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ABSTRCT

Gene expression mechanism of endotoxin—induced
tissue factor and plasminogen activator inhibitor—1

Expression mechanism of tissue factor and PAI-1

Mun Hyun Sik

Advisor : Prof. Ha Sang Ho, M.D., Ph.D.
Department of Medicine

Graduate School of Chosun University

The effects of protein kinase inhibitors on the expression of tissue
factor and plasminogen activator inhibitor-1 (PAI-1) genes was
investigated in U937 human monocyte cell line using reverse
transcriptase polymerase chain reaction (RT-PCR). Treatment of U937
cells with PD98059, extracellular signal-regulated protein kinase 1/2
(ERK1/2) pathway inhibitor, for 8 hrs decreased LPS-induced
production of both tissue factor and PAI-1 mRNA. PD98059 also
inhibited NF-kB and AP-1 which are important in the gene expression
of tissue factor and PAI-1, respectively. Inhibition of LPS—-induced
expression of tissue factor and PAI-1 by SB203580, p38 MAPK
inhibitor, was less than the inhibition by PD98059. Collectively, the
experiments indicate that ERK1/2 pathways positively regulate tissue
factor and PAI-1 gene expression through the activation of NF-kB and
AP-1. Due to the critical role that tissue factor and PAI-1 play in
mediating microthrombosis induced by endotoxin, the inhibitory effects
of PD98059 on the gene expression suggest that ERK1/2 pathway may
be a target to prevent endotoxin—induced thrombosis.

Key words: Tissue factor, PAI-1, PD98059, SB203580, NF-kB, AP-1
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A A=

LPS= Salmonella thyposalllM &elgt 2d2=2 Sigma (St. Louis, MO,
USA)0ll A, radicicol, SB203580, % PD98059+= CalBiochem (La Jolla, CA,
USA)OIIAM, MIZBH0l AtEE 2&S2 Gibco BRL (Grand Island, NY,
USA)OIA RUSIRCH O 212 THE AlEE Sigma (St. Louis, MO, USA)
A PSHALCEH

B. A Xuj Y&

Human monocyte MIE=Ql U937 MIE= American Type Culture
Collection (Bethesda, MD, USA)0IA # &5t AFE3IRALCH. MEZS2 10%
2EHOHE & (fetal bovine serum), 2 mM2l L-glutamine, 100 U/mé HIL| &
gl 100 wg/me AEGENIOIAI0l &=& Dulbecco's Modified Eagle
Medium2 = BHLGIRACE. HMIEZSE2 37°COIM 5% CO, & otoll HH 5t
Ct.

C. A A 24&-FTFaEA A5

Total RNA= Tri Reagent(Molecular Researh Center, Cincinnati, OH,
USA)E ALESHN Ol &0l JI=SIAS & (23)2=2 Z2IotALt Z2l§t total
RNAE 0.8% agarose gelOll &J|F =6t 28s ribosomal RNA%F 18s
ribosomal RNAJE JHAIKl 210 AUSS =CIotRALCEH Primer SJIAE=2 U3
ot ZCh tissue factor: sense primer; 5'-CCC AAA CCC GTC AAT
CAA-3', anti-sense primer; 5'-TGT TGG CTG TCC GAG GTT-3', PAI-1:



sense primer; 5-TAC GAC ATC CTG GAA CTG CC-3', anti-sense
primer; 5'-GTC CAT GAT GAT CTC CTC GG-3', and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH): sense primer;
5-TGG AAT CCT GTG GCA TCC ATG AAA C-3', anti-sense primer;
5-TAA AAC GCA GCT CAG TAA CAG TCC G-3'. 2 RNAE
oligo(dT)15 primerE AtZdil cONAZ SEALAIZACH. PCR2 cDNASH 2
94°COIA 5Z 2t Dt st &= 94°COIM 12,
55°COIM 1& 30=, 72°COIlM 12 &=MZ 308 Bt=ot1, 72°COIlA 522+
O BtSAIZCH PCR M4 ==& 3% NuSieve 3:1 gels (FMC Bioproducts,
Rockland, ME, USA)UIA &I1G S AIF|1] ethidium bromideZ &A1 AIZCH.
Tissue factor, PAI-112t GAPDH primer= 212 257bp, 317bp, & 349bp
FJI1Z2 S=EALE.

