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ORIGINAL ARTICLE
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Summary
Purpose: Muscarinic cholinergic receptors (MR) have been
implicated to be overexpressed in lung cancer, and antagonists of MR have been proved to abrogate the growth of lung
cancer cells. Aclidinium Bromide, identified as a muscarinic
antagonist targeting muscarinic cholinergic receptor 3 (M3R)
in the lung, is proposed as a maintenance treatment in patients with chronic obstructive pulmonary disease (COPD). In
this study, we intended to investigate whether the Aclidinium
Bromide held potential effects on lung cancer cells behaviors.

Bromide. Additionally, Aclidinium Bromide suppressed the
PI3K/AKT signaling pathway in lung cancer A549 cells.
CCK-8 showed that Aclidinium Bromide could suppress the
growth of lung cancer cells A549. By transwell assay, Aclidinium Bromide displayed significant inhibition of cell invasion and migration capabilities. Aclidinium Bromide could
induce cell apoptosis, which was detected by flow cytometry
and western blot analysis of apoptosis-related markers
levels.

Methods: Human lung cancer A549 cell line was used and
treated with Aclidinium Bromide. CCK-8 was used to assess
cell proliferation, transwell was used to test cell invasion
and Western blot assay determined the affected pathways.
Apoptosis was detected by flow cytometry using Annexin
V-FITC/Propidium iodide (PI) staining.

Conclusion: Our results reveals that Aclidinium Bromide
behaves as a novel M3R antagonist, and may inhibit lung
cancer cell growth by regulating the PI3K/AKT signaling
pathway, which sheds some light on that it might be a potential therapeutic agent for lung cancer.

Results: The expression of Bcl-2 declined, and Bax and Key words: Aclidinium Bromide, muscarinic antagonist,
Caspase 3 increased in A549 cells treated with Aclidinium lung cancer, proliferation, migration, PI3K/Akt

Introduction
As one of the most common malignancies,
lung cancer causes approximately 1.4 million
deaths per year worldwide [1,2]. At present, chemotherapy is still an indispensable treatment for
lung cancer. Drug resistance and toxic side effects
have become the biggest problem [3], therefore it

is imperative to develop new drugs for lung cancer
treatment.
In recent years, the role of non-neuronal cholinergic system in tumor formation and progression has been given more attention. Some recent
studies proved that lung cancer cells are endowed
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with this non-neuronal cholinergic system [4]. Hua
et al. analyzed R2HBJJ as a novel M3 receptor antagonist and showed that it can inhibit non-small
cell lung cancer (NSCLC) cell growth and arrest the
cell cycle in G0/G 1 [5].
Aclidinium Bromide is a novel, long-acting,
muscarinic antagonist that inhibits the action
of acetylcholine at M3 receptor in the lungs [6].
Aclidinium Bromide is used in the maintenance of
bronchodilator therapy in patients with COPD [7].
However, the role of Aclidinium Bromide in lung
cancer treatment remains unknown.
The aim of the present study was to illustrate
the effect of Aclidinium Bromide on lung cancer
cell behaviors and its potential mechanisms.
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treated with Aclidinium Bromide. Primary antibodies
were as follows: AKT 1:1000 (Cell Signaling Technology [CST], Danvers, MA, USA, p-AKT 1:1000 (CST, USA),
mTOR 1:1000 (CST, USA), p-mTOR 1:1000 (CST, USA),
Bcl-2 1:1000 (CST, USA), Bax 1:1000 (CST, USA). Glyceraldehyde-3-phosphate dehydrogenase (GADPH) was
used as internal control.
Cell proliferation
A549 cells were digested and counted when cultured at the logarithmic growth phase preparing cell
suspension. DMSO 0.1% was used as the control group;
10 µM Aclidinium Bromide were put into the experimental group to be compared to the control group, then

