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Baicalin attenuates LPS-induced alveolar
type II epithelial cell A549 injury by
attenuation of the FSTL1 signaling
pathway via increasing miR-200b-3p
expression

Xin-ya Duan1,*, Yang Sun2,*, Zhu-feng Zhao3, Yao-qing Shi3,
Xun-yan Ma3, Li Tao3 and Ming-wei Liu3

Abstract

In China, baicalin is the main active component of Scutellaria baicalensis, which has been used in the treatment of

inflammation-related diseases, such as inflammation-induced acute lung injury. However, its specific mechanism remains

unclear. This study examined the protective effect of baicalin on LPS-induced inflammation injury of alveolar epithelial

cell line A549 and explored its protective mechanism. Compared with the LPS-induced group, the proliferation inhibition

rates of alveolar type II epithelial cell line A549 intervened by different concentrations of baicalin decreased significantly,

as did the levels of inflammatory factors IL-6, IL-1b, prostaglandin 2 and TNF-a in the supernatant. The expression levels

of inflammatory proteins inducible NO synthase (iNOS), NF-jB65, phosphorylated ERK (p-ERK1/2), and phosphory-

lated c-Jun N-terminal kinase (p-JNK1) significantly decreased, as did the protein expression of follistatin-like protein 1

(FSTL1). In contrast, expression of miR-200b-3p significantly increased in a dose-dependent manner. These results

suggested that baicalin could significantly inhibit the expression of inflammation-related proteins and improve LPS-

induced inflammatory injury in alveolar type II epithelial cells. The mechanism may be related to the inhibition of

ERK/JNK inflammatory pathway activation by increasing the expression of miR-200b-3p. Thus, FSTL1 is the regulatory

target of miR-200b-3p.
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Introduction

Sepsis is a fatal organ dysfunction caused by infection-

induced host reaction disorder.1 About 31.5 million

sepsis cases and 19.4 million severe sepsis cases have

been reported worldwide, resulting in a death toll as

high as 5.3 million every year.2 The lungs are the

most vulnerable target organ of sepsis. About 25–

50% of sepsis cases might develop into acute lung

injury (ALI) or even acute respiratory distress syn-

drome.3 In complicated organ dysfunction, ALI has

the earliest occurrence and the highest incidence rate.4

The pathological basis of ALI includes excessive per-

sistent alveolar inflammation accompanied with alveo-

lar epithelial cell damage or even apoptosis. At present,
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ALI caused by sepsis is still treated with anti-infection,
respiratory support, immune regulation, and symptom-
atic support; its death rate can reach as high as 70%.5,6

Therefore, searching for new therapeutic targets and
effective drugs may be helpful to reduce the death
rate of sepsis-induced ALI.

Follistatin-like protein 1 (FSTL1), also known as
TGF-pi-stimulated clone 36 (TSC-36) or follistatin-
related protein (FRP), is an extracellular matrix protein
and a secretory glycoprotein with molecular mass of
about 35,000 Da.7 FSTL1 is involved in the occurrence
and development of many diseases and is closely relat-
ed to autoimmune diseases, tumor occurrence and
metastasis, and cardiovascular diseases such as heart
development, myocardial ischemia, cardiac hypertro-
phy, angiogenesis, and mitral valve disease.8–11

Studies have found that FSTL1 is highly expressed in
the serum of patients with rheumatoid arthritis, osteo-
arthritis, and Sjogren’s syndrome.12–14 In rheumatoid
arthritis, FSTL1 can promote the secretion of pro-
inflammatory cytokines IFN-c, TNF-a, IL-1b, and
IL-6 and induce synovitis and inflammatory cell infil-
tration in synovium and surrounding tissues.15 The
overexpression of FSTL1 in monocytes and macro-
phages cultured in vitro and septic shock in mice can
induce the expression of caspase-1 and NLRP3, there-
by confirming that FSTL1 can mediate the occurrence
of pro-inflammatory events.16 FSTL1 can promote the
inflammatory response through signaling pathways
such as ERK1/2, IKKb, IjB-a, JNK, and NF-jB.17

Scutellaria baicalensis is a traditional Chinese medi-
cine with a long history. Its effects include clearing away
heat and drying dampness, purging fire for removing
toxins, and preventing hemostasis and miscarriage.
Baicalin is one of the main effective components of S.
baicalensis, which features good anti-inflammatory,
antioxidant, and anti-apoptosis activities. Baicalin can
attenuate myocardial ischemia or reperfusion injury
through multiple signaling pathways after inhibiting
12/15-lipoxygenase.18 It can also attenuate hepatic and
renal injury caused by myocardial ischemia/reperfusion
injury.19,20 Baicalin can prevent cisplatin-induced acute
renal injury by down-regulating the activities of MAPKs
and the NF-jB pathway and increasing the production
of antioxidants.21 Recent studies have found that baica-
lin can alleviate the inflammatory response by inhibiting
the TLR4-mediated NF-jB and MAPK signaling path-
ways in an LPS-induced mice mastitis model.22 Baicalin
can attenuate oxLDL-induced oxidative stress and
inflammatory response by regulating the expression of
AMPK-a.23

MicroRNA (miRNA) is a series of endogenous non-
coding small RNAs with a length of 19–22 nucleic acids.
It is cut from the double-stranded RNA precursor with
hairpin structures. It has high conservation, expression

sequence, and tissue specificity. By binding with the 3’-
untranslated region (3’-UTR) of the Zen gene miRNA,
miRNA inhibits OPG translation at the post-
transcriptional level to achieve negative regulation of
gene expression. miRNA has a wide range of influence
on different molecular signaling pathways; it is closely
related to cell proliferation, differentiation, and apopto-
sis, making it important for the growth and development
of animals and plants, tissue differentiation, and disease
occurrence.24 An increasing number of studies have
adopted miRNAs as targets or therapeutic targets for
disease detection.25 In the inflammatory response, dif-
ferent miRNAs may promote or inhibit inflammation.26

In the differentiation process from monocyte into mac-
rophages, miR-223, miR-15a, and miR-16 jointly regu-
late IKKa. When their expression levels decrease, IKKa
phosphorylation increases and activates NF-jB.27,28 In
the peripheral blood mononuclear cells of patients with
type 1 diabetes, overexpression of miR-885-3p can
inhibit the inflammatory response of mononuclear cells
by regulating the activity of the TLR4/NF-jB signaling
pathway.29 However, the inflammation regulating mech-
anism of miRNAs remains unclear.

