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DV, % #UR 3 HUVEC, [ % xt P8 41 # # DL RPMI 1640 55 3%, J A 28 J8 3+ 2R A -8 (CCK-8) 3 Il & DV, R Fe v fo R 44 J5 6,12,
24.48.72 F1 96 h W 4AfELVE M . & WL MOI=2 8§ DV. % & =% 4 20 L, B 0 Xt B 41 B 4 UL RPMI 1640 ¥ 70, FRE)E 6.12.,24 .48,
72.96 h 2 Bl & F R 40 HUVEC. XK it X 48 A M 2 40 fl R B VCAM-1 &3 A F ;% A RT-PCR 3% #: 0 40 g VCAM-1
mRNA #FAF, 450 SHE MOI=2 B @M E T MG EAMLZR BRI E X, DV R R T UE# HUVECs
H VCAM-1 mRNA #94%,96 h W4 A o, 5 Xt A LA B F W Z R (P<0.05), ¥, EHREST HUVEC £AKE VCAM-
1 mRNA # 5, % 12 h A B R &%, 12~48 h XX B B F & T H A 6 17 (P<C0.05), DV, &% HUVEC /&, VCAM-1 & & k%
7 12~72 h B E & (P<<0.05) . 5 3 B 440 th £ R A S ¥ &L (P<0.05), 45W: DV, &% E#H HUVEC # VCAM-1 mRNA
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Effect of Dengue virus infection on expression of vascular cell adhesion molecule-1 in human vascular endothelial cells
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[ABSTRACT | Objective: To investigate the effects of Dengue virus 2 (DV,) on the expression and secretion of vascular cell adhesion
molecule-1 (VCAM-1) in human umbilical vein endothelial cells (HUVECs). Methods: HUVECs were primarily isolated, purified and
cultured. Cells of 2-3 generations were infected with DV, with different MOI values (1,2,4,8 and 16). HUVECs cultured with
RPMI1640 medium were taken as negative control. The viability of HUVECs was assessed by CCK-8 assay before and at different time
points after DV, infection(6 h, 12 h,24 h,48 h,72 h and 96 h). Flow cytometry was used to detect the VCAM-1 expression in
HUVECs. The expression of cytoplasmic VCAM-1 mRNA was assayed by reverse transcription-polymerase chain reaction (RT-PCR).
Results; When the MOI value was 2, DV, had no significant influence on cell viability compared with the control group. DV, infection
significantly promoted the transcription of VCAM-1 mRNA compared with the control group(P<C0. 05). The expression of VCAM-1
mRNA peaked at 12 h after infection and remained at a higher level within 96 h(P<0. 05). The expression at 12-48 h after infection was
significantly higher than that at other time points(P<C0. 05). HUVECs hardly had VCAM-1 mRNA expression under normal condition.
The expression of VCAM-1 protein was significantly increased at 12-72 h after infection compared with the control group (P<Z0. 05).
Conclusion: DV, can increase the expression of VCAM-1 mRNA in HUVECs, which might be one of the important mechanisms for
elevated vascular permeability and plasma leakage after DV, infection.
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BHRE (DV) Il E 9] B % # (dengue fever,
DF), & & W Kk B N & # I M 4 (dengue
haemorrhagic fever, DHF) P & & # Kk 7 2% & 1E
(dengue shock syndrome,DSS), H ' DHF/DSS
T W) S A b A R I SR 8 U AN 4 B I I 3R 98 U
T A LR O M T v st R O o A Y 2
EJR A2 (L DHF/DSS [ A LK JE e AR

AT 0 3 1) 6 g Tt A A4 40 S % T AT 1M A8 19 B A
J ek B ek gy Wik — LERE I 4y 1 2 RO BT 5
E A1 M 0 58 4 38 R0 JORE I N 1) R AR L I PR
FUR L B M3 R KT 6 A A A B 4 -1
(VCAM-D) 55 DHF 5 75 LR 1 ™ 3 3%
VI OG . AH2 KT DV H 8 4L o0t I8 A K 4i i 3¢
T & B 70 5 VCAM-1 33k 1) 52 W J A8 1L 05 s Al
HR I R A GRS S8 AT AE L DRk, AR AR 5T DV
FHERH M T VCAM-1 K& 21, 5 i — 2 56 3%
DHE/DSS 1 2 ¥ I F1H I 8 % 9 AL ) 2 A 22

