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Rosiglitazone inhibits PM2.5-induced cytotoxicity in human lung
epithelial A549 cells
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Background: Exposure to fine particulate matter <2.5 pm in diameter (PM2.5) leads to global adverse
health effects, including increases in morbidity and mortality of respiratory diseases. PM2.5 increases
production of reactive oxygen species (ROS) in the lung, which further lead to oxidative stress, cell apoptosis
and cell death. According to results of previous studies, oxidative stress and subsequent cell apoptosis can be
reduced by peroxisome proliferator-activated receptor gamma (PPARY) in various cell types, however, its role
in oxidative stress-related cell apoptosis caused by PM2.5 in respiratory systems is unclear.

Methods: Human lung alveolar epithelial A549 cells were exposed to PM2.5 with or without rosiglitazone
(an agonist of PPARY) treatment. Cellular apoptosis and intracellular oxidative stress were determined by
flow cytometry based on FITC Annexin V and DCFH-DA fluorescence, respectively. Western blot was
conducted to determine the expression of Bax, Bcl2, PPARy, P-ERK1/2, ERK1/2, P-STAT3, and STAT3.
Results: PPARy was downregulated in PM2.5-treated A549 cells, and application of rosiglitazone reduced
PM2.5-mediated ROS generation and cell apoptosis. In addition, our results indicated that rosiglitazone
treatment suppressed PM2.5-induced ERK1/2 and STAT?3 activation.

Conclusions: Collectively, these data suggested that rosiglitazone protects against PM2.5-induced ROS
production and cell apoptosis and represses activation of ERK1/2 and STAT3 signaling in A549 cells. Our

results indicated that rosiglitazone is a potential therapeutic agent for PM2.5-induced lung diseases.
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Introduction aerodynamic properties. PM2.5 refers to the particles and
Air pollution is nowadays regarded as a major threat drf)plets with aerodynamic diameter <2.5 pi (1). Increasm'g
to public health worldwide. Particular matter (PM) evidences have shown that long-term exposure to PM2.5 is
is a significant class of air pollutants, consisting of epidemiologically associated with respiratory diseases (2,3).
PM10, PM2.5 and ultrafine PM based on the sizes and Respiratory system is the direct organ contact with ambient
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PM2.5, and thus airway cells suffer more damage than other
cells. As reported, PM2.5 exposure causes cell membrane
lysis and mitochondrial ultrastructural disruptions in lung
alveolar epithelial cells (A549) (4). In addition, PM2.5
induces DNA damage and inflammatory response, and
meanwhile increases the generation of reactive oxygen
species (ROS) in A549 cells (5-11), which are the major
mechanisms for PM2.5-induced cell injury (12).

Peroxisome proliferator-activated receptor gamma
(PPARY) is a ligand-dependent transcription factor, and a
member of nuclear receptor of peroxisome proliferator-
activated receptors (PPARs) family. PPARs have multiple
regulatory roles in inflammation, redox balance, trophic
factor biosynthesis, insulin sensitivity and metabolism of
lipid and glucose. Rosiglitazone, one of the agonists of
PPARYy, is a thiazolidinedione drug used in the treatment of
type 2 diabetes mellitus (13). In recent years, the resistance
function of rosiglitazone in cell apoptosis, inflammation
response and oxidative stress have been verified (14-17).
However, whether rosiglitazone is able to prevent cell injury
and death in lung epithelial cells resulted from PM2.5 still
remains unclear.

In the present work, we firstly found decreasing of
PPARy in PM2.5-treated A549 cells. Then using a PPARy
agonist, rosiglitazone, we confirmed that PPARy activation
suppressed cell apoptosis and ROS production in A549
cells exposed to PM2.5. Our results further demonstrated
that rosiglitazone inhibited ERK1/2 and STAT3 activated
by PM2.5 exposure. Our data collectively suggested that
rosiglitazone can protect human lung epithelial cells from
cell toxicity of PM2.5.

Methods
Preparation of PM2.5

Fifty mg PM2.5 (National Institute of Standards and
Technology Boulder Laboratories, Boulder, CO, USA) was
dissolved in 1 mL dimethyl sulfoxide (DMSO) facilitated
with 20 min ultrasonic oscillation. The mixture was
centrifuged at 17,000 g and stored at 4 °C for 10 min.

Cell culture and treatment

Human lung alveolar epithelial A549 cell was a gift from
Cell Bank, Chinese Academy of Sciences. Cells were
routinely maintained in DMEM supplemented with 10%
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fetal bovine serum (FBS, Biological Industries, Israel) at a
5% CO, atmosphere at 37 °C. A549 cells were seeded and
treated with prepared PM2.5 at the final concentration
of 25 or 50 pg/mL for 48 h. Rosiglitazone (Selleck) was
incubated at a final concentration of 20 pM with A549 cells
for 48 h.

Measurement of cellular apoptosis

Cellular apoptosis was accessed with flow cytometry
according to the manufacturer’s protocols of FITC Annexin
V Apoptosis Detection Kit I (BD, Pharmingen, USA).
Simply, A549 cells in 1X Binding Buffer were incubated
in dark with FITC Annexin V and PI for 15 min at
room temperature. Then the cells were analyzed by flow
cytometry immediately.

