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SUMMARY

 

Activation of leucocytes during airway inflammatory reaction involves adhesion to bronchial epithelial
cells (BEC), a process implicating specific interactions between glycoproteins with epithelial cell surface
proteins, mainly intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1
(VCAM-1). In this study, the effect of keratinocyte growth factor (KGF), a growth factor involved in
pulmonary epithelium repair, was evaluated on adhesion molecule expression with BEAS-2B cells and
BEC and granulocyte adherence to BEAS-2B. The modulation by KGF of membrane and mRNA
expression of ICAM-1 and VCAM-1 was studied on confluent cells stimulated or not with tumour
necrosis factor-

 

a

 

 (TNF) (200 UI/ml) or TNF and interleukin (IL)-4 (50 UI/ml and 10 ng/ml). Levels of
soluble-(s)ICAM-1 and sVCAM-1 were measured by ELISA. Although moderately, KGF significantly
decreased membrane ICAM-1 expression in unstimulated BEAS-2B cells (24% inhibition at 100 ng/ml)
or in TNF- or TNF 

 

+

 

 IL-4-stimulated cells (22·5 and 18·7% inhibition, respectively). Treatment with
KGF tended to decrease VCAM-1 expression in TNF- and TNF 

 

+

 

 IL-4-stimulated BEAS-2B (

 

P

 

 

 

=

 

 n.s.
and 

 

P

 

 

 

<

 

 0·05, 14 and 15% inhibition, respectively). In primary culture of BEC, adhesion molecule
expression was also reduced. ICAM-1 and VCAM-1 mRNA expression were also inhibited by KGF.
Levels of sICAM-1 and sVCAM-1 were not significantly increased in supernatants from KGF-treated
cells (30% and 24% increase at 100 ng/ml, respectively) compared to controls. Moreover, KGF
decreased by 31% the adherence of neutrophils to TNF-activated BEAS-2B. In conclusion, KGF
decreases ICAM-1 and VCAM-1 expression and neutrophil adherence in BEC. These suggest its
involvement in the resolution of the inflammatory reaction.
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INTRODUCTION

 

The bronchial epithelium is a target of the local inflammatory
response [1,2]. In asthma, the inflammatory infiltrate observed in
bronchial mucosa is characterized by influx of eosinophils, acti-
vated T lymphocytes and monocytes, whereas neutrophil infil-
trate is present in chronic obstructive pulmonary disease
(COPD), cystic fibrosis and some forms of severe asthma [3,4].
Activation of these leucocytes by their adhesion on bronchial epi-
thelial cells may contribute to airway epithelial injury. This pro-
cess requires specific interactions between glycoproteins on
leucocyte cells with the bronchial epithelial cell (BEC) surface

proteins [5,6]. Among adhesion molecules involved in this
process, two are prominent: intercellular adhesion molecule-1
(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1).
Both belong to the superfamily of immunoglobulins and their
expression can be induced by proinflammatory cytokines [7,8].
Compared with those from normal patients, increased expression
of ICAM-1 and VCAM-1 has been shown on BEC from patients
with chronic inflammatory diseases such as asthma and of ICAM-
1 in COPD [9–12].

 

In vitro

 

 model studies indicate that VCAM-1 is involved in
adhesion of eosinophils, monocytes and T lymphocytes via their
cell surface, very late antigen-4 (VLA-4). ICAM-1 is implicated in
the adhesion of leucocytes via 

 

b

 

2 integrins such as lymphocyte
function-associated antigen (LFA-1). In a monkey model of
asthma, Wegner desmonstrates that eosinophil infiltration and
bronchial hyperreactivity decrease under anti-ICAM-1 antibody
infusion [9]. The proteolytic cleavage of ICAM-1 and VCAM-1
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membrane-bound forms result in the release of their respective
soluble forms. Their functions are not clear; however, 

 

in vitro

 

 the
circulating forms were potent inhibitors of cell–cell adhesion at
least for ICAM-1 [13–15].

