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induced by influenza virus A
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Bronchial epithelial cells are primary sites of airway viral infection, and these cells may play
an important role in the pathogenesis of respiratory diseases. It has recently been reported that
bronchial epithelial cells express RANTES. RANTES attracts monocytes, T cells, eosinophils,
and basophils; it can also activate eosinophils. To determine whether viral infection induces
RANTES expression on bronchial epithelial cells, we infected a bronchial epithelial cell line,
NCI-H292, with influenza virus A (H3N2). We then examined the concentration of RANTES
in the culture medium of infected cells by ELISA and assessed expression of the gene for
RANTES by the reverse-transcriptase polymerase chain reaction. We also investigated the
concentrations of IL-6, IL-8, and granulocyte-macrophage colony-stimulating factor in the
medium of infected cells, because some virus infections have been reported to indice
expression of these cytokines on bronchial epithelial cells, but there are few data concerning
influenza virus infection. Small amounts of IL-6 and IL-8 were detected in the medium of
uninfected cells. RANTES was not detected in the medium of uninfected cells. After influenza
virus infection, significant amounts of IL-6, IL-8, and RANTES were released into the culture
medium of infected cells, and RANTES messenger RNA was detected from infected cells.
Granulocyte-macrophage colony-stimulating factor was not detected in the medium of
uninfected and infected cells. These results suggest that influenza virus infection may stimulate
production of IL-6, IL-8, and RANTES from human bronchial epithelial cells and that these
cytokines may contribute to the pathogenesis of airway inflammatory diseases caused by
influenza virus infection. (J Allergy Clin Immunol 1996;98:1080-7.)
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Viral infection causes bronchial inflammation
and exacerbates bronchial asthma because of the
infiltration of inflammatory cells and increased
hyperreactivity in the bronchial wall.! Infection
with influenza virus type A (H3N2) is common and
is a major precipitant of infection-induced asthma
in adults.? The influenza virus primarily infects
epithelial cells, from which various chemotactic
factors may be released, followed by the develop-
ment of bronchial inflammation and infiltration of
inflammatory cells such as lymphocytes, histio-
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Abbreviations used
FBS: Fetal bovine serum

GM-CSF: Granulocyte-macrophage colony-
stimulating factor
MDCK: Madin-Darby canine kidney
MEM: Minimal essential media
PCR: Polymerase chain reaction

PFU: Plaque forming unit

RT-PCR: Reverse-transcriptase polymerase
chain reaction
TNF-a: Tumor necrosis factor-a

cytes, and eosinophils to the bronchial wall. There-
fore monitoring of epithelial cells may provide
insight into the inflammation process.

It has recently been reported that bronchial
epithelial cells express a chemokine, RANTES,* ¢
as determined by in vitro and in vivo studies.>®
RANTES is chemotactic for monocytes, T cells,
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eosinophils, and basophils.”** RANTES may con-
tribute to the accumulation of these inflammatory
cells into the epithelium in viral infection, but
there is no report concerning the expression of
RANTES induced by viral infection. Therefore we
investigated whether influenza virus infection in-
duced RANTES expression on bronchial epithelial
cell line. On the other hand, investigators have
demonstrated that some viruses induce the pro-
duction of cytokines from bronchial epithelial
cells, such as IL-6, IL-8, and granulocyte-macro-
phage colony-stimulating factor (GM-CSF).11-15
But there are few data concerning cytokine pro-
duction from bronchial epithelial cells in influenza
virus infection. Therefore we analyzed the produc-
tion of IL-6, IL-8, and GM-CSF from bronchial
epithelial cells that were infected with influenza
virus.

