
Eur Respir J, 1994, 7, 1966–1972
DOI: 10.1183/09031936.94.07111966
Printed in UK - all rights reserved

Copyright ERS Journals Ltd 1994
European Respiratory Journal

ISSN 0903 - 1936

PPllaatteelleett--ddeerriivveedd ggrroowwtthh ffaaccttoorr--β mmRRNNAA iinn hhuummaann aallvveeoollaarr
mmaaccrroopphhaaggeess iinn vviivvoo iinn aasstthhmmaa

I.K. Taylor, M. Sorooshian, A. Wangoo, A.R. Haynes, S. Kotecha, 
D.M. Mitchell, R.J. Shaw

Platelet-derived growth factor-β mRNA in human alveolar macrophages in vivo in asthma.
I.K. Taylor, M. Sorooshian, A. Wangoo, A.R. Haynes, S. Kotecha, D.M. Mitchell, R.J.
Shaw.  ERS Journals Ltd 1994.
ABSTRACT:  Collagen deposition and myofibroblast proliferation beneath the
epithelial basement membrane in patients with asthma is now increasingly recognized,
although the molecular pathogenesis remains obscure.

We have evaluated messenger ribonucleic acid (mRNA) expression of the profibrotic
cytokine, platelet-derived growth factor-β (PDGF-β), in alveolar macrophages obtained
following fibreoptic bronchoscopy and bronchoalveolar lavage in patients with
asthma.  Three subject groups were studied: 1) asthmatics using regular inhaled
glucocorticoid medication (ASTST, n=9), 2) asthmatics using intermittent inhaled β2-
agonist therapy only (ASTBR, n=10); and 3) nonasthmatic control volunteers (n=10).
Alveolar macrophage mRNA was extracted and PDGF-β mRNA quantified by
reverse-transcriptase polymerase chain reaction (PCR) (RT-PCR) and expressed as
the ratio to that of a control gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH).

There were no significant differences in PDGF-β mRNA expression between the
groups, or between all asthmatic (n=19) and control subjects.  Furthermore, there
was no correlation between alveolar macrophage PDGF-β mRNA expression and
airway spirometry, or duration of glucocorticoid usage or dose.

Thus, in contrast to other fibrotic lung diseases, we found little evidence of
enhanced expression of PDGF-β mRNA in alveolar macrophages in clinically stable
bronchial asthma.
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The cardinal features of bronchial asthma are rever-
sible airways obstruction, airway inflammation and height-
ened bronchial responsiveness to a variety of unrelated
stimuli.  Of those studies that have characterized the
morphological features of chronic airway inflammation
in asthma [1–4], the recent demonstration of excessive
deposition of interstitial collagens, consequent on myo-
fibroblast proliferation, beneath the epithelial basement
membrane [5–9] has aroused particular interest, and has
led to speculation that an ongoing fibrotic process may
be occurring within the airways of asthmatic patients.

Platelet-derived growth factor (PDGF) is an important
cytokine in many fibrotic processes.  It is a 30 kDa
homodimer or heterodimer of two disulphide linked A
or B peptides, and is expressed by a variety of cell types
found in the lung, particularly activated monocytes and
macrophages [10].  Amongst its many biological func-
tions, PDGF causes fibroblast chemotaxis, fibroblast
proliferation, and promotes fibroblast-mediated tissue
matrix contraction [10].  B peptide containing isoforms
of the molecule, PDGF-β, are qualitatively most important
in mediating these effector functions, since only they can

bind to the PDGF-β receptor [11], which is the dominant
receptor subtype on lung fibroblasts.

There is increasing evidence that PDGF-β may be
important in the pathophysiology of a variety of fibrotic
pulmonary parenchymal and alveolar diseases [12–19].
For example, in patients with cryptogenic fibrosing
alveolitis (CFA), there is both an increase in alveolar
macrophage PDGF-β messenger ribonucleic acid (mRNA)
[14, 15], and spontaneous release of the functional protein
by these cells [16].  Similarly, in situ hybridization studies
of biopsies and bronchoalveolar lavage (BAL) cells, also
from patients with CFA, have identified PDGF-β mRNA
both in macrophages and epithelial cells [17, 18].   Finally,
during fibroproliferative sequelae following lung trans-
plantation, PDGF-β protein is increased in BAL fluid
[19].

