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Human Cytomegalovirus Induces Intercellular Adhesion Molecule-1
Expression in a Monocytic Cell Line, THP-1
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It has been reported that inflammatory diseases such as pneumonitis, retinitis, and hepatitis are associated with human
cytomegalovirus (HCMV). Intercellular adhesion molecule (ICAM)-1 is an important inflammatory mediator, helping
monocytes adhere to endothelial cells when tissues are infected by pathogen including the HCMV. However, little is
known about the mechanism of ICAM-1 stimulation by the HCMYV infection in monocytes. In this study, a monocytic
cell line THP-1 was used to understand ICAM-1 expression by the HCMV infection. Flow cytometric analyses
demonstrated that ICAM-1 was stimulated by the HCMV in THP-1 cells with maximum at 24 hours post infection. The
stimulated [ICAM-1 expression was dependent on the amount of input virus. In order to understand the mechanism of
ICAM-1 stimulation during the HCMV infection, cells were treated with specific inhibitors of key elements in
inflammation: NF-kB inhibitor PDTC, cyclooxygenase 2 inhibitor NS398, and MEK inhibitor PD98059. Flow cytometric
analyses revealed that ICAM-1 expression was decreased when treated with PDTC, but not with NS398 or PD98059.

Thus, it is suggested that HCMV-induced ICAM-1 expression in THP-1 cells is associates with NF-«xB.
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(intercellular adhesion molecule-1; ICAM-1)2 A 3EEH
WHshs FawdR, A WA EZA A HCMVel 23
o] Frlete] wE ) a2 dF A}
o] RaHo] Fafrivty d#A At} (13,21,23). HCMV
of o ICAM-1 ¥ S7F= AAAFroE (8,100
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Aoz Hyk YA E Afol2 E1 24 Y= o]Es}
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| g 22 A e, EAE U] delHE
1'5-2] ME7F HOMVE] FE7T F-912 AA=H AT 5
] =2] CD34+ HHAE H TSIAES] HTAE (14,
16,17)¢} Hxd o] CD14+ THAAHE (1,26)7} HCMV 2
T AEAS FE AANEJATE ERE Ao
Al HCMV | A &8t Alxists o7 o, 59
Az A DA (macrophage) 22 w37} S 4.¢
&S St (14,17,27). o5 S8 S L= oo
HE whxuel wek A 02 ol Fsfof sh=tl, o] A
ol 4] HCMVel 2]3l] &4J3}e phosphatidylinositol 3-kinase
(PI3K)®} NF-xB7} HCMV7} 7461 Q1A dalAare] 7
2+ (adhesion)¥} F MO 2 HE O] F+EA] (extravasation)
7kl Belgitta A A A} (3,24,25). olo ¥ A
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1. M Z2} "ol A

G AEe] A AF =Pl THP-1 AEF
(ATCC TIB-202)E ©]-&3}313L, RPMI 1640 (Gibco BRL,
Gaithersburg, MD, USA) BIF]ell 10%2] S-Elo}d A (fetal
bovine serum: FBS, Gibco BRL)2} 100 pg/ml ~E F| Ev}o]
21, 100 Uml YA RAS H7kek a4 =2 wjgFatelet. 4
A =S FAAA F71 fl9l 37C, 5% CO, t7]s}

o] HjeF7Iol A wl st
B A& o AFR3) vlo]#] A= HCMV TB40E strain®]

™, o] HpolH = A WA EAME FA o] HIES

SA1Z] AoZ =Y Tubingen t8k2] Dr. Sinzger=4-E
TRk}, 7HA HCMV stockS @71 913l A2 vk

4 ZgFe et A F-oFAES] human foreskin
fibroblast (HFF, ¥ A& Hol ¥u|xz] o g HH
THE A1) M TS0l MOI (multiplicity of infection)7}F
0.01~0.05 plaque forming unit (PFU)/cello] = A HEAIZ]
Ao R TPHA E50] Fol 37CAA 147

