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Abstract. Lung cancer is the leading cause of cancer death,
and it is widely accepted that chronic inflammation is an
important risk for the development of lung cancer. Now, it is
recognized that the nucleotide-binding and oligomerization
domain (NOD) like receptors (NLRs)-containing inflammasomes are involved in cancer-related inflammation. This
study was designed to investigate the effects of NLR family
pyrin domain containing protein 3 (NLRP3) inflammasome
on the proliferation and migration of lung adenocarcinoma
cell line A549. Using 5-ethynyl-2'-deoxyuridine (EdU) incorporation assay, scratch assay, and Transwell migration assay,
we showed that activation of the NLRP3 inflammasome by
LPS+ATP enhanced the proliferation and migration of A549
cells. Western blot analysis showed that activation of phosphorylation of Akt, ERK1/2, CREB and the expression of
Snail increased, while the expression of E-cadherin decreased
after the activation of NLRP3 inflammasome. Moreover, these
effects were inhibited by the following treatments: i) downregulating the expression of NLRP3 by short hairpin RNA
(shRNA) interference, ii) inhibiting the activation of NLRP3
inflammasome with a caspase-1 inhibitor, iii) blocking the
interleukin-1β (IL-1β) and IL-18 signal transduction with
IL-1 receptor antagonist (IL-1Ra) and IL-18 binding protein
(IL-18BP). Collectively, these results indicate that NLRP3
inflammasome plays a vital role in regulating the proliferation
and migration of A549 cells and it might be a potential target
for the treatment of lung cancer.
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Introduction
Lung cancer is the leading cause of cancer death worldwide.
Only 16.6% of lung cancer patients live 5 years or more after
diagnosis (1). In addition to chemotherapy, radiotherapy, and
molecular targeted therapy, adjuvant therapies targeting the
tumor microenvironment have received a great deal of attention in recent years (2). The inflammatory milieu comprises
infiltrated immune cells, cytokines, chemokines, and growth
factors, which contribute to tumor proliferation, angiogenesis,
metastasis, and chemoresistance (3). Increasing evidence
emphasizes that chronic inflammation is crucial for the
progression of a tumor (4). Thus, cancer-related inflammation
has been recognized as the ‘seventh hallmark of cancer’ (5).
Inflammasome, an intracellular multi-protein complex,
switches on the inflammatory response of tissues to various
danger signals. Among the inflammasomes, NLRP3 inflammasome is the most characterized activated by a diverse range
of ‘danger signals’. It is formed by the assembly of NOD-like
receptor NLRP3, adaptor protein apoptosis-associated specklike protein containing a caspase recruitment domain (ASC),
and pro-caspase-1. Once activated, NLRP3 inflammasome
triggers the proteolytic processing of pro-caspase-1 into
its active form, caspase-1 (p10 or p20), which subsequently
cleaves pro-IL-1β and pro-IL-18 to mature bioactive forms.
It has been well documented that two signals are required
for the formation and activation of NLRP3 inflammasome.
Firstly, pathogen-associated molecular patterns (PAMPs) or
danger-associated molecular patterns (DAMPs) including
viruses, bacteria, or lipopolysaccharide (LPS), prime the
expressions of NLRP3, pro-IL-1β and pro-IL-18. Then, a
second stimulus such as adenosine 5'-triphosphate (ATP),
silica or monosodium urate (MSU) activates the NLRP3
inflammasome (6).
Mounting evidence indicates that NLRP3 inflammasome
plays an important role in the development and progression
of gastrointestinal cancer, skin cancer, breast cancer and
hepatocellular carcinoma (7). However, the effects of NLRP3
inflammasome on the progression of various cancers are
complex. For instance, overexpressed and constitutively activated NLRP3 inflammasome contributed to the progression of
late stage of melanoma (8), while significant downregulation
of NLRP3 inflammasome was observed in human hepatocel-
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lular carcinoma (9). Currently, it remains unclear whether
NLRP3 inflammasome has a beneficial or detrimental effect
on the development of lung cancer. As the most frequent
cause of major cancer incidence and mortality worldwide,
lung cancer are included in two main histological categories: small cell lung cancer (SCLC) and non-small cell lung
cancer (NSCLC). NSCLC comprises approximately 80% of
all diagnosed lung cancer, and lung adenocarcinoma is the
most common subtype of NSCLC. Thus, among lung cancer
variants, adenocarcinoma is the most common histological
subtype (1). Therefore, using human lung adenocarcinoma
A549 cells, we investigated the role of NLRP3 inflammasome in the proliferation and migration of lung cancer cells
and the potential underlying mechanisms.
