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Histopathological vascular changes in hemorrhagic fever with renal syndrome (HFRS) caused
by Hantaan virus include increased vascular permeability, disseminated intravascular coagulation,
thrombocytopenia and changes in coagulation activity. Although vascular endothelial cells of
main target organs such as kidney infected with Hantaan virus are not damaged but swelling of
endothelial cells, perivascular exudates and infiltration of mononuclear cells and fresh interstitial
hemorrhages are common. However, the pathogenesis of cell infiltration and hemorrhages around
vascular endothelial cells are not well understood.

Some endothelial cell molecules or vascular adhesins that acts as adhesion moleulces for
leukocyte are expressed on endothelial cells close to site of inflammation. However, whether the
expression of endothelial adhesion molecules such as vascular cell adhesion molecule-1 (VCAM-1),
intercellular adhesion molecule (ICAM-1) and endothelial leukocyte adhesion molecule (ELAM)
on vascular endothelial cells are increased by infection with Hantaan virus has not been studied.

In this study, the relationship between the expression of VCAM-1, ICAM-1 and ELAM and
adhesion of mononuclear cells on endothelial cells of human blood vessels infected with Hantaan
virus was investigated. The endothelial cells of umbilical vein was passaged three times in culture
medium and the monolayered cells were infected with 10° pfu/ml of Hantaan virus grown in
Vero E6 cell cultures. The multiplication of virus in cultured endothelial cells was monitored
by immunohistochemistry and the expression of adhesion molecules was demonstrated by
immunohistochemistry using monoclonal antibodies against VCAM-1, ICAM-1 and ELAM. And
in situ hybriditation against ICAM-1 was also performed.

The endothelial adhesion molecules, VCAM and ICAM, were expressed after 6 hours postinfection,
respectively, and their expresssions lasted for 72 hours. Similar expression of VCAM and ICAM
appeared on endothelial cells by infection with virus, but the expression of ELAM was not recognized
up to 72 hours postinfection. Microscopically, it was noted that many monocuclear cells adhered
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on endothelial cells infected with viruses. In an electronmicroscopic study, the transendothelial
migration of mononuclear cells was observed on monolayered endothelial cells infected with

virus.

This results suggested that the endothelial adhesion molecules, particulary VCAM and ICAM,
might be expressed on endothelial cells by infection with Hantaan virus and these molecules play
a key role in the adhesion and extravasation of inflammatory cells around blood vessels.
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oaRy dFAXZRE ZFZAA (riggering
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el A N E vkl FaF gTL P
I AZtE 3 A (1, 12, 13, 14). A S71A] &8
A AEL 3348 BolSe LABASE
A AFFE ERded °oF €3 WA X
A F¥E = AC=F intercellular adhesion molecule
1 (1ICAM-1), endothelial leukocyte adhesion molecule
1 (ELAM-1), vascular cell adhesion molecule 1
(VCAM-1), platelet endothelial cell adhesion molec-
ule (PECAM-1)2. 24 c]E9] A3}etd ZLx7}
B A} [10, 15, 16, 17]. ICAM-1& Z& 289
M EZA A A, G A Fo o] BF e
IL-1, TNF-a, INF-aol| &j&}o] ZF73H} [14, 18,
19]. ELAM-12 cytokine® 2 A3 JgH=E
(human umbilical vein endothelial cell, HUVEC)ei] A
BEH, 94| 13} TNFao] oste] 2ol
78T [20] AZFe & A Eoe B
F2 VCAM-19]] 2]&}a} ujj/jEc}. ICAM-10]1}
ELAM-10] 23t} w37t Gg& Ler)
VCAM-1o] JZF %o a8 282 g}
€ $A< AR, 435 0E T3t IL-1, TNF-
adl o8] N&3) FHH T, 82ANE AL
the Aol ol A4 Fuden Yehte &
74 & (infiation)S #AF 4 i} 21] =
£ cyokines Mz WHAEY @229
ICAM-13} ELAM-1°] Exj8ta1, MAl 2 AL &
A (synovium)eH FLFo] QA
VCAMs7} EA 3t ol YZF7t GFe] Y
@t ¥&stn, AFHA dde B}
A g%te A7ARE wFjuc (2]
VCAM-10] gZRollX X9 5o F8
g Zes Idde AL WAIY. ag:,
ICAM-13} 1FA-1, CD11a/CD18& M E7 A5 &
42 T e 8L Y5t AEEA
Z A 3}5= adhesion receptoro] th. M} X7t 280 =
THZT o] FhdEo|7 waz Yoz By
7o 23, 4y o] GFRARY 055 of
SEAE WAZ & AT EEE &gt [19,
23, 24, 25).

