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1 It is now accepted that uncontrolled proliferation of human airway smooth muscle (HASM) cells
contributes, in many cases, to the chronic stages of asthma. However, the physiological and
pathophysiological processes regulating cell growth and division in the airway are not clear. We have
recently shown that the immediate early gene, cyclo-oxygenase-2, is induced by cytokines in HASM cells.
Since cyclo-oxygenase metabolites, such as prostaglandin (PG) E2 have been shown to modulate HASM
cell growth, we have investigated any autocrine action of endogenously released cyclo-oxygenase-1/2
products on the proliferative responses in these cells.

2 HASM cells were cultured from healthy tissue obtained at lung or heart/lung transplantation. HASM
cell proliferation was measured by [3H]-methyl thymidine uptake by cells and by cell counts. Cyclo-
oxygenase-2 expression was measured by Western blot analysis and activity measured by the release of
PGE2, by radioimmunoasay.

3 HASM cells proliferated in response to foetal calf serum, a response that was greatly inhibited when
cyclo-oxygenase-2 was induced with either interleukin-1b plus tumour necrosis factor-a or interleukin-1b,
tumour necrosis factora plus interferong (each at 10 ng ml71). The inhibitory e�ect of cytokines on
HASM cell proliferation was reversed in a concentration dependent manner by either the mixed cyclo-
oxygenase-1/-2 inhibitor, indomethacin or the selective cyclo-oxygenase-2 inhibitor, L-745,337 (each at
10 mM).
4 PGE2 or the stable analogue of prostacyclin, cicaprost concentration-dependently (0.1 pmol to 1 mM)
inhibited serum induced proliferation of HASM cells. By contrast, the TP receptor agonist, U46619
stimulated proliferation of HASM cells when cells were cultured without but not with serum. Other
cyclo-oxygenase products, PGD2, PGF2a had no e�ect on cellular proliferation at concentrations up to
1 mM.
5 These observations illustrate a profound inhibitory e�ect of cyclo-oxygenase-2 induction on HASM
cell proliferation, possibly via IP or EP receptor activation. Cyclo-oxygenase-2 induction has, thus far,
been associated with the pro-in¯ammatory responses of plasma exudation and oedema formation and is
assumed to be an enzyme worthy of selective inhibition in many disease states. However, our
observations suggest that cyclo-oxygenase-2 can have an anti-in¯ammatory, anti-proliferative function in
the airways. These observations may have importance in the use and development of therapies for
airway disease such as asthma.
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Introduction

Asthma is a chronic in¯ammatory disease which is often
characterised with thickening of the airway submucosal layer
and an increase in airway smooth muscle mass (Dunhill,

1969; Hossain & Heard, 1970). Several groups have examined
potential proliferative stimuli using airway smooth muscle
cultured from a variety of species including man. Thus,

established mitogens for cultured airway smooth muscle
include histamine (Panettieri et al., 1990), interelukin-1b (De
et al., 1993), platelet derived growth factor (Hirst et al., 1992),

thombin (Tomlinson et al., 1994) and epidermal derived
growth factor (Stewart et al., 1994). However, the mechan-
isms involved in the stimulation of mitogenesis by these
agents is unclear. Interestingly many of the agents known to

modulate mitogenesis also induce the recently identi®ed
isoform of cyclo-oxygenase, cyclo-oxygenase-2 (see Mitchell
et al., 1995). In fact, cyclo-oxygenase-2 was ®rst identi®ed as

a `mitogen-inducible' immediate early gene (Xie et al., 1991).
Moreover, arachidonic acid metabolites derived from either
cyclo-oxygenase (Tomlinson et al., 1994) or lipoxygenase

(Noveral & Grunstein, 1992) pathways have potent mod-
ulatory actions on airway smooth muscle mitogenesis. Work
from our group (Belvisi et al., 1997) and that of others (Pang

& Knox, 1997) has recently shown that cyclo-oxygenase-2 is
expressed in human airway smooth muscle (HASM) cells and
that this form is responsible for the production of prostanoids

under in¯ammatory conditions (Belvisi et al. 1997). By
contrast, the expression of the constitutive cyclo-oxygenase-
1 was not altered by cytokines (Belvisi et al., 1991). This in
vitro data has now been consolidated by observations

showing that airway biopsies from asthmatic patients express
more cyclo-oxygenase-2 than comparable samples from
healthy individuals (Sousa et al., 1997). Since the autocrine