Materials and methods
Reagents and cell culture. The A549 human alveolar epithelial
adenocarcinoma cell line was purchased from the Institute of
Biochemistry and Cell Biology of the Chinese Academy of
Sciences (Shanghai, China). Cells were cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS)
(ScienCell, CA, USA) at 37˚C in a humidified atmosphere of
5% CO2. LPS and ATP were purchased from Sigma-Aldrich
(St. Louis, MO, USA). The caspase-1 inhibitor benzyloxycarbonyl-tyrosine-valine-alanine-aspartate-fluoromethyl ketone
(Z-YVAD-FMK) was purchased from PromoCell (Heidelberg,
Germany). IL-18 binding protein (IL-18BP) was purchased
from GenScript (Nanjing, China), and IL-1 receptor antagonist
(IL-1Ra) was obtained from Fitzgerald Industries (MA, USA).
Cells were stimulated by 1 µg/ml LPS for 8 h with or without
5 mmol/l ATP for the last half an hour. To inhibit the activation
of caspase-1 or block the IL-18 and IL-1β signal transduction,
cells were pre-treated with 10 µmol/l Z-YVAD-FMK (10),
1 µg/ml IL-18BP (11), and 2 µg/ml IL-1Ra (12) for half an hour
prior to LPS stimulation, respectively.
Immunofluorescence assay. Cells were fixed with 4% paraformaldehyde for 30 min, permeabilized with 0.5% Triton X-100
for 15 min, and incubated with 5% bovine serum albumin
(BSA) in phosphate-buffered saline (PBS) for 1 h at room
temperature (RT). Subsequently, cells were incubated with
primary antibodies against NLRP3 (1:200, Abcam, London,
UK) and ASC (1:200, Cell Signaling Technologies, MA,
USA) overnight at 4˚C. After three washes with PBS (5 min
per wash), cells were incubated with Alexa Fluor 488-conjugated donkey anti-goat (1:1,000, Invitrogen, CA, USA) and
Alexa Fluor 555-conjugated donkey anti-rabbit (1:500,
Invitrogen) for 1 h at RT. After three washes with PBS, nuclei
were stained with Hoechst 33342 (Beyotime, Nantong, China)
for 30 min. Immunofluorescence images were captured using
a Zeiss LSM5 Live confocal laser scanning microscope (Carl
Zeiss, Jena, Germany).
Enzyme-linked immunosorbent assay (ELISA). Cells were
seeded in 24-well plates overnight. For NLRP3 inflammasome
activation, cells were stimulated by 1 µg/ml LPS for 8 h with
or without 5 mmol/l ATP for the last half an hour. After that,
cell supernatants were collected, and centrifuged at 300 g for
8 min at 4˚C for elimination of cells detached due to cell death,

to generate cell-free medium preparations. Then supernatants
were concentrated by centrifugation at 12,000 g for 30 min
at 4˚C through a column with a cut-off of 10 kDa (Microcon;
Merck-Millipore, Darmstadt, Germany). The levels of IL-1β
and IL-18 in cell culture supernatants were measured by
human ELISA kits from R&D Systems (Minneapolis, MN,
USA) and MBL (Nagoya, Japan), according to the manufacturer's instructions.
Cell proliferation assay. 5-ethynyl-2'-deoxyuridine (EdU)
incorporation proliferation assay was performed to investigate
the proliferation of A549 cells using a Cell-Light™ EdU
Imaging detecting kit (RiboBio, Guangzhou, China). Cells
were seeded in 6-well plates, and incubated for 24 h after
different treatments. All of the EdU incorporation experiments
were performed according to the manufacturer's protocol (13).