METHODS
Cell cultures

The bronchial epithelial cell line, NCI-H292, is an
established line of human lung mucoepidermoid carci-
noma cells (American Type Culture Collection) and is
not transformed with virus.'® This cell line can be used to
cultivate paramyxoviruses and may be sensitive to the
influenza virus.!” Therefore we selected NCI-H292 as a
model for respiratory epithelium in this study. NCI-
H292 cells were cultured in RPMI-1640 medium (Gibco,
Grand Island, N.Y.) containing 10% heat-inactivated
fetal bovine serum (FBS), 100 U/ml penicillin, and 100
pg/ml streptomycin. Cultures were incubated at 37° C in
5% CQ,, humidified air.

Madin-Darby canine kidney (MDCK) cells (American
Type Culture Collection) were cultured for influenza
virus propagation. MDCK cells were grown and main-
tained in Eagles Minimal Essential Media (MEM)
(Gibco) containing 2% FBS, 100 U/ml penicillin, and
100 pg/ml streptomycin. Stock cultures of NCI-H292
and MDCK cells were frozen at —80° C.

Virus stock

Influenza virus A/Sisen/2/92 (a kind gift from Dr. M.
Toda of Showa University, Tokyo, Japan) was grown in
MDCK cells in MEM containing 2% FBS at 33.5° C in
5% CO,. The infected culture fluid was subjected to
centrifugation to produce a clear liquid, which was
stored in aliquots of 2 ml at ~80° C.

Virus titration

MDCK cells were grown to confluence in 6-well
culture plates (Falcon, Becton Dickinson and Compa-
ny). Serial 10-fold dilutions of the virus stocks were
prepared in MEM supplemented with 100 U/ml penicil-
lin, 100 pg/ml streptomycin, and 2 mg/ml trypsin. The
supernatant of each culture plate was removed, and 100
pl of each dilution was added to the plates. The plates
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were rocked every 10 minutes for adsorption of virus to
the cells. After 1 hour, the supernatant was removed and
replaced with 2 ml of MEM containing 1% agarose, 1%
diethylaminoethyl dextran, and 4 p.g/ml trypsin. Cultures
were incubated for 3 to 4 days at 33.5°C in 5% CO..
These cells were fixed with 10% formalin and stained
with methylene blue. Plaques of each plate were then
enumerated, and plaque forming units (PFU) were
determined.

Infection of cell culture with influenza
virus A

NCI-H292 cells were grown to confluence in sterile
tissue culture plates (3.5 cm in diameter). One hundred
microliters of 1 X 10% PFU/m] influenza virus A (H3N2)
was added to the plates and allowed to adsorb to the
cells for 1 hour with gentle rocking of the plates every 10
minutes. After 1 hour, the virus was removed and 2 ml of
fresh RPMI-1640 media with 2% FBS, 100 U/ml peni-
cillin, and 100 pg/ml streptomycin was added; and the
infected cells were grown at 37° C in 5% CO, humidified
air. (The multiplicity of infection was 0.05.) Culture
medium was collected at 6, 24, 48, and 72 hours after
infection for cytokine assay. For detection of messenger
RNA, infected cells were harvested at 24 hours after
virus inoculation. '