MiR-200b-3p is a member of the miR-200 family,
which is involved in a variety of biological events, such
as angiogenesis, cell migration, organ fibrosis, and reg-
ulation of inflammatory factor secretion.30–33 Studies
have shown that the expression of miR-200b significant-
ly decreases in mucosal lesions at the acute stage of
ulcerative colitis. Overexpression of miR-200b in vitro
can promote IEC proliferation, reduce the IEC inflam-
matory response, inhibit epithelial–mesenchymal transi-
tion (EMT) of IEC, and improve intestinal epithelial
barrier function through the transepithelial cell path-
way.34 The expression of miR-200b-3p in HCMV-
infected tissues decreases and is negatively correlated
with inflammation and viral load of the lesion.35

However, the specific mechanism is unclear. The
ERK/JNK signaling pathway is an important inflamma-
tion regulation pathway.29 In this experiment, we
predicted that FSTL1 was the regulatory target of
miR-200b-3p using TargetScan software. Therefore, we
hypothesized that miR-200b-3p played an important
role in the occurrence and development of endotoxin-
induced ALI. We further explored whether baicalin can
improve endotoxin-induced ALI by increasing the
expression of miR-200b-3p and decreasing the activity
of FSTL1 and the ERK/JNK signaling pathway.

Material and methods

Materials and reagents

Baicalin was obtained from Nanjing Jingzhu
Biotechnology Co., Ltd. (batch no.: 21967-41-9,
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purity 95%). Alveolar type II epithelial cells (A549 cell

line) were provided by Shanghai Sixin Technology

Biological Co., Ltd. (sourced from US ATCC Cell

Bank). FBS and 1640 medium were purchased from

US Gibco Company. Trypsin was purchased from

US Thermo Scientific Company. CCK8 kits were pur-

chased from Beijing Zhijie Fangyuan Technology Co.,

Ltd. LPS was from Abcam Company (UK). ELISA

kits of IL-6, IL-1b, prostaglandin 2 (PGE2), and

TNF-a were purchased from Wuhan Huamei

Biological Co., Ltd. Rabbit anti-mouse b-actin, NF-

jB65, p-IjB-a, IjB-a, FSTL1, ERK1/2, and JNK1 pri-

mary Abs were all purchased from UK Abcam

Company. HRP-labeled IgG secondary Ab was pur-

chased from Wuhan Guge Biology Co., Ltd.

A549 cell culture and group

In this study, 1640 medium containing 10% FBS was

used to culture A549 cells. When A549 cells grew and

fused to 70%, they were seeded into the culture dish at

the density of 1� 104/ml per well plate and cultured in

a 5% CO2 incubator at 37
�C. They were digested with

0.25% trypsin and passaged at 1:2 after 7 d of culture.

The cells were inoculated in a 25 cm2 culture flask with

a density of 1� 105 cells/ml. When the fusion rate

reached 60%, the cells were synchronized to grow for

24 h and then divided into different groups. To observe

the effect of LPS on the activity and proliferation of

A549 cells, according to a previously described tech-

nique,22 we added different concentrations of LPS

(0.5, 1.0, 1.5, and 2.0mg/l) for 24 h. To observe the

effect of baicalin on endotoxin-induced A549 cell

injury, the cells were divided into the control group,

LPS-induced group, LPSþ 10 lmol/l baicalin group,

LPSþ 25 lmol/l baicalin group, LPSþ 50 lmol/l baica-

lin group, and LPSþ 75 lmol/l baicalin group. As pre-

viously described,19 we first added different

concentrations of baicalin (10–75lM) and cultured

the cells for 2 h. Second, we added LPS (1.0lM) solu-

tion and cultured the cells for 24 h. Finally, we deter-

mined the indicators.

Analysis of cell viability

The proliferation activities of A549 cells in different

groups were measured by using a CCK-8 kit (CCK-8,

Qi Hai Biology). A549 cells were seeded on a 96-well

plate. After cells were fused to 70%, they were moved

to serum-free medium. After treatment with different

conditions, 10 ll of CCK-8 solution was added into

each well and incubated in the dark for 2–4 h. The

absorbance values (A450 nm) were measured at

450 nm by using an enzyme-labeled instrument.

Cell transfection

An appropriate amount of A549 cells at the logarith-

mic phase was inoculated into a six-well plate. When
the cells grew overnight and adhered to the wall until
60%, miR-200b-3p mimic, miR-200b-3p inhibitor,
mimic control, and inhibitor control were transfected
into A549 cells following the operation instructions of

Lipofectamine 2000 transfection reagent. The transfec-
tion concentration was 50 nmol/l. After transfecting for
6 h, the cells were moved to fresh medium and cultured
for another 24 h. The cells were then collected for RT-
PCR and Western blot analyses.

Determination of cell survival

The liquid in each well of the 96-well plate was
removed. About 270 ll of DMEM and 30 ll of 5g/
l MTT working solution were added and mixed.

After incubation at 37�C for 4 h, the culture medium
in the well was discarded, and 270 ll of DMSO was
added into each well. The solution was fully dissolved
after shaking for 10 min. The OD values of each well
were measured at 490 nm by using an enzyme-labeled

instrument. Compared with the OD value of the con-
trol group, the cell survival rate of each well (%)¼OD
value of each well/mean OD value of the control
group� 100 was calculated.5

Cell morphology

The cell morphology of A549 cells in different groups
was detected by using the AO/EB method. A549 cells
were seeded on a 96-well plate. After cells were fused to
70%, they were moved to serum-free medium. After

treatment with different conditions, a working solution
of AO solution: EB solution¼ 1:1 was prepared. About
20 ll of working solution was added to each well and
left at room temperature (37�C) for 5 min. Finally, the
cells were observed under a fluorescent inverted micro-

scope, and images were obtained.

