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Abstract

Purpose Pancreatic cancer is a lethal form of cancer that can be triggered by prolonged or acute inflammation of the pancreas.
Inflammation have been shown to be regulated by a group of key protein molecules known as the inflammasomes. The NLRP3
inflammasome is the most studied inflammasome and have been strongly implicated to regulate cancer cell proliferation.
Therefore, this study aimed to examine the regulation of NLRP3 inflammasome under LPS-induced inflammation and its
role in modulating cell proliferation in a panel of pancreatic cancer cells.

Methods The effects of LPS-induced NLRP3 activation in the presence or absence of MCC950, NLRP3-specific inhibitor,
was tested on a panel of three pancreatic cancer cell lines (SW1990, PANCI1 and Panc10.05). Western blotting, cell viabil-
ity kits and ELISA Kkits were used to examine the effects of LPS-induced NLRP3 activation and inhibition by MCC950 on
NLRP3 expression, cell viability, caspase-1 activity and cytokine IL-1p, respectively.

Results LPS-induced inflammation in the presence of ATP activates NLRP3 that subsequently increases pancreatic can-
cer cell proliferation by increasing caspase-1 activity leading to overall production of IL-1p. The inhibition of the NLRP3
inflammasome activation via the specific NLRP3 antagonist MCC950 was able to reduce the cell viability of pancreatic
cancer cells. However, the efficacy of MCC950 varies between cell types which is most probably due to the difference in
ASC expressions which have a different role in inflammasome activation.

Conclusion There is a dynamic interaction between inflammasome that regulates inflammasome-mediated inflammation
in pancreatic adenocarcinoma cells.

Keywords LPS-induced inflammation - NLRP3 inflammasome - Apoptosis-associated speck-like protein (ASC) - NLPR3
inflammasome inhibitor - MCC950 - Pancreatic cancer

Introduction
P4 Elaine Wan Ling Chan
elainechan @imu.edu.my Inflammation has long been identified as a potential risk
factor for the development of cancer. Chronic inflammation
caused by prolonged exposure to chemicals causes tissue
stress and subsequently tissue damage. This accumulation
of damage and stress leads to the onset of cancer (Ahn et al.

2018). Moreover, following the transformation of a cell to
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malignant state, inflammatory mediators further support
tumour growth by providing signalling molecules to the
tumour environment. The tumour cells itself also promote
inflammation to maintain the inflammatory microenviron-
ment (Chauhan and Trivedi 2020). A study on inflammatory
bowel disease (IBD) and its association to the onset of colon
cancer as well as a study showing high correlations of gas-
tric ulcers and its relationship to gastric cancer (Ernst and
Gold 2000; Marusawa and Jenkins 2014) further indicate
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that inflammation is related to cancer formation. However,
although a strong relationship has been documented between
the onset of cancer and chronic inflammation, the mecha-
nisms underlying this relationship are still unclear.

Pancreatic cancer is fatal due to poor prognosis (Sana-
bria Mateos and Conlon 2016; Greer and Whitcomb 2009;
Farrow and Evers 2002). Several studies have shown that
cytokines (i.e. interleukins, interferons and tumour necro-
sis factors) measured in serum, plasma, tissue and cell
culture supernatant were correlated with cancer risk, stage
and prognosis (Singh et al. 2019; Lippitz and Harris 2016).
Recently, studies have also demonstrated the association of
pancreatitis to the onset of pancreatic cancer (McKay et al.
2008; Whitcomb 2004). The pathogenesis of pancreatitis
involves damage of the acinar cells, which then sets the aci-
nar cells on a destructive path starting with the release of
a wide range of inflammatory mediators. These mediators
then recruit neutrophils, monocytes, lymphocytes and mac-
rophages to the pancreas which causes the production of
more inflammatory cytokines to be released by the recruit-
ing cells. This inadvertently causes a ‘cytokine storm’ and
subsequent amplification of pancreatic injury and cellular
malfunction. This pathway is believed to be the link between
inflammation, pancreatitis and the onset of pancreatic cancer
(Gukovsky et al. 2013). However, due to the lack of speci-
ficity and short half-life of these inflammatory mediators
(i.e. cytokines and interleukins), their routine use as cancer
biomarkers were limited (Chauhan and Trivedi 2020).

