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Influenza virus A infection induces interleukin-8 gene expression in
human airway epithelial cells
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Te determing the role af the airway epithelial cell in mediating virussinduced inflammation, we infested primary culiures of human sireay epithelial
cells with humin influenza type AJPort Chulmerw/?2 (HIN2), After iwo duys, the medium was collected for measurement of the chemetactic Sylokine
interleukin=# by enzyme-linked immunoserbent assay. The RNA was extracted from the cells for unalysis of interleukin8 mRNA by Nerthern
blot unalysis. Interleukin-8 produciion was mare than doubled by viril infection, while intericukin-8 mRNA was increased fous-fold. Thus induetion
of interleukinsg gene capreasion in viruseinlected airway epithelium may be 4n Important carly step leading (o virus-induced airway inflammation,

Inlesleukin=8: Airwny epithelinl cell; Virus; Gene expression: Inflammation; Cytokine

. INTRODUCTION

Airway inflammaltion is characteristic of influenza
infection in humans [1], the most intense infiltration of
inflammatory cells being in the epithelial layer, This
epithelial infammation, along with the faet that the
epithelial ceil is the primary cell infected by influenza,
suggests that a chemotactic factor muy be released by
virus-infected airway epithelial cells, Previous studies
using mumps-infected African green monkey kidney
cells {2] and herpes simplex-infected rabbit kidney celis
[3] showed that these cells released chemotuctic sub-
stances in response to viral infection.

Interleukin-&, a strongly chemotactie cytokine [4),
cun be produced by AS49 cells [5]. which are of pulmo-
nury cpithelial origin, It has recently been shown that
severul human airway epithelial cell lines can also pro-
duee interleukin-8 [6]. Expression of the interleukin-8
gene in these cells is inducible by tumer necrosis factor,
interleukin- 1, and phorbol myristate acetate [6]. We car-
ried cut the present study to determine whether infec-
tion with influenza virus indused expression of the inter-
leukin-8 gene, and production of inmterleukin-8, by
human airway epithelial celis,

2. MATERIALS AND METHODS

21, Ivalation and cultare of afvwey epithelial colls

Cartilagenous airways were obtained rom surgical lung resections,
The airways used were 8-15 mm in djameter. and represented main
bronchi and lobar or segmental bronchi. Epithelium was cultured
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wing a moadificution af the echnique devised for dog airway cpithe.
lium by Coleman et al, {7]. Airways were placed in a sclution af 0.5%
pronase in Mank's bufTered salt solution (HBSS) and were el ovar-
night at 4°C alter which the epithelial cells were removed from the
underlying tissue by jeis of 10% fetal bovine serum in HBSS. The
isolated epithelinl cells were resuspended in serum-free LHC Be cullure
medium (Blofluids) (8] und were plited on ral-tail collsgen-soated
sixewell plutes ut a density of 1.2 x 10* cells/em!?, Cultures were incu-
buted ut 34*C in 6% COuir, und che eells grow to confluence in aboul
ane week.

23, Virus siack

Human influenaa type A/Port Chalmers72 (MIN2) (American
Type Culture Collsstion) was grewn in Rhesus monkey kidney colls
(Viromed). Cultures were {rozen and thawed to disrupt cclls, and (he
infected cullure Nuid was cleared by centrifugation and stored in
aliguots at ~70°C. Uninfesied monolayers were treated in a similar
way (o produce coniral medium,

To determine the virnl content of (hese fuids, {resh kidney cell
mosnolayers were exposed to serial ten-fold dilutiens. Viral infestion
aof these cells was demnnsirated one week laler by hemadsorplion, as
previously described [2) The virus stock was found to contain 107
limes the amount of virus required o infest 50% of kidney cell
maneluyers {TCID,) por mi. No virus was detected in Lhe control
medium,

2.3, Infeciian of airway epithislial cells

Confluent epithelial ¢ell monolayers were exposed 1o either virus
stosk diluled in LHC Be medium to a concentration of 10* TCID/mi
or control medium similarly diluted. After 1 h, the medium was re-
placed with fresh LMC 8¢, The medium was again changed 24 h later,
and was collected 48 h after infestion {or interleukin-8 assay, Virus
infeclion of airway epithelium was demonstrated by recovering virus
from the culture medium inte fresh monolayers of Rhesus monkey
kidney cells as deseribed above. A hemadsorption assay was also
performed in kgveral of the menolayers to demonstrate expression of
the viral hemagglutinin on the infected celis’ membranes.

24, Intericubin-8 desay

Lnterleukin.g concentration in the culiure medium ecllected 48 b
after infection was determined using a commereially available enzyme-
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linked immunosarbent ussay (Reseurch und Development). This cons
centration reflects the release of interleukin-d by epithelinl celly bee
1ween 24 and 48 h after infection inte a 2 ml volume af culiure medium,

