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Regulatory effect of mitoQ on the mtROS-NLRP3
inflammasome pathway in leptin-pretreated BEAS-2 cells
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Abstract. Obese asthma is a phenotype of asthma whose occur-
rence is gradually increasing in both adults and children. The
majority of studies have demonstrated that obesity is a major
risk factor for asthma and the effect of obesity on the lungs
is considerable. NOD-, LRR- and pyrin domain-containing
protein 3 (NLRP3) inflammasome has been previously
demonstrated to serve a role in obese asthma mediated by
mitochondrial reactive oxygen species (mtROS). The aim of
the present in vitro study was to investigate the effect of leptin
on airway epithelial cells and the protective effect of the mito-
chondrial-targeted antioxidant mitoquinone (mitoQ). Human
normal bronchial epithelial cell lines BEAS-2 cells were used
and divided into 6 groups: Control group (negative control),
DMSO group (solvent control), lipopolysaccharide (LPS)
group (positive control), LPS + mitoQ group, Leptin group
and Leptin + mitoQ group. CCKS assay was used to establish
the optimal concentration and incubation time of the drugs.
mitoTracker probe and mitoSOX reagent were used to detect
the integrity of mitochondrial membranes and the content of
mtROS. mRNA expression levels were detected by reverse
transcription-quantitative PCR analysis. It was revealed that
the mitochondrial membrane was disrupted in the Leptin
group, which recovered after treatment with mitoQ. As a
result, the production of mitochondrial reactive oxygen species
(mtROS) in the Leptin group was significantly increased
(P<0.01), but following treatment with mitoQ, this overpro-
duction of mtROS was significantly decreased to normal
levels (P<0.01). Furthermore, the expression levels of NOD-,
LRR- and pyrin domain-containing protein 3 NLRP3 and
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caspase-1 mRNA in the leptin-pretreated BEAS-2 cells were
significantly increased compared with those in the control
group (P<0.01), while they were decreased following mitoQ
treatment (P<0.01). Taken together, these data suggested that
leptin may promote airway inflammation partially through
upregulating the mtROS-NLRP3 inflammasome signaling
pathway in airway epithelial cells and mitoQQ may be a potential
treatment for obese asthma.

Introduction

Obesity and asthma are among the most significant public
health problems worldwide. An expanding body of epide-
miological evidence and longitudinal data suggest that
there is a link between obesity and asthma in both children
and adults (1-5). Furthermore, obesity is a major risk factor
for asthma (6-9). However, managing patients with asthma
who are also impacted by obesity is challenging, as they are
frequently less likely to respond to conventional asthma thera-
pies (10). Therefore, investigating the potential mechanisms
underlying obesity-associated asthma is of great significance
for the treatment of these patients.

In previous years, there has been an immense interest
in the potential role of adipokines, factors secreted by
adipocytes, in the development or worsening of asthma
among obese individuals (11). Adipokines, including
leptin, adiponectin and resistin, regulate energy homeo-
stasis via hunger and satiety control (12). An imbalance
of adipokines may promote pro-inflammatory responses
and lead to inflammation. An increased leptin/adiponectin
ratio may be an important mediator of type 2 diabetes and
abdominal obesity-associated cardiovascular diseases (13).
In obese patients, an increased serum concentration of
leptin and resistin, and decreased adiponectin levels have
been detected (14). In a six-year follow-up study performed
in 246 obese and 532 non-obese children aged 6-11 years,
Zhang et al (15) illustrated that the levels of leptin and
leptin-to-adiponectin ratio in obese children were signifi-
cantly higher than those in non-obese children. Given the
role of the increased leptin/adiponectin ratio in systemic
inflammation, it is plausible to hypothesize that there is
an effect of increased leptin in the airway inflammation of
respiratory diseases, such as asthma.
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Using a newly developed analytic method, a longitudinal
study from France demonstrated that leptin is an important
factor mediating the association between high body mass
index (BMI) and persistent asthma over time (16). Through
collecting bronchoalveolar lavage (BAL) by bronchoscopy
from lean and obese asthmatics and controls, Holguin et al (17)
demonstrated that increases of the BMI were positively asso-
ciated with the concentration of leptin in BAL fluid (BALF).
A pilot study (18) evaluating the levels of leptin in exhaled
breath condensate (EBC) from overweight asthmatic pediatric
patients and normal children indicated that the leptin levels
in EBC were significantly higher in the obese and asthmatic
children as compared with those in healthy subjects, demon-
strating that leptin may represent a non-invasive marker of
airway inflammation in children. However, whether there is
an effect of leptin on airway inflammation in obese patients
with asthma and the way in which leptin affects airway
inflammation remain to be elucidated.

