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Abstract: The NLRP3 inflammasome is an important mediator of the host inflammatory response,
and downregulation of inflammation is important in cancer treatment. Here, we investigated four
different pancreatic ductal adenocarcinoma (PDAC) cell lines, AsPC-1, BxPC-3, CFPAC-1 and Panc-1,
with regards to NLRP3 inflammasome formation and cytokine secretion. ASC specks were observed
in all the cell lines investigated, but AsPC-1 was the only cell-line with the co-localization of anti-
ASC and anti-NLRP3 and spontaneously formed multiple NLRP3 inflammasomes per cell. The
co-localization of NLRP3 and ASC was not accompanied by IL-1f3 release nor significant IL-18
release. BxPC-3 displayed relatively high expression of the inflammasome-related genes IL1B and
CASP1 and had the highest levels of IL1 and IL18 secretion and the highest amount of ASC. The
inflammasome-associated genes IL18 and PYCARD were up-regulated in the PDAC primary tumors
compared to normal tissue, and high PDAC tumor expression of IL18, CASP1 and PYCARD correlated
with low patient survival. We have shown that PDAC cell lines display significant variations in
their inflammasome-related gene expression and readouts. We conclude that spontaneous ASC
speck formation is possible in PDAC cells and that multiple NLRP3 inflammasomes are formed
spontaneously in AsPC-1 cells but that the co-localization of NLRP3 and ASC specks does not
automatically entail inflammasome function.
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1. Introduction

The occurrence of pancreatic ductal adenocarcinoma (PDAC) is increasing worldwide,
with a correlated increase in deaths caused by the disease. PDAC tumors have abundant
stromata, with fibrosis surrounding the cancer cells. It is made of infiltrating immune-
competent cells and pancreatic stellate cells, macrophages and cancer-associated fibroblasts.
Chronic inflammation in the pancreas, pancreatitis, is a known risk factor for the initiation
and progression of pancreatic cancer [1,2] and also promotes metastasis [3]. Damaged
pancreatic cells can release damage-associated molecular patterns (DAMPs), molecules
that induce the formation of the Nucleotide-binding oligomerization domain, Leucine-Rich
repeat and Pyrin domain-containing 3 (NLRP3) inflammasome [4,5].
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Inflammasomes are multimeric protein complexes that initiate inflammation in re-
sponse to pathogen-associated molecular patterns (PAMPs), such as infectious microbes,
and DAMPs [6]. The NLRP3 inflammasome plays a crucial role in host immune responses
by activating caspase-1. The formation of the inflammasome leads to proximity-mediated,
proteolytic cleavage of inactive pro-caspase-1 into active caspase-1. Active caspase-1, in
turn, cleaves the biologically inactive precursors pro-interleukin (IL)-1 and pro-IL-18 into
mature and biologically active IL-13 and IL-18, respectively [7]. Active caspase-1 also
cleaves gasdermin D, which subsequently forms pores in the plasma membrane, facilitat-
ing inflammatory cell death, pyroptosis and the release of active IL-1p3 and IL-18 [8-10].
NLRP3 inflammasome function is dependent upon Apoptosis-associated speck-like protein
containing a caspase recruitment domain (ASC), which is coded by the PYD and CARD
domain-containing (PYCARD) gene. Upon inflammasome activation, ASC polymerizes
into a large speck-like structure, which functions as a scaffold for caspase-1 cleavage and
activation, a process which also requires the intracellular redistribution of ASC [11,12]. The
formation of ASC specks is therefore often used as a readout for inflammasome forma-
tion [13].

An important consequence of inflammasome activation is the maturation and release
of IL-1f3, one of several important proinflammatory cytokines. Interleukin-1§ is crucial to
resolving both acute [14] and chronic inflammation and is also of importance during tumor
development [15]. In a variety of cancers, IL-1f is frequently upregulated, and a high level
of IL-1f is associated with a poor prognosis in PDAC, hepatocellular carcinoma and lung
cancer [16,17].

