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Background: Pancreatic ductal adenocarcinoma (PDAC) is the most common type of pancreatic cancer
and is highly malignant due to its late diagnosis and early metastasis. Lung metastasis of PDAC occurs in a
significant number of diagnosed patients and represents high severity of disease and poor clinical outcome.
However, the molecular regulation of lung metastasis of PDAC is still not fully understood. Tumor-
associated macrophages (TAMs) have recently been found to play an important role in cancer initiation,
proliferation, progression, and metastasis. The proliferation, differentiation, and polarization of macrophages
has been shown to be regulated by interleukin 1p (IL-1p), which is generated by NLR family pyrin domain
containing 3 (NLRP3)-induced formation of inflammasome. Herein we investigated whether NLRP3 plays a
role in lung metastasis of PDAC through regulation of macrophage polarization.

Methods: Gene profiles for NLRP3 (+/+) and NLRP3 (~/-) macrophages obtained from the Gene
Expression Omnibus (GEO) public database were compared and analyzed for altered genes related to
macrophage polarization. The regulation of macrophage polarization by NLRP3 was examined in a
coculture system with naive NLRP3 (+/+) or NLRP3 (~/-) macrophages and PDAC cells. Cell growth was
analyzed by a Cell Counting Kit-8 (CCK-8) assay. Cell invasiveness and migratory potential were analyzed
by transwell cell invasion assay and cell migration assay, respectively. PDAC formation and lung metastasis
were analyzed in a mouse model of PDAC with and without NLRP3 knockout.

Results: GEO database analysis revealed significant alteration in genes that regulate macrophage
polarization in NLRP3-depleted macrophages. NLRP3-depletion in macrophages seemed to favor an M1/
M2b polarization. In vitro, the presence of NLRP3 in macrophages led to M2a/c/d TAM-like polarization
when they were cocultured with PDAC cells. Conversely, NLRP3 depletion in macrophages led to M1/M2b
polarization when they were cocultured with PDAC cells. NLRP3-depletion significantly inhibited tumor
growth and stage progression in a mouse model of PDAC and significantly reduced the occurrence of lung
metastasis.

Conclusions: Our results suggested that NLRP3 activation in TAM enhanced lung metastasis of PDAC
through regulation of TAM polarization.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most
common type of pancreatic cancer and is a biologically
aggressive malignancy due to its late diagnosis and early
metastasis (1). Tumor metastasis contributes to cancer
associated mortality risk (2). Lung metastasis of PDAC
occurs in a significant number of patients and represents
the high severity of the disease and is associated with poor
clinical outcome (3).

The molecular regulation of lung metastasis of PDAC
has been extensively studied, showing the importance
of the interaction between PDAC cells and their
altered microenvironment (4). Among the cells of the
tumor microenvironment (TME), tumor-associated
macrophages (TAMs) play a pivotal role in the creation
of an immunosuppressive TME through production
and secretion of a number of cytokines, chemokines,
and growth factors to facilitate tumor progression and
metastasis (5-7). Macrophages can display in either a
classical proinflammatory phenotype (“M1” macrophages),
or in an anti-inflammatory phenotype (“M2” macrophages).
The alteration of macrophage phenotype to carry certain
M1 or M2 characteristics is termed “polarization” (8).
TAMs are polarized from naive macrophages and appear
more M2-like (anti-inflammatory). M2 macrophages
have 4 major subtypes, named M2a, M2b, M2¢, and M2d.
M2a polarization is induced by interleukin 4 (IL-4) or IL-
13, leading to enhancement of the endocytic activity of
macrophages to promote cell growth and tissue repair (8).
M2b polarization is activated by immune complexes and
regulates the extension of immune reactions (8). M2c
polarization is induced by glucocorticoids, transforming
growth factor beta 1 (T'GFB1) and IL-10, and appears
critical for tissue remodeling (8). M2d macrophages release
vascular endothelial growth factor (VEGF) and promote
angiogenesis (8). In general, TAMs have characteristics of
M2a, M2c¢, and M2d, while M2b is closer to M1 (8).