The ratio of EdU-positive nuclei to total nuclei was calculated
as the proliferation rate of cells in six random high-power
fields per well. The cells were visualized by fluorescence
microscopy (DM2500, Leica, Wetzlar, Germany).
Apoptosis detection. Cells were harvested after different treatments and washed with PBS. Then cells were resuspended in
500 µl buffer, and stained with 5 µl Annexin V FITC and 5 µl PI
(BD Biosciences, NJ, USA) for 15 min in the dark. The stained
cells were detected by flow cytometry (BD Biosciences).
Cell migration assays. Cell migration was examined using
scratch assay and Transwell chamber migration assay. For
scratch assay, cells were seeded in 6-well plates. Until the cells
reached 100% confluence forming a monolayer, a sterile 50-µl
pipette tip was used to create a scratch on cell monolayer after
different treatments. The wounds were photographed at baseline and 24 h later, using a phase contrast microscope (Nikon,
Tokyo, Japan). For Transwell chamber migration assay, 5x104
cells were resuspended in 200 µl of serum-free medium in the
upper chamber, and 600 µl medium with different treatments
was placed in the bottom chamber. Then, 10% FBS was added
to the lower chamber to act as a chemoattractant. The Transwell
system (24-well, 8 µm, Corning, NY, USA) was incubated for
4 h at 37˚C and 5% CO2. Non-migrated cells on the top of
the membrane were gently removed with a cotton swab. The
cells that migrated through the pores onto the lower side of the
membrane were fixed with 4% paraformaldehyde for 30 min.
Finally, the cells were stained with crystal violet (Beyotime) and
counted using a phase contrast microscope (Nikon).
Downregulation of NLRP3 expression by short hairpin RNA
(shRNA) interference. To knock down the NLRP3 expression, the A549 cells were transfected with lentiviral-mediated
shRNA. The cells were transfected by lentiviral particles
at a multiplicity of infection of 20-30 with control shRNA
(shCtrl) or NLRP3 shRNAs (shNLRP3) (GenePharma,
Shanghai, China), according to the manufacturer's instructions. Downregulation of NLRP3 expression was verified by
reverse transcriptase polymerase chain reaction (RT-PCR) and
western blotting (data not shown).
RNA isolation and RT-PCR. Total RNA was extracted from
cells using TRIzol (Invitrogen). Reverse transcription was
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Figure 1. Effects of LPS and ATP on the activation of NLRP3 inflammasome in A549 cells. (A) Subcellular localization of inflammasome proteins was
observed by immunofluorescence. Intracellular NLRP3 and ASC colocalized in LPS+ATP-treated cells but rarely in cells treated with LPS or ATP alone.
The experiment was performed 3 times. (B) The expression of active caspase-1 p10 was significantly higher in LPS+ATP group than in control group. (C) The
concentration of cleaved IL-18 and IL-1β in culture supernatants were significantly elevated in LPS+ATP group, not in LPS or ATP alone group. The values
are presented as means ± SEM of five replicates. Scale bar, 20 µm. *P<0.05 compared with the control group.

performed using a reverse transcription kit (Takara, Shiga,
Japan) according to the manufacturer's instructions. Standard
real-time quantitative PCR was performed using the following
primers: NLRP3: forward 5'-AAGGGCCATGGACTATT
TCC-3' and reverse 5'-GACTCCACCCGATGACAGTT-3';
GAPDH: forward 5'-GAAGGTGAAGGTCGGAGTC-3' and
reverse 5'-GAAGATGGTGATGGGATTTC-3'. All primers

were synthesized by Invitrogen Life Technologies. The mRNA
levels were quantified by SYBR Green Technology. Fold
changes in gene expression were calculated using the 2-∆∆CT
method (14).
