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Regulation of Tissue Factor and Thrombomodulin on Cultured Human
Dermal Microvascular Endothelial Cells by Herpes Simplex Virus Virus
Infection
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Herpes simplex virus (HSV) causes oropharyngeal herpes simplex, genital herpes and keratoconjun-

tivitis. HSV-infected endothelial cells is a model for vascular injury and possibly the development of
atherosclerosis, erythema multiforme, or Behcget’s disease. In this study, we infected cultured human
dermal microvascular endothelial cells (HDMEC) with HSV. We then measured coagulation factors
associated with fibrinogen accumulation, such as tissue factor and thrombomodulin, in cell lysates and
culture supernatants from HSV-1l-infected HDMEC to observe whether HSV-1 virus induce a pro-
coagulant activity in cultured HDMEC. Thereafter, we compared the results with those of human
umbilical vein endothelial cells (HUVEC). Following the treatment of HSV-1 on cultured HDMEC, the
cytopathic effect was observed after 24 hours of incubation and increased until 48 hours of incubation.
The expression of tissue factor antigen on HDMEC was induced 4 hours after the treatment of HSV-1.
The levels of tissue factor in cell lysates was increased 4 hours after the treatment of HSV-1 to
cultured HDMEC and HUVEC, virtually no tissue factor was found in culture supernatants. The
maximal levels of tissue factor antigen was found at 16 hours after the treatment of HSV-1 in
HDMEC, and 4 hours after the treatment of HSV-1 in HUVEC. The levels of thrombomodulin in cell
lysates decreased 4 hours after the treatment of HSV-1 to cultured HDMEC and HUVEC when
compared to pretreatment levels. IL-la and TNFa were observed at 16 hours of incubation after the
treatment of HSV-1 on cultured HDMEC. These data suggest that HSV-1 induce a procoagulant
activity in both HDMEC and HUVEC. IL-1a or TNFa which is produced by HSV infection may play
a role in the induction of tissue factor and reduction of thrombomodulin.
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Tissue factor= 47kDa2| =P Webil o g A Z3EH
S5 A (procoagulant act1v1ty) = 7H/\] sl=d) "eAol

factor VII, factor VIIaoﬂ 3t &

2 %‘21/} éx—‘,%*f}ﬁl ofsf da HMHLJ} JMQ 4, B4
Al 3 factor VIIH tissue factorZ HEele] T+ E8|4
Ao] 33 %2 factorVII-tissue factor =37} QA= 4
Az ol Axe) So en2A
E% 3 (thrombin) T} iﬂx]e FA3E & protein CE WEH
2Aststo] dY-gar) o Holshe AstE Bx QAE
S sujgman E2d 94 o

mjokst 1A Ahgw W) A3 (human umbilical vein
endothelial cells: HUVEC)o] HSVE ZFIA|7|H, oA
o) prothrombinase B39 XS ZRA|A A A4
B2 =A Ha, ESN o] st HSV 2
SAZe el §Rw 2R Aados sag
HSV e Zollx s SaalA ZollH HSVIF 2=, <
RHSV 4% Bl s W sy duel 202
2O, 3 4152 59 A2t A YA HSV) 49
o s Ee] fdee] BREde SEgel B39 1l 9
B el HSV L e s el Feel Bd e &
T3] E2H 84S Z7147]1M", plasminogen activator S
A2AA UE g e SUAATE naE odn’
3l HSV Z+dA] EnjEE= Aoz 22 tumor necrosis
factor (TNF)+ intercellular cell adhesion molecule-1 (ICAM-
1), E-selectin, vascular cell adhesion molecule 1 (VCAM-1)
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7] 93 712 AgEA B AgoxE HSVZge] njksl
A7 WA Ee Suda 24 7% uAE gaks #F

Stazb ke Q1AIKY vl E# A (human dermal
microvascular endothelial cells : HDMEC)$} HUVECe] HSV
£ AEr & 199G F3F AZALY £4 (immunofluo-
rescence flow cytometric analysis)¥ &4 W EAH
(enzyme-linked immunosorbent assay: ELISA) 0.2 -4 &
Aol #olete a4
7 skl vk

