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Andrographolide alleviates bleomycin-induced NLRP3 
inflammasome activation and epithelial-mesenchymal transition in 
lung epithelial cells by suppressing AKT/mTOR signaling pathway 
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Background: Andrographolide (Andro), a diterpenoid extracted from Andrographis paniculata, has been 
shown to attenuate pulmonary fibrosis in rodents; however, the potential mechanisms remain largely unclear. 
This study investigated whether and how Andro alleviates bleomycin (BLM)-induced NOD-like receptor 
family pyrin domain containing 3 (NLRP3) inflammasome activation and epithelial-mesenchymal transition 
(EMT) in the lung epithelial cells.
Methods: The in vivo effects of Andro were evaluated in a rat model of BLM-induced pulmonary fibrosis. 
The roles of Andro in BLM-induced NLRP3 inflammasome activation, EMT and AKT/mTOR signaling 
were investigated using human alveolar epithelial A549 cells.
Results: We found that Andro significantly alleviated pulmonary edema and histopathological changes, 
decreased weight loss, and reduced collagen deposition. Andro downregulated the levels of NLRP3, the 
adaptor molecule apoptosis-associated speck-like protein containing a CARD (ASC), and Caspase-1 in the 
lungs of BLM-treated rats, suggesting the inhibitory effect of Andro on NLRP3 inflammasome activation 
in vivo. Additionally, the symptoms of BLM-mediated EMT phenotype in the lung were also attenuated 
after Andro administration. In vitro, Andro also markedly inhibited BLM-induced NLRP3 inflammasome 
activation and EMT in A549 cells. Moreover, Andro inhibited BLM-induced phosphorylation of AKT and 
mTOR in A549 cells, suggesting that AKT/mTOR inactivation mediates Andro-induced effects on BLM-
induced NLRP3 inflammasome activation and EMT.
Conclusions: These data indicate that Andro can reduce BLM-induced pulmonary fibrosis through 
suppressing NLRP3 inflammasome activation and EMT in lung epithelial cells via AKT/mTOR signaling 
pathway.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a devastating and 
untreatable lung disease of unknown etiology (1,2). It is 
characterized by abundant deposition of extracellular matrix 
(ECM) in the lung (3,4). Increasing ECM generation alters 
the lung architecture and leads to subsequent respiratory 
dysfunction, ultimately resulting in respiratory failure. 
Eventually, patients need lung transplantation to subsist. 
There is no cure for IPF, and its emergence across the 
world gradually increases (5). Hence, comprehending the 
underlying molecular mechanisms is very important for 
identifying and developing an effective treatment for IPF.

Bleomycin (BLM), a commonly-used antineoplastic 
agent, induces the interstitial pulmonary fibrosis in a dose-
dependent manner (6). Intratracheally administered BLM 
into the rodent lungs triggers lung epithelial cell damage, 
inflammation, epithelial-mesenchymal transition (EMT) 
and ECM production, which resembles human IPF (4,7). 
Thus, BLM-induced pulmonary fibrosis is still the most 
widely-used model for IPF (8). Alveolar epithelial cells 
(AECs) are thought of as a critical target of BLM lung 
toxicity (9). Exposure of cells to BLM also causes diverse 
cellular responses, such as NOD-like receptor family pyrin 
domain containing 3 (NLRP3) inflammasome activation 
and EMT, which result in the development of lung fibrosis 
induced by BLM (10). 

AECs can procure a mesenchymal phenotype by way of the 
EMT after lung injury, which is known as an important source 
for activated fibroblasts in IPF (11,12). In recent years, more 
and more researchers have been immersed in the effects of 
EMT in pulmonary fibrosis (13,14). In experimental pulmonary 
fibrosis in mice, about one third of fibroblasts were derived 
from AECs two weeks after BLM administration (15). It has 
been reported that BLM can induce EMT in AEC lines (for 
example, A549 and RLE-6TN cells). Therefore, inhibition 
of the EMT process is helpful for the attenuation of BLM-
induced pulmonary fibrosis.

