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ICAM -191 e A2 A Al 7R o] dide = 9l

HAIE HCMV 34} #Edo] 7HaH AZ9] ICAM-1

TFE FE 5otk HCMVel TAE AlE9

Z7VIAANE, Apej o2 BEsial] vlola]

U cytokineo] E&= o] dukar A7 = = TFEE M )

FAL ICAM-1 HAS F7HAA FA K7] Wil HCMV

TR &4do] st 228 UE 4 T3 4,5). Yot

HCMV IE1 2 IE2 F-3AZ transfection A3 7399l = ICAM-

[e]
=

¢

p
L

_‘z’L

A F o] LS T}

*To whom correspondence should be addressed.
Tel: 82-43-261-2304, Fax: 82-43-273-2451
E-mail: chlee@chungbuk.ac.kr

140

& BulsE FAel e vlolE s 1A

—|—’

FollMel IE
2 5 30d

7} O 2 (3, 4), HOMVel 7+

\j\El__
ICAM-1 28 =719 -3 Y

Al
ol

Hlo

Hc AEZ7F HCMVEES] 28] 3] fEFo2 A= W
dole Zolrt ol tigh S7= obF Had
HE glot, HLA Z8E HiEste] B2 AlE ¥kgo] HOMV
7L o] da glo] uhelje] HEREog o] FofIT(9, 28).
vlxjEto 2 HCMVel 2J5le] ICAM-10] ¥Hd S=t] HCMVe]
T2 oyt S W o2t HOMVell 4 Aol
5= o9 7 2290 9lste] = ICAM-10] EE

= 76‘“%5 k. HCMVE] 7o 2 Q1sle] cytokined] W&E% 1L

-

olgA WEH cytokineo] AEo] A= Fol ICAM-1 THE
%ﬁf&q: Heleha, .
B AL Hemvel 7 A EFQ] THP-19A]

HaE ol

ICAM-1 & o] Z7hghckar vkl uh glok(12), 1 A=7) o
Ao thsirle o} dEA UA etk ool 7 AFtellM= 2
4 wteld s, Aol om F32E S 1 UV-HCMY,
2L vpolejzel] HEE ME wjgdES ARESte] THP-1 A3
A HCMV 7+l 2J3F ICAM-1 28 £Xo] o3t B=7}t &
of3h=A] Yobr A} &3t

ol =135

oH

M=

Mz 2} Hio|2{A

ol AEo] HHEF AR THP-1 A|3E3=(ATCC
TIB-202)= RPMI 1640 (Gibco BRL, Gaithersburg, MD, USA)
ujx]of] 10%2] $-efo}d A (fetd bovine serum: FBS, Gibco BRL),

A3 rdo]
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100 ugml Z~EFEr}o]Al, 100 Uiml y4# 18]al 0.05uM
B-mercaptoethanolS- 3715E HIAIZ Hj sttt v sk &<
AT =S FAXA F7] S8l 37°C, 5% CO, th7] stell
A B dstGint. vhelglaE WAl ME S48 5 EE 3
SA1Z1 HCMV TB4OETE =< Tubingen thte] Dr. Sinzger
BHE Aol ARES e, o upol| e ek WL o]
o] =7olA 7|&3 ule} 2oH(12).

Hpole| 25 ZHAA1717] Sl DA AlEe] £5 Al F 4R
alo] M XS AASIAT. Y8k= M.O.. (multiplicity of infection)
o we} o]y gS e 5 Z 4ol rITF Ft 37°C,
5% CO, t71ste] w7l AT Holg s 2 Al
2 Foll= vpol} AR S AAGT F 2% FBSE ¥ RPMI
1640 Wi 2 F-AA T