Flow cytometric detection of the apoptotic rate of

A549 cells

The A549 cells were washed with pre-cooled PBS and
suspended with 300 ml of buffer solution. The cell con-
centration was adjusted to 1� 106/ml, and 100 ll was
placed in a flow tube. About 5ml of ANNEXIN

V-FITC (BD Pharmingen, San Diego, CA, USA) and
5 ml of PI (Abcam, Cambridge, MA, USA) were added
to the tube, incubated at room temperature for
15min, and added with 400 ml of PBS to detect cell
apoptosis through flow cytometry. Apoptotic cells

were quantified as the percentage of cells stained with
Annexin V.
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Target gene prediction

Target gene prediction software such as miR-Base
(http://www.mirbase.org/), TargetScan (http://www.tar
getscan.org/), and PicTar (http://pictar.m dc-berlin.de/)
were used to predict the target gene of miR-200b-3p,
which may be FSTL1. Wild type (WT)-FSTL1 and
mutant (MUT)-FSTL1 luciferase gene vectors were con-
structed by conventional methods. The two plasmids
were mixed with miR-200b-3p mimics, miR-200b-3p
inhibitor, mimic control, and inhibitor control and
then co-transfected into A549 cells, which were recorded
as WtþmiR-200b-3p mimics, MutþmiR-200b-3p,
Wtþnegative control, and Mutþnegative control,
respectively. After incubation in a 5% CO2 incubator
at 37�C for 48 h, the activities of dual luciferase were
measured by dual luciferase reporter gene kits. The level
of FSTL1 in A549 cells with overexpression of miR-
200b-3p was detected by RT-PCR and Western blot.

Real-time quantitative PCR

A549 cells in the treatment group were collected. The
cell RNA was extracted by a total RNA extraction kit
and reverse transcribed into cDNA following the
PrimeScriptTM RT reagent kit. The expression levels
of FSTL1, ERK1, JNK1mRNA, and miR-200b-3p
were measured by real-time PCR. The reaction
system was as follows: SYBR Premix Ex TaqTM II
(10 ll), PCR primer (2ll), DNA template (2ll),
DEPC water (6 ll), and total reaction system (20 ll).
Each sample was set with three parallel multiple
pores, and the reaction system was completed by a
PCR instrument. To detect the level of miR-200b-3p,
we used a TaqMan MicroRNA Assay Kit (Applied
Biosystems, Foster City, CA, USA) to determine the
expression level of miR-200b-3p by the 2�DDCt method.
Reaction conditions were as follows: pre-denaturation
at 95�C for 30 s, reaction at 95�C for 5 s, and annealing

at 60�C for 30 s for 40 cycles. The primer series are
shown in Table 1.

U6 was used as the internal reference for miR-200b-
3p, and b-actin was used as the internal reference for
the expression of the FSTL1, ERK1, and JNK1 genes.
After the reaction, the cycle threshold (CT) of each
gene was calculated and compared with the reference
gene U6 to determine the expression level.

Western blot analysis

The cell lysis solution, protease inhibitor, and phospha-
tase inhibitor were mixed at the ratio of 8:1:1 to produce
cell lysis buffer. About 150ll of RIPA cell lysis buffer
was added into each well, and the cells were lysed for 30
min in an ice bath to extract the total cellular protein of
each group. After centrifugation at 4�C for 15 min, the
purity of protein was detected by using a BCA protein
quantitative kit. About 50 lg of protein extraction solu-
tion was electrophoretically separated by 10% SDS-
PAGE and then incubated with 5% defatted milk for
1.5 h. NF-jB65, p-IjB-a, IjB-a, b-actin, FSTL1, and
ERK1/2 primary Ab (1:1000) were correspondingly
added at 4�C for the whole night. The next day, the
membrane was washed with TBST three times, and
HRP-labeled IgG (volume dilution ratio at 1:3000)
was added. After reacting at room temperature for 1
h, the membrane was washed with TBST three times
again for 10 min each time. ECL chemiluminescence
solution was added for color development. The gray
value of the strip was analyzed by Image lab software,
and b-actin was used as an internal reference.

Determination of inflammatory factors of A549

Cells in the logarithmic growth phase were digested, re-
suspended, and inoculated on six plates. After cells
grew by adhering to the wall, the old culture medium
was removed. After culturing cells of different groups

Table 1. Primer sequences of RT-PCR analysis.

Gene Primer Product(bp)

miR-200b-3p F-50-GCGGGCTAATACTGCCTGG -30 218 bp

R-50-ATCCAGTCCAGGGTCCGAAA-30

U6 F-50-CTCGCTTCGGCAGCACA-30 194 bp

R-50-AACGCTTCACGAATTTGCGT-30

FSTL1mRNA F-50-TTATGATGGGCAGGCAAAGAA-30 183 bp

R-50-ACTGCCTTTAGAGAACCAGCC-30

ERK1mRNA F-50-AGGCATCCGAGACATCCTC -30 217 bp

R-50-CGGTCAGAAAGCCAGTGTG-30

JNK1mRNA F-50-GCCCGATGAAACCTCGCAGAT -30 218 bp

R-50-ACGCAGGCAATCCTACTGGA-30

b-Actin F-50-ATGGTGAAGGTCGGTGTG-30 154 bp

R-50-AACTTGCCGTGGGTAGAG-30
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for 24 h, the cells and cell supernatant were collected.
The inflammatory factors PGE2, IL-6, IL-1b, and
TNF-a were detected by using an ELISA kit. The oper-
ation steps were strictly in accordance with the instruc-
tion book.