ASHIEFE LA T 8 Jik B2 40 8 (HUVECs) 2 BT 58
RE RV S R 2 B (DV,) 7E 5 HUVECs A H.
P R v 6 B 43 1~ 26 38 1 AR AL TR IR AR Ak 77 AR 1
I RN B W DV G 1 I8 A B2 A i 2 e 2R
7. DHF/DSS 1) 9 B o 16 4 F 34— 5 1) 52 4
WHE

1 #HRFEE

1.1 ## DV, br#i#k (New Guinea C ¥k, NGC
B Ay AR BOBE 2 VR AE SR B 0 2 S B VR A L
TGN 2X 10" pfu/L . FISCHHIC(C6/36) 4 i
B A B0 = KB AR RN A, B A2 /N 2B s I T
BUMN Y2 A A7, RPMI 1640 557756 B A
fil A1 HEPES ¥J°4 Gibeo 2w /™= i, 4 vk Foal -
8(CCK-8) N H A [F A=A 2= B 5T 77 kb . TRIzol 1
M B R AR, RT-PCR XA &0 L g
R A A P2, VCAM-1 il B-actin 514 t b 5% 2§
HREA T AR AL A BB RO M e
Bt i BHE A, SABC ey 414k e 0l 57 £ b 5l
A F P, BB DV, IgG i i 7 o A 2o
EHl %, FITC Aid - EPLR 1gG 4 Sigma 2 A 7=
i, VCAM-1 26 HTAR 7 & (FITC Axid) 18 B 2%
BD A,

1.2 HUVECs #9458 535  HOH L4 20
em.0. 125 % JEE 0. 01 % EDTA ¥ A4 ¥ #E 3 W5 1L
%, N HUVECs 410 v 73 25t 9 5 4m i, 2 0
DU M 20 6 FCS K77 (20 % FCS.RPMI 1640

B 72 ¥ HEPES 5 mg/ml, L-#3 & W% 30 pg/ml, 7
% 100 U/ml FBE S 5 100 pg/mb), 8T 25
em” Hr TR P, 37°C AR R 2 Bl 596 COL 46 A K5 J%
B IR 3~4 d J5 AR i R G EE AR K A 80 %6 ~90 Yo il
WA AR, ERRERKRIFM 2,3 140 M k47
SHG . ABC B RS VR AR I 5 b VIR 7 AR DGR
1.3 DV.x HUVECs #9 & 4 ¥ HUVECs &
BRI TR A X 10" /mD 2 Bl m A 6 Bt 96 LA I,
24 h JEEEHUR _EY 5y 2 A1, BEXE R 4LR DV, 41, DV,
T H(MOD 73 &N 1.2.4.8,16, &R 41 80
12 4L.2 h JaWe i 85 92 . 0 4 % FCS 1) RPMI 1640
T IR WRESL 130wl BIPEX HESL o oin A RPMI 1640
BigRl, R 6.12.24.,48.,72 F1 96 h, HH
3 96 FLBR. W B IR M. G FCS 1) RPMI
1640 H 3R 100 pl, JF T 5256 % L7 5l A CCK-8
WA 10 pl,37°C4RLEMFE 1 h, L HE 450 nm B K, IF
PA 655 nm KA S B, 7 i IR H 25 A 4B E O
(DA,

