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Pulmonary fibrosis (PF) is a severe chronic disease. Although astragaloside IV (ASV) is known to have thera-
peutic effects on PF, the therapeutic targets of ASV require further study. This study was designed to elucidate
the regulatory effect of ASV on PF via NLRP3. PF was triggered by transforming growth factor-p (TGF-B) in vitro.
The relative activity of TGF-B was measured by luciferase reporter assay. Protein levels were determined by
western blotting assay. The NLRP3 expression was analyzed using immunofluorescence analysis. mRNA levels
were detected by qRT-PCR. MTT assay was performed to determine cell viability. Wound healing and transwell
assays were conducted to investigate cell migration and invasion. We found that ASV markedly suppressed
TGF-p activity, Smad2/3 and NLRP3 protein expression levels. ASV inhibited cell viability, migration and invasion
ability. Moreover, ASV mediated downregulation of N-cadherin and Snail and upregulation of E-cadherin, which
further suppressed the epithelial-mesenchymal transition (EMT). However, overexpression of NLRP3 reversed
the effects of ASV and promoted Collagen I, Collagen Il and a-SMA protein expressions. In conclusion, ASV

efficiently retarded PF progress via suppressing NLRP3 expression in vitro.

1. Introduction

Pulmonary fibrosis (PF) is an irreversible, chronic, and often fatal
lung disease caused by various risk factors (infection, environment,
autoimmune disorders, drugs, genetic abnormalities) (Raghu et al.
2011). PF was typically characterized by subpleural lung tissue
fibrosis, subepithelial fibroblast lesions, and microscopic honey-
comb morphology changes. Studies revealed that the pathogenesis
of PF involves multiple aspects, such as inflammation, excessive
deposition of extracellular matrix (ECM) protein, and epithe-
lial-mesenchymal transition (EMT) of pulmonary fibroblasts
(Selman and Pardo 2002). Because of PF’s insidious onset, there
were often no obvious symptoms in the early stage. Furthermore,
due to the unfavorable prognosis of PF, the patients usually die
from respiratory failure or other complications with a median
survival time of 2.5 to 3.5 years (Thickett et al. 2014). Pirfenidone
and sildenafil were confirmed to have a relieving effect on the
development of PF, while the therapeutic effect was limited (Behr
et al. 2018; Sakamoto et al. 2013). Therefore, further exploring the
pathogenesis of PF and seeking for potential targets may provide
novel treatments for PF.

Epithelial-mesenchymal transition (EMT) is a critical pathological
process of PF (Hill et al. 2019). Several studies found that about
one-third of the fibroblasts originated from EMT (Han et al. 2018;
Chen et al. 2014). During EMT progress, E-cadherin decreased,
while smooth muscle actin (a-SMA), N-cadherin and Snail showed
an inverse trend (Zhao et al. 2014). Transforming growth factor-f
(TGF-B) exhibited a regulatory effect on fibrogenesis; it mediated
PF occurrence via inducing EMT, inhibiting the apoptosis of lung
epithelial cells, and synthesizing ECM proteins (Dinesh Babu et
al. 2020).

Moreover, PF is generally accompanied by inflammation (He et
al. 2010). NOD-like receptor family, pyrin domain-containing 3
(NLRP3) inflammasome is a multi-protein complex composed of
NLRP1, ASC oligomer and cysteinyl aspartate specific proteinase-1
(caspase-1) (Zheng et al. 2018). Inflammation might aggravate
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the PF progress (Li et al. 2018), so alleviating the inflammatory
response is also crucial for the PF treatment.

Astragaloside IV (ASV) is one of the main active ingredient in the
traditional Chinese medicine Astragalus (Ren et al. 2013). Phar-
macological studies on ASV suggested that it possesses anti-in-
flammation (Xu et al. 2016), anti-diabetes (Luo et al. 2016), and
anti-hypertension properties (Luo et al. 2019). ASV reduced the
hydroxyproline level in lung tissues and suppressed the TGF-f1
and TNF-a expressions to observably attenuate bleomycin-induced
PF in vivo (Cui et al. 2015). Besides, ASV markedly downregu-
lated the high mobility group protein 1 (HMGB1) level in serum
and lung tissues and inhibited the pulmonary a-SMA expression.
Li et al. (2017) indicated that ASV attenuated bleomycin-induced
ECM deposition. Thence ASV may be a promising candidate for
PF. However, whether ASV targets NLRP3 in PF or not remains
unclear. This study aimed to explore the ASV regulation on EMT
and inflammation, further to investigate the underlying regulatory
mechanism of ASV on PE.