Western blot analysis. Cells were lysed on ice in lysis buffer
with 1% EDTA and 1% protease inhibitor cocktail (Thermo
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Fisher Scientific, MA, USA). The total protein concentrations were quantified by BCA method (Beyotime). Proteins
(60-100 µg) were resolved by SDS-PAGE and transferred to
PVDF membranes (Millipore, MA, USA). After blocking with
5% milk for 1 h at RT, the membranes were incubated with
primary antibodies against total and phosphorylated protein
kinase B (Akt), extracellular regulated protein kinase 1/2
(ERK1/2), cyclic adenosine monophosphate (cAMP) response
element binding protein (CREB), NLRP3, E-cadherin, GAPDH
(Cell Signaling Technologies), caspase-1 (Santa Cruz, CA,
USA), and Snail (Abcam) at 4˚C overnight. After three 10-min
washes with Tris-buffered saline containing 0.1% Tween-20
(TBST), the blots were incubated with HRP-conjugated
secondary antibodies (Bioworld, Nanjing, China), and signals
were detected by enhanced chemiluminescent reagents and
analyzed with Bio-Rad Gel Doc/Chemi Doc Imaging System
and Quantity One software (Hercules, CA, USA).
Statistical analysis. All the data are expressed as the mean
± SEM. Differences between means were analyzed using
one-way analysis of variance (ANOVA) or two-way ANOVA
followed by Student-Newman-Keuls tests for multiple
comparisons. Statistical significance was defined as P<0.05.
All analyses were performed using the Statistical Package for
Social Sciences statistical software (SPSS), version 20.0 (SPSS
Inc., Chicago, IL, USA).
Results
LPS + ATP activates NLRP3 inflammasome in A549 cells.
To investigate whether LPS and ATP trigger the formation of
NLRP3 inflammasome in A549 cells, the association between
NLRP3 and ASC was determined by immunofluorescence.
As shown in Fig. 1A, many intracellular NLRP3 and ASC
colocalizations were found in punctate spot style after the
stimulation of LPS+ATP. However, less NLRP3 and ASC
colocalizations were detected in the control group and the
LPS or ATP single-treated group. Consistently, western blot
analysis showed that the expression of active caspase-1 p10
significantly increased by stimulation of LPS+ATP (Fig. 1B).
Moreover, the extracellular levels of IL-18 and IL-1β significantly increased in the LPS+ATP group compared to the
other groups (Fig. 1C). Together, these data demonstrate that
LPS+ATP induced the assembly and activation of NLRP3
inflammasome in A549 cells.
Activation of NLRP3 inflammasome enhances A549 cell
proliferation. EdU incorporation assay was used to determine
the cell proliferation. As shown in Fig. 2A, a significant
increase in EdU-positive cells was found after the treatment
of LPS+ATP, but not LPS or ATP alone. NLRP3 inflammasome activation involves several stages, including NLRP3
inflammasome assembly, pro-IL-1β and pro-IL-18 enzymatic
cleavage by active caspase-1, and subsequent effects following
the release of mature IL-1β and IL-18. Therefore, inhibiting
NLRP3 inflammasome by NLRP3 downregulation, caspase-1
inhibitor Z-YVAD-FMK, IL-18BP and IL-1Ra was used to
further confirm the effects of NLRP3 inflammasome activation on A549 cells. The downregulation of NLRP3 by shRNA
interference was confirmed by RT-PCR and western blotting.

The NLRP3 expression in shNLRP3 was downregulated
to 18% of shCtrl (Fig. 2B). As shown in Fig. 2C, LPS+ATP
increased the number of EdU-positive cells in the shCtrl
cells, but not in the shNLRP3 cells. The caspase-1 inhibitor
Z-YVAD-FMK had no effect on A549 proliferation under base
condition, but it attenuated LPS+ATP-induced cell proliferation (Fig. 2D). Moreover, neutralization of IL-18 activity with
IL-18BP or inhibition of IL-1β activity with IL-1Ra attenuated
the LPS+ATP-induced enhancement of proliferation, while the
combined use of IL-18BP and IL-1Ra abolished the pro-proliferative effect of LPS+ATP (Fig. 2E). As shown in Fig. 2F, flow
cytometry analysis of Annexin V-FITC/PI-staining revealed
that LPS, ATP, and LPS+ATP did not alter apoptosis of A549
cells.