1.4 VCAM-1 mRNA % & # RT-PCR #
HUVECs 8 T 25 em* (#5751 , 24 ~48 h J5 1§
a0 AW S, DV 4 LUK 25 MOT=2 K DV, i B¢
VR T AN M, X AL DL 4 W FCS 1 RPMI 1640 K
FWABHREW .2 h J5,DV. 41 PBS ¥t 2 Ik Lk
WS B s B . SR JE PR AL B N NGB I 4% FCS 1) RPMI
1640 ¥ 4 ml, X} EZLA DV, 410 & AN I E) )5,
0.125% B : 0.01% EDTA 4L, Eif,200X g
B 5 min, SO0, RNA $2 BT 4% 18 Gibeo i
G U0 P R R D BRAEAT . $R I RNA UL
HI 20 1 DEPC b B ik (1) K 35 fif L 0 FH 58 oh oy e %
TR Dogy/ Dogo HEAT 8 RNA 2185 & & il 5, s
REE 3R MEE, WM PCR #1E D B
ZHRARAF GV P EIT, VCAM-1 L5k 5'-
CTG AGA GTG TCA AAG AAG GAG-3', N5l
Yl 5'-TGG CAG GTA TTA TTA AGG AGG-
3, VR BK N 278 bp., [ BE Bactin N
W2, BS54k 5'-ACC CCC ACT GAA
AAA GAT GA-3'. FilE51¥ 4 5'-ATC TTC AAA
CCT CCA TGA TG -3", Ky 8 i Bt KN 114 bp,
PCR RMNAKFR N : Taq W 0. 4 n1.dNTP 0.4 pl, HJ
BN LRSS 1 pl WS Bractin b FUFTI) %
1 pl. PCR Buffer 2 pl. H, O 12, 2 pl, 1 4,
VCAM-1 5 gactin )W 4414 95°C Tl A1 5 min;
94°C 40 s,62°C 40 s,72°C 60 s,30 MEH;72°C 5
min, PCR /™ #) T 2% & Jig ¥ %t e b vk, JF
Marker fF b4, H B PCR 724 J B K/, (7] 16
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BOEE KM 2008 4E 7 HLH 20 &

VCAM-1 AR I AH ¥ 45 77 S5 AH N N 2 B 1) D {8
TR,

1.5 AX@R RN aieikdm VCAM-1 & 8 4
T QMK A 80V Ml 5 Al 6 AL 4% FCS 1
RPMI 1640 i FR A B 9%, 44 . MOI=2 If] DV,
o3 TR R B 2 b S B R 6 58 A B IR 4
TGS 6.12.24.,48.72.96 h WS40, (DHF %
2140 M 43 9 F 0. 125% BB +0. 01% EDTA 1 1k
2~3 min, H L M HUVECs, it 8, (O M & 4%
FCS 1 RPMI 1640 K 315 4k T 5K 16 40 B 61 A 40 i &
W .200X g B0 8~10 min, (3) HBFIR ¥ 22 vh i +
0. 1% B F MBS LYEE 1 IR, L If vk 2, 7%
M R 5X10° ~1X10" /ml, (4 HL 40 pl 40
BTN 50 pl TAE R (¥ 2F T B 586 (AR . PE
Frid VCAM-D#xd ¥, #2873 ik 45 ,4°C 30 min, (5)
Pev W (DPBS) ¥E¥% 2 R, BRI 2 ml 2 4,
200X g» B0 5 min, (6) 0 1 ml [# % ¥ . it =X 40 g
AR, T 10 000 A4 B, 6 B 4 T 1) R T
SRR B (MFD s, BEALETI 3 M dr A,
1.6 %itFa&® FHHERBYU x4+ LR, N
T3 255y BT EAT 48 U A 0 A% R 3R IR A RO L i —
A N ST RE AR ¢ A 50 T AN TR 41 530 AH R I B H
BE R SR AR 7K 1) 22 S kL N R DR 3R 7 A i BL R
DV, A 6] I BE I 208 A0 1) 22 etk . P<<0. 05 KR
R AT ¥R,