primerE 0|20l LCH. Al2E

o

D. 989 A XY =9

BiEf= 0/10] £ed&l tH= NF-kB(24) E£= AP-1(25)Z &SR0t Ml & gt
Stl= ZIIME0l Z&E pCAT-promoter vector (Promega Corp, ,USA)
£ AFSSIRACH U937 AIZE 1 X 10 cells/mI2 =2 %E = DNA (10
ng/ml)S DEAE-dextran 2822 transfection AIZICH?26). MIEZE 3|46l
0l 3= 5 X 10° cells/mi2 %& % 37°COIA 5% CO 50l HH 2HRALC
24A12 = LPS(1 pg/mE HMeldttd 18A12F O HiLE = MEENE &5
HOZ Mo HHHAS ZESIUCH MEFESES 4°COHIAM 12,000 x g2
1022t JAZ2otH  WHIISS Jretetdll, &AsSHEg 350
chloramphenicol acetyl transferase (CAT)2l &€& HEE CAT ELISA kit
(Roche Molecular Biochemicals, Mannheim, Germany)E AtE3t0 M =X

SIAS] HHZ SHoIULH



20lsd ZAAMEE M0l J|=E LY (27)2=2 =JHSIACH LPSE 2
AZ2E Melst UB7THIZESE HEH(10 mM HEPES, 1.5 mM MgClz, pH 7.5)
Ol AL, 32 3,000 xgOllM 5= St A Zelotd EMAIZCH HE
DXH(B30 mM HEPES, 1.5 mM MgCl,, 450 mM KCI, 0.3 mM EDTA, 10%
glycerol, 1 mM DTT, 1 mM PMSF, 1 pg/ml of aprotinin, and 1 pug/ml of
leupeptin)S O0I23t0d EHAIZCEH SoHAIZI =, 14,500 x gHlA 52 =S¢t
A ZCIAIN D, 4EHES DNA ZELEU AIESIALCE. F It 22|l
S84k (double-stranded)2l 22 [y-"P]-ATPE SHAIZC #HFZZE2(5
ug)= binding-buffer(100 mM KCI, 30 mM HEPES, 1.5 mM MgCl,, 0.3
mM EDTA, 10% glycerol,1 mM DTT, 1 mM PMSF, 1 pg/ml2 aprotinin,
and 1 ug/ml2l leupeptin)0il A poly(dl-dC)2+ [**P]-labeled DNA probe2t
S 102 SCF BHESAIZULCH. DNA-EHEHA ZE S &tHl= 0.5X TBE bufferlh
Ol M 4% polyacrylamide gelS 0|E0ot0{ DNAZRH =2clAIZBC &I|ES

ol

= A5t gel2 &el =, autoradiography& & 015IA L.

F. Western Immunoblot analysis

M
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A. Endotoxin®l] €]} tissue factor 22} 2@ F7}
Tissue factor2l S& X+ Z& 0| endotoxin0ll 2o &It St=Xl &QlotD|
/504 U937 MO0l LPS(1 pg/mNE Xelst & A2HH E 2 total RNASE &
clSt RT-PCRS &5t L. RNA= = 2tEGH & I &0] K201 total
RNADE TSRl 20 & 22 Xl ot21<I5t 0.8% agaroseOfl
&I S SHALE. Ethidium bromide2 SASt Z 1t 28s ribosomal RNA2}
18s ribosomal RNADJH A T X &2 AEiE JHRZotH Sl ASS & elot
AUCH =22Ist total RNA(1 pg)2 SEAF A