Activation of NLRP3 inflammasome enhances A549 cell
migration. Cell migration was investigated by using scratch
assay and Transwell chamber migration assay. As shown in
Fig. 3A, scratch assay demonstrated that LPS+ATP elicited a
significant increase in the migrated distance compared with
the control group. The results of Transwell chamber migration assay were consistent with the scratch assay (Fig. 3B). In
shCtrl A549 cells, LPS+ATP also enhanced cell migration
in scratch assay and Transwell chamber migration assay.
However, the LPS+ATP-induced enhancement of cell migration was abolished by NLRP3 knockdown (Fig. 3C and D).
In addition, caspase-1 inhibitor Z-YVAD-FMK attenuated
LPS+ATP-induced migration in both scratch assay and
Transwell chamber migration assay (Fig. 3E and F). IL-18BP
or IL-1Ra also attenuated LPS+ATP-induced migration, while
the combined treatment of IL-18BP and IL-1Ra reversed the
LPS+ATP-induced enhancement of cell migration (Fig. 3G
and H).
Activation of NLRP3 inflammasome enhances the phosphorylation of Akt, ERK1/2, and CREB. To investigate the potential
molecular mechanisms of activated NLRP3 inflammasome on
A549 cell proliferation, the phosphorylation of two intracellular kinases (Akt and ERK1/2) and a transcription factor
(CREB) involved in cell proliferation was determined by
western blotting. As shown in Fig. 4, activation of NLRP3
inflammasome by LPS+ATP increased the phosphorylation of
Akt, ERK1/2, and CREB. However, downregulation of NLRP3
reversed the phosphorylation of Akt, ERK1/2, and CREB
induced by the treatment of LPS+ATP (Fig. 4A). Caspase-1
inhibitor Z-YVAD-FMK abolished LPS+ATP-induced Akt
phosphorylation, and attenuated LPS+ATP-induced ERK1/2
and CREB phosphorylation (Fig. 4B). IL-18BP abolished
LPS+ATP-induced Akt phosphorylation, and attenuated
ERK1/2 and CREB phosphorylation, while IL-1Ra abolished
ERK1/2 phosphorylation, and attenuated Akt and CREB
phosphorylation. Moreover, the combination of IL-18BP and
IL-1Ra reversed the phosphorylation of Akt, ERK1/2 and
CREB induced by the activation of NLRP3 inflammasome
(Fig. 4C).
Activation of NLRP3 inf lammasome downregulates
E-cadherin expression and upregulates Snail expression. The
cellular adhesion molecule E-cadherin and the transcription
factor Snail are two important factors involved in inflamma-
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Figure 2. Effects of NLRP3 inflammasome activation on LPS+ATP-induced proliferation. (A) Activated NLRP3 inflammasome by LPS+ATP enhanced cell
proliferation. (B) NLRP3 protein expression was downregulated by shNLRP3 interference to 18% of that in shCtrl. (C) NLRP3 downregulation abolished
LPS+ATP-induced cell proliferation. (D) Caspase-1 inhibitor Z-YVAD-FMK attenuated LPS+ATP-induced proliferation. (E) IL-18BP, or IL-1Ra also inhibited LPS+ATP-induced proliferation, and combined use of IL-18BP and IL-1Ra abolished LPS+ATP-induced proliferation. (F) LPS, ATP, and LPS+ATP had
no effect on the apoptosis of A549 cells. Scale bar, 50 µm. These experiments were performed 4 times. *P<0.05 compared with the control group; #P<0.05
compared with the LPS+ATP group.

tion-induced cancer cell migration (15). As shown in Fig. 5A
and 5B, LPS+ATP treatment resulted in E-cadherin down-

regulation and Snail upregulation in A549 cells, while these
effects were abolished by NLRP3 interference or caspase-1
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Figure 3. Effects of NLRP3 inflammasome activation on LPS+ATP-induced migration. (A) Scratch assay and (B) Transwell chamber migration assay showed
that LPS+ATP-induced NLRP3 inflammasome activation enhanced A549 cell migration. (C and D) NLRP3 downregulation abolished LPS+ATP-induced cell
migration. (E and F) Caspase-1 inhibitor Z-YVAD-FMK suppressed LPS+ATP-induced cell migration. (G and H) IL-18BP or IL-1Ra inhibited LPS+ATPinduced cell migration, and the combined use of IL-18BP and IL-1Ra reversed LPS+ATP-induced cell migration. Scale bar, 100 µm. The data are reported as
means ± SEM for four independent experiments. *P<0.05 compared with the control group; #P<0.05 compared with the LPS+ATP group.