As inflammation seems to play a large part in the development of pancreatic cancer
and the NLRP3 inflammasome is one of the key regulators of inflammation, investigat-
ing the connection between the NLRP3 inflammasome and PDAC continues to be of the
utmost interest. NLRP3 inflammasome formation is believed to be pro-tumorigenic with
regards to PDAC (reviewed in [5]). PDAC tumor cells can produce IL-13 through NLRP3
inflammasome activation [18], and this is essential to the establishment of the tumor mi-
croenvironment [19]. However, the IL-1$3 protein is often undetected in PDAC cell lines
grown in vitro and as organoids but robustly produced by primary PDAC tumors [17].
PDAC is highly associated with inflammation, and NLRP3 inflammasomes have been
observed within pancreatitis and in the PDAC mouse model KPC [17]. Thus, the tumor
cells themselves orchestrate an immune-modulatory program that supports tumorigene-
sis [17,20]. Components of the NLRP3 inflammasome, such as NLRP3, ASC and caspase-1,
along with IL-1f3, were shown to be present at higher levels in PDAC tumors compared to
adjacent normal tissues and were associated with the clinical stage in a recent study [21].
Furthermore, clinical data have shown that high expression of ASC in PDAC tumors
correlates with a poor prognosis [20,22].

Since the use of cell lines is crucial to continued investigation into the role of the
NLRP3 inflammasome in PDAC [23], it is imperative that differences in cell lines’ basal
inflammasome readouts are well understood. We therefore investigated the discrepancies in
basal inflammasome formation in four well-characterized commercially available pancreatic
cancer cell lines; AsPC-1, BxPC-3, CFPAC-1 and Panc-1. The cell lines are derived from
either primary tumors or metastases in order to give a good representation and a broad
picture of the various forms of the PDAC disease.

2. Materials and Methods
2.1. Cell Culturing

Four pancreatic cancer cell lines, AsPC-1 (CRL-1682, xenograft), Panc-1 (CRL-1469,
primary), BxPC-3 (CRL-1687, primary) and CFPAC-1 (CRL-1918, metastasis liver), were
used (ATCC—LGC Standards GmbH, Wesel, Germany). AsPC-1 and BxPC-3 were grown
in RPMI-1640 medium supplemented with 1% HEPES and 1% sodium pyruvate, Panc-1
was grown in Dulbecco’s Modified Eagle Medium (DMEM) with 1% L-glutamine and
CFPAC-1 was grown in Iscove’s Modified Dulbecco’s Medium (IMDM). The media were
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also supplemented with 10% FBS and 1% PEST (Sigma-Aldrich, St. Louis, MO, USA). All
the incubations were performed at 37 °C with 5% CO,.

2.2. RNA Extraction, cDNA Synthesis and Real-Time PCR

For the RNA extraction, the cells were seeded at 1.2 x 10° cells per well in 6-well plates
in 2.4 mL of complete medium and incubated at 37 °C with 5% CO; to a sub-confluent
monolayer. After ~20 h, the media were removed, new media were added and the cells
were further incubated for 48 h. RNA was extracted using the RNeasy Mini Kit (QIAGEN,
Hilden, Germany) according to the manufacturer’s protocol. For cDNA synthesis, 1 pg of
RNA from each sample was reverse-transcribed using the High-Capacity cDNA Reverse
Transcription Kit Reagent (Thermo Fisher Scientific, Waltham, MA, USA).

c¢DNA corresponding to 5 ng of RNA was used in each qPCR reaction. JPCR was
performed using a PikoReal qPCR System (Thermo Fisher Scientific, Waltham, MA, USA)
in duplicate for the TagMan target transcripts (TagMan Gene Expression Assays, Applied
Biosystems, Foster City, CA, USA), using TagMan™ Gene Expression Master Mix (4369016,
Applied Biosystems, Foster City, CA, USA) for the genes IL1B (Assay ID: Hs01555410_m1),
IL18 (Assay ID: Hs01038788_m1), PYCARD (Assay ID: Hs1547324_m1), NLRP3 (Assay ID:
Hs00918082_m1) and CASP1 (Assay ID: Hs00354836_m1) and the reference genes PMM1
(Assay ID: Hs00963626_m1) and GAPDH (Assay ID: Hs02786624_m1). The geometric
means of the two reference genes were used for calculation of the delta Ct values.

