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ABSTRACT: Fibronectin (Fn) is an extracellular matrix glycoprotein which is
involved in wound repair, including repair of injured airway epithelium.  Bronchial
epithelial cells (BECs) are known to produce Fn which has enhanced chemotactic
activity compared to serum Fn. Alternative splicing of the Fn gene is an impor-
tant mechanism by which cells regulate the production of Fn.  Human BECs pro-
duce Fn which contains the EIIIA region, but the expression of IIICS region variants
has not previously been reported.  Our purpose was to better define the molecular
characteristics of human BEC Fn by determining the expression of alternative splice
variants of the IIICS region of Fn of human BECs in vitro.

Human bronchial epithelial cells obtained from bronchoscopy were cultured.  To
examine the presence of IIICS messenger ribonucleic acid (mRNA) variants, we
synthesized oligonucleotide primers complementary to the published human fibronec-
tin complementary deoxyribonucleic acid (cDNA) sequence of the IIICS domain for
use in polymerase chain reactions (PCR) with total ribonucleic acid (RNA) ex-
tracted from cultured human BECs.  To examine the modulation of IIICS mRNA
expression, the 428 base pair (bp) DNA fragment generated in the PCR was oligo-
labelled with 32[P]-deoxycytidine triphosphate (dCTP) for use as a probe for Northern
blot analysis.  Human BECs were cultured in the presence and absence of trans-
forming growth factor-β (TGF-β) and agents which influence cyclic adenosine
monophosphate (cAMP) including isoproterenol and dibutryl cAMP (db-cAMP).
Total RNA from cultures was extracted, electrophoresis performed, and Northern
blots obtained.  Blots were hybridized with IIICS probe, total Fn cDNA, and tubu-
lin cDNA.

It was found that human BECs in culture expressed the five known human IIICS
variants.  TGF-β enhanced the expression of IIICS mRNA in a concentration- and
time-dependent fashion.  Isoproterenol and db-cAMP both reduced the expression
of IIICS mRNA and attenuated the TGF-β induction. Changes in IIICS mRNA
paralleled changes in total Fn mRNA, suggesting that these agents do not selectively
modulate only the IIICS domain of Fn.

We conclude that human airway epithelial cell Fn in vitro does contain mRNA
for five IIICS variants, and that IIICS mRNA can be modulated by TGF-β and
agents which influence cAMP.  It is unknown whether alterations in IIICS variants
contribute to the functional differences previously observed between airway epithe-
lial cell Fn and plasma-derived Fn.
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Fibronectin (Fn) is an extracellular matrix glycopro-
tein known to play an important role in many cellular
processes involved in wound repair [1].  In the lung, it
has been demonstrated that Fn is involved in normal deve-
lopment, especially in animal models [2].  Furthermore,
overexpression of Fn is associated with fibrosis in pat-
ients with interstitial lung disease [3].  The importance
of Fn in airways has been suggested by observations,
such as an increase of Fn in tracheal lavage fluid of chil-
dren with respiratory distress who progress to broncho-
pulmonary dysplasia [4].

Bronchial epithelial cells are among potential sources
of Fn in the airways [5, 6].  Fn derived from bronchial

epithelial cells in vitro is capable of influencing the behavi-
our both of fibroblasts and airway epithelial cells.  Speci-
fically, it has been shown that bronchial epithelial cells
produce chemotactic activity for fibroblasts and epithe-
lial cells, which is largely Fn [5, 7].  This epithelial cell-
derived Fn is more potent as a chemotactic agent than
plasma-derived Fn. This suggests that epithelial cell-
derived Fn has unique properties which may influence
the repair of injured airways.

Variations in Fn generally occur due to differences in
amino acid sequences or posttranslational modifications
[8].  It is now well-established that there is one gene for Fn
which can be spliced in three specific regions, accounting



for the known variations in amino acid sequence.  Differen-
tial splicing in three different domains (EIIIA, EIIIB and
IIICS) can generate in man at least 20 different Fn poly-
peptides [8].  The EIIIA and EIIIB domains are spliced
to be either included or excluded in total, whilst splic-
ing of the human IIICS (or variable) domain can gener-
ate five different variants. Alternative splicing of Fn is
known to be cell and tissue specific [9]. WANG et al.
[10] have demonstrated that guinea-pig tracheal epithe-
lial cells in culture produce one of the alternative splice
variants, EIIIA, which is modulated by transforming
growth factor-β (TGF-β). The expression of IIICS Fn
variants in airway epithelial cells has not been deter-
mined.