ICAM-1 444

nlo]H 27} ZAEAY ZAEA] -2 THP-1 AIE 2x10705
Ao 500xgoll A 57t AAlE el st Bttt PBS (R14keHE4
%I4, phosphate bufferd saline, pH 7.4)° 3% F-& 349
EEYUB|ER 20X 1583 11 gh Fof 500xgell A 53t
AAEYE & FFAES AASHATE PE-conjugated anti-CD54
(anti-ICAM-1, Santacruz Biotechnology, Santa Cruz, CA, USA)
£ PBSY 110022 3]A%t o2 AXEE A et 4°Ce]
] 3027t HREAIA FAsldt) GAE AlXe PBSE F W Al
Hsla FAIE E247)(FACS Cdlibur, BD Biosciences, San Jose,
CA, USA)Z 34gks A8ttt

Transwell 24

uloje]ze] ZHHE AE njYkdo] vlolzzof FHER] ek
THP-1 AlXE2] ICAM-12 F7HA7I=A] ol 7] 93] transwell
insert (Corning Incorporated, Corning, NY, USA)S o|-&3fo] &
Sl % (co-culture) 3+ Th Transwel insert= 3um pore size,
24 well plaeZ 4% Aot} vlo]g o] 7 THP-1 Al
5x1070E 600 o] A A e dEste] plaedl] ¥ F, 2
o] 7HHaHA e AEE 100ul wiA] S transwell
insertol] B2 F platec]] glo] oA uloleizo) ZrEE AR
g FHIEE ST

PCR % RT-PCR

HCMVE] #3172 HES gRlsty] $lste] A|lEo HCMVE
FEAZIAL 244]3F Fol] AH|EE 488kal Nucleospin RNA I
Kit (Macherey-Nagel GmbH, Diren, Germany)S o]-&3le] A&
2 RNAE At GRAAF 9ES-& Sendsoript RT-Kit (Qiagen
GmbH, Hilden, Germany)E- ©]8-3}%3L 53 RNA 5ul, 0.5mM
dNTR, 1uM random hexamer primer, 10U RNase inhibitor
(INtRON Biotechnology, Seoul, Korea), 4U Sensiscript RTases
Y& 5 DEPC-trested waterZ 59| #F FIE 20uE 9
FAE o] EFEAE 3rColl A 1AZE RESAIZ] $- 93°CollA] b
B2t Hkg3lo] (DNAS WHEdL o|2 FFoF 3] PCRS &

HCMVOl 93 ICAM-1 ZEER o] W= 141

F3rsict.
PCRol| ©]-8-3F primer= UL123S A& o=z I AELe
o3 2tk forward primer; 5-GGTCACTAGCGCTTGTATGA
TGACCA-3, reverse primer; 5-TTCTCAGCCACAATTACTGA
GGACAGAGGGA-3. 919] RTZANA TXE cDNAE 5uE
Y3 10x Buffer 5ul (FEF%: 10mM TrisHCl; pH 83, 50
mM KCl, 2mM MgCl,), 0.4uMe] UL123 primer %, 0.2mM
dNTR, 25U Taq polymerase (iNtRON Biotechnology, Inc)S ¥
Foll HFHIE s0u=E 3 § PCRS 333131t PCRY]
g 2712 4°Coll A 3E3L denaturation A)7]3L 94°C 134, 59°C
B, 72°C 1320 303 FE3l9oH, HFHOF 72°ColA 10
7t extension A17HS- AT PCRZE S8 AlS+ 2% agarose
gelS o] &3te] H7)9%S 3laL ehidium bromide® g &
UV-transilluminators: 53] PCR A< ER15H
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TRpo)|E AAhs B2 o 2 PSS T2 13 (ver 7.5/ o]-&
sl T-TetZ 381t T-Tests T Juxte) Hio] A4
oz froJgt zlolE HoleA dobE w AMEEHE EAYPoR
FroaEs B%E SS9 FEHS] Pre] 0.05ETH 2t
o kel o)Al JIAEE Aoz st
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HCMVO| ZdEl THP-1 MZEONM ICAM-1 &3 =X
Z 2H|