Statistical analysis

GraphPad Prism 6 was used for statistical analysis. The
experimental data was represented as mean� standard
deviation. One-way ANOVA was used for comparison
among groups. The LSD method was used for pairwise
significant comparison between groups. P< 0.05 was
considered statistically significant.

Results

LPS attenuated the cell viability and survival of
alveolar type II A549 cells

To observe the effect of LPS on the cell viability and
survival rate of alveolar A549 cells, we incubated the
cells with various concentrations of LPS (0.5, 1.0, 1.5,
and 2.0 mg/l) for 24 h. A549 cell viability was measured
using CCK-8, and the proliferation rate was measured
by the MTT assay. LPS attenuated the cell viability and
survival rate of A549 cells in a concentration-
dependent manner (Figure 1). Concentrations as low
as 1.0 mg/l LPS were effective in decreasing the cell
viability and survival rate of A549 cells.

LPS increased the inflammation of alveolar type II
epithelial cells

To investigate the effect of LPS on the inflammation of
alveolar type II epithelial cells, we incubated A549 cells
with various concentrations of LPS (0.25, 0.5, 1.0, 1.5,
and 2.0 mg/l) for 24 h. IL-6, PGE2, IL-1b, and TNF-a
in A549 cells were measured by ELISA. LPS increased

the levels of IL-6, IL-1b, and TNF-a in A549 cells in a

concentration-dependent manner (Figure 2). LPS at

concentrations as low as 1.0lM was effective in

increasing IL-6, IL-1b, and TNF-a levels in A549 cells.

LPS increased the activity of the FSTL1 and ERK/JNK

signaling pathway in alveolar type II epithelial cells

To evaluate the effect of LPS on the FSTL1 and ERK/

JNK signaling pathway in A549 cells, we incubated

A549 cells with various concentrations of LPS (0.5,

1.0, 1.5, and 2.0lM) for 24 h. The expression levels

of FSTL1, p-JNK1, p-ERK1/2, NF-jB65, p-IjB-a,
iNOS, and COX-2 proteins were measured by

Western blot analysis. LPS increased the expression

levels of FSTL1, p-JNK1, p-ERK1/2, NF-jB65, p-

IjB-a, iNOS, and COX-2 proteins in A549 cells in a

concentration-dependent manner (Figure 3). LPS at

concentrations as low as 1.0lM was effective in

increasing the activity of the FSTL1 and ERK/JNK

signaling pathway in A549 cells.

Effect of miR-200b-3p mimic on miR-200b-3p,

FSTL1, ERK, and JNK1 mRNA in LPS-induced

alveolar type II epithelial cells

The A549 cells were transfected with miR-200b-3p

mimic and miR-200b-3p inhibitor in the presence of 1

mg/l LPS for 24 h. miR-200b-3p, FSTL1, ERK, and

JNK1 mRNA expression in LPS-induced alveolar type

II epithelial cells was measured by RT-PCR. As shown

in Figure 4, miR-200b-3p mimic increased miR-200b-

3p expression and decreased FSTL1, ERK, and JNK1

mRNA expression. miR-200b-3p inhibitor attenuated

miR-200b-3p expression and increased FSTL1, ERK,

and JNK1 mRNA expression in LPS-induced

A549 cells.
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Figure 1. Effect of LPS on the cell viability and survival rate of alveolar type II epithelial cells. After A549 cells were incubated with
various concentrations of LPS (0.5, 1.0, 1.5, and 2.0 mg/l) for 24 h, their cell viability was measured using CCK-8. The survival rate was
then measured by the MTT assay. The data from three independent experiments are presented as the mean� SEM. *P< 0.05,
**P< 0.01 versus the control group. P< 0.05, the LPS (1.5 mg/l) group versus the LPS (1.5 mg/l) group and the LPS (2.0 mg/l) group.
P> 0.05, the LPS (1.5 mg/l) group versus the LPS (2.0 mg/l) group.
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Figure 2. Effect of LPS on the inflammation of alveolar type II epithelial cells. A549 cells were incubated with various concentrations
of LPS (0.5, 1.0, 1.5, and 2.0 mg/l) for 24 h. IL-6, IL-1b, PGE2, and TNF-a in A549 cells were measured by ELISA. The data from
three independent experiments is presented as the mean� SEM. *P< 0.05, **P< 0.01 versus the control group. P< 0.05, the LPS
(1.5 mg/l) group versus the LPS (1.5 mg/l) group and the LPS (2.0 mg/l) group. P> 0.05, the LPS (1.5 mg/l) group versus the LPS
(2.0 mg/l) group.
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Figure 3. Effect of LPS on the activity of the FSTL1 and ERK/JNK signaling pathway in A549 cells. A549 cells were incubated with
various concentrations of LPS (0.5, 1.0, 1.5, and 2.0 mg/l) for 24 h. FSTL1, p-JNK1, p-ERK1/2, NF-jB65, p-IjB-a, iNOS, and COX-2
protein expression levels were measured by Western blot. The data from three independent experiments is presented as the mean�
SEM. *P< 0.05, **P< 0.01 versus the control group. P< 0.05, the LPS (1.5 mg/l) group versus the LPS (1.5 mg/l) group and the LPS (2.0
mg/l) group. P> 0.05, the LPS (1.5 mg/l) group versus the LPS (2.0 mg/l) group.
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miR-200b-3p overexpression attenuated the

inflammation of LPS-induced alveolar type II

epithelial cells

The A549 cells were transfected with miR-200b-3p

mimic and miR-200b-3p inhibitor in the presence of 1

mg/l LPS for 24 h. PGE2, IL-6, IL-1b, and TNF-a in

A549 cells were measured by ELISA. A549 cell viability

was measured by CCK-8. As shown in Figure 5, miR-

200b-3p mimic decreased the secretion of PGE2, IL-6,

IL-1b, and TNF-a in A549 cells and increased A549 cell

viability. miR-200b-3p inhibitor increased the secretion

of PGE2, IL-6, IL-1b, and TNF-a in LPS-induced A549

cells and increased LPS-induced A549 cell viability.

miR-200b-3p overexpression increased cell viability

and survival of LPS-induced alveolar type II

epithelial cells

The A549 cells were transfected with miR-200b-3p

mimic and miR-200b-3p inhibitor in the presence of 1

mg/l LPS for 24 h. A549 cell survival was measured by

MTT, and A549 cell viability was measured by CCK-8.