By contrast, there have been few premortem studies
which have examined the role of PDGF-β and its potential
involvement in the airway morphological changes in
human asthma.  The objectives of this present study
were twofold: firstly, to evaluate whether alveolar mac-
rophages in BAL fluid in asthmatic patients express
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increased mRNA of PDGF-β in comparison to nonasth-
matic controls; and secondly, to determine whether alveolar
macrophage PDGF-β mRNA expression is further influ-
enced in those asthmatic patients administering inhaled
glucocorticoids.

Materials and methods

Subjects

Nineteen patients with asthma (forced expiratory vol-
ume in one second (FEV1) >60% predicted) and 10 nor-
mal nonasthmatic volunteers participated after giving
written and informed consent for the study, which was
approved by the Parkside Area Health Authority.  All
patients with asthma had documented objective (>20%)
reversibility in either FEV1 or peak expiratory flow rate
(PEFR), either spontaneously or with treatment,  and all
were clinically stable with no recent hospitalizations or
requirement for oral corticosteroids within two months
of study.  Nonspecific bronchial hyperresponsiveness was
not evaluated.  None of the asthmatic patients were
receiving anticholinergic, methylxanthine or oral β2-
agonist therapy.  The characteristics of the subjects studied
are shown below and summarized in table 1.

Asthmatics using regular inhaled glucocorticoids (ASTST
n=9). Six were male, two were smokers, and five atopic
on the basis of skin prick test positivity to at least two
allergens and a raised total serum immunoglobulin E
(IgE) (>150 IU·ml-1).  Their age range was 23–59 yrs
and baseline FEV1 was 60–109% (mean 80%) predic-
ted.  Daily inhaled glucocorticoid dose (either bude-
sonide or beclomethasone dipropionate) varied between
300 and 4,000 µg (individual doses): 300, 400, 500, 800,
1,000, 2,000, 2,000, 2,000 and 4,000 µg; median 1,000
µg).  Six of these patients had been taking inhaled steroid
medication for ≤24 months (minimum 1 month), the
remainder for longer than this period (maximum 20 yrs).

Asthmatics using intermittent inhaled β2-agonists only
(ASTBR n=10). Subjects were taking inhaled β2-agonists
alone (either salbutamol or terbutaline) for control of
intermittent symptoms.  Eight were male, two were
smokers, and nine atopic.  Their age range was 20–44
yrs and baseline FEV1 varied between 72–98% (mean
89%) predicted.

Nonasthmatic control volunteers (n=10).  Seven were
male, four were smokers, and none were atopic.  Their
age range was 22–41 yrs and FEV1 95–142% (mean
114%) predicted.

Study design

Subjects were required to attend at 08.00 h in the
morning of the study, having fasted from 24.00 h the
previous evening.  All anti-asthma medication was
discontinued for this period and subjects were asked not
to smoke any cigarettes.  On arrival, subjects rested for
15 min before airway calibre was assessed as FEV1 by
means of a dry wedge spirometer (Vitalograph, Bucking-
ham, UK).

Bronchoscopy and bronchoalveolar lavage (BAL).  Fibre-
optic bronchoscopy was performed according to the
National Institutes of Health guidelines [20].  All subjects
received nebulized salbutamol (2.5 mg) 15 min before
the procedure.  Premedication comprised atropine (0.6
mg) and fentanyl (up to 100 µg), with or without diaze-
muls (up to 5 mg) administered intravenously.  Topical
anaesthesia was achieved with lignocaine.   Bronchoscopy
(Olympus BF P20D) was performed in the semi-erect
position: arterial oxygen saturation was monitored through-
out the procedure with supplemental oxygen delivered
as required.  After segmental orifice inspection, the
bronchoscope was wedged in the medial segment of the
right middle lobe and BAL performed by instillation of
four sequential 60 ml aliquots of sterile isotonic saline
warmed to 37°C.  BAL fluid was removed under low
pressure and aliquots pooled in a 500 ml polypropylene
bottle and immediately placed on ice.  Following the
procedure, subjects were closely observed for 4 h by an
attending nurse, with monitoring of PEFR at 30 min
intervals.  All subjects not possessing a PEFR meter were
provided with one and the study concluded by the ad-
ministration of inhaled salbutamol (200 µg) and be-
clomethasone dipropionate (2 mg).  Subjects were asked
to report any adverse effects to the attending physician
(IKT).