Detection of RNA of influenza virus A

NCI-H292 cells were grown to confluence in culture
plates with a diameter of 3.5 cm. One hundred microli-
ters of viral stock (1 X 10° PFU/ml influenza virus A,
H3N2) was added to the plates. At 10 minutes or at 1
hour after addition of viral stock to plates with rocking
every 10 minutes, the supernatant of the plates was
removed and 2 ml of fresh RPMI-1640 medium with 2%
FBS, 100 U/ml penicillin, and 100 pg/ml streptomycin
was added. At 10 minutes or 24 hours after viral
inoculation, the cells were washed with PBS three times
and were harvested with a scraper. Total RNA was
extracted from samples of 2 X 10¢ cells by guanidium
thiocyanate.'® First-strand complementary DNAs were
synthesized by incubation of 2 pg of RNA templates in
the presence of Moloney-Murine Leukemia Virus re-
verse transcriptase (Pharmacia, Uppsala, Sweden), ran-
dom primers, and reaction buffer at 37° C for 1 hour.
After denaturation of cDNAs at 94° C for 5 minutes, the
polymerase chain reaction (PCR) was performed by
using 5 pmol 5'-primer (5'-TTGTTGAACGCAG-
CAAAGCT-3’) and 5 pmol 3'-primer (5'-TCTAGTTT-
GTTTCTCTGGTA-3"), 5 pl cDNA, 0.6 unit of Taq
polymerase (Boehringer-Mannheim, Mannheim, Ger-
many), 2.5 pl PCR buffer (100 mmol/L Tris-HCI, 15
mmol/L. MgCl,, 500 mmol/L. KCI [Boehringer-Mann-
heim]), and distilled water were added to the reaction
volume of 25 pl. PCR primers were synthesized accord-
ing to the sequence of hemagglutinin gene type 3 (H3,
position at 337-1063) of influenza virus A.’® The ampli-
fication reaction was performed for 30 cycles with dena-
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turation at 94° C for 45 seconds, annealing at 61° C for
45 seconds, and extension at 72° C for 1 minute (Perkin-
Elmer Cetus, Norwalk, Conn.).?® After incubation at
72°C for 10 minutes, PCR-amplified products were
analyzed by 2% agarose gel electrophoresis and
ethidium bromide staining, followed by visualization
with a UV transilluminator.

Stimulation of the epithelial cells by IL-1p,
tumor necrosis factor-a, IL-6, and IL-8

NCI-H292 cells were grown to confluence in 3.5 cm
diameter culture plates and incubated in RPMI-1640
medium with 2% FBS, 100 U/ml penicillin, and 100
pg/ml streptomycin. IL-1B, tumor necrosis factor-a
(TNF-a), IL-6, and IL-8 (R&D Systems, Minneapolis,
Minn.) were added to the medium (10 ng/ml each).
After 6, 24, 48, and 72 hours, the supernatants of the
culture were collected for assay of cytokines. At 24 hours
after stimulation, cultured cells were harvested with a
scraper.

Assay of cytokines

Concentrations of IL- 6, IL-8, and RANTES in the
collected culture medium were determined with a com-
mercially available system for ELISA (Amersham Inter-
national Ltd., Little Chalfont, U.K.). First, the standards
and the samples were added to the 96 wells of a
microtiter plate coated with anti-cytokine antibody. Af-
ter incubation at room temperature for 2 hours, each
well was washed with wash buffer four times. Then,
polyclonal antibody against cytokine, which was conju-
gated to horseradish peroxidase, was added to the well.
After incubation at room temperature for 2 hours, each
well was washed with wash buffer four times. Substrate
solution (stabilized hydrogen peroxide and tetramethyl-
benzidine) was added to each well, and the plate was
incubated at room temperature for 20 minutes. Then
sulfuric acid was added to each well, and the absorbance
was measured at 450 nm. A standard curve was gener-
ated by plotting the logarithm of the optical density
against the logarithm of the concentration of the stan-
dard, and the concentration of each sample was calcu-
lated. The minimal detectable concentrations of each
cytokine were as follows; 0.7 pg/ml for IL-6, 4.7 pg/ml for
IL-8, 1.5 pg/ml for GM-CSF, and 2.5 pg/ml for
RANTES. This concentration reflects the release of
cytokine into 2 ml of culture medium over 6, 24, 48, and
72 hours after infection.

To confirm that cytokine production was indeed due
to the effects of influenza virus infection and not to a
contaminant present in the viral stock, we performed the
following experiment. We incubated viral stock with
influenza virus A (serotype H3N2) specific antiserum for
30 minutes and then added it to the plates in which
NCI-H292 cells were cultured to confluence. After incu-
bation for 10 minutes, the supernatant of the plates was
removed, and fresh RPMI-1640 medium was added.
Forty-eight hours later, the culture medium was col-
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lected, and the concentration of each cytokine was
determined by ELISA.