AZF2ELANA 994, 48Rz 54
B71 F, A%, 47 FF0FAN A9E &4
& dovy BRRE 24994 2he F2 @
YT A&o] B, A7t gAY &
A YTol THA we AL el Ts} W
ol 328 48 e 715 S AAEE
o = g7 s B0 A5 EA
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Adte] FNA A EoA FHHE= B3}
o] 93 ICAM-1, VCAM-1, ELAME A
o Ao E = AFAY FAAUIAMNEE
Eelul gt detutolB 28 HFF Fof e
ulolg] 2o ZHd @ WA x o] gEF BAAY
£ AAST, GFMEY B Adste Ao
2 a7 VCAM, ICAM, ELAM S¢] 33t2x}
1Y g dgulolel A Zd o] AL uhe
W 228t ¥l dl iy sin hybridizationo. 2 &
JatAch agl3m, ARErHE o] &3t W=
N ZArtol 2 o] Gl F o] 5-& HASIAT]
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1. sletbjolgiA

o] AT gehuto] 2 2 76-118 F & AR
sdlgon, ol FPRAJQoZRE Eokulgr
t}. getulolg Ax Vero E6M|EE o] &3l
Vero E6 M| ol $2A|A A& AH4E w7}R)
<70 ¢l B#HEHR

2, M|z ujet

Wl e} Belg ¥ Jaffes] Y [26]00
gGgich 2445 Agols] Ade TF¥oE
gute] w&3 FAld] 20 cm Zo|E Edid
Hartman &% 0 2 A3 32 XA & cord buffers
oAl A H st 22 EHE 25 AAST Al
2 W] 2 rubber Nelaton catheterZ /3¢l o] 3

Y31 cord bufferg 100 ml A% #FAIA A h
Bupo] dobgle 8 Aohiglth o] =2
< %3] 02% collagenase 4 ARPANZ

PEHEE Woj¥m ZFH g, 37CAA

15 A 2083 BAsHAT ARYH HEES
ol 2 WjYA7| 32, ol 30 ml9] cord

buffer® FFAIA A 2olM 250 xg= 1083+
QAAAT} o] MEHIAES 20 mle] 20% +H
¥ f Medium 199¢] F-HA]H Al AR A]
Atk 2EdE AAD AZIAAEA 104X
15 ml9] 20% 218 # F-F Medium 199 (2 mM,



L-glutamine, 75 ug/ml.,, endothelial cell growth sup-
plement, 5U/ml, heparinZ 7)ol 2-FA174 370
9] 25 cm’ v F&7) o] £33 5% CO,5}el A
Wity 12180250 Wkl g ZojFol
2294 e AT 4YTE AANAG. 349
THFH o2 wigd g ZolFn, AchujdL 0.01%
EDTA- 0.1% collagenase 892 A}-8-3t] 7 - 10
Y FALE 1:2- 13 EE o] A3

HFE AZ7F AAAE a9 AL g3t
71 Y3le] M Eo| £33+ von Willebrand Fac-
tor VWE)E ZAlste W& o] &35 W%
H M Eol M vWF BRA R E IHFFEH
HE o) &8t #atH Tt [26]).