Ll
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e

Jo

2! =, 1 = 100 ng= tissue
factorOll CH&t sense primer2t anti-sense primerE 0| &8 PCR =410l At
E0tACH. O 23, LPSE Xclg = 2 A0l XILFHAM tissue factore
mRNAJH & T D] AIZSHR 1D, 8AI2H0H tissue factor mRNA2| 244 0] X/ CH
XIE 0l 16AI200HK S XIE AL (Fig. 1). Tissue factor R&EXt= LPS
E XMclet = 8 A0l FIHZ 2EEULSEZ, 0] =2 tissue factor0il
gt mRNA 2448 0ll= LPSE 8AI2E S¢ XMelotRUCE LPSOl 28t tissue
factorel mRNA Z&EIJt HIS0IH2Z2 SRS LS SIHAIZ!I 20|
OtLIZ2, tissue factor SRMEX0 SOl HAQX LOt2I] PIotH
glyceraldehyde-3—-phosphate dehydrogenase (GAPDH)O{l CH
E =oAL GAPDHE olEUFHU 20iots 242M HREE2 MZO0
& AEA

N A H0 &0 A0l 2EoHH el A2 A o =0
ot ZUE 2dot)| flotd =4otALt. LPSE XMl 216t GAPDHS
mARNA dd E=0il= otF& Sets 01X /g2 PSOll 2loH tissue

factor2l mRN

A
JLAIDI R XA A tissue factor SE XS HEE SE&t AHAUAS 2 4= AU
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LPS (1 pg/ml)

O 2 4 8 16 (hrs)

Tissue factor

rRNA

Figure 1. Expression of tissue factor gene by LPS. U937 cells (5x 10°
cells/ml) were incubated with LPS (1 pg/ml) for 0, 2, 4, 8, or 16 hrs. Total
RNA was then prepared and analyzed by RT-PCR.
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Figure 2. Activation of NF-kB by LPS. (A) U937 cells were transfected wtih
p(NF-kB)3-CAT by DEAE dextran method. Twenty-four
transfection, cells were treated with LPS (1 pg/ml) for 18 hrs. Cell extracts
were then prepared and analyzed for the expression of CAT using CAT
ELISA kit. (B) U937 cells were treated with LPS for 2 hrs. Nuclear extracts
were the isolated and subjected to EMSA. Radioisotope-unlabeled kB was

p(NF-KB),-CAT

NA

used as a competitor.

LPS
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B. Endotoxinll & ¢ PAI-1 FZH A 2@ F7}

PAI-12] |R& X 230l endotoxinGil 2ol SIt ot=Xl &Ql6t)| 25t]
U937 MIZ 0l LPS(1 pg/mlE HMelst = AIZHH E 2 total RNAE =2I5tH
RT-PCREZ #=&3tRULt. PAI-12 S0l& 2= plasminogen activatorE N

oH ot serine protease?! plasminogen activatorJt plasminogens &4 &

>.
o

©| serine protease plasmin2& HEA|IA fibrin clot2 XMJ{dt= dS 2ol
StCH(13). RNAZl otE & E 28s ribosomal RNA2F 18s ribosomal RNAZ
AEHZ EOItR 2O, E2Ist total RNA(T pg)E S & A Al2I = PAI-1 O
CHet sense primer2t anti-sense primer& 0|0t PCR =48t 21, LPS
£ Hclg = 4 A2H0l XL PAI-12] mRNADE ZE D] AIEES & =+
ULt (Fig. 3). LPSE Xc2IstXl 8AIZHl PAI-1 mRNASl 40| =IHXIE
Ol 16AIZNK KX S =ISHULCH (Fig. 3). LPSOI 28 PAI-12
mRNA Z&3SIPIt HIS0IH2=2 |RAEXL L&ES SItAIZ2I 20l OtLl
PAI-1 S&EXHN S0IXQ SAQIX LO0HLI| <ot GAPDHOI CHE
RT-PCRE ==&st 21, LPSE Xcl0l 26t GAPDHSl mRNA A& HE
= OtRe F&s 0IXIXl LA 2, LPSO 2la PAI-12] mRNA 244 0]

