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Acetylcholine-induced proliferation of fibroblasts and myofibroblasts in vitro
is inhibited by tiotropium bromide
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Abstract

Acetylcholine (ACh) has been suggested to exert various pathophysiological activities in the airways in addition to vagally-induced
bronchoconstriction. This archetypal neurotransmitter and other components of the cholinergic system are expressed in a number of non-neuronal
cells in the airways. Non-neuronal ACh released from these cells may affect fibroblasts (Fb) as well as inflammatory cells in lung tissue.
Tiotropium bromide is a once-a-day antimuscarinic drug, marketed under the brand name Spiriva®, for the treatment of chronic obstructive
pulmonary disease (COPD). Besides its proven direct bronchodilatory activity, recent evidence suggests that tiotropium may be able to reduce the
frequency of exacerbations and attenuate the decline in lung function, thus improving the course of obstructive airway diseases. The aim of the
present study was to investigate the effects of tiotropium on the ACh-induced proliferation of primary human Fb isolated from biopsies of lung
fibrosis patients and myofibroblasts (MyFb) derived from these cells. A human lung Fb cell line acted as control. Expression of muscarinic
receptor subtypes M1, M2 and M3 was demonstrated by RT-PCR in both cell types. Acetylcholine stimulated proliferation in all cells investigated.
Tiotropium concentration-dependently inhibited the ACh-induced proliferation in both the Fb and MyFb with a maximum effect at 30 nM. These
results suggest that cholinergic stimuli mediated by muscarinic receptors could contribute to remodeling processes in chronic airway disease.
Tiotropium bromide may have a beneficial influence on airway remodeling processes in chronic airway diseases through antiproliferative effects
on fibroblasts and myofibroblasts.
© 2007 Elsevier Inc. All rights reserved.
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Introduction

Increasing evidence suggests that the expression of compo-
nents of the muscarinic cholinergic system is not limited to
neuronal tissue (Wessler and Kirkpatrick, 2001). Activation of
the cholinergic system in various cell types has been shown
to induce inflammatory responses (Koyama et al., 1998; Sato
et al., 1998; Profita et al., 2005) and to be involved in prolif-
erative processes in airway tissue in vitro (Metzen et al., 2003)
and in vivo (Goosens et al., 2005). Proliferation is a key element
of airway remodeling in chronic respiratory diseases such as
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asthma and COPD (Jeffery, 2001). In studies using rat tracheal
epithelial cells, acetylcholine has been shown to induce cell
proliferation in a concentration-related manner (Metzen et al.,
2003). This effect could be completely blocked by the
combination of the nicotinic antagonist n-tubocurarine with
atropine.

Results from clinical studies using the inhaled anticholiner-
gic tiotropium (Spiriva®) 18 mcg once daily in COPD patients
revealed a reduced exacerbation rate as well as an attenuated
decline in lung function (Dusser et al., 2006; Anzueto et al.,
2005; Niewoehner et al., 2005).

In the present study, we investigated the effects of tiotropium
on the acetylcholine-induced proliferation in fibroblasts isolated
from biopsies of patients with pulmonary fibrosis. Furthermore,
the same studies have been performed with myofibroblasts
derived from the aforementioned fibroblasts by stimulation with
TGFβ2.
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Materials and methods

Endobronchial biopsies were taken from lung fibrosis
patients. Cells were cultured in DMEM containing 15% FCS,
1% glutamine and 1% penicillin/streptomycin solution at 37 °C,
5% CO2 for up to 22 days. The medium was replaced every
5 days and regularly inspected using a phase contrast microscope.
After 22 days, when a confluent layer of cells was established,
the medium was removed and the cells harvested using trypsin.
The cells were then washed and cultured in a 75 cm2 flask. These
cells were then grown to confluence and further passaged. At this
stage cells were collected and cultured in 8-well chamber slides.
The cells were tested for expression of vimentin, α-smooth
muscle actin, heavy chain myosin and desmin, to confirm the
purity of the fibroblasts cultured. Subsequently, proliferation
assays using direct cell counting were performed using these
cultures. One ml of fibroblast cells (5×104 cells/ml) were placed
into each well of a 6 well cell culture dish and cultured in serum-
containing DMEM (supplemented with 1% pen/strep and 1%
glutamine) for 24 h, after which the medium was removed and
replaced with 4 ml of serum-free Ultraculture (BioWhittaker)
containing 1% glutamine and 1% pen/strep. After 24 h, the
medium was replaced with serum-free Ultraculture (supplemen-
ted with 1% glutamine and 1% pen/strep) containing the
stimulus/inhibitor under investigation. At this time, the cells in
duplicate dishes were counted using a Casey cell counter to yield
a cell number for time 0 (prior to stimulation). After 72 h, the
remaining cells were counted to yield post-stimulation cell
numbers. Cell culture dishes were set up in parallel for each of
the specified time points, harvested and processed for RNA
extraction (Trizol) at the specified times. The RNA was then
quantified and 1 μg was reverse transcribed to produce cDNA.
Fig. 1. Tiotropium concentration-dependently inhibited the acetylcholine
(1 nM)-stimulated proliferation of fibroblasts (means of three primary cell
lines +/− SEM). Asterisks (⁎⁎⁎) indicate pb0.0001 versus ACh-stimulated
proliferation in an unpaired t-test. Black bars indicate control (no ACh), white
bars indicate ACh-stimulated proliferation, speckled bars indicate ACh+
indicated concentrations of tiotropium.
The cDNAwas then used to determine gene expression levels of
the muscarinic receptors M1–M3 relative to 18S rRNA. The
sequences of the primers are shown below:

