 &R

2.1 REXREZHBK PAF1 mRNA kL6 ¥H%
525 5xt B4 (Opmol/ L) A8 ., .3 BR 4 #E 50pemol/ L.
100pmol/L ¥R % B T PAL1 mRNA #3543 513 n
43, 0% (P=0. 038),129. 0% (P<<0. 001, 1,

300

% 250 #
200
*
%' 150
100
g
OumoVl/L 50 umol/L, 100umol/L
;_mm"p"' «—PAI-1(184bp)
5(]]};)__: ~—GAPDH(230bp)

Marker Opmol/L  50pmol/L 100 umol/L
1 FREREL#HB PAI-1 mRNA
FEME MG ST EREXE
Sxt B4k, * P<0.05,* P<0,001

2.2 FAREZH® PAFl B &ERGBH
S5 BAMK, T8 4 7E S0umol/L,
100pmol/L ¥R EHE S T PAFl EEEM.S AR
37. 5% (P<<0.01),112. 6 % (P<<0.01, /& 2),

~~ 250- *

£ xof

E »

§ 150 =

& 100} ’

3

- Sof

g l l . . _
0 umol/L 50 umol/L. 100 pmol/L

B2 FAERELHBR PA- FEEFEEHEMW
S5xt A g, " P<<0.01

2.3 AEAFFEHENELEPAF B3 T4 KAFK
B84 F MR HepG2 e PAL1 $# it e4 B
Bk 3 e AT 5 SRAR IR 5 1E % 40 i 48 0 B 4 3o R 4 P
BREMB|ZOCEBHERL., ¥R PAF B3I F£2
KRR EH NS, SR X AL, Tl
BT DL E TR PAL] B RIE 1 (P<<0.01); 3L 5 3t
PPARo-pSG5 &k JBhL i) 41 I 76 TE i BR 75 5 T PAF-1
HEEEH—-LBEART (P<0.01,E 3),

4[ _#—.l
3 "]
1.5:

50 umol/L

PAI-l BEEHE & XTHR)
N

0 umol/L 100 pmol/L

3 FEHESARTER PAF BEHTLEKFTIESD
B EARME HepG2 445 PAI-1 ¥R EMHKWE
Sxi B4 3, P<0.01, 5 B HLE, ¥ P<<0.01

2.4 #FPA1l REHFHRIARKERBEEKS
MIEHFR K HepG2 47 WHBRFEF T PAL-L
HREENEAETHRES T, 5H$ PAIL /7
HTFLEKFH (—804~+ 17bp) T4 FR. A 44
B, 2563 Bk B(— 636~ +17bp) .C(— 449~
+17bp) B}, 41 jfl PAT-1 B REH B EFRRK(P<
0.01), %t RA B(—636~+17bp) ,C(—449~+
17bp) 4 5 D(—276 ~+17bp) ZH 4 I, PAT-1 ¥
% B E R (P<<0.01,/ 4),