Fibroblast growth factors (FGF) may play an important
role in preventing and repairing alterations of the bronchial
epithelium induced by local inflammation. Among these FGF,
the keratinocyte growth factor (KGF), a single polypeptide
chain of 28 kDa produced and secreted by fibroblasts, is an
epithelial cell-specific growth factor [16,17], although some
endothelial effects have been described recently [18]. Recom-
binant human KGF induces 

 

in vitro

 

 and 

 

in vivo

 

 proliferation
and differentiation of bronchial and alveolar type II epithelial
cells [19,20]. Intratracheal instillation of KGF prevents lung
injury in rats exposed to hyperoxia and also protects against
cyclic mechanic strain-, radiation-, bleomycin-, hydrochloric
acid- and 

 

a

 

-naphtylthiourea-induced lung injury [21–26].
Proinflammatory cytokines, such as interleukin (IL)-1

 

b

 

,
tumour necrosis factor-

 

a

 

 (TNF) and IL-6, strongly induce both
KGF mRNA and protein expression by fibroblasts [27]. Thus
KGF appears to have an important role in pulmonary and
bronchial epithelial repair after inflammation injury [28], and
release of proinflammatory cytokines leads to an increase of
KGF production.

However, the potential effect of KGF on inflammatory prop-
erties of bronchial epithelial cells remains unknown, particularly
on the expression of adhesion molecules. In primary culture of
BEC and BEAS-2B cells, in this study we evaluated the effect of
KGF on the expression of ICAM-1 and VCAM-1 and in BEAS-
2B cells, the modulation of mRNA levels and on the adherence of
neutrophils. BEAS-2B are bronchial epithelial cells transformed
by an adenovirus 12-SV40 hybrid virus in which ICAM-1 and
VCAM-1 expression are up-regulated by cytokines such as TNF
[29]. Our data show that KGF is able to decrease ICAM-1 and
VCAM-1 expression on bronchial epithelial cells mainly by the
modulation of mRNA expression.

 

MATERIALS AND METHODS

 

Cytokines, antibodies, and other reagents

 

The following materials were purchased: Dulbecco’s modified
Eagle’s medium (DMEM)/F12 medium (Life Technologies,
Gaithersburg, MD, USA), bronchial epithelial cell growth
medium kit (Promocell, Heidelberg, Germany), penicillin/
streptomycin solution (Life Technologies), collagen G (3 mg/ml in
12 m

 

M

 

 HCl) (Biochrom KG, Berlin, Germany), fetal calf serum
(FCS), trypsin (containing 1 m

 

M

 

 of ethylenediaminetetraacetic
acid (EDTA)); agarose, phosphate-buffered saline (PBS), TRI-
ZOL (Life Technologies), chloroform (Merck, Fontenay sous
Bois, France) and isopropanol (Carlo Erba, Milan, Italy), gel star
(FMC bioproducts, Rockland, ME, USA); and recombinant
human TNF, interleukin-4 (IL-4) (R&D systems, Abingdon,
Oxon, UK), KGF (a generous gift of Amgen, Thousands Oaks,
CA, USA). The following mouse monoclonal antibodies (MoAb)
were used: anti-ICAM-1 MoAb (IgG1), clone B159; anti-VCAM-
1 MoAb (IgG1), clone 450–11 A (Pharmingen, San Diego, CA,
USA), anticytokeratin antibody (NeoMarkers, Fremont, CA,
USA) and the isotype control (IgG1), clone MOPC 21, as well as
the secondary antibodies fluorescein isothiocyanate (FITC) or
phycoerythrin (PE)-labelled goat antimouse IgG (Sigma Chemi-
cal Co., St Louis, MO, USA).

 

Cell culture

 

Human bronchial epithelial biopsies were obtained by fiberoptic
bronchoscopy from patients who were being investigated for
bronchopulmonary carcinoma. Biopsies were taken at a distance
from the tumour. Histological features of the bronchial mucosa
were normal in all specimens. All procedures were reviewed and
approved by the Hospital Institutional Review Board and written
informed consent was obtained from all subjects included in the
study.

BECs were cultured as described previously [30]. Briefly, two
or three explants (approximately 0·5 

 

¥

 

 0·5 mm in size) were
placed on sterile plastic dishes coated with collagen G matrix
(types I and III collagen) (Biochrom KG, Berlin, Germany). The
explants were covered with 600 

 

m

 

l of DMEM/F12 (1 : 1) medium
(Life Technologies, Gaithersburg, MD, USA) and were incubated
for 24 h. Two ml of culture medium were then added to each dish.
Culture medium consisted of serum-free DMEM/F12 (1 : 1) sup-
plemented with 2% Ultroser G, 1% antibiotic (penicillin G
sodium: 10 000 units/ml; streptomycin sulphate: 10 000 pg/ml; and
amphotericin B, 25 

 

m

 

g/ml); and 2 m

 

M

 

 

 

L

 

-glutamine (Life Technol-
ogies). Explants were placed in a humidified incubator at 37

 

∞

 

C
under 5% CO

 

2

 

 in air. The culture medium was changed every 3–
4 days. Explants were cultured for 2 weeks, until BECs were con-
fluent. The same explants were transferred three times to new,
sterile, coated plastic dishes to initiate new primary BEC cultures.
The epithelial phenotype was confirmed by staining with anticy-
tokeratin 5/6/18 antibody. More than 96% were labelled with this
antibody (data not shown).