The inflammasomes are characterised as intracellular
multiprotein complexes and have been shown to play a key
role in controlling the inflammatory response of tissues and
cells. A wide range of stimuli could trigger the activation of
these inflammasomes, for example, microbes, environmental
factors and in some cases endogenous molecules (Martinon
et al. 2009). The NOD-like receptor family pyrin domain-
containing 3 (NLRP3) inflammasome is one of the most
extensive studied inflammasomes (McKay et al. 2008). It is
shown to interact with pro-caspase-1 along with the apop-
tosis-associated speck-like protein (ASC) which function
as the adaptor molecule to activate the NLRP3 inflamma-
some (Mariathasan and Monack 2007). Once activated, the
NLRP3 inflammasome catalyses the proteolytic process of
modifying pro-caspase-1 into caspase-1, which is the active
form. This then triggers downstream cleavage of pro-inter-
leukin (IL)-1p and pro-IL-18 into their active forms of IL-1p
and IL-18 (Huang et al. 2017). These interleukins have been
extensively shown to play crucial roles in driving inflam-
mation. Furthermore, recent evidences have demonstrated
that chronic overexpression of NLRP3 inflammasome is
linked to the increase in activity of colon cancer, lung cancer
and even in skin cancer cell models (Ernst and Gold 2000;
Marusawa and Jenkins 2014; Huang et al. 2017; Zaalberg
et al. 2019; Demb et al. 2018). It was found that the NLRP3
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inflammasome is highly expressed in colon cancer cells and,
importantly, knockdown of NLRP3 reverses the mesenchy-
mal characteristics of these cells and reduces their invasion
and migration capabilities (Wang et al. 2016). Another study
on liver cancer revealed that the NLRP3 inflammasome was
severely downregulated in liver cancer cells (Wei et al. ,
2013). Subsequently, introduction of treatment (oestrogen)
that upregulated NLRP3 expression reduces tumour pro-
gression and malignancy (Wei et al. 2015). These studies
suggested that the regulation of NLRP3 is ostensibly linked
to the onset of tumourigenesis. However, the regulation of
NLRP3 in inflammation-induced pancreatic cancer cells
remains unknown.

Therefore, this study aims to (i) determine the effect of
lipopolysaccharide (LPS)-induced NLRP3 inflammasome
activation on pancreatic cancer cell proliferation in the pres-
ence or absence of an NLRP3-specific inhibitor (MCC950)
and (ii) to examine the expression levels of NLRP3 inflam-
masome and its associated proteins, such as the apoptosis-
associated speck-like protein containing a carboxy-terminal
CARD (ASC), caspase-1 and IL-1f in a panel of human pan-
creatic cancer cell lines upon LPS-induced inflammation in
the presence or absence of MCC950. MCC950’s high speci-
ficity to NLRP3 is due to the fact that this molecule binds to
the TP1 region of the NACHT domain of NLRP3, which is
responsible for the hydrolysis of ATP (Tapia-Abellan et al.
2019; Vande Walle et al. 2019). Once bound to NLRP3, the
MCC950 molecule prevents ATP hydrolysis needed for the
NLRP3 to assume its active shape, thus preventing ASC
recruitment and oligomerization (Tapia-Abell4n et al. 2019;
Vande Walle et al. 2019). Hence, in this study, MCC950
was used to specifically inhibit NLRP3 activation in order
to examine the effect of LPS-induced NLRP3 inflammasome
activation in a panel of pancreatic cancer cells.