The molecular activation of TAMs in PDAC has not
been fully determined. IL-1p, a proinflammatory cytokine,
plays a vital role in tumor progression and metastasis (9).
A recent study has shown that activation of IL-1f in cells
usually requires the involvement of a protein complex
called inflammasome (10). The inflammasome is formed by
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NOD-like receptors (NLRs) to participate in the process of
dimerization of caspase-1, leading to its activation, which
subsequently turns the IL-1B precursor (pro-IL-1pB) into
its activated form, IL-1B, for secretion (11). However, it is
not known whether NLR family pyrin domain containing 3
(NLRP3) plays a role in lung metastasis of PDAC through
regulation of macrophage polarization.

In this study, we aimed to use database analysis and a
set of in vitro and in vive experiments to determine the
effects of NLRP3 activation in TAMs on lung metastasis of
PDAC. We present the following article in accordance with
the ARRIVE reporting checklist (available at https://tler.
amegroups.com/article/view/10.21037/tlcr-22-311/rc).

Methods
Experimental approval

The present study was approved by the Research and Animal
Ethics Association of the Shanghai Jiao Tong University
School of Medicine (No. 2014KY038) in compliance with
Shanghai Jiao Tong University School of Medicine guidelines
for the care and use of animals. A protocol was prepared before
the study without registration. No criteria were used for
excluding any experimental units during the experiment, and
no data were excluded during the analysis. The study did not
involve human specimens.

Animals

The role of NLRP3 in PDAC was examined in P48“"; LSL-
KrasG12D (KC) mice model (Jax Mice, Carlsbad, CA, USA),
which express oncogenic Kras in pancreatic progenitor
cells (12). KC mice were bred with NLRP3-deficient mice
(B6.129S6-Nlrp3tm1Bhk/], Jax Mice) to obtain KC NLRP3
(-/-) mice (- represents depletion of the gene). The KC
NLRP3 (+/+) mice (+ represents wildtype gene without any
depletions) were used as controls. Mice were housed in a
standardized environment with good ventilation, light/dark
cycle (12:12 hours), quiet and regular animal husbandry.

PDAC cell lines and macrophages
Human PDAC cell lines PANC-1 and SW1990 were
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both purchased from American Type Culture Collection
(Rockville, MD, USA). PANC-1 and SW1990 cells were
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM,;
Invitrogen, Carlsbad, CA, USA) supplemented with 8%
fetal bovine serum (FBS; Sigma-Aldrich, St Louis, MO,
USA) in a humidified chamber with 5% CO, at 37 °C.
Mouse bone marrow was obtained and resuspended in
DMEM to form a mononuclear white layer in 6-well plates
(2x10° cells/mL, 3.5 mL/well; Falcon, Corning, NY, USA).
After 2 hours, cells were washed 2 times and adherent cells
(monocytes) were kept culturing in DMEM with 10% heat-
inactivated FBS supplemented with 20 ng/mL macrophage
colony-stimulating factor (M-CSF) for 7-9 days.
Half of the medium was refreshed every 2-3 days. The
purity of adherent cells after 3 days was analyzed using a
multicolor panel of primary monoclonal antibodies against
CD3, CD86, and CD11b. For macrophage differentiation,
M1 was induced by 20 ng/mL M-CSF and 30 ng/mL
lipopolysaccharides (LPS); M2a was induced by 20 ng/mL
M-CSF and 20 ng/mL IL-4; M2b was induced by 20 ng/mL
M-CSE, 20 ng/mL LPS, and 50 pg/mL immune complex;
M2c was induced by 20 ng/mL. M-CSE, 20 ng/mL IL-10,
and 20 ng/mL TGFpB1; and M2d was induced by 20 ng/mL
M-CSE, 20 ng/mL IL-6, and 20 ng/mL toll-like receptor
(TLR) ligands.

Tissue bistology and iimmmunobistochemistry

At the time of mouse sacrifice (6 months of age), CO,
inhalation was used as the euthanasia method. Mouse
pancreatic or lung specimens were fixed with 10% buffered
formalin, dehydrated in 70% ethanol, followed by paraffin
embedding, and staining with hematoxylin and eosin
(H&E). Immunohistochemistry for NLRP3 was performed
with a rabbit polyclonal anti-NLRP3 antibody (1:500; no
antigen retrieval; 768319; R&D Systems, Waltham, MA,
USA) with Dolichos biflorus agglutinin (DBA). The images
were taken from an Olympus Microscopy Photographing
System. Pancreatic ductal dysplasia was evaluated based on
established criteria (13). Lung metastasis was determined by
H&E staining based on section analysis at 100 pm intervals
from the serial sectioning of the whole lung.

