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Abstract: The present study was aimed at clarifying the effects of an anti-inflammatory agent, rosiglitazone, on the 
progression of acute respiratory distress syndrome (ARDS) in vitro model induced by lipopolysaccharide (LPS, 10 
µg/ml) in A549 cells. Peroxisome proliferator activated receptor-γ (PPARγ) agonist rosiglitazone (10 mM) was added 
into the LPS-stimulated A549 cells for 48 h. Cell viability and proliferation of A549 was examined by CCK-8 and Brdu 
assay, respectively. Cell apoptosis and ROS generation in response to LPS and rosiglitazone were measured by flow 
cytometry assay. The contents of TNF-α, IL-6 and MCP-1 in supernatants of A549 cells were measured by ELISA. The 
expression of PPARγ, NF-κBp65, Bax, Bcl-2, NOX4 and iNOS was measured by Real-time PCR and Western blotting. 
Our results showed that LPS induced cell apoptosis and inflammation response, suggesting a success of ARDS 
model was established. Rosiglitazone treatment reduced LPS-induced injury in A549 cells, evidenced by inhibiting 
cell apoptosis, ROS generation and secretion of TNF-α, IL-6 and MCP-1. Furthermore, rosiglitazone also inhibited 
LPS-induced increased expression of NOX4, iNOS, NF-κBp65 and Bax. Taken together, our data suggest that LPS 
inhibits A549 cell viability and proliferation and induces apoptosis through inhibiting PPARγ, which was reversed by 
rosiglitazone, and thus rosiglitazone may serve as an agent for ARDS treatment.
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Introduction

Acute respiratory distress syndrome (ARDS) 
previously called acute lung injury (ALI) was 
characterized by rapid onset of respiratory fail-
ure [1], in the presence of inflammation, alveo-
lar epithelial and epithelial barrier destruction, 
and activation of neutrophil and platelet, follow-
ing a variety of direct and indirect lung insults 
[2, 3]. The pathogenesis of ARDS is complex, 
including cell and tissue injuries caused by  
the imbalance of inflammatory and anti-inflam-
matory reaction [4], microthrombus formation 
caused by coagulation and/or fiber disorder [5] 
and systemic involvement caused by severe 
hypoxic disease [6].

Peroxisome proliferator activated receptors 
(PPARs) comprise a family of ligand-activated 
transcription factors belonging to the nuclear 
hormone receptor family that are related  
to immunomodulatory and anti-inflammatory 

activity in a variety of disease states including 
type 2 diabetes, atherosclerosis, inflammatory 
bowel disease, arthritis, myocarditis, cancer, 
and endotoxic shock [7, 8]. PPAR isoform PPARγ 
is prominently involved in many feedback loops 
that normally limit inflammation, such as 
decreases in cytokines, chemokines, ROS and 
adhesion molecules [9], through interacting 
with transcription factor NF-κB preventing its 
association with DNA sequences [10] and 
hence suppressing inflammatory gene tran-
scription [11]. Inhibiting PPARγ promotes fibrop-
roliferative ARDS [12] and rosiglitazone, a 
PPARγ agonist, reduces acute lung injury in 
endotoxemic rats [13]. However, to date, few 
studies have tested the mechanism of rosigli-
tazone as a potential treatment intervention fol-
lowing the onset of pulmonary inflammation 
and lung injury.

Lipopolysaccharide (LPS), derived from gram-
negative bacteria, induces pulmonary inflam-
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mation models, which have been used exten-
sively for testing new anti-inflammatory drugs 
[14]. The inflammatory stimulation of LPS is 
mainly through Toll like receptor-4 following 
activating NF-κB [15], results in the synthesis 
and release of a variety of inflammatory media-
tors. In particular, activated alveolar macro-
phages and neutrophils cause the excessive 
production of pro-inflammatory cytokines, 
including tumor necrosis factor-α (TNF-α) and 
interleukin-1β (IL-1β), which attract neutrophils 
and cause the release of further cytokines and 
chemokines [16]. Moreover, NF-κB is activated 
by ROS, which elicits increased expression of 
the iNOS gene in mouse and man [17], whereas 
NO may inhibit NOX via a not yet well defined 
mechanism.