Results

Cell viability of pancreatic cancer cells under LPS
and/or ATP stimulation in the presence or absence
of MCC950 inhibition

As shown in Fig. 1, different pancreatic cancer (PC) cells
Panc10.05, SW1990 and PANCI responded differently to the
stimulation by LPS and/or ATP, in the presence or absence of
the specific NLRP3 inhibitor, MCC950. LPS treatment did
not induce significant cell viability difference in SW1900,
Panc10.05 and PANCI1 cells, compared to untreated cells. The
addition of ATP with or without LPS significantly (p <0.05)
increases the viability of these PC cells. In the presence of
MCC950, there was also no significant change in cell viability
when treated with LPS in all three PC cells when compared
to the control (MCC950 alone). However, in the presence of
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MCC950, in cells treated with LPS and/or ATP, there was
a significant decrease (p <0.05) in cell viability relative to
that without MCC950. The reduction in percent cell viabil-
ity for both Panc10.05 and PANCI1 cells were more than that
observed for SW1990 cells. In SW1900 cells, upon the addi-
tion of MCC950, the reduction in percent cell viability was
higher compared to that of the control (MCC950 alone), while
in Panc10.05 and PANCI1 cell lines, the percent cell viability is
significantly reduced (p < 0.05; lesser than the control without
MCC950) in the presence of LPS or ATP.

The viability of a panel of three pancreatic cancer cells,
Panc10.05, SW1990 and PANCI, was examined using
CellTiter-Glo® luminescent cell viability assay kit. The cells
were stimulated using 1 pg/mL of LPS (24 h), primed with
5 uM of ATP (4 h) or/and inhibited with 10 uM MCC950
(24 h). Data shown are representative of three independ-
ent experiments and presented as mean + SEM. Means with
the same letter are not significantly different from each other
(p>0.05).

Expression of ASC and NLRP3 in pancreatic
cancer cells under LPS and/or ATP stimulation
in the presence or absence of MCC950 inhibition

As shown in Fig. 2a, ASC was found in the SW1990
cell line but not in PANCI1 and Panc10.05 PC cell lines.

LPS stimulation does not affect the expression of ASC in
SW1990 PC cells. In Fig. 2b, the expression of NLRP3 in
all three PC cell lines shows an increase in NLRP3 protein
expression when subjected to LPS and/or ATP stimulation
(p <0.05). However, upon the addition of MCC950, the
NLRP3 protein expressions reduced relative to the groups
without exposure to MCC950.

Three PC cell lines (SW1990, PANCI1, and Panc10.05)
in the presence or absence of LPS stimulation were incu-
bated for 24 h. Western blotting was then performed using
the cell lysate to analyse the ASC protein expression lev-
els. f-actin expression serves as the control.

Three PC cell lines, Panc10.05, SW1990 and PANCI,
were stimulated using 1 ug/mL of LPS (24 h), primed
with 5 uM of ATP (4 h) or/and inhibited with 10 pM
MCC950 (24 h). Western blotting was then performed
using the cell lysate to analyse the NLRP3 protein expres-
sion levels. Densitometric analysis of Western blots was
performed using Image Lab 4.0 software. The expression
levels were normalised to f-actin (endogenous control)
levels. Data shown are representative of three independent
experiments and presented as mean + SEM. Means with
the same letter are not significantly different from each
other (p > 0.05).
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Fig.2 (continued)

Gene expressions of various inflammasomes
including NLRP3 data obtained from the gene
expression omnibus (GEO) database for pancreatic
cancer versus normal tissue

According to the gene expression omnibus (GEO) public
datasets, the mRNA levels of NLRP1, NLRP3, NLRP6 and
NLRP12 were significantly lower in pancreatic ductal ade-
nocarcinoma compared to normal tissue samples (p <0.01),
while NLRC4 and AIM2 were higher.

Analysis of the gene expressions of various inflammas-
omes, including NLRP3 inflammasome, obtained from the
GEO database for pancreatic cancer versus normal tissue
was generated using unpaired, non-parametric, Mann—Whit-
ney test.

Expression of caspase-1 activation and IL-1
secretion in pancreatic cancer cells under LPS/ATP
stimulation in the presence or absence of MCC950
inhibition

LPS and/or ATP stimulated the activation of caspase-1 and
IL-1p secretion (p <0.05; Fig. 3) in all three pancreatic
cancer cells: (i) Panc10.05, (ii) SW1990 and (iii) PANCI.
When NLRP3-specific inhibitor, MCC 950, was added, the
levels of caspase-1 and IL-1f secretion upon LPS and/or

ATP stimulation gets increased in Panc10.05 and PANCI1
(p <0.05) but the level was close to the control (non-stimu-
lated and without MCC950) in SW1990 (Figs. 3).