Expression of RANTES mRNA

RANTES gene was assessed by reverse-transcriptase
(RT)-PCR. According to the RANTES cDNA library,
5’- and 3'-primers were synthesized.>! The sequence
selected for amplification was the coding region of
RANTES, which is located from position 27 to position
302 and encodes a protein with 92 amino acids. Control
cells; cells stimulated with IL-18, TNF-a, or IL-6 plus
IL-8 (10 ng/ml each); and cells infected with influenza
virus A were harvested with a scraper at 24 hours after
cytokine stimulation or virus infection. Total RNA was
extracted from samples of 2 X 10° cells by guanidium
thiocyanate.'® First-strand cDNAs were synthesized by
incubation of 2 pg of RNA templates in the presence of
Moloney-Murine Leukemia Virus reverse transcriptase
(Pharmacia), random primers, and reaction buffer at
37° C for 1 hour. After denaturation of cDNAs at 94° C
for 5 minutes, the PCR was performed by using 5 pmol
5'-RANTES primer (5'-ATGAAGGTCTCCGCG-
GCACGCCT-3"); and 5 pmol 3'-RANTES primer (5'-
CTAGCTCATCTCCAAAGAGTTG-3"), 5 pl cDNA,
0.6 unit of Taq polymerase, 2.5 pl PCR buffer, and
distilled water were added to the reaction volume of 25
pl. The amplification reaction was performed for 30
cycles with denaturation at 94° C for 45 seconds, anneal-
ing at 61° C for 45 seconds, and extension at 72° C for 1
minute (Perkin-Elmer Cetus). The B-actin gene was
amplified as mentioned previously by using 5'-B-actin
primer (5'-GTGGGGCGCCCCAGGCACCA-3’) and
3’-B-actin primer (5'-CTCCTTAATGTCACGCAC-
GATTTC-3"). After incubation at 72° C for 10 minutes,
PCR-amplified products were analyzed by 2% agarose
gel electrophoresis and ethidium bromide staining, fol-
lowed by visualization with a UV transilluminator.?°

Statistics

Analysis of variance was used to evaluate statistical
significance of the data in the analysis of cytokine
concentration in the culture medium. Data that ap-
peared statistically significant were compared by using
Student’s ¢ test for means of multiple groups and were
considered significant if p values were less than 0.05
compared with control. Three or five separate experi-
ments were performed.

RESULTS
Infection of epithelial cells by influenza
virus A

At 24 hours after influenza virus inoculation,
remarkable cytopathic change was not noted when
compared with control. At 48 to 72 hours after
virus inoculation, rounding of the cells, large nu-
clei, and prominent nucleoli was observed. Several
cells revealed cellular fusion. At 72 to 120 hours
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FIG. 1. Detection of viral RNA by RT-PCR. One hundred microliters of viral stock {1 X 108 PFU/mi
influenza virus A, H3N2) was added to culture plates of NCI-H292 cells. At 10 minutes after
addition of viral stock or at 1 hour after rocking of plates every 10 minutes, supernatant of the
plates was removed and 2 ml of fresh RPMI-1640 medium was added. At 10 minutes or at 24
hours after viral inoculation, cells were harvested. Hemagglutinin 3 gene of influenza virus A
was detected from collected cells by RT-PCR. M, Size marker; 1, cells collected at 10 minutes
after virus inoculation; 2, cells collected at 24 hours after virus inoculation. Representative of

three separate experiments.

after virus inoculation, cellular fusion and detach-
ment were seen.

Detection of viral RNA by RT-PCR method

Influenza virus A H3 gene was not detected
from cells immediately after 10 minutes of expo-
sure to virus (Fig. 1, lane 1). On the other hand,
the sample obtained from the cells that were
collected at 24 hours after infection revealed a
clear PCR product at 727 bp (Fig. 1, lane 2). These
results imply that NCI-H292 cells were infected
with influenza virus A (H3N2) and that the virus
was replicating.