Western blot

After treatment with PM2.5 or Rosiglitazone, A549 cells
were harvested and lysed on ice in cell lysis buffer (KeyGen,
China) supplied with 1 mM PMSF (KeyGen). The
concentration of protein was quantified by BCA Protein
Assay Kits (Takara, Japan). Equal amounts of protein were
separated by SDS-polyacrylamide gel electrophoresis and
transferred to polyvinylidene fluoride (PVDF) membranes
(Millipore, USA) by electricity. After incubation with 5%
BSA (KeyGen), membranes were then incubated with
primary antibodies at 4 °C overnight: Bax (Abclonal, USA),
Bel2 (Abclonal), PPARy (Abclonal), P-ERK1/2 (Abclonal),
ERK1/2 (Abclonal), P-STAT3 (Bioworld, USA), STAT3
(Bioworld), GAPDH (Abclonal). After that, the membranes
were further incubated with appropriate secondary
antibodies for 2 h. The protein signals were visualized and
recorded using the ECL plus western blotting detection
reagents (Millipore) and the ChemiDoc XRS Plus
luminescent image analyzer (Tanon).

Measurement of intracellular oxidative stress

After treated with PM2.5 or rosiglitazone, the cells were
harvested and resuspended in pre-warmed media with
10 pM DCFH-DA (Beyotime, China) and incubated for
30 min. After washing with PBS, the DCFH-DA
fluorescence was measured using flow cytometric analysis
(Beckman) by filtering 488 nm. And the mean fluorescence
intensity was quantitated.
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Figure 1 Downregulation of PPARy in PM2.5-treated A549 cells. (A) Cell apoptosis of A549 treated with PM2.5 (25 and 50 pg/mL, 48 h)
was accessed with flow cytometry analysis (n=4); (B) protein level of Bcl-2, Bax and PPARy in A549 cells treated with PM2.5 was accessed
with western blot analysis (n=3). *, P<0.05; **, P<0.01. PPARY, peroxisome proliferator-activated receptor gamma.

Statistical analysis

Results were all expressed as mean + SEM. Unpaired
two-tailed Student’s #-test was applied for comparisons
between two groups. One-way ANOVA followed by
Bonferroni’s post hoc test was conducted when comparing
among multiple groups. All analyses were carried out with
GraphPad Prism 6.0. P value less than 0.05 were considered
statistically significant.

Results
PPARYy is decreased in PM2.5-treated A549 cells

"To mimic lung epithelial cell injury due to PM2.5 exposure,
AS549 cells were treated with 25 and 50 pg/mL PM2.5.
Results demonstrated that 48 h of PM2.5 treatment led
to potent cell apoptosis in A549 cells, as determined
by flow cytometry analysis (Figure 1A4) and protein
level for Bax and Bcl2 (Figure 1B). Furthermore,
western blot also showed that PPARy was significantly
downregulated in PM2.5-stimulated A549 cells
(Figure 1B). In addition, a dose-dependent increase of cell
apoptosis and decrease of PPARY expression were also
observed (Figure I). Thus, reduction of PPARy might be
responsible for lung alveolar epithelial damage induced by

PM2.5 exposure.
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Rosiglitazone attenuates PM2.5-induced apoptosis in
A549 cells

In order to further examine the functional effect of PPARYy
on lung epithelial cells during PM2.5 exposure, rosiglitazone
was used as the PPARy agonist. Flow cytometry suggested
that rosiglitazone reduced PM2.5-mediated apoptosis in
A549 cells (Figure 24). Meanwhile, rosiglitazone reduced
the expression of Bax/Bcl2 ratio as determined by western
blot (Figure 2B). These results suggested the protective
effects of rosiglitazone against apoptosis in human lung
epithelial cells caused by PM2.5 treatment.

Rosiglitazone attenuates PM2.5-induced ROS production
in A549 cells

Oxidative stress has been reported as a crucial pattern
of cell toxicity induced by PM2.5. DCFH-DA was used
to quantify the intracellular level of ROS. As shown
in flow cytometry results, PM2.5 exposure elevated
ROS production in cells (Figure 34), and rosiglitazone
significantly reduced ROS production in cells with PM2.5
exposure (Figure 3B). Thus, these data suggested that
rosiglitazone protects against PM2.5-caused cell toxicity
in human lung epithelial cells through reducing ROS
generation.
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Figure 2 Rosiglitazone attenuates PM2.5-induced apoptosis of A549 cells. (A) Cell apoptosis of A549 treated with PM2.5 (50 pg/mL, 48 h)
with or without rosiglitazone (20 pM, 48 h) was accessed with flow cytometry analysis (n=4); (B) protein level of Bcl-2 and Bax in A549 cells
treated with PM2.5 with or without rosiglitazone was accessed with western blot analysis (n=3). *, P<0.05; **, P<0.01.
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Figure 3 Rosiglitazone attenuates PM2.5-induced oxidative stress accumulation. (A) ROS generation in A549 cells treated with PM2.5
(50 pg/mL, 48 h) was accessed with flow cytometry analysis (n=4); (B) ROS generation of PM2.5-treated A549 cells with or without
rosiglitazone (20 pM, 48 h) was accessed with flow cytometry analysis (n=4); *, P<0.05; **, P<0.01. ROS, reactive oxygen specie.
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Figure 4 Rosiglitazone attenuates PM2.5-induced ERK1/2 and STAT3 activation. (A) Protein level of phosphorylated-ERK and ERK in
A549 cells treated with PM2.5 (50 pg/mL, 48 h) and rosiglitazone (20 pM, 48 h) was accessed with western blot analysis (n=3); (B) protein
level of phosphorylated-STAT?3 and STAT3 in A549 cells treated with PM2.5 and rosiglitazone was accessed with western blot analysis (n=3).