Three PC cell lines, Panc10.05, SW1990 and PANCI,
were stimulated using 1 pg/mL of LPS (24 h), primed with
5 uM of ATP (4 h) or/and inhibited with 10 uM MCC950
(24 h). The caspase-1 expression level in cell lysate was
determined using caspase-1 colorimetric assay. Data shown
are representative of three independent experiments and pre-
sented as mean + SEM. Means with the same letter are not
significantly different from each other (p > 0.05).

Three PC cell lines, Panc10.05, SW1990 and PANCI,
were stimulated using 1 pg/mL of LPS (24 h), primed with
5 uM of ATP (4 h) or/and inhibited with 10 uM MCC950
(24 h). The IL-1p levels in the cell supernatant was deter-
mined using enzyme-linked immunosorbent assay. Data
shown are representative of three independent experiments
and presented as mean+ SEM. Means with the same letter
are not significantly different from each other (p > 0.05).

Discussion
Pancreatic cancer, like many other forms of cancer, have

been shown to have a strong link with inflammation, whereby
the prolonged onset of inflammation can trigger either cell
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Fig.3 a Expression of cas-
pase-1 in SW1990, PANC1 and
Panc10.05 pancreatic cancer
cell lines. b Expression of IL-1p
in Panc10.05, SW1990 and
PANCI pancreatic cancer cell
lines
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death or proliferation in different types of cancer (Kantono
and Guo 2017; Kolb et al. 2014; Xue et al. 2019; Moossavi
et al. 2018). Recent studies have further shown that inflam-
masomes are responsible for mediating the complex biologi-
cal mechanisms of inflammation especially within cancer
cells (Kantono and Guo 2017; Kolb et al. 2014; Xue et al.
2019). However, there are few studies that clearly outline the
precise roles of inflammasomes in pancreatic cancer.

In this study, all three PC cell lines (SW1990, PANCI1
and Panc10.05) show a significant (p <0.05) increase in
cell viability under LPS and ATP stimulated inflammation
(Fig. 1). In the presence of the NLRP3 antagonist MCC950,
SW1990 shows a significant decrease (p <0.05) in cell via-
bility relative to its counterpart (treatment groups without
MCC950) (Fig. 1). On the other hand, although the other
two PC cell lines, PANCI1 and Panc10.05, also exhibit a
significant decrease in cell viability relative to its counter-
parts without MCC950, the decrease in cell viability with or
without LPS and/or ATP stimulation was lower than control
(treatment groups without MCC950). The observation in the
PC cells’ viability clearly demonstrated that LPS and ATP
were able to induce cell proliferation, while the specific inhi-
bition of NLRP3 by MCC950 inhibited PC cells’ prolifera-
tion regardless of LPS and/or ATP stimulation. The differ-
ences observed for the cell viability of the three different PC
cells could be due to the types of PC cancer cells whereby
SW1990 cells are metastatic cancer cells, while PANCI1 and
PANCI10.05 cells are primary adenocarcinoma cells (Cui
et al. 2012; Kong et al. 2020). These metastatic and primary
adenocarcinoma cells could have different response to LPS-
and/or ATP-induced stimulation and MCC950 inhibition.

In addition to different cell types, the differences in prolif-
eration of SW1990 cells in comparison to both PANC1 and
Panc10.05 could be due to the expression of the ASC protein
since it is found that ASC is only expressed in SW1990 cells
(Fig. 2a). The ASC adaptor molecule is essential for the
proper function of NLRP3 whereby NLRP3 recruits ASC
which in turn recruits caspase-1 molecules. However, in the
activation of inflammasome, transcriptional modulation of
ASC is not required (Sutterwala et al. 2014). A study has
shown that ASC expressions were different in seven different
PC cell lines (PK-1, KP-4, PK-8, PK-9, PK-59, Miapaka and
KLM-1) (Ohtsuka et al. 2008). The ASC protein expression
was absent in KP-4 and Miapaka, whereas in this study, ASC
was absent in Panc10.05 and PANCI1 cells. In the presence
of ASC, cancer cell proliferation, migration and even inva-
sion capabilities can either be promoted or inhibited depend-
ing on various factors, such as type of cancer associated with
its microenvironment (Protti and Monte 2020). In human
melanoma cells, the presence of ASC in primary melanoma
cells decreases cancer tumourigenesis and cell viability.
However, the opposite is true in metastatic human melanoma
cells (Coll et al. 2015; Broz et al. 2010). These observations