3. LHZ) M Zoj BiEtatolaiae] 2

Aol AH8E Bertole 2 761185 7
Q717 10° pfu/ml o], WA o] 7o
£ vlo]3A §dE 100 v) FYsle] HFH
o &, dEu]%E 24 well plate & M199 #j A =
2 3] A3 3l1 well njt} vlo]g] A 0.1 mL ¥
EFEF AEH R TEFAA 37TAA 90
E WA Z FHAZAG F& wpolg2g
#& FUsA AAB T 10 % FElolEA FF
Medium 199 WA & welld 2 mL & 3331 5%
CO, ¥ F7] ol A v %t ot

Hho| 32 HFR 1, 2,3, 4,5, 745 o deut
olg| 2ol g GZEYAE o] &3 WY x2 3}
FH S AABIA T vlolgl 2 g R nlo
H2 HFF L 3,5 9U4A ] Feintojzixd] o)
& GEZEFAE ol 8T B2 Po R
FA R WHxA Y-S BioGenex A F
(alkaline phosphatase, Supersensitive MultiLink)&
231 5te] AN AT

4. 7o 2aly B

AR TxPHonRE FY T FEe
o}z ¢} Z2 ®HH (Becton Dickinson Procedure) 2.
2 AN 5. F 9 E-& 80 mL A @3} he-
parin A]2] € tube o] ¥ 1 2 vjo] HBSS &94&
st 2 A 50 mL YA ¥l el Ficoll-
Hypaque 15 mL & ¥ 32 9o] 30 mL o] Z=g
B4 Y& 2o Ficoll-Hypaquest EEHA] =
E ZHEHA Ut 2ellA 400 g 2 20 E3F
YA AZ] F Ficoll-Hypaque-plasma & Alo)d] A}
71 3 F2=-2 pasteur pipette2 F <13t} 40 mL
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o] HBSS o 343 H T} thA] d-&ollA 400 g 2
20 7 93A7 F A v AFE A
¥ E thA] HBSSO| 562171 £ 300g 25 B3
fAse 2% AANAD. FEGS v
I AAY AXE A3l 10 mLe] PMEM 9
B Aot M EAYEELS Ethidium bromide and
acridine orange ¥ 2.2 #9130 90 % |4 AE
&o] &8 mgt ALE3H el dE T £4E
HAZ7 GSuEE g7l 10x10° 747}
Eol7t= 2 HalF 24175 37T A A
% Hujhez Rid AL BAIAG =P
transwell plates] ©20 2 FAEH WIH X3
S8l 1S Yol 2447139 2% glutaraldehyde &
Ao 4N DA A A 0sO, &2 FA st FAA
Adv| Aoz e o] F L #EAAT

5. ICAM-1, VCAM, ELAM=2| 238 & 9 in
situ hybridization :

Gl Fe WA EE EH st deutol
28 FFF AAAEIAEE ICAM, VCAM,
ELAMo] tig @Z 2% (Immunotech)Z 1:
508 3 Aste] WAxAEPE AAFA.
% ICAM-1 digoxigenin labelled probe& ©]-&3}<]
in situ hybridizationg A A|SIYc} &, @GSujk
g oM Ee ggute]gia HFF LAY
o] XU}al 0.25% trypsin-EDTAZ A L& RolA
A EYE Ak AFEF Y22 1500 ipme
2 5E 43N 2 AR AL Wt ol 2%
paraformaldehyde & 23 FHAIAA 3087 &
2dlN nFSAT QiAgFAow AFsta,
A EFE7} 2x10° /ml HEF 3} silane coated
slideo] @1 37TCoA 1A HE¢ AxAZH T &
AtgkFd oz M Fo] DEPC 402 AH3}
o] prehybridization/hybridization 8- 0 2 slide&
G AT BojuE] 3 probert EFE
hybridization 2% (200 ng/ m)& {1 37ToNA
18A12t B A AT £AE AAFd 4] SSC/
30% formamide, 2¥] SSC/30% formamide, & &3
© 2 0.24) SSC/30% formamide &<l 37°ColA
SEZ 2848 A& 3 ). 0.1% Triton X-1008 ¥
&3t Tris 5 Aol slided ¥ 1 1583 A1 3 3R
t}. antidigoxigenin/AP conjugateE 3083t ¥H-&-A|
7z EAA S AbsAt SR MFE
I 0.1% malachite greeno] 6027t ¥FgA|A Ax
Fof s



Fig. 1. Attachment of mononuclear cells onto human umbilical vein endothelial cells infected with Hantaan

virus. A: 100X, B: 400X, HE staining.