As shown in Figure 6, miR-200b-3p mimic increased

A549 cell viability and survival. miR-200b-3p inhibitor

decreased LPS-induced A549 cell viability and survival.

miR-200b-3p overexpression blocked the FSTL1 and

ERK/JNK signaling pathway and inflammation of

LPS-induced alveolar type II epithelial cells

The A549 cells were transfected with miR-200b-3p

mimic and miR-200b-3p inhibitor in the presence of 1

mg/l LPS for 24 h. FSTL1, p-JNK1, p-ERK1/2, NF-

jB65, p-IjB-a, iNOS, and COX-2 protein expression

levels were measured by Western blot. As shown in

Figure 7, miR-200b-3p mimic decreased FSTL1, p-

JNK1, p-ERK1/2, NF-jB65, p-IjB-a, iNOS, and

COX-2 protein expression. miR-200b-3p inhibitor

increased FSTL1, p-JNK1, p-ERK1/2, NF-jB65, p-

IjB-a, iNOS, and COX-2 protein expression in LPS-

induced A549 cells.

Baicalin increased the expression of miR-200b-3p in

LPS-induced alveolar type II epithelial cells

To analyze the effect of LPS on miR-200b-3p expres-

sion in A549 cells, we incubated A549 cells with various
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concentrations of LPS (0.5, 1.0, 1.5, and 2.0 mg/l) for

24 h. miR-200b-3p expression was measured by RT-

PCR. LPS decreased miR-200b-3p expression in A549

cells in a concentration-dependent manner (Figure 8).
LPS at concentrations as low as 1.0 lM LPS was

effective in decreasing miR-200b-3p expression in

A549 cells. To further analyze the effect of baicalin

on the decrease in miR-200b-3p expression by LPS

induction in A549 cells, we incubated A549 cells with

LPS (1.0 lM) and various concentrations of baicalin

(12.5, 25, 37.5, 50, and 75 lM) for 24 h. We measured

miR-200b-3p expression by RT-PCR and found that

baicalin increased miR-200b-3p expression via LPS-

induced A549 cells in a concentration-dependent
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manner. Baicalin at concentrations as low as 50 lM
was effective in increasing miR-200b-3p expression in

LPS-induced A549 cells.

Baicalin decreased A549 LPS-induced cell

inflammation

To observe the effect of baicalin on A549 cell inflam-

mation, we incubated A549 cells with LPS (1.0 mg/l)

and various concentrations of baicalin (25, 50, and

75 lM) for 24 h. IL-6, PGE2, IL-1b, and TNF-a in

A549 cells were measured by ELISA. Baicalin

decreased the secretion of IL-6, PGE2, IL-1b, and

TNF-a in LPS-induced A549 cells in a concentration-

dependent manner (Figure 9). Baicalin at concentra-

tions as low as 50 lM was effective in decreasing

IL-6, IL-1b, PGE2, and TNF-a levels in LPS-induced

A549 cells.
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Baicalin decreased A549 LPS-induced cell apoptosis

To observe the effect of baicalin on A549 cell inflam-
mation, we incubated A549 cells with LPS (1.0 mg/l)
and various concentrations of baicalin (25, 50, and
75 lM) for 24 h. Baicalin decreased A549 cell apoptosis
in a concentration-dependent manner (Figure 10).
Baicalin at concentrations as low as 50 lM was effec-
tive in decreasing A549 cell apoptosis LPS-induced
A549 cells.

Baicalin increased LPS-induced A549 cell viability
and survival rate

To observe the effect of baicalin on A549 cell viability
and survival rate, we incubated A549 cells with LPS
(1.0 mg/l) and various concentrations of baicalin
(25, 50, and 75 lM) for 24 h. A549 cell viability was
measured using CCK-8, and the proliferation rate
was measured by MTT assay. Baicalin increased the
cell viability and proliferation rate in LPS-induced
A549 cells in a concentration-dependent manner
(Figure 11). Baicalin at concentrations as low as

50 lM was effective in increasing the cell viability and

proliferation rate in LPS-induced A549 cells.

Baicalin decreased the activity of the FSTL1 and

ERK/JNK signaling pathway in LPS-induced alveolar

type II epithelial cells

To observe the effect of baicalin on the activity of the

FSTL1 and ERK/JNK signaling pathway in LPS-

induced A549 cells, we incubated A549 cells with LPS

(1.0 mg/l) and various concentrations of baicalin (25,

50, and 75 lM) for 24 h. FSTL1, p-ERK1/2, p-JNK1,

NF-jB65, p-IjB-a, iNOS, and COX-2 protein expres-

sion levels were measured by Western blot. Baicalin

decreased FSTL1, p-ERK1/2, p-JNK1, NF-jB65,
p-IjB-a, iNOS, and COX-2 protein expression in

LPS-induced A549 cells in a concentration-dependent

manner (Figure 12). Baicalin at concentrations as low

as 50 lM was effective in blocking the activity of the

FSTL1 and ERK/JNK signaling pathway in LPS-

induced A549 cells.
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Baicalin combined with miR-200b-3p mimic inhibited

the FSTL1 signaling pathway and inflammation in

LPS-induced alveolar type II epithelial cells

The A549 cells were transfected with miR-200b-3p

mimic in the presence of 1 mg/l LPS and 50 lM baica-

lin for 24 h. FSTL1, p-ERK1/2, p-JNK1, NF-jB65,
and p-IjB-a protein expression levels were measured

by Western blot. Baicalin decreased FSTL1, p-ERK1/
2, NF-jB65, p-JNK1, and p-IjB-a protein expression
in LPS-induced A549 cells in a concentration-
dependent manner. IL-6, IL-1b, and TNF-a in A549
cells were measured by ELISA. Baicalin combined with
miR-200b-3p mimic decreased FSTL1, p-ERK1/2, NF-
jB65, p-JNK1, and p-IjB-a protein expression in LPS-
induced A549 cells (Figure 13).