$E A AFdA THP-1 A|Z] HCMVE ZgA7
A2 9] ICAM-1 o] F7Isite As Bagk v}
(12). HCMV ZFdell wEh THP-1 M3 W2l ICAM-1 gt
F7Fe AL ulolgz ] o3k A A AAd =
ok EE AlzeA ERigk E280 o3| vlole]ze] T
& AEAAE ICAM-1 Fdo] F718 5= Qlt}. o]t 75
S Yol ] $J8) HCMVel Zdstar 24270l THP-1 Al
Hj el S npole 2ol ZHAAZIA] @32 THP-1 Al A g
3 1 ICAM-1 23S dolrgitt, 2 A3 HCMVel 7 E
THP-1 AlZujofal-s 23 AlE FHoA Y] ICAM-1 23 e
A ok M=ol Hlg) FASHA F7Fel o™ (P<0.05), °l=
7R btolel 2 ol HIHFHE & 4 ASATHFig. 1A). ©]<k
2o AEujekdel] od ICAM-1 48 Z77t v A AR
Zstar mjFdo] ol A= vloly 2ol ok aR1A] Golr
7] Y3l vk £ HCMV EAS AAEIIE WA Hlog
2ol g3t A Enjdd o g HE DNAS F=3e] HCMV
UL123 F-3AE PCRHECZ AZS A8 2 Ax UL123 f+
AL AEHA L9ktHFig. 1B). B3 7a® AEujokls
HCMVell =4 M3 HFF Al Xo) HE3la HCMV 93
AZHHENE #E 239 JE 3Fde] AUES oJuwgt
HCMV AZzR¥as= B2=2] GATHAE vlAA)). o]e
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Fig. 1. Stimulation of ICAM-1 expression on THP-1 cell treaed with
culture supernatant (SPNT) of HCM V-infected THP-1 cdlls. (A) THP-
1 cells were infected by HCMV TB40/E at M.O.I. 0.6 or 3. At 24 hr
postinfection, SPNTs were saved and added to THP-1 cells naive to
HCMYV infection. Cells were harvested at 24 hr after SPNT treatment,
stained with PE-conjugated anti-ICAM-1 antibody and analyzed by
flow cytometry. For control experiments, mock- or HCMV-infected
THP-1 cells were harvested a 24 hr pogtinfection, stained and
analyzed by flow cytometry. (B) Contamination of HCMV in SPNT
was examined by PCR. Mock, mock-infected cells; HCMV, HCMV-
infected cells, SPNT, cellstreated with infected cell culture supernatant.

A= HCMVOl 2299 THP-1 Al okelS =)2)3k Al 3
ox] ICAM-1 & F7P7t v e] 2d=o] = H
o3k o] ofe} 7HAHE M EoH B8k o 23 AYS
AAF] =31 Qi

HCMVell ZFE % THP-1 A2 E 2] Er|Eo) 23] ICAM-1
o] Srkeke As AFEY] 9 & shte] Wog 7
B Mxze} 7hEA] ke Axe AH HAES K FalE] Al
ke {5 A o5 = AEE transwdl insatES A3
& WS AT Al 2 A e HE bt
ol 2ol ZdE MES} I8 S AXE 5wt b
& 2477t F insartE A AL ¥iF FAlel = IR THP1
AEE 88l ICAM-1 EE-S dolHgith 35 v st vl
A E(Co-Mock)oll <] ICAM-1 & ell 2]3F mean fluorescence
(MPE 3252698 T= Hieksh v)7+d THP-1 A1 (Mock)ol| 412
MF 11.3+34R 0} dASHA =331, o= HCMVel e Al
(Co-HCMV)ol| A o] MF(39.5+4.6)9 & xto]7t gle Aot

o of
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Table 1. Stimulation of ICAM-1 expresson in THP-1 cdls co-
cultured with HCM V-infected cells

Cdls Mean fluorescence (+SEM°©)

Mock 11.3+34
Co-Mock? 32546.9
Co-Virug 39.5+4.6

aMock-infected cdllsin transwell co-culture
bHCMV-infected cellsin transwell co-culture
¢ SEM: standard error of the mean
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Fig. 2. Inhibition of SPNT-mediated <imulation of [ICAM-1
expresson by PDTC. THP-1 cells were incubated with SPNT in the
presence or absence of NF-xB inhibtor PDTC (1 uM). Twenty four hr
later cells were harvested and stained with PE-conjugated anti-ICAM-
1 antibody and determined by flow cytometry. SPNT, supernatant
obtained from HCM V-infected cells (M.O.1.=1) at 24 hr postinfection.

