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ABSTRACT

Damage of bronchial epithelium is a feature of airway viral

infection and airway inflammatory disease, such as bronchial

asthma. Adhesion molecules, which are expressed on

bronchial epithelium, play an important role in the pathogene-

sis of epithelial damage and airway inflammation. We

analysed ICAM-1 and VCAM-1 expression on human

bronchiol epithelial cell line, NCI-H292, after influenza virus A

infection. ICAM-1 wos expressed on control cells constitutively.

Influenza virus A infection coused o three-fold increose in

ICAM-1 expression on NCI-H292 cells. Supernatant of virus-

infected cells wos analysed for the concentration of IL-1β and

TNF-α but these cytokines were not detected. VCAM-1 was not

expressed on control cells and did not change after cytokine

stimulation or virus infection. These findings suggest that

influenza virus infection may induce ICAM-1 expression on

bronchial epithelium without intervention of leukocytes, and

ICAM-1 expressed on epithelium plays a major part in the

pathophysiology of airway inflammatory disease caused by

viral infection.

Key words: adhesion molecule, airway inflammation, 

bronchial asthma, bronchial epithelial cells, influenza virus, 

CAM-1

INTRODUCTION 

Recent reports indicate that adhesion molecules play an impor-
tant role in the pathogenesis of airway inflammatory diseases, 
such as asthma. The interaction between leukocytes and adhe-

sion molecules expressed on endotheliQI cells hos been cleorly

defined.1,2 Adhesion molecules, such as intercellular adhesion
molecule-1 (ICAM-1), voscular cell adhesion molecule-1

(VCAM-1) and E-Selectin, Were expressed on bronchial microves-
sels ond expression of these adhesion molecules wos increosed in

asthmotics.3-6 Wegener et al. demonstrated ICAM-1 expression

on epithelium of o primo+e model of airway inflammotion coused

by chronic ontigen challengen.7 Recently, ICAM-1 expression on

bronchial epithelial cells has been reported.8 It is thought that

ICAM-1 expressed on bronchial epithelial cells moy facilitate

adhesion between inflammatory cells and bronchial epithelial

cells. Inflmmotory cells recruit and consequently damage the

epithelium in the process of airway inflammation. Therefore

odhesion molecules expressed on bronchial epithelium ore

important in the pothogenesis of airway inflammation.

Investigators hove reported that cytokines, such os interleukin-1

beta (IL-1β), tumour necrosis foctor-alpha (TNF-α) and inter-

feron-gamma(IFN-γ) increased ICAM-1 expression on bronchial

epithelial cells ond ougmented leukocyte odhesionto epithelial

cells.9-11 In the airway, the maior source of these cytokines are

thought to be macrophages.

  Influenzo virus is a major pathogen of airway viral infection ond

causes inflammotion and epithelial damage. 12-15 Adhesion mole-

cules expressed on epithelium may contribute to pathogenesis of

airwoy inflammatory disease caused by viral infection. In viral

infections of the airway, cytokines, which are derived from

mocrophages, possibly stimulate ICAM-1 expression on epithe-

lium. But ICAM-1 may be an important initiator of inflammatory

cell accumulotion, therefore we hypothesized that increased

ICAM-1 expression on bronchial epithelium is needed for the

process of airway inflammation before recruitment of inflamma-

tory cells. If this is correct then increased ICAM-1 expression

needs other stimulotor, which is different from leukocyte-derived

cytokines, in the initial stage of viral airway inflammatioh. We

thought that influenza virus may initiate up-regulotion of ICAM-1

expression on epithelium cells, and examined ICAM-1 expression

on humon bronchial epithelial cells infected with influenza A virus.
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MATERIALS AND　METHODS

Cell cultures

The bronchial epithelial cell line NCI-H292 is derived from

human lung mucoepidermoid carcinoma (American Type

Culture Collection, ATCC). NCI-H292 was cultured in RPMI

1640 (Gibco, Grand Island, NY, USA) containing 10% heat-

inactivated foetal bovine serum (FBS; Gibco), 100U/mL peni-

cillin and 100μg/mL streptomycin (Gibco). Cultures were

incubated at 37℃ in 5%CO2.