Macrophage separation.  Following centrifugation (1,000
rpm for 10 min at room temperature), BAL cells were
resuspended in medium RPMI 1640 (Gibco BRL), con-
taining 25 mM hydroxyethylpiperazine ethanesulphonic
acid (HEPES) and 2 mM glutamine, with 100 U·ml-1

penicillin/streptomycin, to a final concentration of 1–2×106

Table 1.  –  Subject characteristics

Age*       Sex           FEV1
+ FEV1*       Atopic      Smokers

Group        n            yrs         M/F              l % pred           n             n 

ASTST 9 23–59 6/3 2.52±0.12 60–109 5 2
ASTBR 10 20–44 8/2 3.32±0.18 72–98 9 2
Controls 10 22–41 7/3 4.13±0.19 95–142 0 4

*: range; +: mean±SEM. M: male; F: female; FEV1: forced expiratory volume in one second; % pred:
percentage of predicted value; ASTST: asthmatics using regular inhaled glucocorticoid medication;
ASTBR: asthmatics using intermittent inhaled β2-agonist therapy only.



cells·ml-1.  Cells were incubated at 37°C and 5% CO2 in
tissue culture plates for 1 h.  Nonadherent cells were
then removed by four sequential washes with prewar-
med medium RPMI 1640 and 25 mM HEPES.  Macro-
phages comprised >90% of these adherent cells.  Media
and reagents contained <0.05 ng·ml-1 lipopolysaccharide
(LPS) contamination assessed by the limulus amoebo-
cyte lysate assay kit (Atlas Bioscan, Bognor Regis, UK).

Isolation of mRNA.  Cells were lysed and ribonuclease
(RNase) inhibited by suspension in 0.5 ml guanidine
isothiocyanate (GTC) solution containing 4 M GTC (BDH
Ltd, Poole, UK), 25 mM sodium citrate pH 7, 17 mM
sodium-n-lauryl sarcosine, and 0.14 M 2-mercaptoethanol
(Sigma).  Ribonucleic acid (RNA) was extracted using
a modification of the acid-GTC-phenol-chloroform method
of CHOMCZYNSKI and SACCHI [21].  Samples were trans-
ferred to microfuge tubes and to each was added 0.1 vol
2 M sodium acetate pH 4, 1 vol water saturated phenol
(Rathburn chemicals, UK) and 0.33 vol chloroform/iso-
amyl alcohol (49:1, BDH Ltd).  Tubes were inverted
between each addition and spun prior to incubation on
wet ice for 15 min.  After centrifugation for 20 min at
10,000 ×g and 4°C, the aqueous layer was aspirated and
RNA precipitated with 1 vol propan-2-ol (BDH Ltd) at
-20°C for 60 min.  Samples were again centrifuged and
RNA pellets resuspended in GTC, reprecipitated and
recentrifuged.  RNA was washed with 75% ethanol be-
fore being resuspended in diethyl pyrocarbonate (DEPC)
treated water (see reverse-transcriptase polymerase chain
reaction (RT-PCR)) or sample buffer (Northern analy-
sis) (65% deionized formamide, 15% formaldehyde and
0.05 M 3-(-n-morpholino) propanesulphonic acid (MOPS,
Sigma).  Samples were heated at 65°C for 10 min and
stored at -20°C.

Reverse-transcriptase polymerase chain reaction (RT-
PCR) and Northern blot analysis.  First strand comple-
mentary deoxyribonucleic acid (cDNA) synthesis from
1 µg total RNA was carried out in a final volume of 20
µl with 5× RT buffer (250 mM TRIS HCl, pH 8.3, 375
mM KCl, 15 mM MgCl2, 50 mM dithiothreitol (DTT)),
100 µM random hexanucleotide primer (pdN6), 1 mM
deoxyribonucleosides (dATP, dGTP, dTTP, dCTP) (Phar-
macia LKB Biotechnology Ltd), 25 units RNaguard
(Pharmacia, UK Ltd) and 200 units MMLV reverse
transcriptase enzyme (Bethesda Research Laboratories,
Gaithersburg, USA).  The reaction mixture was incubated
at 42°C for 90 min, before heating to 95°C for 3 min
and rapid cooling on ice.