Inflammasomes are multiprotein complexes that promote 
maturation and secretion of proinflammatory cytokines such 
as interleukin (IL)-1β and IL-18 via caspase-1 activation (16). 
There are five types of inflammasomes: NLRP1, NLRP3, 
NLRC4, IPAF, and AIM2 inflammasomes respectively. 
Inflammasome activation is also considered to play an 
important role, since both NLRP3 and AIM2 inflammasome 
activation can contribute to lung fibrogenesis (10,16,17). 
The NLRP3 inflammasome, a typical member of the 
inflammasome family, consists of the NLRP3, the adaptor 

molecule apoptosis-associated speck-like protein containing 
a CARD (ASC), and the effector molecule procaspase-1. 
Its activation promotes the maturation of caspase-1, and 
accelerates the inflammatory cytokine production, for 
instance, IL-1β and IL-18 (18). Increasing researchers have 
demonstrated that the levels of NLRP3, caspase-1, and IL-
1β were significantly increased in IPF patients (19). NLRP3 
inflammasome activation is also observed in asbestos-, silica- 
and BLM-induced pulmonary fibrosis (20). In NLRP3-
deficient mice, a significant decrease was observed in BLM-
induced pulmonary fibrosis (16). Hence, inhibition of 
NLRP3 inflammasome activation can alleviate pulmonary 
fibrosis (10). 

Andrographolide (Andro), a bicyclic diterpenoid lactone 
extracted and purified from Andrographis paniculata, exerts 
antioxidant, anti-inflammatory, and immunomodulatory 
properties (21,22). Recently, Andro has been shown to 
inhibit the cigarette smoke-induced EMT by inhibiting 
HOTAIR (23). Andro not only attenuated OVA-induced 
NLRP3 inflammasome activation in mice, but also 
suppressed NLRP3 inflammasome activation in the in-vitro  
and in-vivo models of Parkinson disease (24). We and other 
teams have found that Andro was able to inhibit BLM-
induced pulmonary fibrosis in mice (25-27). Karkale et al.  
have previously found that Andro inhibited silica-induced 
EMT phenotype in the lungs (28). Gao et al. found that 
Andro also reduced AIM2 inflammasome-mediated 
pyroptosis in radiation-induced lung fibrosis (29). Our 
research shows that Andro also suppressed TGF-β1-
induced EMT in A549 cells (30). However, as far as we 
know, it remains unclear on whether Andro directly affects 
the BLM-induced NLRP3 inflammasome activation and 
EMT phenotype in AECs.

The aim of this study was to investigate the impact of 
Andro on BLM-induced NLRP3 inflammasome activation 
and EMT in the AECs in vivo and in vitro, and explore 
the underlying mechanism of action. Our results showed 
that Andro directly attenuates BLM-induced NLRP3 
inflammasome activation and EMT in AECs through 
AKT/mTOR signaling pathway. We present the following 
article in accordance with the ARRIVE reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-7973).

Methods

Reagents 

Andro was provided by Chengdu Herbpurify Co., Ltd. 

http://dx.doi.org/10.21037/atm-20-7973
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(Chengdu, China). BLM was provided by Hisun Pfizer 
Pharmaceuticals Co., Ltd. (Hangzhou, China). Antibodies 
to E-cadherin, ASC, cleaved caspase 1, p-mTOR, mTOR, 
p-AKT, and AKT were bought from Cell Signaling 
Technology (CA, USA). Antibodies to fibronectin, NLRP3, 
and GAPDH were bought from ABclonal (Wuhan, 
China). Antibody to alpha-smooth muscle actin (α-SMA) 
were bought from Sigma-Aldrich (St Louis, MO, USA). 
Antibodies to the HRP-labeled Goat Anti-Rabbit/Mouse 
IgG (H + L) were bought from Abcam Biotechnology 
(Cambridge, MA, USA). 