The NOD-, LRR- and pyrin domain-containing protein 3
(NLRP3) inflammasome, a multi-protein complex consisting
of NLRP3 as the sensor, apoptosis-associated speck-like
protein containing caspase-recruitment domain (ASC) as
the adaptor and caspase 1 as the effector, is known to be
associated with a variety of responses to a wide range of
microbial pathogens, inflammatory diseases, cancer and
metabolic and autoimmune disorders (19). A growing body of
evidence has suggested a role of the NLRP3 inflammasome
in the inflammation of respiratory diseases, such as asthma
and chronic obstructive pulmonary disease (COPD) (20,21).
Kim et al (22) indicated that the NLRP3 inflammasome was
required in the lung inflammation of obese asthmatic mice.
Using an ozone-induced mouse model of acute allergic airway
inflammation, Xu et al (23) demonstrated that the activation
of the NLRP3 inflammasome caused by mitochondrial reac-
tive oxygen species (mtROS) may have an important role in
the pathogenesis of ozone-induced airway inflammation.

On the other hand, two recent studies have demonstrated
that leptin may be a novel activator and modulator of the
NLRP3 inflammasome in RAW 264.7 cells (24) and breast
cancer cells (25). Bronchial epithelial cells (BECs) also
express leptin receptors (26). Thus, it is reasonable to postu-
late that leptin may activate mtROS-NLRP3 inflammasomes
in BECs, resulting in airway inflammation. Targeting the
mtROS-NLRP3 inflammasome pathway may potentially be
a therapeutic direction for the management of obese asthma.

Mitoquinone (mitoQ), a ubiquinone moiety linked to a
lipophilic triphenylphosphonium cation by a 10-carbon alkyl
chain, is a novel mitochondrial-targeted antioxidant (27). The
oral administration of mitoQ is safe and numerous in vivo
studies have demonstrated that mitoQ is able to protect against
oxidative damage in a number of diseases, including cardiac
ischemia-reperfusion injury (28), hypertension (29), sepsis (30)
and metabolic syndrome (31). Dashdor;j et al (32) indicated that
mitoQ has anti-inflammatory effects, as the activation of the
NLRP3 inflammasome and the expression of its downstream
cytokines were significantly decreased in a mouse model of
experimental colitis after treatment of mitoQ. Another study
demonstrated that mitoQ may ameliorate diabetic nephrop-
athy via the inhibition of mtROS/thioredoxin-interacting
protein (TXNIP)/NLRP3/IL-1f axis activation (33). However,

whether there is a role of mitoQ in the airway inflammation of
obese asthma has remained to be elucidated.

In the present study, leptin and mitoQ were used to treat
the human bronchial epithelial cell line BEAS-2 to investigate
the activation of the mtROS-NLRP3 inflammasome by leptin
and the potential role of mitoQ in leptin-pretreated BEAS-2
cells.

Materials and methods

Chemicals and reagents. BEAS-2B cells (no. ATCC®
CRL-9609™) were obtained from the American Type
Culture Collection and were tested negative for mycoplasma.
DMEM-high glucose, FBS and Trypsin-0.25% EDTA were
from Gibco (Thermo Fisher Scientific, Inc.). Recombinant
human leptin was purchased from Novoprotein Scientific
Inc. Lipopolysaccharide (LPS) was purchased from
Sigma-Aldrich (Merck KGaA). mitoQ was purchased from
Focus Biomolecules. DMSO and penicillin-streptomycin
(pen-strep) were obtained from Solarbio. The Cell Counting
Kit-8 (CCK-8) was purchased from Dojindo Molecular
Technologies. MitoSOX™ Red mitochondrial super-
oxide indicator for live-cell imaging (cat. no. M36008),
MitoTracker® Red CM-H2XRos (cat. no. M7513) and TRIzol®
reagent were purchased from Invitrogen (Thermo Fisher
Scientific, Inc.). DAPI staining solution was obtained from
Beyotime Institute of Biotechnology, Inc. PrimeScript™ RT
Master Mix (cat. no. RRO36A) was obtained from Takara
Bio, Inc. LightCycler® 480 SYBR-Green I Master Mix (cat.
no. 04707516001) was purchased from Roche Diagnostics.
ELISA kit (cat. no. ml058059; Shanghai Enzyme-linked
Biotechnology Co., Ltd.) and all other chemicals of the highest
purity available were purchased from local companies.