were in accordance to these findings as the SW1990 cell line
is metastatic pancreatic ductal cancer cells, while PANCI
and Panc10.05 are primary pancreatic epithelial cancer cells.
Thus, the effects of ASC on cell proliferation were observed
only in metastatic PC cells (SW1990).

The trend of NLRP3 expressions upon LPS and/or ATP
stimulation in the presence or absence of MCC950 inhibition
was very similar across the three PC cell lines. Upon LPS
and or ATP stimulation, the expression of NLRP3 increases
significantly (p <0.05). Conversely, upon the addition of
MCC950, there was a significant reduction (p <0.05) in
the expression of NLRP3 (Fig. 2b). These observations
are in accordance to the activating mechanism of NLRP3,
whereby PAMPs, such as LPS, stimulate TLR signalling
which primes the intracellular transcription of NLRP3, fol-
lowing which a second factor, such as ATP (from either
endogenous or artificial sources), activates the NLRP3
inflammasome (Swanson et al. 2019; Yang et al. 2019; Kel-
ley et al. 2019). MCC950, which functioned as a selective
inhibitor to NLRP3, prevented NLRP3 from activating or
sustaining its activated state, although it does not directly
interfere with NLRP3 priming (Tapia-Abellan et al. 2019;
Vande Walle et al. 2019; Wu et al. 2019; Coll et al. 2019).
However, a research showed that MCC950 could indirectly
affect the priming step of NLRP3 through interaction and
subsequent repression of the NF-kB/p65 molecule (Ismael
et al. 2018). Since NF-kB/p65 is a crucial intermediary sig-
nal upstream of NLRP3 inflammasome transcription, repres-
sion of NF-xB/p65 would influence NLRP3 expression
level (Ismael et al. 2018). This could explain the significant
decrease (p <0.05) in NLRP3 protein expression observed
in all three PC cell lines (Fig. 2b). Interestingly, based on the
GEO public datasets, the mRNA levels of NLRC4 and AIM2
inflammasomes, which do not required ASC for activation,
were higher in pancreatic ductal adenocarcinoma compared
to normal tissue samples, while the other inflammasomes
have a significantly lower mRNA expression (Fig. 2c). This
further suggests that ASC did in fact play an important role
in pancreatic ductal adenocarcinoma.

In addition, the regulation of NLRP3 expression could
also affect the cell viability of PC cells. In this study, it was
observed that inhibition of NLRP3 expression (Fig. 2b) had
a lower percentage in cell viability as shown in Fig. 1. This
finding is consistent with a study by Daley et al. (2017),
which demonstrated that pharmacological inhibition of
NLRP3 attenuates PC cell proliferation and even triggers
reprogramming of the innate and adaptive immunity within
the tumour microenvironment (Daley et al. 2017). Further-
more, knocking down the NLRP3 affects PC cell growth and
development (Hu et al. 2018). In this study, NLRP3 activa-
tion were indirectly shown to promote proliferation of PC
cells. However, a previous study noted that NLRP3 activa-
tion promotes normal colorectal cancer tumour growth but
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suppresses metastatic colon cancer cells that have migrated
to the liver (He et al. 2018). This contrasting effect on cell
proliferation highlights a context-dependent duality in the
roles of NLRP3 in cancers.