Animals and treatments

Six to 8 week-adult male Sprague-Dawley rats (200±10 g) 
were obtained from Guangdong Medical Experimental 
Animal Center (Guangzhou, Guangdong, China), and 
reared in a special pathogen-free room, where they were 
allowed to gain food and water ad libitum. Experiments were 
performed under a project license (No. 2017-346) granted by 
the Animal Care and Use Committee of the First Affiliated 
Hospital of Guangzhou Medical University, in compliance 
with institutional guidelines for the care and use of animals. 
The rats were divided into four groups: saline + 0.5% sodium 
carboxymethyl cellulose (CMC-Na) (Con group), saline + 
Andro (10 mg/kg, Andro group), BLM (3.0 mg/kg) + 0.5% 
CMC-Na (BLM group), and BLM + Andro (BLM + Andro 
group). Saline or BLM solution was intratracheally injected 
to the rats on day 0. On the following day, intragastrically 
administered 0.5% CMC-Na or Andro was made daily for  
21 days. After the rats were sacrificed, the lungs were 
harvested for the analysis described below. There were at 
least 5 mice per group in each animal experiment.

Masson’s trichrome staining 

Left lungs were fixed in 4% paraformaldehyde, embedded 
in paraffin and then cut into 5 μm-thick slices. Whereafter, 
Masson trichrome staining was performed using a kit 
(Sigma-Aldrich, USA) according to the manufacturer’s 
instruction. Histopathological scores of fibrosis were 
assessed according to the descriptions by Ashcroft (31). 
The degree of interstitial fibrosis was graded using a scale 
of 0 to 8 as follows: grade 0, normal lung; grade 1, minimal 
fibrous thickening of alveolar or bronchial walls; grade 2–3, 
moderate thickening of walls without obvious damage to 
lung architecture; grade 4–5, increased fibrosis with definite 
damage to lung architecture and formation of fibrous 

bands or small fibrous mass; grade 6–7, severe distortion of 
structure and large fibrous areas; “honeycomb lung” was 
included in this category; grade 8, total fibrous obliteration 
of the field.

Immunohistochemistry

Immunohistochemistry was performed using E-cadherin (1:100) 
or α-SMA (1:200) antibodies as described previously (27). 

Real-time PCR

Total RNA was extracted from lung tissues using TRIzol 
Reagent (Invitrogen Corporation, CA, USA) and reverse-
transcribed into first-strand cDNA using the PrimeScript 
RT reagent Kit with gDNA Eraser (Takara, Shiga, Japan). 
The mRNA levels of collagen 1, collagen 3, E-cadherin, 
fibronectin, α-SMA, NLRP3, ASC, and Caspase 1 were 
examined by Real-time PCR using SYBR Green Master Mix 
Kit (Yeasen Biotech Co., Ltd., Shanghai, China). The primer 
sequences for real-time PCR assays are listed in Table 1.

Cell culture

Human alveolar epithelial A549 cells were bought from 
Cell Bank of the Chinese Academy of Sciences (Shanghai, 
China), and were grown in DMEM including 10% FBS, 
100 KU/L penicillin and 100 mg/L streptomycin in a 37 ℃ 
humidified incubator with 5% CO2. Each cell experiment 
was at least repeated three times.

Western blot

Western blot was performed as previously described (27). The 
immunoreactive bands were scanned using the Tanon-5200 
(Tanon Science & Technology Co., Ltd., Shanghai, China). 
The intensity analysis was analyzed by Image J. The used 
primary antibodies were as follows: anti-E-cadherin antibody 
(1:1,000), anti-Fibronectin antibody (1:1,000), anti-α-SMA 
antibody (1:3,000), anti-p-AKT antibody (1:1,000), anti-AKT 
antibody (1:1,000), anti-p-mTOR antibody (1:1,000), anti-
mTOR antibody (1:1,000), anti-NLRP3 antibody (1:1,000), 
anti-cleaved caspase 1 antibody (1:1,000), anti-ASC antibody 
(1:1,000), and rabbit anti-GAPDH antibody (1:3,000). 