2. Investigations and results

2.1. ASV suppresses the activation of TGF-f pathways

The relative activity of TGF-f was lifted as the TGF-f3 reporter
concentration increasing, which suggested a successful construc-
tion of the TGF-B luciferase reporter vector (Fig. 1A). However,
ASV suppressed TGF- relative activity (Fig. 1B) and mRNA
expression level (Fig. 1C). In addition, the Smad2 and Smad3
expressions were elevated after TGF- stimulation compared with
the control group (Fig. 1D).

2.2. ASV inhibits the cell viability and EMT induced by
TGF-p

MTT assay results suggested that TGF-f significantly promoted

the cell viability, while ASV efficiently attenuated the viability of
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Fig. 1: Effects of ASV on the relative activity and mRNA level of TGF-f. (A) Relative activities of TGF-f in the cells treated with 0, 1, 2, 5, 10 ng/ml TGF-f. (B) Relative
activities of TGF-f in the cells treated with 5 ng/ml TGF-f and/or 7, 20, 60 ng/ml ASV. (C) Relative mRNA expression levels of TGF-f in the cells treated with 5 ng/ml

TGF-B and/or 20 ng/ml ASV. (D) Smad2 and Smad3 protein levels of the cells were analyzed by western blotting assay. P<0.05 vs. TGF-B/ASV-; “P<0.01 vs. TGF-f or

TGF-B/ASV-; ""P<0.001 vs. TGF-f; #P<0.01 vs. TGF-B*/ASV-. ASV, Astragaloside IV; TGF-B, transforming growth factor-f.

the TGF-B-treated cells (Fig. 2A). Wound healing and transwell
experiments were conducted to investigate the effect of ASV on
cell migration and invasion. As expected, the results exhibited a
similar trend that the ASV treatment observably reduced the migra-
tion and invasion ability of the TGF-B-treated cells (Fig. 2B-2D).
In addition, ASV treatment markedly suppressed N-cadherin and
Snail expressions, and elevated E-cadherin expression (Fig. 2E).

2.3. ASV suppresses the expression of NLRP3

ASV significantly decreased the NLRP3 expression level of the
TGF-B-treated cells (Fig. 3A and 3B). Moreover, the immunoflu-
orescence staining showed that ASV markedly abated the increase
of NLRP3 induced by TGF- (Fig. 3C).

2.4. Overexpression of NLRP3 reverses the effects of

ASYV on fibrosis
The NLRP3 overexpression model was successfully established in
the A549 cells (Fig. 4A). Western blotting results confirmed that
ASV memorably prevented the fibrosis-related protein (Collagen I,
Collagen II, a-SMA) expressions of TGF-B-induced cells, while
NLRP3 enhanced the protein expressions inversely (Fig. 4B).

2.5. Overexpression of NLRP3 antagonizes the effects of
cell viability and EMT cell

To further investigate the potential roles of NLRP3 in PF, cells
were treated with NLRP3. Cell viability of the NLRP3 overexpres-
sion group was notably higher than that of the ASV-treated group
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after incubated for 48 h (Fig. 5SA). As shown in Fig. 5B and 5C,
overexpression of NLRP3 reversed the effects of ASV and induced
migration and invasion of the TGF-B-treated cells. The effects of
ASV on the expression of E-cadherin, N-cadherin and Snail were
reversed by NLRP3 (Fig. 5D).

3. Discussion

The major findings of the present study demonstrated that
ASV prevented cell viability, invasion and EMT progress in the
TGF-B-induced cells, which may contribute to the relieve of
PF. Furthermore, NLRP3 was confirmed to be downregulated
following the ASV treatment, and overexpression of NLRP3
antagonized the inhibitory effects of ASV.