2.3. The Cytokines IL-1B and IL-18 in the Cell Media

The cells were seeded at a quantity of 1.2 x 10° cells per well in 6-well plates with 2.4 mL
complete media and incubated for 20 h at 37 °C with 5% CO;; thereafter, the old media were
removed, and 1 mL of new media were added. The media were collected after another 48 h and
used in the enzyme-linked immunosorbent assays (ELISA) ELISA MAX™ Deluxe Set Human
IL-1 (#437004, BioLegend, San Diego, CA, USA) and Human Total IL-18 DuoSet ELISA
(#DY318-05, R&D Systems, Minneapolis, MN, USA). The expected minimum detectable
concentrations of IL-1p and IL-18 were 0.5 pg/mL and 11.7 pg/mL, respectively.

2.4. Immunofluorescence and Co-Localization

For the co-localization experiments, the cells were seeded at 2 x 10* cells per well
on 8-well glass slides (Sarstedt, Hildesheim, Germany) in 400 uL media and incubated
for 20 h at 37 °C with 5% CO,. Thereafter, the old media were removed, and new me-
dia were added. The cells were further incubated for 48 h at 37 °C with 5% CO,. The
cells were fixed with 4% PFA, permeabilized for 10 min with 0.4% Triton, blocked for
1 h with PBS with 2% BSA (Bio-Rad Laboratories Inc., Hercules, CA, USA) and incu-
bated with the primary antibodies, anti-ASC (sc-514414, Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) and anti-NLRP3 (ABF23, MilliporeSigma, Burlington, MA, USA), di-
luted 1:100 in PBS with 0.1% BSA at 4 °C overnight. The specificity of the antibodies
has previously been shown [24,25]. The secondary antibodies Cy5™ goat anti-mouse
IgG (H + L) (A10524, Invitrogen, Waltham, MA, USA) and Alexa Fluor™ 488 goat anti-
rabbit IgG (H + L) (A11034, Invitrogen, Waltham, MA, USA) were added at concentrations
of 1:2000.

2.5. Protein Extraction and WB

The cells were seeded at a quantity of 5 x 10° cells in 20 mL of media per 75 cm? flask.
The media were changed after 24 h and then further incubated for 48 h in 37 °C with 5%
CO;. The cells were thereafter lysed in lysis buffer (FNNO0011, Thermo Fisher Scientific,
Waltham, MA, USA) supplemented with phenylmethylsulphonyl fluoride (PMSF) (36978,
Thermo Fisher Scientific, Waltham, MA, USA) and a protein inhibitor cocktail (P2714,
Sigma-Aldrich, St Louis, MO, USA). The protein concentration was determined using the
Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA).
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From each sample, 10 pug of total protein was separated using sodium dodecyl sul-
fate —polyacrylamide gel electrophoresis (8-16% gel). The proteins were then blotted
onto PVDF membranes. After blotting, the membranes were activated for 45 s using the
ChemiDoc system (Bio-Rad Laboratories Inc., Hercules, CA, USA) and blocked in TBST
with 5% milk before incubation with the primary antibody anti-ASC (sc-514414, Santa
Cruz Biotechnology, Inc., Dallas, TX, USA) (1:1000) overnight at 4 °C. After washing them
three times, the membranes were further incubated with the secondary antibody, goat
anti-mouse IgG, Alexa Fluor Plus 555 (A32727, Invitrogen, Waltham, MA, USA) (1:2500).
The amount of protein was measured using the ChemiDoc system (Bio-Rad Laboratories
Inc., Hercules, CA, USA). The amount of protein was normalized to the total protein for
each sample.