To permit the same number of cycles in the poly-
merase chain reaction to be used for measurement of the
cDNA of both PDGF-β and that of the control gene
glyceraldehyde-3-phosphate dehydrogenase, GAPDH,
and thus for the assays to be performed concurrently,
cDNA for PDGF-β was diluted 1:10 and for GAPDH
1:50.  A fivefold correction factor was subsequently used
at the time of data analysis when the PDGF-β:GAPDH
ratio was calculated.  The diluted cDNA samples used
in the polymerase chain reaction were added to: 10× PCR
buffer (100 mM TRIS-HCl, pH 8.3, 500 mM KCl, 0.01%

gelatin), 1 mM MgCl2, 250 µM deoxyribonucleosides
(dATP, dGTP, dCTP, dTTP), 1 µCi α32P-dCTP, 0.7 µM
of each primer: PDGF-β, CCATTCCCGAGGAGCTTTA
TGA(+), GTCTTGTCATGCGTGTGCTTGA(-) 628
bp, GAPDH, CCATGGAGAAGGCTGGGG (+),
CAAAGTTGTCATGGATGACC (-) 195 bp, 1.5 units
Taq polymerase I (Bethesda Research Labs), and sterile
distilled water to 100 µl volume.  Samples were layered
with light mineral oil prior to 31 cycles in a DNA ther-
mal cycler (Perkin-Elmer Ltd, Beaconsfield, Bucks, UK),
under reaction conditions: 94°C/1 min, 59°C/2 min,
72°C/2 min, followed by a further extension step of 10
min at 72°C.  Sixty microlitres of PCR product was pre-
cipitated using 240 µl 5 M ammonium acetate/750 µl
100% ethanol, to remove unincorporated α32P-dCTP,
modified from CARRE et al. [22].  Products were sepa-
rated by electrophoresis on a 1×TRIS borate ethylene-
diamine tetra-acetic acid (EDTA), 2% low-melting point
agarose gel containing ethidium bromide.  Bands of the
predicted size were excised before liquid scintillation
counting.  Results were expressed as a ratio of PDGF-
β/GAPDH cpm.

Northern analysis and correlation with RT-PCR.  Other
BAL samples were obtained at bronchoscopy from a
wide variety of well-characterized, but different patient
groups (tuberculosis, sarcoidosis, idiopathic pulmonary
fibrosis, bronchogenic carcinoma) undergoing the procedure
for diagnostic purposes.  Samples with sufficient total
RNA were utilized for PDGF-β mRNA evaluation, both
by RT-PCR (as described above) and by Northern ana-
lysis.

RNA (10 µg·well-1) was separated by electrophoresis
through a 1% agarose/formaldehyde gel [23], and blotted
onto a nylon membrane (Hybond-N; Amersham Life
Science, UK) for 16–48 h before baking at 80°C for 2
h.   Prior to hybridization, the membrane was prehybridized
at 42°C for 24 h in a 10× Denhardt's solution (0.2%
Ficoll, 0.2% polyvinyl pyrrolidone, 0.2% bovine serum
albumin), 5× SSC (0.75 M sodium chloride, 0.075 M
sodium citrate), 50 mM Na2HPO4, 2% sodium dodecyl
sulphate (SDS), 45% formamide and 0.5 mg·ml-1 herring
testes DNA (Sigma), and hybridized at 42°C for 18–24
h, with random primer labelled PDGF-β DNA probe
using α32P-dCTP (ICN Biomedicals, Irving, UK) [24],
giving specific activities of approximately 1×108 cpm·µg-1

of DNA.  The membrane was washed four times with
2× SSC, 0.1% SDS at room temperature followed by
sequential 30 min washes with 0.4× SSC/0.1% SDS and
0.2× SSC/0.2% SDS at 65°C.  Autoradiography was
performed using X-ray film (X-Omat XAR-5; Eastman
Kodak Co, NY, USA), at -70°C.  The relative intensities
of the bands on the autoradiograph was compared by
scanning densitometry using a Chromoscan 3 (Joyce
Loebl Ltd, Tyne and Wear, UK).  The amount of total
RNA in each lane on the gel, as visualized by ethidium
bromide staining, was identical.