RNA extraction and quantitative real-time polymerase
chain reaction (RT-qPCR)

Total RNA was extracted using a RNeasy kit (Qiagen,
Shanghai, China). Complementary DNA (cDNA) was
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generated using a reverse transcription kit (Qiagen). RT-
qPCR was performed with the SYBR Green PCR Kit
(Qiagen) and primers (Qiagen). Duplicated reactions were
performed for RT-qPCR to reduce variation. The 27
method was used to quantify expression of genes of interest.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was

used as house-keeping gene.

Enzyme-linked immunosorbent assay (ELISA)

A radioimmunoprecipitation assay (RIPA) buffer (Sigma-
Aldrich) was used to extract protein and the bicinchoninic
acid assay (BCA) protein assay (Sigma-Aldrich) was used
to measure protein concentration. ELISA was performed
using ELISA kits for IL-4, IL-6, IL-10, inducible nitric
oxide synthase (iNOS), arginase (ARG1), tumor necrosis
factor alpha (TNFa), TGFp1, and VEGF-A (all from R&D
Systems).

Cell proliferation assay

Cell Counting Kit-8 (CCK-8, Sigma-Aldrich) was used to

assess cell proliferation. Wells were run in duplicate.

Cell invasion and migration assay

In the cell invasion assay, 24-well plates (Millipore, Bedford,
MA, USA) were precoated with Matrigel (Sigma-Aldrich),
then the upper chamber was seeded with cells, and the
lower chamber was filled with DMEM with 8% FBS. After
24 hours, cells invaded to the lower chamber were stained
with 0.1% crystal violet (Sigma-Aldrich) for 15 minutes
before quantification. For cell migration assay, cells in
serum-free DMEM were seeded in the upper chamber of
a 24-well transwell plate (Millipore), and DMEM with 8%
FBS was put in the lower chamber. After 36 hours, cells that
had migrated from the upper chamber to the lower surface
were fixed with methanol and stained with 0.1% crystal
violet (Sigma-Aldrich) for quantification.

Statistical analysis

Power test was used to determine the number of mice
used in experiments. Data were statistically analyzed with
GraphPad Prism 7 (GraphPad, Chicago, IL, USA) using
one-way analysis of variance (ANOVA) with a Bonferroni
correction. Data are presented as mean + standard deviation
(SD). P<0.05 was considered statistically significant.
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Figure 1 GEO database shows that macrophage polarization is significantly altered by NLRP3 depletion. (A,B) Gene profiles of NLRP3 (+/+)
and NLRP3 (-/-) macrophages obtained from the GEO database (GSE183698) were compared and analyzed for the altered genes related to

macrophage polarization. (A) A pathway enrichment analysis was performed using Metascape, showing that many pathways that were greatly

altered were associated with inflammation and macrophage polarization (in red). (B) Significantly altered genes shown in a volcano map,

with those associated with macrophage polarization highlighted. TGFB1, transforming growth factor beta 1; VEGF-A, vascular endothelial
growth factor A; IL, interleukin; NLRP3, NLR family pyrin domain containing 3; KO, knockout; WT, wildtype; iNOS, inducible nitric

oxide synthase; GEO, Gene Expression Omnibus.

RNA-sequencing (RINA-seq) data on mouse macrophages
with or without NLRP3 depletion were obtained from the
Gene Expression Omnibus (GEO) database (GSE183698;
https://www.ncbi.nlm.nih.gov/geo/). The data were
analyzed with linear models for microarray and RNA-seq
data (Limma) package in R software. Cuffdiff was applied
for assessing pairwise differential expression. Log2 |fold
changel >1 and a false discovery rate (FDR) <0.05 were
used as the cutoff values.

Results

GEO database shows that macrophage polarization is
significantly altered by NLRP3 depletion

Gene profiles for NLRP3 (+/+) and NLRP3 (-/-)
macrophages obtained from the GEO database

© Translational Lung Cancer Research. All rights reserved.