2 # R

2.1 HUVECs 4 &f%% & HUVEC 11
FH 25 (50 5 S A BE T AN PR Dk SRS 40 O F R HE B
FISE MR E . ABC B AR L &5 R R 4i i i
BH M A S0 €8 JORE R B804 A (I 1) i B BT 43 25 1A
I P R 4, [R] 452 %o 95 %€ D6 R (TFA) AT A I 1)
DV, 8 175 40 J 5 52 B0 1R sORURLIR B 4% 6,98
(B 2), T8 kAN [ J e i o) W %%, Rk B 3% 4 (0 94
(o AR S A — 2 MR R G RE R RGP E
12 b, JF 46 H B9 ' PH 4 1) 40 0, B o % i e 52 R 4k
59906 (+) DV, R e PEBURAE HUVECs (1) it N
BAEPE AL 24 h 5 986 0 B G R L 48 h T A K
6B B f Ko, 4 RN 12~96 h B W H i
B X HUVECs HIH 28y,

2.2 DV,2 HUVECs F K &% N CCK-8
B4 5 AR R BE DV, 41006 B 20 40 f 4F 6~
96 h AN [A] B AH A G PE 45 Wl 3 Bios, 24 DV, W
MOI=1.2.4 I, Dy fH 50 A % 7 L& E
X (P>>0.05) ;1 DV, MOI=8.16 I, D 18 % F

Befath, D 5 RAMHELZR LI 2R X(P<
0.05), Kt sz 36 2% ¥ 5 %4 I 4 HUVECs ¥ Yk & 4%
R MOT=2 1E &Y DV SRR,

"

B 1 AFEKRNEARDPEFRER
RIZH L ABC E RGN
Fig 1 Detection of Factor V[ expression in

HUVECs by immunohistochemical( ABC) staining

Original magnification; X 400

2 DV, BRAF#KALAE 48 h DV,
HRMEMERN IFA FEEN
Fig 2 Detection of DV, specific antigen in
HUVEC:s infected with DV, for 48 h by IFA staining

Original magnification; X 400
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B 3 DV, HUVECs B9:E £ 5
3 Effects of DV, on HUVECs viability

* P<C0. 05 vs control group

2.3 DV,st HUVECs # VCAM-1 mRNA # 5 &
B N B BT AL B R ST K B O 3R AT
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PRI ARL 2, B8 DV 4RI X 41 RT-PCR 37 4%
1) VCAM-1/B-actin Hf) DNA F Btk & H i (& 4,
x D, Mg . &R Fay = 655. 08, P<<
0.01; A% Fum =9 299. 6,P<C0. 01, #7444k
BT B AN TR S I R 1 22 e Gk X, A

bp M 1 2 3 4 5 6 bp

—278

—114 A

FEHESN DV A A F R AH R A = 0 (P <<
0.05) M RIETE 12 h IA B =g, Z J5 1) 24,48 h
VCAM-1 R IEYEFR A8 K7, H 12,24 F1 48 h
55 At 85 41 ¥ 47 4F 22 ) (P<<0. 05) , DV, 41 5 5% 4
B H N A 2 10 22 5904 e v 2 L (P<<0. 05) .,

E 4 #1EAEAEE VCAM-1 mRNA/p-actin mRNA PCR =¥ 89 IR PR ¥E BB Bk 45 R
Fig 4 Agarose gel electrophoresis of PCR products of VCAM-1 mRNA/f-actin mRNA
A:Normal condition; B: DV, induced. M: Marker; 1-6: VCAM-1 and B-actin mRNA expression at 6,12,24,48,72, and 96 h after infection,

respectively

#z 1 DV,iE 5 H HUVECs &iX VCAM-1 mRNA/f-actin mRNA B3 1k
Tab 1 Changes of VCAM-1 mRNA/B-actin mRNA expression level in HUVECs induced by DV,

(n=3.,x%s)
Time after infection ¢/h
Group
6 12 24 48 72 96
Control 0.00540. 001 0.00540. 033 0.00440.018 0.00440.008 0.00440. 008 0.00340. 059
DV, 0.65140.017* 4.27440, 2114 3.40340.087*4 1.98440.103*4 0.84540. 057" 1.007£0. 101"