Sotet A2 LPSIH EeEXHLZ RELS €S SIHAIIK E2EA

Oledst LPSOIl 28t PAI-1<
LIS, PAI-12] &0 =&t
SISt AP-1& c—junit c—fosHl
HMELHMZAM PAI-12 REX 20 R SQE dgs 0| &
M JASBZ(21, 22), LPSIt AP-12 &43 A
AP-1 ZE=RIt M B B=Ef= ZIIME0

vectorE U937AHIZ 0l transfection Al2! & LPSE Xc2lotACH Btk LPSI}
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LPS (1 pg/mli)

0 2 4 8 16 (hrs)

PAI-1

GAPDH

rRNA

Figure 3. Expression of PAI-1 gene by LPS. U937 cells (5x 10° cells/ml)
were incubated with LPS (1 pug/ml) for 0, 2, 4, 8, or 16 hrs. Total RNA was
then prepared and analyzed by RT-PCR.
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p(AP-1),-CAT
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257
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157

101
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Figure 4. Activation of AP-1 by LPS. (A) U937 cells were transfected wtih
p(AP-1)3-CAT by DEAE dextran method. Twenty-four hours after
transfection, cells were treated with LPS (1 pug/ml) for 18 hrs. Cell extracts
were then prepared and analyzed for the expression of CAT using CAT
ELISA kit. (B) U937 cells were treated with LPS for 2 hrs. Nuclear extracts
were the isolated and subjected to EMSA. Radioisotope-unlabeled AP-1
binding oligomer was used as a competitor.
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C. Kinase A 3| A9l 9] g tissue factor AR} & oA

Tissue factorl |R&X && TEU 20ot= AMSHLMHE AFASH]

ol =

LIt & OtXl 2IAtst S A MM E AFESHACE. Radicicol2 heat shock
protein 9021 MM Z A mitogen—activated protein kinase/extracellular
signal-regulated protein kinase(MAPK/ERK)2t p38 MAPKS &#&3E
Hote 2=z LAM UL (29-31). PDI8059= ERK1/22 #&H S X HTH
= MEK-12 S0I& AH MO0, SB2035802 bycylic imidazole St&t=2 =2
M p38 MAPKS £0I& ARHMMOICH (32, 33). Radicicol, PD98059, &

SB2035802 +&= OtcHet &LCt.
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Z AN threoninet tyrosinelil QIASIEI{0F A4S JHXIH =L WetA @l
ASHE HERC| ERK1/22F p38 MAPKO CHEH & HIE AFE36H0d Western blot

=Xl
golgh &= QUCH LPS (1 pg/mhE 2022 Xelst £ ME FEE2 22lotH
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M XMeldtd LPS(1 ug/mhE 18 Al2t MeldtRUlt ME &S 28t =
CAT ELISA kitE OIS0t CATS 2= sFe 210 PDI8059= LPSOI
Sl REEE= NF-kB2 TAMFH 4= HHGHA2LE, SB2035802

NF-kB2 HALEX 40 OtF F&0| SUCHFig. 9). [etM, NF-kB2
8 MAPKSl H=Z 2U= E
D

20z Il St S sdEg=S 2 = UAALH 8HH, p38 MAPKS| &

_2‘]_



GO MHAM tissue

FO|

=Rl

1

ol
0l0
0%

mJ
gl
H
R0
Jl

1

18
oll

A=l

ok

factor

_22_



LPS - + + + +
Radicicol - - + - -
PD98059 - - - + -
SB203580 - - - - +
p44P > — — - ——
p38P> -— o —

Figure 5. Effects of radicicol, PD98059, or SB203580 on p44/42 or p38 MAP
kinase activation. U937 cells were pretreated with radicicol (200 ng/ml),
PD98059 (50 uM), and SB203580 (30 uM) for 1 hr before incubation with
LPS (1 pg/ml) for 20 minutes. Cell extracts were prepared and subjected to
Western immunoblot assay using antibodies specific for phosphorlated form
of p44/42 or p38, repectively.
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Radicicol PD98059 SB203580
LPS - + + + +

Tissue _
factor

GAPDH -

Figure 6. Effects of radicicol, PD98059, or SB203580 on tissue factor gene
expression. U937 cells were pretreated with radicicol (200 ng/ml), PD98059
(50 uM), and SB203580 (30 pM) for 1 hr before incubation with LPS (1
pg/ml) for 8 hrs. Total RNA was then prepared and analyzed by RT-PCR.