(GSE183698) were compared and analyzed for altered
genes related to macrophage polarization. The signaling
pathways that were substantially altered included many
associated with inflammation and most importantly,
macrophage polarization (Figure 14). As shown in the
volcano map, we detected significant alteration in genes
that regulate macrophage polarization in NLRP3-depleted
macrophages, including downregulation of ARGI, 1L-4,
IL-10, TGFp1, and VEGF-A, and upregulation of IL-6
and iNOS (Figure 1B). ARG1 is an M2 marker, IL-4 is
predominantly expressed by M2a, IL-10 is predominantly
expressed by M2c and M2d, TGFp1 is predominantly
expressed by M2c, and VEGF-A is predominantly expressed
by M2c, while iNOS and IL-6 are predominantly expressed
by M1 and M2b. These data suggested that NLRP3-

depletion in macrophages seemed to favor a polarization
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Figure 2 NLRP3-depleted macrophages turn proinflammatory. Peritoneal macrophages were isolated from NLRP3-knockout mice

and wildtype control mice. (A,B) RT-qPCR (A) and ELISA (B) were performed to analyze levels of factors associated with macrophage
polarization. *, P<0.05. N=5. NLRP3, NLR family pyrin domain containing 3; KO, knockout; WT, wildtype; IL, interleukin; TGFp1,
transforming growth factor beta 1; VEGF-A, vascular endothelial growth factor A; ARG1, arginase 1; TNFa, tumor necrosis factor alpha;

iNOS, inducible nitric oxide synthase; RT-qPCR, real-time polymerase chain reaction; ELISA, enzyme-linked immunosorbent assay.

from M2a/c/d to M1/M2b. In other words, macrophages
are likely polarized towards proinflammatory phenotypes by
NLRP3 depletion.

NLRP3-depleted macrophages turn proinflammatory

To confirm the GEO database findings, we isolated
peritoneal macrophages from NLRP3-knockout (KO)
mice and compared those from control wildtype mice.
The factors associated with macrophage polarization were
analyzed by RT-qPCR (Figure 24) and ELISA (Figure 2B),
which showed significant downregulation of ARG1, IL-4,
IL-10, TGFB1, and VEGF-A, and significant upregulation
of TNFa, IL-6, and iNOS. These data thus confirmed the
findings from the GEO database, suggesting that NLRP3-
depletion in macrophages seemed to favor a polarization
from M2a/c/d to M1/M2b. In other words, macrophages
are likely polarized towards proinflammatory phenotypes by
NLRP3 depletion. This could be important since TAMs are
mostly like M2d, still close to M2a and M2c. The M1/M2b
polarization of macrophages should decrease their potential
to promote tumor growth and metastasis.

NLRP3-depletion in macropbages decreases the cell
growth, invasion, and migration of cocultured PDAC cells

The regulation of macrophage polarization by NLRP3 was
then examined in a coculture system with naive NLRP3
(+/+) or NLRP3 (-/-) macrophages and PDAC cells. Cell
growth was analyzed by CCK-8 assay. We found that the
presence of macrophages at coculture significantly increased
the number of viable PANC-1 (Figure 34) or SW1990 cells
(Figure 3B), and this increase was significantly attenuated

by NLRP3-depletion in macrophages (Figure 3B). Cell

© Translational Lung Cancer Research. All rights reserved.

invasiveness and migratory potential were then analyzed
by transwell cell invasion assay and cell migration assay,
respectively. We found that the presence of macrophages at
coculture significantly increased the invasiveness of PANC-
1 or SW1990 cells (Figure 3C,3D), and this increase was
significantly attenuated by NLRP3-depletion in cocultured
macrophages (Figure 3C,3D). Moreover, the presence
of macrophages at coculture significantly increased the
migratory potential of PANC-1 or SW1990 cells (Figure
3E,3F), and the increase in migratory potential of PDAC
cells was significantly attenuated by NLRP3-depletion in
cocultured macrophages (Figure 3E,3F). Together, these
data suggested that NLRP3-depletion in macrophages
decreased cell growth, invasion, and migration of cocultured

PDAC cells.