Cell culture. BEAS-2B cells were routinely cultured in
high-glucose DMEM supplemented with 10% FBS and
1% pen-strep in an incubator at 37°C in a humidified atmosphere
containing 5% CO,. Cells were harvested using Trypsin-0.25%
EDTA solution and all treatments were performed on cells at
their 4th passages to ensure the stability of cells.

CCK-8 viability assay. In order to determine the optimal
concentration and effect time of leptin, LPS and mitoQ,
a CCK-8 assay was used. BEAS-2B cells were seeded in
flat-bottom 96-well plates at 2x10* cells/well in triplicate
with 100 gl of medium 24 h prior to the treatments. For the
treatments, culture media was replaced with 100 ul of fresh
complete medium that was supplemented with different
concentrations of leptin (0, 1, 20,40, 60, 80, 100 and 200 ng/ml)
or LPS (0, 1,2.5,5, 10, 25, 50 and 100 pg/ul) or mitoQ (0, 100,
200, 500, 1,000, 1,500, 2,000 and 5,000 nM) in an incubator
at 37°C in a humidified atmosphere containing 5% CO,. At
the end of the drug incubation periods (1, 6, 24, 48 or 72 h),
the culture media were discarded and the plates were washed
with PBS three times. Subsequently, 10 1 CCK-8 solution was
added, followed by incubation in the incubator for 1 h at 37°C.
The optical density at 450 nm (OD,,) was then determined
on a microplate reader (Bio-Rad Laboratories, Inc.). The cell
viability reflecting the cytotoxicity of drugs was calculated
according to the instructions of the kit, using the following
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formula: Cell viability=(A-C)/(B-C), where A is the OD,s,
of the experimental group (culture medium with cells, drugs
and CCKS solution), B the OD,;, of the control group (culture
medium with cells and CCK8 solution) and C the OD,;, of the
empty group (culture medium with CCKS8 solution but without
cells).

Cell groups. After determining the optimal concentration
and effect time of leptin, LPS and mitoQ, BEAS-2B cells
were seeded in flat-bottom 6-well plates at 2x10° cells/well.
According to the treatments with the drugs, the cells were
divided into 6 groups: Control group (negative control),
DMSO group (solvent control), LPS group (positive control),
LPS + mitoQ group, Leptin group and Leptin + mitoQ group.
For LPS + mitoQ group, 5 pg/ul LPS was added 6 h prior to
detection and after that 200 nM mitoQ was added 1 h before
detection. For Leptin + mitoQ group, 100 ng/ml leptin was
added 24 h before collection and after that 200 nM mitoQ was
added 1 h before collection. All the treatments were performed
in an incubator at 37°C in a humidified atmosphere containing
5% CO,.

mitoTracker measurement. After the drug treatments, the
culture media were removed and prewarmed in a staining
solution containing 200 nM MitoTracker® probe for 30 min
at 37°C in the dark. After staining was complete, the staining
solution was replaced with fresh prewarmed PBS and cells
were then observed using an inverted fluorescence microscope
(magnification, x100; Ti-U; Nikon Corporation). The mean
fluorescence intensity (MFI) was analyzed and calculated
using ImageJ software 1.48v (National Institutes of Health).

mtROS measurement. After the treatments, the culture media
were discarded and the plates were washed with PBS three
times and loaded with MitoSOX™ reagent. First, 1 ml of 5 yM
MitoSOX™ reagent was added as a working solution to cover
the cells. Subsequently, the cells were incubated for 10 min at
37°C in the dark. Next, cells were washed gently three times
with warm PBS and fixed with 4% formaldehyde for 15 min at
room temperature. Cells were washed again and covered with
warm PBS. The cells were observed using an inverse fluores-
cence microscope (magnification, x100; Nikon Corporation).
The MFI was analyzed and calculated using ImageJ software.