Methods
Cell culture
Human lung cancer A549 cell line was offered by
Shanghai Institute for Biological Science (Shanghai, China). The Roswell Park Memorial Institute-1640 (RPMI1640) medium supplemented with 10% fetal bovine
serum (FBS, Gibco, Invitrogen, Carlsbad, CA), 100 U/ml
penicillin, and 50 mg/ml streptomycin, at 37°C and 5%
CO2 incubator was used. When the confluence reached
about 80%, the cells were treated with Aclidinium Bromide (10 µM) for 24 h, whilst the negative control group
(NC) was treated with dimethylsulfoxide (DMSO).
Western blot
Total proteins in cells were extracted by RIPA lysis buffer (including protease inhibitor) after cells were

Figure 1. Aclidinium Bromide inhibits A549 cell proliferation in the CCK-8 assay. The results are the mean ± SD.
*P<0.05 compared with normal control (NC) group.

Figure 2. Aclidinium Bromide inhibits A549 cell invasion and migration. The images represent crystal violet stained
A549 invaded or migrated cells, showing a significantly decreased number of invaded/migrated cells in Aclidinium
Bromide-treated group in contrast with normal control (NC) group. Images were captured using an inverted microscope
with x100 magnification.
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10 μl of CCK8 reagent was added to each well of a 96- Cell apoptosis assay
well plate. The absorbance was measured at 450 nm
Firstly, staining with 5 µl Annexin V-Fluorescein
wave length by microplate reader (Bio-Rad, Hercules,
isothiocyanate (FITC) (eBioscience, Rockford, IL, USA)
CA, USA).
was performed for 5min at room temperature in the dark.
Then, cells were stained with 10 µl PI, and were assessed
Cell invasion and migration assay
using an Accuri C6 flow cytometry (Bio-Rad, Hercules,
Transwell assay was used to test cell invasion. In CA , USA). Experiments were performed in triplicate.
the upper chamber 1×105 cells were placed in 24-well
Statistics
plate, and 500 µl RPMI-1640 medium were added in the
SPSS 18.0 was used to analyze the data. The combottom chamber. Invasion ability was analyzed using
inverted microscope (Olympus, Japan). The migration parisons between two groups were assessed by Student’s
assay was similar to the invasion assay and the differ- t-test. Data are shown as mean±SD and p<0.05 was conence was that the number of cells was 5000.
sidered as statistically significant.

Figure 3. A549 cell apoptosis. A: Flow cytometric analysis was used to test A549 cells apoptosis and showed that A549
cell apoptosis rate was decreased by Aclidinium Bromide. B: Western blot and the band intensities were quantified and
showed that anti-apoptosis protein Bcl-2 was increased while pro-apoptosis proteins Bax and active caspase-3 were decreased by Aclidinium Bromide. C: Relative protein levels of apoptosis-related proteins showing a statistically significant
elevation of Bax and active caspase-3, and reduction of Bcl-2 in Aclidinium Bromide-treated group compared to normal
control (NC). Data are expressed as mean ± SD. *P<0.05 compared with normal control (NC).
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Results

demonstrated in Figure 2, the Aclidinium Bromidetreated group exhibited fewer cells in cell invasion
Aclidinium Bromide inhibits lung cancer cell A549 and migration assay, respectively, compared to the
proliferation
control group. These results indicate Aclidinium
We firstly detected the functional effect of Acli- Bromide could inhibit effectively lung cancer cell
dinium Bromide on cell proliferation. We selected A549 invasion and migration.
lung cancer A549 cell line, and used Aclidinium Aclidinium Bromide promotes lung cancer A549 cell
Bromide at a concentration of 10 µM. In this ex- apoptosis
periment, Aclidinium Bromide inhibited the cell
As indicated in Figure 3A, the apoptosis rate in
proliferation with potency values of 10 µM, which
Aclidinium
Bromide-treated group was increased
was in the range of the potency of this muscarinic
(5.7%
>
2.51%,
p<0.05). Corresponding to the ﬂow
antagonist in NSCLC cell growth [8]. What was
found was that the optical density (OD) at 48 and 72 cytometric analysis, the anti-apoptotic protein Bclh in Aclidinium Bromide group was significantly 2 decreased, while active caspase 3 and Bax inlower than in normal control (NC) group (Figure creased (Figure 3B). These results imply that Acli1, p<0.05). This suggests that Aclidinium Bromide dinium Bromide could promote lung cancer A549
could effectively inhibit A549 lung cancer cells cell apoptosis.
proliferation.
Aclidinium Bromide suppresses the PI3K/AKT pathAclidinium Bromide inhibits the invasion and migra- ways in lung cancer A549 cells
tion of lung cancer A549 cells
To explore the possible mechanism of AcliNext, we analyzed the effect of Aclidinium
Bromide on the invasion and migration abilities
of lung cancer cells A549 via transwell assay. The
cells were stained with crystal violet, which reflected cell invasion and migration abilities. As