DNA probe.  The human DNA probe used was a 0.75
Kb EcoR1 c-sis fragment (gift of M. Murray, ZymoGene-
tics, Seattle, WA, USA).
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Statistical analysis

All summary airway physiology data are presented as
means±SEM.  Data relating to PDGF-β mRNA expres-
sion are presented as medians and range.  Airway spiro-
metry and PDGF-β mRNA expression were evaluated
nonparametrically by Mann-Whitney U-test analysis for
unpaired data.  Correlation coefficients between vari-
ables were determined using rank-Spearman (Rs) analy-
sis.  Significance was assigned at p<0.05.

Results

Fibreoptic bronchoscopy was well-tolerated by all
subjects, both during and following the study, and no
adverse sequelae were reported.  Total BAL cell yield
in the two asthmatic populations and the controls was
not significantly different:  ASTST 10.18±3.03 ×106; ASTBR

11.02±1.76 ×106; controls 17.48±4.10 ×106.

Airway physiology

Mean pre-bronchoscopy FEV1 in the two asthmatic
groups was: ASTST 2.52±0.12 l; ASTBR 3.32±0.18 l, and
was significantly different (p<0.01) (table 1).  Baseline
spirometry in the control nonasthmatic group was 4.13±0.19
l, which was significantly higher than that both in the
asthmatic patients taking regular inhaled glucocorticoid
treatment (p<0.001), and those taking only intermittent
β2-agonist therapy (p<0.02).

PDGF-β mRNA expression in alveolar macrophages

Because total BAL cell numbers in some cases were
limited, RT-PCR had to be utilized rather than Northern
analysis in this study.  RT-PCR has certain inherent
disadvantages over Northern analysis, particularly with
respect to its quantification.  To validate the semiquan-
titative PCR analysis, a number of other BAL samples
(n=20) were obtained from patients undergoing broncho-
scopy with a wide spectrum of pulmonary pathologies,
and of these, samples containing sufficient total RNA
were utilized for PDGF-β mRNA evaluation both by RT-
PCR and by Northern analysis.  A close relationship
(Rs=0.863, p<0.001) between these two methods of
quantification in these (nonasthma) samples was observed
and is represented in figure 1.

PDGF-β mRNA expression represented as a ratio to
that of the control gene, GAPDH, is shown in figure 2.
There were no significant differences in PDGF-β mRNA
expression between groups (ASTST (median (range) 0.054
(0.002–0.120)) versus controls 0.020 (0.002–0.076), p=0.09;
ASTBR 0.045 (0.002–0.128) versus controls, p=0.41; and
ASTST versus ASTBR, p=0.65), or between all asthmatic
(n=19, 0.050 (0.002–0.128)) and control subjects (p=0.14).
Individual values for those subjects who were current
cigarette smokers are shown as different symbols in fig-
ure 2.  Although numbers of cigarette smokers in each
group were small, there was no trend to suggest that

PDGF-β mRNA expression in these subjects was persis-
tently higher than in the nonsmokers.

Interestingly, and by contrast to the values obtained in
the subjects with asthma, a significant proportion of those
patients with lung diseases other than asthma had evi-
dence of increased PDGF-β mRNA expression (figs 1
and 2).  No significant correlation was observed between
PDGF-β mRNA expression and pre-bronchoscopy air-
way spirometry in any group (ASTST Rs=-0.37, p=0.30,
ASTBR Rs=0.26, p=0.43; controls Rs=-0.36, p=0.27).
Similarly, for all asthma patients, there was no correla-
tion between PDGF-β mRNA expression and airway
data (Rs=-0.14, p=0.57).   Furthermore, in the asthmatic
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Fig. 1.  –  Alveolar macrophage PDGF-β mRNA in bronchoalveolar
lavage samples obtained from patients with pulmonary pathologies
other than asthma (see text for explanation).  In these samples, there
was sufficient total RNA to be utilized for PDGF-β mRNA evaluation
both by RT-PCR and by Northern analysis.  A close relationship between
these two methods of quantification was observed.  PDGF-β: platelet-
derived growth factor-β; mRNA: messenger ribonucleic acid; RNA:
ribonucleic acid; RT-PCR: reverse-transcriptase polymerase chain
reaction; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
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Fig. 2.  Scattergram showing the ratio of PDGF-β/GAPDH mRNA in
the two asthmatic groups of patients (ASTST and ASTBR) and the control
nonasthmatic group.  Individual data points are shown (nonsmokers
(●), smokers (▲)) and also median values for the groups (horizontal
bars).  There was no significant difference between the groups.  ASTST:
asthmatics using regular inhaled glucocorticoid medication; ASTBR:
asthmatics using intermittent inhaled β2-agonist therapy only.  For
further abbreviations see legend to figure 1.