2.6. R2 Gene Expression Analysis

The data for the analyses and comparison of the gene expression between the nor-
mal pancreatic tissue, primary PDAC tumor tissue and metastases were imported from
the R2 platform (http://r2.amc.nl)(accessed on 14 December 2023). Five independent
PDAC cohorts, (GSE71729) [26] (GSE62165) [27], (GSE28735) [28], Mixed Pancreatic Ade-
nocarcinoma (2022v32) (genecode36; http:/ /r2.amc.nl) (accessed on 14 December 2023)
and (GSE62452) [29], were selected. The microarray data were downloaded as the log2
fold change.

2.7. Statistical Analysis

All of the statistical analysis was performed using IBM SPSS Statistics 27 software
(IBM Corp.), unless otherwise specified. Differences in the mRNA and protein expression
data between cell lines were analyzed using one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s HSD correction to confirm significant differences between cell lines. A
p-value < 0.05 was considered to indicate a statistically significant difference.

The gene expression data presented are plotted as Tukey’s box-and-whisker plots
showing the IQR, with the line at the median + 1.5-fold the interquartile range, or as
Kaplan-Meier plots to determine the overall survival (OS) over time. The survival analysis
was performed using Kaplan-Meier analysis, and comparisons between the survival curves
were conducted using the Log-rank test. For comparisons of the gene expression between
two groups, a one-way analysis of variance (ANOVA) was used, * p < 0.05, ** p < 0.01,
¥ p <0.001, *** p < 0.0001. The gene expression analyses were conducted using the R2
platform (http:/ /r2.amc.nl) (accessed on 14 December 2023).

Co-localization was measured using the JACoP plugin in Image] [30]. The cells
were delineated in background-subtracted images, after which the JACoP plugin was
used to determine the level of colocalization (Pearson’s coefficient) utilizing Costes” auto-
matic threshold.

3. Results
3.1. Multiple NLRP3 Inflammasomes Form Spontaneously in AsPC-1 Cells

The interaction between NLRP3 and ASC and the subsequent formation of an ASC
speck are generally seen as required for inflammasome function. We therefore investigated
the basal (unstimulated) inflammasome formation of the PDAC cell lines AsPC-1, BxPC-3,
CFPAC-1 and Panc-1. To detect inflammasome formation, the PDAC cells were coimmunos-
tained with anti-ASC and anti-NLRP3 antibodies. The co-localization of anti-ASC and
anti-NLRP3 indicates NLRP3 inflammasome formation. In the AsPC-1 cells, several inflam-
masomes in the same cell could be detected (Figure 1a). The co-localization of NLRP3 and
ASC was measured in the AsPC-1 cells (n = 8) and showed a high degree of above-threshold
correlation (r = 0.727 & 0.06). The Costes’ p-value for all the co-localization measurements
was 1.00 (values above 0.95 indicate significance). In the cell lines BxPC-3, CFPAC-1 and
Panc-1, ASC-speck-like structures were infrequently observed (Figure 1b-d), but these did
not co-localize with NLRP3.
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Figure 1. Inmunostaining of (a) AsPC-1, (b) BxPC-3, (¢) CFPAC-1 and (d) Panc-1 PDAC cells. Fixed
cells were immunostained with anti-ASC (CY5, white) and anti-NLRP3 (AF488, green). Inserts
(dashed-line boxes) show corresponding marked areas containing ASC specks with (a) or without
(b—d) NLRP3 co-localization of anti-ASC (CY5, red) and anti-NLRP3 (AF488, green). Representative
arrows indicate ASC specks. All experiments performed five times; figures from one representative
replicate. Images were taken at 40 x magnification; scale bars 50 um. Created using BioRender.com
(Science Suite Inc., Toronto, ON, Canada).