Statistical analysis

Data analysis was performed using SigmaPlot 12. 5 and 
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Table 1 Primers used for real-time PCR

Gene Sense primer (5'-3') Antisense primer (5'-3')

Collagen 1 (r) ATCCTGCCGATGTCGCTAT CCACAAGCGTGCTGTAGGT

Collagen 3 (r) CTGGTCCTGTTGGTCCATCT ACCTTTGTCACCTCGTGGAC

E-cadherin (r) GGCCCAGGAGCTGACAAAC CCAGAGGCTGCGTCACTTTC

Fibronectin (r) GGAAGAGCAAGAGGCAGGC CATAGCAGGTACAAACCAGGG

α-SMA (r) TCCAGAGTCCAGCACAATACCAG AATGACCCAGATTATGTTTGAGACC

NLRP3 (r) CAGACCTCCAAGACCACGACTG TTTAATGTCACGCACGATTTC

ASC (r) TTATGGAAGAGTCTGGAGCTGTGG CATCCGCAGCCAATGAACAGAG

Caspase 1 (r) TGCCTGGTCTTGTGACTTGGAG ATGTCCTGGGAAGAGGTAGAAACG

GAPDH (r) AAGGTGGTGAAGCAGGCGGC GAGCAATGCCAGCCCCAGCA

presented as means ± standard error (SE). Differences 
between multiple groups were analyzed by One-way 
ANOVA. P<0.05 was considered statistically significant.

Results

Andro ameliorates BLM-induced pulmonary fibrosis  
in rats

After BLM injury, an apparent weight loss and an augment 
in lung wet-to-dry weight ratio were observed (Figure 1A,B). 
However, these changes were attenuated by Andro treatment. 
Masson’s trichrome staining showed remarkable collapse of 
alveolar septa, loss of lung architecture and excess deposition 
of collagen in BLM-treated rats comparing with control 
group. Whereas treatment with Andro decreased the injury 
to lung architecture and the deposition of collagen owing to 
BLM (Figure 1C). Ashcroft scoring to quantify morphologic 
fibrosis was performed, and the pathology score in Andro-
treated rats was significantly decreased relative to the BLM 
alone treated rats (Figure 1D). In addition, the decline of 
fibrosis in Andro-treated rats was further demonstrated 
by downregulation of collagen 1 and collagen 3 levels  
(Figure 1E,F,G). Collectively, these results suggest Andro 
ameliorates BLM-induced pulmonary fibrosis in vivo. 

Andro represses BLM-induced EMT in pulmonary fibrosis 
in rats

The effects of Andro on the BLM-induced EMT in the lungs 
were investigated. Our immunohistochemistry study showed 
that BLM down regulated E-cadherin-positive cells and up 

regulated α-SMA-positive cells compared with controls. In 
Andro-treated rats, the decrease of E-cadherin-positive cells 
was significantly prevented and the accumulation of α-SMA-
positive cells were reduced (Figure 2A,B). Additionally, Real-
time PCR results indicated that E-cadherin mRNA level was 
enhanced, whereas fibronectin and α-SMA expressions were 
diminished by Andro treatment (Figure 2C,D,E). Moreover, 
E-cadherin protein level was enhanced, whereas α-SMA 
protein expression was diminished by Andro treatment  
(Figure 2F,G,H). Taken together, these findings imply that 
Andro inhibits the BLM-induced EMT in vivo. 

Andro reduces BLM-induced NLRP3 inflammasome 
activation in pulmonary fibrosis in rats

As NLRP3 participates in the occurrence of EMT in 
BLM-induced pulmonary fibrosis. Role of Andro in BLM-
induced NLRP3 inflammasome activation in lungs were 
therefore investigated. As shown in Figure 3, the mRNA 
levels of NLRP3, ASC, and Caspase-1 and the protein level 
of NLRP3 were both remarkably upregulated in BLM-
treated rat lungs, suggesting the activation of NLRP3 
inflammasome in BLM-induced pulmonary fibrosis in vivo. 
Treatment of Andro attenuated the BLM-induced increase 
of NLRP3, ASC and Caspase-1 in the lungs. Therefore, 
Andro reduces BLM-induced NLRP3 inflammasome 
activation in the lungs.