M1R-For: 5′-GGCACGCTGGCTTGTGA-3′
M1R-Rev: 5′-TTCATGACGGAGGCATTGC-3′
M1R-Probe: FAM-5′-CTGGCCCTGGACTATGTGGCC-3′
TAMRA
M2R-For: 5′-CCTGGAGCACAACAAAATCCA-3′
M2R-Rev: 5′-TCCCTGAACACAGTTTTCAGTCA-3′
M2R-Probe: FAM-5′-ATGGCAAAGCCCCCAGGGATCC-
3′TAMRA
M3R-For: 5′-ACAGCCCCTCCGATGCA-3′
M3R-Rev: 5′-AACATTGTAGCTGCCGAAATGA-3′
M3R-Probe: FAM-5′-CTGCCCCCGGGAACCGTC-3′
TAMRA

Selected studies were also performed with myofibroblasts
which were generated by pretreating the fibroblasts with 0.4 nM
TGFβ2 for 24 h prior to serum starvation.

Results

Acetylcholine (10 nM and 1 nM) stimulated proliferation of
fibroblasts compared to serum-free medium alone. At higher
concentrations of 100 nM and 10 μM, the stimulation was less
pronounced.

A concentration of 1 nM acetylcholine was used in further
studies. Tiotropium was able to inhibit acetylcholine-induced
fibroblast proliferation (Fig. 1) in a concentration-dependent
fashion, with concentrations of 30 nM and 100 nM reducing
final cell number to levels below those of fibroblasts treated
with serum-free medium alone. Similar effects were observed
after transformation of these cells to myofibroblasts (not
shown).

Myofibroblast differentiation was monitored by alpha smooth
muscle actin expression, by immunofluorescence (Fig. 2A) and
RT-PCR (not shown). Muscarinic receptor expression was
detected in all cell types (Fig. 2B). The highest expression levels
were found for the M2 receptor. Transformation to MFb resulted
in a significant increase in M3 receptor expression, M1 and M2
expression remained unchanged.

Discussion

Tiotropium bromide is a once daily inhaled anticholinergic
for the treatment of COPD. Administration of inhaled
tiotropium 18 mcg once daily has been shown to effectively
dilate airways in COPD patients with a long duration of action
(Casaburi et al., 2002). Clinical studies have shown improve-
ments in dyspnea, exercise tolerance, and health related quality
of life (O'Donnell et al., 2004; Maltais et al., 2005).
Furthermore, long term treatment with tiotropium has been
shown to reduce the number of COPD exacerbations and to
reduce the pathophysiological decline in lung function in COPD
(Niewoehner et al., 2005; Dusser et al., 2006; Anzueto et al.,
2005). Anti-remodeling properties of tiotropium have been



Fig. 2. Isolated fibroblasts were stained for α-SMA (A). Stimulation with 0.4 nM TGFβ2 resulted in a transformation to my fibroblasts as shown by the presence of α-
SMA filaments (green). (B) Relative expression of M1, M2 and M3 receptor subtypes in fibroblasts derived from three different donors (FC1–3).
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described by Gosens et al. (2005). In their study, tiotropium
exerted protective effects on the progression of airway smooth
muscle remodeling in a 12 week allergen challenge asthma
model in guinea pigs. These studies indicate that anticholinergic
treatment of obstructive airway disease may contribute
additional beneficial effects beside bronchodilation. Possible
reasons for such effects could be anti-inflammatory or
antiproliferative effects of anticholinergic treatment. The
present study investigated the potential proliferative effects of
cholinergic stimulation and the protective effects of tiotropium.

The results demonstrate that both lung-derived fibroblasts as
well as myofibroblasts proliferate in response to cholinergic
stimulation. This has been tested in fibroblasts from lung
fibrosis patients, but the same results have been obtained using
commercially available normal fibroblasts. These observations
are in agreement with Metzen et al. (2003), showing
proliferative effects of acetylcholine in rat tracheal epithelial
cells. Thus, the remodeling properties of cholinergic stimuli
seem to be a general mechanism and not restricted to a single
cell type or disease state. Both fibroblasts and myofibroblasts
have been shown to express muscarinic receptor subtypes M1,
M2 and M3. Tiotropium, an anticholinergic with kinetic
receptor selectivity due to a prolonged dissociation half life
from the M3 receptor (Barnes, 2000), completely blocked the
proliferative response in all primary cell isolates under
investigation. Thus, proliferation of fibroblasts upon cholinergic
stimuli appears to be mediated by muscarinic receptors.
Myofibroblasts express even higher levels of the M3 receptor
subtype compared to fibroblasts, underscoring the potential
relevance of ACh-induced proliferation in airway remodeling.

Conclusion

Results from the present study indicate that muscarinic
pathways may be involved in remodeling processes in chronic
airway diseases. In addition to its bronchodilatory effects, the
anticholinergic tiotropium may contribute antiproliferative
effects on fibroblasts and myofibroblasts and thus further aid
in the treatment of chronic airway diseases.
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