* P<0.05; **, P<0.01.

Rosiglitazone inbibits PM2.5-activated ERK1/2 and
STAT3 signaling in A549 cells

Given that ERK1/2 and STAT3 signaling pathways play
critical roles in regulating cell apoptosis and oxidative stress
(18-21), we next investigated the effect of rosiglitazone and
PM2.5 on activation of ERK1/2 and STAT3. Our results
showed that PM2.5 exposure increased the protein level of
phosphorylated ERK1/2 and STAT3, whereas rosiglitazone
suppressed the upregulated phosphorylated ERK1/2 and
STATS3 in PM2.5-treated cells (Figure 44,B). These data
revealed that ERK1/2 and STATS3 inactivation might be
responsible for the protective action of rosiglitazone in
A549 cells during PM2.5 exposure.

Discussion

Urbanization and associated air pollution, in particular,
PM2.5 increases the morbidity of various respiratory
diseases (22). It is well-known that PM exposure played
detrimental roles mostly in epithelial cells (4,22). However,
the underlying molecular mechanism is largely unknown
and the effective therapeutic methods are still lack. In
present work, we verified that PM2.5 mediated ROS
generation and cell apoptosis in A549 cells. Importantly, our
results demonstrated for the first time that PPARy agonist
rosiglitazone could protect against PM2.5-mediated A549
cell apoptosis and oxidative stress accumulation through

inhibiting ERK1/2 and STAT?2 signaling pathways.
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Previous studies have linked several genes to airway
epithelial cell damage induced by PM2.5, which exerting
their roles through regulating cell death and inflammatory
response (23-27). It is well-accepted that PPARy is widely
expressed in almost all kinds of human tissues and plays
central roles in early stage lung development (28-30).
PPARYy agonists prevent newborn mouse from hypoxia-
induced lung injury (31). Particularly, PPARy has been
shown decreased in hepatic stellate cells exposed to PM2.5
during liver fibrosis (32). However, the expression changes
and roles of PPARY in respiratory systems exposed to
PM2.5 are still unknown. This is the first study that reveals
the downregulation and the protective roles of PPARy
in A549 cells treated with PM2.5. Given that PPARy
deficiency is widely associated with pulmonary disorders
including, asthma, cystic fibrosis lung cancer (29). Our
results indicated that PM2.5 exposure might lead to
these pulmonary diseases through reducing the PPARYy
expression. Our results also suggested that PPARy activation
is an alternative therapeutic strategy for treatment of lung
injury caused by PM2.5.

ROS has diverse effects on cellular activities depending
on its amount. In physiological conditions, the lung
epithelial cells generate low levels of ROS and physiological
changes of ROS levels are essential for cell survival. PPARy
agonist GW1929 elevated ROS levels and activated cell-
cycle progression in primary cultured lung alveolar
epithelial cells (33). However, in pathological conditions,
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prolonged oxidative stress leads to cell apoptosis and death.
Herein, we found that PPARYy agonist rosiglitazone reduced
ROS levels and inhibited the lung epithelial cell apoptosis
during PM2.5 exposure. Thus, PPARy might have different
roles in ROS production due to the physiological and
pathological conditions.

Numerous studies have suggested a central role of
ERK1/2 and STAT3 signaling pathways in regulating
oxidative stress and related cell apoptosis (18-21). As
expected, phosphorylation of ERK1/2 and STAT3 were
increased after PM2.5 exposure. Importantly, rosiglitazone
stimulation repressed the activation of ERK1/2 and STAT3
pathways. Although further studies are required to clarify
the detailed molecular mechanisms, results of present work
indicated that rosiglitazone could protect against PM2.5-
mediated cell damage via inhibiting ERK1/2 and STAT3
pathways.

Conclusions

In summary, our work demonstrated that PPARy was
downregulated in A549 cells exposed to PM2.5. Application
of rosiglitazone, a PPARy agonist, could relieve the
cytotoxic effect of PM2.5 on human lung epithelial A549
cells by inhibiting ERK1/2 and STAT3 activation. Our
results suggested rosiglitazone as a potential therapeutic
agent of PM2.5-induced lung diseases.
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