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Effect of Thrombin on the TNF-a Induced
I1-6 Production in HUVECs
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Abstract Here, we evaluated the effect of thrombin on the interleukin-6 production induced by tumor-necrosis-factor-a in
endothelial cells. It is well known that tumor-necrosis-factor-a mediates inflammatory responses by activation of
nuclear factor-kappa-B in endothelial cells. Here, we showed that lower concentration of thrombin decreased the
production of interleukin-6 induced by tumor-necrosis-factor-a and this inhibitory effect of thrombin on interleukin-6
production was mediated by interacting with protease-activated-receptor-1. In addition, phosphoinositide-3-kinase
was also involved the anti-inflammatory responses by lower concentration of thrombin in endothelial cells. These
results suggested that lower concentration of thrombin mediated anti-inflammatory responses by interacting with
protease-activated-receptor-1 on the cell membrane and phosphoinositide-3-kinase in the cell. These findings
will provide the important evidence in the development of new medicine for the treatment of severe sepsis and
inflammatory diseases and good clue for understanding unknown mechanisms by which thrombin showed the
pro-inflammatory or anti-inflammatory activities in endothelial cells.

Keywords: thrombin, TNF-a, HUVEC, inflammation, PAR-1

EENe A3 nAAdA 71 2% @A =, o
AL vBdo s ABAA o] W Wl of
] o

, 5
, Ao, AIZAEAY Folf HAgTt [1-7]. EFH
oM BolFe 4% F2 WATAE, ¥4
HNEE ZHshk= 8ol &3 [5, 7-9].
EW2 G protein-coupled receptors (GPCR)F
Q] protease-activated receptors (PARs)E &2l
|ote] B3A8-g B8 AF MEAES 2

’Eﬂﬂ,o?ﬂgi

A
K
ulls

It

LN R

oL
_):l_l‘

*Comresponding author
Tel: +82-53-819-1420, Fax: +82-53-819-1272
e-mail: moonki@dhu.ac kr

[10-11]. @A7A] 47F4] F59] PAR (PAR-1, -2, -3 T1&]
I -4)0] BEFEH), PAR 5842 Ngdho] Zggo]=
of o3 ZejA= F-7F 22 ¥l [10-12]. PAR-L,
PAR-3 18|31 PAR-4= EER], 7H14l G 18]l3 EF
Aol o3t =849 ¥ [13-16], PAR2E EHA, EY
Ho]=, ofm gl ]z N34} F Xa9l Vilaol
sk S=gA o)Ak EFRlY M e #hE-& 3HA] e
T} [17-21]. PAR-1¢] EERY] 82 Ae| gejzl &
[15, 22], PAR-1 &A1& 55t EEHIO o3 A A=
2HE o8 Eof, EPUIHEE Y| Fi) e
2H, "R, AR 1o WA et oigh
28 ol ¥R [23-30].

E&Z4lo] PAR-19] NETHE-9|o| A%lsPd PAR-12] 419
oot 2] (Arg)® 421 oAt 7] (Ser) ARele]
Hepo|= Z3he EEVIO] AHE 0 2H4 PAR-12 &487}
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€k [11-12]. o]9} 2 FATAURE-2 PAR-19] 67]9]
loop & 294 loop (o174t 7] 2481 ~268) 9} Abs
Z+8-3]= tethered ligand 2 427 A2 BYE w54
2T} [11-12]. PAR-12 of2] 223} AIE IS o), vy,
AREAL, G40, AEANE, HEIAZ, 7E e
I FHO FAT A o] =1 T} [15, 31-36). Bgt
ohiz), A2e) AFATE W% 13T HejERes
PAR-1°] P#zad7150] Yrke AL RelFAT [2.3],
73290 A1) FHel|A], PAR-1-S FTRTM A $
o] BA%, SUATINE BEuhgo] Yoluhe RolA
PAR-19] &do] S71EIT} [37].

TNFo 954182 Jo7le AlolE7leldl), 72 &
38k tiAA A Aol Em, MR, YA T8
I HTAFME o] H} [38-39]. E3), TNF-0
WA Z A NF-kB (Nuclear Factor Kappa B)2] 43}
£ T3 dFNheS Yot AL F g ARSI,
TNF-o= @555 TYElE 48 71X ¥ 98 B9,
FriEl: B g, 24, 289 a3 G300 B £
2 bdo] "o} [38, 40-42]. TNF-0= TNF-o 48|91
TNFR (TNF Receptor)|E3Q] A3 HE71AL E3) A
ARIAIR] NF-kBE B/J3HA170th [38-39, 43-45].