Differentiation of M1, M2a, M2b, M2c, and M2d
macrophages

Since NLRP3 depletion in macrophages altered cocultured
PDAC cell growth, invasiveness, and migratory potential
and likely altered the macrophage polarization towards
proinflammatory phenotypes, we aimed to determine
whether the effects on PDAC cells of depletion of NLRP3
in macrophages were through macrophage polarization.
Thus, naive macrophages were differentiated into M1, M2a,
M2b, M2c, and M2d macrophages by established methods,
and the expression of polarization markers was analyzed by
RT-qPCR (Figure 44) and ELISA (Figure 4B). We found
that the highest level of iNOS was detected in M1, and
levels of iNOS in M2b were significantly higher than in
M2a, M2c, and M2d (Figure 44,4B). Similar findings were
detected in IL-6 (Figure 44,4B). Meanwhile, levels of ARG1
and IL-4 were significantly lower in M2b compared to M2a,
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Figure 3 NLRP3-depletion in macrophages decreases the cell growth, invasion, and migration of cocultured PDAC cells. The regulation of
macrophage polarization by NLRP3 was examined in a coculture system by naive NLRP3 (+/+) or NLRP3 (~/-) macrophages and PDAC
cells. (A,B) CCK-8 assay for PANC-1 cells (A) and for SW1990 cells (B). (C,D) Transwell cell invasion assay (the upper chamber was filled
with 2x10° PANC-1 cells with macrophages or PANC-1 cells alone), shown by quantification (C) and by representative images stained with
0.1% crystal violet (D). (E,F) Transwell cell migration assay (the upper chamber was filled with 2x10° PANC-1 cells with macrophages or
PANC-1 cells alone), shown by quantification (E) and by representative images stained with 0.1% crystal violet (F). *, P<0.05 (red *: WT
M¢ vs. no M¢; blue *: NLRP3KO M¢ vs. WT M¢). N=5. Scale bars were 100 pm. M¢: macrophages. WT, wildtype; NLRP3, NLR family
pyrin domain containing 3; KO, knockout; PDAC, pancreatic ductal adenocarcinoma; CCK-8, Cell Counting Kit-8.

© Translational Lung Cancer Research. All rights reserved. Transl Lung Cancer Res 2022;11(5):858-868 | https://dx.doi.org/10.21037/tler-22-311



864

>
w

—
o o o
E N Y

- a4 a4 4
o o
G

Relative mRNA levels
(normalized to M1)
2

—
o
o

iNOS ARG1 IL-4 IL-6 IL-10 TGFB1 AEGF-A

Relative protein levels

(normalized to M1)

Gu et al. TAM NLRP3 in lung metastasis of PDAC

3
10 -1 M
10°
10 = M2a M¢
10° mm M2b M¢
107" == M2c M¢
1072 == M2d Mo
10°°

iNOS ARG1 IL-4 IL-6 IL-10 TGFp1 AEGF-A

Figure 4 Differentation of M1, M2a, M2b, M2c¢, and M2d macrophages. Naive macrophages from wildtype mice were differentiated into
M1, M2a, M2b, M2c, and M2d macrophages by established methods. (A,B) Expression of polarization markers was analyzed by RT-qPCR (A)
and by ELISA (B). *, P<0.05 (red *: M2d vs. others; green *: M2c vs. others; blue *: M2b vs. M2a or M2c or M2d). N=5. M¢: macrophages.
iNOS, inducible nitric oxide synthase; ARG, arginase 1; IL, interleukin; TGFB1, transforming growth factor beta 1; VEGF-A, vascular

endothelial growth factor A; RT-qPCR, real-time polymerase chain reaction; ELISA, enzyme-linked immunosorbent assay.

M2c, and M2d. The highest levels of IL-10 and TGFp1
were detected in M2c, while the highest level of VEGF-A
was detected in M2d. Together, these data confirmed the
successful differentiation of naive macrophages in vitro.

M1 and M2b macrophages bave compromised effects on
cell growth, invasion, and migration of cocultured PDAC
cells

The effects of differently polarized macrophages on cell
growth, invasion, and migration of cocultured PDAC cells
were then examined in a coculture system. Cell growth was
analyzed using a CCK-8 assay. We found that increases
in the number of viable cocultured PANC-1 cells were
significantly higher by M2a/M2c¢/M2d macrophages than
M1/M2b macrophages (Figure 5A). Cell invasiveness and
migratory potential were then analyzed by transwell cell
invasion assay and cell migration assay, respectively. We
found that the invasiveness of cocultured PANC-1 cells was
significantly higher by M2a/M2c¢/M2d macrophages than
M1/M2b macrophages (Figure 5B,5C), while the migratory
potential of cocultured PANC-1 cells was also significantly
higher by M2a/M2c¢/M2d macrophages than M1/M2b
macrophages (Figure 5D, SE). Together, these data suggested
that M1 and M2b macrophages have compromised effects
on the cell growth, invasion, and migration of cocultured
PDAC cells.