Production of IL-6, IL-8, and RANTES

IL-6 production was increased in the medium of
the cells at 6 hours after stimulation with IL-18 or
TNF-« (408.3 = 83.3 pg/ml or 441.7 = 91.7 pg/ml,
respectively, p < 0.05), compared with the produc-
tion in the medium of control cells (30 = 10.5
pg/ml). IL-6 production was increased in the cul-
ture medium of infected cells at 24 hours after
infection (216.7 * 125 pg/ml, p < 0.05), compared
with the production in the medium of control cells
(28.3 £ 19.5 pg/ml). The concentration of IL-6 in
the culture medium of infected cells increased over
time. At 72 hours after infection, the concentration
of IL-6 in the medium of infected cells was 488.8 =
41.7 pg/ml (p < 0.05). Five separate experiments

were performed in the assay of IL-6 concentration
(Fig. 2, A). IL-6 concentration in the culture
medium of the cells stimulated with IL-8 did not
differ significantly from the concentration in the
medium of control cells at any of four time points
(data not shown).

IL-8 production was significantly increased in
the medium of the cells at 6 hours after stimulation
with IL-18 or TNF-a (4.2 = 0.4 ng/mi or 4.6 = 0.7
ng/ml, respectively, p < 0.05), compared with the
production in the medium of control cells (51 * 22
pg/ml). IL-8 production was increased in the cul-
ture medium of infected cells at 24 hours after
infection (2.1 = 0.7 ng/ml, p < 0.05), compared
with the production in the medium of control cells
(85 * 32 pg/ml). The concentration of I-8 in the
culture medium of the cells stimulated with IL-13
or TNF-a or in the cells infected with influenza
virus increased in a time-dependent manner. The
concentration of IL-8 in the medium of the cells at
72 hours after stimulation with IL-18 or TNF-« or
in the cells at 72 hours after infection were 5.7 *
0.5 ng/ml, 5.9 = 0.5 ng/ml, and 4.5 * 0.3 ng/ml,
respectively. These IL-8 concentrations were
higher (p < 0.05, respectively) than that of the
culture medium of control cells at 72 hours (120 =
46 pg/ml). Five separate experiments were per-
formed in the assay of IL-8 concentration (Fig. 2,
B). IL-8 concentration in the culture medium of
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FIG. 2. Concentration of IL-6 and IL-8 in culture medium. Bronchial epithelial cells, NCI-H292,
were incubated with 10 ng/ml IL-18 or TNF-a. NCI-H292 cells were also infected with influenza
virus A. Culture medium was collected at 6, 24, 48, and 72 hours after stimulation or infection.
Concentrations of IL-6 and IL-8 in collected medium were determined by ELISA. A, IL-6
concentration. B, IL-8 concentration. *p < 0.05 compared with control. Five separate experi-

ments were performed.
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FIG. 3. Concentrations of RANTES in culture medium. Bronchial epithelial cells, NCI-H292, were
infected with influenza virus A. Medium was collected 6, 24, 48, and 72 hours later. Concentra-
tions of RANTES in medium of control cells and cells infected with influenza virus were
determined by ELISA. *p < 0.05 compared with control. Five separate experiments were

performed.

the cells stimulated with IL-6 did not differ signif-
icantly from the concentration in the medium of
control cells at any of four time points (data not
shown).

RANTES was not detected in the culture me-
dium of control cells at any of four time points or
in the medium of the cells at 6 hours after infec-
tion. At 24 hours after infection, RANTES was
detected in the culture medium of infected cells
(0.4 = 0.1 ng/ml, p < 0.05). RANTES production
in the culture medium of infected cells increased
over time. The concentration of RANTES ob-

served at 72 hours after infection was 1.4 = 0.6
ng/ml (p < 0.05). RANTES was not detected in the
culture medium of cells stimulated with IL-1p,
TNF-a, or IL-6 plus IL-8 at any of four time points
(data not shown). Five separate experiments were
performed in the assay of RANTES concentration
(Fig. 3).