(Table 1). ©]’¢e] AFelA] HCMVe A THP-1 Al o)A
ICAM-1 &S S7M7= =28 2vldths 288 e =
ATH.

oMol RuoA $-8E HCMVel 93 THP-1 A EoA <]
ICAM-1 ¥ F7k= NF-«kB #4131 PDTC (pyrolinedithiocar-
bamate)ol] 23 A|EH = AL HAFR, o]= HCMV el

2 |CAM-1 =7}l NFxB A 27} #oldith= A8 ov]3ic}
(12). o]0 B AFes HOMVe ZE A|zEolA] Brlg &
Aol ¢J& ICAM-1 Z7}ol] NF-kB A=Z7}F Bodsh=x] Loty
Z} 3FATE HOMVOl ZE9EIA] 247700 2] THP-1 Al Eaj oFol-S
A4} THP-1 AlEol] 1uM PDTCS} 7 X el3ta 24113F 3 Al
EE 83l FACS 45 39t TEE AlEujgde
ICAM-1 28 =2 a3= 19l ubd of7)d] PDTCE *|2lshd
ICAM-1 3 3 a3y} AR 2l & 4 AU (Fig. 2).
w2h HCMVl g Aol Er]e E4of 23 ICAM-1
Z7F NF«B 271 #ojsle o2 Azteh
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THP-1 MZ0M UV-HCMV Zol| [mE ICAM-19| U3
RE

HCMV 7ol mh2 M ¥H8- F HLA class| &g, QI
2 A4, RNATES A4, PIsK BHd 5 Tkt W-3-0] HCMV
A dES e Z 3R Qe AeE dEA UTh9, 19, 26,
28,30). ¥ AFAE THP1 Al A HCMV Zgd] w2
ICAM-1 E& F7}o] HCMV 304} o] daghx] dolr7]
8 AlejX ez B83IA)Z1 HCMV (UV-HCMV)E AR89
1Jom?e] ApXo g B33A71 UV-HCMVE THP-1 Al X9
ZAAF)aL A7l W AE THO] ICAM-1 3 HAE S go}
2 27 UV-HCMVE ZHEA vlolelzd vis| 25 oFshrle
S HCMVel ZFAAIZ1A] ekS- wlol] Hs] THP-1 Al 33
] ICAM-1 E&E 7 FATh(Fig. 3A). Ae]Adell &gk HCMV
B3}t 3] dof=A golry] £18] UV-HCMVE AlXE
o ZFA71AL UL123 AL HAS RT-PCR WHOE ol
A3} UV-HCMVY 78 E HFFY THP-1 Al Eo A= HCMV
3 o] A dojuA] s & 5 AUATKFg. 3B). T
3 UV-HCMVel 23 Az aate 32wx) ekdoh*ia
HIAA]). Wb HCMVl &gk THP-1 A|3Eof|A]e] ICAM-1
d £ HCMV 341 &d o] 9]e] thE alo] #ost= A
o2 A7E.

Figure 39| ZZ}5 #pA|3] AHEH, 74
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Fig. 3. Stimulation of ICAM-1 expression on THP-1 cell infected with
UV-HCMV. (A) THP-1 cdlswere infected with HCMV or UV-HCMV
(M.O.1.=1) and ICAM-1 expression was examined at indicated times
after infection by flow cytometry. Satistical significance was indicated
by an asterisk (*). (B) HCMV gene (UL123) expresson was not
observed in cellsinfected with UV-HCM V.