`functional consequences' of cyclo-oxygenase-2 induction in
these cells is not known, we have speci®cally addressed the
e�ect on proliferation of inducing this enzyme in HASM

cells.
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Methods

Isolation of HASM cells

As described previously (Hirst et al., 1992; Belvisi et al., 1997),

tracheal rings, from either heart/heart and lung transplanta-
tion donors (four female, two male, aged 39 ± 58 years), were
dissected under sterile conditions in Hanks bu�er saline

solution (HBSS; in mM: NaCl 136.8, KCl 5.4, MgSO4 0.8,
Na2HPO4. 7H2O 0.4, CaCl2. 2H2O 1.3, NaHCO3 4.2 and
glucose 5.6) supplemented with the antibiotics penicillin

(100 U ml71), streptomysin (100 mg ml71) and the anti-fungal
amphotericin B (2.5 mg ml71). The smooth muscle layer was
dissected free of adherent connective tissue and cartilage, the

epithelial layer was removed using a rounded scalpel blade.
The smooth muscle section was then incubated for 30 min at
378C in 5% CO2/air in HBSS containing 10 mg ml71 bovine
serum albumin (BSA) and the enzymes collagenase (type XI,

1 mg ml71) and elastase (type I, 3.3 U ml71). After the
removal of any remaining connective tissue the smooth muscle
was chopped ®nely and incubated for a further 150 min in the

enzyme solution outlined above with the elastase content
increased to 15 U ml71. Cells were centrifuged (1006g, 5 min)
at 48C to and re-suspended in Dulbeccos modi®ed eagles

medium (DMEM) containing heat inactivated foetal calf
serum (10% v/v), sodium pyruvate (1 mM), L-glutamate
(2 mM), non-essential amino acids (1x) and anti-microbial
agents as previously described.

Primary culture of HASM cells

Cells were placed in a tissue culture ¯ask (75 cm2) with 6 ml
of supplemented DMEM and incubated at 378C in 5% CO2/
air. The cells adhere after approximately 12 h and the

culture medium, was replaced after 4 ± 5 days (12 ml) and
subsequently every 3 ± 4 days. After approximately 10 ± 14
days the cells reach con¯uence and are identi®ed by their

typical `hill and valley' appearance and positive immuno-
staining for a-actin. Cells were passaged and plated onto
either 48 well (initial seeding density of 8000 cells/well) or 6
well (initially seeding density of 60,000 cells/well) for

thymidine up-take and cell count experiments respectively.

Proliferation assays

At con¯uence the cells were placed in serum free DMEM
(with all other additions present) for 24 h in order to

synchronize the cell cycle of the entire population. Medium
was then replaced with either serum free DMEM or DMEM
containing di�erent concentrations of FCS (2.5, 10 or 20%).
In some experiments cytokines (interleukin-1b, IL-1b;
tumour necrosis factor-a, TNFa; interferon-g; IFNg;
10 ng ml71 for each) or prostanoids (U46619; cicaprost;
PGE2; 0.1 pmol to 1 mM for each), with or without the cyclo-

oxygenase-1 and cyclo-oxygenase-2 inhibitor, indomethacin
or the cyclo-oxygenase-2 inhibitor, L745337 (10 mM; Chan et
al., 1995) were also added before serum stimulation. In some

experiments 1 m Ci/ml [3H]-methyl thymidine was added, for
2 h, to cells at di�erent times after serum treatment (every
4 h for 48 h). The S-phase of proliferation, de®ned as the

period in which the rate of thymidine taken up into the
DNA of cells increased in a linear fashion, began at
approximately 20 h. In most experiments [3H]-methyl
thymidine was added at 26 h, for 2 h, (established S-phase;

Figure 1) after serum/drug treatment. Cells were washed
twice with 0.5 ml HBSS to remove any loosely attached

radioactive tracer before the addition of 0.5 ml of 5%
trichloroacetic acid for 30 min. After two 0.5 ml washes with

95% ethanol, the remaining material on the plate, which
represents the DNA fraction, was solubilised by a 30 min
incubation with 0.5 ml of 2% Na2CO3 in 0.1 M NaOH.

Samples were mixed with scintillation ¯uid (1 : 9 v/v) and
radioactivity determined with beta counter.

Cell counts

Cells were treated using protocols outlined in the relevant

results section for 48 h. After which cells were removed by
the addition of 0.1% trypsin/0.05% EDTA in modi®ed
HBSS without calcium and magnesium and cell counts were
performed using a Neubauer haemocytometer.