  MDCK cells were cultured for influenza virus propagation.

This cell line is derived from a kidney of a canine (ATCC).

MDCK cells were grown and maintained in Eagles Minimal

Essential Media (MEM; Gibco) containing 2% FBS, 100U/mL

penicillin and 100μg/mL streptomycin. Stock cultures of NCI-

H292 and MDCK cells were frozen at-80℃.

Virus stpck

Influenza A virus/Sisen/2/92 (a kind gift from Dr M. Toda,

Showa University, Tokyo, Japan)was grown in MDCK cells in

MEM containing 2% FBS at 33.5℃ in 5%CO2. Infected culture

fluid was centrifuged at 20×g for 5min to give a clearsuper-

natant (containing virus particles) which was stored in aliquots

at-80℃.

Vitas titration

MDCK cells were grown in six-well culture plates (Falcon, Becton

Dickinson, Lincoln Park, NJ, USA) to confluence. Serial 10-fold

dilutions of virus stock were prepared in MEM supplemented with

100U/mL penicillin,100μg/mL of streptomycin and 2μg/mL

trypsin (Gibco). The supernatant of each culture plate was

removed and 100μL of each dilution was added to the plates

which were rocked every 10min to facilitate adsorption of virus

tothe cells. After 1h, supernatantwas removed and replaced

with 2mL of MEM containing 1% agarose, 1% DEAF dextran and

4μg/mL trypsin. Cultures were incubated for 3-4 days at 33.5℃

in 5%CO2. Cells were fixed with 10% formalin and stained with

methylene blue, and plaques on each plate were counted and

the number of plaque forming units (PFU) determined.

Infection of cell culture with influenza Avirus

NCI-H292 cells were grown to confluence in steriletissue cul-

ture plates (3.5 diameter). Influenza A virus (H3N2) was added

to the plates (100μL of 1×106/mL PFU) and allowedto adsorb

to cells for 1h with gentle rocking of the plates every 10min.

After 1h, virus was removed, 2mL of fresh medium RPMI 1640

(Gibco) with 2% of FBS, 100U/mL penicillin and 100μg/mL

streptomycin, was added and infected cells were grown at 37℃

in 5%CO2. Culture medium containing cells was collected 6,

24,48 and 72h after infection.

Stimulation of the epithelial cells by TNF-α

NCI-H292 cells were grown to confluence in 3.5cm diameter cul-

ture plates and incubated in RPMI 1640 medium with 2% of FBS,

100U/mL penicillin and 100μg/mL streptomycin. As a positive

control of ICAM-1 expression,100U/mL of TNF-α (R&D systems,

Minneapolis, MN, USA) was added to the medium. After 6,24,48

and 72h, the culture of supernatant and cells were collected.

Flow cytometry analysis of expression of adhesion

molecules

NCI-H292 cells were harvested following treatment with trypsin-

EDTA. They were suspended in PBS containing 2% BSA and

0.02% sodium azide, and 106 cells were incubated with mAb to

ICAM-1 or VCAM-1 (Seikagaku Corporation, Tokyo, Japan)on

ice for 30min. After three washes in PBS, cells were incubated

with fluorescein isothiocyanate-conjugated goat anti-mouse

IgG (Gam-FITC, Seikagaku) on ice for 30min. After another

three washes in PBS, cells were resuspended in PBS and 104

cells were analysed for fluorescence intensity by flow cytometry

(FACScan, Becton Dickinson). Mean ICAM-1-specific fluores-

cence was determined by subtracting the mean background

fluorescence (negative control, Gam-FITC) from that measured

withthe mAb to ICAM-1. In preliminary experiments, trypsin did

not alter the fluorescence of surface ICAM-1.