As there were important differences in the inflammasome formation observed between
the cell lines, and as the inflammasome functions as a scaffold for the cleavage of pro-IL-1(3
and -18, we next evaluated whether or not the various PDAC cell lines secreted these
cytokines. BxPC-3 was the only cell line with detectable basal levels of extracellular IL-13
(mean of 7.2 pg/mL, n = 3). The extracellular IL-18 levels were significantly higher in
BxPC-3 as compared to the other cell lines (Figure 2). The secretion of IL-18 was reliably
detected in the media from AsPC-1 and CFPAC-1 (Figure 2) but was in both cases under
the quantification limit of the assay. Panc-1 did not produce detectable levels of IL-18.

IL-18

pg/mL ‘ |

AsPC-1 BxPC-3 CFPAC-1 Panc-1

Figure 2. Extracellular concentrations of IL-18 from AsPC-1, BxPC-3, CFPAC-1 and Panc-1 cells,
detected using ELISA. Samples are shown as the mean of three biological replicates; error bars represent


BioRender.com

Int. . Transl. Med. 2024, 4

229

—
)
=

Relative normalized

expression

+/— SEM. Significant p-values indicated with *** <0.001. Comparison of IL-18 release between the
cell lines was analyzed using one-way analysis of variance (ANOVA), post hoc correction Tukey’s
HSD, p-value 0.05.

3.2. IL1B, but Not IL18, Gene Expression Levels Coincide with Secretion Levels

The role of ASC speck assembly is, ultimately, to lead to the secretion of IL-13 and IL-18,
but IL-1f secretion was only observed in one of the four cell lines. We therefore examined
the gene expression of IL1B and IL18 to see whether the secretion levels corresponded to the
level of the respective transcript. The expression of IL1B relative to PMM1 and GAPDH was
approximately 7000-, 60- and 20-fold higher in the BxPC-3 cells compared Panc-1, CFPAC-1
and AsPC-1, respectively (Figure 3). These results coincide well with the fact that BxPC-3
was the only cell line with detectable levels of extracellular IL-1f3.
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Figure 3. The gene expression of (a) IL1B and (b) IL18 relative to PMM1 and GAPDH for each cell
line, normalized to the cell line with the lowest expression of each respective gene. Samples are
shown as the mean of three biological replicates. Data were analyzed using one-way analysis of
variance (ANOVA), post hoc correction Tukey’s HSD, * p < 0.05, ** p < 0.01, *** p < 0.001. Created
using BioRender.com (Science Suite Inc., Toronto, ON, Canada).

With regards to IL18 expression, AsPC-1 had a significantly higher expression than
both CFPAC-1 and Panc-1 (Figure 3b), which was not the case for IL-18 release (Figure 2).
BxPC-3 and CFPAC-1 both had a significantly higher IL18 expression than Panc-1, which
corresponds with the IL-18 secretion patterns.

3.3. Gene Expression of CASP1, PYCARD and NLRP3 in the PDAC Cell Lines

As IL-1p3 and IL-18 release were seemingly not associated with the presence of NLRP3
inflammasome complexes, we examined the gene expression to evaluate whether the lack
of released IL-13 was due to a lack of expression of the NLRP3-inflammasome related genes
CASP1, NLRP3 or PYCARD (which codes for ASC) (Figure 4). For the gene expression
of CASP1, there were significant differences between all the cell lines, with the highest
expression measured in BxPC-3 and no detectable expression in the AsPC-1 cells (Figure 4a).
For the NLRP3 gene, AsPC-1 had a significantly higher expression compared to Panc-1
(Figure 4b), but no other significant differences were observed between the cell lines. There
was no significant difference in the PYCARD gene expression between any of the cell lines
(Figure 4c).
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Figure 4. The gene expression of (a) CASP1, (b) NLRP3 and (c¢) PYCARD relative to PMM1 and
GAPDH for each cell line, normalized to the cell line with the lowest expression of each respective
gene. Samples are shown as the mean of three biological replicates. Data were analyzed using
one-way analysis of variance (ANOVA), post hoc correction Tukey’s HSD ** p < 0.01, *** p < 0.001.
Created using BioRender.com (Science Suite Inc., Toronto, ON, Canada).