Measurement of PGE2 by radioimmunoassay

The cyclo-oxygenase metabolite PGE2 was measured by
radioimmunoassay (Mitchell et al., 1994; Belvisi et al., 1997).
Antibodies to PGE2 had less than 5% cross-reactivity with all

other prostaglandins measured (TXB2, 6-keto PGF1a) (Akar-
seernont et al., 1995). Cells were grown in 48 well plates and
treated with either cytokines alone or in various combinations
in either serum free conditions or in the presence of 10% FCS.

In some experiments indomethacin or L-745,337 (10 mM) was
added 30 min prior to the cytokine treatments. All treatment
were for 28 h when the medium was removed for radio-

immunoassay.

Western blot analysis

Western blot analysis was performed as outlined previously
(Belvisi et al., 1997). Cells were grown to con¯uence on six well

plates and were treated as outlined in the results section. After
28 h the medium was removed and the cells washed with
HBSS. The cells were then incubated with an extraction bu�er
(Tris, 50 mM; EDTA, 10 mM; triton X-100; 1% v/v;

phenylmethylsulfonyl ¯uoride, 1 mM; pepstatin A, 50 mM and
leupeptin, 0.2 mM). The resulting cell extract was boiled
(10 min) in a ratio of 1 : 1 with gel loading bu�er (Tris, 50 mM;

SDS, 10% w/v; glycerol, 10% v/v; 2-mercaptoethanol, 10% v/
v and bromophenol blue 2 mg ml71). Samples were centri-
fuged at 10,0006g for 2 min before being loaded (approxi-

mately 10 mg of protein was loaded as determined by a

Figure 1 The time course for serum (2.5, 10 and 20% FCS)-induced
incorporation of [3H]-methyl thymidine. Cells were `pulsed' with
1 mCi/ml [3H]-methyl thymidine for 2 h every 4 h up to 48 h. Data
are presented as mean+s.e.mean of four separate experiments.
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Bradford protein assay) onto a 4% SDS stacking/7.5% SDS
separating gel and subjected to electrophoresis (1.5 h at
125V ± 200V). The separated proteins were then transferred

to nitrocellulose (BIORAD 1 h at 0.3A). Transfered proteins
were blocked (dried minimal-fat milk 25 g and Tween 1.25 ml
in PBS solutions 500 ml) for 1 h before being primed for 1 h
with a rabbit polyclonal antibody raised against puri®ed sheep

placental COX-2 (a gift from Dr Ian Rodger, Merck Frosst,
Pointe Claire, Quebec, Canada). The blots were then
incubated with a secondary antibody raised to rabbit serum

in donkey and conjugated to horseradish peroxidase. Anti-
body bound protein was visualized by enhanced chemilumi-
nescence (ECL: Amersham plc, U.K.). There was no

detectable cross-reactivity of the COX-2 antibody with
COX-1 (Belvisi et al., 1997).

Cell viability

At the end of each treatment cell respiration, an indicator of
cell viability, was assessed by the mitochondrial-dependent

reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide to formazan as previously described (Mitchell et
al., 1993).

Materials

Radiochemicals and ECL reagent were obtained from
Amersham International (Amersham, Bucks, U.K.). IL-1b
and IFNg were purchased from Boehringer Manheim (Lewes,

East Sussex, U.K.) and TNFa from R&D Systems Europe Ltd.
(Abingdon, Oxfordshire, U.K.). The COX-1 and COX-2
standards were purchased from Alexis Corporation Ltd.
(Nottingham, U.K.). Amphotericin B, non essential amino

acids and sodium pyruvate were purchased from Life
Technologies Ltd. (Paisley, U.K.). All other materials were
purchased from Sigma Chemical Company (Poole, U.K.).

Statistical analysis

Results are shown as the mean+s.e.mean n experiments, cells
from at least three separate patients were used for each
protocol. Where appropriate data was analysed by Kruskal-
Wallis Non-parametric ANOVA test followed by Dunn's test

for multiple comparison or, in the case of `normalized' data by
one-sample t-test. All treatments were compared to control
values and P50.05 was considered to be signi®cant.