_24_



LPS - + + + +
Radicicol
PD98059
SB203580

1 1 !
1 1 !
1 1 +
1 +
+

NF-kB >

Figure 7. Effects of radicicol, PD98059, or SB203580 on NF-kB DNA binding
activity. U937 cells were pretreated with radicicol (200 ng/ml), PD98059 (50
pKM), and SB203580 (30 uM) for 1 hr before incubation with LPS (1 pg/ml) for
2 hrs. Nuclear extracts were then prepared and subjected to EMSA. Positions
of the specific DNA-protein complexes are indicated by arrow.
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NF-kB >

Figure 8. Effects of PD98059 on NF-kB DNA binding activity. U937 cells were
pretreated with PD98059 (1, 5, 10, or 50 uM) for 1 hr before incubation with
LPS (1 pug/ml) for 2 hrs. Nuclear extracts were then prepared and subjected to
EMSA. Positions of the specific DNA-protein complexes are indicated by
arrowhead. Radioisotope-unlabeled NF-kB binding oligomer was used as a
competitor.
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PD98059 SB203580

Figure 9. Effects of PD98059 or SB203580 on NF-kB activation. U937 cells
were transfected wtih p(NF-kB)3-CAT by DEAE dextran method.
Twenty-four hours after transfection, cells were pretreated with PD98059 (50
KM) or SB203580 (30 uM) for 1 hr before incubation with LPS (1 pg/ml) for
18 hrs. Cell extracts were then prepared and analyzed for the expression of
CAT using CAT ELISA kit.
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D. Kinase A &l Aol 9] PAI-1 3 A 2@ Al

PAI-12] SEX} 80| QIASISA MM 2 AR SH=XI &el5t)]
?I5t0d RT-PCRZ2 #&otCH U937 AMZOl radicicol(200 ng/ml),
PDY8059(50 pM), & SB203580(30 uM)E 1 Al2t & Helst = LPS(
ug/ml)E 8 Al2t HM2I5t1, total RNAS =2I5t04 RT-PCRE £ &35ACH.
7 21 radicicol, PD98059, & SB20580 2= LPSO 23 RES = PAI-1
mRNA M&EE AHOIA2H, O AM E2== PDI8059I+ Jt&E ZotACt
(Fig. 10). Ol248t Z W= ERK1/22 p38 MAPK 2% PAI-1 RA XIS L&

ol S8 Igs 3oLt O &= ERK1/22 23 40| p38 MAPKEL
5.

A

PAI-1 REXtSl 23t AP-12 241t 23d & 0|2 XEI|ES
Z0tED] ?ot elatst e MolMISS ALE0t0, AP-12] DNA Z &0l
CHet Sdets Agottt. O 210 elatsl 24 Mol S0l PAI-1 & X2
230 Olxle dgite = UE ZWE ZRULH. 24 radicicoldt

PD980592] 22 AP-12/ DNA 28 gd= I ANotA2L, SB203580

2= sdol= B, p38 MAPK= 0lefet J|sBte =des

AP-12 2d0il= S&0| ofgt 8te,

PAI-12] REX L& S AHE H2=2 20t SB203580& AP-1-HIEHR

ol AZE Sole PAI-12 |SAEX €E8S ZESS AIAIEHOH ERK1/21t

A ZO0t2D] ?I6t0 ERK1/2 B2

.1 Z1 PDY80S9=E E

HOAEFHCZ AP-12] DNA ZE E4dES AN S =g = AUCHFIg.
12).