Differential splicing is thought to result in functional
properties of Fn [11].  The IIICS splice variants may be
particularly relevant to cellular processes of inflamma-
tion. At least two of the variants of the IIICS region,
CS-1 and CS-5, have been shown to promote cell attach-
ment and spreading [9].  The CS-1 region is able to inter-
act with the integrin alpha4beta1 (also known as very late
activation antigen-4 (VLA-4)) [12],which is predomi-
nantly expressed on lymphocytes, monocytes and eosino-
phils.  Recently, the CS-1 region has been implicated in
the inflammatory process both of rheumatoid arthritis
and bacterial-induced arthritis [13, 14].  ELICES et al. [13]
demonstrated that CS-1 is preferentially expressed on the
synovial endothelium of rheumatoid arthritis patients,
and that adherence of T-cell lines to the endothelium in
rheumatoid arthritis was primarily mediated by CS-1 on
the endothelial cells.  WAHL et al. [14] demonstrated that
systemic administration of Fn peptides, including a CS-1
peptide, can attenuate the development of chronic inflam-
mation in an animal model of bacterial-induced arthri-
tis.

In airway diseases characterized by inflammation, such
as asthma and chronic bronchitis, the interaction of inflam-
matory cells and the mediators they release may influ-
ence the repair of the damaged epithelium.  Regulation
of expression of bronchial epithelial cell Fn splice vari-
ants, and IIICS variants in particular, may be involved
in directing epithelial cell-inflammatory interactions.  The
purpose of this study work was: 1) to determine the pat-
tern of IIICS variants present in human bronchial epithe-
lial cells in vitro; and 2) to examine the effect of substances
known to regulate Fn gene expression on the modula-
tion of IIICS Fn expression in cultured human airway
epithelial cells.  The effect of TGF-β, was investigated,
as it is a potent stimulator of epithelial cell Fn produc-
tion and has been shown to alter IIICS splicing pattern
in some other cell lines [15]. 

The effect of a beta-adrenergic receptor agonist, iso-
proterenol (iso), on IIICS messenger ribonucleic acid
(mRNA) was also examined, as beta-adrenergic receptor
agonists are commonly used in airway disease and little
is known about their influence on epithelial cell Fn.  Beta-
adrenergic receptor agonists increase cyclic adenosine
monophosphate (cAMP) and other cAMP agents, such
as dibutyric cAMP (db-cAMP) have been shown to reg-
ulate total Fn production in other cell types [16–19].
However, the effect of cAMP on cellular Fn production

is highly dependent on cell type, with both stimulation
and suppression of Fn observed.  The influence of cAMP
on human bronchial epithelial total Fn mRNA or IIICS
Fn mRNA in vitro has not previously been described.
Thus, the effect of two agents which increase cAMP, iso
and db-cAMP, on airway epithelial Fn and IIICS Fn were
examined.

Materials and methods

Media and supplements

LHC-D, a growth factor deficient medium, contains
LHC basal medium (Biofluids, Rockville, MD, USA),
0.5 µM phosphoethanolamine/ethanolamine (Sigma, St
Louis, MO, USA), 0.11 mM calcium (Fisher, Springfield,
NJ, USA), 50 U·mL-1 penicillin and streptomycin (Gibco,
Grand Island, NY, USA), 2 µg·mL-1 fungizone (Gibco),
and trace elements.  LHC-9 medium contains LHC-D medi-
um with 5 µg·mL-1 bovine insulin (Sigma), 5 ng·mL-1

epidermal growth factor (Sigma), 10 µg·mL-1 bovine
transferrin (Sigma), 10 nM 3,3',5 triiodothyronine (Bio-
fluids), bovine pituitary extract (50 µg protein·mL-1; Pel
Freeze, Rogers, AR, USA), 0.2 µM hydrocortisone (Bio-
fluids), 0.5 µg·mL-1 epinephrine (Sigma), and 0.1 µg·mL-1

retinoic acid (Sigma).  LHC-9/RPMI 1640 (RPMI 1640,
Gibco) at 1:1 mix was used to support the growth of
these cells, as described previously for bovine bronchial
epithelial cells [20].

