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cells through activation of Nrf2/HO-1 and
inhibition of the NF-κB pathways
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Abstract

Background: It is well established that airway remodeling and inflammation are characteristics for chronic
obstructive pulmonary disease (COPD). Moreover, cigarette smoke extract (CSE) promots inflammation, apoptosis
and oxidative stress in COPD. And, there is evidence suggested that alantolactone (ALT), a sesquiterpene lactone
isolated from Inula helenium, plays an adverse role in inflammation, apoptosis and oxidative stress. However, few
studies have investigated the function and mechanism of ALT treatment on the COPD pathological process.

Methods: The levels of IL-1 β, TNF-α, IL-6 and IFN-γ were examined by ELISA. Cells’ apoptosis and caspase-3 activity
were detected by Cell Death Detection PLUS enzyme-linked immunosorbent assay and caspase-Glo 3/7 Assay,
respectively. The content of malondialdehyde (MDA) and superoxide dismutase (SOD) were determined by using
MDA and SOD assay kits. Reactive oxygen species (ROS) generation was measured by DCFH-DA assay. Protein
expression was assayed by Western blot.

Results: In the present study, we aimed to observe the protective effects of ALT against inflammation, apoptosis
and oxidative stress in human bronchial epithelial Beas-2B and NHBE cells. Our results showed that different doses
of CSE exposure induced Beas-2B and NHBE cell inflammatory cytokines IL-1 β, TNF-α, IL-6 and IFN-γ expression, cell
apoptosis, caspase-3 activity and mediated oxidative stress markers MDA, ROS and SOD levels, while ALT treatment
counteracted the effects of CSE. Further studies suggested that ALT attenuated NF-κB pathway activation. ALT also
activated the Nrf2/HO-1 signal pathway through promoting Nrf2 nuclear aggregation and downstream HO-1
protein expression. HO-1 inhibitor tin protoporphyrin IX (SnPP IX) reversed the effects of ALT on Beas-2B and NHBE
cell inflammation, apoptosis and oxidative stress.
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Conclusions: The above results collectively suggested that ALT suppressed CSE-induced inflammation, apoptosis
and oxidative stress by modulating the NF-ĸB and Nrf2/ HO-1 axis.

Keywords: Chronic obstructive pulmonary disease, Alantolactone, Cigarette smoke extract, Inflammation, Apoptosis,
Oxidative stress

Background
Chronic obstructive pulmonary disease (COPD) is a ser-
ious lung disease and the mortality and morbidity is in-
creasing annually worldwide according to the World
Health Organization (WHO) [1]. Evidence has indicated
that COPD is characterized by airway progressive ob-
struction and chronic inflammation, which leads to em-
physema and chronic bronchiolitis [2]. The incidence
rate of COPD was 6–8% in population with extra-
pulmonary disease, such as abnormal autonomic control
of cardiopulmonary function, respiratory muscle weak-
ness as well as cardiac and cardiovascular autonomic
regulation diseases [3–5]. Accumulating evidence sug-
gests that cigarette smoking (CS) can affect the immune
system and act as a main factor of COPD [6, 7]. Despite
the fact that some therapeutic methods, such as
phosphodiesterase-4 inhibitors and surgical therapy are
used to limit COPD exacerbation, reduce airway ob-
struction and improve the quality of COPD patient’s life,
the therapeutic effect is not satisfactory [8, 9].

Inula helenium possessed anti-inflammatory activity in
cultured human respiratory epithelium and human neu-
trophils [10]. The natural sesquiterpene lactone alantolac-
tone (ALT) was isolated from Inula helenium L. and Inula
japonica, and there has been ample evidence to suggest
that the compound possesses a wide range of biological
activities, including anti-allergic, anti-bacterial, anti-
microbial, anti-fungal, anti-oncogenic, anti-helminthic, he-
patoprotective and neuroprotective activities [11, 12].
Also, Wang and his colleagues confirmed that ALT con-
tributed to inflammation, oxidative stress and apoptosis
pathways in rats with traumatic brain injury [12]. More-
over, inflammation, oxidative stress and human bronchial
epithelial cell apoptosis were involved in COPD pathogen-
esis [13, 14]. Thus, we hypothesized that ALT may play
roles in COPD and to the best of our knowledge, this
compound has not been used for COPD treatment.

