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Abstract
Objective: Chronic obstructive pulmonary disease
(CoPd) is characterized by irreversible progressive air-
flow limitation related to tobacco smoking. this limita-
tion is caused by chronic inflammation of  the airways
and lung parenchyma and is associated with increased
activity of  parasympathetic system. the most effective
bronchodilators in CoPd are muscarinic receptor an-
tagonists (MrA), which reverse, at least in part, com-
promised respiratory function. MrA also contribute to
control inflammatory processes via interactions with
inflammatory signaling molecules. the use of  the long-
acting cholinolytic bronchodilatator – tiotropium, with
high affinity to M3 receptors, is suggested as a first line
maintenance treatment in CoPd patients. 
Material and methods: in this study we assessed M3 re-
ceptor protein expression in induced sputum of  27
stable CoPd patients before and after therapy con-
sisting of  18 µg once daily tiotropium for 12 weeks.
Lung function tests including spirometry, lung vol-
umes, and dLCo were performed before and after
therapy in all CoPd patients. the patients were sub-
jected to the sputum induction procedures before and
after therapy. Sputum cells were isolated, sample-spe-
cific cell profiles were characterized, and the cells were
processed to isolate pure cytosolic fractions. Cytosolic
M3 protein and hdAC2 levels and nuclear acetylated
histone h3 (Ach3) expression was quantified using
specific antibodies against human proteins and West-
ern blot with enhanced luminescence detection.
Results: therapy significantly increased the mean
forced expiratory volume in one second (feV1) and
forced vital capacity (fVC) volume (P<0.05). the
mean expression of  M3 protein was higher by 37% af-
ter therapy (P<0.05), hdAC2 expression was not al-
tered, while Ach3 level was increased by about 90%
(P<0.01), compared with the corresponding data be-
fore therapy. hdAC2 expression before therapy was
positively correlated with Ach3 expression (r = 0.74),
while after therapy no correlation was detected. feV1,
fCV, and cytosolic M3 protein expression did not cor-
relate with other biochemical parameters tested.  
Conclusions: twelve weeks of  tiotropium therapy in
CoPd patients improves clinical indices of  lung func-
tion and involves alterations in sputum cell chromatin
acetylation and also increased cholinergic M3 receptor
internalization. 
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introdUCtion

Chronic obstructive pulmonary disease (CoPd) is
characterized by irreversible but progressive airflow
limitation. this limitation is caused by chronic inflam-
mation of  the airways and lung parenchyma which is
related to tobacco smoking, and is associated with in-
creased activity of  parasympathetic system [1]. the
most effective bronchodilators in CoPd are mus-
carinic receptor antagonists (MrA), which reverse, at
least in part, compromised respiratory function [1, 2].
MrA also contribute to control inflammatory process-
es via interactions with inflammatory signaling mole-
cules [3]. once daily use of  the long acting cholinolyt-
ic bronchodilatator tiotropium, with high affinity to
M3 receptors, is suggested as a first line maintenance
treatment in CoPd patients [2]. 

Chromatin remodeling is related to gene regulation
and acetylation of  the histone tail correlates with its
transcriptional activity [4]. histone hyperacetylation
increases chromatin-mediated transcription  and in-
versely, its hypoacetylation results in condensation of
nucleosomes and indicates gene repression. Both
states are controlled by a dynamic interplay of  histone
acetyltransferases (hAts) and histone deacetylases
(hdACs) [5], and graded reductions in hdAC activity
and expression were observed in lung tissue of  pa-
tients with increasing clinical stages of  CoPd [5, 6].
Such epigenetic mechanisms are modifiable by several
drugs, but there are only scarce data on the acquisition
of  a specific intracellular transmitter system in histone
signaling. nicotine was found to induce chromatin de-
condensation and histone h3 acetylation and this in-
crease was inhibited by nicotinic receptor antagonist
[7], suggesting that nicotine alters cellular function di-
rectly via nicotinic acetylcholine receptors. however,
the role of  cholinolytics in chromatin signaling is still
obscure. recent data indicate that muscarinic recep-
tors are implicated in the regulation of  inflammation
in CoPd patients [3]. 

the aim of  the present study was to assess histone
acetylation status and intracellular M3 receptor levels
in sputum cells of  stable CoPd patients before and
after tiotropium therapy. 
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MAteriAL And MethodS

SUBJeCtS

All patients included in the study gave their consent af-
ter a full discussion of  the nature of  the study, which
had been approved by a local ethics Committee. 