Table 1. Comparison of mononuclear cells adh-
erence rate on endothelial cells infected with Han-
taan virus and on uninfected endothelial cells

Adherence rate(%)

Treatment

Uninfected Infected

endothelium  endothelium
Monocyte only 17 36
Addition of 23 61

specific Ab
4 ot
1. StEtHtola{A 2t XMichE M zof chaffy
of &

el oA 2ol deutolaix HE 524
Aol GAFAHNNELE A Y1 dxdPe
2 npold2g HFA &2 WA ES} +3F
=5 vmstdo. 2 2%, gadtelae JF
Wl A Eol| 32070 0] /AN E7E FAF
< #FFRen (Fig 1), devtelgl 28 24
A7 A e gz R} 2ufo) it a7 R
&2 YEth = ASFEEE 50 @1

£ Z7HAe, 99T 2HE e FoaA 5

ol
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75} T} (Table 1).

=, 9 dE UM T dute)yia FH
%% QTS RANNTS 24413ke] AAER
FEOZ Aoty A Ao, HAE AT
oln] YA EAto]& o] FIRFES Gttt
ig. 2).
2. BtEtdjol2{A 2+ LHT M Z oA Intercellular
adhesion molecule-1 (ICAM-1)2| 2§

fr oox

e

Fehule] 2l x HEF I A EojA] 6, 48, 72 Al
23] B 2A Y o2 ICAM-1¢] 28 & 3
A3 A4, vlol#l & A 6| A KE] ICAM-19]
WS dae 4 ilen, 2Rk A g
o] A&7g &3t} (Fig. 3-A, B, 0). 28}, 9
Az 3y ol QslA AR He ;e 2EA
9] ol A HA Fgtoh

3. stetjolai A Zbed Wi Al zojlA{ Vascular

adhesion molecule-1 (VCAM-1)2| &&

Sl 2 HEF WAL 6, 48, 72
Az WAEA Yo VCAM19 wd
& #2Y A, woldz HE ATRARH
VCAM-19] W@ g B2E & dglom, 1243
77 2 wHo) A%HUT (Fig 4-A, B, O). 1



A, Bz s A ARATe B
2 gAY EY FHole APHA @k w,
ICAM=} vl o 2dAse] Holh §
.

4. GtEtHtol{ A A HE|MZojA Endothelial
leukocyte adhesion molecule (ELAM)2| 2 &

Fig. 2. Transendothelial migration of mononu-
clear cell. Visually confluent monolaters of en-
dothelial cells of human unbilical vein were grown
on transwall membrane and infected with Hantaan
virus 76-118. In cross section, the monocytes mi-
grated beneath the monolayer, and migrated cell
(arrow) was seen with protruding pseudopod th-
rough to the endothelial cells. E: endothelial cell,
M: transwell membrane.

grehutol 2 a HFEF WFAMEANA 6, 48, 72
Al ZtA o) d e z2) 8y o2 ELAMS) %&1—
e A3, #A71E ¢ ELAMS] 23 E ¢
A& F AUt (Fig. 5).

5. In situ hybridizationof| 2|3t ICAM-1 2}

xA}

rek

B vhol e} 2 BE & 51 FoA 84842
9] in situ hybridization® 2 ICAM-19] ¥# & =
Abet A JF 8AA O BE FNEE
o] 5 A £of] ICAM-1 mRNAV} &A18E ¢ 4
ATt BA AT whge ZFHEA {4 5
At W] A2 e npolelAE ST O
ZFo A e wgo] AoiFd oz vl efagitt (Fig.
6.)

p:

r
tAN

i

Ml

A F7AA 9 AT oA AFFEELY VI
Bz Her|de AANAA HAoR Qg
AERA 9 F7t2 dAX 2 Yot 2, A
Z3529ge A Fehvtojf 2 A B
AU E 75H Walrt s e 8%
A48L & Ro 2 F53n It AFFEEL

Fig. 3. Demonstration of ICAM-1 expression on the endothelial cells infected with Hantaan virus by im-
munohistochemistry using monoclonal antibody against ICAM-1. Brown pigmentation of cells indicate ex-
pression of ICAM-1. A: 6 hours postinfection, B: 48 hours postinfection, C: 72 hours post infection{original
magnification, X 200).