ASV is the main compound among the saponins identified from
Astragalus root (Ren et al. 2013). In recent years, ASV has
been reported to have protective effects on the cardiovascular
(Hu et al. 2009), immune (Yuan et al. 2011), and hematopoietic
systems (Li et al. 2011). Yu et al. (2016) found that ASV-mediated
suppression of fibroproliferation might contribute to the anti-fi-
brotic effect against bleomycin (BLM)-induced PF. ASV notably
reduced TGF-B1/PI3K/Akt-mediated Forkhead box O3 (FOXO3a)
hyperphosphorylation and downregulation, and further prevented
EMT during fibrogenesis (Qian et al. 2018). Long non-coding
RNAs sirt]l antisense (IncRNA sirtl AS) remarkably inhibited
TGF-B1-mediated EMT in vitro and relieved PF in vivo (Qian et
al. 2020). The present results exhibited that ASV treatment notably
suppressed cell viability, migration, EMT and fibrosis progress of
the TGF-B-induced cells, which were consistent with the previous
studies.
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Fig. 2:

ASV regulates the cell viability, migration and EMT progress. (A) Absorbance values of the cells treated with TGF-f or ASV/ TGF-$ at 0, 12, 24, 48 h. (B) Wound healing

and (C) transwell assays were conducted to determinate the cell migration of the cells treated with TGF-f or ASV/ TGF-B. (D) The numbers of migrated cells treated
with TGF-B or ASV/ TGF-f. (E) Relative protein expression levels of E-cadherin, N-cadherin and Snail in the cells treated with TGF-f or ASV/ TGF-f compared with
GAPDH. “P<0.01 vs. control; *P<0.05 vs. TGF-B; #P<0.01 vs. TGF-B. ASV, Astragaloside IV; TGF-, transforming growth factor-p.
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Fig. 3: Effect of ASV on NLRP3 protein expression of the cells treated with TGF-p or ASV/ TGF-. (A and B) The protein expression levels of NLRP3 in the cells treated with
TGF-B or ASV. (C) The expressions of NLRP3 in the cells treated with TGF-f or ASV/ TGF-3 were analyzed using fluorescence microscopy analysis. “"P<0.01 vs. TGF-.
ASYV, Astragaloside IV; TGF-f, transforming growth factor-p; NLRP3, NLR Family Pyrin Domain Containing 3.

Epithelial cells exhibit apical-base polarity, they adhere and
communicate with each other through specialized intercellular
connections, and are located on the basement membrane (Thiery
and Sleeman 2006). Under certain physiological or pathological
conditions, epithelial cells could transform into mesenchymal cells,
leading to a loss of cell polarity, decreased adhesion, and changes
in the cytoskeleton, thereby promoting cell migration (Thiery et
al. 2009). These physiological changes are called epithelial-mes-
enchymal transition (EMT). EMT is the basis of mammalian

Pharmazie 76 (2021)

embryonic development. It is common in early embryonic devel-
opment and is especially vital for organ formation and nervous
system differentiation (Nieto 2009). Besides, EMT plays a pivotal
role in inflammation, organ fibrosis and highly metastatic cancer
(Pastushenko and Blanpain 2019). Previous studies reported that
EMT is a crucial process during several types of organ fibrosis
development, such as liver fibrosis (Kong et al. 2020), renal inter-
stitial fibrosis (Wang et al. 2020) and pulmonary fibrosis (Willis
et al. 2005). PF is characterized by aberrant extracellular matrix
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Fig. 4: Effect of NLRP3 overexpression on fibrosis-related proteins. (A) Relative expressions of NLRP3 in mutant, mock and NLRP3 group. (B) Relative protein expression
levels of Collagen I, Collagen IT and a-SMA in the cells treated with TGF-B, ASV or NLRP3. “P<0.01 vs. mutant or TGF-f; #P<0.01 vs. TGF-B+ASV. ASV, Astragaloside
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Fig. 5: Overexpression of NLRP3 reverses the effects of ASV. (A) Absorbance values of the cells treated with TGF-B, ASV or NLRP3 at 0, 12, 24, 48 h. (B) Wound healing and
(C) transwell assays were conducted to determinate the cell migration of the cells treated with TGF-B, ASV or NLRP3. (D) Relative protein expression levels of E-cad-
herin, N-cadherin and Snail in the cells treated with TGF-B, ASV or NLRP3. “P<0.01 vs. TGF-p; #P<0.01 vs. TGF-B+ASV. ASV, Astragaloside IV; TGF-p, transforming
growth factor-B; NLRP3, NLR Family Pyrin Domain Containing 3.