HCMVOl 93 ICAM-1 2EER EZo] W= 143

rr

UV-HCMVell 9% THP-1 Al EoA 2] ICAM-1 E& =7}
¢ HCMVol 93t S7lHe BAH0g st B RS
& T AW (P<0.05), ol gk Afol& WHEA o & AAHG T 1
Olf7F TFEE THP-1 MEANMZRE ICAM-1 HHFZ]
2H1e] Zfolof| ok AR Lolr gt Hd HCMVZE 7
THP-1 AlE S H2sl5lS Aol ICAM-1 o]
& ¥, UV-HCMVZE 48 THP-1 A3 vl ofels A2 }gﬂ;e
Aol ICAM-1 28 Z7p7 #2E A ZYthFig. 4). e
THP-1 Al Z| A 2HE] ICAM-1 LAEZ 24 HHlo| HCMV
FrAA o] dasithe 2e o] st

|
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Fig. 4. SPNT obtained from THP-1 cellsinfected with UV-HCMV did
not stimulate ICAM-1 expression. Cell were infected HCMV or UV-
HCMV a M.O.. of 0.6 or 3. (A) Infected cdl culture supernatant
(SPNT) were obtained at 24 hr pogtinfection and added to naive THP-1
cels. After 24 hr, cells were harvested and ICAM-1 expresson was
determined by flow cytometry. (B) Representative flow cytometogram.
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= o2 8%lo] s & 5 AT F, oFF HEAA|
22 cytokineS EHISI A S A=A &2 AES] ICAM-
148E SIAA FH, o243 cytokined] HHol= HCMV
Az} wo] Fasirhs AS Bol FUoh

glo|g| e 7S MEZRE bkt 28 Bt HCMV
o} 22 sjujznto]y el &3R= Hepes Smplex Virus (HSV)
] 7% UV-inactivated HSVE 74 A17EW machrophagesl| A1
IL-28, IL-29, TNF-0, CCL5%} CXCL10 5¢ mRNA o3 43
o] HSV7} 2 Alazel] wlste] oFs}s|al, TNF-oeh CCL5S]
T EAAke] F43] Folethe Harh JIth(17). B3k Hsve)
DNAZFAIZ7} IL-69] WS T 3 dthe dyewe] 23R
I% ATH10). HCMV ZEE M EoA = interferon (IFN),
TNF-o, interleukin (IL) 5 TS cytokineS #HISHTH(2, 6, 8,
24). 921 HCMVl 789 HFF Al X0l IL-1B, IL-6, IFN-B
2L cytokineS EHITHS B a1gh vl QITh(16, 28). £ ATolM=
HCMVoll 7+ E THP-1 Mol A 1813 cytokine®] ICAM-1
HES FAAZITE SAE AABHAATE o] cytokineo] F-91<1
AE A4 & & gtk ICAM-1 HEE SRt 4 e
cytokine & TNF-B, IL-1B, IFN-a, B, v 59 #3132 #AaAAS
RT-PCRZ ol ofu] a3 Av} A&t cytokine 3 L oJH A
T HCMVel ZHaE THP-1 Al oA 9] TSy #aE R
ATHALE. AN, kA T2 cytokine®] 7Fs doll thal &ot
AU, ofH AARGAIZE ofd ZA}L o] TAlelA BAS
zrolrolof gk Ao, A olo] tIgt ATE XY Fofl Utk

EolSAE HCMVel 729 AlEolA EHIS= cytokineS2
25 Ee R Futolelx 75-S UERTE Interferone
O1Z AN FjolE AEE RE3lH, IL-184 IL-6= HLA
dass 1 24 23S Z7HAZ 024 cytotoxic T lymphocyte®] 2}
8-S folatA (15, 16,28). B ATl A= cytokineo] S
SHAl FAIAIE H8|A] EaEAIRE ICAM-1 TS S7HAA
F02H EF S 5ty vlolgl e tid-sitk= A
ASHHE2 2579 IUAZRE 929 &5 B
3317] 913 WYk o8 ICAM-1S AHEY o]Fd| Bojdto
24 955 Witk Fa3% 98-S F3dstal vk, THP-1
7 e dAEE HOMVE] T8 FEA F9)olH(, 14,
18,20, 29), °|5 ME= AFHHSA] NS whA Uy} Z22olA
3kl i4] Alx SoE Fslsle] |FHeS Yoith(14,
20, 29). o] #AgelA] DAl Eet 3 WA 2] Ajto]l o
A =31, wehA] HCMV Zdell W} ICAM-13 22 F-2HE
2] WEF7Pt gekE Zlolgt AT