£9] tissue factor®} thrombomodulin<

ERUET
1. HIO[2A HY S

ofxze]7} HAldgo] A FeE AT Vero Al
3 (American Type Culture Collection, ATCC, Rockville,
MD, U.S.A)) CCL 81 &AL R o] &3}l A Euf kS
3l wiA= 10 % Feo} A (Gibco Laboratories, Grand
Island, NY, US.A)& *¥3%3l+= minimum essential media
(MEM)E AH&-8llaL, Algddlio] Vero A7} Agke o
A)1E HSV(HSV-1)KOS T3 (Department of Dermatology,
Faculty of Medicine, Kyushu University, Fukuoka, Japan)&
AEd & AmHy "I deht 93 AR S350
319 w7l FHAZ v, &9 (plaque forming
Eate] mpolH 2~ eAE elsto] AREEITE &
8l®l HDMEC %2 A|X 170 10 plaque forming units
(PFU)9| H]&= HSV-12 7+dA)Zt}h. HSV-19] Y3t )=

TOE 56 Co 9E 3057 ATldte] EEA3AZ] HSV-1
I FHEAY o THE Fowke A28 HSV (HSV-2) G i
& (ATCC VR-739)E AF&-3tth

assay)=

2. HDMECZ2 HUVECS| =2|tHet

Aol TR FH Wl wet HDMECS ¢
ST Aol Z3E 3mm 2|9 AdWo R A 2
2} 0.03 % trypsin (Sigma Chemical Co., St. Louis, MD,
U.S.A) ¥ 1% ethylenediamine tetracetic acid (Sigma)7} &+
% phosphate-buffered saline©. 3 37 Co|A 1057F A &]3t
% scapel blade QWL o] 83le] 7Hzte] AEAE o Aot
wene ulAgee] B Uers 9tk Hank's

balanced salt solution (HBSS)e = =& 35% Percoll
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(Pharmacia Fine Chemicals AB, Uppsala, Sweden)-&212 ¢

el WL 47T, 30,000 < goll A 10£7F Pdsto] L)
£ O e e nAEHe] B4E £ ImE A1
T 400X g2 AL 1557 LA AT 2 1.048 g/ml
o3kl #8 (RN F ekl F7e) M43 e
Azl $7]7 HBSSE A9 400 X gz A-ol|A] 1587
A AN = 2L AAES v gelatin (Sigma) S A2
3t 22 wjkgr)o] Yot epidermal growth factor 1 ng/ml
(Clonetics Corp., San Diego, CA, U.S.A)), hydrocortisone
acetate 1 mg/ml (Sigma), dibutyryl cyclic AMP 5 x10° M
(Sigma), glutamine(Sigma) 2X10° M, penicillin 100 Ufml,
streptomycin 100 ug/ml, amphotericin B 250 mg/ml (Sigma),
30% <14 ABE*o] d¥  endothelial basal media
(Clonetics Corp, San Diego, CA, US.A)E 37C, CO.3F&-7|
oM wjeketity. W EgTIo FAE T 9 dA dnld
(inverted phase contrast microscope)dtollA] o A e] o] v}
EAEES E 458 25A0)A] FARI R A A ST
FElelA A B RAEBHALE Al wjekE AE)

gl
& gl F2-6 Ate] HDMECE A3 AHg-313

fy ofk

2

ARF A RRE FH 7% P wet colla-
genase (Worthington Biochemical Co., Freehold, NJ, U.S.A.)
Aglo e]&] HUVECE el3ksitt. #2lg HUVECS:
endothelial cell growth supplement 50ug/ml (Biomedical
Technologies, Stoughton, MA, U.S.A.), glutamine 2 X 10° M
(Sigma), penicillin 100 U/ml, streptomycin 100 zg/ml, ampho-
tericin B 250 yg/ml (Sigma), heparin 50pug/ml (Sigma) 2
20% $-eo} EA (Gibco)o] H7}1E Medium 199 (Gibco) Bf
b KPS IR R i A 8