Other reagents utilized in cell culture experiments
included TGF-β from R&D Systems (Minneapolis, MN,
USA), isoproterenol (iso), and db-cAMP from Sigma. 

Cell culture

Human bronchial epithelial cells (HBECs) were ob-
tained from bronchoscopy brushings (approximately 6–8
brushes in 3–4 locations) of patients undergoing bron-
choscopy for clinical reasons, after obtaining informed
consent and with the approval of the Institutional Review
Board of the University of Nebraska Medical Center and
the Human Studies Subcommittee of the Research and
Development Committee of the Omaha Veteran's Admini-
stration Medical Center.  Brushings from three patients
with diagnoses of chronic bronchitis, cardiovascular dis-
ease, and bronchoalveolar carcinoma were utilized.  Cells
were processed using the technique of KELSEN et al. [21].
Cells were maintained in culture in serum-free medium,
LHC9/RPMI 1640 (1:1), at 37°C in 5% CO2/95% air.
Cells were passaged no more than eight times prior to
use in experiments.  Using a cytokeratin stain, cells were
found to be 98–99% epithelial.  Staining was performed
with mouse anti-human cytokeratin (Dako; clone MNF116;
isotype immunoglobulin G1 (IgG1); broad-spectrum mole-
cular weights (MWs) of 45, 46, 56.5 kDa).  For the ex-
periments, HBECs were plated in 35 mm tissue culture
plastic dishes coated with Vitrogen, 0.03 mg·mL-1 (Celtrix,
Santa Clara, CA, USA).  When monolayer cultures reached
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approximately 70% confluence, cells were exposed to
varying concentrations of TGF-β, isoproterenol or db-
cAMP in media deficient in growth factors, LHCD/RPMI
1640 (1:1), for varying lengths of time prior to harvest
of cell layers for ribonucleic acid (RNA).  The various
conditions were examined in triplicate. 

RNA extraction

Total cellular RNA was isolated from monolayer cul-
tures by the method of CHOMCZYNSKI and SACCHI [22],
utilizing guanidine thiocyanate extraction.  Concentration
and purity of samples were determined by spectropho-
tometric analysis. Integrity of RNA was evaluated by
electrophoresis in 1% agarose/formaldehyde gel [23], and
visualized with ethidium bromide staining. 

Reverse transcriptase polymerase chain reaction (RT-PCR)

Total cellular RNA (5 µg) was denatured at 95°C for
5 min and incubated at 42°C for 60 min in 20 µL of
a mixture consisting of 50 mM KCl, 10 mM Tris-HCl
(pH 8.3), 2.5 mM MgCl2, 1 U·µL-1 RNAsin (RNA-  Guard;
Pharmacia, Pisataway, NJ, USA), 100 pM Random hexa-
mer (Pharmacia), 1 mM each of deoxyadenosine tri-phos-
phate (dATP), deoxycytidine triphosphate (dCTP),
deoxyguanosine triphosphate (dGTP), deoxythymidine
triphosphate (dTTP) (Perkin Elmer, Norwalk, CT, USA),
and 200 U Superscript Reverse Transcriptase (Gibco
BRL).  For each reaction mixture 10 µL of the reverse
transcription product was added to the PCR buffer (1.5
mM MgCl2, 50 mM KCl, 10 mM Tris-HCl, pH 8.3,
0.01% gelatin) (Perkin Elmer), 1 mM of each primer, 1
mM each of dATP, dCTP, dGTP, dTTP (Perkin Elmer),
and 2.5 U AmpliTaq polymerase (Perkin Elmer).

Oligonucleotide primers were synthesized that are com-
plementary to the published human fibronectin comple-
mentary deoxyribonucleic acid (cDNA) sequence that
lies between 23 base pairs (bp) outside of the 3' end and
16 bp outside the 5' end of the IIICS domain [24, 25].
The sequences were 5'GAATAATCAGAAGAGCGAGC3'
and 5'CCATGAGATGGTTGTCTGAG3'.