Nuclear factor erythroid-2-related factor-2 (Nrf2) is a
master transcription factor and belongs to the cap ‘n’
collar subfamily [15]. According to statistics, Nrf2 could
mediate genes that encodedrug transporters, anti-
oxidative enzymes, anti- apoptotic proteins and detoxify-
ing factors [16, 17]. Moreover, Nrf2 plays a protective
role against oxidative stress through regulating anti-
oxidative genes, such as NQO1 and heme oxygenase-1
(HO-1) [18]. Moreover, Jiang et al. showed that Nrf2

regulates HO-1 protein transcription in glutamate-
induced HT-22 cell ferroptosis [19]. Cheng et al. indi-
cated that cigarette smoke particle-phase extract medi-
ated HO-1 and Nrf2 expression in human tracheal
smooth muscle cells [20]. In the present study, we ob-
served that ALT treatment obviously abrogated the in-
hibition of the Nrf2/HO-1 signal pathway and the
activation of NF-κB signal pathway which were induced
by cigarette smoke extract (CSE).
In summary, our study confirmed that CSE induced

Beas-2B and NHBE cell inflammation, apoptosis and
oxidative stress through activation of Nrf2/HO-1 and in-
hibition of the NF-κB pathways.

Materials and methods
Chemicals
Alantolactone (ALT, SML0415, molecular weight
232.32) was obtained from Sigma-Aldrich (St. Louis,
MO, USA) and the purity (≥98%) which confirmed by
HPLC. The chemical structure is shown in Fig. 1. Tin
protoporphyrin IX (SnPP IX) was purchased from Por-
phyrin Products (Logan, UT, USA).

Cell culture and treatment
Human bronchial epithelial cells Beas-2B (Cat#: CRL-
9609) and normal bronchial epithelial cells NHBE (Cat#:
CRL-2078) were both purchased from the American

Fig. 1 The chemical structure of alantolactone
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Fig. 2 CSE promoted IL-1 β, TNF-α, IL-6 and IFN-γ production in Beas-2B and NHBE cells. a CSE increased Beas-2B cell inflammatory response; b
CSE increased NHBE cell inflammatory response. Beas-2B and NHBE cells were treatment with 1, 2 and 5% CSE for 24 h. Data were expressed as
mean ± S.D. from three independent experiments. *P values < 0.05 compared with the control group. CSE: cigarette smoke extract

Fig. 3 ALT inhibited CSE induced - IL-1 β, TNF-α, IL-6 and IFN-γ production in Beas-2B and NHBE cells. a ALT inhibited CSE induced inflammatory
response in Beas-2B cells; b ALT inhibited CSE induced inflammatory response in NHBE cells. Beas-2B and NHBE cells were pre-treated with 1, 5
and 10 μM ALT for 2 h and then administrated with 5% CSE for 24 h. The commercially available ELISA kits were used to measure the level of IL-1
β, TNF-α, IL-6 and IFN-γ. Data were expressed as mean ± S.D. from three independent experiments. *P values < 0.05 compared with the control
group, #P values < 0.05 compared with the CSE group. CSE: cigarette smoke extract; ALT: Alantolactone
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Type Culture Collection (ATCC, Manassas, VA, USA).
Cells were maintained into RPMI1640 medium (Gibco,
New York, NY, USA) added with 10% FBS (Gibco), 100
U/mL penicillin and 100 U/mL streptomycin in a hu-
midified atmosphere under 5% CO2 condition at 37 °C.
For CSE treatment, human bronchial epithelial cell lines
Beas-2B and NHBE cells were maintained in medium
without FBS with cigarette smoke extract (CSE) 1, 2 and
5% at the indicated time (24 h). Beas-2B and NHBE cells
were pretreated for 2 h with 1, 5 and 10 μM ALT or
SnPP (20 μM) for 2 h and then treated with 5% CSE for
24 h.

CSE preparation
CSE preparation was according to the method described
previously with a minor modification [21, 22]. A total of
400 mL of cigarette smoke from commercial Da Qian-
men cigarettes (containing 2.5 mg of nicotine and 12mg
of tar per cigarette, Shanghai, China) was drawn into a
modified 50 mL syringe apparatus. Each cigarette was

completely smoked within 6–8 min. The smoke was
mixed with 20 mL serum-free RPMI 1640 medium by
vigorous shaking, and this solution, regarded as 100%
strength CSE. The solution was adjusted to a pH of 7.4
and then filtered using a 0.22 휇m filter. 100% CSE
(100 μl) was used when the value of OD320 nm -
OD540 nm between 0.9 and 1.2. CSE solution was
diluted with RPMI 1640 medium to indicated concentra-
tion and used in experiments within 15min after
preparation.

Inflammatory cytokines ELISA assay
The levels of IL-1 β, TNF-α, IL-6 and IFN-γ in culture
supernatants were examined by the commercially avail-
able ELISA kits (R&D Systems, Minneapolis, MN, USA)
according to the manufacturers’ instructions.