GM-CSF was not detected in the culture me-
dium of control cells; in the medium of cells
stimulated with IL-18, TNF-a, IL-6, or IL-8; or in
the medium of cells infected with influenza virus at
any of the time points (data not shown).
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FIG. 4. Effects of antiserum on cytokine production. Viral stock was incubated with antiserum
and then added to NCI-H292 cells. After incubation for 10 minutes, supernatant was removed
and fresh RPMI-1640 medium was added. Forty-eight hours later, culture medium was collected,
and concentration of each cytokine was determined by ELISA. A, Concentration of IL-6. B,

Concentration of IL-8. C, Concentration of RANTES. Three separate experiments were per-
formed.
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FIG. 5. RANTES mRNA detected by RT-PCR. NCI-H 292 cells were stimulated with IL-18, TNF-q,
and IL-6 plus IL-8 (10 ng/m! each). NCI-H292 cells were also infected with influenza virus A. After
24 hours, epithelial cells were harvested and mRNA of RANTES (A) and B-actin (B) were assayed
by RT-PCR. M, Size marker; 7, control cells; 2, cells infected by influenza virus A; 3, cells
stimulated with IL-1B; 4, cells stimulated with TNF-o; 5, cells stimulated with IL-6 plus IL-8.

Representative of five separate experiments.

Infection was blocked in all three experiments
by preincubation of the virus with antiserum to
influenza virus A (H3N2). Cytopathic effect was
not noted in the cells that were incubated with
influenza virus A antiserum. The production of
IL-6 and IL-8 in the medium of the cells was
reduced to the same level as that of noninfected
control cells by preincubation with antiserum
(54 + 14 pg/ml and 62 = 21 pg/ml, respectively)
(Fig. 4, A and B). RANTES was not detected in the
medium of the cells treated with antiserum (Fig. 4,
0).

Expression of RANTES mRNA

RANTES mRNA was detected by RT-PCR.
The sample, obtained from epithelial cells that
were harvested at 24 hours after influenza virus A

infection, revealed an amplified cDNA band com-
patible with the size of the PCR product (276 bp).
No product was detected from control cells or
from cells stimulated with IL-18, TNF-qa, or I1L-6
plus IL-8 (Fig. 5, A).

The B-actin PCR product (548 bp) was detected
in samples from control cells; from cells stimulated
with IL-13, TNF-a, and IL-6 plus IL-8; and from
infected cells (Fig. 5, B).

DISCUSSION

Our studies have demonstrated that human
bronchial epithelial cell line, NCI-H292, was in-
fected with influenza virus A and that its infection
induced the expression of RANTES on the NCI-
H292 cells and increased the production of IL-6
and IL-8 from these cells. The production of these
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cytokines was inhibited by antiserum against influ-
enza virus A.

NCI-H292 is an established cell line of muco-
epidermoid carcinoma cells derived from human
lung tissue.'® This cell line expresses IL-6, IL-8,
and intercellular adhesion molecule-1 constitu-
tively; and the expression of these cytokines and
adhesion molecules was increased by IL-1p and
TNF-w.?? These characteristics are similar to
those of normal bronchial epithelial cells. There-
fore we used this cell line as a model of airway
inflammation in this study. However, we must
acknowledge that NCI-H292 is a tumor cell line
and may have some characteristics that are dif-
ferent from normal bronchial epithelium.

In this study we detected cytopathic effects such
as rounding of the cells, large nuclei, prominent
nucleoli, and cellular fusion in NCI-H292 cells
after inoculation of influenza virus A. Influenza
virus RNA was detected in the cells at 24 hours
after virus inoculation, and it was not detected in
the cells at 10 minutes after inoculation. These
results indicate that NCI-H 292 cells were infected
with influenza virus A and that influenza virus was
replicating.!!. 12 23