Sputum was induced in 27 CoPd patients with sta-
ble disease, defined according to Global initiative for
Chronic obstructive Lung disease (GoLd) guidelines
[8]. All patients had airflow limitation (feV1 <80%
predicted, feV1/fVC <70%, GoLd stage 2-2) and
received no CoPd therapy for four weeks. All subjects
were characterized with respect to sex, age, smoking
history, CoPd symptoms, comorbidity, and current
medical treatment. exclusion criteria included the fol-
lowing: other systemic diseases, other lung diseases
apart from CoPd and lung tumors, pulmonary infec-
tion and antibiotic treatment 4 wk before inclusion, or
inhaled and oral glucocorticosteroids in the 3 months
before inclusion.  no patient in the study had symp-
toms nor was treated for CoPd exacerbation during at
least two months proceeding the day of  inclusion.

treAtMent And SPiroMetry

All patients underwent a 4-wk washout with Salbuta-
mol only on demand therapy and then they were treat-
ed with 18 µg tiotropium once daily, for 12 weeks.
Sputum induction was performed before and after
therapy.

the lung function and dLCo tests were performed
with body box (elite dL, Medgraphics, USA). the
measurement was performed using standard protocols
according to American thoracic Society guidelines.

SPUtUM indUCtion And ProCeSSinG

Sputum was induced by the inhalation of  a 4.5% hyper-
tonic aerosol saline solution, which was generated by an
ultrasonic nebulizer (Voyager, Secura nova; Warsaw,
Poland) [9]. Samples were processed within 15 min after
termination of  induction. throughout the procedure,
subjects were encouraged to cough and to expectorate
into a plastic container. three flow volume curves were
performed before and after each inhalation, and the
best feV1 was recorded. induction of  sputum was
stopped if  the feV1 value fell by at least 20 % from
baseline or if  troublesome symptoms occurred. 

induced sputum samples were solubilized in an
equal volume of  0.1% dithiotreitol (Sigma Chemicals,
Poznan, Poland) in hanks solution and incubated for
15 min in an ice bath. Cell suspension was then rinsed
twice with hanks solution, filtered by a nylon mem-
brane and centrifuged (1000 rpm) on histopaque
1077. isolated cell pellets subjected to homogenization
and subsequent differential centrifugation to isolate
cytosolic and nuclear fractions. 

to isolate subcellular fractions, sputum cells were
centrifuged, resuspended in cold hypotonic buffer
containing 10 mM hePeS, ph 7.9, 1.5 mM MgCl2, 10
mM KCl, 50 mM dithiothreitol, 100 mM phenanthro-
line, 1 mg/ml pepstatin, 100 mM trans-epoxysuccinyl-
L-leucylamido-(4-guanidino)butane, 100 mM 3,4-
dichloroisocoumarin, 10 mM naf, 100 mM sodium

orthovanadate, 25 mM b-glycerophosphate and cen-
trifuged at 14,000 x g for 5 min at 4°C [10]. Cells were
then lysed in a solution of  the same buffer containing
0.2% (v/v) nonidet P- 40 for 10 min on ice and cen-
trifuged at 14000 x g for 10 min at 4 °C. the super-
natant was then collected as a cytosolic extract. the
remaining pellet was resuspended in extraction buffer
(20 mM hePeS, ph 7.9, 420 mM naCl, 1.5 mM
MgCl2, 0.2 mM edtA, 25% (v/v) glycerol, 100 mM
3,4-dichloroisocoumarin), incubated for 15 min at
4°C, and centrifuged at 14000 x g for 10 min at 4°C.
the supernatant including soluble nuclear protein was
collected as a nuclear extract. 