BEAS-2B cells were obtained from the American Tissue Cul-
ture Collection (ATCC). This cell line was derived from human
bronchial epithelium transformed by an adenovirus SV-40 hybrid
virus. BEAS-2B cells were cultured in 75-cm

 

2

 

 culture flasks and
maintained in bronchial epithelial cell growth medium, a medium
containing penicillin and streptomycin and growth factors (Pro-
mocell, Heidelberg, Germany). After seeding, 5·10

 

5

 

 cells were
plated on six-well cluster plates (Costar, Cambridge, MA, USA)
with or without collagen G coating and cultured with supple-
mented bronchial epithelial cell medium until confluence. When
confluence was obtained, cells were cultured in DMEM F12 with
0·1% FCS, 2 m

 

M

 

 

 

L

 

-glutamine, streptomycin and penicillin for
12 h.

 

Flow cytometric analysis

 

To assess the modulation of the ICAM-1 and VCAM-1 expres-
sion on BEAS-2B cells by the KGF, cells were stimulated by
either TNF (200 UI/ml) or TNF (50 UI/ml) 

 

+

 

 IL-4 (10 ng/ml)
(R&D Systems) and incubated simultaneously with increasing
concentrations of KGF (10, 30 and 100 ng/ml) (a generous gift of
Amgen) for 24 h. Supernatants were collected and used for anal-
ysis of s-ICAM-1 and s-VCAM-1. Cells were then treated briefly
with versene–trypsin solution and, after neutralization of protein-
ase activity, removed from plates by repeated pipetting. Murine
anti-ICAM-1 MoAb (IgG1, clone B159); anti-VCAM-1 MoAb
(IgG1, clone 450–11 A), the isotype control (Pharmingen) and
anti-CD29 MoAb (clone 4H4, Beckman Coulter, Roissy, France)
were used as primary antibodies. For each analysis, cells were
incubated in phosphate-buffered saline with 1% of human serum
containing saturating concentrations of each monoclonal anti-
body for 30 min. Cells were washed, and incubated in 1/100 dilu-
tion of FITC- or PE-conjugated goat F(ab

 

¢

 

)2 antimouse IgG
antibody (Sigma Chemical Co.) for another 30 min, and then
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washed twice. The cells were resuspended and fixed in PBS with
0·25% of paraformaldehyde. The fluorescence of 10 000 events
was measured using a flow cytometer (FACScalibur; Becton-
Dickinson). In preliminary experiments, we checked that treat-
ment with versene–trypsin of BEC did not affect ICAM-1 and
VCAM-1 expression compared to cells detached in PBS plus
EDTA 2 m

 

M

 

.

 

Reverse transcription-polymerase chain reaction (RT-PCR) 
analysis of ICAM-1 and VCAM-1 mRNA

 

Total RNA was extracted from unstimulated and stimulated
BEAS-2B cells, after 5 h with or without KGF, using the TRIZOL
(Life Technologies) extraction technique as recommended by the
manufacturer. Total RNA extracted from BEAS-2B was reverse
transcripted with random oligo(dT) primers and Moloney murine
leukaemia virus (MMLV) reverse transcriptase (Life Tech-
nologies). During PCR, the primers used were: ICAM-1:
forward 5

 

¢

 

-AGCTGGCACATTGGAGTCTG-3

 

¢

 

 and reverse 5

 

¢

 

-
CCAACGTCTCGTCCTCTTC-3

 

¢

 

; VCAM-1: forward 5

 

¢

 

-CCAA
GAATACAGTTATTTCGTG-3

 

¢

 

 and reverse 5

 

¢

 

-CTTAATTAA
CAAGTTCGTAAGGGAT-3

 

¢

 

; GAPDH primers were used as a
control. The PCR reagents and 

 

Taq

 

 polymerase were purchased
from Life Technologies. Thermocycler settings were an initial step
at 94