Andro suppresses BLM-induced EMT in alveolar epithelial 
A549 cells

Since AECs, in particular type II AECs, have emerged as 
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Figure 1 Andro ameliorated BLM-induced pulmonary fibrosis in the lungs. (A) Rat’ average weight in each group was compared both 
on day 0 and on day 21 after BLM administration. (B) Lung wet-to-dry weight ratio in each group. (C) 21 days after BLM instillation, 
pulmonary pathology was measured by Masson’s trichrome staining (scale bar: 100 μm). (D) Pathological grading of fibrosis was performed 
using the Ashcroft score system. (E,F) The mRNA levels of collagen 1 and collagen 3 were examined by Real-time PCR. (G) The protein 
level of collagen 3 was examined by Western blot. *, P<0.05 vs. Con group; #, P<0.05 vs. BLM group.

key players in this disease (32), we further assessed the role 
of Andro in BLM-induced EMT occurrence in the AECs. 
Resembling the in vivo results, treatment of Andro inhibited 
BLM-induced EMT in vitro, as demonstrated by the alteration 
expressions of EMT related protein markers (Figure 4). 

Andro suppresses BLM-induced NLRP3 inflammasome 
activation in alveolar epithelial A549 cells

We therefore observed the effects of Andro on BLM-
induced NLRP3 inflammasome activation in the AECs. 
As shown in Figure 5, BLM significantly elevated the 
protein expressions of NLRP3, ASC, and cleaved caspase 
1, which were all decreased by Andro treatment, implying 
the inhibitory effects of Andro on BLM-induced NLRP3 

inflammasome activation in the AECs.

Andro suppresses BLM-induced activation of AKT/mTOR 
signaling pathway in alveolar epithelial A549 cells

Having established the effectiveness of Andro in BLM-
induced NLRP3 inflammasome activation and EMT in 
AECs, we next inquired into the underlying mechanisms. 
The involvement of AKT/mTOR signaling in BLM-induced 
pulmonary fibrosis is well-documented (33). AKT/mTOR 
signaling is considered as an important mechanism implicated 
in the process of NLRP3 inflammasome activation and 
EMT during the pulmonary fibrosis (33). Therefore, we 
explored whether Andro inhibited BLM-induced NLRP3 
inflammasome activation and EMT through inactivation of 
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Figure 2 Andro inhibited BLM-induced EMT in the lungs. Twenty-one days after BLM instillation, rats are sacrificed and lungs were 
collected. (A,B) The positive cells of E-cadherin and α-SMA in the lungs were determined by immunohistochemistry assay (×400). (C,D,E) 
The mRNA levels of E-cadherin, α-SMA and fibronectin were measured by Real-time PCR. (F,G,H) The protein levels of E-cadherin and 
α-SMA were examined by Western blot. *, P<0.05 vs. Con group; #, P<0.05 vs. BLM group.
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Figure 3 Andro reduced BLM-induced NLRP3 inflammasome activation in the lungs. 21 days after BLM instillation, rats are sacrificed 
and lungs were collected. Real-time PCR was performed to examine the mRNA levels of NLRP3 (A), ASC (B), and Caspase-1 (C). (D) The 
protein level of NLRP3 was examined by Western blot. *, P<0.05 vs. Con group; #, P<0.05 vs. BLM group.

A

D

B C

Figure 4 Andro suppressed BLM-induced EMT in human alveolar epithelial A549 cells. A549 cells were treated with BLM and/or Andro 
for 48 h. (A) The protein expression levels of E-cadherin, and fibronectin were analyzed by Western blot. (B,C) Densitometric analysis of 
relevant proteins in the immunoblots using GAPDH as the internal reference. *, P<0.05 vs. Con group; #, P<0.05 vs. BLM group.

AKT/mTOR signaling pathway. As shown in Figure 6, we 
determined the relative expression of p-AKT and p-mTOR 
by Western blot. The data showed that the protein expression 
levels of p-AKT and p-mTOR were both significantly 
increased in the BLM-exposed A549 cells, suggesting the 
activation of AKT/mTOR signaling pathway in AECs. While 
treatment with Andro inhibited the BLM-induced activation 
of AKT/mTOR signaling pathway.