The A549 human alveolar epithelial cell line, 
which has many of the features of alveolar type 
II epithelial cells, is often used as a surrogate 
for human alveolar epithelium. In order to eval-
uate the effect of rosiglitazone on LPS-induced 
A549 cells apoptosis and inflammation in vitro, 
we analyzed cell patterns and estimated pro-
tein expression. In addition, ELISA and western 
blot observations for apoptosis and inflamma-
tory response were made on the A549 cells. 
Thus the present study was conducted to in- 
vestigate the effects of rosiglitazone on LPS-
induced apoptotic and inflammatory signal 
transduction in human alveolar epithelial A549 
cells.

Materials and methods

Cell culture and drug treatment

Human lung carcinoma type II epithelium-like 
A549 cells were purchased from the American 
Type Culture Collection (Rockville, MD, USA) 
and grown in RMPI-1640 medium containing 
10% FBS, 100 U/ml penicillin and 100 µg/ml 
streptomycin at 37°C in a humidified atmo-
sphere with 5% CO2. For experiments, cells 
were seeded at a density of 5×105 cells/well in 
six-well culture plates or 1×105 cells/well in 
24-well culture plates and cultured for 24 h to 
form an 80-90% confluent monolayer. Cells 
were divided into three groups (n=3 in each 
group): control groups (untreated A549 cells), 
LPS groups (10 µg/ml) and LPS plus rosigli-
tazone groups (10 µg/ml LPS+10 mM rosigli-
tazone). For the LPS groups, LPS was added to 
A549 cells for 24 h. For the LPS plus rosigli-

tazone groups, LPS and rosiglitazone were 
simultaneously added to A549 cells for 24 h. 
After these additions, the cells were incubated 
at 37°C in a humidified 5% CO2 incubator for 
different periods of time and then the cells or 
the supernatants were harvested for following 
measurements.

Assay of cell viability

After drug treatment for 0, 24, 48 or 72 h, the 
Cell Counting Kit-8 (CCK-8) solution mixed with 
FBS-free RMPI-1640 (v/v, 1:10) was added into 
the A549 cells (100 µl/well) and cultured 37°C 
in a 5% CO2 incubator for 1 h, according to the 
manufacturer’s instructions. Absorbance of the 
supernatant for each well was measured at 
450 nm using the Multiskan EX plate reader 
(Thermo Fisher Scientific, Waltham, MA, USA).

BrdU incorporation

After drug treatment for 48 h, the A549 cells 
were harvested at a density of 1×105 cells/
welland incubated with 10 μΜ BrdU for 60 min 
in the dark at 37°C. Then the cells were incu-
bated with 1 ml of BrdU Staining Buffer for 2 h 
and washes with PBS prior to incubated with 5 
μl of anti-BrdU for 1 h in the dark at room tem-
perature. Data was acquired by flow cytometry 
(BD Biosciences, San Diego, CA, USA).

Quantification of apoptotic cells by flow cytom-
etry

Cell apoptosis analysis was performed using 
flow cytometry and an Annexin V apoptosis 
detection kit (eBioscience, Inc., San Diego, CA, 
USA). Briefly, after drug treatment for 48 h, the 
harvested A549 cells were plated in 6-well 
plates at a density of 1×105 cells/well and incu-
bated with 195 μl Annexin V and 5 μl propidium 
iodide for 15 min in the dark at 4°C. The early 
and late apoptotic cells were represented in the 
lower right and upper right quadrant of the fluo-
rescence-activated cell sorting histogram. 

Quantification of intracellular ROS by flow 
cytometry

Detection of ROS was performed using flow 
cytometric analysis as described previously. In 
brief, after drug treatment for 48 h, A549 cells 
were washed with PBS, resuspended in com-
plete medium and incubated with 0.5 μM dihy-
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drorhodamine 123 (Sigma Aldrich; Merck Mi- 
llipore) for 30 min at 37°C. ROS fluorescence 
intensity was determined by flow cytometric 
analysis, with excitation at 490 nm and emis-
sion at 520 nm.

Enzyme-linked immunosorbent assay (ELISA)

The cell culture supernatants were collected 
from A549 cells 48 h after treatment. The con-
centrations of TNF-α, IL-6 and MCP-1 were 
measured with ELISA technology.