Feek] A5 Q9 dulAd o2 kel oM, von
Willebrand’s factor (VWF)Q] &2 H A2 37|18t
9} A Enjk Selo]= (Lab Tek® Chamber, Miles Lab.,
Naperville, 1L, U.S.A)o|A vjF® HDMECS 100 % wgh
Z& 3t 20T oA 1087 A7l F 14002 5)M 3
rabbit anti-human vWF (anti-factor VIII-associated antigen,
Behring Diagnostics, La Jolla, CA, U.S.A)E Y1 3087t
WEg-A17] t}E fluorescein isothiocyanate (FITC)-conjugated
goat anti-rabbit IgG (Sigma)$} 30E7F ¥H-3-A17] 31, W &4
HAu| oz ATt

3. HSV-19] MZ=4 AN

wleksl HDMEC Theo
7k, 16417, 24X)7F, 484

o) s
o
=

B A R8sz Al 6 @ A2 & 1999

HSV-10] o3t AW B35 AEQUTE Ao wfeket

HDMEC 2% HSV-1o] ZdAzl & 994 “'Cr

A At F712 FRE HHERNE BE
= S8l

4. HSVO| ZH=l 2t LT MEZ0IA tissue factorel
thrombomodulinE3d

HDMEC tho]| HSV, 42 E&A 87l HSV, IL-1a,
TNFo 5% A4A% A8 % kad. 7 wellsl o)
PIHAE o} AGAAA G3k 0T Rt
o}9)= HDMEC ©h&S EDTA/trypsin ] g]8te] 43 o}
= APHE 02 % BSA7ZL 3% Hepes-buffers %1 43}
70CeF 37Co 33 wWzol 71 =ZA)H (freeze-thaw
method) 41%2] F A9 wol HDMEC X &3S
FH| &SIt} Tissue factor9} thrombomodulins: Wi Ak )
3} AZ gl Setsict

Tissue factor® Imubind® Tissue Factor ELISA kit (Ame-
rican Diagnostica Inc., Greenwich, CT, US.A)E Al-8-3}]
223tk Kit 9] 7+ wello] tissue factor E5=-894(0, 50,
100, 200, 500, 1000 pg/mD)3} A}7]ol] 7|8t = 1|3l Bj
kAR AL el 247 1205 152 A% 71
22 Y 4T 1647 BjFaT). Kinhel A2 258
Aoz 43 A2 F 7} wello] 13} FAE 100 414 D3 A
LolA IAIZE A A & EAVF BolSlE 23 &
A Par A2oA] 127 w-AI A 48] AlF T 7143
w-S-A)1A T 0.5 M HpSO, 50 ]l /S Hojmg] uhe-8 33
AlZ] & ELISA #E7] (Dynatech Laboratories, Inc., Alexan-
dria, VA, US.A)ZE 450 nmoj|x] B=3lgr) Z3gdoz
EEFAS TE v WA el 2 welld] = gtet
Ak

Thrombomoduling Asserachrom Thrombomodulin® (Dia-
gnostica Stago, France) kitE Al-g-3k 273t} Kit) 2
Zt wello|| thrombomodulin ¥F-89Y (0, 6.25, 12.5, 25, 50,
100 ng/m) 3} A7)l 7143 2 Z0) 8 ek A ez A
X gafe Z2 1203 152 3|A 3% vk 7B 200 41
A g3 Ao Al 2417 wb-gAIZ] 53] A F B g
A7b & FAE S T A2oA 247 9HEAIZ] £ 53]
A Z ok 7143 W-8AIZTE 3 M HaS04 50 1 45 Ho
we] koS Zx|A)7] & ELISA #5%7| (Dynatech) 2 492
oA RESATE BFEAo R FFFAS e O

A4S 7 7 welle] FE BB,
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5. Thrombomodulin FXXIH CHEt semi-quantita-
tive reverse transcriptase polymerase chain
reaction (RT-PCR) 24

1) & Al (Reverse Transcription)

HSVE HAQA|7F 74912171 HDMECO. Z2HE| RNAE &

21319tk RNA 555 243 )2 5.9 total RNAE 6
5 Coﬂ/ﬂ 327t 714 %, 1 mM dNTP, 1.6 ng random primer
E ¥313) 50 mM Tris-Cl, pH 8.3, 75 mM KCl, 1 mM DTT
AZ=g-ol 50 xlofl A 400 Unite] M-MLV reverse transcri-
ptaseE o]&3lo] 37°ColA 1A]7F BESAIATE o7]oA A
3¢ single strand ¢cDNA 1 41%& semi-quantitative PCR £

o AH&3tArt
2) Thrombomodulin®! oligonucleotide primer

8 -actin sense : 5" -GTGGGGCGCCCCAGGCACCA-3¥
B -actin antisense: 3" -GTCCTTAATGTCACGCACGATTTC-¥