The reaction mixture was overlaid with paraffin oil
and the DNA sequence was amplified in a thermal cycler
(MJ Research, Watertown, MA, USA).  Fifteen, 20, or
30 cycles were performed with denaturation at 95°C for
2 min, annealing at 42°C for 1 min, and extension at
72°C for 1 min.  The amplification products were sepa-
rated electrophoretically on a 1% agarose gel and visu-
alized with ethidium bromide staining.  The 428 bp DNA
fragment was excised from the agarose gel and oligo-
labelled with 32P-dCTP (3,000 Ci·mmol-1; Amersham,
Arlington Heights, IL, USA) for use as a probe for
Northern blot analysis. 

DNA sequencing

Specificity of the PCR reaction was confirmed by
sequencing of the PCR product using a 380B synthesizer.

Northern blot analysis

For Northern blot analysis, 10 µg of total RNA was
electrophoresed on 1% formaldehyde-agarose gel and
transferred to nylon membranes (Scheicher and Schuell,
Keene, NH, USA).  After prehybridization at 42°C in a
solution containing 5× Denhart's solution, 5× SSPE buffer,
1% sodium dodecyl sulphate (SDS), blots were hybridized
overnight with 32P-oligolabelled probe for IIICS Fn at
42°C in a solution containing 2× Denhart's solution, 5×
SSPE, 0.5% SDS, 50% formamide, and 5% dextran sul-
phate.  Membranes were then washed at 23°C in 2× SSPE
and 0.1% SDS for 30 min, and 0.1× SSPE and 0.1%
SDS for 1 h, and exposed to film for 4–18 h with an
intensifying screen. 

Autoradiographs were analysed with a densitometer
(Hoeffer Scientific Instruments, San Francisco, CA,  USA).
Oligolabelling and hybridization with mouse β5 tubu-
lin cDNA (from Don Cleveland, Baltimore, MD, USA)
were also performed as above to demonstrate equivalent
RNA loading.  A human Fn cDNA probe (gift from F.
Baralle, Oxford, UK) was used to demonstrate total Fn
mRNA.  Results are expressed as ratio of IIICS/control
(tubulin) or total Fn/control densitometry signals.

Results

To study the expression of IIICS Fn mRNA by HBECs,
RT-PCR was performed using synthesized oligonucleo-
tide primers complementary to flanking regions of the
human IIICS Fn cDNA sequence.  Electrophoresis of the
PCR product demonstrated five bands of approximately
the correct size for the five known human Fn IIICS splice
variants (fig. 1). Due to their similarity in size, the 353
bp and the 335 bp products appeared as either a doublet
or a single band.  The heaviest band (428 bp) was excised
from the gel and sequenced using a 380B synthesizer.
The sequencing showed 98% identity with human IIICS
cDNA according to published data [24].  The 2% error
is not significant, being due to either sequencing mis-
reading or PCR-generated misincorporation.

HBECs were also exposed to 200 pM TGF-β for 24 h
prior to RNA extraction for use in RT-PCR.  No differ-
ence, in terms of relative intensity of staining by ethid-
ium bromide or number of bands, was observed between
cells with and without TGF-β exposure, even when PCR
was performed for a lower number of cycles (15–20).
This suggests that TGF-β exposure does not change the
relative expression of the five IIICS variants identified
in cultured airway epithelial cells.

TGF-β exposure caused an increase in HBEC steady-
state IIICS mRNA expression by Northern blot analysis
(fig. 2).  Both a concentration- and time-dependent in-
crease in IIICS mRNA expression was observed.  There
was no effect after 6 h and a minimal increase after 12
h of exposure with 50 and 200 pM TGF-β.  After 24 h,
IIICS expression was increased 3.2 fold (by densitome-
try) with exposure to 50 pM and 5 fold with exposure
to 200 pM TGF-β.  The increase persisted at 48 h.  The
maximal effect was observed with exposure to 200 pM
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IIICS mRNA, but increases IIICS expression in propor-
tion to induction of total Fn mRNA expression.