Quantitative real-time RT-PCR analysis

The cell samples were harvested at 48 h after 
treatment to analyze the expression of NOX4 
and iNOS mRNAs as described previously [18]. 
Target mRNA was quantified by real-time PCR 
using the SYBR® Premix Ex Taq™ kit on a Bio-
Rad iCycler iQ5 Real-time Detection System. 
Oligonucleotides for these PCR analyses were 
designed and synthesized by Clontech Labo- 
ratories (Palo Alto, CA, USA). The oligonucle-
otide sequences of the respective upstream 

and downstream primers for these mRNA anal-
yses were 5’-AGGAGAACCAGGAGATTG-3’ and 
5’-GAAGTTGAGGGCATTCAC-3’ for NOX4, 5’-CC- 
CAGCCTCAAGTCTTATTTCC-3’ and 5’-ACTCAGC- 
AGCAAGTTCCATC-3’ for iNOS, and 5’-CACCCA- 
CTCCTCCACCTTTG-3’ and 5’-CCACCACCCTGTT- 
GCTGTAG-3’ for GAPDH. Relative mRNA qu- 
antities were determined by using the 2-ΔΔCt 
method with data normalized to the GAPDH 
housekeeping gene.

Western blot analysis

Protein analyses were carried out according to 
a previously described method [19]. After drug 
treatment, proteins were prepared in an ice-
cold radioimmunoprecipitation assay (RIPA) 
buffer. The protein content was determined 
using the BCA kit. Proteins (15 µl) were subject-
ed to SDS-PAGE, and transferred to nitrocellu-
lose membranes. After blocking, the mem-
branes were immunodetected using primary 
antibodies: anti-iNOS (1:500; abcam), anti-
NOX4 (1:2000; abcam), anti-PPARγ (1:1000; 

Figure 1. Effect of rosiglitazone on LPS-induced cell viability and proliferation of A549 cells. Exposure of A549 cells 
to 10 µg/ml LPS with or without 10 mM rosiglitazone simultaneously for 24, 48 and 72 h, the cell viability of A549 
cells was measured by CCK-8 assay. After treatment for 48 h, the cell proliferation of A549 cells was measured by 
Brdu assay. *P<0.05, **P<0.01 compared with control; ##P<0.01 compared with LPS.
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abcam), anti-Bcl-2 (1:300; santa), anti-Bax 
(1:300; santa), anti-NF-κBp65 (1:1000; Cell 
Signaling Technology) and anti-GAPDH (1:2000; 
Cell Signaling Technology) at 4°C overnight. The 
membranes were washed three times with 
PBST (PBS+0.1% Tween 20) and then incubat-
ed with horseradish peroxidase (HRP)-conju- 
gated antibodies at room temperature for 1 h. 
The blots were visualized using enhanced che-
miluminescence (Millipore, Billerica, MA, USA) 
and signal intensity was determined using a 
digital imaging system (UVtec, Cambridge, UK).

Statistical analysis

Statistical analyses were performed with SPSS 
19.0 statistical software. Results were expre- 
ssed as mean ± SD. Statistical analysis bet- 
ween groups was carried out by unpaired, two-
pair t test. A p value of less than 0.05 was 
defined statistically significant.

Results

Rosiglitazone inhibits LPS-induced decreased 
cell viability and proliferation of A549 cells

Exposure of A549 cells to 10 µg/ml LPS for  
24, 48 and 72 h caused significant 12.03%, 

28.83% and 41.50% decreases, respectively, 
in the proliferation of A549 cells compared with 
control groups (Figure 1). After exposure to 10 
µg/ml LPS and 10 mM rosiglitazone simultane-
ously for 24, 48 and 72 h, proliferation of A549 
cells was significantly increased by 5.39%, 
17.27 and 24.39%, respectively, compared wi- 
th LPS treatment alone. Thus, 10 µg/ml LPS 
with or without 10 mM rosiglitazone simultane-
ous treatment for 48 h were used in our follow-
ing experiments. After drug treatment for 48 h, 
the cell proliferation was also measured by 
Brdu assay. As shown in Figure 1B and 1C, the 
cell proliferation was significantly decreased 
after 10 µg/ml LPS treatment, which was inhib-
ited by 10 mM rosiglitazone treatment. 

Rosiglitazone inhibits LPS-induced cell apopto-
sis of A549 cells

Exposure of A549 cells to 10 µg/ml LPS for 48 
h caused significant 7.62-fold increase in the 
apoptosis of A549 cells compared with control 
groups (Figure 2A and 2B). After exposure to 
10 µg/ml LPS and 10 mM rosiglitazone simul-
taneously for 48 h, apoptosis of A549 cells was 
significantly decreased by 58.22% compared 
with LPS treatment alone.