F 5%
%L —g_
S el AE B 10-14Y ol ALY
28] 1}

A S Ak AEgsEo] AAH

T4 vlolgl 2 E A7) 918 4T, 15,000 rpmOll Al 14]

b Bt AR AS FBS7F AUMEA @2 A=
_‘|

AF-frste] & 412 $ 270l 1 m¥ Hakste] A8t

Hfol2{A A 24 Ao Al X2

HME%—% AAAA wii= 589 A9 AlSlstae

MOIE 12 Si3lt} Hheleag ZA1717] 24413F el

BE Aﬂﬁ FHIE 24 FAH] 98] 2% FBSE
2.8 RPMI 1640S #2513t} 8% ot f-xu=| ol A
A FEE THP-1 Al2e] =5 Al 7 fdZe]ste] viA&

AAS L volel s Ule We 5 2 AlolA 147 5
oF 37°C, 5% CO, t715}e] Hjk7|o A A AL ulo]
H2E AR Foll= vteld2dls AAT F 2%°]
FBSE Y& RPMI 1640 WX 2 A1 A7k
B ATl AREE 24 AdlAlE A2l S4e FA
e 191 F= WLl ARSI ol& ffal WA
THP-1 Aol z} AiAE 2] sz 223 7 724
b 7HA v 2443 PA 07 AEAES] FF Alo] AE
AEoll S vAA] 2= FHIEE (highest nontoxic
concentration: HNC)E 27d3}3it}. oo wha} 2 A3
A= HNC 5% olste] a2 Aesheit. NF-xBe
A3 A 2+ PDTC (pyrrolinedithiocarbamate)S-, cylcooxy-
genase-2 (COX-2) A 3|4 2% NS398 (N-[2-cyclohexyloxy]-
4-nitro-phenyl)methanesulfonamide)& AH-8-35}%1 2.7 MEK
A & A 2= PD98059 (2-[2-amino-3-methoxyphenyl]-4H-1-
benzopyran-4one) & AH&-3F$1T}. PDTCF NS398-2 Sigma-
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Aldrich (St. Louis, MO, USA)°l| 4], PD98059+< Calbiochem,
Merck KGaA (Darmstadt, Germany)oll A T8} t}. 24z}
o] AsAl= wiolel=E TAAIZ7] 30 Aol 2%

4

Cruz Biotechnology, Santa Cruz, CA, USA)E PBS°l| 1:100
o S Bolow ATE A-fste] 4TAA 308
F RESAIA FAAEIATE AAlE AlEE PBSE T ¥ Al