RNA extraction, complementary (c)DNA synthesis and
reverse transcription-quantitative (RT-q)PCR analysis.
Total RNA of cells was extracted using TRIzol® reagent.
The quality and concentration of total RNA were determined
using a Nanodrop® 2000 spectrophotometer (Thermo Fisher
Scientific, Inc.). cDNA was synthesized from 500 ng RNA
using the PrimeScript™ RT Master Mix, according to the
manufacturer's protocol. gPCR was performed in triplicate
using LightCycler® 480 SYBR-Green I Master Mix on the
LightCycler® 480 PCR system (Roche). The thermocycling
protocol consisted of an initial denaturing step at 95°C for
5 min, followed by 40 cycles of 10 sec at 95°C and an exten-
sion step at 60°C for 60 sec. The primer sequences are listed
in Table I. Relative mRNA expression levels were measured
using the 2244 method (34) and normalized to the level of
GAPDH.

EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 466, 2021 3

Table I. Sequence information of primers.

Gene Primer sequences

GAPDH F: 5-GGAGAAGGCTGGGGCTCAT-3'
R: 5-TGGGTGGCAGTGATGGCA-3'

NLRP3 F: 5'-CATAGGACCGCTCTGCACTG-3'
R: 5'-CAGGTCTCGTGGTGATGAGC-3'

CASP1 F: 5-ACAGGCATGACAATGCTGCT-3'
R: 5-CAGGAACGTGCTGTCAGAGG-3'

IL-1p F: 5-“TGCCACCTTTTGACAGTGATG-3'
R: 5-TGATGTGCTGCTGCGAGATT-3'

NLRP3, NOD-, LRR- and pyrin domain-containing protein 3;
CASP, caspase; F, forward; R, reverse.

ELISA. The levels of cytokine IL-1f in the cell culture
supernatants were determined by ELISA according to the
manufacturer's protocol. The OD,5, value was measured on a
microplate reader (Bio-Rad Laboratories, Inc.) and the concen-
trations of IL-1f in the samples were calculated according to
the OD,s,.

Statistical analysis. Values are expressed as the
mean + standard error of the mean of at least 3 samples.
Experiments were performed in triplicate. All values were
analyzed by one-way ANOVA among groups using SPSS
(version 19.0; IBM Corp.). Tukey's test was used for further
comparison between two groups. P<0.05 was considered to
indicate a statistically significant difference. The graphs were
drawn using GraphPad Prism 5 (GraphPad Software, Inc.).

Results

Determination of the optimal concentrations and incubation
times for LPS, leptin and mitoQ. In order to determine the
optimal concentrations and incubation times, the cells were
treated with different concentrations of drugs and incubated
for different time periods. The highest concentration incubated
with the lowest incubation time that did not result in a signifi-
cantly effect on cell viability was considered to be the optimal
concentration. No significant differences were observed among
the different concentrations of leptin after 1 and 6 h of treat-
ment. After 24 h of treatment with leptin, the viability of the
cells treated at the concentration of 200 ng/ml became signifi-
cantly lower than that of untreated cells (P<0.05). However,
there was no significant difference between cells treated with
leptin at a concentration of 100 ng/ml and untreated cells
after 24 h of treatment. Thus, 100 ng/ml was used as the final
concentration of leptin and the incubation time selected was
24 h (Fig. 1A).

Similarly, after 6 h of incubation with LPS, the viability of
cells treated at the concentration of 10 ug/ul was significantly
decreased compared with that of untreated cells (P<0.01).
However, the viability of cells treated at the concentration
of 5 pug/ul was not significantly different compared with that
of untreated cells. Furthermore, the viability of cells treated
with mitoQ at the concentration of 500 nM was significantly
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Figure 1. Effects of leptin, LPS and mitoQ on the viability of BEAS-2 cells determined by a CCK-8 assay. (A) Effect of leptin. After 24 h of treatment with
leptin at the concentration of 100 ng/ml, the cell viability became significantly lower than that of the untreated cells (P<0.05). (B) Effect of LPS. After 6 h of
treatment with LPS at the concentration of 10 pg/ul, the cell viability was significantly decreased compared with that of untreated cells (P<0.05). (C) Effect of
mitoQ. The cell viability was significantly decreased after 1 h of treatment with mitoQ at the concentration of 500 nM compared with that of untreated cells
(P<0.05). Values are expressed as the mean =+ standard error of the mean of 3 samples analyzed in triplicate. “P<0.05 vs. untreated group incubated for 48 h;
"P<0.05 vs. untreated group incubated for 24 h; “P<0.05 vs. untreated group incubated for 6 h; “P<0.05 vs. untreated group incubated for 1 h. CCK-8, Cell