Figure 2. Effect of rosiglitazone on LPS-induced cell apoptosis of A549 cells. A, B. Exposure of A549 cells to 10 µg/
ml LPS with or without 10 mM rosiglitazone simultaneously for 48 h, the apoptosis of A549 cells was measured by 
flow cytometry assay. **P<0.01 compared with control; ##P<0.01 compared with LPS.
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Rosiglitazone inhibits LPS-induced intracellu-
lar ROS generation of A549 cells

Exposure of A549 cells to 10 µg/ml LPS for  
48 h caused significant 1.73-fold increase in 
the intracellular ROS of A549 cells compared 

with control groups (Figure 3A and 3B). After 
exposure to 10 µg/ml LPS and 10 mM rosigli-
tazone simultaneously for 48 h, intracellular 
ROS of A549 cells was significantly decreas- 
ed by 45.63% compared with LPS treatment 
alone.

Figure 3. Effect of rosiglitazone on LPS-induced intracellular ROS level of A549 cells. A, B. Exposure of A549 cells to 
10 µg/ml LPS with or without 10 mM rosiglitazone simultaneously for 48 h, the intracellular ROS of A549 cells was 
measured by flow cytometry assay. **P<0.01 compared with control; ##P<0.01 compared with LPS.

Figure 4. Effect of rosiglitazone on LPS-induced TNF-α, IL-6 and MCP-1 concentration of A549 cells. Exposure of 
A549 cells to 10 µg/ml LPS with or without 10 mM rosiglitazone simultaneously for 48 h, the TNF-α (A), IL-6 (B) 
and MCP-1 (C) concentration of A549 cells was measured by ELISA. **P<0.01 compared with control; ##P<0.01 
compared with LPS.
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Rosiglitazone inhibits LPS-induced increased 
TNF-α, IL-6 and MCP-1 concentration of A549 
cells

Exposure of A549 cells to 10 µg/ml LPS for 48 
h caused significant 2.55, 1.89 and 1.25-fold 
increases, respectively, in the TNF-α, IL-6 and 
MCP-1 concentration in the culture superna-
tants of A549 cells compared with control 
groups (Figure 4A-C). After exposure to 10 µg/
ml LPS and 10 mM rosiglitazone simultaneous-
ly for 48 h, TNF-α, IL-6 and MCP-1 concentra-
tion in A549 cells was significantly decreased 
by 35.38%, 30.76% and 28.18%, respectively, 
compared with LPS treatment alone.

Rosiglitazone inhibits LPS-induced increased 
expression of NOX4, iNOS, NF-κBp65, and 
Bax/Bcl-2 ratio in A549 cells

Exposure of A549 cells to 10 µg/ml LPS for  
48 h caused significant 4.82 and 2.66-fold 
increases in the mRNA expression of NOX4 and 
iNOS in A549 cells compared with control 

groups (Figure 5A). After exposure to 10 µg/ml 
LPS and 10 mM rosiglitazone simultaneously 
for 48 h, the mRNA expression of NOX4 and 
iNOS in A549 cells was significantly decreased 
by 62.25% and 57.86% compared with LPS 
treatment alone. Similar results were also fo- 
und in the protein expression of NOX4 and  
iNOS in A549 cells with LPS with or without 
rosiglitazone treatment (Figure 5B and 5C). 
Moreover, exposure of A549 cells to 10 µg/ml 
LPS for 48 h caused significant 44.63% and 
52.23% decreases in the protein expression of 
PPARγ and Bcl-2 in A549 cells compared with 
control groups, but increased NF-κBp65 and 
Bax protein expression by 1.03 and 6.36-fold 
(Figure 5D and 5E). After exposure to 10 µg/ml 
LPS and 10 mM rosiglitazone simultaneously 
for 48 h, the protein expression of PPARγ and 
Bcl-2 in A549 cells was significantly increased 
by 2.21 and 0.46-fold compared with LPS  
treatment alone, and the NF-κBp65 and Bax 
protein expression in A549 cells was signifi-
cantly decreased by 29.63% and 51.43%, 
respectively.

Figure 5. Effect of rosiglitazone on LPS-induced the expression of NOX4, iNOS, NF-kBp65, Bax and Bcl-2 in A549 
cells. Exposure of A549 cells to 10 µg/ml LPS with or without 10 mM rosiglitazone simultaneously for 48 h, the 
expression of NOX4 and iNOS of A549 cells was measured by Real-time PCR (A) and Western blot (B, C), and the 
expression of PPARγ, NF-kBp65, Bax and Bcl-2 in A549 cells was also measured by Western blot (D, E). **P<0.01 
compared with control; ##P<0.01 compared with LPS.