Assay of cytokine concentration in culture medium

IL-1β and TNF-α concentration in medium collected at 6,24,48

and 72h after infection was analysed using a commercially

available enzyme-linked immunosorbent assay (ELISA) system

(Amersham International, UK). Briefly, samples and horseradish-

peroxidase-conjugated anti-cytokine antibody were added to the

96-wells of a microtitre plate coated with anti-cytokine antibody.

After washing with PBS, substrate was added and absorbance

was measured at 450nm. A standard curve was generated by

plotting the logarithm of optical density versus logarithm of the

concentration standards, and from this the concentration of each

sample was determined.

Expression of ICAM-1mRNA

Control cells, TNF-α-cells stimulated cells and cells infected with

influenza A virus were harvested using a scraper 24h after cyto-

kine stimulation or virus infection. Total RNA was extracted from

samples of 2×106 cells using guanidiumthiocyanate. First strand

cDNA was synthesized by incubating 2μg of RNA in the presence

of Moloney-Murine Leukemia Virus reverse transcriptase

(Pharmacia, USA), random primers and reaction buffer at 37℃

for 1h. After cDNA denaturation at 94℃ for 5min, reverse tran-

scription polymerase chain reaction (RT-PCR) was used to amplify

partofthe ICAM-1 gene using 5'-and 3'-primers. 16 The sequence

selected for amplification wasthe region between 288-1059bp.
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Fig. 1 Cytopathology of influenza virus in bronchial epithelial cells. 
Human bronchial epithelial cells, NCI-H292, were infected with 
influenza virus A (H3N2). Phase-contrast photomicrographs of cultured 
cells were obtained. (a) Non-infected control cells. (b) At 48-72 h after 
infection.

RT-PCR was performed using 5 pmol of 5'-ICAM-1 primer and 5

pmol of 3'-ICAM-1 primer, 5μL cDNA, 0.6U Taq polymerase

(Boehringer-Mannheim, Germany), 2.5μL PCR reaction buffer

(Tris-HCI 100mmol/L MgCl2 15mmol/L KCI 500mmol/L;

Boehringer-Mannheim), and distfilled Water to a final volume of

25μL. Amplificdtion was performed for 30cycles with denatura-

tion at 94℃ for 45s, annealing at 61℃ for 45s, and extension at

72℃ for 1min (Perkin-Elmer Cetus, Norwalk, CT, USA). The β

actin gene was amplified as mentioned above using 5'-β actin

primer (5'-GTGGGGCGCCCCAGGCACCA-3') and 3'-β actin

primer (5'-CTCCTTAATGTCACGCACGATTTC-3') for normal-

ization. After incubation at 72℃ for 10min, amplified products

were analysed by electrophoresis on 2% agarose and ethidium 

bromide staining, followed by visualization with an ultraviolet 

transilluminator. 

Statistics 

The paired t-test was used to evaluate statistical significance of 

the data in the analysis of mean fluorescence intensity and 

cytokine production.

RESULTS 

Infection of epithelial cells by influenza A virus 

At 24h after influenza virus inoculation, remarkable cytopathic 
change was not noted when compared with control cells. At 48-72 
h after inoculation, cytopathic changes like rounding of cells and 
cellular fusion were seen in infected NCI-H292 cells (Fig. 1).

Expression of adhesion molecules on bronchial 

epithelial cells

Expression of adhesion molecules on cultured human bronchial 

epithelial cells, NCI-H292 cells, was analysed with flow cytometry. 

Histograms for 10000 cells from a representative experiment are 

shown in Figure 2. ICAM-1 was constitutively expressed on NCI-

H292 cells (mean fluorescence ± s.e.m.,=36.5±8.2, n=4).

VCAM-1 was not expressed on NCI-H292 cells (data not shown). 
ICAM-1 expression on NCI-H292 cells was increased by stimula-
Lion of TNF-α time-dependently and there was atwo-fold increase

in mean fluorescence at 48-72 h after stimulation (Fig. 3a), as has 
been shown previously.17 There was a time-dependent increase in 
ICAM-1 expression after influenza A virus (H3N2) infection, and 
three-fold increase in mean fluorescence 72h after infection (Fig. 
3b). There was no change in VCAM-1 expression on NCI-H292
following TNF-α stimulation nor by influenza virus infection (data

not shown).