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Figure 4. Effects of NLRP3 inflammasome activation on Akt, ERK1/2, and CREB phosphorylation. (A) Downregulation of NLRP3 reversed the LPS+ATPinduced phosphorylation of Akt, ERK1/2 and CREB. (B) Caspase-1 inhibitor Z-YVAD-FMK abolished LPS+ATP-induced Akt phosphorylation and inhibited
ERK1/2 and CREB phosphorylation. (C) L-18BP, or IL-1Ra inhibited LPS+ATP-induced phosphorylation of Akt, ERK1/2 and CREB, and combined use of
IL-18BP and IL-1Ra abolished the LPS+ATP-induced phosphorylation of Akt, ERK1/2 and CREB. L, LPS; A, ATP; FMK, Z-YVAD-FMK. Four independent
experiments were examined. *P<0.05 compared with the control group; #P<0.05 compared with the LPS+ATP group.

inhibitor. Moreover, LPS+ATP-induced E-cadherin downregulation and Snail upregulation were inhibited by IL-18BP

or IL-1Ra, and reversed by the combined use of IL-18BP and
IL-1Ra (Fig. 5C).
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Figure 5. Effects of NLRP3 inflammasome activation on the expression of Snail and E-cadherin. (A) Downregulation of NLRP3 reversed the LPS+ATPinduced downregulation of E-cadherin and upregulation of Snail. (B) Caspase-1 inhibitor Z-YVAD-FMK abolished LPS+ATP-induced downregulation of
E-cadherin and upregulation of Snail. (C) L-18BP, or IL-1Ra inhibited LPS+ATP-induced downregulation of E-cadherin and upregulation of Snail, while
the combined use of IL-18BP and IL-1Ra abolished LPS+ATP-induced downregulation of E-cadherin and upregulation of Snail. L, LPS; A, ATP; FMK,
Z-YVAD-FMK. Four independent experiments were examined. *P<0.05 compared with the control group; #P<0.05 compared with the LPS+ATP group.

Discussion
Cancer-related inflammation supplies cytokines, chemokines,
and extracellular matrix, to promote tumor growth and metas-

tasis. Currently, inflammasomes, which sense exogenous and
endogenous dangers and initiate inflammatory responses, are
considered to contribute the development of cancer-related
inflammation and have complex functions in carcinogenesis
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Figure 6. A schematic model to illustrate the mechanisms. Caspase-1 inhibitor
Z-YVAD-FMK suppressed the LPS+ATP-induced phosphorylation of Akt
more effectively than that of ERK1/2. IL-18BP functioned more effectively
on the phosphorylation of Akt while IL-1Ra functioned more effectively on
the phosphorylation of ERK1/2. Snail, which represses E-cadherin transcription, and can be mediated by Akt and ERK1/2.

(16). Among the inflammasomes, NLRP3 is widely expressed
in a number of cells including epithelial cells, macrophages,
dendritic cells and keratinocytes. NLRP3 inflammasome can
be activated by a number of stimuli (17). It has been well
documented that NLRP3 inflammasome plays important
roles in inflammatory disease, autoimmune disease, and in
particular, several types of cancer (18). However, the roles
of NLRP3 inflammasome in different cancers are cell- and
tissue-specific (8,19). Thus, in-depth understanding the
effects of NLRP3 inflammasome in lung cancer cells and the
underlying mechanisms may offer new insights into tumor
therapy. In the present study, we demonstrated that NLRP3
inflammasome activation exacerbated the proliferation and
migration of A549 cells. These effects were attenuated by
inhibiting the activity of NLRP3 inflammasome by different
ways such as downregulating NLRP3 expression, inhibiting
the activity of caspase-1, or blocking IL-18 and/or IL-1β
signal transduction. Thus, NLRP3 inflammasome could
be an important molecule mediating the proliferation and
migration of A549 cells.