Thrombomodulin sense : 5 -GGCTACATCCTGGACGACG-3
Thrombomodulin antisense: 5" -TCCGCACGTGCTGCAGCAC-3

Thrombomodulin sense (nested PCR): 5°-CATCTGCACGGACATCGAC-3
Thrombomodulin antisense (nested PCR): 5" -GAGATGCCTATGAGCAAG-¥

3) Semi-quantitative PCR

PCR2 25,12 10mM Tris-Cl, pH 8.0, 50 mM KCl, 1.5
mM MgCl,, 02mM dNTP, 1xM2| sense9} antisense
primer, 1 12| oA A E cDNAS E3et Mo 1.25
Unit®] Tag polymeraseE H 713t & 94 C oA 30%, 60°Co
Al 30z, 72T A 3029 PCR ZAdA Al thrombo-
moduhn/] A9 35 7], beta-actin®] 7A-$- 27 F7] FoF wt
S A)AT) Abg thrombomodulin®] 73-$-+= 232} PCR (nested
PCR)= 22 Z70A 1,19 13} PCR M5 ©] &3t 27
F7] Zob 23tk PCR ¥H3-E (10 u1)& 1% ethidium
bromide-agarose Aof] A7|GEFsle] wo] HALE ¥|u ¥

ALY,

6. HDMEC 2 AHEHO0IA IL-12 ¥ TNFa 53

IL-1¢0 ¥ TNFe 2 242 Quantikine™ human IL-1¢ &
2 TNFq immunoassay kit (R&D Systems, Minneapolis,
AN, USA)E o] &3l A)g3slart TNFed] 3t BEFe
7L Aeld 22 W gE7]o welld 24 34169 50 11

# 7beba #F §3) HSV-12 X3 5 443 HDMEC

W ¥ A 3£¢] Tissue Factor @ Thrombomodulin A AJ o] ®|X] &= <f gk 85

S 717 200 414 A5 The A e 247
338] A28k} Horseradish peroxidase”} H-2-¥
IL-1¢ 32 TNFg o] W3t @225 242 200 08 7}
gk & Aol A A7 w87 a1 38] Al F et 7] E 2
12.5ml¢] hydrogen peroxide®} 12.5ml2| tetramethylben-
zidines AHE- 1524 E39 F 7t wellel] 200 114 2 5
2 80| A 205—71- vk2-A)A T 2N sulfuric acid 50 1 ¥& &
ojrey] W& FX|A|7)aL ELISA 7] (Dynatech) 2 450
nmol| A Z} Welloﬂ/\1 Hliﬂﬂ‘{— P e g 27 =459tk
=rE A 01

H

Zrow kgl o

8 e
7. BHAHz)

Aaste) fede 954 RE 29 2% (Wikowon
239 2lge] B4 (repeated
measure of analysis of variance) ©. 2 7353}53 a1 pate] 0.05
ulked w fogk A oR skl

signed rank test) % WHE-

Z 1

1. Vero MIE H{AZ

10% SHiol ¥H& L¥et= MEM iAol A W53 7
ko] Vero MEZ #FF 5 oM, Vero HEo] 107
PFUS| HSV-1 ] ¥ gubde] 248 A8l A2
A aas B3 9

2. HDMECO| CHgt HSV-12| MZ=4 St

tlo

e

HSV-1 XX 7t wl& HDMECS] H & E &4 244
729 2407 TR A EY 535 e o 48/\1711 &
7R Z7)8kein). *'Cro] 2-2¥ HDMECe] HSV-1 %% &
T AAYY WEEe AR 4= A3 A3 AA
ol Hlell A= 164774 FEl3 A 54 o] BEkw] A
Yot A A| 24A7F B 24 & BATAH O R {3 A E
EAS Ayl om 48X)7F ToE 429 %R ©% Z7)at
itk