3.4. Genes Important to Inflammasome Response Are Affected in PDAC Primary Tumors and
Metastases and Affect Overall Survival

To confirm the importance of inflammasome-related genes in PDAC, we investi-
gated the expression of the inflammasome-related genes IL1B, IL18, CASP1, NLRP3 and
PYCARD using publicly available microarray data on a PDAC primary tumor cohort
(GSE71729) [26]. The results were verified using independent PDAC cohorts (GSE62165) [27]
and (GSE28735) [28]. All the datasets were obtained from the R2 Genomics Analysis and
Visualization Platform (http://r2.amc.nl) (accessed on 14 December 2023).

The IL1B gene expression was slightly higher in the primary PDAC tumors compared
to both the normal pancreatic tissue (10% higher, not significant) and metastases (14%
higher, p < 0.01) (Figure 5a), and IL18 had a significantly higher expression in the primary
tumor samples compared to both the normal tissue (19% higher, p < 0.0001) and the metas-
tases (14% higher, p < 0.001) (Figure 5b) in the PDAC primary tumor cohort (GSE71729) [26].
The CASP1 expression was equal between the normal and primary tumor tissues; how-
ever, it was lower in the metastases (13% lower, p < 0.0001) (Figure 5c), similar to NLRP3,
with a 17% lowered expression in the metastases (p < 0.0001) (Figure 5d). The PYCARD
gene, encoding the ASC protein, had increased expression in both the primary PDAC
tumors and metastases compared to the normal pancreatic tissue (6% increase, p < 0.001)
(Figure 5e).

To investigate whether the levels of IL1B, IL18, CASP1, NLRP3 and PYCARD gene
expression affected the overall survival, the independent PDAC tumor cohorts Mixed
Pancreatic Adenocarcinoma (2022v32) (http:/ /r2.amc.nl) (accessed on 14 December 2023
(Figure 6) and GSE62452 [29] were used; the data were obtained and analyzed on the R2
Genomics Analysis and Visualization Platform (http:/ /r2.amc.nl) (accessed on 14 December
2023. The patients were sorted according to their gene expression levels and assigned to
a low-expression or high-expression group. The best possible Kaplan-Meier curve was
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based on the Log-rank test with a minimum group size of eight. The overall survival was
evaluated and visualized using a Kaplan—-Meier plot (Figure 6).
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Figure 5. Relative gene expression levels of (a) IL1B, (b) IL18, (c¢) CASP1, (d) NLRP3, (e) PYCARD;
comparing normal pancreas tissue (1 = 46), primary PDAC tumors (n = 145) and metastases (1 = 61);
data extracted from the dataset GSE71729. The data are plotted as Tukey’s box-and-whisker plots
showing the IQR, line at the median £ 1.5-fold the interquartile range. Data outside the whiskers
are shown as outliers (circles = normal pancreas, squares = primary tumors, triangles = metastases).
Statistical analysis comparing groups was made using log2-values, 0.05, ** p < 0.01, *** p < 0.001,
% p < 0.0001.