Counting Kit-8; LPS, lipopolysaccharide; mitoQ, mitoquinone.

decreased after 1 h of treatment as compared with that of
untreated cells (P<0.05), while that of cells treated with
200 nM mitoQ was not significantly affected. Thus, in the
subsequent experiments, cells were treated with 5 ug/ul LPS
for 6 h (Fig. 1B) and 200 nM mitoQ for 1 h (Fig. 1C). Therefore,
for LPS + mitoQ group, 5 ug/ul LPS was added 6 h prior to
detection and 200 nM mitoQ was added 1 h before detection.
For Leptin + mitoQ group, 100 ng/ml leptin was added 24 h

before collection and 200 nM mitoQ was added 1 h before
collection.

Effects of mitoQ on the mitochondrial membrane integrity in
the LPS and leptin-pretreated BEAS-2 cells. The mitoTracker
probe, a kind of mitochondrial membrane tracer, was used to
detect the membrane integrity of mitochondria. As presented
in Fig. 2A and B, the mitochondrial membrane of the control
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Figure 2. Effects of mitoQ on the mitochondrial membrane integrity in the LPS- and leptin-pretreated BEAS-2 cells. (A) Representative immunofluores-
cence images of samples stained with the mitoTracker probe (magnification, x100 in the upper panel and x200 in the magnified windows below). (B) Mean
fluorescence intensity of the cells. Pretreatment with LPS and leptin resulted in a perforation/rupture of the mitochondrial membrane compared with the
control group (P<0.01). Treatment with mitoQ significantly improved mitochondrial injury (P<0.01). Values are expressed as the mean + standard error
of the mean of 3 samples analyzed in triplicate. "P<0.01 vs. control group; 2P<0.01 vs. DMSO group; “P<0.01 vs. LPS group; “P<0.01 vs. leptin group.

LPS, lipopolysaccharide; mitoQ, mitoquinone.

group and DMSO group was intact and the MFIs were
10.945+0.254 and 10.587+0.233, respectively. However, after
treatment with LPS and leptin, the mitochondrial membrane
was disrupted and the MFIs of the groups (4.474+0.264
and 4.416+0.267, respectively) were significantly decreased
compared with those of the control and DMSO groups
(P<0.01), indicating that the mitochondria were impaired.
However, the MFI of the LPS + mitoQ group (10.47+0.271)
or the Leptin + mitoQ group (11.14+0.294) was significantly
increased compared with that in the LPS group or Leptin
group (P<0.01), suggesting that the impaired mitochondrial
membrane may be recovered following treatment with mitoQ.

Effects of mitoQ on the production of mtROS in the LPS and
leptin-pretreated BEAS-2 cells. Next, to observe the influence
of mitoQ on the production of mtROS, the mitoSOX probe
was used to detect the production of mtROS after LPS and
leptin treatment. In the LPS group as the positive control,
the production of mtROS was significantly augmented (MFI,
11.282+0.286) when compared with that in the control group
and DMSO group (6.585+0.271 and 6.965+0.178, respectively;
P<0.01). Similarly, after treatment with leptin, the production
of mtROS was also significantly increased compared with
that in the control and DMSO groups (P<0.01), revealing the
potential effect of leptin on the overproduction of mtROS in

BEAS-2 cells. After treatment with mitoQ, the overproduction
of mtROS caused by LPS or leptin was significantly decreased
to normal levels (P<0.01), confirming the scavenger role of
mitoQ on mtROS (Fig. 3A and B).

Effects of mitoQ on the expression levels of NLRP3 and
caspase-1 mRNA in the LPS and leptin-pretreated BEAS-2
cells. The NLRP3 inflammasome may be activated by the
overproduction of mtROS. In accordance with the aforemen-
tioned results, the expression levels of NLRP3 and caspase-1
mRNA in the LPS- or leptin-pretreated BEAS-2 cells were
~2.5-fold higher than those in the control and DMSO groups
(P<0.01). Following subsequent treatment with mitoQ, their
expression levels of NLRP3 and caspase-1 were significantly
decreased (P<0.01), suggesting that mitoQ may reverse
BEAS-2 cells from leptin-induced injury, partly through
inhibiting the mtROS-NLRP3 inflammasome signaling
pathway (Fig. 4A and B).