dinium Bromide effect on PI3K/AKT pathway, the
expression of AKT, mTOR and P70S6K was initially
detected by western blot in A549 cells. The results
are demonstrated in Figure 4A and B, suggesting
that Aclidinium Bromide significantly decreased

Figure 4. Effects of Aclidinium Bromide on the PI3K/Akt signaling pathway in A549 cells. A: Western blot was used
to measure the expression levels of AKT, p-AKT, mTOR, p-mTOR, P70S6K, showing an obvious reduction in the levels
of p-AKT p-mTOR and P70S6K, not AKT and mTOR in Aclidinium Bromide-treated group compared with normal control (NC) group. B: The relative protein levels of AKT, p-AKT, mTOR, p-mTOR, P70S6K compared with control group,
showing a statistically significant decline of p-AKT p-mTOR and P70S6K, but not of AKT and mTOR in Aclidinium
Bromide-treated group compared with normal control (NC) group. Data are expressed as mean ± SD. *P<0.05 compared
with normal control (NC).
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the expression of phosphorylated AKT and mTOR cell growth but not SCLC cell growth. As a supplein A549 cells (p<0.05), but had no significant effect ment to the study of Hua et al., treatment of NSCLC
in the total AKT and total mTOR protein levels.
cells with the M3 antagonist Aclidinium Bromide
in our study was A549 cell line, not H1299, H460
and H157 cell growth inhibition by muscarinic anDiscussion
tagonist R2HBJJ in their report [24].
In this report, transwell assay showed that
The expression of the cholinergic autocrine
loop does not uniquely occur in normal bronchial Aclidinium Bromide inhibited the migration and
epithelial cells, but it manifests also in most lung invasion of A549 lung cancer cell line. In earlier
cancers derived from airway epithelial cells [8,9]. reports, the cell invasion and migration induced
Angelica et al. reported that muscarinic agonists by M3 antagonists was rarely analyzed, such as
stimulate human H508 and HT29 colon cancer cell with R2HBJJ a M3 antagonist [25]. Furthermore,
invasion and migration [10-15]. It is also reported Aclidinium Bromide could promote cell apoptosis
that stimulation of mAChR by cholinergic agonist and further increase the expression of pro-apopcarbachol for 20 h increased breast tumor cell death totic protein caspase 3. This seems to be the case
[16-18]. In colon, gastric and lung cancer, tumor because, as shown in Figure 4, M3 antagonist Acligrowth has been associated with M3 subtypes of dinium Bromide decreases the phosphorylation of
mAChR [19-21]. Song et al. selected M3 antagonist Akt and mTOR in A549 cells, while induces cell
4-DAMP and p-F-HHSiD, and observed that the two apoptosis and suppression of cell proliferation. Of
M3 antagonists significantly inhibited small cell note, Lu et al. have also shown that M3 antagonist
lung cancer (SCLC) H82 cell line proliferation at 4-DAMP significantly inhibited the phosphoryla9 days [22]. The majority of reports show that M3 tion of Akt with decreased cell migration [26]. Thus,
antagonists inhibit cell proliferation and evidence inflammatory factors secreted by lung tumors may
is particularly strong for their role in cancer pro- also stimulate Akt phosphorylation through intergression. Since M3 antagonists inhibit cancer cell action with muscarinic receptors.
In conclusion, this study has shown that Acliproliferation, Aclidinium Bromide, as a novel M3
antagonist, perhaps also inhibits lung cancer cell dinium Bromide inhibits lung cancer growth, cell
activity which provides a potential new drug devel- invasion and cell migration, and induces cell apoopment for lung cancer therapeutic management. ptosis through PI3K/AKT signaling pathway. Our
Aclidinium Bromide is approved as a main- study not only offers explanations for the possible
tenance bronchodilator therapy in patients with mechanisms of Aclidinium Bromide for its antituchronic obstructive pulmonary disease (COPD), mor competence but also establishes a foundation
and restrains the action of acetylcholine target M3 for further clinical research of Aclidinium Bromide
receptors in lungs, indirectly resulting in airway in lung cancer treatment.
smooth muscle relaxation [23]. In this report, it is
illustrated for the first time that Aclidinium Bro- Authors’ contributions
mide could inhibit lung cancer cell proliferation.
In our report, we used CCK-8 assay to analyze the
YH, GL and DM H conceived the study. DM H,
cell proliferation treated with Aclidinium Bromide. DS and TL acquired, analyzed the data and wrote
Our results suggested that M3 antagonist Aclidin- the manuscript. TL, YT G, WG and GH C interpreted
ium Bromide inhibited the proliferation of NSCLC the results and revised the manuscript. All authors
cell A549 in vitro. The anti-proliferative effect of read and approved the final manuscript.
Aclidinium Bromide may be related to its selective
M3 receptor antagonistic activity. In contrast to Conflict of interests
Song’s et al. report [22] our study elucidated M3
The authors declare no conflict of interests.
antagonist Aclidinium Bromide inhibited NSCLC