Agents that stimulate intracellular cAMP production
are known to modulate the expression of total Fn mRNA
in certain cell types, particularly fibroblasts [19].  There-
fore, it was decided to evaluate whether the beta-adren-
ergic agonist, isoproterenol, and db-cAMP modulate the
expression of HBEC IIICS and total Fn mRNA. The
expression of IIICS Fn mRNA was reduced after expo-
sure to isoproterenol for 24 h (fig. 3).  In repeat experi-
ments (n=5), IIICS mRNA expression of isoproterenol
exposed cells was 54–88% (using densitometry) of that
of control, non-isoproterenol treated HBECs.  The maxi-
mally effective concentration was 10-6 M (10-4 to 10-8 M
examined). The reduction of IIICS mRNA expression
persisted at 48 h of isoproterenol exposure.  Furthermore,
concomitant exposure of HBECs both to isoproterenol
and TGF-β resulted in an attenuation of the TGF-β induc-
tion of IIICS mRNA (fig. 3).  The attenuation did not
occur at 24 h of TGF-β and isoproterenol exposure, but
was present after 48 h of exposure.  The attenuation was
only 30% in figure 3, but ranged 30–52% in repeat expe-
riments.  Parallel changes were seen with total Fn mRNA
in all conditions.  Thus, the beta-adrenergic agonist iso-
proterenol, which acts in part through cAMP, inhibits
IIICS mRNA expression and attenuates the TGF-β induc-
tion of IIICS mRNA.
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Fig. 1. –  a) Ethidium bromide stained agarose gel of PCR generated
HBEC IIICS mRNA.  Oligonucleotide primers were synthesized that
are complementary to human fibronectin cDNA sequence as noted in
the text. Using total RNA derived from cultured HBECs (with and
without pretreatment with TGF-β for 24 h), RT-PCR was performed
with the primers (30 cycles) and five bands appropriate for the five
known human IIICS splice variants were observed (noted on the left).
Due to their similarity in size, the 353 bp and the 335 bp products
appeared either as a doublet or a single band.  Lane 1: negative con-
trol (no RT product in the PCR mix); and lane 2: HBECs untreated;
lane 3: HBECs treated with 200 pM TGF-β for 24 h; lane 4; size mark-
ers.  b) A single lane of the ethidium bromide stained agarose gel
showing the five bands with size markers on the right.  PCR: poly-
merase chain reaction; HBEC: human bronchial epithelial cells; mRNA:
messenger ribonucleic acid; cDNA: complementary deoxyribonucleic
acid; RNA: ribonucleic acid; TGF-β: transforming growth factor-β;
RT: reverse transcriptase; bp: base pair.

TGF-β at 24 h. The autoradiograph data shown in fig-
ure 2 is from one experiment with conditions examined
in triplicate and is representative of results of duplicate
experiments.  Thus, TGF-β appears to upregulate the ex-
pression of IIICS Fn mRNA in cultured human airway
epithelial cells. TGF-β is known to modulate the total
Fn mRNA expression of bronchial epithelial cells [10,
26].  In HBECs, TGF-β induced comparable increases
in the expression of IIICS mRNA and total Fn mRNA
(fig. 3).  Therefore, TGF-β does not preferentially increase
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Fig. 2.  –  The effect of TGF-β on HBEC IIICS mRNA expression.
Cells were treated with TGF-β 10, 50, 200 pM for 6, 12, 24 and
48 h.  Northern blots were prepared with 10 µg of total cytoplasmic
RNA.  Blots were hybridized with 32P-IIICS probe and 32P-tubulin
probe. Densitometry values were obtained from an autoradiograph (re-
presentative of duplicate experiments) and expressed as IIICS mRNA/
tubulin mRNA ratio.  For abbreviations see legend to figure 1.
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Exposure to the cAMP derivative, db-cAMP, resulted
in a reduction of IIICS expression, similar to isopro-
terenol (fig. 4).  The most significant reduction of con-
stitutive IIICS mRNA expression was observed at a
concentration of 10-3 M db-cAMP. At 24 h of expo-
sure, db-cAMP-treated cells demonstrated IIICS mRNA
expression which was 35% that of control, untreated cells.
This decrease persisted at 48 h of exposure, but was 59%
of control at that time-point.  HBECs treated simultane-
ously with TGF-β and db-cAMP also demonstrated a
slight attenuation of the TGF-β induction of IIICS mRNA
(fig. 4) (densitometry values are from a single autoradio-
graph, representative of results obtained in duplicate
experiments).  Both after 24 and 48 h of exposure, there
was an approximate 25% reduction of expression in db-
cAMP and TGF-β exposed cells compared to TGF-β
exposed cells.  Again, parallel changes were observed in
total Fn mRNA expression.  Thus, the cAMP derivative,
db-cAMP, reduces IIICS mRNA expression and the TGF-
β induction of IIICS mRNA.