Effects of mitoQ on the expression of IL-1f in the LPS and
leptin-pretreated BEAS-2 cells. As presented in Fig. 5A,
the mRNA expression levels of IL-1f in the LPS and
leptin-pretreated BEAS-2 cells were ~3 times higher than those
in the control and DMSO groups (P<0.01). The changes in the
protein levels of IL-1p in the supernatant of the LPS and leptin
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Figure 3. Effects of mitoQ on the production of mtROS in the LPS- and leptin-pretreated BEAS-2 cells. (A) Representative immunofluorescence images of
samples stained with the mitoSOX probe and DAPI (magnification, x100). (B) Mean fluorescence intensity of the cells. LPS and leptin pretreatment resulted
in an overproduction of mtROS compared with the control group (P<0.01). Treatment with mitoQ significantly attenuated this overproduction of mtROS
(P<0.01). Values are expressed as the mean + standard error of the mean of 3 samples analyzed in triplicate. “P<0.01 vs. control group; “P<0.01 vs. DMSO
group; “P<0.01 vs. LPS group; ¥P<0.01 vs. leptin group. mtROS, mitochondrial reactive oxygen species; LPS, lipopolysaccharide; mitoQ, mitoquinone.

groups were similar to those in mRNA expression (Fig. 5B).
By contrast, the mRNA expression and protein levels in the
supernatant of the LPS + mitoQ and Leptin + mitoQ groups
were significantly decreased (P<0.01).

Discussion

Airway inflammation is the key characteristic of asthma. As a
distinct asthma phenotype, the airway inflammation of obese
asthma is different from that of conventional asthma, making it
difficult to control the condition (11). Leptin, a 16-kDa protein
derived from the obesity gene, is secreted predominantly by
adipocytes (35). The serum leptin concentrations are 4-6 times
greater in severely obese patients compared with those in lean
patients (36). Studies have demonstrated that leptin concentra-
tions, either in sputum or in BALF, are highly associated with
serum leptin concentrations (17,37). Bruno et al (38) revealed
that in the airway epithelial cells, the expression levels of
leptin and its receptor LEPR were higher in normal subjects
than in smokers or in patients with mild-to-severe COPD. In a
previous study, it was also revealed that the expression level of

leptin in the BALF was significantly increased in obese mice
with asthma (39). Thus, it is conceivable that obesity-associated
increases in airway leptin may have an effect on the airway
inflammation of asthma.

The NLRP3 inflammasome is a multi-protein complex
involved in the innate immune system. Formation of the
NLRP3 inflammasome activates caspase 1, which in turn
cleaves pro-IL-1f and pro-IL-18, leading to the release
of IL-1f and IL-18. The NLRP3 inflammasome may be
activated by a diverse series of endogenous and exogenous
agonists and the generation of mtROS is thought to be an
essential and proximal upstream event of NLRP3 activa-
tion (40). A growing body of evidence has suggested a role
of the NLRP3 inflammasome-linked cytokine IL-1f in
severe, steroid-resistant asthma (41). Using an ovalbumin- and
LPS-induced mouse model of neutrophil dominant allergic
airway disease, Kim et al (42) revealed that mtROS have a
crucial role in the pathogenesis of allergic airway inflamma-
tion through activating the NLRP3 inflammasome in airway
epithelial cells. Consistent with previous results, the present
study revealed that in BEAS-2 cells treated with LPS, the
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Figure 4. Expression levels of NLRP3 and caspase-1 mRNA in BEAS-2 cells.
The mRNA expression levels of (A) NLRP3 and (B) caspase-1 in the LPS-
and leptin-pretreated BEAS-2 cells were all significantly increased compared
with those in the control group (P<0.01). After mitoQ treatment, the expres-
sion levels were significantly decreased (P<0.01). Values are expressed as
the mean + standard error of the mean of 3 samples analyzed in triplicate.
“P<0.01 vs. control group; *P<0.01 vs. DMSO group; “P<0.01 vs. LPS group;
%P<0.01 vs. leptin group. NLRP3,NOD-, LRR- and pyrin domain-containing
protein 3; mitoQ, mitoquinone; LPS, lipopolysaccharide.

mitochondrial membrane was disrupted, followed by an
upregulation of mtROS. Furthermore, similar to LPS, treating
cells with leptin also led to significantly increased mtROS
levels, suggesting that leptin may serve as an activator of the
NLRP3 inflammasome.