patients receiving regular inhaled glucocorticoid therapy,
there was no significant correlation between PDGF-β
mRNA expression and duration of glucocorticoid usage
(Rs=0.07, p=0.85), or glucocorticoid dose (Rs =0.39,
p=0.27).

Discussion

The hypothesis tested in this study was that in asthma,
a condition characterized by persistent chronic airway
inflammation, and with well-recognized subepithelial
fibrosis, alveolar macrophages in BAL fluid would express
increased mRNA of the profibrotic cytokine PDGF-β.
The data presented, however, do not support this hypo-
thesis, in that we found no upregulation in the transcrip-
tion of the PDGF-β gene into mRNA in vivo in asthma.

Our findings may simply reflect the magnitude of any
profibrotic process at a given moment in time in patients
with stable, well-controlled asthma.  It is possible, never-
theless, that during natural or provoked exacerbations
of airflow obstruction (e.g. allergen challenge) the stim-
uli to initiate a fibrotic process may be greater.  It is
likely, however, that the inflammation of asthma is not
a strong fibrogenic stimulus, since, despite marked airway
inflammation, there is only subtle evidence of airway
fibrosis [5–9].  Indeed, the contribution of proliferating
myofibroblasts and their connective tissue products ben-
eath the epithelial basement membrane towards either
airway wall thickening and/or functional airway impairment
in vivo in asthma is controversial.  Several studies
addressing the clinicopathological significance of sub-
epithelial fibrosis have shown no correlation with disease
severity as assessed by airway physiological indices,
including nonspecific bronchial hyperresponsiveness,
and therapeutic requirement [5–8].

In accordance with our data, AUBERT et al. [25] found
no difference in the relative expression of mRNA for
PDGF-β and for its receptor (PDGFR-β), in resected lung
parenchyma and airway tissue in patients with either
irreversible obstructive airway pathology or asthma.
Immunohistochemistry demonstrated that both proteins
were predominantly localized to the airway wall.  By
contrast, another controlled study has described subtle
differences in the immunoreactivity of PDGF and its
receptors in endobronchial biopsies from patients with
asthma and chronic bronchitis [26].

The present study focused on expression of PDGF-β
mRNA, but evaluation of PDGF-β protein in BAL fluid
would have been more advantageous and a more useful
guide to pathogenesis.  Whilst there is evidence that
quantifiable levels of mRNA do not always correspond
to production of the protein by the cell [27], mRNA
expression is an index of the commitment of the cell to
make the cytokine, and indicates that a cell has been
primed for a particular response. Attempts to measure
PDGF-β protein were undertaken but were unsuccessful,
principally because it was not possible to obtain suffi-
cient sensitivity to overcome the dilutional effect of the
lavage procedure in these patients.

Unfortunately, it was not possible both to perform BAL

and obtain endobronchial histology in this study.  Pre-
vious reports have shown up to a twofold increase in
subepithelial collagen thickness in endobronchial biop-
sies in patients with asthma compared to control sub-
jects, although there is considerable overlap [5–9].  We
made the assumption that such a histological abnormality
existed between our patient groups, although we do not
have any biopsy evidence to support this assumption.
Nevertheless, in biopsy studies [9] of similar design to
our study, in which asthmatic patients were delineated
on the basis of their inhalational therapy (i.e. intermittent
β2-agonists or regular glucocorticoids), significant differ-
ences have been observed in the thickness of subepithelial
reticular collagen between asthmatic and control popu-
lations.