Cell death detection method
Beas-2B and NHBE cells were pretreated for 2 h with 1,
5 and 10 μM ALT and then treated with 5% CSE for 24

Fig. 4 ALT inhibited CSE induced-LDH activity and apoptosis in Beas-2B a and NHBE b cells. LDH activity was measured using an LDH-
cytotoxicity Kit; Cell Death Detection PLUS ELISA assay was used to detect cell apoptosis; Caspase-3 activity was measured by using Caspase-Glo
3/7 assay. Beas-2B and NHBE cells were pre-treated with 1, 5 and 10 μM ALT for 2 h and then administrated with 5% CSE for 24 h. Data were
expressed as mean ± S.D. from three independent experiments. *P values < 0.05 compared with the control group, #P values < 0.05 compared
with the CSE group. CSE: cigarette smoke extract; ALT: Alantolactone
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h. Cell Death Detection PLUS enzyme-linked immuno-
sorbent assay (ELISA; Roche, Nutley, NJ) was used to
measure cell apoptosis following the manufacturer’s
protocol. The relative cell apoptosis was normalized to
the control group.

Lactate dehydrogenase (LDH) assay
Beas-2B and NHBE cells were pretreated for 2 h with 1,
5 and 10 μM ALT and then exposed with 5% CSE for
24 h. The cell supernatants (100 μL) of each group were
collected, and LDH activity was measured by using a
commercial LDH Kit (Keygen, Nanjing, China) accord-
ing to the manufacturer’s instructions. The absorbance
at 450 nm wavelength was measured using a microplate
reader (Themo Multiskan MK3, USA).

Caspase-3 activity
Beas-2B and NHBE cells were plated into 96-well plates
and pretreated for 2 h with 1, 5 and 10 μM ALT and
then treated with 5% CSE for 24 h. Caspase-3 activity
was measured by using caspase-Glo 3/7 Assay (Pro-
mega, Madison, WI, USA) kit in accordance with a

previous report and the manufacturer’s instructions
[23]. Capase-Glo 3/7 Reagent (100 μL) was added to
cells for another 2 h at room temperature and the lumi-
nescence intensity was recorded at 570 nm by using a
microplate reader.

MDA-, SOD- and ROS-level measurement
The content of malondialdehyde (MDA) and super-
oxide dismutase (SOD) were determined by using
MDA and SOD assay kits (Nanjing Jiancheng Bioengin-
eering institute, Jiangsu, China) according to the manu-
facturer’s instruction. Intracellular reactive oxygen
species (ROS) generation was measured by fluorescence
dye 2′7’-dichlorofluorescin diacetate (DCFH-DA; Beyo-
time Institute of Biotechnology, China). Beas-2B and
NHBE cells were plated into 12-well plates and pre-
treated for 2 h with 1, 5 and 10 μM ALT and then ex-
posed with 5% CSE for 24 h. DCFH-DA solution
(20 μM) was added to cells for 30 min and the fluores-
cence was measured by a fluorescence microscope
(Invitrogen, WA, USA).

Fig. 5 ALT inhibited CSE induced -oxidative stress in Beas-2B a and NHBE b cells. MDA assay kits was used to measure MDA content; SOD assay
kits was used to measure SOD content; DCFH-DA method was used to measure ROS production. Beas-2B and NHBE cells were pre-treated with 1,
5 and 10 μM ALT for 2 h and then administrated with 5% CSE for 24 h. Data were expressed as mean ± S.D. from three independent experiments.
*P values < 0.05 compared with the control group, #P values < 0.05 compared with the CSE group. CSE: cigarette smoke extract;
ALT: Alantolactone

Dang et al. Respiratory Research           (2020) 21:95 Page 5 of 11



Western blot
Proteins from Beas-2B and NHBE cells were extracted
using the RIPA lysis buffer (Beyotime). Equal amounts
of protein (40 μg/lane) were loaded on 10% SDS-PAGE
and then transferred to nitrocellulose filter membrane.
The membrane was incubated with the following pri-
mary antibodies and then incubated with secondary anti-
bodies. The primary antibodies used in this study were:
HO-1 (ab13243, Abcam, Dilution: 1:2000); Nrf2
(ab137550, Abcam, Dilution: 1:1000); p-P65 (ab86299,
Abcam, Dilution: 1:2000); P65 (ab16502, Abcam, Con-
centration: 1:5000); and β-actin (ab8227, Abcam, Dilu-
tion: 1:2000). The following secondary antibody was
used in this study: goat anti-rabbit IgG H&L (HRP,
ab205718, Abcam, Dilution: 1:5000). Chemidoc XRS
(Bio-Rad, Hercules, CA, USA) was used to detect protein
bands.

Statistical analysis
Data were analyzed using GraphPad prism 5 (GraphPad
Software, Inc., La Jolla, CA, USA) and expressed as
mean ± standard deviation (SD) from three independent
experiments. All statistical analyses were performed
through ANOVA test and Bonferonni’s post hoc test. P

values less than 0.05 were considered to be significantly
different.

