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Fig. 2 (See legend on next page.)
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Tiotropium/olodaterol treatment induces ERK and JNK
activation in BEAS-2B bronchial epithelial cells
ERK activation and JNK activation are involved in cell
survival and cell death and autophagy [15, 16]. The
phosphorylation levels of ERK and JNK were evaluated
by Western blotting to further understand whether tio-
tropium/olodaterol can regulate ERK and JNK activation
in CSE-treated BEAS-2B cells. As illustrated in Fig. 7a
and b, JNK phosphorylation levels increased in 5% CSE-
treated cells, whereas pretreatment with tiotropium/olo-
daterol (10 μM olodaterol combined with 12.5 μM tio-
tropium) effectively reduced the CSE-induced
upregulation of p-JNK. However, tiotropium/olodaterol
had no significant effect on ERK phosphorylation levels
after 5% CSE exposure compared with 5% CSE exposure
alone. These findings suggest that inhibition of JNK acti-
vation by tiotropium/olodaterol may contribute to the
alteration of CSE-induced cell death and autophagy.

Discussion
Cigarette smoking is the major cause of irreversible lung
diseases, including COPD and emphysema. Increasing
evidence has indicated that cigarette smoking–induced
lung injury is related to epithelial cell disruption [6, 8, 9,
17]. A combination of tiotropium and olodaterol is used
as long-term maintenance treatment for COPD, includ-
ing chronic bronchitis or emphysema [18]. Tiotropium/
olodaterol acts as a bronchodilator by preventing ASM

contraction and inducing muscle relaxation through the
regulation of muscarinic receptors and β2 adrenergic re-
ceptors, respectively [19]. Few studies have indicated
that bronchodilators have a protective effect on CSE-
induced lung epithelial cell injury because they reduce
inflammatory responses [20, 21]. However, the effect of
dual bronchodilators on CSE-induced cell injury in epi-
thelial cells remains unclear. In the present study, we
demonstrated that CSE exposure significantly reduced
BEAS-2B bronchial epithelial cell survival, reduced mito-
chondria dysfunction, and markedly induced autophagy,
but not apoptosis. To our knowledge, this is the first
study to demonstrate that tiotropium/olodaterol protects
BEAS-2B human bronchial epithelial cells against CSE-
induced cell death.
Oxidative stress, inflammation, apoptosis, imbalance of

protease–antiprotease, and autophagy are regarded as
the principal contributors to the development of COPD
[21]. Moreover, several studies have demonstrated that
the inhibition of autophagy controls lung cell death and
emphysema development caused by CS exposure in mice
[4, 5]. This finding suggests that autophagy may be a
critical target for regulating cigarette smoke–induced
lung injury. However, few studies have reported the ac-
tion of bronchodilator in modulating autophagy in lung
epithelial cells. A study demonstrated that activation of
β-arrestin2, downstream of β2 adrenergic receptors, con-
tributes to the inhibition of autophagy, which engenders

(See figure on previous page.)
Fig. 2 Effects of tiotropium/olodaterol on CSE-induced cell death in BEAS-2B cells. a Cell viability of BEAS-2B cells after pretreatment with 25 μM
tiotropium + 10 μM Olodaterol for 4 h, followed by CSE treatment for 24 h. b Cell viability of BEAS-2B cells after pretreatment with 25 μM
tiotropium + 10 μM Olodaterol for 4 h, followed by CSE treatment for 24 h. Cell viability was determined using the MTT assay. The absorbance of
the reaction solution at 570 nm was recorded. Data are presented as means ± SD from triplicate samples for each treatment. *P < 0.05 versus 5%
CSE-treated group. Tio: tiotropium; Olo: Olodaterol

Fig. 3 The effect of tiotropium/olodaterol on apoptosis and necrosis in BEAS-2B bronchial epithelial cells after CSE exposure. BEAS-2B cells were
pretreated with tiotropium/olodaterol for 4 h, followed by treatment with or without 5% CSE for 24 h. The cells were then stained with annexin
V-FITC and propidium iodide (PI) and analyzed using flow cytometry. Tio: tiotropium; Olo: Olodaterol
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Fig. 4 Effect of Tiotropium/olodaterol on CSE-mediated MMP change in BEAS-2B cells. BEAS-2B cells were pretreated with tiotropium/olodaterol
for 4 h, followed by treatment with or without 5% CSE for 24 h. The cells were then stained with JC-1 and analyzed using flow cytometry. FL1-H
fluorescence represents those with a depolarized mitochondrial membrane, and FL2-H fluorescence represents cells with normal mitochondria
membrane potential. Tio: tiotropium; Olo: Olodaterol
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Fig. 5 Effect of Tiotropium/olodaterol on CSE-mediated autophagy in BEAS-2B cells in long term treatment. a BEAS-2B cells were pretreated with
tiotropium/olodaterol for 4 h, followed by treatment with or without 2.5 and 5% CSE for 24 h. AVO staining and flow cytometry analysis were
then performed. AO accumulates and aggregates are characterized by yellow-orange fluorescence, and normal cells with AO are characterized by
green fluorescence. b Western blot analysis of the expression of LC3 and Beclin 1 in BEAS-2B cells. *P < 0.05 versus 5% CSE-treated group. Tio:
tiotropium; Olo: Olodaterol
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