Results

Characterization of FCS induced proliferation of HASM
cells

In the absence of any added FCS, very low levels of [3H]-methyl
thymidine were incorporated into cells. However, in the

presence of either 2.5, 10 or 20% FCS, there was a time
dependent incorporation of [3H]-methyl thymidine (Figure 1).
The S-phase of proliferation appeared to begin at 20 h and

continued to 36 h after serum stimulation. Of the concentra-
tions of FCS used, 10% was optimum at most time points
measured. Thus, in all subsequent experiments with [3H]-

methyl thymidine, 10% FCS was used and the time point
between 26 and 28 h studied. In separate experiments cell
counts demonstrated that 10% FCS elicited a 2 fold increase in
cell number at 48 h when compared with serum free controls

(control 1.12+0.026106 cells well71; 10% FCS, 2.36+
0.166106 cells well71; n=6).

E�ect of cytokines on HASM cell proliferation in the
presence and absence of serum: relationship with COX-2
expression and PGE2 release

The addition of IL-1b (10 ng ml71), IL-1b plus TNFa (both
10 ng ml71) or a mixture of IL-1b TNFa and IFNg
(10 ng ml71 of each), to cells stimulated without (Figure
2a) or with 10% FCS (Figure 3a) inhibited [3H]-methyl
thymidine incorporation into HASM cells. By contrast, TNFa
or INFg alone did not a�ect proliferation of these cells
(Figures 2a and 3a). In parallel experiments, cells stimulated
with cytokines, in the absence of serum, released PGE2 after

IL-1b plus TNFa or with the mixture of IL-1b, TNFa and
INFg but not after IL-1b, TNFa or INFg alone (Figure 2b).
Similar, but more profound, results were obtained when cells
were stimulated with cytokines in the presence of serum

(Figure 3b). HASM cells expressed very low levels of COX-2
protein (Figure 4) when cultured in 10% FCS. The
expression of COX-2 protein was greatly increased when

cells were stimulated with IL-1b alone or in combination with

Figure 2 The e�ect of the pro-in¯ammatory cytokines IL-1b, TNFa
or INFg or a mixture of all three cytokines (Cyt; 10 ng ml for each)
on [3H]-methyl thymidine incorporation (a) and PGE2 release (b)
from HASM cells exposed to serum free conditions for 28 hr. [3H]-
methyl thymidine was added 26 h after cytokine stimulation, for 2 h.
The data is represented as the mean+s.e.mean of six experiments.
The level of [3H]-methyl thimidine incorporated under control
conditions (i.e. in the absence of serum or added drugs) was
850+120 c.p.m. well71. *Represents signi®cant di�erences (P50.05)
to the control response calculated by the one-sample t-test for
normalized data.
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TNFa or when cells were stimulated with the cytokine
mixture (Figure 4).

In separate experiments, IL-1b+TNFa and the cytokine

mixture inhibited the increase in cell number stimulated with

10% FCS by 42+4.5% and 54+5.7% (n=4; P50.05 by one
sample t-test for normalized data) respectively. By contrast,
IL-1b, TNFa or IFNg alone had no e�ect on cell number

(n=4).

Role of COX-1 and COX-2 in the proliferation of
HASM cells

The COX-1/COX-2 inhibitor indomethacin (Figure 5b; 10 mM)
and the COX-2 selective inhibitor L-745,337 (Figure 6b;

10 mM) inhibited PGE2 release generated by HASM cells
stimulated with serum. In addition, both indomethacin and L-
745,337 signi®cantly increased [3H]-methyl thymidine incor-

poration by these cells (Figures 5a and 6a). Pre-incubation
(30 min prior to cytokines) of HASM cells with either
indomethacin or L-745,337 (both 0.01 ± 10 mM) concentra-

tion-dependently inhibited the release of PGE2 and reversed
the decrease in [3H]-methyl thymidine uptake stimulated by the
mixture of IL-1b, TNFa and INFg (Figures 5a and 6a). In
addition, the reduction in cell numbers caused by the mixture

of IL-1b, TNFa and IFNg was reversed by either indomethacin
(10 mM) or L-745,337 (10 mM), (n=4; data not shown).

Figure 3 The e�ect of the pro-in¯ammatory cytokines IL-1b, TNFa
or INFg or a mixture of all three cytokines (Cyt; 10 ng/ml for each)
on [3H]-methyl thymidine incorporation (a) and PGE2 release (b)
from HASM cells exposed to 10% FCS for 28 h. [3H]-methyl
thymidine was added 26 h after serum/cytokine stimulation, for 2 h.
The data is represented as the mean+s.e of six experiments. The level
of [3H]-methyl thimidine incorporated under control conditions (ie in
the presence of serum but in the absence of added drugs) was
12000+1500 c.p.m. well71. *Represents signi®cant di�erences
(P50.05) to the control response calculated by the one-sample t-
test for normalized data.