NLRP3 depletion inhibits PDAC progression

PDAC formation and progression were analyzed in a
mouse model of PDAC with or without NLRP3 knockout.

© Translational Lung Cancer Research. All rights reserved.

P48“; LSL-Kras®"*” [KC or KC NLRP3 (+/+)] mice were
bred with NLRP3-KO mice to obtain KC NLRP3 (-/-)
mice. The KC NLRP3 (+/+) mice were used as controls.
We detected NLRP3 in KC NLRP3 (+/+) mice but not in
KC NLRP3 (~/-) mice (Figure 64). After 6 months, KC
NLRP3 (-/-) mice appeared to have a significantly healthier
acinar area than the KC NLRP3 (+/+) mice (Figure 6B).
Moreover, higher malignant cancer stages were detected in
KC NLRP3 (+/+) mice compared with NLRP3 (-/-) mice
(Figure 6C). Together, these data suggested that NLRP3
depletion inhibited PDAC progression.

NLRP3 depletion reduces lung metastasis of PDAC

Finally, lung metastasis of the mice was analyzed. Lung
metastasis was determined by histology at 6 months. We
found that NLRP3 depletion reduced lung metastasis in
KC mice from 40% to 10% (Figure 74,7B). These results
showed that NLRP3 depletion reduced lung metastasis of
PDAC.

Discussion

PDAC is an aggressive tumor with poor prognosis despite
curative surgery. Improving oncologic outcomes of PDAC
remains an unmet need that must be fueled by basic science
and translational research rather than clinical trials. This
study aimed to understand whether targeting TAMs may
impact the PDAC initiation, progression, and metastasis
(6,14). TAM functions are established when the phenotype
of macrophages is determined by the microenvironment
mainly regulated by PDAC cells (7). Thus, targeting TAMs
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Figure 5 M1 and M2b macrophages have compromised effects on the cell growth, invasion, and migration of cocultured PDAC cells.
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and changing their tumor-supportive characteristics may be
an effective strategy for PDAC therapy.

It has been well established that macrophages can
be differentiated into either proinflammatory or anti-
inflammatory subtypes (15). In the case of cancer,
proinflammatory macrophages exhibit anticancer functions,
while their polarization to an anti-inflammatory phenotype
promotes cancer growth and invasion (16). It has been
shown that M2d with M2a and M2c are macrophages
that enhance tumor growth and metastasis, while M1
and M2b macrophages have potential to work with other
inflammatory cells, such as T cells, to kill cancer cells (17).
However, to the best of our knowledge, it is not known
whether polarization of TAMs in PDAC is regulated by
NLRP3.

Here, we found that in vitro, the presence of NLRP3 in
macrophages led to M2a/c/d TAM-like polarization when
they were cocultured with PDAC cells. Conversely, NLRP3
depletion in macrophages led to M1/M2b polarization when
they were cocultured with PDAC cells. NLRP3-depletion in
macrophages significantly increased tumor growth and stage
progression in a mouse model of PDAC and significantly
increased the occurrence of lung metastasis. Since IL-
1P and IL-18 are activated by NLRP3 (10), they may be
important regulators for macrophage polarization, either
directly or indirectly. Interestingly, NLRP3 depletion has
been shown to affect tumorigenesis, tumor progression and
metastasis in prostate cancer (18), colorectal carcinoma (19),
gastric cancer (20) and breast cancer (21).

Although IL-1pB is considered as an important
proinflammatory cytokine, it is known that macrophage
polarization is a complex process involving M1/M2 transit
subtypes (22). At the early stage of M2 polarization, IL-
1B remains very high (23). Therefore, it is possible that
activation of NLRP3/IL-1 signaling cascades may be
crucial for finalizing or maintaining an M2a/c/d phenotype,
and while NLRP3 is depleted in our experiments, the
M2a/c/d differentiation is halted or aborted (23). These
hypotheses were not addressed here, as a limitation of the
current study. Further investigations will reveal intriguing
findings in future studies.

Collectively, our results demonstrated that NLRP3 in
TAMs may be an important target for PDAC therapy.
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