References
1.

Karampeazis A, Voutsina A. Pemetrexed versus erlotinib in pretreated patients with advanced non–
small cell lung cancer: A Hellenic Oncology Research
Group (HORG) randomized phase 3 study. Cancer
2013;119:2754-64.

JBUON 2019; 24(2): 564

2.

3.

Ramalingam SS, Owonikoko TK, Khuri FR. Lung cancer: New biological insights and recent therapeutic
advances. CA Cancer J Clin 2011;61:91.
D’Addario G, Früh M, Reck M et al. Metastatic nonsmall-cell lung cancer: ESMO Clinical Practice Guide-

Aclidinium Bromide inhibits lung cancer by regulating PI3K / AKT
lines for diagnosis, treatment and follow-up. Ann Oncol
2016;21:v116.
4.

5.

6.

7.

Egleton RD, Brown KC, Dasgupta P. Nicotinic acetylcholine receptors in cancer: multiple roles in proliferation and inhibition of apoptosis. Trends Pharmacol Sci
2008;29:151.
Hua N, Wei X, Liu X et al. A Novel Muscarinic Antagonist R2HBJJ Inhibits Non-Small Cell Lung Cancer Cell
Growth and Arrests the Cell Cycle in G0/G1. PLoS One
2012;7:e53170.
Montero JL, Antón F, Viñals M, Gras J, Gavaldà A, Llenas J. Effect of aclidinium bromide, a novel long-acting
anticholinergic, on salivation, colonic motility and
faecal output in different animal models. Eur Respir J
2008; 32:(Suppl 52): 3637.
Bateman ED, Rennard S, Jones PW, Molins E, Mergel V,
Leselbaum A. Effect of aclidinium bromide/formoterol
fumarate fixed-dose combination on exacerbations in
moderate-to-severe COPD: Pooled analysis of two studies. Eur Respir J 2014;44:285.

8.

Csibi A, Fendt SM, Li C et al. The mTORC1 pathway
stimulates glutamine metabolism and cell proliferation
by repressing SIRT4. Cell 2013;153:840-54.

9.

Spindel ER. Muscarinic Receptor Agonists and Antagonists: Effects on Cancer. Handbook of Experimental
Pharmacology, Springer, 2012; 208; pp 451-68.