Activation of NLRP3 inflammasome commonly includes
priming with a TLR agonist (such as LPS) and activating
with a second stimulus (such as ATP) (20). Once activated,
NLRP3 inflammasome triggers proteolytic processing of
pro-caspase-1 into its active form, caspase-1 (p10 or p20),
which subsequently cleaves pro-IL-1β and pro-IL-18 to
mature bioactive forms. Our results showed that the downregulation of NLRP3 abolished the effects of LPS+ATP
on the proliferation and migration of A549 cells. However,
inhibiting the activity of caspase-1, which is downstream of
NLRP3, only partially attenuated the effects of LPS+ATP.
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Furthermore, the combined use of IL-1Ra and IL-18BP to
block the IL-1β and IL-18 signaling pathways, which are
downstream of caspase-1, reversed the effects of LPS+ATP.
These results suggest that: i) NLRP3 inflammasome activation-induced IL-1β and IL-18 may work through mechanisms
other than the caspase-1 pathway; ii) the effects of activated
NLRP3 inflammasome on A549 cell proliferation and migration should be mediated by releasing IL-1β and IL-18 in an
autocrine or paracrine manner. Although caspase-1 activation is the major downstream event of NLRP3 inflammasome
assembly, recent studies report that NLRP3 inflammasome
can also activate caspase-8 (21). In addition, caspase-8 is also
involved in the maturation of IL-1β and IL-18 by inducing a
non-canonical process of releasing IL-1β (22-24) and IL-18
(25). In this regard, we consider that NLRP3 inflammasome
can mediate the release of IL-1β and IL-18 through a caspase1-dependent or -independent pathway.
In the present study, blockage of IL-18 or IL-1β signaling
alleviated the effects of activated NLRP3 inflammasome on
A549 cell proliferation and migration. This result indicates
that both IL-18 and IL-1β could contribute to the progression of lung adenocarcinoma. In a mouse model, Lewis
lung carcinoma cells engineered to produce IL-1β exhibited
increased tumor growth and expression of angiogenic factors
(26). In non-small cell lung cancer (NSCLC) patients, serum
IL-1β is significantly elevated compared with healthy donors
(27). Moreover, in vitro studies show that IL-1β promotes the
proliferation and migration of NSCLC cells by repressing
the expression of microRNA-101 through the COX2-HIF1α
pathway (27). In other cancers, it has been reported that
IL-1β -mediated inflammation contributes to the development and progression of melanoma (8). IL-18 also belongs
to the IL-1 superfamily. The biologic activity of IL-18 is
mainly regulated by enzymatic processing, whereas IL-1β is
controlled at the transcriptional level (28). Although there are
some differences between IL-18 and IL-1β, IL-18 also has
a tumor-promoting activity similar to that of IL-1β. In lung
cancer patients, IL-18 level in induced sputum is significantly
higher than that in healthy controls (29). Moreover, in gastric
cancer, IL-18 increases tumor cell proliferation (30), promotes
cell migration (31), and enhances angiogenesis (32). IL-18
regulates hepatic melanoma metastasis, favoring the adhesion of melanoma cells to liver (33). These effects of IL-1β
and IL-18 on the proliferation and migration of A549 cells
were also confirmed in our study. Moreover, the combined
use of IL-1 Ra and IL-18BP reversed the effects of activated
NLRP3 inflammasome. Therefore, we assume that NLRP3
inflammasome activation can regulate the proliferation and
migration of A549 cells by releasing IL-1 superfamily cytokines in an autocrine or paracrine manner (34).
Uncontrolled tumor cell growth and metastasis mainly
result from the disruptions of regulatory signaling pathways.
The Akt and ERK1/2 are two important signaling molecules
in tumor proliferation. Our data demonstrated that activation
of NLRP3 inflammasome could enhance the phosphorylation
of Akt, ERK1/2 and CREB. The Akt pathway plays a pivotal
role in fundamental cellular functions by phosphorylating a
variety of substrates. Another important signal transduction
pathway involves ERK1/2, which forms major cell-proliferation signaling pathways from the cell surface to the nucleus.