 

∞

 

C for 2 min to denature cDNA, followed by 27, 33 and 21
cycles, respectively, for ICAM-1, VCAM-1 and GAPDH of 94

 

∞

 

C
for 30 s to denature, 56

 

∞

 

C for 30 s for annealing, and 72

 

∞

 

C for
1 min for polymerization. The number of cycles was defined by a
kinetic experiment and gave a linear dose–response curve. Ampli-
fied products were electrophoresed on a 1·5% agarose gel and
stained with gel star (FMC products, Rockland, ME, USA).
Intensity of each band of cDNA was quantified by densitometry.
Results were expressed as a ratio of the signal obtained for
GAPDH.

 

Measurement of soluble ICAM-1 and VCAM-1

 

Culture supernatants were analysed for the presence of soluble
(s)ICAM-1 and VCAM-1 by specific enzyme-linked immunosor-
bent assay (ELISA) (Diaclone, Besançon, France) according to
the manufacturer’s instructions. The sensitivity is 0·1 ng/ml and
0·6 ng/ml for sICAM-1 and sVCAM-1, respectively.

 

Adherence of neutrophils

 

Neutrophils were purified from venous blood of healthy subjects
by standard procedure and the adherence test was achieved as
previously described [6,31] with minor modifications. Briefly,
BEAS-2B were expanded and activated for 24 h, as described
previously in 96-well plates. After one washing, 50 

 

m

 

l of fresh
medium and 50 

 

m

 

l containing 0·5 

 

¥

 

 10

 

6

 

 neutrophils were added to
each well. After 30 min incubation, non-adherent neutrophils
were discarded by two washes with PBS. Adherent neutrophils
were lysed by addition of 100 

 

m

 

l NH

 

4

 

Cl 0·1 

 

M

 

 solution and num-
bered by myeloperoxidase assay. Ortho-phenylenediamine
(OPD, Sigma Chemical Co.) in acetate buffer pH 5·5 was used as
a substrate. Optical density (O.D.) was read with a multiwell spec-
trophotometer at 492 nm. All analyses were performed in tripli-
cate and negative controls were performed with BEAS-2B alone
(O.D. 

 

=

 

 0·055 

 

±

 

 0·01).

 

Statistical analysis

 

Data are expressed as means 

 

±

 

 s.e.m. Results from different flow
cytometer experiments are expressed as median fluorescence

intensity (MFI) 

 

±

 

 s.e.m. after subtracting the MFI of the isotype
control. The percentage of variation from control value was
calculated as follows: ((MFI of stimulated cells minus MFI of
the relevant control) 

 

¥

 

 (100)/MFI of the relevant control. Statis-
tical analysis was performed with a Macintosh computer (Apple
Company, Copernito, CA, USA) using Statview II software
(Statview, Inc.). Statistical significance was assessed with the
Wilcoxon test, and a value of 

 

P

 

 

 

<

 

 0·05 was considered
significant.

 

RESULTS

 

KGF decreases ICAM-1 expression by BEAS-2B cells

 

ICAM-1 was expressed constitutively in BEAS-2B
(MFI 

 

=

 

 40·7 

 

±

 

 5) and was up-regulated in stimulated conditions.
TNF (200 UI/ml) induced a marked increase in ICAM-1 expres-
sion, respectively, on BEAS-2B cultured on collagen
(MFI 

 

=

 

 196 

 

±

 

 21) as well as TNF (50 UI/ml) 

 

+

 

 IL-4 (10 ng/ml)
(MFI 

 

=

 

 170 

 

±

 

 15) (Fig. 1a). The level of adhesion molecule expres-
sion was similar in BEAS-2B cells expanded on plastic or on col-
lagen G-coated wells (data not shown, 

 

P

 

 

 

=

 

 n.s.).
KGF did not modulate adhesion molecule expression on cells

cultured on plastic (data not shown, 

 

P

 

 

 

=

 

 n.s.). In contrast, when
BEAS-2B were cultured on collagen G-coated flasks, KGF
induced a significant decrease of ICAM-1 expression on unstim-
ulated cells in a concentration-dependent manner (

 

P

 

 

 

<

 

 0·05)
(Fig. 1a). The maximal effect was observed for a dose of 100 ng/ml
KGF (inhibition of 24%). KGF also inhibited cytokine-induced
up-regulation of ICAM-1 expression on the BEAS-2B cells. The
inhibitory effect was dose-dependent; maximal values were
observed at 100 ng/ml of KGF under TNF (inhibition of 22·5%)
(Fig. 1a,c) and at 30 ng/ml under TNF 