Significant differences in survival were correlated with a high PDAC tumor expression
of IL18 (Figure 6a, p < 0.001) and PYCARD (Figure 6d, p = 0.004) in the 183 PDAC tumor
cohort “Mixed Pancreatic Adenocarcinoma (2022v32)” (http://r2.amc.nl) (accessed on 14
December 2023), and these results could also be confirmed in the smaller second cohort
GSE62452 including 130 PDAC tumors [29] (Figure S1). Decreased survival correlating
with a high expression of CASP1 (Figure 6b, p = 0.002) was seen in the Mixed Pancreatic
Adenocarcinoma (2022v32) (http://r2.amc.nl) (accessed on 14 December 2023) cohort.
These results could not be verified in the independent PDAC tumor cohort (GSE62452)
(Figure S1) [29]. A high expression of NLRP3 did not correlate with survival in the Mixed
Pancreatic Adenocarcinoma (2022v32) (http://r2.amc.nl) (accessed on 14 December 2023)
cohort (Figure 6¢). Verifying the results in the GSE62452 cohort showed a correlation
between a low expression of NLRP3 and a low overall survival (p = 0.001) (Figure S1).
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No significant difference in the survival of PDAC patients due to the level of tumor gene
expression was detected for IL1B in these two datasets.
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Figure 6. Kaplan-Meier plots showing the overall survival probability when stratified due to (a) IL18,
(b) CASP1, (c¢) NLRP3 and (d) PYCARD gene expression levels. Data extracted from the Mixed
Pancreatic Adenocarcinoma (2022v32) cohort (http://r2.amc.nl) (accessed on 14 December 2023).
Kaplan-Meier plots are determined using the Log-rank test using the R2 Genomics Analysis and
Visualization Platform 2.3. n.s. = not significant.

3.5. BxPC-3 Cells Have a High Total ASC Level

A high gene expression of PYCARD was detected in the PDAC primary tumors and
metastases (Figure 5e) and correlated with poor survival (Figure 6d). Further, an increased
ASC amount has been associated with pancreatic cancer in patient material [21]. We
therefore decided to investigate whether the amount of ASC protein was connected with
inflammasome assembly in the PDAC cell lines. Western blotting was performed, and the
results showed a significantly higher amount of ASC in the BxPC-3 cells as compared to
the other three cell lines, AsPC-1 (p = 0.002), CFPAC-1 (p = 0.004) and Panc-1 (p = 0.027)
(Figure 7). No significant difference in expression between AsPC-1 and CFPAC-1 or Panc-1
or between BxPC-3 and CFPAC-1 or Panc-1 was observed.
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Figure 7. Representative blot (five biological replicates) (a) of ASC protein expression in PDAC cell
lines, (b) total protein. (c¢) ASC protein expression is significantly higher in BxPC-3 compared to
AsPC-1. Statistical analysis: one-way ANOVA, post hoc correction Tukey’s HSD, for comparison
between samples. * p < 0.05, ** p < 0.01.

4. Discussion

Inflammasomes have been shown to have both beneficial and detrimental roles in
cancer development, depending on the type and stage of the cancer [31-33], and NLRP3
has been proposed as a potentially promising therapeutic target in certain cancers [34-36].
In PDAC, the NLRP3 inflammasome is believed to have a detrimental role, as IL-1p in-
creases PDAC cancer cell invasiveness [37], and IL-18, but not IL-1f3, is associated with poor
survival [38,39], which is in agreement with our data (Figure 6a). In addition, we found
that increased expression of CASP1 (Figure 6b) and PYCARD (Figure 6d) correlates with
poor survival. NLRP3 inhibition shows antitumor effects in PDAC models [36], although
we found no association between NLRP3 expression and overall survival in the cohorts
examined (Figure 6¢). The expression of IL1B, IL18, CASP1 and NLRP3 was significantly
lower in the metastases compared to the primary tumors (Figure 5), which may be reflec-
tive of differential microenvironments leading to an altered immune modulatory program,
which the tumor itself can affect, as proposed earlier [17], through changed expression of
inflammasome-associated genes. Inhibition of the initial steps of inflammation, i.e., inhibit-
ing important parts of the inflammasome building (ASC speck formation, caspase-1, IL-13
and IL-18), is a promising treatment approach, making antagonists of the inflammasome
pathway potential antitumor drugs [40].

Cell lines derived from PDAC tumors are often used as models for PDAC, and since
inflammation in general, and the NLRP3 inflammasome in particular, seems to play an
important role in PDAC, it is important to be aware of which, if any, differences exist
between cell lines with regards to inflammasome formation and downstream readouts.