Figure 10. Effect of baicalin on LPS-induced A549 cell apoptosis. A549 cells were incubated with LPS (1.0 mg/l) and various
concentrations of baicalin (25, 50, and 75 lM) for 24 h. A549 cell apoptosis was measured by flow cytometry. The data from three
independent experiments is presented as the mean� SD. **P< 0.01 versus the control group. #P< 0.05; ##P< 0.01 versus only LPS
group. P< 0.05 versus the baicalin (25 lM) group versus the baicalin (50 lM) group and the baicalin (75 lM) group. P> 0.05, the
baicalin (50 lM) group versus the baicalin (75 lM) group.
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Figure 11. Effect of baicalin on A549 cell viability and survival rate. A549 cells were incubated with LPS (1.0 mg/l) and various
concentrations of baicalin (25, 50, and 75 lM) for 24 h. A549 cell viability was measured using CCK-8, and the proliferation rate was
measured by MTT. The data from three independent experiments is presented as the mean� SD. **P< 0.01 versus the control group.
#P< 0.05; ##P< 0.01 versus only LPS group. P< 0.05 versus the baicalin (25 lM) group versus the baicalin (50 lM) group and the
baicalin (75 lM) group. P> 0.05, the baicalin (50 lM) group versus the baicalin (75 lM) group.
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Baicalin combined with miR-200b-3p inhibitor

increased LPS-induced A549 cell viability and the

survival rate

The A549 cells were transfected with miR-200b-3p

inhibitor in the presence of 1mg/l LPS and 50 lM
baicalin for 24 h. A549 cell viability was measured

using CCK-8, and the proliferation rate was measured

by MTT assay. Baicalin combined with miR-200b-3p

mimic increased LPS-induced A549 cell viability

and the survival rate in LPS-induced A549 cells

(Figure 14).

Baicalin combined with miR-200b-3p inhibitor

decreased LPS-induced A549 cell apoptosis and

improved LPS-induced A549 cell morphology

The A549 cells were transfected with miR-200b-3p

inhibitor in the presence of 1mg/l LPS and 50 lM bai-

calin for 24 h. The A549 cell morphology was detected

via the AO/EB method. A549 cell apoptosis was mea-

sured by flow cytometry. Baicalin combined with miR-

200b-3p mimic decreased LPS-induced A549 cell apo-

ptosis. Compared with the control group, the number

of adherent cells was significantly reduced, the cells

became rounded or branched, some cells were granular

with intact cell membranes but fragile nuclei, and white

granular sloughed cells could be observed in the super-

natant (Figure 15). Compared with the mimic group,

the baicalin combined with miR-200b-3p mimic group

had relatively more adherent cells and fewer white

granular shed cells (Figure 15).

FSTL1 is a regulatory target of miR-200b-3p

We found that FSTL1 and miR-200b-3p are important

regulators of LPS-induced A549 cell inflammation. To

determine how miR-200b-3p regulated LPS-induced

A549 cell inflammation, we used TargetScan to predict

likely targets of miR-200b-3p. The results revealed that

the FSTL1 mRNA and protein levels dramatically

decreased after miR-200b-3p overexpression, whereas

the FSTL1 mRNA and protein levels increased after

miR-200b-3p down-regulation (Figures 16a and 16b).

To validate the interaction between miR-200b-3p and

FSTL1, we constructed wild type and mutant FSTL1

for a dual luciferase reporter assay (Figures 16c and

16d). As hypothesized, miR-200b-3p bound to the

WT FSTL1 30-UTR but not to the mutant FSTL1 30-
UTR (Figures 16c and 16d).
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Figure 12. Effect of baicalin on the activity of the FSTL1 and ERK/JNK signaling pathway in LPS-induced alveolar type II epithelial
cells. A549 cells were incubated with LPS (1.0 mg/l) and various concentrations of baicalin (25, 50, and 75 lM) for 24 h. FSTL1, p-
ERK1/2, p-JNK1, NF-jB65, p-IjB-a, iNOS, and COX-2 protein expression levels were measured by Western blot. The data from
three independent experiments is presented as the mean� SEM. **P< 0.01 versus the control group. #P< 0.05; ##P< 0.01 versus
only LPS group. P< 0.05 versus the baicalin (25 lM) group versus the baicalin (50 lM) group and the baicalin (75 lM) group. P> 0.05,
the baicalin (50 lM) group versus the baicalin (75 lM) group. a and b: Representative Western blots of FSTL1, p-ERK1/2, p-JNK1, NF-
jB65, p-IjB-a, iNOS, and COX-2 protein expression in LPS-induced alveolar type II epithelial cells. c–f: Statistical summary of the
densitometric analysis of FSTL1, p-ERK1/2, p-JNK1, NF-jB65, p-IjB-a, iNOS, and COX-2 protein expression in LPS-induced alveolar
type II epithelial cells.
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Correlation between FSTL1 and miR-200b-3p in LPS-
induced alveolar type II epithelial cells