 

+

 

 IL-4 (inhibition of 18·7%)
(Fig. 1a,d). In contrast, the level of CD29 expression was not
affected by KGF (30 ng/ml) in unstimulated (MFI 

 

=

 

 254·4 

 

±

 

 81·9)
or TNF-activated (259·4 

 

±

 

 63·9) BEC compared with control
(271·6 

 

±

 

 80·5 and 227·4 

 

±

 

 65·5, respectively) (

 

P

 

 

 

=

 

 n.s.).

 

Down-regulation of TNF-

 

a

 

 

 

+

 

 IL-4 induced VCAM-1 expression 
by KGF

 

BEAS-2B did not express VCAM-1 either constitutively or with
KGF alone (Fig. 2a). In accordance with previous studies, TNF
(MFI 

 

=

 

 28·12 

 

±

 

 4) and TNF 

 

+

 

 IL-4 (MFI 

 

=

 

 43·9 

 

±

 

 7) induced
VCAM-1 expression after an incubation period of 24 h on col-
lagen-coated dishes at a level similar to cells in plastic wells.
Under stimulated conditions, KGF decreased VCAM-1 expres-
sion in a concentration-dependent manner on BEAS-2B cultured
on collagen G, whereas this growth factor had no effect on plastic
cultivated cells. A non-significant decrease of 14% under TNF
stimulation was obtained with 10 ng/ml of KGF (Fig. 2a), whereas
10 and 30 ng/ml of KGF decreased significantly TNF 

 

+

 

 IL-4-
induced VCAM-1 expression (

 

P

 

 

 

<

 

 0·05) (Fig. 2a,b).

 

Modulation by KGF of ICAM-1 and VCAM-1 expression in 
primary culture of bronchial epithelial cells

 

Primary cultures of BEC were used to confirm the data obtained
with transformed BEC. FACS analysis showed a low level of
ICAM-1 expression in unstimulated cells (Fig. 3a), whereas
TNF (Fig. 3b) and TNF plus IL-4 (data not shown) strongly up-
regulated its expression. KGF at 100 ng/ml significantly down-
regulated ICAM-1 expression in unstimulated and TNF-activated
BEC (Fig. 3d,e, respectively) (

 

P

 

 

 

<

 

 0·05).
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Fig. 2.

 

Flow cytometry analysis of the VCAM-1 expression on BEAS-2B
cells incubated with KGF. Cells were cultured in collagen-coated flasks
with different concentrations of KGF for 24 h under basal conditions or
stimulated with TNF (200 UI/ml) or the combination of TNF (50 UI/ml)
and IL-4 (10 ng/ml). (a) Results for seven different experiments are
expressed as mean fluorescence intensity (MFI) 

 

±

 

 s.e.m. corrected by sub-
tracting the mean fluorescence of the negative control. (b) One represen-
tative experiment, histograms obtained by FACS analysis with isotype
control (dotted line) and anti-VCAM-1 antibody in BEAS-2B cells incu-
bated with (bold line, MFI 

 

=

 

 20·5) and without KGF at 30 ng/ml (shaded
line, MFI 

 

=

 

 30·2); the cells were stimulated with TNF plus IL-4. #

 

P

 

 

 

<

 

 0·05:
significantly different from unstimulated condition; *

 

P

 

 

 

<

 

 0·05, a significant
decrease induced by KGF above the level in the corresponding control.

, Control; 

 

�

 

, KGF 10 ng/ml; , KGF 30 ng/ml; , KGF 100 ng/ml.

 

Fig. 1.

 

Flow cytometry analysis of ICAM-1 expression on BEAS-2B incubated by KGF. (a) Cells were cultured on collagen-coated flasks
with different concentrations of KGF for 24 h under basal conditions or stimulated with TNF (200 UI/ml) or the combination of TNF
(50 UI/ml) and IL-4 (10 ng/ml). Results for six different experiments are expressed as mean fluorescence intensity (MFI) 

 