FHe] 29 A7dlA EERIO] PAR-19] #4318 &
g E5HheS dozitty RuEer), £33 EENS
HUVECs (Human Umbilical Vein Endothelial Cells)A|3E
WX BEE FEshs F-397%1 IL (Interleukin), A37R1AIQ)
EGF (EGF-like Growth Factor)?} PDGF (Platelet Derived
Growth Factor), M523 (CAM, Cell Adhesion
Molecules)Z E-selectin, P-selectin, intracellular adhesion
molecule-1 (ICMA-1) Z18]3 vascular cell adhesion
molecule-1 (VCAM-1)9] H&-& F7MA71T} [8, 46-49).
EFNL @3S Yoz Bl olyz), P
of thet Mo B2 g oS o zH AW
o2 doXt} [50]. 2y ol9} 2L EEN] HEH
HhE2 BF H4 1 nMoMde EENIC] wWrlshes
Soltk. #2e $2= HUVEC AEAA ASE (25 pM
~50 pM)°] FEFES FEAZIT= AL Hasty
=, 97)dle AT B, ez}
of ek BT 23 B o)F A, 12T AEREG
Ao BAAS Fol XA [51]. WA o] =R
Me AsEe EEHo] #4 TNF-o/} Wi7lske IL-6
A7 2R oW JFFE MAEAE 7EHT. 2
A7, TNF-ai= HUVEC M ¥4 NF-kBo] 8A43= &
sto] IL-6 Fraxte] LS mAsIgn, Asze EEW
< 7 A=)ehd TNF-a7} "i7)3ke IL-6 fazte] wao]
A e Ag BTt #ak oplg, ol9} 2o A%
= EEHo] wiste JAFEHN-SE X
%= PI3-Kinase7} #d3le AL 813tk 2#)A TNF-«
o &l FEEHE FFW-EM Here EEulo] B
T FHTaHE B, 450 fuEe 42 28

X7 XNBFREHEN AL EENS] O a3
7} g Aoz rudn.

M2 L e
HElx=

TNF-ai= R&D System (Minneapolis, MN, USA)°]A]
TI5k AM3ITE EEWR PI3-kinase2] As)AQ) LY-
294002+ Sigma (St. Louis, MO, USA)oIA 3} AL
31T NF-kB A 3|41 CAPEE Calbiochem (San Diego,
CA, USA)ollA T9l8le] ARE-3I5AH PAR-1E 75302
A3l A9l Blocking PAR-1 (B-PAR-1)3} thETOE
A oFF 7]%5°] §l= Non-Blocking PAR-1 (NB-PAR-1)
34| Santa Cruz Biotechnology (Santa Cruz, CO, USA)
oA FAste] ARSI

HIZuH2k

o 2RE 2 Felg UjuH| 23] HUVECss-2 Cambrex
Bio Science Inc. (Charles City, IA, USA)olA 7438}
ARSI B WH-L o] el A7e WHUIE w8l
t} [51-52]. HUVEC= Al 31993, passage number
£ 30X 5HALole] MEE AMSEIAT

IL-6 ELISA (Enzyme-Linked Immunosorbent Assay)

Azl @A X2dt & My mg 2o 5
-80Cell RAgI) AE=HE Bold IL-69] 42 SH317]
%13, ELISA #& DuoSet ELISA Development System
(R&D System, Minneapolis, USA)Z3E] 74stn1, 243
WL A ZAL] guidelineol] W} FsPsic). 713] 7l
3P, IL-601 501232 A= T=HE 96-well plateS 0.05%
Tween-20°©] ¥&E PBSE washingd}z AZHE IL-62
3] 413} standard 2 AHE-SI ) FA AL 10 ng/mlLE
A1Z8}] standard curveE ZHTE AE-S 37 CollA 2417
2L S F wellS T ARk 2ol A ZALRRE]
AgEe FAE L3 2087 WLt O] well S A3
3131 71889 (NeA-Blue Tetramethylbenzidine Substrate,
Nalgeneol|A] 7+UHE ¥ &, ELISA readerS ARE-31
450 nmo|A E451ck

EAlxMz|

7+ AYe H4 39 ol AL, ¥ Ade ¥
T+ BEF2AE EA3F AL non-paired Student’s t test
2 278t Pto] 5% PIRHY uf BAIZLE {19 dltia
stk
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Hahlg|HZolM NF-kB2l &4d2l7t TNF-ooll 213 7
E=5E IL-6 2ol olxl= HE