We found that FSTL1 mRNA expression decreased in
LPS-induced A549 cells transfected with an miR-200b-
3p overexpression vector compared with changes from

an empty vector control (P< 0.05; Figure 17). FSTL1

protein expression increased in LPS-induced A549 cells

via miR-200b-3p down-regulation (Figure 17).
We further analyzed the correlation between FSTL1

and miR-200b-3p in LPS-induced A549 cells. We

found a negative correlation between FSTL1 protein

Figure 13. Effect of baicalin combined with miR-200b-3p mimic on the FSTL1 signaling pathway and inflammation in LPS-induced
alveolar type II epithelial cells. The A549 cells were transfected with miR-200b-3p mimic in the presence of 1 mg/l LPS and 50 lM
baicalin for 24 h. FSTL1, p-ERK1/2, p-JNK1, NF-jB65, and p-IjB-a protein expression levels were measured by Western blot. IL-6, IL-
1b, and TNF-a in A549 cells were measured by ELISA. The data from three independent experiments is presented as the mean� SEM.
*P< 0.05 versus the control group. #P< 0.05 versus the only LPS group. �P< 0.05 versus the mimic group.
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Figure 14. Effect of baicalin combined with miR-200b-3p mimic on LPS-induced A549 cell viability and the survival rate. The A549
cells were transfected with miR-200b-3p inhibitor in the presence of 1 mg/l LPS and 50 lM baicalin for 24 h. A549 cell viability was
measured using CCK-8, and the proliferation rate was measured by MTT assay. The data from three independent experiments is
presented as the mean� SEM. *P< 0.05 versus the control group. #P< 0.05 versus the only LPS group. �P< 0.05 versus the mimic
group.
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Figure 15. Effect of baicalin combined with miR-200b-3p mimic on LPS-induced A549 cell apoptosis and morphology. The A549 cells
were transfected with miR-200b-3p inhibitor in the presence of 1 mg/l LPS and 50 lM baicalin for 24 h. The A549 cell morphology was
detected via the AO/EB method. A549 cell apoptosis was measured by flow cytometry. The data from three independent experiments
is presented as the mean� SEM. *P< 0.05 versus the control group. #P< 0.05 versus the only LPS group.�P< 0.05 versus the mimic
group.
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and miR-200b-3p, as well as between FSTL1 mRNA
and miR-200b-3p, in LPS-induced A549 cells
(Figures 17a and 17b).

Discussion

Alveolar epithelial cells (AECs) are the primary target
cells attacked by pathogenic endotoxins, as well as
inflammatory activated cells and effector cells. They
are activated by LPS and the release of inflammatory
mediators (such as IL-6, IL-8, TNF-a, intercellular
adhesion molecule 1 [ICAM-1], and PGE2), resulting
in structural damage, dysfunction, apoptosis, and
necrosis of cells.36–40 A549 cells are widely used in stud-
ies on the injury protection mechanism of AECs.41

Therefore, in this study, we also found that the treat-
ment of A549 cells with endotoxins could cause A549
cells to secrete inflammatory mediators such as IL-6,
IL-8, TNF-a, and PGE2. With the increase in endotox-
in dosage, the secretion of inflammatory mediators
such as IL-6, IL-8, TNF-a, and PGE2 also increased,
and the cell activity and cell proliferation of A549 cell
decreased. After treatment with baicalin, the secretion
of inflammatory mediators such as IL-6, IL-8, TNF-a,
and PGE2 decreased, and the cell activity and cell pro-
liferation of A549 cells increased.

Transfection of FSTL1 into macrophages and fibro-
blasts can lead to the up-regulation of pro-
inflammatory cytokines (including IL-1b, TNF-a, and
IL-6).14 Overexpression of FSTL1 in mouse paws
through gene transfer can lead to severe paw swelling
and arthritis.42 Miyamae et al.42 transfected FSTL1
into U937 and COS-7 cells, and a large number of
pro-inflammatory factors such as IL-1b, IL-6, and
TNF-a were produced after stimulating with endotoxin
and phorbol ester. In addition, injection of adenovirus
carrying FSTL1 protein can aggravate joint swelling

and cartilage injury in mice, which might be related
to the IFN-c signaling pathways.42 FSTL1 can activate
peripheral blood macrophages to secrete a large
number of inflammatory factors.42 Recent studies
have shown that FSTL1 plays an important role in
the pathogenesis of bronchial asthma, which can pro-
mote airway remodeling and airway inflammation in
patients with asthma.41 The level of FSTL1 in plasma
and BALF of patients with asthma was higher than
that of the control group, and the increasing degree
was positively correlated with airway smooth muscle
bundles and thickened reticular basement membrane.43

Proteomic analysis of sputum from patients with
asthma showed that FSTL1 was one of the high expres-
sion proteins. FSTL1 can also promote airway remod-
eling in patients with asthma by promoting the
autophagy of airway epithelial cells and inducing
EMT.44 In this study, we further found that the expres-
sion of FSTL1 and the secretion of inflammatory medi-
ators increased in A549 cells by inducing A549 cells
with endotoxin. By using baicalin to treat LPS-
induced A549 cells, we found that the expression of
FSTL1 decreased, the inflammation of A549 cells was
significantly attenuated, and the activity of A549 cells
increased. All these changes suggested that baicalin
could reduce the expression of FSTL1 in A540 cells
and improve LPS-induced A549 cell inflammation.

MAPKs, including ERK, JNK, and p38MAPK,
belong to the serine/threonine protein kinase family;
they play an important role in regulating cell prolifer-
ation, differentiation, migration, invasion, inflamma-
tion, apoptosis, and other biological processes.45

ERK1/2 is widely expressed in mammalian cells, and
it plays an important role in the regulation of cell mito-
sis, meiosis, and cell differentiation. After LPS stimu-
lates inflammatory cells, it activates tyrosine protein
kinase and induces ERK1/2 phosphorylation through
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Figure 17. Correlation between FSTL1 and miR-200b-3p in LPS-induced alveolar type II epithelial cells. a and b: Statistical summary
of the correlation between mRNA and protein expression of FSTL1 and miR-200b-3p. A negative correlation existed between FSTL1
and miR-200b-3p, as well as between FSTL1 mRNA and miR-200b-3p, in LPS-induced alveolar type II epithelial cells (r¼�0.4588,
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Raf-1, which leads to a large amount of secreted

inflammatory factors (such as IL-1, IL-6, and TNF-

a) and increases the expression of iNOS and NO.46

JNK is closely related to the inflammatory response.