Lipopolysaccharide inhibits PPARγ

1861 Int J Clin Exp Med 2018;11(3):1855-1863

Discussion

The acute respiratory distress syndrome (ARDS) 
is a rapid onset of respiratory failure character-
ized by severe impairment in gas exchange and 
lung mechanics with a high case mortality rate 
of estimated at 26% to 58% [20, 21], and has 
not significantly improved for the past several 
decades. LPS, which is a major component of 
the cell wall of Gram-negative bacteria, mimics 
ARDS [22], leading to the recruitment of neutro-
phils and finally the impairment of gas exchange. 
LPS can also cause inflammatory responses by 
human alveolar epithelial A549 cells that is 
induced cell death by several bioactive media-
tors [23], including proteases, reactive oxygen 
species, eicosanoids, phospholipids, and cyto-
kines, that perpetuate inflammatory respons-
es. The results in this study showed that the 
PPARγ agonist rosiglitazone induced a signifi-
cant increase in LPS-induced A549 cell prolif-
eration and cell viability, and decreases in cell 
apoptosis, intracellular ROS and inflammation 
response. Rosiglitazone also inhibited NF-κB 
activation and decreased the ratio of Bax/Bcl-2 
expression. Overall these results suggest that 
rosiglitazone has potential clinical applications 
for ARDS.

Apoptosis is an energy-dependent type of pro-
grammed cell death. A variety of intrinsic and 
extrinsic factors are involved in regulating cell 
apoptosis [24, 25]. Reactive oxygen species 
(ROS) are apoptotic factors that can cause oxi-
dative stress and subsequent cell apoptosis. 
Previous study showed that exposure of A549 
cells to LPS increased the levels of cellular 
nitric oxide (NO) and ROS, and the activities of 
caspase-9 and caspase-6 were also augment-
ed [26]. Our studies showed that exposure of 
A549 cells to LPS caused apoptosis and ROS 
production. Moreover, the expression of iNOS, 
NOX4 and Bax/Bcl-2 ratio was also increased 
by LPS stimulation. iNOS is one of three key 
enzymes generating NO from the amino acid 
l-arginine, plays an important role in numerous 
physiological and pathophysiological condi-
tions [27]. NOX4 was strong expression in 
hyperplastic alveolar type II cells and induced 
ROS generation, and it is a key player in epithe-
lial cell death leading to pulmonary fibrosis 
[28]. However, treatment of rosiglitazone sig-
nificantly inhibited LPS-induced apoptosis and 
ROS production in A549 cells. In line with our 

results that PPARγ is a member of the family of 
ligand-activated transcription factors, and its 
ligand rosiglitazone has the ability to selectively 
activate PPARγ in cancer cells, including hepa-
tocellular carcinoma Hep3B cells [29], renal 
cancer Caki cells [30], and non-small cell lung 
carcinoma A549 cells [31]. 

On the other hand, PPARγ and its respective 
ligand negatively control pro-inflammatory gene 
expression. The agonist reduces inflammation 
and vascular leakage in animal ARDS experi-
mental models [13]. Furthermore, cytokines, 
including TNF-α and IL-6, play important roles 
in mobilizing neutrophils and promoting LPS-
induced ARDS [32, 33]. In addition, it has previ-
ously been reported that IL-6 mediated MCP-1 
production by endothelial cells [34]. In the pres-
ent study, we found that rosiglitazone inhibited 
the expression of TNF-α, IL-6 and MCP-1 in LPS-
induced A549 cells. NF-κB is an important tran-
scription factor which regulates the expression 
of many cytokines, chemokines, adhesion mol-
ecules, inducible enzymes and growth factors 
[35]. During inflammatory cascade activation, 
the p65 subgroup of NF-κB translocates to the 
nucleus. In LPS-relevant ARDS, LPS binds Toll-
like receptor 4 (TLR-4) on the surface of epithe-
lial cells and activates NF-κB signal transduc-
tion [18], and then induces the expression of 
many inflammatory cytokines and cell-adhe-
sion molecules, finally triggering the relative 
pathological processes [36, 37]. In this experi-
ment, NF-κB was activated after LPS stimula-
tion and the addition of rosiglitazone inhibited 
NF-κBp65 nuclear translocation.

In this study, rosiglitazone alleviated LPS-
induced apoptosis and inflammation via the 
augment of PPARγ expression, leading to the 
abrogation of NF-κB activation in human alveo-
lar epithelial cell line A549. These results 
extend our understanding of the molecular 
mechanisms underlying the applications of 
rosiglitazone for ARDS.
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