It has been reported that influenza virus infec-
tion increases the levels of cytokines such as IL-1a,
IL-1B, IL-6, TNF-a, and GM-CSF in bronchoal-
veolar lavage from infected mice.?* We thought
that bronchial epithelial cells may be important in
the inflammatory process, because they are the
primary site of airway viral infection. Recently, it
has been reported that cytokines such as IL-1p,
IL-6, and IL-8 were expressed in nasal epithelial
cells obtained from patients during viral respira-
tory infection in vivo.?® Investigators have reported
that respiratory syncytial virus and human rhinovi-
rus infection increased the production of IL-6,
IL-8, and GM-CSF from bronchial epithelial cells
in an in vitro study.!'-1* IL-8 expression in normal
human bronchial epithelial cells by influenza virus
infection has been reported.?® Similarly, our study
demonstrated enhanced production of IL-6 and
IL-8 from a bronchial epithelial cell line, NCI-
H292. IL-6 induces T-cell proliferation.?” IL-8 is
chemotactic for T cells and neutrophils.?® These
cytokines may contribute to the pathogenesis of
airway inflammation in influenza virus infection.

RANTES is a member of the C-C chemokine
family. It attracts monocytes, eosinophils, ba-
sophils, and T cells—in particular, CD4 T cells.”®
RANTES can also stimulate the release of eosin-
ophil cationic protein from eosinophils, and it can
upregulate the expression of adhesion molecules
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on eosinophils.!® To our knowledge, we demon-
strated for the first time that viral infection in-
duced the expression of RANTES. Influenza virus
infection causes accumulation of inflammatory
cells such as lymphocytes, histiocytes, and eosino-
phils in the airway?; and influenza virus is a major
pathogen of airway inflammatory disease. Our data
suggest that RANTES may contribute to the accu-
mulation of inflammatory cells to the bronchial
wall in airway inflammatory diseases caused by
influenza infection.

Recently, it was reported that bronchial epithe-
lial cells in biopsy specimens obtained from pa-
tients with asthma express RANTES.> ¢ Examiners
found that bronchial epithelial cell lines, such as
A549 cells and BEAS-2B cells, expressed
RANTES in response to IL-1, TNF, or interferon-
v.>* In contrast, we found that neither IL-1B nor
TNF-a stimulated production of RANTES by
NCI-H292 cells; only influenza virus infection
stimulated these cells to produce RANTES. We
examined expression of RANTES mRNA using
RT-PCR and similarly found that only influenza
virus infection induced RANTES mRNA. The
mechanism of RANTES expression may differ
between lines of bronchial epithelial cells, but we
have recently demonstrated that normal bronchial
epithelial cells express RANTES in response to
influenza virus infection in the same manner as
NCI-H292 cells (manuscript in preparation).

We detected high levels of IL-6 and IL-8 in the
culture medium of the cells infected with influenza
virus. To assure that these cytokines did not con-
tribute to the expression of RANTES, we added
purified cytokines of 1L-6 and IL-8 in the culture
medium of NCI-H292 cells and analyzed RANTES
production and mRNA expression. However, 1L-6
and IL-8 did not induce RANTES production or
mRNA expression. The results of this study indi-
cate that influenza virus infection may induce"
expression of RANTES on bronchial epithelial
cells without intervention of these cytokines.

Phal and Baeuerle® have reported that influ-
enza virus hemagglutinin activates transcription
factor NF-kB in HelLa cells. In our report we
demonstrated that NCI-H292 cells were infected
with influenza virus A and that its hemagglutinin
gene was expressed in the infected cells. NF-kB is
a transcription factor of many cytokines including
1L-6, IL-8, and RANTES.?%3! Therefore it is pos-
sible that influenza virus A infection induced IL-6,
IL-8, and RANTES expression in NCI-H292 cells
by the intervention of NF-kB, which was activated
by the hemagglutinin gene.
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The results of this study may contribute to the
understanding of the mechanisms of airway inflam-
mation. However, these results were obtained in
vitro, and it is not known whether they precisely
reflect in vivo airway inflammation. Further inves-
tigations are necessary to clarify the mechanism by
which viral infection causes these epithelial cells to
express cytokines.
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