Figure 4 Expression of COX-2 protein in HASM cells showing a
representative Western blot (n=3) using a speci®c antibody to COX-
2 which recognises a band of approximately 70 kDa. Each lane was
loaded with 10 mg of protein for samples and 10 ng of protein for the
COX standards. Lane 1, COX-1 standard; Lane 2, COX-2 standard;
Lane 3, extracts from cell exposed to 10% FCS alone; Lanes 4-10,
extracts from HASM cells exposed to 10% FCS+ Lane 4, IL-1b
(10 ng ml); Lane 5, TNFa, (10 ng ml71); Lane 6, IFNg (10 ng ml71);
Lane 7, IL-1b+TNFa, (both 10 ng ml71); Lane 8, IL-
1b+TNFa+IFNg (all 10 ng ml71); Lane 9, pre-treated with
indomethacin (10 mM; for 30 min) prior to treatment with IL-
1b+TNFa+IFNg (all 10 ng ml71); Lane 10, pre-treated with L-
745,337 (10 mM; for 30 min) prior to treatment with IL-
1b+TNFa+IFNg (all 10 ng ml71). All treatments were for 28 h.
The blot shown is representative of three separate experiments.

Figure 5 E�ect of the COX-1/COX-2 inhibitor indomethacin (0.01-
10 mM) on 10% FCS induced and cytokine mediated inhibition of
[3H]-methyl thymidine incorporation (a) and PGE2 release (b). [

3H]-
methyl thymidine was added 26 h after serum/cytokine and NSAID
addition, for 2 h. The level of [3H]-methyl thimidine incorporated
under control conditions (i.e. in the presence of serum but in the
absence of added drugs) was 9500+1200 c.p.m. well71. The results are
presented as the mean+s.e.mean from six experiments.*Represents
signi®cant di�erences (P<0.05) to the control response calculated by
the one-sample t-test for normalized data. +Represents signi®cant
di�erences between responses of cells treated with cytokines alone or
in the presence of di�erent concentrations of indomethacin.
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E�ect of exogenous prostanoids proliferation of HASM
cell

In cells pre-treated with indomethacin (10 mM) to block
endogenous prostanoid production, PGE2 and cicaprost caused
a concentration-dependent inhibition of both `basal' and 10%
FCS-induced proliferation of HASM cells. By contrast, PGD2,

PGF2a had no signi®cant e�ect, at concentrations up to 1 mM,
on [3H]-methyl thymidine uptake by HASM cells, stimulated
with or without serum (n=9; data not shown). U46619 (TP

agonist) stimulated [3H]-methyl thymidine uptake in a
concentration dependent manner in cells prepared without
serum, but not in cells stimulated with serum (Figure 7).

Discussion

Here we show that FCS stimulates HASM cells to proliferate
and to express cyclo-oxygenase-2. Moreover, the level of cyclo-
oxygenase-2 protein and activity was increased greatly when

cells were stimulated with IL-1b together with TNFa. These
observations are in keeping with those recently reported by our

group (Belvisi et al., 1997) and others (Pang & Knox, 1997). In
parallel with increased cyclo-oxygenase-2 expression, we
observed a reduction in the proliferative response of HASM

cells treated with cytokines.
The ®nding that serum stimulates cyclo-oxygenase-2

expression in HASM cells is in keeping with observations
made in a range of other cell types (see Mitchell et al., 1995).

The active components of serum responsible for stimulating
cyclo-oxygenase-2 induction in our study and others are most
likely to be growth factors such as platelet derived growth

Figure 6 E�ect of the COX-2 selective inhibitor L-745,337 (0.01-
10 mM) on 10% FCS-induced and cytokine mediated inhibition of
[3H]-methyl thymidine incorporation (a) and PGE2 release (b). [

3H]-
methyl thymidine was added 26 h after serum/cytokine and NSAID
addition, for 2 h. The results are presented as the mean+s.e.mean
from six experiments. The level of [3H]-methyl thimidine incorporated
under control conditions (ie in the presence of serum but in the
absence of added drugs) was 9500+1200 c.p.m. well71. *Represents
signi®cant di�erences (P50.05) to the control response calculated by
the one-sample t-test for normalized data. +represents signi®cant
di�erences between responses of cells treated with cytokines alone or
in the presence of di�erent concentrations of L-745,337.

