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Increased Expression of Adhesion Molecules on Human Umbilical Vein
Endothelial Cells by Orientia tsutsugamushi Infection

Eun Bong Lee, Seung Hoon Han, Sang Wook Kim, Kyung Soo Ihn,
Seung Yong Seong, Ik Sang Kim and Myung Sik Choi

Department of Microbiology, Seoul National University College of Medicine

Scrub typhus is caused by Orientia tsutsugamushi characterized by fever, headache,
lymphadenopathy and eschar formation. Infiltration of inflammatory cells around blood vessels
and within the affected organs is known to be pathologic hallmark of the scrub typhus. Recently,
expression of adhesion molecules on vascular endothelial cells was implicated as an important
pathogenic mechanism in rickettsial disease. This study was performed to examine the expression
of adhesion molecules and to investigate its role in the pathogenesis of O. tsutsugamushi infection.
The expression of adhesion molecules on human umbilical vein endothelial cells (HUVEC) was
measured by flow cytometry and indirect immunofluorescence. Expression of E-selectin, ICAM-1
and VCAM-1 was significantly increased 4 hours after the infection and persisted at least for 24
hours. Expression of those molecules was not induced by killed O. tsutsugamushi. Adhesion of
polymorphonuclear cells and mononuclear cells to HUVEC was increased after the infection with
O. tsutsugamushi. In conclusion, adhesion molecules are expressed on HUVEC during the
infection of live O. tsutsugamushi and those molecules can contribute to the infiltration of
inflammatory cells during the infection.
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A o) 4 29 -S- Hank's balanced salt solution (HBSS)

o =7 2zt AlF 31 0.02%2] collagenase (Sigma,
US.A)Z Azlsle] HUVECS £33 %, 20% &
Ejo} &3, 100 pg/ml endothelial cell growth supple-
ment (Sigma, U.S.A.)¢} 100 U/ml penicillin, 100 pg/
ml streptomycino] 3 7}¥ M1994]| X} (Sigma, U.S.A)
2 377, 5% CO A 3~43 At v & A
2519 cH?. Rabbit anti-factor VIII related antigen
antibody (DAKO, USA) % FITC-mouse anti-rabbit
antibody (DAKO, US.A)S o] &3 A9 g3go
2 HUVECY & #135tdct.
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EHri2 93 & AHNE 23 0. tsutsugamu-
shi€ Qo] ALezad] BASHEA. O. tsutsuga-
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3t 3 10 ug/mle] anti-E-selectin, anti-ICAM-1 &
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HEE 27 dalXEe 2 welld O. tsutsugamushi
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TE O. susugamushiol] o] & A RAEA 2
o ¥als 2] deir e 0.1% paraformaldehyde
2 24N 5 AgAIR) O. ssutsugamushi® MOI
3,0002 = HUVECH| Z+dAjF] 3 A 2bel] whE 2
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9 0.2 pg/mle] dianisidine dihydrochloride (pH 6.0,
Sigma, US.A)E A& A 308, 5587+ vt2 7]
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E712 450 nmol A A EE A G 234
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E-selectin® 73 4- O. tsutsugamushiZ. 7+Q A7)
A Ze A 4.1108%2) A E7} E-selecting 2+
d3t o O. ssutsugamushiS MOI 15, 150, 1,500,
3,000 ZEAT A$E 43+0.7%, 4.5+0.8%,
82+0.4%, 11+0.7%2] A X7} E-selecting &3 3}
o g &% 79} Esclectin®] P&
& FRBAAE BAY (=097, p<0.05). ICAM-1
o] B O. sutsugamushi2. XG A 712 F& A
£ 46.9+0.4%2] A E7} ICAM-1E& 233 o)
O. tsutsugamushiZ MOI 15, 150, 1,500, 3,0002.2
A ABLE 53+3%, 59+5%, 67+6%, 18+
9%2] ME7} ICAM-1& 23 3la] 7+ gao] =
7}t ICAM-18] AT = oF9) AABAE B
At} (r=0.87, p<0.05). VCAM-19] A% 0. tsut-
sugamushiZ ZHGA171A] & 7% 9.0+2.8%9)
A E7} VCAM-1E 233} oy} O. ssutsugamushi
& MOI 15, 150, 1,500, 3,0002.2 Z+gA)7) A%
15+5%, 25+9%, 32+8%, 47+19%2] A E7}
VCAM-1& B33t 71 839 F719 veaM-
1 $EFE Aol & o] 4ARAES BT} =
0.80, p<0.05) (Fig. 1).
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I FZE2 dde] T #2H U E-selec-
tin 729 A 4.0%2] A EANM T FAo|l o} 7+
F 4A17F Tl 524+4.4%2) AT 2F 124
F 2 24A17F Fol= 22} 51.04£5.4%, 25.7+4.0%
o] M XM UAS B} E-selecting 7+g A
I v mated 2+ T 4NZH 1243 R 244 &
o BAXCZ §93 2F 12 By ¢
d A3 ¥ @A 22t p<0.05, ttest), ZHF A Zto] =]
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Figure 1. Expression of adhesion molecules on HUVEC showed strong correlation with the inoculation dose
of O. tsutsugamushi (E-selection, r1=0.97, p<0.05; ICAM-1, r=0.87, p<0.05; VCAM-1, r=0.80, p<0.05). HUVEC
was incubated with various doses (MOI, 15, 150, 1,500, 3,000) of O. tsutsugamushi for 4 hours (E-selectin) or 24