TNF-o7} HUVECA|Z oA E81=E IL-69] &l vIRj=
FS Folsly] Yste] TNF-aS HUVECHI X A3}
ek 1 A7), TNF-a (2, 5, 10 “12)3 20 ng/mL)E HUVEC
AZA Brsle IL-62] 4 55 EHo2 F/HAA
o} (Fig. 1(a)). TNF-a:= WIAHZo A NF-kBE &34
k= olv] 2 LX) ARdolt} [38, 40-42]. 12}4 NF-kB
7} TNF-o0 2J3] HUVECOA #uls= [L-69 vlX=
A FRIsly] 98k, NF-kBE] AA=Z EHA =
CAPE (caffeic acid phenethyl ester, 25 ug/mL)E #|2]3}aL
TNF-oZ &89tk 1 23} CAPE= TNF-aol 2J3] &
T5E IL-69] % 65% ZHAAAT (Fig. 1(b)).
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Fig 1. NF-kB pathway activation is essential for TNF-a induced
IL-6 production in HUVECSs. (a) Concentration dependent
increase of IL-6 secretion by HUVECs induced by TNF-a.
HUVECs were incubated with indicated concentration of
TNF-a for 8 h. The amounts of IL-6 were determined by
ELISA described as “Materials and Methods”. Data were
normalized to those in the absence of TNF-a (control)
and expressed as mean £ SEM (n = 3). * < 0.05 when
compared with control level. (b) Effects of NF-kB inhibitor
(CAPE) on TNF-a induced IL-6 secretion by HUVECs.
Cells were incubation with 25 ug/mL of CAPE for 1 h prior
to incubation with TNF-a. Data were normalized to the
levels of TNF-a at 10 ng/mL and expressed as mean *
SEM (n = 3). * < 0.05 when compared with TNF-a alone.

CAPES @502 Ha & o IL-69] £v 72 o
w317} 9tk ol A TNF-o7} NF-kBo| 84315 T3l
HUVECAIZANAN FEsE IL-65 2T 2 on|3it

sz E£4310] HUVECHIA TNF-o7t oi7isk= IL-6
ol ojlxl= F&

S2le FHo| AsE EFWo] HUVECsS HPAECs
(Human Pulmonary Aortic Endothelial Cells)ollX &E5
7} Yo AL WY [51]. of7]ele WA Ee)
23 BEsk, WE T} ST RAsk o
she AL Aslehe AL TPV [S1]. oL WA
AphsiHze] BRe ol Faken) o] a3 AERE
A (CAM, cell adhesion molecule) 4lE E°l, VCAM
(Vascular Cell Adhesion Molecule), ICAM (Intercellular
Cell Adhesion Molecule) &)1 E-Seletin®] H&AS AF
59 EEVlo] Adshs 71HoE 11 FAFEAE HolE
t} [50-52]. TNF-a%A] NFkB9] E435 53l 4585
£ vifRITHE AL oln] 2 ekl Apdeltt (38, 40-42].
A e AEEe] EEulo] HUVECH XA TNF-o
of ele) §EE= 691 o o] AT HABNSk
71 Z3}, 25 pM 183 50 pM ] EEWS TNF-aol 2|3)
FeHE 65 Adishe 2 ZA 5 AW (Fig. 2).
o] AL olel By Ao} YXsh=H], HUVECHE
oA 25 pM~50 pM B9 EENI0] RAFE JUAF
a7} Axg) [51]. wekA HUVECH XA 25 pM~
50 pM WB9e] EENLE o) Rud I FHTaEA}
TlEo] 4% miAsks AR IL-69] RS Ak
24 AsEe EEe] e FaFEd e A H3U
o B 5t
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Fig 2. Effects of thrombin on TNF-a induced IL-6 upregulation.
Concentration dependent effect of thrombin on TNF-a
induced IL-6 secretion. HUVECs were preincubated with
concentration of thrombin for 3 h followed by incubation
with 10 ng/mL TNF-a for 8 h. The amounts of IL-6 were
determined by ELISA described as “Materials and
Methods”. Data were normalized to the levels of TNF-a
at 10 ng/mL and expressed as mean £ SEM (n = 3).
* < 0.05 when compared with TNF-a alone.
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PAR-10] Msx EE0) 2J8t |IL-6 W& Axof| ojx|
£ 9