3. HSV-1 ol 2/t HDMEC &

atglo] W sl

M tissue factor

HDMEC®) 10° PFUS] HSVE H7|3}a 447} njokal &
HDMEC 39 tissue factor 32| ¥Wao] Aok G H )
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HSV-2 A% 3% tissue factor g¢e] o] FEH AT}
(Fig. 1). HSV-12 AX|3} 31 16A]17F Hjkgl Tol = u) ok 44]

7ol v tissue factor &hele] F5idt WslE A& 4 ¢l
9t} WD G AL EMA A=FElA] & HDMEC
d] H)3] HSV-1 *=x] & 28.2 %< A EZoA] tissue factor &
o] WS #AFE = 99U} (Fig. 2).

4. HSV-1 Ziei0l O3t HTATME bier AN

M 28ULH tissue factor Sl H3}
HSV-1 7% & HDMECS] A3 83 tissue factor &}

Ae] Fo] AA| A 34.93 pg/mlo| 4] 127.18 pg/ml = F20]
Zs1sk90m, T-1¢ 2 TNFo A% Zo= 77 116.11
pg/ml, 132.29 pg/mlE =713k et wj ok Al Aol A
= HSV-1 A& A& A< tissue factor ol S &

25} 2

8k 4= 919JT} (Table 1). ELISA A 10° PFU] HSV-1

W

1 Unstmulzted
TETE HEW-1
Al H 32

1 THFa

€
%

SR

T

E ? E
o 2 B e =
2 HIE S
ek =
5 :
[@]
|
s
0.0 AEEE S
TF ICAM-1

Fig. 1. Regulation of the expression of tissue factor and ICAM-1
on HDMEC by herpesviruses. HDMEC were treated with HSV-1,
HSV-2, or TNF ¢ for 4 hr and tissue factor and ICAM-1 expression
was assessed by ELISA. Data are presented as mean *=SD, *
p<0.05 vs untreated HDMEC

B A R8sz Al 6 @ A2 & 1999

A ] 4A)7F Fol HDMEC A| X &af|9lof| 4] tissue factor 3F
o] <ko] o3t Zrletith IL-1 @, TNF @2] A% Zoj
= FReu 4= B4 HSV-15 AR o=

frolgt Wkt gloleh olelgt Fe-E HUVECOA &
ZA3Th (Fig. 3). vl AA H o x| = HDMEC3} HUVEC

Table 1. Induction of tissue factor antigen in cell lysates and
culture supernatants of HSV-1-infected HDMEC

Group Supernatants Lysates

Control 0.911+0.66 34.93+4.58

HSV-1 2491055 127.18+30.68*

IL-1a 1.57%0.75 116.11+10.44*

TNF a 2301038 132.29+7.74%

HDMEC were treated with HSV-1(10° PFU), IL-1 (100 Ujml), TNF
(100 U/ml) for 4 hr and tissue factor antigen was assessed by ELISA.
Data are presented as mean £SD, * p<0.05 vs untreated HDMEC

{60 *
 HOMEC
140 HUVEC

120
100
|
B
40
20

FET HSV-1 H- HS'u" =T  TMFw

Tissue Factor{pg/ml)

3

Fig. 3. Effect of HSV-1 on the induction of tissue factor antigen in
cell lysates of HDMEC and HUVEC. HDMEC and HUVEC were
treated with HSV-1(10° PFU), heat-inactivated HSV-1 (H-HSV-1),
IL-1 2 (100 U/ml) or TNF¢ (100 U/ml) for 4 hr and lysates were
obtained by freeze-thaw method. Total amount of tissue factor
antigen was measured by ELISA. Data are presented as mean=*
SD, * p<0.05 vs untreated HDMEC

Fig. 2. Immunofluorescence flow cyto-
metric analysis of the expression of
tissue factor and ICAM- 1 on HSV-1
infected HDMEC. HDMEC were treated
with HSV-1 (10° PFU) for 4 hr and
ICAM-1 (A) and tissue factor (B) expres-
sion were analyzed by FACStar. black
line:control using irrelevant antibody,
green line: unstimulated HDMEC, red
line: HSV- 1-treated HDMEC
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H5ol|A] tissue factor S Aol #ET & glUvh(Fig.
4).