Other methodological factors are unlikely to account
for our findings.  Firstly, whilst in vitro conditions are
known to contribute to PDGF-β gene activation [14],
other studies suggest that adherence dependent PDGF-β
gene activation in mononuclear cells does not occur with-
in 3 h [28].  Secondly, whilst selective PDGF-β mRNA
degradation is an important theoretical concern during
macrophage adherence, this issue has previously been
addressed [14] and was shown not to be the case when
the same experimental protocol as used in this study was
employed.  Thirdly, because cell numbers in some cases
were limited, RT-PCR had to be utilized rather than
Northern analysis.  Whilst RT-PCR has certain inhe-
rent disadvantages over Northern analysis, we have de-
monstrated a linear correlation between amplified product
- PDGF-β/GAPDH mRNA - and mRNA product as quan-
tified on Northern gel analysis (fig. 1), which suggests
that the technique is applicable and sufficiently robust
to be applied to biological samples containing few cells,
and can provide data which may be interpreted in a
semiquantitative fashion.

At present there are two therapeutic aims in asthma:
attenuation of airway inflammation and promotion of
bronchodilation [29].  However, the inhibitory effects,
if any, of these currently available anti-asthma therapies
on airway cell proliferation and/or airway wall remodel-
ling is unknown.  We have previously demonstrated
increases in PDGF-β mRNA in human alveolar macro-
phages when incubated in vitro with therapeutic doses
of dexamethasone [30].  We were relieved to note, in
the present study that there was no upregulation of PDGF-
β mRNA expression in the asthmatic patients receiving
regular inhaled glucocorticoid therapy, nor was there any
relationship between PDGF-β mRNA expression and
chronicity or dose of glucocorticoid usage.   Interestingly,
we have recently demonstrated in vitro that expression
of PDGF-β mRNA in mononuclear cells is downregu-
lated by modulation of intracellular cyclic adenosine
monophosphate (cAMP) [31].  It is possible that the
routine administration of a nebulized β2-agonist to all
subjects prior to bronchoscopy in this study resulted in
a reduction in alveolar macrophage PDGF-β mRNA
expression.  Whether β2-agonists and glucocorticoste-
roids have mutually antagonistic permissive effects on
the expression of PDGF-β in alveolar macrophages in
vivo, however, is not clear.

I.K. TAYLOR ET AL.1970
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In this study, we have evaluated only one product of
the alveolar macrophage and its potential role in the
pathogenesis of subepithelial fibrosis in asthma.  Never-
theless, products of other cells may have considerable
mitogenic potential, not only for myofibroblasts but for
airway smooth muscle cells themselves [32].   For example,
mast cells are a source of mitogens, including histamine
and heparin [32], and eosinophil granules contain trans-
forming growth factor-β.  The airway epithelium and
myofibroblasts themselves are also likely to be important
sources of cytokines: in addition to PDGF-β, granu-
locyte-macrophage colony-stimulating factor (GM-CSF),
insulin-like growth factor (IGF), and endothelin can be
immunolocalized to the epithelium [33–37], and myo-
fibroblasts have the capacity to help maturate and prolong
the survival of mast cells, in part due to their capacity
to secrete c-kit ligand and fibronectin [33].  In addition,
the consequences of epithelial disruption in augmenting
the inflammatory response in asthma are being recog-
nized.  In vitro evidence suggests that chronic denudation
of the airway epithelium may provoke the release of
many of these polypeptide growth factors, which have
local paracrine and/or autocrine effects, and provide a
mitogenic stimulus for the underlying myocytes and
fibroblasts [32, 33, 36, 37].  As in interstitial lung disease
[14], it is highly likely that considerable synergy bet-
ween various cytokines and growth factors is in operation
in mediating any end-organ fibroproliferative response
in asthma.

In summary, this study has shown no increase in al-
veolar macrophage PDGF-β mRNA expression in vivo
in asthma.  Furthermore, clear correlations could not be
identified between macrophage PDGF-β mRNA and
clinical or therapeutic parameters.  Whilst, at present, the
pathophysiological significance of subepithelial fibrosis
in asthma remains unclear, these data suggest that PDGF-
β production by alveolar macrophages is unlikely to play
a central role.
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