The AsPC-1 cells exhibited clear NLRP3 inflammasome formation, as determined
by the co-localization of NLRP3 and ASC, with the cells often having five to ten NLRP3
inflammasomes per cell (Figure 1a). These observations are contrary to the common view
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that a cell only forms a single inflammasome [41,42]. The co-localization of NLRP3 and ASC
in the AsPC-1 cells did not lead to IL-13 release and only very low levels of extracellular
IL-18 (Figure 2). Importantly, the lack of detectable CASP1 expression (Figure 4a) in the
AsPC-1 cells likely leads to a very low level of pro-caspase-1 and incomplete (lacking
caspase-1) or poorly functioning NLRP3 inflammasome complexes.

BxPC-3 was the only cell line with detectable levels of extracellular IL-1§3, despite
no NLRP3/ASC speck co-localization. These cells also had a high expression of IL1B
(Figure 3a) and CASP1 (Figure 4a) and a significantly higher amount of ASC compared to
the other cell lines investigated. In the BxPC-3 cells, we saw a connection between the ASC
amount and the inflammasome readouts of IL-1(3/18, although this was seemingly not
mediated by the NLRP3 inflammasome. Further investigation of this cell line with regards
to other NLRPs is therefore warranted to elucidate the mechanisms behind this cytokine
release and the importance of the ASC amount.

The CFPAC-1 and Panc-1 cell lines had no detectable secretion of IL-1p and low
(CFPAC-1) or undetectable (Panc-1) release of IL-18 (Figure 2). We did not observe any
co-localization of NLRP3 and ASC specks in the CFPAC-1 or Panc-1 cells, even if occasional
ASC specks were observed (Figure 1c,d).

Spontaneous ASC speck formation has been shown in PDAC cell lines previously [20],
and our results confirm this but also show that the basal tendency to form NLRP3/ASC
speck co-localization (inflammasomes) differs between PDAC cell lines. We also observed
a difference in the ASC amount between cell lines, but a higher ASC amount was not
associated with more ASC speck formation. A high expression of ASC protein is often used
as a marker for inflammasome formation in multiple types of cancer [21,31,43-49]. The
ASC protein levels [13] and PYCARD gene expression [50] (Figure 5e) were increased in
the PDAC tissue, but our results imply that the ASC amount alone may be a poor marker
for inflammasome formation.

The discrepancies in the basal inflammasome-related gene expression, NLRP3 inflam-
masome formation and cytokine release observed in this study demonstrate the heterogene-
ity between PDAC cell lines. Furthermore, it is important to note that single readout (e.g.,
ASC speck or cytokine release) analysis is not sufficient to infer the functionality of a specific
inflammasome, as we see NLRP3/ASC speck co-localization (inferring NLRP3 inflamma-
some complex formation) without cytokine readouts and cytokine readouts without NLRP3
inflammasome formation. It has also previously been shown that ASC speck formation is
not necessarily correlated with IL-1p processing and that inflammasome formation and
inflammasome function may be distinct from each other [51]. Confirming inflammasome
functionality may require verification of the presence of multiple readouts in combination,
such as ASC speck formation, caspase-1 activation and/or IL-1f3 secretion. It is also nec-
essary to investigate the differences observed in this study in a more pro-inflammatory
setting.

We conclude that, in line with the previous data, inflammasome formation in PDAC
cells is possible, and even spontaneous, in a subset of PDAC cells but that the presence of
inflammasome structures per se does not automatically entail mechanistic functionality,
i.e., the secretion of active IL-1f3 and IL18. Using a selection of available PDAC cell lines,
we demonstrated fundamental differences and pointed out important discrepancies with
regards to inflammasome formation and IL-13/IL-18 secretion, which are important to
note when choosing appropriate cell lines to use as PDAC models. The impact of these
differences must be assessed and evaluated by researchers, and their importance depends
entirely on the research question. Research on the inflammasome in PDAC seems to be a
good avenue to explore further since the inflammasome is an important key player in the
development and progression of PDAC.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/1jtm4020013/s1. Figure S1. WB ASC.
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