Discussion

In the present study, we further confirmed the phylactic 
power of Andro on BLM-induced pulmonary fibrosis. Our 

results, performed in AECs both in the in vitro and in vivo 
models of BLM-induced pulmonary fibrosis, provided 
convincing evidence of the critical role of BLM-activated 
NLRP3 inflammasome activation and EMT, promoting 
myofibroblast formation and collagen synthesis. The 
results showed that Andro significantly suppressed BLM-
induced NLRP3 inflammasome activation in vivo and  
in vitro, as indicated by reduced levels of NLRP3, ASC, and 
cleaved caspase-1. We also established that Andro treatment 
significantly attenuated BLM-induced downregulation of 
epithelial markers and upregulation of mesenchymal markers 
in vivo and in vitro, suggesting that Andro also targeted EMT 
to suppress the formation of myofibroblasts. In this study, 

A B C
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Figure 5 Andro suppressed BLM-induced NLRP3 inflammasome activation in human alveolar epithelial A549 cells. A549 cells were treated 
with BLM and/or Andro for 48 h. (A) The protein levels of NLRP3, ASC, and cleaved caspase 1 were analyzed by Western blot. (B,C,D) 
Densitometric analysis of relevant proteins in the immunoblots using GAPDH as the internal reference. *, P<0.05 vs. Con group; #, P<0.05 
vs. BLM group.

we identified that Andro counteracted BLM-activated AKT/
mTOR signaling pathway to repress NLRP3 inflammasome 
activation and EMT in AECs, leading to attenuation of 
BLM-induced pulmonary fibrosis. 

IPF is characterized by excessive production and 
deposition of myofibroblasts and ECM components in 
the lung that damage its architecture and impairs its 
function (32,34). Although the pathogenic mechanism of 

IPF is largely unknown, lung epithelial cells, type II AECs 
particularly, have also been considered to be an important 
player in this disease (34). Accumulating evidence shows 
that recurrent injury to the AECs is the “prime mover” of 
pulmonary fibrosis. After injury, the surviving epithelial cells 
in the lungs with IPF demonstrate an altered phenotype 
via EMT (35). EMT, a dynamic cellular program, allows 
polarized epithelial cells to transform into uncontrolled 

A

C

B

D

Figure 6 Andro suppressed BLM-activated AKT/mTOR signaling pathway in A549 cells. A549 cells were treated with BLM and/or Andro 
for 48 h. (A) Western blot analysis was performed to measure the phosphorylation levels of AKT and mTOR. (B,C) Scanning densitometry 
of western blot on different samples was analyzed quantitatively. Expression of p-AKT and p-mTOR was normalized to AKT and mTOR 
levels, respectively. *, P<0.05 vs. Con group; #, P<0.05 vs. BLM group.
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mesenchymal cells. In addition to the critical role that EMT 
has in tumor metastasis, increasing evidence suggests that 
EMT is also a process involved in fibrotic diseases, and a 
main source of fibroblasts and myofibroblasts in aggressive 
pulmonary fibrosis (1,36). A previous study showed that 
~33% of myofibroblasts in the lungs of an experimental 
BLM fibrosis model were traceable to cells undergoing 
EMT (15). Given this, inhibition of EMT is also an 
important way to attenuate pulmonary fibrosis. In the recent 
decades, there are some reports demonstrating that, besides 
TGF-β1, BLM also directly induces EMT in primary AECs 
as well as in A549 cells (10). In accordance with this, our 
results showed that BLM successfully triggered EMT in 
A549 cells, and treatment with Andro dramatically reduced 
BLM-induced EMT, which was indicated by alteration of 
EMT-related biomarkers. We further identified that the 
surviving epithelial cells in the lungs with BLM-induced 
pulmonary fibrosis showed an altered phenotype via EMT, 
as evidenced by decreased epithelial markers and increased 
mesenchymal cell markers. While treatment with Andro 
reduced the occurrence of EMT phenotype following 
BLM stimulation, which is in accordance with previous 
studies demonstrating that Andro ameliorated silica or 
cigarette smoke induced EMT in mice (23,28). Research 
has reported that even the same drug, gene or protein can 
project diverse effect on different animal models of the same 
disease. For instance, the receptor for advanced glycation 
end-products (RAGE) KO mice had a severe fibrosis score, 
when compared to WT silica-treated mice (37), but were 
largely protected from the fibrotic effects of BLM (38). 
Fortunately, Andro not only suppressed silica-induced EMT 
in mice, but also inhibited BLM-induced EMT in mice. 
This is very important for the prevention and treatment of 
different types of patients with pulmonary fibrosis. 