2.5, Northern blol anclysic

Tots) RNA wis isoluted by the guanidine isothiogyanate/esium
chloride methed [10]. Quuntiatian of RNA wux determined by ub-
sorbance at 260 nm. Aliquols contuining § uy ol totul RNA wui
denatured in 20 gl toading buffer (S0% Formamide, 6.5% formalde.
hyde, 10 mM sodium ucctute. 10 mM EDTA, and 40 mM 3(N-
morpholinepropanesullonic acid, pkl 7.5). and clecirophoresed in
1.0% agarose ge! in dennturing |.1% formuldeliyde. RNA wus then
transferred (0 Gene Sereen Plus (Dupont, Boston, MA) membrane
filters using 10 x SSC (1.5 M sodium chlaride, 0.13 M sodium citrale)
(11}, Blots wers then exposed 1o Kaduk X-0 mat X-ray film at =70°C,
using Koduk intensilying screens. Autoradiograms were quanltilated
by densitometric seanning. To contwrol for variation in either the
amount of RNA in diffetent samiples or loading errass, all blots were
rehybridized with an oligenucicolide probe corresponding ta 188
RNA alter stripping ol the ariginal probe. Ethidium bramide stuining
of RNA sumples was also performed o mssess integrity of RNA and
equnl loading of RNA, The densitometric valug or fnterleukin:t wus
naormalized ¢o values obtained for 18 S RINA obtuined on the sune
blol.

2.6, Probes
A 40 bp synthelic oligonucteotide for human interleukin-8 was ab.
tained from Oneogene Science (HON411), This sequence is of the

antisense arientution and i3 derived from $'-untranstated sequetices of

exon § {12). Human interleukin-la (RONI23), granulocyte macro-
phuge colony-stimulating factor (WON1 16, GM-CSF)and eollageniuse
{H#ONIH) were nlso obiained from Queogene Seience. A 24 buse pair
oligonucieotide {5-ACG GTA TCT GAT CGT CTT CGA ACC-1)
complemeniary to 18 § RNA was synthesized (391 DNA Synthesizer,
Applied Bivsysiems). All aligonucleoiide probes were 3 ead-libsled
using terminal deonynucleotidyl iransferase (Bethesdn Resenrch Lub-
omiories, Guithersburg, MD).

3. RESULTS

3.1. Infection of airway epithelial colfs

As previously described [9,13]. all monolayers of air-
way epithelium that were exposed to influsnza virus
stock solution became infected . as determined by recov-
ery of virus from the supernatant culture medium into
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Fig. 1. Concentration of interleukin-8 in supernatants (2 ml volume
overlying a 12 em?® monalayer) fram control and virus-infestad epithe-
lial cells, n=8, mean * SE.M., P<0.05, unpuired r-lesl.
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Fig. 2. Northern blot unalysis of interleukin-8 mRNA expression by

virus-infested human airway epithelial cells. The blot was probed

sequentinlly with oligonucieotide for human intwerieukineg and 18 §

RNA, The datu shown are representative of three separate experi-
ments,

fresh monoluyers of Rhesus monkey kidney cells. Hem-
adsorption was also detected in the virus-exposed air-
way epithelial monolayers in which it was tested.

3.2, Interfeukin8 praduction

Interleukin-8 was detectable in the supernatants of
control airwuy epithelial cell monolayers, and was more
than doubled by viral infection (Fig. 1).

1.3, Mrerteukin-8 mRNA

A low basal level of interleukin-8 mRNA expression
was detected in uninfected epithelinl cells whereas a
3.5-4,0-fold induction of interleukin-8 mRINA was ob-
served in the virus-infected cells (Fig. 2). The effect of
virus on interleukin-8 expression was specific, and was
not due to a generul effect on transeription as the exs
pression of interleukin-la. GM-CSF, and collagenase
were not affected by viral treatiment (Fig. 3). In the case
of GM-CSF, we found no expression in cither control
or virus-infected cells (data not shown).

4. DISCUSSION

These data orovide the first evidence that viral infec-
tion stimulates expression of the gene for interleukin-8
in human airway epithelial cells, and that this leads to
increased production of interleukin-8 by the cells. The
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Fig. 3. Northern bint analysis of interieukin-1z, collagenase, and 18
S mRINA expression by virus-infested human airway epithelial cslls.
The data shown are representative of three separate experiments,
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epithelial cell is the grimary site of influenza infection,
and the epithelial luyer is the site ot the most intense
inflammation in the influenza-infected airwuy. Thus the
production of the strongly chemotactic eytokine inter~
leukina8 is likely to be important in the pathogenesis of
virus-induced airway inflammation.

Qther nirway epithelial products are also chemotac-
tic, Metabolism of arachidonic acid by S-lipoxygenase
in dog tracheal epithelial calls produces lsukotriene B,
(LTB,) [14]. which is strongly chernotuctic. However,
the predominant lipoxygenase in human airway epithe-
lium is | 5-lipoxygenase [15]. This enzyme allows human
airwvay epithelium to produce 8,15-dihydroxyeicosapen-
taenoic acid, which is also chemotactic but is much
weaker in this respect than either LTB, or interleukin-8.
1t is nlso unknown whether production of lipexygenise
meinbolites of aruchidonic acid is stimulated by viral
infection, as we have shown for interleukin-8.

The meehanism by which viral infection induces ine
terleukin-8 gene expression has not yet been deter-
mined. Although interleukin-l is known to stimulate
interleukin-8 gene expression [16,17] in airway epithelial
cells [6). we do not believe this was the mechanism in our
study as interleukin-l gene cxpression was not induced
by viril infection.

Airway inflammation is strongly associated with the
functional abnormalities of asthma [18]. and muy con-
tribute to the similar functional abnormalities of nirway
secretion und bronchoconstriction seen with viral infec-
tions. The production of interleukin-8 by the epithelium
may be an early siep in the injtiation of virus-induced
airway pathology.
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