(ECM) deposition by activated myofibroblasts, while EMT accel- blood transfusion, of which transfusion-related acute lung injury
erated the production of ECM components, ulteriorly exacerbated induced by NLRP3 inflammasome was the leading cause (Land
cell migration and invasion (Guan et al. 2016). We treated the 2013). The reactive oxygen species (ROS) level was reported to be
A549 cells with TGF-f and successfully mediated PF in vitro, as increased in the presence of chronic obstructive pulmonary disease
evidenced by a decreased protein expression level of E-cadherin (COPD), and the increment of ROS further activated the NLRP3
and a enhancement in protein expression levels of N-cadherin and inflammasome (Muller et al. 2011). NLRP3 inflammasome that
Snail. triggered by the inorganic particulates advanced IL-1J3 produc-
NLRP3 is one of the structural subsets of the inflammasome (Artlett tion. IL-1P was known to promote the expression level of TGF-f,
2012), and inflammation is a major symptom of many lung inju- ulteriorly aggravated PF (Liu 2008). The current study found that
ries and diseases. For instance, many complications occurred after ASYV efficiently suppressed NLRP3 expression in the TGF--me-
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diated PF, while NLRP3 overexpression remarkably accelerated
EMT development and fibrosis progress of the ASV-treated cells.
The results suggested that ASV modulated NLRP3. However, the
underlying mechanism of the ASV regulatory effect over NLRP3
requires further study.

In conclusion, these findings demonstrate that ASV could inhibit
EMT and fibrosis progress via suppressing the NLRP3 protein
expression in vitro, which suggests therapeutic effects of ASV and
provides a new target for PF treatment.

4. Experimental

4.1. Culture condition and cell treatment

Human lung epithelial cell line (A549) was purchased from Procell. The cells were
cultured in the regular DMEM with 10% FBS and 1% mycillin (all obtained from
Gibco) at 37 °C in the presence of 5% CO.,. Trypsin (0.25%, Gibco) was added to the
medium to adjust the cell concentration at 5x10* cells/ml following the cell conflu-
ence reached 90%. To promote the EMT progress, the cells were then incubated with
different concentration gradients of TGF-f3 after cell confluence reached 70%. ASV
or/and NLRP3 were added to the cells under the research protocol. The treated cells
were harvested for RNA and proteins isolation at the indicated time.

4.2. RNA extraction and quantitative real-time PCR (qRT-PCR)

The total cellular RNA was extracted by TRIzol (Invitrogen, Thermo Fisher
Scientific, Inc.). cDNA was generated following the SuperScript™ IV (Invitrogen)
kit’s manual. qRT-PCR was conducted by SYBR Green Master Mix (Toyobo) on
7300 real-time PCR system (Applied Biosystems). The 2% method was used
for calculating the fold changes of the corresponding gene and mRNA expression
levels. The specific primers for the gene and mRNA were designed and synthesized
by Shenggong Biotechnology Co., Ltd. The primer sequences were as follows:
TGF-B (F: 5-AGATTCAAGTCAACTGTGGAG-3’, R: 5’-AAGCCCTGTATTC-
CGTCTC-3’), NLRP3 (F: 5’-GTTTGACCCCGATGATGAGC-3’, R: 5’-CTTGTG-
GATGGGTGGGTTTG-3’).

4.3. Luciferase reporter assay

The luciferase reporter vector of the wild-type TGF-p was constructed by Guang-
zhou RiboBio Co., Ltd. They were transfected into the A549 cells and incubated for
24h. The cells were lysed to detect the luciferase activities using an illuminometer
(Gossen).