RT-PCR was also performed with cultured HBECs that
were exposed to isoproterenol (10-6 M) and db-cAMP
(10-3 M) for 24 h prior to harvest of RNA. In a similar
fashion to the results seen with TGF-β exposed HBECs,
there was no obvious change in the pattern of IIICS splic-
ing demonstrated on the ethidium bromide stained gel
after electrophoresis of PCR products (data not shown).
This suggests that neither isoproterenol nor db-cAMP
alter the relative expression of the individual IIICS vari-
ants, but rather that they influence the expression of
mRNA for all the IIICS variants.
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Fig. 3.  –  Northern blot of total cytoplasmic RNA from cultured
HBECs.  Cells were exposed to isoproterenol (iso) 10-6 and 10-5 M,
TGF-β 200 pM, TGF-β and isoproterenol concomitantly for 24 and 48
h.  The blots were hybridized with 32P-IIICS probe, 32P-fibronectin
probe and 32P-tubulin probe.  The autoradiograph shown is represen-
tative of five replicate experiments.  Fn: fibronectin.  tub: tubulin.  For
further abbreviations see legend to figure 1.
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Fig. 4.  –  The effect of db-cAMP on HBECs IIICS mRNA expres-
sion.  Cells were treated with db-cAMP 10-3 M, TGF-β 200 pM, TGF-
β 200 pM + db-cAMP 10-3 M for 24 and 48 h.  Northern blots were
prepared with 10 µg of total cytoplasmic RNA.  Blots were hybridized
with 32P-IIICS probe and 32P-tubulin probe.  Densitometry values are
expressed as IIICS mRNA/tubulin mRNA ratio.  The data shown are
from a single autoradiograph, representative of duplicate experiments.
db-cAMP: dibutyryl cyclic adenosine monophosphate.  For further
abbreviations see legend to figure 1.

Discussion

In this study, we demonstrated that human bronchial
epithelial cells in culture expressed IIICS Fn mRNA.
This expression was enhanced by TGF-β exposure in a
concentration- and time-dependent fashion, and was par-
tially attenuated by exposure to isoproterenol and db-
cAMP. Isoproterenol and db-cAMP also reduced the
constitutive expression of IIICS Fn mRNA.  The bronchial
epithelial cells expressed all five known variants of the
human IIICS region. The relative expression of these
five variants did not appear to be altered by TGF-β expo-
sure or exposure to isoproterenol or db-cAMP.  Further-
more, modulation of the IIICS mRNA expression by
TGF-β, isoproterenol, and db-cAMP paralleled the mod-
ulation of the total Fn mRNA expression in these cells.

Fibronectin mRNA can be alternatively spliced in three
different regions, specifically EIIIA (or ED-A), EIIIB (or
ED-B) and IIICS (or variable, V). Whilst EIIIA and
EIIIB are either included or excluded, IIICS domain has
three regions and, in human fibronectin, at least five dif-
ferent splicing variants can arise from their combination.
Fn produced by various cell types is characterized by
variable expression of alternative splice regions. For
example, plasma Fn, which is largely derived from hepa-
tocytes, does not contain the EIIIA region.  The propor-
tion of IIICS containing Fn is dependent on cell type and
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is also developmentally regulated [9, 27].  The presence
of IIICS mRNA has previously been described in a vari-
ety of human cell lines [9, 15].  In this work, we observed
that human bronchial epithelial cells in vitro also express
Fn mRNA containing the IIICS region.