HUVEC A £ &aflo X HSV-1 %] & ufjEA| 7] uf
£ tissue factor 8F] WgE B 10° PFUS] HSV-1 ]
4217F o] =] A 18.71 pg/imle]] M]3 97.18 pg/mlo 2 3
Ao 2aldelrl 16417 ol 75.37 pgiml, 244]7F o]
4524 pg/mlz 2}& 7+4319ith v HDMEC A2 g8
oA AX & 34.93 pg/mloA HSV-1 %] 4A|7F Fo
127.18 pg/ml, 16A]7F 3=o] 188.41 pg/ml= ZthX|ol] 2}
o} 24A)17F Toll= 67.65 pgimlE HAEE oS Hol
HUVEC©®|] H]|&] tissue factor AJAJoke] <k7F @Welsr w3l v}
& EA AEE AT BATH(Fig 5). vk A Aol A
o] AR A7k WE Wgte U Agolet & ou|= g%
o1}, HDMEC % HUVEC R5olA #2] 4417k Fof] H1)
A& Rt} (Fig. 6).

5. HSV-1 20 2lst &2 LHTIHE Hiek Abal) o
MZ 1%L thrombomodulin & i35}

A4Z81A] 25-e HDMEC A3 83 Hojx] 725+ throm-
bomodulin gHg)e] ke w2 AQIr}. ELISA ZAMY 10° PFU
o] HSV-1 *X| 4A17F ZFo HDMEC A fafd oA
thrombomodulin &g 2] <ko] FolatA ZHAasksict IL-1a &
TNFa 2| A= Fo & 97k 744319 a1, HUVECOME Fd
g FE Blov BASHH fodL gtk 4= BEA

10 ¥
m HOMES
— & 1 HUVEC
E
= B
2
[
o
M
1 . :
1 *
o " I
0 I . m I _
REST HSW-1 H-HSW-1 IL-1o TMF

Fig. 4. Effect of HSV-1 on the induction of tissue factor antigen
in culture supernatants of HDMEC and HUVEC. HDMEC and
HUVEC were treated with HSV-1(10° PFU), heat-inactivated
HSV-1 (H-HSV-1), IL-1 (100 U/ml) or TNFo (100 U/ml) for 4 hr
and supernatants were harvested. Total amount of tissue factor
antigen was measured by ELISA. Data are presented as mean=*

SD, * p<0.05 vs untreated HDMEC
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Fig. 5. Time course of HSV-1-induced tissue factor antigen in cell
lysates of HDMEC and HUVEC. Following the treatment of HSV-1
(10° PFU) on HDMEC and HUVEC, total amount of tissue factor
antigen was measured by ELISA after 4, 16 and 24 hr of incubation.

Data are presented as mean®S8D, * p<0.05 vs untreated HDMEC

i * & HDMEC
-T— HUVEG
E i}
o
% ¢ .\\
o al .
5] i
L+ s
-
2 4 : ~
o Ed -,
) L
- - e
2 3 —— N
» e +
a E 3
a 4 B 12 16 20 2
Hours

Fig. 6. Time course of HSV-1-induced tissue factor antigen in
culture supernatants of HDMEC and HUVEC. Following the
treatment of HSV-1(10° PFU) on HDMEC and HUVEC, total
amount of tissue factor antigen was measured by ELISA after 4,
16 and 24 hr of incubation. Data are presented as mean+SD, *
p<0.05 vs untreated HDMEC

3} A|Z) HSV-12 AA|A o= folgh Wisks #2e + ¢ldd
o} (Fig. 7). A<t 247 Ao A= HDMEC3 HUVEC F.5o|4|
thrombomodulin &-1e] 4L #H23 4= glQlv} (Fig. 8).
HDMEC3} HUVEC A3 g8 oA HSV-1 =] 3 wj<k
Al 7¥e]| u}-E thrombomodulin &-¢12] W31 2 HSV-1 * ]
A 1221 ng/ml, 123 ng/mloA] 10° PFU] HSV-1 %] 44|17}
Zo| Z+7} 10.5 ng/ml, 7.6 ng/mlE HA X o] EEIT| 164]
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Fig. 7. Effect of HSV-1 on the induction of thrombomodulin
antigen in cell lysates of HDMEC and HUVEC. HDMEC and
HUVEC were treated with HSV-1 (10° PFU), heat-inactivated HSV-1
(H-HSV-1), IL-12 (100 U/ml) or TNF ¢ (100 U/ml) for 4 hr and
lysates were obtained by freeze-thaw method. Total amount of
thrombomodulin antigen was measured by ELISA. Data are