Results
ALT treatment suppressed CSE exposure induced
inflammation of Beas-2B and NHBE cells
According to statistics, smoking is a major risk factor of
COPD [24]. To mimic in vitro COPD pathological con-
dition, CSE was added to Beas-2B and NHBE cells. As
shown in Fig. 2, compared with the control group, differ-
ent concentrations (1, 2 and 5%) of CSE increased in-
flammatory cytokines IL-1 β, TNF-α, IL-6 and IFN-γ
production at 24 h (all p < 0.05) both in Beas-2B and
NHBE cells. For further studies, we selected the concen-
tration of CSE at 5%. We next tested the role of ALT in
CSE-induced inflammation. As shown in Fig. 3, com-
pared with the CSE exposure group, ELISA analysis of
Beas-2B and NHBE cells confirmed a dose-dependent
decrease of IL-1 β, TNF-α, IL-6 and IFN-γ secretion
after 1, 5 and 10 μM ALT exposure (all p < 0.05).

ALT treatment suppressed CSE exposure induced LDH
activity and apoptosis of Beas-2B and NHBE cells
LDH activity of the supernatant of Beas-2B and NHBE
cells was measured using an LDH-cytotoxicity Kit. As

Fig. 6 ALT inhibited CSE induced - NF-κB pathways activation in Beas-2B and NHBE cells. Western blot was used to determine protein expression
of p-p65 and total p65. Beas-2B and NHBE cells were pre-treated with 5 μM ALT for 2 h and then administrated with 5% CSE for 24 h. Data were
expressed as mean ± S.D. from three independent experiments. *P values < 0.05 compared with the control group, #P values < 0.05 compared
with the CSE group. CSE: cigarette smoke extract; ALT: Alantolactone
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shown in Fig. 4 a and b, CSE exposure significantly in-
creased LDH activity in Beas-2B and NHBE cells. The
LDH activity was incereased in CSE induced-Beas-2B
and NHBE cells, and ALT (1, 5 and 10 μM) treatment
reduced LDH activity compared with the CSE group
(p < 0.05). (Fig. 4 a and b, p < 0.05). Because of evidence
showing that airway epithelial cell apoptosis was impli-
cated in the pathogenesis of COPD [25], we next exam-
ined the role of ALT in CSE-induced Beas-2B and
NHBE cells apoptosis. As shown in Fig. 4 a and b, results
from a Cell Death Detection PLUS ELISA assay showed
that CSE exposure increased Beas-2B and NHBE cells
apoptosis, while ALT (1, 5 and 10 μM) treatment dis-
tinctly reduced cell apoptosis compared with the CSE
group (p < 0.05). Caspase-Glo 3/7 assay analysis of Beas-
2B and NHBE cells confirmed a marked increase of
caspase-3 activity in the CSE group compared with the
control group, and a significant reduction of caspase-3
activity in the 1, 5 and 10 μM ALT group compared with
the the CSE group (Fig. 4 b, p < 0.05).

ALT inhibited CSE induced oxidative stress in Beas-2B and
NHBE cells
We next determined the effect of ALT on Beas-2B and
NHBE cell oxidative stress, compared with the control
group, as shown in Fig. 5 a and b, CSE treatment signifi-
cantly increased MDA content and ROS production,
whereas it suppressed the SOD level in Beas-2B and
NHBE cells (p < 0.05). We next observed that 1, 5 and
10 μM ALT reduced oxidative stress markers’ MDA con-
tent and ROS production, and increased the SOD level
in Beas-2B and NHBE cells when compared with the
CSE group (p < 0.05, Fig. 5 a and b).

ALT treatment suppressed NF-κB pathway activation in
CSE induced Beas-2B and NHBE cells
Abundant evidence has been gathered showing the in-
volvement of NF-κB pathway in COPD and inflamma-
tion [26]. As shown in Fig. 6, we found that 5% CSE
treatment significantly increased p-p65 protein expres-
sion compared with the control group (p < 0.05). Further

Fig. 7 ALT promoted Nrf2/HO-1 activation in CSE induced Beas-2B and NHBE cells. Western blot was used to determine protein expression of
Nrf2 and HO-1. Beas-2B and NHBE cells were pre-treated with 5 μM ALT for 2 h and then administrated with 5% CSE for 24 h. Data were
expressed as mean ± S.D. from three independent experiments. *P values < 0.05 compared with the control group, #P values < 0.05 compared
with the CSE group. CSE: cigarette smoke extract; ALT: Alantolactone
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studies suggested that 5 μM ALT administration greatly
impaired the protein expression of p-p65 (Fig. 6, p <
0.05). However, total protein of p65 in Beas-2B and
NHBE cells after CSE treatment or ALT administration
have changed little. These results suggested that ALT
treatment suppressed CSE-induced NF-κB pathways.

ALT treatment increased Nrf2/HO-1 pathway activation in
CSE induced Beas-2B and NHBE cells
Nrf2/HO-1 pathway has been shown to play an import-
ant role in COPD [18]. Further studies suggested that
5% CSE exposure suppressed the protein expression of
Nrf2 and the downstream HO-1 gene (Fig. 7, p < 0.05).
We also observed that 1, 5 and 10 μM ALT treatment
obviously increased Nrf2 and HO-1 protein expression
compared with the CSE group. Moreover, 5 and 10 μM
ALT exposure leads to a statistical significance between
the CSE group and ALT treatment (Fig. 7, p < 0.05).