UV-HCMVE A0 2 45 ES3AIAS B dAde
agE AYar Q7] Wiiel] 578 whgellA nlolei fxdA) i
do] FashA] golre] de] ARSEHIAL QT £ A7 o)A
o] UV-HCMVE o]&3le] HFF Ao A9 IL-1B, IL-6, IFN-B
22 cytokine®] B3-S FrEskal, wHlsket] vlol 2 {32k
o] glox 7Feslths AS Hardk vl JJui(15, 16, 28). £ A
T M= THP-1 A|3ElA HCMV #-24F W glo|= ICAM-1
Wgo] F7HEATE o]9) e AF}e= HCMV el w2

&2

olN o
o
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ICAM-1 &8 F71el IE 34} 22 wlole]s f34%} drdo]
Zesiths 71E9 B3 4,59 e Z3olt} o9} e
e Asbe 7)1E9] Hav) fibroblast, endothdia cell, 223t
syncytiotrophoblaste} 22 714 278 HXEE ARES A 2y
Q) B3] 2 Adre F-HAdQ GAEE ARSI 7] Wi
o] obdr} Azt g7t ARESE THP-1 Ao} fAkgE Q1A
el Ee] B2, = o FAo] HCMVe o3l FX1=H, o]
4L NF-«B7} B3t ICAM-1 2 Z7le) e Qo= |
31(26, 279141 UV-HCMVE 4 vlo]g] =47 ICAM-1 23S
F7RTE AL Bo F A B AT Age} Ix)ditia &
T A

£ AFollA UV-HCMVE] 7Hdell oA ICAM-1 EEo]
S7FHATE HCMVell A= S wiol] I3l 242170 BA1
o7 foaA v FF2 olfre v 2ol Addn
HCMVE Hlo]Z 29} SPNTol| 2J3t ICAM-1 5771 Yeha,
UV-HCMVE rlo|E 20 23 ICAM-1 S7FHS Hol= ot}
UV-HCMV<= cytokines X338k SPNTE "HaA| &317] wiE
ojty, A8H o2 HCMVOl ZHdE THP-1 Al2ol|A2] ICAM-1
UE SV vlolgl2s 32 Wdo] Qlolw rhsshy, A E
MEZREQ] cytokine EHE HCMV 3L &8s o= 3
T} o] wf #H|E cytokineo] F-SloH, ojwgl 7]Hel 3]
ICAM-1 TdS X8R oz o Ao & ZA|o]h

2ol g

o] =52 20065PdE SEUIstal Shed TR gAY At
A ol| oate] ATH AR
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ABSTRACT : Secretion of Cytokine Simulating Intercellular Adhesion Molecule-1 Expression from
THP-1 Cdls Infected with Human Cytomegalovirus
Mi Suk Kim?, Hyun Ah Yi2, and Chan Hee L ee"?* (!School of Life Sciences, 2Biotechnology
Research Indtitute, Chungbuk National University, Chungbuk 361-763, Republic of Korea)

Human cytomegalovirus (HCMV) stimulates the expression of intercellular adhesion molecule (ICAM-1) on
the surface of monocytic THP-1 cells. Stimulation of ICAM-1 did not require HCMV gene expression since
UV-inactivated HCMV (UV-HCMV) was able to induce ICAM-1 expression. ICAM-1 expression was aso
stimulated in uninfected THP-1 cells which were fed with culture supernatant of HCMV-infected THP-1 cdlls.
Co-culture experiment using trans-well insert supported that HCM V-infected THP-1 cells secreted some cytok-
ing(s) stimulating ICAM-1 expression. The stimulation of ICAM-1 by HCMV-infected cell culture supernatant
appears to involve NF-xB pathway. Culture supernatant from THP-1 cdls infected with UV-HCMV, whose
gene expression was abrogated, failed to simulate ICAM-1 expression on naive THP-1 cells. Thus, HCMV
gene expression seems to be required in secretion of cytokine(s) stimulating ICAM-1 expression.