Fig. 4. Demonstration of VCAM-1 expression on the endothelial cells infected with Hantaan virus by im-
munohistochemistry using monoclonal antibody against VCAM-1. A: 6 hours postinfection, B: 48 hours postin-
fection, C: 72 hours post infection (original magnification, x 200).

Fig. 5. Negative expression of ELAM on the endothelial cells infected with Hantaan virus. A: 6 hours postin-
fection, B: 48 hours postinfection, C: 72 hours post infection (original magnification, X 200).
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e RS AN EI E4Ha 2z WxIld HAE¥e] TAHm A
g dade 233 WAzl gart @iy (tourniquet) A @ o] FAdol FHHIY Az
At [27]. E& AFFEE LS nephropathia ep- o] A% Bz 28 So] Batslo] AT
idemicadl| M = @B A 2] 724 A8t 2 EREASTS ¢ F U (8,9 29 30], HALA
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Fig. 6. In situ hybridization for ICAM-1 mRNA. The cells were infected with Hantaan virus. In situ hy-
bridization was performed at 8 hr and 24 hr postinfection. Digoxigenin labelled probe for ICAM-1 was used.
Most of the cells showed strong reaction. A: 8 hours postinfection, B: 48 hours postinfection, C: control cells

inoculated with inactivated virus.

3} [31], angiotensin converting enzyme (ACE) 2}
e FAasdve [32, 33] dFAFEL
He e o R EI} BAE St S 3
HA gt ghghutol 2l 27k Abghe] Al W) o
A W FAEF FFH 0 FA 7ol BaH Y
3, o] AFEAE o] &3t AFTFEHG ¥
H71dE fEdts A7t JA A [4, 34].

o] A& A wiFe AME/ HANAA XY S
#13t7] A3t yWFell th g b B3R &
’é"]ﬁ]"ﬁ‘i} O 23 gFeel g2 A¥F 3

FYASL BIL 5 AL, AL VWFRA
Ao & Al AL NPT Y )

AAE FA0e T 22T, WA A
Bghilole 29 F42 HAdke FF L AR
. geuolE 2 FEF T o WA Eell A
Feutol 2 2o] g FZEPA S ol &3tel @
JzA oz volg 23U e ZAHE A,
AEAY 94 FAE B2sdc 2, Worg
WA TN Sebvlolal A7} 28RS &
A Y. .

geo] @ Wolsh 2N &AL YoslE &
Furgol MYTY o)L g FaF A
& W5 (5] 97 ol Aeigoly @
Z0eooE AZT SN E Yojuhe Ao
= A sig @12?0154 A Bl g
of 987 %ao]c} [36]
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o] AFoME Gehutole 2 3+ WA £
7152 W3 E B2ed AEFTEEE e HH
AL olaiEtr] fstd dEA TG AAE &
Aalact devtolgiart F23 oA X
Avg dxdd gy 2adg S HAAsto g
ghfoj ] 2 34 141”]’4]3’3"“ Sz AFY @
o gabo]l 2 EE A& S ¢y T
o] Hato} F7tdE AL ]'E]’H}C’]"'H’* Adoz
Qg WA EZEH o] 2gde] @Y E
es *37—]"5‘]'53‘:}- o] Aol ] ojite] HET

H4E X FSA a8y deEE3nto]
\’—1"\ g WA Xl tig 7oA xR
nlo]# 29 Bk ErE g X EHo) X
1l o)A °] Fc receptor 7|5 ot B A
TA¥ e} vws) 2q dEuiolx gHe] &
do 2 YA x| gt Rito] FhHETHE
7VsAel g3ttty JAHY [37]. 2FHH o=
WA Eol] EM L] RO o] A TAA
FElH e B4 o8 AT &40
old & ivtm Azt