Acid extraction of  histones was performed in nu-
clear fractions  using hydrochloric acid (0.2 M final
concentration) and centrifugation (11000 x g for 10
min at 4°C) [11]. Supernatant containing acid-soluble
proteins was dialyzed for 1 h against M acetic acid and
then was used to histone expression assays. 

the cytosolic fractions were evaluated for the ex-
pression of  M3 receptor  proteins and hdAC2 while
histone extract were assessed for acetylated h3 levels
using sodium dodecyl sulfate - polyacrylamide-gel
electrophoresis (SdS-PAGe) and Western blots. Sam-
ple proteins were separated in reducing conditions,
transferred onto polyvinylidene difluoride (PVdf)
membranes, and incubated with specific rabbit mono-
clonal antibodies against human M3 (Abcam, Cam-
bridge, USA). After washing, bound antibody was de-
tected using appropriate secondary anti-rabbit anti-
body (Abcam, Cambridge, USA) linked to horseradish
peroxidase. the bound complexes were detected using
enhanced chemiluminescence (eCL, Amersham, Ge
healthcare, Little Chalfont, UK) and quantified using
image Quant software. the constitutively expressed
protein, β-actin, served as a loading control and the
data were quantified in respect to β-actin expression. 

to estimate expression of  acetylated h3 levels, ex-
tracted histone proteins were separated along with
molecular weight markers (Bio-rad, hercules, CA,
USA) in 20% polyacrylamide SdS gels while other
proteins were run on 10% SdS gels. Gels were trans-
ferred onto 0.45 µm PVdf membranes (Biorad, War-
saw, Poland). for the negative control study, mem-
branes were treated similarly but without the addition
of  primary antibody. Species-specific horseradish per-
oxidase secondary antibodies were purchased from
Abcam (Abcam inc, Cambridge, USA). Gels were
checked for loading using Coomassie staining. Protein
bands were quantified using Quantity one software
(Biorad, Warsaw, Poland).

Protein levels were measured using a BCA kit (Sig-
ma-Aldrich, Poznan, Poland).

the data are expressed as means ±Sd. Statistical
significance was calculated using one-way analysis of
variance (AnoVA) followed by the Bonferroni post-
hoc test for selected pairs of  data. for correlation
analysis, statistical package Statistica (Statsoft, Cracow,
Poland) was used. 

reSULtS

table 1 and figure 1 show cytosolic M3 protein, cy-
tosolic hdAC2, and nuclear acetylated histone h3

eUroPeAn JoUrnAL of MediCAL reSeArChnovember 4, 2010 65

S. I-X, 1-78_Layout 1  22.10.10  14:48  Seite 65



protein levels in cells isolated from induced sputum of
CoPd patients before and after tiotropium therapy.
the mean feV1 and fVC values are also shown. Af-
ter therapy, the mean expression of  M3 protein was
higher by 37%, (P<0.05), hdAC2 expression was not
altered while Ach3 levels increased by about 90%
(P<0.01), compared with the corresponding data be-
fore therapy. the correlation analysis showed no rela-
tionship between cytosolic M3 receptor expression
and any other parameters tested. hdAC2 expression
before therapy was positively correlated with Ach3
(r=0.74) while after therapy no such correlation was
observed (r=0.06). therapy resulted in improved clini-
cal status of  the patients and increased their individual
feV1 (P<0.05) and fVC (P<0.05) values. Both clini-
cal indices of  lung function did not correlate with bio-
chemical parameters tested.  

diSCUSSion

tiotropium is a new synthetic muscarinic receptor in-
hibitor, structurally related to ipratropium, but with
slower dissociation and higher receptor affinity [2, 12].
drug binding to M3 and M1 muscarinic receptors pro-
duces prolonged improvement in clinical respiratory

parameters just after a single inhaled dose [9, 13, 14].
Apart from significant bronchodilatory activity of  the
drug, it was recently reported that tiotropium reduced
inflammation in CoPd patients [3, 15], and in experi-
mental animals [16], but antiinflammatory mechanisms
of  tiotropium are unknown. 