* P<C0. 05 ws control group of same time points; © P<C0. 05 wvs results of 6,72, and 96 h in DV, group

2.4 AX@EARANZE DV, & $£ 3 HUVECs £ %
VCAM-1 & @ # % h DV, 4 M*} 411 VCAM-
LA REBWHE R ZDH: B R Fan =
116. 097, P<<0. 01; Al & Fyyq =549. 213, P<<0. 01,
ATLLA A, DV 4 5 % 21 2 [ K TA 1) VCAM-1 &
FAAESA A%, DV, 4048 F I B VCAM-1
HARB WA A A%, VCAM-1 H AW EKIE
DV, 41 % 5 T X 41, 4278 DV, 4E 0T BLSg m py
KAl Kk VCAM-1, H X Fi e A8 45 — & i 302k,

BN E T Z 0 TR WDV, 415256 & 4> i 1) B3R ik
HESM, DVIEL)E 12 h FFEE N, 7 24 h k3
B e B S OE T N R LRI 24 ~48 h — H 4E ¥
B IE (P>>0.05),96 h Y&k & 2 & 4% 57 K 7 (%
2). IEW0 AL R 4 M~ 3 9 s BE O 0. 28 +
0.02, DV, HIWUGE ¥ 56K 0. 54+0. 04,
BT IR AR 4L (P<<0. 05), XUEAR4L 5% 5 1
ek AP I AR AR — B, RARS LA 5,

x2 DV, FSHABERKARAN VCAM-1 ZAKFEMEL
Tab 2 Changes of VCAM-1 protein expression in HUVECs induced by DV,

(n=3,x%s)
Time after infection ¢/h
Group
6 12 24 48 72 96
Control 0.27+0.01 0.29+0.03 0.31+0.04 0.28+0.01 0.27+0.02 0.28+0.02
DV, 0.27+0.02 0.64+0.02" 0.93£0.03*4 0.69+0.05" 0.39-£0.03" 0.30%£0.02

* P<C0. 05 ws control group of same time points; £ P<C0. 05 ws results of different time points in DV, group
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Time after infection
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g ] g ]
& : a E A E : 12h
3] E o 1
E 4 3.9 i o3 e 4
FiTc 1000 1 1 cpsa 1000
10003 10003, 2
& ; i 3
m = E b= 3 24h
B 2 ; a E
© E 5 © 4
s | | e 1 -
1 FITC 1000 1 CDs4 1000
10005 2 10005 2 1000 37— P
= g I 2 48h
] a 3 a ]
E o E “ E
&: a 1 9 |
ljr S Tk 1
1000
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1000 = 10005, = 10005 3
E E
. 3 72h
£ g 1 g :
a 1 a k|
3] , 3 i
4 i = E 3.
1 1 v 1 - .
1000 1000
FITC CD54
10005 = 1000 3 1000 3, =
3 E 4
@ : g y 2 ; 96h
B 3 a 3 a :
- . © - o :
e 4 3 i 4 E L »
| e 1 T TR T 1 T T T T
1000 1 1000 1 1000
FITC CD54 CD54
A B c

5 F[EATE A A BRIk AN R AR RIE ICAM-1/VCAM-1 5t 2 40 B A TR e 48 45 R

Fig §

ICAM-1/VCAM-1 double staining results at different time points in HUVECs by flow cytometry

A:Blank control group;B:DV; group;C: Negative control group

A0S

3 i i

¥ WHO fliil, &8R4 2/5 N DR R RE JE %
F DV, WE I BERDA 5 THRE 1LNZ
FEGS D wT L DV O G o T E A L T A ]
T, DHF/DSS = 21l R 3 B A 1M 2 1) 9% I A0