Figure 7 This ®gure demonstrates the e�ect of exogenously added
prostanoids on [3H]-methyl thymidine incorporation in HASM cells
pre-treated with 10 mM indomethacin to remove any endogenous
prostanoid generation before exposure to serum free (control [3H]-
methyl thymidine levels, 720+150 c.p.m. well71) or 10% FCS
(control [3H]-methyl thymidine levels, 9850+1900 CPM well71).
[3H]-methyl thymidine was added 26 h after all additions, for 2 h.
The results are presented as the mean+s.e.mean of nine experiments.
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factor which readily induce this enzyme in cultured cells. In
addition we found that cyclo-oxygenase-2 expression after
serum stimulation limited the proliferative response. This was

illustrated by ®ndings that either indomethacin (mixed cyclo-
oxygenase-1 and cyclo-oxygenase-2 inhibitor) or L-745,337
(selective cyclo-oxygenase-2 inhibitor; Chan et al., 1995)
signi®cantly increased serum-induced proliferation of HASM

cells. These observations are in contrast to others using
intestinal epithelial cells (Shang et al., 1997) or colon cancer
cells, where the expression of cyclo-oxygenase-2 by mitogenic

stimuli contributed to cell growth. The reasons for di�erences
observed here with HASM cells and in studies using intestinal
epithelial cells are not known but may be related to di�erences

in the pro®le of cyclo-oxygenase-2 products produced by and
the expression of prostanoid receptors on the di�erent cell
types, as discussed below.

When cells were treated with IL-1b, either alone or in
combination with TNFa and INFg, cyclo-oxygenase-2 protein
and activity was increased and proliferation was reduced.
Moreover, this inhibition was completely reversed when cyclo-

oxygenase-2 was blocked. Interestingly, we also observed that
both indomethacin and L-745337 greatly reduced the presence
of a 60kd breakdown product of COX-2 (Chan et al., 1995).

We have recently made similar observations in human arterial
and venous smooth muscle cells, where the e�ects of L-745337
on the 60 kd band were reversed by exogenous PGE2 (Bishop-

Bailey et al., 1998). Thus, prostanoid products of COX-2 may
well participate in the breakdown of the protein.

Observations made in this study may have important

implications for the pathology of asthma. In asthma, airway
cells are likely to be exposed to the same in¯ammatory
cytokines that induce cyclo-oxygenase-2, either continuously
or during periods when the disease is severe. Evidence for this

has recently been published by Sousa et al. (1997), who showed
that cyclo-oxygenase-2 expression was increased 6 fold in the
airways of asthmatic patients. Clearly if our observations in

vitro are representative of events in vivo, cyclo-oxygenase-2
expression represents an important anti-proliferative enzyme
in human asthma. Our observations with IL-1b are in contrast
to others showing that IL-1b stimulates proliferation of guinea
pig cultured airway smooth muscle cells (De et al., 1993).
However, De and co-workers showed that indomethacin had
to be present in the culture medium for IL-1b to stimulate

proliferation. Thus, in guinea-pig cells, like human cells, the
induction of COX-2 is likely to be an anti-proliferative
response. We found that, in addition to PGE2, the prostacyclin

analogue cicaprost also inhibited proliferation of HASM cells.
Together these observations suggest that activation of adenylyl
cyclase and formation of cyclic AMP, via EP and/or IP

receptor stimulation, mediates the anti-proliferative e�ect of
cyclo-oxygenase-2 in our cells. This is supported by studies
showing that PGE2 and cell permeable analogues of cyclic

AMP inhibit proliferation in guinea-pig and HASM cells
(Florio et al., 1994; Tomlinson et al., 1995). In support of this,
a recent study using human vascular smooth muscle cells
showed that PGE2 inhibits proliferation via activation of the

cyclic AMP-dependent protein kinase (Bornfeldt et al., 1997).
In conclusion, our data shows that cyclo-oxygenase-2 is

induced when HASM cells are simulated to proliferate and

further enhanced by in¯ammatory cytokines. In both cases
cyclo-oxygenase-2 exerts a powerful anti-proliferative e�ect on
the cells that is, most likely, mediated by a mixture of PGE2

and prostacyclin. From these studies we suggest that cyclo-
oxygenase-2 inhibitors may have side e�ects in some asthmatic
patients who have ongoing airway remodelling modulated by

prostanoids.

The authors acknowledge the kind assistance of Dr Stewart Hirst
and the helpful discussion of Professor Peter Barnes. Jane A.
Mitchell is a recipient of a Wellcome Career Development award.
This work was partly funded by the British Lung Foundation.
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