In addition, the NLRP3 inflammasome has been 
found to be activated and plays a key role in numerous 
respiratory diseases including IPF (10). Increasing evidence 
has suggested that the NLRP3 inflammasome activation 
may promote pulmonary fibrosis through amplifying the 
pro-inflammatory response cascade. Moreover, it has 
been reported that NLRP3 inflammasome activation also 
takes part in the modulation of EMT in BLM-induced 
pulmonary fibrosis (10). Thus, suppressing the activation 
of the NLRP3 inflammasome can attenuate pulmonary 
inflammation and fibrosis (20). Our results demonstrated 
that Andro decreased BLM-induced NLRP3 inflammasome 
activation in vivo and in vitro, which is in line with previous 
findings that Andro attenuated NLRP3 inflammasome 

activation in both experimental non-alcoholic steatohepatitis 
and OVA-induced lung injury in mice (24,39). This is also 
in keeping with the finding that Andro repressed NLRP3 
inflammasome activation in microglia in in vitro and in vivo 
models of Parkinson disease (40). Additionally, previous 
studies have reported that the enhancement of inflammatory 
response in the lungs after BLM was significantly 
inhibited by Andro treatment (25), indicating that NLRP3 
inflammasome inactivation by Andro may be the reason for 
attenuation of pro-inflammatory response cascade.

The mechanism by which Andro inhibits NLRP3 
inflammasome activation and EMT in the AECs remains 
obscure. Activation of several signaling pathways 
including AKT/mTOR signaling, can promote NLRP3 
inflammasome activation and EMT process. For instance, 
studies have shown that AKT/mTOR pathway can regulate 
NLRP3 activation and inflammation (41). And, the AKT/
mTOR signaling is also essential for EMT, which eventually 
contributes to the pathobiology of fibrosis (42). Moreover, 
increasing evidence indicates that AKT/mTOR signaling 
is significantly activated and plays a crucial role in the 
development of pulmonary fibrosis (32). Here, we found 
that the protein expressions of p-AKT and p-mTOR were 
significantly increased in BLM-induced mice and decreased 
after Andro treatment, indicating the Andro’s inhibitory 
effects on NLRP3 inflammasome activation and EMT are 
associated with the suppression of BLM-induced AKT 
and mTOR phosphorylation. AKT and mTOR are critical 
components in a variety of processes which regulate the 
EMT through suppression of the expression of E-cadherin 
via EMT transcription factors (43). Our previous study has 
demonstrated that Snail and Slug, two important EMT-
related transcription factors, were significantly inhibited by 
Andro, suggesting the inhibitory role of Andro on EMT-
related transcription factors. Therefore, we speculate that 
the inhibition of EMT by Andro was due to the inhibition 
of AKT/mTOR signaling via the Snail family members 
(Snail and Slug). On the basis of these challenging data 
generated from animal and cellular models of lung fibrosis 
in the current study, significant curative effect of Andro can 
be expected to improve IPF care.

Conclusions

In conclusion, our results confirmed that Andro attenuates 
BLM-induced pulmonary fibrosis in rats by inhibiting 
NLRP3 inflammasome activation and EMT in alveolar 
epithelial cells through AKT/mTOR signaling pathway, 
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indicating a pharmacological tool for the therapy of IPF.
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