Next, the transcriptional expression levels of NLRP3
and caspase-1 were detected by RT-qPCR in the present
study. The results demonstrated that the expression levels of
NLRP3 and caspase-1 mRNA were significantly upregulated
in both leptin- and LPS-pretreated groups. Furthermore,
to validate the potential role of leptin in activating the
NLRP3 inflammasome, leptin receptor, LEPR was knocked
down in the cells by transfection with LEPR RNA inter-
ference lentivirus. The mRNA expression of NLRP3 and
caspase-1 were not increased following leptin treatment
compared with those in the control group (data not shown).
Similarly, upregulation of IL-1pB in the supernatant of
leptin-pretreated cells was also detected, further indicating
that leptin may promote airway inflammation through
activating the NLRP3 inflammasome pathway. However, a
limitation of the present study was that the protein levels
of NLRP3 inflammasome were not detected. In a further
study, the protein levels of NLRP3 inflammasome should
be measured.

MitoQ is an orally active mitochondria-targeted antioxidant
that has the ability to scavenge mtROS. Two clinical trials have
been performed to investigate the benefits of mitoQ. One is a
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Figure 5. Expression of IL-13 mRNA and protein in BEAS-2 cells. (A) the
IL-1p mRNA expression in the LPS group and leptin group was significantly
higher than that in the control group (P<0.01). Treatment with mitoQ signifi-
cantly decreased the IL-18 mRNA expression induced by LPS and leptin
(P<0.01). (B) The protein levels of IL-1f in the supernatant of LPS- and
leptin-pretreated BEAS-2 cells were significantly increased compared with
those in the control group (P<0.01). After mitoQ treatment, their expres-
sion levels were significantly decreased (P<0.01). Values are expressed as
the mean + standard error of the mean of 3 samples analyzed in triplicate.
“P<0.01 vs. control group; “P<0.01 vs. DMSO group; “P<0.01 vs. LPS group;
4P<0.01 vs. leptin group. mitoQ, mitoquinone; LPS, lipopolysaccharide.

human phase II trial in Parkinson's disease, the PROTECT trial
(www.clinicaltrials.gov; no. NCT00329056) (43). Although no
difference has yet been observed compared with the placebo, this
trial suggested that mitoQ may be safely administered to patients
for 1 year. The other is the CLEAR trial on patients with chronic
hepatitis C virus (clinicaltrials.gov; no. NCT00433108) (44).
This study identified a decrease in markers of liver damage,
indicating a clinical benefit provided by mitoQ in humans.
Another study assessed the lungs of ozone-exposed mice and
human airway smooth muscle cells (ASMC) isolated from
bronchial biopsy specimens from patients with COPD and indi-
cated that mitoQ reduced airway inflammation and inhibited
TGF-f-induced ASMC proliferation (45).

Consistent with the results of previous studies, the present
study suggested that mitoQ decreased the production of
mtROS induced by leptin in BEAS-2 cells, which further
inhibited the expression of NLRP3 and caspase-1 mRNA. The
increase of IL-1[3 was also restored after treatment with mitoQ.
The in vitro results of the present study provide a molecular
basis for mitoQ having a potential role in managing obese
asthma through targeting the mtROS-NLRP3 inflammasome
pathway. However, the study did not use any group treated
with mitoQ alone to observe the effect of mitoQ on the cells,
which may be another limitation in the present study.
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In conclusion, the results of the present study suggested
that leptin may induce or worsen airway inflammation
partly through activating the mtROS-NLRP3 inflammasome
pathway, which may be a potential mechanism underlying
obesity-associated asthma. The mitochondrial-targeted
antioxidant mitoQ may have potential therapeutic effects in
obese asthma. However, the present study was only performed
on cells. Future in vivo studies in obese mice with asthma are
required in order to further investigate the role of mitoQ in
airway inflammation.
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