Cytokines concentration in culture medium

The concentration of cytokines in the medium of cultured NCI-

H292 cells was analysed using ELISA. IL-1β and TNF-α were not

detected in the culture medium of control cells or cells which were

infected with influenza A virus (H3N2) at anytime (data not shown).

Expression of ICAM-1 mRNA

ICAM-1 mRNA was detected by RT-PCR. The sample obtained

from control epithelial cells revealed a faint cDNA band,

whereas samples from cells harvested 24h after TNF-α stimula-

tion or influenza A virus infection, had a strong cDNA band

compatible with the expected size of the product (772bp). Every

product of β actin 548 bp) from control cells, TNF-α-stimulated

cells and infected cells was detected (Fig. 4).
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Fig. 2 Flow cytometry analysis of ICAM-1 expression on NCI-H292 cells. The thick line of the representative flow cytometry histogram for

10 000 cells indicates basal ICAM-1 expression on control cells.

Fig. 3 Mean fluorescence of flow cytometry analysis. Time course of ICAM-1 expression on NCI-H292 cells which were

DISCUSSION 

NCI-H292 is an established line of mucoepidermoid carcinoma 
cells derived from the human lung.8,9 It is reported that NCI-
H292 cells are available for cultivation of paramyxoviruses and 
may be sensitive to other viruses including influenza virus.20 On

the other hand, NCI-H292 shares some characteristics of adhe-

sion molecule expression and cytokine production with normal

bronchial epithelial cells. We have examined the production of

IL-6 and IL-8 by NCI-H292 cells and found that itwas increased

by IL-1β or TNF-α (data not shown). In this report, we demon-

strated that TNF-α stimulated ICAM-1 expression on NCI-H292
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cells, and the data are similar to that obtained for normal 
bronchial epithelial cells.9,24,25 Therefore, we used NCI-H292 as 

a model of bronchial epithelium in airway inflammation. 

 At 48-72 h after virus inoculation, cytopathic effects, such as 

rounding of cells and cellular fusion, were observed in the pres-

ent study. These pathologic changes indicate the damage to 

bronchial epithelial cells following virus infection.12 

It has recently been suggested that cell adhesion molecules 

potentially mediate leukocyte migration, leukocyte activation, 
and leukocyte-airway constitutive cell interactions in inflamma-

tory airway diseases such as asthma. Wegener et al. demon-

strated enhanced ICAM-1 expression on bronchial microvessels 

and epithelium in a primate model of chronic airway inflamma-

tion, and showed an amelioration of inflammatory response to 

antigen exposure after administration of blocking antibodies 

against ICAM-1.7 Recent evidence has also demonstrated that 

soluble ICAM-1 and soluble E-selectin were increased in the 

bronchoalveolar lavage fluid after antigen challenge.5 Increased 

serum levels of soluble ICAM-1 and soluble E-selectin were 

detected in asthmatic patients.6 ICAM-1, E-selectin and VCAM-1 

were expressed in bronchial tissue from asthmatics and an 

increase in inflammatory cells, e.g. eosinophils, mast cells and 

lymphocytes, was associated with increased expression of ICAM-

1 and E-selectin. 4 It thas been documented that IL-1β, TNF-α and

IFN-γ induced up-regulation of ICAM-1 expression on human

bronchial epithelial cells and increased leukocyte adhesion to

epithelial cells.9-11 These mediators may be important in the

pathogenesis of inflammatory airway disease such as bronchial

asthma or virus infection.