± s.e.m. corrected
by subtracting the mean fluorescence of the negative control. (b, c, d) FACS analysis was reported for one representative of the six
experiments. The bold and shaded lines show the data obtained with anti-ICAM-1 antibody in BEAS-2B incubated with or without KGF,
respectively, whereas the dotted line illustrated the results obtained with the isotype control. BEAS-2B incubated or without KGF (30 ng/
ml) were either unstimulated ((b), MFI: 56 and 67, respectively), activated with TNF ((c), MFI: 178 and 286) or with TNF plus IL-4 ((d),
MFI: 176 and 211). #P < 0·05: significantly different from unstimulated conditions; *P < 0·05, a significant decrease induced by KGF above
the level in the corresponding control. , Control; �, KGF 10 ng/ml; , KGF 30 ng/ml; , KGF 100 ng/ml.
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Similarly to BEAS-2B, VCAM-1 expression was undetectable
in unstimulated BEC whereas TNF (data not shown) and TNF
plus IL-4 (Fig. 3c) induced its expression. In the presence of TNF
plus IL-4, KGF significantly decreased VCAM-1 expression
(Fig. 3f, P < 0·05), whereas it had no effect on unstimulated and
TNF-stimulated cells (data not shown).

Effect of KGF on the release of soluble ICAM-1 and VCAM-1 
by BEAS-2B cells
To determine whether the decrease of ICAM-1 and VCAM-1
expression by KGF was linked to an increased release of soluble
forms, their concentrations were measured in BEAS-2B superna-
tants. As expected, stimulated BEAS-2B significantly released
higher concentrations of sICAM-1 (from 0·6 ± 0·2 ng/ml in con-
trols to 8·7 ± 3·4 ng/ml with TNF, P < 0·01, and to 8·5 ± 3·2 ng/ml

Fig. 3. Flow cytometry analysis for the cell surface expression of ICAM-1 and VCAM-1 on unstimulated BEC from primary culture (BEC)
(a–c) or cells incubated with KGF at 30 ng/ml (d–f). ICAM-1 expression was reported for unstimulated (a, d) and TNF-stimulated HBEC
(b, e) whereas VCAM-1 expression was only shown for TNF + IL-4-stimulated BEC (c, f). Grey lines represent the histograms obtained
in the presence of isotype control, whereas shaded lines showed data observed with anti-ICAM-1 or -VCAM-1 antibody. The values
mentionned above the histograms represent the corresponding MFI. This is representative of four experiments.
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Fig. 4. Effect of KGF on the release of the soluble forms of ICAM-1 and VCAM-1 by BEAS-2B under basal and stimulated conditions.
Cells were cultured in collagen-coated flasks with different concentrations of KGF for 24 h, under basal or stimulated conditions with TNF
(200 UI/ml) or the combination of TNF (50 UI/ml) and IL-4 (10 ng/ml). Culture supernatants were analysed by ELISA. Results for 10 and
seven experiments for sICAM-1 and sVCAM-1, respectively, are reported as mean ± s.e.m. The level of sVCAM-1 was undetectable for
unstimulated BEAS-2B cells. #P < 0·05: significantly different from unstimulated conditions. �, Unstimulated; �, TNF; �, TNF + IL-4.
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with TNF + IL-4, P < 0·01) and sVCAM-1 than unstimulated cells
(undetectable in controls (< 0·8 ng/ml) to 2·6 ± 0·9 ng/ml with
TNF, and to 5·1 ± 2·9 ng/ml with TNF + IL-4) (Fig. 4). The cleav-
age of ICAM-1 and VCAM-1 was not affected by KGF at 10 and
30 ng/ml. KGF at 100 ng/ml tended to enhance the release of
soluble ICAM-1 and VCAM- 1 only in TNF- and TNF + IL-4-
stimulated cells (respectively, 30 and 24% increase; P = n.s.).

KGF down-regulated ICAM-1 and VCAM-1 mRNA expression 
in BEAS-2B
To determine at which level KGF acted, ICAM-1 and VCAM-
1 mRNA expression was analysed in BEAS-2B cells by RT-
PCR. The mRNA levels were normalized according to the level
of GAPDH RNA, and the results for different culture condi-
tions are shown in Fig. 5. According to the data concerning
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ICAM-1 expression on cell membrane, KGF decreased ICAM-
1 mRNA expression up-regulated by TNF and by TNF + IL-4
(20 and 28% inhibition), whereas KGF had no effect on
unstimulated cells (Fig. 5a,b). Concerning VCAM-1, specific
mRNA was undetectable without stimulation (Fig. 5a,c). Treat-
ment with KGF markedly inhibited VCAM-1 mRNA expres-
sion induced by TNF and by TNF + IL-4 (50 and 39%
inhibition).