AZE5Edde HaliaAdLE AAEd FAtg
A F2 CD8 FEZ7E FAHE dFNEEY
AA =AY z\:]%o] EZFo|d. v, 4l
A= T g e A9AQ HAE, T
o) @9 FE59 A DA HErlH o
otz & watalx] gl of AP Fgtuto|

mlo olr
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27t A WS AZ AE B2 G
FHAEE AAB Feutolel 2~ 74 Ul oA
o g3 o] Bito]l ZAHE AL #A39
o mrEb A, YA E 9} gl p3te) 453 g o]
DS F3Y & AU 28, B2y gy
T7t ol® FRAXE A¥ el Zatgdo)

27k Aol 27 FFwrg e B9 )
OFT GFAE &2 Fusy o)yF @
SHEZL A9 AFRAE A8l B3
AEZE Bt 249 2d2 Ao E 7)A
< oy g3A A FA W, WM Lo} FZA
¥ AZEA FAHE o3 BASS 9%
o3 Azt ojxm glh.

FHEAEY F4AEE q7A] A2 o)
4% AgM B F e, VCAM-1 Ex7} o
AH o Y7o R Bosin o)xHow
ELAM-1, ICAM-15-0] F7}2 3o #Adsle A
o7 gFt

o] ¥ MM = Fetutole 2 7+ WM Eo
A VCAM, ELAM, ICAM¢] Z& &8s zA}g
23, VCAMZ} ICAM9] Wdo] #aEU1, 1
TAL volYP 2 HF RAMMAE $25HY
t}h o] AFE YRt o2 dZo) APHE HA
AN FHEA}F BEHT o] 5o] Bt
SHAZ T 7 E50] o] E 93 d723
S AP} F, Feulo)g 2 Ao oA
XM FREAE] BHo] ZIHAS S g2l
3t th o, AR e mE $AF w3}
°17} glo} olel Wg o Fo] A2 Ity T
&, & A%l M ELAMS] 2¥o] A9 gidl A
< vhol 2doA gAY RY TR} Pmpe
Qo] Fastte 9HE E4F Ax =
RN 25 A7 BaF Aoz 473
Rt

oo X &332 ST WA Lol B
A3 WAMEE B8t 2o} 4229
2 o] Fdte 3 & AR, o] FF &= Uy
AEANA  Eujg lipid mediatort} cytokine
(platelet activating factor, GM-CSF, G-CSF, IL-3,
IL-7, TNF, IL-8, MCP-1)E 9] o]3}c] B 2A E o]
HeFgdol oHE Reg FRAHm Yok
38} WA ZE DMt T FHNLEF 4y
E d2AN 5T AAE A A, 5
TT7F WA EALe) 2 o] Fote] dr2ulokd U
A E ol YXNFS BAYT [39]. o5
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o AAEu AR FAo et A 357
Zh US| A Ze) MEELE FEATIH JX R
F WA Al E 9 F (pseudopod)S 7] Y2 o
HA] o] Fo] AlztEcta &% th. Smith et al[40]
< WIHAEE ST 2F78 A7 288
g 23}, 3A7FE<t IL-10j U LPSE A 2] 3 i3
A EZAA TFF7F Bgo] ¥sta Tty
Loz olFaI S FHANAT oy =i
PZE 1%%0] ol F3tH 1, A& e 359
2 78%<] A E7} ©]%F38+ % th. Mooser et al. [41]
= WA £E polycarbonate filtero] ® 3% IL-
1o TNFE A& 3 5535 FA71gL0
20 WA 40%9] AE7F ASAEEE F33id
ol# Ze] ZAddzm Hnddtl Furiest
McHugh [42]2& A1&2¢5e AEZE viSE 5235
T9 o] & #AsHt IL-10] 1} TNF-a 5L 3
FT79 olFd e FAFHZ AV g R
2 ¢ A dAlo] o] & cytokineo] W3 A X
283l WA A E7F E5F o] A3
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