 We hypothesized that virus infection of the airways may cause 
an increase in ICAM-1 expression on bronchial epithelium cells 

and this increase may possibly contribute to epithelial damage 
and airway inflammation. Viral infection causes bronchial 
inflammation and exacerbates bronchial asthma because of 
increased hyper-reactivity of the bronchial wall.14,15.21 Of these 
viral infections, influenza virus type A (H3N2) is common. It is a 
major cause of infection-induced asthma in adults. Investigators 
have documented several reports about the mechanism of virus-

induced asthma, but the process by which inflammatory cells 

infiltrate the bronchial mucosa remains undefined. It has been 

reported that viruses such as respiratory syncytial virus, para-

influenza virus and adenovirus induce leukocyte adhesion and 

up-regulation of ICAM-1 expression on epithelial cells. 22.23.26,27 

The report documents that leukocyte adherence to MDCK cells 

was increased by influenza virus injection. 28 But within our knowl-

edge, it has not been clarified that influenza virus infection 

increases ICAM-1 expression on human bronchial epithelial 

cells. In our study, we demonstrated, using flow cytometry, an 

increase in ICAM-1 expression on bronchial epithelial cells, 

when they were infected with influenza A virus. Mean fluores-

cence of ICAM-1 expression increased time-dependently and 

this data was consistent with an increase in ICAM-1 PCR product 

from the cells 24 h after infection compared with the product 

from control cells. Because of the importance of influenza virus 

in airway infection, ICAM-1 up-regulation induced by the virus is 

useful to understand the mechanism of airway inflammatory dis-

ease induced by influenza.

 Adhesion molecules which are expressed on bronchial 

epithelium play an important role in the process of airway 

inflammation caused by viral infection. Because the bronchial 

epithelial cell is a primary site, an increase in ICAM-1 expres-

sion by influenza virus may be significant in the initial inflamma-

tory response. ICAM-1 expression on bronchial epithelium may 

induce leukocyte-epithelial cell interaction and epithelial dam-

age. We have already documented that IL-1β, TNF-α and IFN-

γ stimulated ICAM-1 expression on human bronchial epithelial

cells and NCI-H292 cells.17 These results are similar to past 

reports documenting human primary bronchial epithelial cells. 

 We demonstrated that influenza virus infection induced ICAM-

1 mRNA up-regulation on bronchial epithelial cells without

leukocyte intervention. In our result, IL-1β and TNF-α were not

detected in the supernatant of infected cells, therefore it is possi-

ble that influenza virus infection directly induced ICAM-1 expres-

sion on epithelial cells without intervention of cytokines. Recent 

reports have indicated that wild-type adenovirus infection aug-

mented ICAM-1 expression on human bronchial epithelial cells,

Fig. 4 Amplified DNA products from

NCI-H292 cells. Cells were stimu-

lated by 100U/mL of TNF-α or

infected with influenza virus A. At 24

h after stimulation or infection,

epithelial cells were harvested and

mRNA of ICAM-1 and β-actin was

assayed by RT-PCR. Amplified prod-

ucts appeared as a single band of

appropriate size. M, size marker. 1,

control; 2, stimulated by TNF-α; 3,

infected with influenza virus A.

Representative of three experiments.
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but recombinant adenovirus did not change ICAM-1 expression. 

Considering this report, increased ICAM-1 expression on epithe-

lial cells are relative to cell response to virus replication or cell 

cytotoxicity Phal et al. have documented that influenza virus 

haemagglutinin activated NF-KB,29 a transcription factor of the 

ICAM-1 gene 30 Therefore, it is possible that influenza virus 

infection increased ICAM-1 expression on NCI-H292 cells by 

activating NF-KB. But there is also the possibility that other 

cytokines or mediators contributed to ICAM-1 expression, and 

the mechanism of ICAM-1 regulation is complicated, therefore 

further investigation is required

  In conclusion, we have demonstrated that influenza virus 

infection increased ICAM-1 expression on bronchial epithelial 

cells and its mechanism may be a direct effect of the influenza 

virus It has been documented that ICAM-1 expression con-

tributed to the pathogenesis of atopic asthma But airway 

ICAM-1 expression induced by viral infection in vivo has not 

been fully investigated We hypothesized that ICAM-1 expres-

sion on epithelium may similarly contribute to airway inflamma-
tory disease such as nonatopic asthma. But further studies are 

needed to understand the regulation and function of adhesion 

molecules in the airway
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