AP-12| 40l CHE ERK1/22t p38 MAPKSl 2teadE 2 Eotd 0l &
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SHEEAS0l AP-12 HAF24d0l OlXl= Fg=s =02lot)| <ol

ol

AP-1ZE22E Jt& HHE U937 MZO0l transfection AIZLCH
Transfection 24A12F & PD98059 (50 uM)2t SB203580(30 uM)E 1AI2+
A XMelotd LPS(1 ug/mlE 18 Al2t Melot&Ch NMEZ FE22 228t =
CAT ELISA kitE 0I85t0d CATY M4 22 =FE 2t P

ol 2ol R=Zl= AP-12) HAEAEES 260 SHSIA2LE SB203580
2 O AN &b HJACHFig. 13). [MetMd, AP-12 MAISTE A0
ERK1/2 Z2Jt O SRS & == UALCH 0lc48 Z= AP-12] DNA 2
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Radicicol PD98059 SB203580
LPS - + + + +

PAI-1 -

Figure 10. Effects of radicicol, PD98059, or SB203580 on PAI-1 gene
expression. U937 cells were pretreated with radicicol (200 ng/ml), PD98059
(50 uM), and SB203580 (30 uM) for 1 hr before incubation with LPS (1 pug/ml)
for 8 hrs. Total RNA was then prepared and analyzed by RT-PCR.
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LPS - + + + +
Radicicol - - + - -

PD98059 - - - + -
SB203580 - - - - +

AP-1 >

Figure 11. Effects of radicicol, PD98059, or SB203580 on AP-1 DNA binding
activity. U937 cells were pretreated with radicicol (200 ng/ml), PD98059 (50
pKM), and SB203580 (30 uM) for 1 hr before incubation with LPS (1 pg/ml) for
2 hrs. Nuclear extracts were then prepared and subjected to EMSA. Positions
of the specific DNA-protein complexes are indicated by arrow.
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Figure 12. Effects of PD98059 on AP-1 DNA binding activity. U937 cells were
pretreated with PD98059 (1, 5, 10, or 50 uM) for 1 hr before incubation with
LPS (1 pg/ml) for 2 hrs. Nuclear extracts were then prepared and subjected to
EMSA. Positions of the specific DNA-protein complexes are indicated by
arrowhead. Radioisotope-unlabeled AP-1 binding oligomer was used as a
competitor.
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PD98059 SB203580

Figure 13. Effects of PD98059 or SB203580 on AP-1 activation. U937 cells
were transfected wtih p(AP-1)3-CAT by DEAE dextran method. Twenty-four
hours after transfection, cells were pretreated with PD98059 (50 uM) or
SB203580 (30 uM) for 1 hr before incubation with LPS (1 pg/ml) for 18 hrs.
Cell extracts were then prepared and analyzed for the expression of CAT
using CAT ELISA kit.
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O0l2 S0t tissue factorl mRNA Z& 0 S L&t S 2 +H&= &0olg
= QUALCE Tissue factorll FEXNLS0N NF-kBII =R0ICt=E AtAE2
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T, ERKT/201 28t MSHEL0] SRES EOIGHRUCH. WESH st &
852 |RL0l= fibrin clot2l dd XA fibrin clotel MHAIARS A

MNiote 2101 =RK06tC Fibrin clot2l MH= d&Z M2 OHIIXZ

i
ro

protease cascade0l 2o &SIt EZEIH L HCH13). Serine protease
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1. Endotoxin2 HAIE XMl NF-kB2} AP-12] E4E ZIIAIAH, EX 9
MAO =28 tissue factoret PAI-1 S& X2 &&= SIHAIZL.

2. Protein kinase A HIHI=2 endotoxinOl 2|8t tissue factore PAI-1 &
Mo U&= AMGHUCE.

3. Protein kinaseF M HI =2 endotoxinOll 2/t NF-kB2t AP-12| 242

= Xl ot ALk
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