Pretreatment with KGF decreased the adherence of neutrophils 
to TNF-a activated bronchial epithelial cells
In order to define the biological relevance of the modulation of
ICAM-1 expression in KGF-treated BEAS-2B cells, adherence of
neutrophils was evaluated on TNF-stimulated and -unstimulated
BEAS-2B cells treated or not with KGF. BEAS-2B cells

preactivation with TNF significantly increased the adherence of
neutrophils (40% increase; P < 0·05) (Fig. 6). Whereas KGF pre-
treatment of unstimulated cells had no effect on the adherence of
neutrophils, addition of KGF to TNF-prestimulated BEAS-2B
cells decreased the adherence of neutrophils significantly in a
concentration-dependent manner (13 and 31% of inhibition,
respectively, at 30 and 100 ng/ml, P < 0·05).

DISCUSSION

The presence of neutrophils and eosinophils represents an
important component of the host response to infection; how-
ever, their persistent presence and activation are thought to be
largely responsible for the pathophysiology of several debilitat-
ing diseases, including COPD and asthma [2,3]. Adhesive

Fig. 5. RT-PCR analysis of the mRNA expression on BEAS-2B incubated with and without KGF. Total RNA from BEAS-2B cultures
were extracted after 5 h of culture, and then ICAM-1and VCAM-1 mRNA expression was analysed by semiquantitative RT-PCR. (a) A
representative experiment was reported illustrating the bands obtained for GAPDH, ICAM-1 and VCAM-1 mRNA analysis. Quantification
of mRNA was achieved by gel analysis and expressed as a ratio with GAPDH mRNA. (b) The mean ± SEM of four and three experiments
were reported for ICAM-1 (b) and VCAM-1 (c), respectively. , Control; , KGF 30 ng/ml; , KGF 100 ng/ml.
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interactions are thought to be important for both the localiza-
tion and activation of leucocytes. Adhesion-dependent signal-
ling has been reported to enhance both oxygen radical
formation and degranulation responses in neutrophils and eosi-
nophils [32,33]. Recent studies underlined the involvement of
KGF as a protector and repair factor of the bronchial epithe-
lium in various lung injuries (hyperoxia, cyclic mechanic stress,
radiation, bleomycin, hydrochloric acid and naphtylthiourea)
[21–26]. Morever, its production is increased during inflamma-
tory reaction [28]. These data suggest that KGF may modulate
bronchial inflammation.

Because adhesion molecules such as ICAM-1 and VCAM-1
are implicated in leucocyte recruitment toward target tissues, we
investigated the potential modulation by KGF of their expression
on bronchial epithelial cells. To evaluate this hypothesis, we used
the bronchial epithelial cell line BEAS-2B, known to maintain a
typical epithelial morphology and to express ICAM-1 and
VCAM-1 in a manner similar to bronchial epithelial cells. As both
adhesion molecules are up-regulated under proinflammatory
cytokines, in the present study we tested TNF and IL-4 because
the first is a major inflammatory cytokine produced in the lung by
several cell types, including macrophages and mast cells, and the
second, produced by Th2 lymphocytes, plays a central role in
allergic disease such as asthma.

In our experiments, BEAS-2B expresses constitutively
ICAM-1 and VCAM-1 and their expression is up-regulated by
TNF or TNF + IL-4 after 24 h by incubation, as described previ-
ously by Atsuta and colleagues [29] with BEAS-2B cells cultured
in uncoated flasks. Similar levels of expression are observed when
BEAS-2B are maintained in collagen G-coated wells, whereas
Bloemen and coworkers did not detect induction of VCAM-1
when cells were expanded on different extracellular matrix com-
ponents such as vitrogen- or fibronectin-coated flasks [7].

Our results also showed that KGF only modulates ICAM-1
and VCAM-1 expression when BEAS-2B are cultured in col-
lagen-coated flasks and not in uncoated flasks. The same effect
was also obtained with human BEC. These observations sug-
gest that the BEC have to be bound to extracellular matrix
proteins, and particularly in our study with collagen G, to
induce the control of ICAM-1 and VCAM-1 expression by
KGF. In BEC, integrins, and especially b1-integrins, represent
some of the collagen receptors and their mobilization acti-
vated different signalling pathways. The mitogen activated
protein kinase (MAPK) pathway is a common pathway
between b-integrins and FGF-receptor signalling [34,35]. As
MAPK such as p38 regulate the expression of ICAM-1 in epi-
thelial cells [36], we suppose that the modulation of ICAM-1
and VCAM-1 production by KGF in association with a co-sig-
nal induced by b1-integrin was mediated by their action on this
signalling pathway.