HO-1 inhibitor reversed the effects of ALT on CSE-induced
human bronchial epithelial cells
To analyse the function of the Nrf2/HO-1 signal path-
way on the action of ALT in CSE-induced human bron-
chial epithelial cells, the HO-1 inhibitor SnPP was used.
As shown in Fig. 8 a, SnPP treatment abrogated the in-
hibitory effects of ALT on TNF-α and IFN-γ secretion
in CSE-induced Beas-2B cells. Moreover, we confirmed
that SnPP treatment partial reversed the effects of ALT
on CSE induced Beas-2B cell apoptosis and ROS pro-
duction (Fig. 8 b and c). We also confirmed that SNPP
also plays a similar role in another human bronchial epi-
thelial cell line NHBE cells’ inflammatory response,
apoptosis and oxidative stress (data not shown). These
results suggested that ALT plays roles in CSE-induced
Beas-2B and NHBE cell inflammation, apoptosis and
oxidative stress, possibly through the Nrf2/HO-1 and
NF-κB pathways.

Fig. 8 HO-1 inhibitor SnPP reversed the effects of ALT on CSE induced Beas-2B cells. a The commercially available ELISA kits were used to
measure the level of TNF-α and IFN-γ; b Cell Death Detection PLUS ELISA assay was used to detect cell apoptosis; c DCFH-DA method was used
to measure ROS production. Beas-2B cells were pre-treated with 5 μM ALT and SnPP (20 μM) for 2 h and then administrated with 5% CSE for 24 h.
Data were expressed as mean ± S.D. from three independent experiments. *P values < 0.05 compared with the control group, #P values < 0.05
compared with the CSE group. CSE: cigarette smoke extract; ALT: Alantolactone
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Discussion
COPD is considered the fourth leading cause of mortal-
ity globally [27]. Evidence has indicated that surgical
therapy, rehabilitation and some agents, including meth-
ylxanthines, anticholinergics, corticosteroids, β2-agonists
as well as phosphodiesterase-4 inhibitors contribute to
reducing COPD symptoms and improving patients’ life
quality [28]. However, no curative therapy for COPD has
been achieved. CSE exposure induced persistent inflam-
mation, oxidative stress and abnormal cell repair and
apoptosis [29, 30]. In the present study, to further ex-
plore therapeutic targets and related drugs for COPD,
we used CSE-treated human bronchial epithelial cells to
mimic the COPD microenvironment in vitro.
Airway injury and repair are often associated with

COPD, and apoptosis of airway epithelial cells is in-
volved in this process. Evidence has suggested that air-
way epithelial cell apoptosis play roles in COPD [31, 32].
In the present study, we observed that alantolactone
(ALT) treatment significantly suppressed CSE-induced
Beas-2B and NHBE cell apoptosis. The sesquiterpene
lactone alantolactone (ALT) has been isolated from
Inula helenium and may exert anti-inflammatory prop-
erties in disease [33]. Muhammad Khan et al. observed
that ALT exerted anti-oxidant effects through inhibiting
reactive oxygen species (ROS) production [11]. However,
the specific role and associated molecular mechanism is
still unknown. In the current study, we observed that
CSE in human bronchial epithelial cell lines Beas-2B and
NHBE induced inflammation, apoptosis and oxidative

stress. ALT treatment markedly impeded CSE-mediated
inflammatory response, apoptosis and oxidative stress.
ALT treatment markedly altered inflammatory cytokines
IL-1 β, TNF-α, IL-6 and IFN-γ expression, cell apoptosis,
caspase-3 activity, and levels of oxidative stress markers
MDA, ROS and SOD.
Abundant evidence has been gathered showing ALT

plays important roles in the NF-κB/COX-2-mediated
signaling cascades and IKKβ kinase activity [34]. The nu-
clear factor-κB (NF-κB) pathway has been shown to play
critical roles in COPD pathogenesis [35]. Sun et al. sug-
gested that CSE treatment activates the NF-κB pathway
in COPD mice and in RAW264.7 macrophages [36]. In
agreement with the earlier reports, the present study
confirmed that ALT treatment markedly suppressed NF-
κB p-P65 protein expression in human bronchial epithe-
lial cell line Beas-2B and NHBE cells. Moreover, ample
evidence confirmed that Nrf2/ HO-1 signal pathway was
implicated in oxidative stress response [37]. Nrf2/HO-1
has been shown to play a pivotal role in the inhibition of
inflammation in COPD [18]. The regulation of CSE on
Nrf2/HO-1 pathway is controversial [38, 39]. Some evi-
dence suggested that CSE can promote the expression of
Nrf2 and HO-1. On the other hand, it has also been
proved that CSE can inhibit the expression of Nrf2 and
HO-1 [18, 40]. The prsent study confirmed that CSE
treatment inhibited the expression of NRf2. Interestingly,
Ji Yeon Seo et al. found that ALT stimulated the nuclear
accumulation of Nrf2 expression [41]. Consistent with
these previous reports, we found that ALT treatment

Fig. 9 A schematic diagram of function and mechnism of ALT in CSE-induced human bronchial epithelial cells
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markedly increased Nrf2 and its downstream gene HO-1
expression in Beas-2B and NHBE cells. Finally, HO-1 in-
hibitor SnPP treatment partially reversed the effects of
ALT on human bronchial epithelial cell inflammation,
apoptosis and oxidative stress, as shown in Fig. 9.