4.4. MTT assay

The cells were resuspended and seeded into a 96-well plate at 1x10* cells/well. Then
the plate was cultured at 37 °C in the presence of 5% CO, and 100% humidity for
4 h after 50 pl MTT solution was added (Beyotime Institute of Biotechnology) to
each well. Subsequently, the medium was discarded and 150 ul dimethyl sulfoxide
(Macklin) solution was added to each well and mixed. The absorbance value was
detected at 490 nm by a microplate reader (Mindray).

4.5. Wound healing assay

The cells were seeded into a 6-well plate. A line was perpendicularly scraped into
the monolayer using a 10 pl micropipette tip after the cells were cultured at 37 °C in
the presence of 5% CO, for 24 h. Next, the cells were washed three times with PBS
(SolarBio) and cultured in a serum-free DMEM containing TGE-B, ASV or NLRP3
for 24 h. Images of the wounded area were observed and captured separately at 0, 12,
and 24 h under an inverted microscope (SteREO Discovery, V20; Carl Zeiss AG).

4.6. Transwell assay

The cells in the logarithmic growth phase were collected and incubated in a serum-free
DMEM for 24 h. Then the cells were resuspended at 1x10° cells/ml. Each chamber
was covered with 50 mg/L Matrigel matrix (BD Biosciences) before the cells were
added to the apical chamber of a 24-well transwell chamber (8 um pores; Corning).
DMEM of the basolateral chamber contained 10% FBS, while the apical chamber did
not. Subsequently, the cells were incubated at 37 °C with 5% CO, for 24 h. The apical
chamber cells were wiped off using a wet cotton swab. Next, the basolateral chamber
cells were fixed for 30 min using paraformaldehyde following stained for 20 min with
0.1% crystal violet. Finally, the transmembrane cells were photographed under an
inverted microscope at a magnification of 200.

4.7. Western blotting assay

The A549 cells were washed three times with pre-chilled PBS after the medium was
discarded. Then 200 ul RIPA buffer (Beyotime Institute of Biotechnology) was added
to lyse the cells on ice for 30 min to extract the total protein. Protein concentration
was determined by a BCA kit. Protein (20 pg) was separated by 12% SDS-PAGE
at 120 v. The protein was transferred onto NC membranes (Sigma). After blocked
with TBST containing 5% FBS for 2 h, the membranes were incubated with primary
antibodies, such as anti-Collagen I (1:1000), anti-Collagen II (1:1000), anti-o-SMA
(1:1000), anti-N-cadherin (1:1000), anti-E-cadherin (1:1000), anti-Snail (1:1000) and
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anti-GAPDH (1:3000, all from BioVision, Inc) at 4 °C in a shaking table overnight.
GAPDH was used as an internal standard to normalize the protein levels. Finally,
the horseradish peroxidase-conjugated secondary antibody (1:8000, BioVision, Inc)
was incubated with the membranes under room temperature for 2 h. The bands were
visualized with an ECL system (Thermo Scientific).

4.8. Immunofluorescence analysis

Paraformaldehyde (4%) in PBS was used to fix the cells, followed by blocking with
5% bovine serum albumin and 0.1% Triton X-100(both obtained from Beyotime
Institute of Biotechnology). Subsequently, the cells were incubated with anti-NLRP3
primary antibody at 4 °C overnight. PBS was used to wash the cells three times prior
to incubation with the second antibody. The cells were finally counterstained with
DAPI (Beyotime Institute of Biotechnology). Images were obtained by fluorescence
microscopy at a magnification of 200.

4.9. Statistical analysis

GraphPad Prism (version 8.2.1.441, GraphPad Software Inc.) was used to analyze the
data. The results were expressed as mean+SD. Student t-test was performed for the
comparison between 2 groups, whereas the analysis of variance (ANOVA) was used
for the comparison among multiple groups. Pearson’s coefficient was used for correla-
tion analysis. P<0.05 was considered to indicate a statistically significant difference.
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