A3}l A E #417] (FACS Calibur, BD Biosciences, San

FBSE ¥ RPMI 1640 HIA| 2 8]X&}o] A|3Eol %
7e 5 7 Jose, CA, USA)Z &33ks &431% T
]_

R, vele g RAATIE 1417 B,
4 Sfa) AT 5

A= sl

st w7p#] 2+ A2l = 4. Western blotting

THP-1°]1} HFF Aol ulold] 25 ARl & 4

3 1AM B8 =5 A% Agtel A A ALE 059 9 AR
Z¥ze]l AsAl 9 ol =7t AEE 2x10°712] AlE 3L PBSE AAEFITE 88k A|aE= NP-40 83l 9k
£ 715791 2,000 rpmol A 5E3F HAEElske] ®okth (50 mM Tris-Cl pH 8.0, 150mMNaC1, 1% NP-40) 0. %2 &
PBS (S1XHH52] 44 phosphate bufferd saline, pH 7.4)1 ssle] @M AS FE5} Y Bradford How2 A3
3%2 Tz MY XEFUHF| =R Ao 158 oA 50 pgs F 8 12% SDS-PAGEC] 7953
TR Foll 2,000 rpmol A 5EZF YRS F A PVDF membrane (Milipore, Bedford, MA, USA)°ll #7]9]
A8 A A3} U PE-conjugated anti-CD54 (ICAM-1, Santa FAIATE o] %o membranes 0.1% Tween-200] X 8H%
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Figure 1. Stimulation of ICAM-1 expression by the HCMV infection on the surface of THP-1 cells. THP-1 cells were infected by
HCMYV TB40/E at MOI of 1 pfu/cell. Cells were harvested at indicated times and stained with PE-conjugated anti-ICAM-1 antibody. PE
fluorescence was determined by a flow cytometry. (A) Flow cytometrogram of a representative experiment. C, background fluorescence;
M, mock-infected cells; V, virus-infected cells. (B) Time course of ICAM-1 expression. Data are averages of three or more experiments
with error bars. Open circles, mock-infected cells; closed circles, HCM V-infected cells.
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PBS (PBS- T)& 7FHEAl A& % & 5%92] skim milk’} &
E PBS-TE 1A1ZE &<t A2l A blockingFAth.
Blocking®] &% & 1:2,0002.2 3|43t 12} A5 14]
F sk AEldt & PBS-TZ 1024 Al W A3
Anti-p-ERK1/2%} anti-ERK1/2 &A= Cell Signaling Bio-
technology (Beverly, MA, USA)l| 4], anti-human COX-2 &}
A= Cayman (Ann Arbor, MI, USA)°l| 4], Z12] 3L anti-actin
A= Sigma-Aldricholl Al 38 ch 12} &) # )7}
B FHell= 5% skim milk/PBS-Tell 1:5,0002.% 3] g
horseradish peroxidase (HRP) conjugated anti-mouse H-+
anti-rabbit IgG (Promega, Madison, WI, USA)E 1A]7} &<t
Aelsl] F3ok ﬂiﬂ #2]7} £ membraneS PBS-TZ
A ¥ A|Z3s * Enhanced Chemiluminescence System

(Intron, Seoul, Korea) 2.2 JuE-g-S O A Xray TE
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Figure 2. HCMV MOI-dependent stimulation of ICAM-1 expression. THP-1 cells were infected with HCMV TB40/E at different MOls.
Cells were harvested at 24 hours post infection. Cells were stained with PE-conjugated anti-ICAM-1 antibody and analyzed by a flow
cytometry. (A) Flow cytometrogram. C, background fluorescence; V, virus-infected cells. (B) Relative ICAM-1 expression.
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Figure 3. Effect of specific inhibitors on the HCMV-induced ICAM-1 expression. Cells were pre-treated with inhibitors for 30 minutes
and infected with HCMV TB40/E at 1 MOI. Twenty four hours after infection, cells were harvested, fixed and stained with PE-conjugated
anti-ICAM-1 antibody and fluorescence was determined by a flow cytometry. (A) treated with NF-kB inhibtor PDTC (1 uM); (B) treated
with COX-2 inhibitor NS398 (50 uM); (C) treated with MEK inhibtor PD98059 (50 uM).

ofi7] S8l wlolH = & ‘”*FJ }04 x4
g 7 % 24413 Al2] ICAM-1 2
7 A3 MOIZF 019 wjoll = vlold AE A7) A] &
2 A|3Eof wa] efF 294, MOI 1¥ wo= 7449, 283
MOI 102 o= 89 wjZ YeEhtE 5 ICAM-19] 2
A2 AN vpole 2 el HHES & 5 AN
(Fig. 2).

2. HCMVOl 2|8t ICAM—1 g& 7o 22

ARg dolr At kol i‘@@‘ﬂ g o,

gk A Ao A HCMV el o3 Fr=s e A
o2 A A&z NF«kB, COX-2, 18]1 ERK129] I3
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Figure 4. HCMV does not stimulate COX-2 expression or
ERK1/2 phosphorylation in THP-1 cells. THP-1 or HFF cells were
infected with HCMV (strain TB40/E, MOI = 1). At indicated times
after virus infection, cells were harvested and subjected to western
blot analysis. (A) COX-2; (B) ERK1/2.
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7F HCMV ] T8 #5749 912 AAE AT (1,9,14,
16,17,27). ol M2& ASRESAl S whA W =
2ol A #E3tsto] PAAE ToR F
Ao7|A ek (14,17,27). o] HA A A2 F3
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Els Oﬁi wlH| gk sHol ek
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