Conclusion
In conclusion, the current study showed that ALT treat-
ment impeded CSE-induced Beas-2B and NHBE cell in-
flammation, apoptosis and oxidative stress. Also, we
observed that ALT exposure suppressed NF-κB activa-
tion and increased Nrf2/HO-1 pathway activation. This
study confirmed an effective role of ALT in CSE- ex-
posed Beas-2B and NHBE cell in vitro; however, the spe-
cific role and potential molecular mechanism of ALT in
COPD also needs to be explored in patient and animal
studies.

Abbreviations
ALT: Alantolactone; COPD: Chronic obstructive pulmonary disease;
CS: Cigarette smoking; Nrf2: Nuclear factor erythroid-2-related factor-2; HO-
1: Heme oxygenase-1; CSE: Cigarette smoke extract; MDA: Malondialdehyde;
SOD: Superoxide dismutase; ROS: Reactive oxygen species

Acknowledgements
None.

Authors’ contributions
The research was conceived and designed by Xiaomin Dang, Qian Ning,
Gang Niu and Mingwei Chen. The experiments was carried out by Xiaomin
Dang, Beibei He and Jianxin Guo. The manuscript was wrote by Xiaomin
Dang, Beibei He and Ya Liu. The author(s) read and approved the final
manuscript.

Funding
This project was funded by the International Science and Technology Co-
operative Plan of Shaanxi Province (grant no. 2020KW-046), Fundamental Re-
search Funds to support the project interdisciplinary comprehensive cat-
egory for the Central Universities (grant no. 10698201358).

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interests.

Author details
1Department of Respiratory and Critical Care Medicine, The First Affiliated
Hospital of Xi’an Jiaotong University, No. 277 Yanta west road, Xi’an 710061,
China. 2Department of Medical Imaging, The First Affiliated Hospital of Xi’an
Jiaotong University, Xi’an 710061, China.

Received: 15 January 2020 Accepted: 12 April 2020

References
1. Son ES, Kim SH, Ryter SW, Yeo EJ, Kyung SY, Kim YJ, et al. Quercetogetin

protects against cigarette smoke extract-induced apoptosis in epithelial cells
by inhibiting mitophagy. Toxicol in Vitro. 2018;48:170–8.

2. Barnes N, Calverley PM, Kaplan A, Rabe KF. Chronic obstructive pulmonary
disease and exacerbations: clinician insights from the global hidden depths
of COPD survey. Curr Med Res Opin. 2014;30:667–84.

3. Murray CJ, Lopez AD. Alternative projections of mortality and disability by
cause 1990–2020: Global Burden of Disease Study. Lancet (London,
England). 1997;349:1498–504.

4. Decramer M, Rennard S, Troosters T, Mapel DW, Giardino N, Mannino D,
et al. COPD as a lung disease with systemic consequences--clinical impact,
mechanisms, and potential for early intervention. Copd. 2008;5:235–56.

5. Chen WL, Chen GY, Kuo CD. Hypoxemia and autonomic nervous
dysfunction in patients with chronic obstructive pulmonary disease. Respir
Med. 2006;100:1547–53.

6. Pilecki B, Wulf-Johansson H, Stottrup C, Jorgensen PT, Djiadeu P, Nexoe AB,
et al. Surfactant protein D deficiency aggravates cigarette smoke-induced
lung inflammation by Upregulation of Ceramide synthesis. Front Immunol.
2018;9:3013.

7. Stewart JI, Criner GJ. The small airways in chronic obstructive pulmonary
disease: pathology and effects on disease progression and survival. Curr
Opin Pulm Med. 2013;19:109–15.

8. Calverley PM, Anderson JA, Celli B, Ferguson GT, Jenkins C, Jones PW, et al.
Salmeterol and fluticasone propionate and survival in chronic obstructive
pulmonary disease. N Engl J Med. 2007;356:775–89.

9. Aaron SD, Vandemheen KL, Fergusson D, Maltais F, Bourbeau J, Goldstein R,
et al. Tiotropium in combination with placebo, salmeterol, or fluticasone-
salmeterol for treatment of chronic obstructive pulmonary disease: a
randomized trial. Ann Int Med. 2007;146:545–55.