presented as mean+SD, * p<0.05 vs untreated HDMEC

N HOMEC
1 HUVEC

J | | | ‘

'?E&T H3V-1 H-HSV-1 IL-1a  TNFao

)

i

Thf{lffthnrr‘odulin'nc;-"r"ll

Fig. 8. Effect of HSV-1 on the induction of thrombomodulin
antigen in culture supernatants of HDMEC and HUVEC. HDMEC
and HUVEC were treated with HSV-1(10° PFU), heat-inactivated
HSV-1 (H-HSV-1), IL-1 ¢ (100 U/ml) or TNF ¢ (100 U/ml) for 4 hr
and supernatants were harvested. Total amount of thrombomodulin
antigen was measured by ELISA. Data are presented as meant

SD, * p<0.05 vs untreated HDMEC

7t T 12.7ng/ml, 11.1ngmlE FAXE 313130 T} (Fig.
9). vk A Mo x| XA 7o) whE thrombomodulin 3+
A Folet s #Ee £ gl9it) (Fig. 10).
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Fig. 9. Time course of HSV-1-induced thrombomodulin antigen in
cell lysates of HDMEC and HUVEC. Following the treatment of
HSV-1 (10° PFU) on HDMEC and HUVEC, total amount of thromb
omodulin antigen was measured by ELISA after 4, 16 and 24 hr

of incubation. Data are presented as mean®SD, * p<0.05 vs
untreated HDMEC
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Fig. 10. Time course of HSV-1-induced thrombomodulin antigen in
culture supernatants of HDMEC and HUVEC. Following the
treatment of HSV-1(10° PFU) on HDMEC and HUVEC, total
amount of thrombomodulin antigen was measured by ELISA after 4,
16 and 24 hr of incubation. Data are presented as mean=SD, *
p<0.05 vs untreated HDMEC

kb, @A) WSk HSV-12 AX% HDMECHA
thrombomodulin - 2}e]] t]8F RT-PCR-S A|3§3l A3}, &
E lanedl|4] 3 200bp Z7]2] DNAEHE S Hjlom, &
2 Qe Ha) BE AR TN BEe| Aol $2Y 5 ¢
oIt} (Fig. 11).
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Fig. 11. Analysis of RT-PCR product of thrombomodulin in
HSV-1-infected HDMEC. (A) thrombomodulin mRNA, (B) 4-actin
mRNA. lane 1: Unstimulated HDMEC, lane 2: lipoploysaccaride
stimulation for thr, lane 3: heat-inactivated HSV-1-treatment for
1hr, lane 4: HSV-1-treatment for 1hr, lane 5: HSV-1-treatment for
4hr.

7. HSV-1 MX| £
E‘:I TNngl o

HDMEC HYSF AMAHOIM IL-1a

HSV-1 #%] & HDMEC ek A dox] A2 IL-1a
9] FT = ek 164 7F & 15.33+2.08 pg/ml, TNF ¢ &= #jj ok
16A]7F 3 HDMEC #joF A olo]A] 32.14+0.77 pg/ml 2
A& T (Table 2).

Table 2. Induction of IL-1«¢ and TNFa in culture supernatants of

HDMEC by HSV-1 infection

Group IL-1a TNFa
Unstimulated 0.11+0.13 0.78 + 037
HSV-1-stimulated

0 0.09 =+ 0.04 1.4 £+ 0.59
1hr 0.07 =+ 0.04 2.63 + 1.56
4hr 0.08 + 04 2.65 + 0.73
16hr 1533 £ 2.08 32.14 + 0.77*

24hr 0.12 + 0.09 149 £+ 1.35

Data are presented as mean £SD, * p<0.05 vs untreated HDMEC unit:
pg/ml
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