There has been much investigation of the functional
significance of the Fn splice variants, including those
derived from the IIICS region. Peptides derived from
the IIICS segment can promote cell attachment and spread-
ing [11].  Cell adhesion activity has been demonstrated
for two different peptides, CS-1 and CS-5, derived from
the IIICS domain.  CS-1, containing the active PEILDV
sequence, and CS-5, containing the active REDV seq-
uence, exhibited adhesion activity for melanoma cells
[28]. Furthermore, CS-1 is known to be a binding site
for VLA-4 (α4β1) integrin [9, 29].  It has been demon-
strated that CS-1 is expressed in the synovial endo-
thelium of patients with rheumatoid arthritis, but not in
persons without [13].  In addition, the adhesion of T-
cells expressing α4β1 integrin in rheumatoid arthritis syno-
vium was blocked by CS-1 peptide, suggesting a role for
CS-1 in the pathogenesis of rheumatoid arthritis inflam-
mation. Thus, changes in IIICS Fn expression may be
an important mechanism regulating inflammatory proces-
ses.

Bronchial inflammation is a predominant feature of
such airway diseases as asthma or chronic bronchitis.
Bronchial epithelial cells are known to produce Fn which
is particularly effective at promoting chemotaxis both of
fibroblasts and bronchial epithelial cells in vitro [5, 7].
It is not known whether alternative splicing accounts for
the enhanced chemotactic activity of airway epithelial
cell Fn or whether post-translational modifications of Fn
may be responsible.  From our current work, we know
that human bronchial epithelial cell Fn mRNA contains
the IIICS region. We have not yet characterized the func-
tional significance of this expression.  We can speculate
that the IIICS region may be involved in the enhanced
ability of airway epithelial cell Fn to influence chemo-
taxis of fibroblasts and bronchial epithelial cells.  Addi-
tionally, since the IIICS region of Fn is known to interact
with the α4β1 integrin, it is possible that IIICS Fn of
bronchial epithelial cells may help direct inflammatory
cells, particularly macrophages and lymphocytes, in the
airway epithelium.  However, the specific roles of IIICS
Fn in the airway epithelium are yet to be delineated.

TGF-β is known to modulate Fn production in guinea-
pig and bovine airway epithelial cells in vitro [10, 26],
and to be produced by bronchial epithelial cells [30].  A
modification in the pattern of IIICS Fn splicing induced
by TGF-β has been reported in certain malignant cell
lines [15], whilst in mesangial cells no alteration has
been observed [31].  In our study, TGF-β seemed not to
change the pattern of IIICS mRNA variants as shown by
electrophoresis of RT-PCR products.  Also, the increas-
ing expression of IIICS Fn mRNA did not differ from
the increasing expression of total Fn mRNA. This sug-
gests that in human airway epithelial cells in vitro TGF-
β upregulates expression of Fn mRNA, including the
IIICS region, but does not selectively alter IIICS splic-
ing.

The effect of cAMP on total Fn mRNA expression has
been extensively examined [16–19, 32] and varies with
cell type.  Induction of Fn expression in HT1080 fibro-
blasts has been observed with exposure to db-cAMP, 8-
bromo-cAMP, forskolin and 3-isobutyl-1-methylxanthine
(IBMX) [19].  In contrast, db-cAMP specifically decreased
Fn synthesis and mRNA expression in granulosa cells
[17], and articular chondrocytes [18, 32].  Our data show
that in human bronchial epithelial cells, exposure to iso-
proterenol and db-cAMP reduces IIICS Fn mRNA expres-
sion.  It is unclear what the role of cAMP attenuation of
IIICS Fn mRNA might be in airway epithelial cells,
which in vivo may be frequently exposed to beta-adren-
ergic agonists that can influence cAMP.  Depending on
the specific role(s) of IIICS Fn in airway inflammation,
such modulation of the IIICS Fn might function in either
a positive or negative fashion to influence ongoing repair
in the airways.

In conclusion, we have described the expression of the
IIICS messenger ribonucleic acid region in human air-
way epithelial cell fibronectin from cells in vitro.  IIICS
messenger ribonucleic acid is modulated in proportion
to total fibronectin messenger ribonucleic acid expres-
sion by transforming growth factor-β and cyclic adeno-
sine monophosphate stimulating agents, isoproterenol
and dibutyryl cyclic adenosine monophosphate.  Further
understanding of the role of epithelial cell fibronectin in
airway inflammation and repair will require better char-
acterization of the fibronectin splice variants expressed
and their functional significance. 
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