reversible acetylation and deacetylation of  histone
proteins is essential to the regulation of  inflammatory
response of  the cells at the nuclear level [4]. epigenet-
ic changes in chromatin are important in many inflam-
matory diseases including CoPd, because the disease
severity correlates with reduction in total hdAC activ-
ity, histone acetylation levels, and with iL-8 production
[17]. in asthma, bronchial tissue and alveolar
macrophages also have increased hAt and decreased
hdAC1 expression [18]. in this study, we examined
two aspects relevant to inflammatory signaling in spu-
tum cells of  CoPd patients before and after tiotropi-
um therapy; the first - chromatin acetylation status and
the second - cytosolic levels of  M3 muscarinic recep-
tor subtype which may be relevant to chronic inflam-
mation and patient’s response to anticholinergics. 

our data show that after tiotropium therapy, ex-
pression of  hdAC2 protein in sputum cells is not al-
tered while Ach3 levels are highly elevated compared
with the corresponding data before therapy. Moreover,
a positive correlation between hdAC2 expression and
Ach3 levels was detected before, but not after, thera-
py. it seems that a significant increase in Ach3 may be
related to persistent reduced hdAC activity secondary
to stress and inflammation, as has been reported in
CoPd patients [19].  Such alteration seems to act in
favor of  increased proinflammatory signaling; howev-
er, patients feV1 and fVC values after therapy were
significantly improved. We have previously described
increased hAt-related signaling in CoPd patients
subjected to formoterol and glucocorticosteroid thera-
py [11]. it should be stressed that hAts and hdACs
are not acting in biological systems as simple activat-
ing/repressing switches. the major inflammatory tran-
scription factor - nfκB requires sequential acetylation
and deacetylation to be stabilized and activated [20].
Also, high hdAC activity is usually considered as pro-
tective, but at the same time, hdAC inhibitors are
very efficient anti-inflammatory agents [21, 22]. in-
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Table 1. relative content of  cytosolic protein levels in cells
isolated from induced sputum and spirometric indices in
CoPd patients before and after tiotropium therapy.

Before therapy After therapy

M3 100.0 ±21.3 137.6 ±22.5*

hdAC2 100.0 ±33.2 88.1 ±27.1

Ach3 100.0 ±19.8 191.6 ±38.8**

feV1 1.8 ±0.5 1.9 ±0.5*

fVC 3.1 ±1.0 3.3 ±0.9*

expressions of  specific proteins were equalized in each sam-
ple for loading and numerized with density software 
(GeldocXr, Biorad, Warsaw, Poland). the mean protein ex-
pression before therapy was set as 100 relative units. *P<0.05
and **P<0.01 compared with the corresponding data before
therapy.  

Fig. 1. relative cytosolic M3 and hdAC2 expres-
sions and nuclear acetylated histone h3 (Ach3)
protein in cells isolated from induced sputum of
CoPd patients before and after 12 weeks of
tiotropium (t) therapy. representative Western
blot pictures of  M3, hdAC2, and Ach3 proteins
are also shown. C - untreated patient; t - the same
patient after t therapy; St – standard protein.
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creased Ach in sputum cells of  CoPd patients after
tiotropium therapy indicates a possible involvement of
chromatin acetylation in tiotropium effect. however,
further studies, especially involving hdAC functional
assays, are needed to characterize the role of  chro-
matin in inflammatory changes in CoPd patients.

higher cytosolic M3 protein levels after 12 weeks of
tiotropium indicate that sputum cells may increase in-
ternalized receptor proteins. it has already been report-
ed that the expression of  membrane-bound muscarinic
M3 receptors on sputum macrophages is significantly
increased in CoPd patients [23]. this aspect may be
important not only for alterations in cholinergic signal-
ing, but also for local inflammation, since acetylcholine
has been found in airway nerves, smooth muscle cells,
lymphocytes, and macrophages [3, 23]. functional
studies show that acetylcholine induces the release of
leukotriene B4, activates the p42/p44 MAP kinase
pathway in sputum cells from CoPd patients, and in-
duces neutrophilic chemotactic activity [24]. thus, it
seems that actylcholine may regulate lymphocyte pro-
liferation and cytokine release in CoPd, resulting in al-
terations in airway inflammation. however, the precise
functional impact of  dynamic receptor expression on
these cells needs to be elucidated. our data clearly
show that tiotropium therapy involves pharmacody-
namic changes in cholinergic M3 receptors and alter-
ations in chromatin acetylation in inflammatory cells
migrating to the airways of  CoPd patients.  
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