Whereas KGF did not affect VCAM-1 expression in unstim-
ulated BEC, we demonstrated that basal expression of ICAM-1
was significatively down-regulated in a concentration-dependent
manner. In the presence of TNF or TNF + IL-4, KGF significantly
decreased expression of both adhesion molecules. These results
suggest that KGF effect require ICAM-1 and VCAM-1 turnover
in BEC cells and in a manner independent of the stimulatory
pathway.

Adhesion molecule mRNA expression was analysed by RT-
PCR to evaluate a potential effect of KGF at this level. Our
results showed that KGF decreased ICAM-1 and VCAM-1
mRNA on BEAS-2B, suggesting that this growth factor affects
adhesion molecule gene transcription.

To progress in evaluation of KGF effects on ICAM-1 and
VCAM-1 cell expression, measurements of the soluble forms of
these adhesion molecules were performed by ELISA. Soluble
adhesion molecules might interfere with the development of
inflammatory reaction: sICAM-1 reduces leucocyte adhesion and
induces cytokine release by lung macrophages [37,38]. In accor-
dance with previous studies, TNF with or without IL-4 increased
soluble ICAM-1 and VCAM-1 production by the BEAS-2B cell,
whereas there was low production under basal condition. KGF, at
a concentration of 100 ng/ml, enhanced the levels of sICAM-1
and sVCAM-1 in activated BEAS-2B cells; however, these differ-
ences are not statistically significant. Moreover, this effect was not
observed at 30 ng/ml in contrast with the data on cell membrane
expression. In summary, our results suggest that the effect of KGF
on membrane expression was not the consequence of an
increased rate of soluble form cleavage but rather a modulation of
mRNA expression.

The biological relevance of KGF effects on adhesion mole-
cules expression need to be defined. Under basal conditions, the
protective effect of KGF may be mediated by a down-regulation
of ICAM-1 cell expression, which probably induces a decrease of
adhesion of polymorphonuclear leucocytes to airway epithelium.
Whereas the proinflammatory cytokines increase ICAM-1 and
VCAM-1 cell expression we find, in vitro, that the curative effect
of KGF could be related to the decrease of both adhesion mole-
cules. This mechanism might constitute a negative feed-back loop
to control leucocyte migration because TNF also induces KGF
production [27]. We also evaluated the modulation by KGF of
neutrophil adherence to BEAS-2B cells. While KGF did not mod-
ulate the adherence to unstimulated BEAS-2B cells, it decreased
by 31% the number of adherent neutrophils to TNF-activated

Fig. 6. Pretreatment with KGF decreased the adherence of neutrophils to
TNF-activated BEAS-2B cells but not to unstimulated cells. Adherent
neutrophils were quantified by the measurement of myeloperoxydase in
cell lysates. Results for seven experiments are expressed as mean optical
density (O.D.) ± s.e.m. #P < 0·05: significantly different from unstimulated
conditions; *P < 0·05, a significant decrease induced by KGF above the
level in the corresponding control. , Control; �, KGF 10 ng/ml; , KGF
30 ng/ml; , KGF 100 ng/ml.
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BEAS-2B. As adherence of neutrophils to BEC is dependent
mainly on ICAM-1 binding with b1 integrins [31], these data sug-
gest that modulation by KGF of ICAM-1 expression in activated
BEC might have some consequences on the development
of the lung inflammatory reaction. In contrast, the neutrophil
adherence to unstimulated BEAS-2B cells might implicate
ICAM-1-independent mechanism. Nevertheless, these data have
to be confirmed in vivo. Moreover, further studies are required to
determine the consequence of VCAM-1 modulation on the
adherence of eosinophils and T lymphocytes to BEC which might
be altered by treatment with KGF.

In conclusion, this study demonstrates, in vitro, using BEAS-
2B and primary culture of BEC in collagen-coated culture, an
effect of KGF on the regulation of local inflammation. Indeed,
KGF moderately decreases ICAM-1 and VCAM-1 cell expres-
sion and inhibited the neutrophil adherence to activated BEAS-
2B cells. By this mechanism, this growth factor may play a role in
the control of inflammatory reaction, reducing leucocyte recruit-
ment and activation.
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