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Recent studies have demonstrated crosstalk between Akt and
ERK1/2 signaling (35,36). It is well documented that Akt and
ERK1/2 kinase can activate CREB, which is a key transcription factor for cell proliferation (37). In the present study,
caspase-1 inhibitor Z-YVAD-FMK suppressed the LPS+ATPinduced phosphorylation of Akt more effectively than that of
ERK1/2. Moreover, IL-18BP functioned more effectively on
the phosphorylation of Akt while IL-1Ra functioned more
effectively on the phosphorylation of ERK1/2. Previous
studies have indicated that IL-18 promotes proliferation via
Akt pathway (38,39) in various cell types, but has few effects
on ERK1/2 activation (40). ERK1/2 pathway participates
in IL-1β -induced sensitization of nociception in rats (41).
However, it is also demonstrated that Akt and ERK1/2, which
are simultaneously involved in IL-18 or IL-1β signaling, act
equally (42,43). Therefore, both Akt and ERK1/2 signaling are
involved in activated NLRP3 inflammasome-induced A549
cell proliferation. We provide a schematic model (Fig. 6) to
illustrate clearly the mechanisms. However, the precise signal
transduction pathways need to be further investigated by using
kinase inhibitors.
Tumor metastasis is one of the most common events that
lead to mortality of cancer. There are several molecules
involved in tumor metastasis, such as E-cadherin (44), matrix
metalloproteinases (MMPs) (45,46) and chemokine (C-X-C
motif) ligand (CXCL) (47). E-cadherin, which is a prime
adhesion molecule on cell membrane of epithelial cells and
epithelia-derived cancer cells, participates in the architectural
maintenance of epithelial tissues (48). Snail is a zinc-finger
transcription factor which represses E-cadherin transcription
(49). Our results showed that NLRP3 inflammasome activation could downregulate the expression of E-cadherin and
upregulate the expression of Snail. In human NSCLC patients,
reduced E-cadherin expression correlates with lymph nodes
metastasis (50) and reduced overall survival (44). Upregulation
of Snail is associated with poor prognosis and promotes the
progression of NSCLC in vivo (51). Downregulation of Snail
expression not only inhibits TNFα-induced cancer cell migration and invasion in vitro but also suppresses LPS-mediated
metastasis in vivo (49). The present study also showed that
blockage of IL-1β and IL-18 signaling attenuated the effects
of activation of NLRP3 inflammasome on the expressions of
E-cadherin and Snail. In oral cancer (52) and gastric cancer
(53), it is documented that IL-1β downregulates E-cadherin
expression and upregulates Snail expression, and subsequently
enhances migration and invasion. Besides IL-1β, IL-18 also
decreases the expression of E-cadherin in epithelial cells (54).
Thus, IL-1 family cytokine-mediated regulation of E-cadherin
and Snail may contribute to the A549 cell migration induced
by activated NLRP3 inflammasome.
The final purpose of experimental research is to provide
useful information for the clinical application. Literature shows
that caspase-1 inhibitor, IL-1Ra and IL-18BP, which inhibit the
NLRP3 inflammasome, are used in the clinical or in animal
model research. For instance, the human recombinant IL1ra
(hrIL1ra) has been used in phase Ⅱ or Ⅲ randomized control
trial for stroke, severe sepsis and traumatic brain injury (55).
The caspase-1 inhibitor ameliorates experimental autoimmune
myasthenia gravis by innate DC IL-1-IL-17 pathway (56).
IL-18BP ameliorates cardiac ischemia/reperfusion injury in a

murine model (57). There are two limitations in our present
study: firstly, the study was conducted only in one cell line;
some data in other cell lines would be more powerful to verify
the conclusion. Secondly, this study was conducted in vitro,
however, we plan further experiments in vivo to confirm our
results to supply more valuable information for the translational application.
In conclusion, our data show that NLRP3 inflammasome
activation can accelerate the proliferation and migration of
A549 lung cancer cells by releasing IL-1β and IL-18 in an
autocrine or paracrine manner. These results suggests that
molecules participating in NLRP3 inflammasome signaling
may be promising therapeutic targets for the treatment of lung
adenocarcinoma.
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