10. Klapproth H, Reinheimer T, Metzen J et al. Non-neuronal acetylcholine, a signalling molecule synthezised
by surface cells of rat and man. Naunyn-Schmiedeberg’s Arch Pharmacol 1997;355:515-23.
11. Proskocil BJ, Sekhon HS, Jia Y et al. Acetylcholine Is
an Autocrine or Paracrine Hormone Synthesized and
Secreted by Airway Bronchial Epithelial Cells. Endocrinology 2004;145:2498-2506.
12. Castillogonzález AC, Nietocerón S, Montenegro MF
et al. Dysregulated cholinergic network as a novel
biomarker of poor prognostic in patients with head
and neck squamous cell carcinoma. BMC Cancer
2015;15:385.
13. Russo P, Del BA, Milic M, Salinaro G, Fini M, Cesario
A. Cholinergic receptors as target for cancer therapy
in a systems medicine perspective. Curr Molec Med
2014;14:1126-38.
14. Bencherif M, Lukas RJ. Cytochalasin Modulation of
Nicotinic Cholinergic Receptor Expression and Muscarinic Receptor Function in Human TE671/RD Cells:
A Possible Functional Role of the Cytoskeleton. J Neurochem 1993;61:852-64.

565

15. Yu H, Xia H, Tang Q et al. Acetylcholine acts through
M3 muscarinic receptor to activate the EGFR signaling
and promotes gastric cancer cell proliferation. Sci Rep
2017;7:40802.
16. Song P, Sekhon HS, Fu XW et al. Activated cholinergic
signaling provides a target in squamous cell lung carcinoma. Cancer Res 2008;68:4693-700.
17. Belo A, Cheng K, Chahdi A et al. Muscarinic receptor
agonists stimulate human colon cancer cell migration and invasion. Am J Physiol Gastrointest Liver
2011;300:G749-60.
18. Sales ME. Muscarinic Receptors as Targets for Metronomic Therapy in Breast Cancer. Curr Pharmaceut
Design 2016;22:2170.
19. Raufman JP, Samimi R, Shah N et al. Genetic ablation
of M3 muscarinic receptors attenuates murine colon
epithelial cell proliferation and neoplasia. Cancer Res
2008;68:3573-8.
20. Xu R, Shang C, Zhao J et al. Activation of M3 muscarinic receptor by acetylcholine promotes non-small cell
lung cancer cell proliferation and invasion via EGFR/
PI3K/AKT pathway. Tumor Biol 2015;36:4091-4100.
21. Kodaira M, Kajimura M, Takeuchi K, Sheng L, Hanai H, Kaneko E. Functional muscarinic m3 receptor
expressed in gastric cancer cells stimulates tyrosine
phosphorylation and MAP kinase. J Gastroenterol
1999;34:163.
22. Song P, Sekhon HS, Lu A et al. M3 muscarinic receptor
antagonists inhibit small cell lung carcinoma growth
and mitogen-activated protein kinase phosphorylation induced by acetylcholine secretion. Cancer Res
2007;67:3936-44.
23. D’Urzo A, Singh D, Garcia Gil E. Use of concomitant
inhaled corticosteroids: pooled data from two phase III
studies of aclidinium plus formoterol in COPD. Prim
Care Respir Med 2017;27:13.
24. Lee H, Kim JS, Kim E. Fucoidan from seaweed Fucus
vesiculosus inhibits migration and invasion of human
lung cancer cell via PI3K-Akt-mTOR pathways. PLoS
One 2012;7:65-70.
25. Pal I, Mandal M. PI3K and Akt as molecular targets for
cancer therapy: current clinical outcomes. Acta Pharmacol Sinica 2012;33:1441-58.
26. Lu JJ, Xu GN, Ping Y et al. The activation of M3 mAChR
in airway epithelial cells promotes IL-8 and TGF-β1
secretion and airway smooth muscle cell migration.
Respir Res 2016;17:1-11.

JBUON 2019; 24(2): 565