As expected, LPS and/or ATP stimulation increases the
production and secretion of both caspase-1 and IL-1p. How-
ever, upon the addition of the NLRP3 inhibitor MCC950,
caspase-1 and IL-1p expression levels in SW1990 cells
dropped to almost the control level (non-stimulated PC
cells without MCC950), whereas the expression levels of
caspase-1 and IL-1f in both Panc10.05 and PANC1 do not
differ significantly from the other treatment groups without
MCC950 (Fig. 3). Although the NLRP3 expression level
decreases in all three PC cells upon the addition of MCC950
(Fig. 2b), it does not translate in a decrease in caspase-1
and IL-1p in Panc10.05 and PANCI cells (Fig. 3). These
findings correspond to the differences in the expression of
ASC protein, whereby only SW1990 cells with ASC pro-
teins shown a significant decrease in expression of cas-
pase-1 and IL-1B (p < 0.05). As for Panc10.05 and PANCI,
the increase in productions of caspase-1 and IL-1f could be
due to the activation of other inflammasome that does not
require ASC to form inflammasome complexes like NLRC4.
The NLRC4 inflammasomes uses its oligomerised CARD
to nucleate caspase-1 filaments and cause caspase-1 to be
activated, thus eliminating the requirement of ASC (Fusco
and Duncan 2018). The activated caspase-1 subsequently
activates IL-1p (Fusco and Duncan 2018). Furthermore, a
recent study had demonstrated that NLRP3 is able to inter-
act with NLRC4, which also can be activated through LPS
and ATP stimulation (Qu et al. 2016). A study by Coll et al.
(2015) also showed that NLRC4-stimulated IL-1f secretion
was not inhibited by MCC950. As such, NLRC4 could ini-
tiate ASC-independent caspase-1 activation in Panc10.05
and PANCI cells, leading to an increase in cell pyroptosis
and subsequent decrease in cell viability as shown in Fig. 1.
The putative interaction between NLRP3 with other inflam-
masomes, however, requires further examination. A better
understanding of the dynamic in inflammasome signalling
would help in identifying more effective biomarkers and the
potential targets for better drug development for pancreatic
cancer.

Methods
Cell culture

A panel of pancreatic cancer cells (PANC1, Panc10.05 and
SW1990) were obtained from American type culture col-
lection (ATCC, USA). PANCI cells were cultured in Dul-
becco’s modified Eagle’s medium (DMEM) with additional
sodium pyruvate (DMEM; Gibco, USA), while Panc10.05
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and SW1990 cells were cultured in Roswell Park Memorial
Institute Medium (RPMI; Gibco, USA). Both media were
supplemented with 10% heat-inactivated foetal bovine serum
(FBS; ATCC, USA) and 1% penicillin—streptomycin (Lonza,
USA). All cells were cultured at 37 °C in a humidified cell
incubator under 95%/5% (v/v) mixture of air and carbon
dioxide.

Preparation of lipopolysaccharide (LPS), adenosine
triphosphate (ATP) and NLRP3-specific inhibitors
(MCC950)

Lipopolysaccharide (LPS; Escherichia coli serotype
0111:B4; Sigma, USA) and adenosine triphosphate (ATP;
Sigma, USA) were dissolved with sterile filtered phosphate-
buffered saline (PBS) and diluted to working concentrations
of 10 pg/mL and 50 pM with the appropriate serum-free
media to give a final effective concentration of 1 pg/mL and
5 pM, respectively. MCC950 (Sigma, USA) was dissolved
in dimethyl sulfoxide (DMSO; Calbiochem, USA) followed
by further dilution with sterile filtered PBS and diluted to
working concentrations of 100 pM with the appropriate
serum-free media to give a final effective concentration of
10 pM (Coll et al. 2015; Xu et al. 2015; Marijon et al. 2013).

Treatment

Throughout this study, the treatment regimens were con-
ducted in eight groups: (1) control (cells exposed to only
serum-free media); (2) LPS (cell exposed to 1 pg/mL LPS);
(3) ATP (cells exposed to 5 pM ATP); (4) LPS + ATP (cells
exposed to 1 pg/mL LPS and 5 pM ATP); (5§) MCC950
(cells exposed to 10 pM MCC950); (6) MCC950 + LPS
(cells exposed to 10 pM MCC950 and 1 pg/mL LPS); (7)
MCC950 + ATP (cells exposed to 10 pM MCC950 and
5 pM ATP) and (8) MCC950 + LPS + ATP (cells exposed to
10 pM MCC950, 1 pg/mL LPS and 10 pM MCC950). Cells
were treated with LPS (24 h), ATP (4 h) and/or MCC950
(24 h).