-304 +17 A
pi B
449 +17 C

2276 +17 D

0 02 04 06 OB 1 12

B4 H¥EPAF B FAINTEARKERBRHNEHR
A HepG2 IR E L MBRIE S T PAFL HRFENHTL
5 AHKE, P<0.01;5 DA, * P<0.01

3 i #

EHBRE T AMAAE Y B, & PPAR R
PR YR TS B B 0 UE S T R R PRI B I R B L H
WMEF, AR AR ER. M3k PAL-L
KEABBHOABEEEZR S KWEEEA.
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Fe B9 TE B Bt — 25 B b kot A 0 G 1L A B R
A VEBEDAXS, BAETRT RS XMWY
PAL-1 MWL IEHFA—H.
RELBLERBRIAELMRIEST T, HepG2 41
PAIFImRNA RZHMELEH B EH N, HE—&
MR BREBIE. WEITTEHERS PPARc 2ES 5
*f PAL-1 AR E AL, AHEWET PAL 5
HFEEKFEH (—804~+17bp) W H XK E
BREENEHRN %Y HepG2 41, LI H R
RS E K, R %7 PPARe-pSG5 335 k4t
Hpd, SREBR, 55AXNBAML, WHRA
BERM PAI] 357354, 3§ PPARe-pSG5 %
KRG , Wl R PAL-1 % 335 W 19 7+ B 58 fm 8
B, BR¥ N4 PPARa 7E HepG2 41 il H i
ik, W Xt PAI-l #% R 2w —HHR,
PPARe 2 5 M X PA £EE M EEFEE., X
53 ek iRE A LB N A, T R 5 PPARa
BEES PAIF RAMMER -,
HFE—-EEIT T WMBREY PAFl EEEREXH
ERNE L, AR XS HMET =& PAFL J33)
FF5—804~+17bp E AR B B R R B
WEBEHEEHFTR, 5608 84 TR o5 5% 3
HepG2 il R ERETVHBRIEAT, 5% L5
HF LK FH (—804~ + 17bp) kL ) 40 IS b 8¢,
4% PAI-l B3 FF 5] — 636 ~ + 17bp, — 449 ~
+17bpfY BRI S J 40 M) , PAT-1 ¥ %3G M0 B %
18 ; 24 %% 3y ORI — 276 ~ + 17bp B, 5 32 40 f f9)
PAIl ¥ R XB UK E , 857 PAFl B3 F
—804~—636 Fl — 449~ —276 X I N FE7E T T AR
A PAT-1 ¥ 33 B 7 48 R MAE AR5 .
PPARe HECE GG, T DNA &SR E
BN T HWEE LA PPAR KM G (PPAR re-
sponse elements, PPRE) 45 & 1 & ¥ % F W& 0 /E
A, wEddE DNA G4 R ERATHXNES
SR Z, RELANBEANAE. FRIEEL
PAF1 AN R A2 E 2, % PAF1 57458
BT FFIHASERELK PPRE, BEH L4
fE e, tn VLDL /B8 BB I B o4 JFFA L X
B NF-«B #EH %A F 5 smad3/4 E5FFI K
AP-1,SP-1,NF-1 %, VLDL /iR Fi®& & R oo 5
PPREZXHA —E R R B, K9P Smads &
HERERLFERRANFHERAESHSED,
# TGFBBEEBANFESHRPREEEEM.
R EH Smads EHAX S 5L M S HBEEE,
4 PPARs ¥ 1% )5 864538 1 W TGF-B/smads 55

BREEMNEE RN EEERD . W PAI B
hF-804 ~-276bp KIK N & B =41 fE 5 smad3/4
BRELESHFHN, Smads BRE S5 TR E
7% PPARa J5 X PAL-l BEEHEFH AL, E T EHE
A%t PAI-1 B3 F 55 | smads &5 &0 S HHITR
THBRRN T EHTEANTR.

$E XM

1 William PF. Plasminogen activator inhibitor 1, fibrin,
and the vascular response to injury. Trends Cardiovasc
Med, 2004,14:196-202.

2 Bernd RB, Giinter C, Florian G, et al. Plasminogen acti-
vator inhibitor 1; physiological and pathophysiological
roles. News Physiol Sci,2002,17; 56-61.

3 Alessi MC, Juhan VL Contribution of PAF1 in cardiovascu-
lar pathology. Arch Mal Coeur Vaiss, 2004,97.:673-678.

4 Kliewer SA, Sundseth SS, Jones SA, et al. Fatty acids
and eicosanoids regulate gene expression through direct
interactions with peroxisome proliferator-activated recep-
tors alpha and gamma. Proc Natl Acad Sci USA, 1997,
94.4318-4323.

5 EABSEE, M, XUk 2. RN BRI w I B N BZ 40 D £F VR
REEYMER -1 R X OIMBER. PEOOERRE,
2002,30:684-686.

6 Ye P,Hu XH,Liu YX, et al. Activation of peroxisome
proliferator-activated receptor a in human endothelial
cells increases plasminogen activator inhibitor type-1 ex-
pression. Chin Med J, 2003,118:29-31.

7 Chen YB,Joseph JB,David JS. Identification and localiza-
tion of a fatty acid response region in the human plas-
minogen activator inhibitor-1 gene. Arterioscl Thromb
Vasc Biol, 2000,20;2696-2701.

8 Mishra A, Chaudhary A, Sethi S. Oxidized omega-3 fatty
acids inhibit NF-«B activation via a PPARa-dependent path-
way. Arterioscl Thromb Vasc Biol, 2004,24:1621-1627.

9 Redondo S, Ruiz E, Santos-Gallego CG, et al. Pioglitazone
induces vascular smooth muscle cell apoptosis through a per-
oxisome proliferator-activated receptor-gamma, transforming
growth factor-beta 1, and a smad 2-dependent mechanism.
Diabetes, 2005, 54.:811-817.

10 Wilmer WA, Dixon CL, Hebert C, et al. PPAR-alpha
ligands inhibit H,;O,-mediated activation of transfor-
ming growth factor-beta 1 in human mesangial cells.
Antioxid Redox Signal,2002,4:877-884.

11 Dennler S, Itoh S, Vivien D, et al. Direct binding of
Smad 3 and Smad 4 to critical TGFb-inducible elements
in the promoter of human plasminogen activator inhibi-
tor-type 1 gene, EMBO J,1998, 17 3091-3100.