hours (ICAM-1 and VCAM-1). E-selectin (1), ICAM-1 (2) and VCAM-1 (3) were measured with flow cytometry
after incubation with anti-adhesion molecule antibodies and FITC-conjugated anti-mouse IgG antibodies.
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Figure 2. Time course of expression of adhesion molecules on HUVEC after infection with O. tsutsugamushi
(O) or L929 cell lysate (®). Expression of E-selectin (1), ICAM-1 (2) and VCAM-1 (3) on the surface of HU-
VEC by infection with O. tsutsugamushi significantly increased compared with 1.929 cell lysate treatment as a
control (p<0.05 by t-test at 4, 12 and 24 hour points). Positive cells were measured with flow cytometry after in-
cubation with mouse anti-adhesion molecule antibodies and FITC-conjugated anti-mouse IgG antibodies.

2.4%, 71.0+2.6%2) N Lol A X8 B9t} £ BERd (3 A vmA) 2z} p<0.05, ttest).
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Figure 3. Increased polymorphonuclear and mononuclear cell adhesion to human umbilical vein endothelial
cells infected with O. tsutsugamushi. The number of polymorphonuclear or mononuclear cells bound to HUVEC
were measured after 4 or 24 hours of infection with O. tsutsugamushi (0.T.) or media alone (control) with dianisi-
dine dihydrochloride method (polymorphonuclear cells) or direct counting (mononuclear cells) *p<0.05 by t test.

AE BEYI A 12413 2 244 Fole 747
58.0+£5.3%, 42.4+3.0%2] A ETAA FFE BY
t}. VCAM-1% E-selectin @ ICAM-13} n}371=)
2 g F 4ATL 12412, 24X R o 4 A e
Hwste] BAA0 2 §93 Fd F715 B
(A A3} v @A Z2+2} p<0.05, test) 3+ 2T
o2 L929M X9 EHES HUVECH Azl
T 4A|7}, 124] 2}, 24A13F Boll E-selectin, ICAM-1,
VCAM-1 £#9] 38 F4E fAE EMuyio
2 AFHOR A Az BdE FHEA]
944 Fvke gl (Fig. 2).
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& 5= U (p<0.05, t-test) (Fig. 3)

2) YE Y e BES W)

Gzl ALY A= O. tsutsugamushiZ
ZE A7) 2 2443 Foll AloF & (400X) 98 +107
7} HUVECe]| 823 vva 0. tsutsugamushi® 7%+
A7) A R AE 4811477 22etd 74
A7t o Tr el wa 7o Rajo] folah
Z71eS & 5 AL (p<0.05, t-test) (Fig. 3).
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2402 Fof RAREA e dd FFE BRNA
t}. 2o} Q& O. tsutsugamushiZ 3G A7) 7359
= =8 E-sselectin, ICAM-1, VCAM-1 25 44} 7L,
12A17F, 24A| ko)) HE o) 7l #EEHA gt
t} (Fig. 4). 29 % 24X o O. tsutsugamushi
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Figure 4. Time course of expression of E-selectin (1), ICAM-1 (2) and VCAM-1 (3) on the surface of human
umbilical vein endothelial cells after infection with killed O. tsutsugamushi. Expression of adhesion molecules
was not increased with the incubation with killed O. tsutsugamushi. Positive cells were measured with flow cy-
tometry after incubation with mouse anti-adhesion molecule antibodies and FITC-conjugated anti-mouse IgG an-
tibodies.
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