I, 24 b B gD AR T I AN R i iR T
wfE KB A, VEZ RS DV Al Bl
PR H) 2 38425 3 VECs BTG AL L 2O0E FH 4 B2 1475
FCAPR T, RWY I A B AN A5 A N T e 1 2l Ag
DHE/DSS {1 9 1 14 o — > 45 G 7 222 f) g B 7 B K]
2, (HIE DV XTI Py 52 40 M0 3 3K 3 B 23 1 (1 5%
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HIAWARE, FATWHETLLL HUVECs A DV, & 4 41
4 F 5 DV &3 HUVECs b H %6 4> 7 R L 1
REWA A ik — 20 1 IR By A DV AR B a5 T g
0 T RE R AR F B A S50 SRR RN B AR i

AW JE N CCK-8 &l DV %} HUVECs
BE PR AN NG GE R AT 43 BT, RO RORS % R T
MTT ¥, &5 RiE#H 550 B4 HUVECs i 1 & 4%
P H5 o AL 2 R 2 R O W e R
MOI=2 1E N &K% HUVECs I SZ 58K %,

= 5o (DA S T W 7 N U I N [ N M 1
VCAM-1 HJRIERAL, 45 R R 5X AL, DV,
SR A DL W0 VCAM-1 76 41 Ji 15 3 1 1) % ik,
E o BH P A B 2R A B (R 6 S B Ok 5
WEB I, W H DV, A VCAM-1 %35 15 1 % B
HH S ORI AP, R AE R 12 h RIB TR BTt
24 hiEF g, 2 51 48.72 h B L T 4G N F%,96 h 1K
SRR GG, ARAE HEAS S0 I R) P K g 21 5 0
WAz ) 22 e 8 Bk

RV B 2 T VCAM-1 3R [ 77 AR X AP A8 4k
(135 73R4T, B AT — 20 N RT-PCR K0 DV, &
oo ML N Rz 40 H & B 7> 7 VCAM-1 mRNA £k
() B AR Ak, 75 BN B S5 KT I 3R 6 R B R
i KRR DV, K 3w W i HUVECs 1
VCAM-1 mRNA ik, 12 h ik B0 H , bl 571X Fhsk
ST 955 X AR A FRE R T e R,
LA L, AN 5250 B IA)OE H 0 B8 ok R A
VCAM-1 mRNA [f15£1L5, CA1 VCAM-1 7E# QRS
AR A2 B REA 2 Rk B
I IEM 3R OR DV, G B OE I W VCAM-1
(R85 5%, Bk 189 0 VCAM-1 25 1 (0 £ 35, VCAM-1 ¥
AT 55 8 A R IE B FE A — 3,

B2 LB C 4 5o, DV, L il & 7
0 M I P B 40 AR A 3R IR Sk R T ) & B
¥ VCAM-1 KA [ 5 71 8 [ A K P & A A
Al R I T R s T D R
VCAM-1 35 FURE TR, 1 75 J& B it 6 v m] B
FTF w1 VCAM-1 %5 40 fa & M 2 7 1 ] 3% B
oy IR Tk SR e R U
Th i 2 L5 N B 4H B BB bR & T
VCAM-1 1 LAk T30 A B2 40 i L B 5 IR 4t i &
P 2 A ) B R A B R FRATT R A ST A R
AT LA o> iR I R B R L . DHE-DSS i3 1fi K h
A sVCAM-1 7KV Tt ey o 5 95 i 7™ 15 2 R R ke G it
M AH2¢, 5 DHF &3 kA L7, VCAM-1 ¥
Th i 51 A Py e 4n B S 1 A i & B o R e,

JEF DL A — 5 MNP L DR L A 40 M T
U B R A AY  RATHEI  DV. AR RS L
2 4 B I 40 358 — B8 0 1L R 4 1 O B
fy 35 L X L P 11 0 K 9 L P 8
S0 G308 40 1 ST LR K 25 6 A R L i I
RS A I K T 36 I R 0 R
BRI T R A T I A 06 2 2 31 4
B PN, T4 R 4 DHE/DSS i
H UL VE IR S DHE/DSS 5t 105 2 5 R 51— 52
{238 4 7
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