Cell viability assay

Cell viability of PANC1, Panc10.05 and SW1990 cells
were measured using a CellTiter-Glo® luminescent cell
viability assay kit (Promega, USA). The panel of pancre-
atic cancer cells (PANCI1, Panc10.05 and SW1990 cells)
were seeded at a density of 8000 cells per well in white
opaque 96-well plates and incubated overnight at 37 °C in
a CO, incubator. The serum-free media, MT cell viabil-
ity substrate and NanoLuc® enzyme (components of the
assay kit) were pre-warmed to 37 °C in water bath before
a 2 X concentration of the enzyme—substrate mixture was
prepared and pipetted in the samples, mixing with the
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treatments to give a final 1 X concentration. The cells were
then exposed to the respective treatments in serum-free
media and the luminescence signal was measured with
SpectraMAX M3 microplate reader at 24 h. The assay was
performed with eight replicates per sample.

Western blot analysis

PANCI1, Panc10.05 and SW1990 cells were lysed using
extraction buffer, and protein concentration was deter-
mined using the Bradford assay. Samples with an equal
amount of protein were separated on 10% sodium dodecyl
sulfate polyacrylamide gels and transferred onto a poly-
vinylidene difluoride membrane. Transferred membranes
were blocked with Blocking One (Nacalai Tesque, Kyoto,
Japan) for 1 h and incubated overnight at 4 °C with spe-
cific primary antibodies: rabbit monoclonal anti-NLRP3
(1:1000; Cat. #15101S) and rabbit monoclonal anti-ASC
(1:1000; Cat. #67824S) from Cell Signaling Technology
in 1:1000 ratio. Individual membranes were then incu-
bated with a horseradish peroxidase-conjugated second-
ary antibody anti-rabbit IgG (Cat. #7074P2; Cell Signal-
ing Technology) in 1:2000 ratio dilution for 1 h at room
temperature. The blots were developed using Chemi-Lumi
One Super enhanced chemiluminescence reagent (Nacalai
Tesque, Kyoto, Japan). Blot visualisation and densitomet-
ric analyses were performed using Bio-Rad Image Lab
6.0.1 software. All Western blots were performed in trip-
licate. Beta-actin was used as a loading control.

Caspase-1 colorimetric assay

The activity of caspase-1 was assayed with Caspase-1
colorimetric assay kit (Calbiochem; Merck Milipore,
Germany) according to the manufacturer’s instruction. In
brief, 50 uL of cell lysate (200 ug protein) were was incu-
bated for 2 h at 37 °C with 50 pL of reaction buffer con-
taining 10 mM dithiothreitol (DTT) and 5 pL of 200 uM
Y VAD-p-nitroanilide (pNA) substrate. The absorbance
was determined at 400 nm using a microplate reader
(Tecan, Switzerland).

Enzyme-linked immunosorbent assay (ELISA)

The levels of IL-1P in the supernatants of PANCI,
Panc10.05 and SW1990 cells were determined using IL-1f-
ELISA kit (Cat. #336111; Qiagen, Germany) according to
the manufacturer’s instructions. Data are expressed as per-
centages of the mean value from the concurrently assayed
controls.

Gene omnibus analysis

The mRNA gene expressions of various inflammasomes
in pancreatic cancer and normal tissue were obtained from
the gene expression database (GEO). The differences in
mRNA gene expressions between pancreatic cancer and nor-
mal tissue were analysed using unpaired, non-parametric,
Mann—-Whitney test with values expressed as mean =+ the
standard error of the mean (SEM).

Statistical analysis

All statistical analyses were performed using the GraphPad
prism software version 7. Data were analysed using one-way
analysis of variance (ANOVA), followed by Tukey’s post
hoc test. The differences were considered statistically signifi-
cant when p <0.05. Data are presented as mean + standard
error of mean (SEM).
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