10. Gierlikowska B, Gierlikowski W, Bekier K, Skalicka-Wozniak K, Czerwinska ME,
Kiss AK. Inula helenium and Grindelia squarrosa as a source of compounds
with anti-inflammatory activity in human neutrophils and cultured human
respiratory epithelium. J Ethnopharmacol. 2019;112311.

11. Jiang Y, Xu H, Wang J. Alantolactone induces apoptosis of human
cervical cancer cells via reactive oxygen species generation, glutathione
depletion and inhibition of the Bcl-2/Bax signaling pathway. Oncol Lett.
2016;11:4203–7.

12. Wang X, Lan YL, Xing JS, Lan XQ, Wang LT, Zhang B. Alantolactone plays
neuroprotective roles in traumatic brain injury in rats via anti-inflammatory,
anti-oxidative and anti-apoptosis pathways. Am J Transl Res. 2018;10:368–80.

13. Bodas M, Silverberg D, Walworth K, Brucia K, Vij N. Augmentation of S-
Nitrosoglutathione controls cigarette smoke-induced inflammatory-oxidative
stress and chronic obstructive pulmonary disease-emphysema pathogenesis
by restoring cystic fibrosis Transmembrane conductance regulator function.
Antioxid Redox Signal. 2017;27:433–51.

14. Jang JH, Lee JH, Chand HS, Lee JS, Lin Y, Weathington N, et al. APO-9′-
Fucoxanthinone extracted from Undariopsis peteseniana protects oxidative
stress-mediated apoptosis in cigarette smoke-exposed human airway
epithelial cells. Marine Drugs. 2016;14.

15. Liu Y, Yan J, Sun C, Li G, Li S, Zhang L, et al. Ameliorating mitochondrial
dysfunction restores carbon ion-induced cognitive deficits via co-activation
of NRF2 and PINK1 signaling pathway. Redox Biol. 2018;17:143–57.

16. Ma Q. Role of nrf2 in oxidative stress and toxicity. Annu Rev Pharmacol
Toxicol. 2013;53:401–26.

17. Sajadimajd S, Khazaei M. Oxidative stress and Cancer: the role of Nrf2. Curr
Cancer Drug Targets. 2018;18:538–57.

18. Cui W, Zhang Z, Zhang P, Qu J, Zheng C, Mo X, et al. Nrf2 attenuates
inflammatory response in COPD/emphysema: crosstalk with Wnt3a/beta-
catenin and AMPK pathways. J Cell Mol Med.
2018;22:3514–25.

19. Jiang T, Cheng H, Su J, Wang X, Wang Q, Chu J, et al. Gastrodin protects
against glutamate-induced ferroptosis in HT-22 cells through Nrf2/HO-1
signaling pathway. Toxicol in Vitro. 2020;62:104715.

20. Cheng SE, Lee IT, Lin CC, Kou YR, Yang CM. Cigarette smoke particle-phase
extract induces HO-1 expression in human tracheal smooth muscle cells:
role of the c-Src/NADPH oxidase/MAPK/Nrf2 signaling pathway. Free Radic
Biol Med. 2010;48:1410–22.

21. Cheng Y, Gu W, Zhang G, Li X, Guo X. Activation of Notch1 signaling
alleviates dysfunction of bone marrow-derived mesenchymal stem cells
induced by cigarette smoke extract. Int J Chron Obstruct Pulmon Dis. 2017;
12:3133–47.

22. Huh JW, Kim SY, Lee JH, Lee JS, Van Ta Q, Kim M, et al. Bone marrow cells
repair cigarette smoke-induced emphysema in rats. Am J Physiol Lung Cell
Mol Physiol. 2011;301:L255–66.

Dang et al. Respiratory Research           (2020) 21:95 Page 10 of 11



23. Wang L, Yan W, Wang J. Silencing MEKK3 attenuates cardiomyocyte injury
caused by hypoxia/reoxygenation via the sonic hedgehog pathway. J Cell
Physiol. 2019.

24. Goncalves PB, Romeiro NC. Multi-target natural products as alternatives
against oxidative stress in chronic obstructive pulmonary disease (COPD).
Eur J Med Chem. 2019;163:911–31.

25. He B, Chen Q, Zhou D, Wang L, Liu Z. Role of reciprocal interaction
between autophagy and endoplasmic reticulum stress in apoptosis of
human bronchial epithelial cells induced by cigarette smoke extract. IUBMB
Life. 2019;71:66–80.

26. Xu H, Sun Q, Lu L, Luo F, Zhou L, Liu J, et al. MicroRNA-218 acts by
repressing TNFR1-mediated activation of NF-kappaB, which is involved in
MUC5AC hyper-production and inflammation in smoking-induced
bronchiolitis of COPD. Toxicol Lett. 2017;280:171–80.