The surface receptors of inflammatory cells recognize

external irritants such as endotoxins. After JNK is

phosphorylated and activated, two serine residues at
the terminals of c-Jun amino, namely, the sites ser63

and ser73, are also phosphorylated. Homologous or

heterodimers are recruited to combine with cis-acting

elements of the AP-1 gene site to start gene expression

of inflammatory cytokines.47 In this study, LPS
promoted the phosphorylation of ERK1/2 and JNK,

resulting in increased ERK/JNK pathway activity and

increased A549 cell inflammation. After baicalin

treatment, the phosphorylation expression levels of
ERK1/2 and JNK decreased, and the ERK/JNK

pathway activities were inhibited. Moreover, the

endotoxin-induced A549 cell inflammatory response

was attenuated. This study also found that FSTL1

could regulate cell and tissue inflammation by regulat-
ing ERK/JNK pathway activity. In this study, baicalin

could reduce FSTL1, inhibit ERK/JNK pathway

activity, and improve LPS-induced A549 cell

inflammation.
The miR-200 family, including miR-200a, miR-

200b, miR-200c, miR-141, and miR-429, is a family

of epithelial cell markers. Among them, miR-200b is

an important regulatory factor in EMT progression,
which is closely related to the invasion, metastasis,

and chemotherapy resistance of tumor cells.48 In

human lung adenocarcinoma cells, artificial overex-

pression of miR-200b can inhibit the expression levels
of VEGF, Fit-1, and KDR.49 In human umbilical vein

endothelial cells, overexpression of miR-200b can

inhibit VEGF-induced ERK1/2 phosphorylation and

the ability of cells to form capillaries in the matrix
glue.50 Recent studies found that the overexpression

of miR-200a can increase nuclear factor erythroid 2-

related factor 2 and reduce fructose-induced liver

inflammation and oxidative stress by regulating

Kelch-like ECH-associated protein 1. miR-200b
mimic transfection of high Glc-induced human aortic

endothelial cells (HAECs) could reduce the gene

expression of ICAM-1, vascular cellular adhesion mol-

ecule 1, and E-selectin, as well as decrease the inflam-
mation of high Glc-induced HAECs. In this

experiment, in miR-200b-3p mimic-transfected A549

cells, the expression of miR-200b-3p increased; the

expression of FSTL1 decreased; the secretion of IL-6,
IL-8, TNF-a, PGE2, and other inflammatory media-

tors in A549 cells decreased; and inflammation was

alleviated. The expression of miR-200b-3p increased

after treatment with baicalin, thereby inhibiting the

expression of FSTL1 and reducing the inflammation
of A549 cells.

NF-jB is an important pleiotropic nuclear tran-
scription factor, which can specifically bind to the jB
site of various gene promoters to promote transcription
expression.51 Under normal conditions, NF-jB and
IjB exist in the cytoplasm in the form of a complex.
When stimulated by external irritants (such as patho-
gen invasion), IjB phosphorylates and then ubiquiti-
nates. Subsequently, it is degraded by proteasome,
releasing NF-jB from the cytoplasm into the nucleus,
which binds to DNA. Transcription of binding pro-
moter genes induces the release of inflammatory medi-
ators.52 In this experiment, after treatment with
baicalin, the activity of NF-jB/IjB decreased, and
LPS-induced A549 cell inflammation was inhibited.

In this experiment, both miR-200b-3p and FSTL1
could regulate LPS-induced A549 cell inflammation.
To clarify the relationship between miR-200b-3p and
FSTL1, we predicted that FSTL was the regulatory
target of miR-200b-3p by TargetScan and confirmed
that FSTL was the regulatory target of miR-200b-3p
through the luciferase reporter assay. These results sug-
gested that miR-200b-3p regulated LPS-induced A549
cell inflammation by regulating the expression of
FSTL1.

Baicalin can effectively reduce the proliferation,
migration, and apoptosis resistance of pulmonary
artery smooth muscle cells induced by hypoxia by up-
regulating A2AR and down-regulating the stromal cell-
derived factor-1/CXC chemokine receptor 4 axis.53

Baicalin may reduce the level of pro-inflammatory
cytokines by regulating the SIRT1 NF-jB pathway
and improve the depression induced by olfactory bulb
resection.54 Baicalin can also inhibit the NF-jB and
p38 MAPK signaling pathways to achieve anti-fat,
antioxidant, and anti-inflammatory effects in a dose-
dependent manner; thus, baicalin can improve arterio-
sclerosis,55 inhibit Akt/NF-jB activation, prevent
inflammatory cytokines, and effectively alleviate
chronic gastritis.56 In this experiment, we found that
baicalin could increase the expression of miR-200b-
3p, regulate the expression of FSTL1, inhibit the acti-
vation of the pro-inflammatory ERK/JNK inflamma-
tory pathway and A549 cell apoptosis, and attenuate
LPS-induced A549 cell injury.

In conclusion, this study indicated that miR-200b-3p
played an important role in the occurrence and devel-
opment of endotoxin-induced ALI. Overexpression of
miR-200b-3p could regulate the expression of FSTL1,
reduce the phosphorylation of ERK1/2 and JNK,
inhibit the pathway activity of ERK/JNK, and attenu-
ate the inflammatory response of endotoxin-induced
A549 cells. FSTL1 was the regulatory target of miR-
200b-3p. Further studies showed that baicalin can
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increase the expression of miR-200b-3p, regulate the
expression of FSTL1, inhibit the activation of the
pro-inflammatory ERK/JNK inflammatory pathway
and A549 cell apoptosis, and attenuate the LPS-
induced injury of alveolar type II epithelial cells. This
experiment revealed the mechanism of baicalin in the
treatment of endotoxin-induced ALI and provided the
basic theoretical basis for baicalin in treating
endotoxin-induced ALI. The mechanism of ALI
induced by endotoxin is complicated and unclear, and
further research is needed.
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