153 PAR-1 (Protease Activated Receptor-1)2 EE
Hlo] HUVECHIZAA v]xle= Gk lojx] ESuie] 4=
SA 22X gt EEiA A [11-12]. B3], AEE
EEd0] HoFE FISa Qloixs EERL 34}
PAR-1S B34 1 838 2T} [51]. &, PAR-19]
7155 Sole FAE 9A4 A9 E W, Asx B2
2 ¢ ol FHFaAE RAFR] E3T} [51]. wEA
el Asx EEV] o3 IL-6 & A el
PAR-1°] oJ# &g v]|x]=A] 821517 93l HUVEC
A3 TNF-0Z A2]3}7] ol PAR-19] 82 Asfjsh=
A ANk 2 23, PAR-19 V)5S EfFog
A= 34 (B) PAR-1S A XF3I9E 3%, 50 pM
EEN0) mildhs IL-6 238 dAls BRHFA Zalart
(Fig. 3). 3FA|9h, PAR-19] 71%5-& &30 g X3|slA] &
Ske 3| (NB) PAR-1E o}f-d &3/} Qilch olRL A
TE EENO] 7IXE IL-6 3 A= E0]F 02 PAR-1
< B githe AL vl wEky o] Aah= o)A
o Hid AFs EERe] ke §9583 & Uiy
Azl BE g, Wd8y] YA Eate)] 2alsiar o)%
ke AE Asisks 24 agm AxyEchde) ugs
AA|e}= 2FgEEat olug}, TNF-ad] 3] =5%E IL-6
o] HHE AAsHs 2o E PAR-10] Bedslo] Qlohs A
S AARSH
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Fig 3. Effects of PAR-1 on low concentration thrombin mediated
inhibition of IL-6 production induced by TNF-a in HUVECs.
Cleavage blocking (B) and non-blocking (NB) monoclonal
anti-PAR-1 antibodies (at 25 ug/mL) were preincubated
on HUVECs for 30 minutes followed by incubation of
thrombin at 50 pM for 3 h. Then, HUVECs were incubated
with TNF-a for 8 h, The amounts of IL-6 were determined
by ELISA described as “Materials and Methods”. Data
were normalized to the levels of TNF-a at 10 ng/mL
and expressed as mean + SEM (n = 3). * < (.05 when
compared with TNF-a alone.

PI3-Kinase?l XMsx E&UI0| 2l#t IL-6 & Ao
ojXle 9

2= PI3-Kinase (Phosphoinositide 3-kinase)2 HUVEC
AZENM Az EERN0] 7IX= FGF o] BEEof
UL FHol] Huslglet [51]. mEbA fele Ask E
Hlo] 98k [L-6 TE AAol] 9Jo)A] PI3-Kinase?} oH &
&2 XA 1] sk HUVECHZY] TNF-08
X2)8}7] Aol PI3-Kinase2] A3}A] (LY-294002)8 2]
sttt 2 A3, PI3-Kinase?] 754 a8 oz A3
Sz LY-2940028 A ATSIEE A5, 50 pM EEHI0]
mj7fshe IL-6 2E IAle RAFA] Z3liTt (Fig. 4). ol
AL AEx ESHl] 7IAE IL-6 2 A= Eolze
2 PI3-KinaseE E3) v/t A& ofv|si)

i

3

120

IL-6 Secrefion
{%afTNF-ca}_‘
& 8 =
a Qo [=1

[
(=1

(=}

jun)

n
e

200P62-ATT + UL +

Fig 4. Effects of PI3-Kinase inhibitor on low concentration
thrombin mediated inhibition of IL-6 production induced
by TNF-a in HUVEC. PI3-Kinase inhibitor (LY-294002,
used at 10 uM) was preincubated on HUVECs for 1 h
followed by incubation of thrombin at 50 pM for 3 h. Then,
HUVECs were incubated with TNF-a for 8 h. The amounts
of IL-6 were determined by ELISA described as “Materials
and Methods”. Data were normalized to the levels of
TNF-a at 10 ng/mL and expressed as mean + SEM (n =
3). * < 0.05 when compared with TNF-a alone.

] B ATE AFE (25~50 pM) ESHIS T3¢
842l PAR-1-2 F3|A MEZ R PI3-kinaseE T4
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Z}h 284 INF-ool 9J3) == AFHeoA A%
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TNF-o7} NF-kB2] 843815 T3l A== IL-69 WA
o m|XE F3FS WAL TNF-oE ST A) oA
NF-kB9| &A431E 53l 935S FEAte A& & &
HZ ARot). o] E=EAE TNF-o7} ti/lehe 9528
NA AFEe] EESHIS TNF-o/} A= IL-69] BA %
S TAAIFHI, o7)ole EERIY] 4-8-A4Q] PAR-19] 2§
Stk 21 RIS #iqk o), MlZZule] PI3-Kinase
A Aee EFH] Aot RS 1YY, o]AL
AExe] EEwo] =84?) PAR-12 43171, &4
3}5 PAR-1-& PI3-Kinased] 84318 &3l 5285
HAZOE A8 onjsit). o] Ale & 5 dgF: ¢
g GFATES AT 4 YT Aol Qo] Fa3
GME AZsta ST EAA 0} HESHA BFE %]
A g2 EFRY] EF3E 2 gF2eY 73S vl
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