27. Dal-Re R. Worldwide behavioral research on major global causes of
mortality. Health Educ Behav. 2011;38:433–40.

28. Guan S, Xu W. Ginsenoside Rg1 attenuates cigarette smoke-induced
pulmonary epithelial-Mesenchymal transition via inhibition of the TGF-
beta1/Smad pathway. Biomed Res Int. 2017;2017:7171404.

29. MacNee W, Tuder RM. New paradigms in the pathogenesis of chronic
obstructive pulmonary disease I. Proc Am Thorac Soc. 2009;6:527–31.

30. Yoshida T, Tuder RM. Pathobiology of cigarette smoke-induced chronic
obstructive pulmonary disease. Physiol Rev. 2007;87:1047–82.

31. Gogebakan B, Bayraktar R, Ulasli M, Oztuzcu S, Tasdemir D, Bayram H. The
role of bronchial epithelial cell apoptosis in the pathogenesis of COPD. Mol
Biol Rep. 2014;41:5321–7.

32. Demedts IK, Demoor T, Bracke KR, Joos GF, Brusselle GG. Role of apoptosis
in the pathogenesis of COPD and pulmonary emphysema. Respir Res. 2006;
7:53.

33. Chun J, Choi RJ, Khan S, Lee DS, Kim YC, Nam YJ, et al. Alantolactone
suppresses inducible nitric oxide synthase and cyclooxygenase-2 expression
by down-regulating NF-kappaB, MAPK and AP-1 via the MyD88 signaling
pathway in LPS-activated RAW 264.7 cells. Int Immunopharmacol. 2012;14:
375–83.

34. Wang X, Yu Z, Wang C, Cheng W, Tian X, Huo X, et al. Alantolactone, a
natural sesquiterpene lactone, has potent antitumor activity against
glioblastoma by targeting IKKbeta kinase activity and interrupting NF-
kappaB/COX-2-mediated signaling cascades. J Exp Clin Cancer Res. 2017;36:
93.

35. Huan W, Tianzhu Z, Yu L, Shumin W. Effects of Ergosterol on COPD in mice
via JAK3/STAT3/NF-kappaB pathway. Inflammation. 2017;40:884–93.

36. Sun X, Dong Z, Li N, Feng X, Liu Y, Li A, et al. Nucleosides isolated from
Ophiocordyceps sinensis inhibit cigarette smoke extract-induced
inflammation via the SIRT1-nuclear factor-kappaB/p65 pathway in RAW264.7
macrophages and in COPD mice. Int J Chron Obstruct Pulmon Dis. 2018;13:
2821–32.

37. Loboda A, Damulewicz M, Pyza E, Jozkowicz A, Dulak J. Role of Nrf2/HO-1
system in development, oxidative stress response and diseases: an
evolutionarily conserved mechanism. Cell Mol Life Sci. 2016;73:3221–47.

38. Lee KH, Jeong J, Koo YJ, Jang AH, Lee CH, Yoo CG. Exogenous neutrophil
elastase enters bronchial epithelial cells and suppresses cigarette smoke
extract–induced heme oxygenase-1 by cleaving sirtuin 1. J Biol Chem. 2017;
292:11970–9.

39. Pace E, Ferraro M, Di Vincenzo S, Cipollina C, Gerbino S, Cigna D, et al.
Comparative cytoprotective effects of carbocysteine and fluticasone
propionate in cigarette smoke extract-stimulated bronchial epithelial cells.
Cell Stress Chaperones. 2013;18:733–43.

40. Radan M, Dianat M, Badavi M, Mard SA, Bayati V, Ahmadizadeh M. The
Association of Cigarette Smoke Exposure with lung cellular toxicity and
oxidative stress: the protective role of Crocin. Inflammation. 2020; 43:135-45.
41. Seo JY, Lim SS, Kim JR, Lim JS, ha YR, Lee IA, et al. Nrf2-mediated
induction of detoxifying enzymes by alantolactone present in Inula
helenium. Phytother Res. 2008;22:1500–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Dang et al. Respiratory Research           (2020) 21:95 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Chemicals
	Cell culture and treatment
	CSE preparation
	Inflammatory cytokines ELISA assay
	Cell death detection method
	Lactate dehydrogenase (LDH) assay
	Caspase-3 activity
	MDA-, SOD- and ROS-level measurement
	Western blot
	Statistical analysis

	Results
	ALT treatment suppressed CSE exposure induced inflammation of Beas-2B and NHBE cells
	ALT treatment suppressed CSE exposure induced LDH activity and apoptosis of Beas-2B and NHBE cells
	ALT inhibited CSE induced oxidative stress in Beas-2B and NHBE cells
	ALT treatment suppressed NF-κB pathway activation in CSE induced Beas-2B and NHBE cells
	ALT treatment increased Nrf2/HO-1 pathway activation in CSE induced Beas-2B and NHBE cells
	HO-1 inhibitor reversed the effects of ALT on CSE-induced human bronchial epithelial cells

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

