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[ Abstract] Objective Benzo(a)pyrene (BaP), as the most common polycyclic aromatic hydrocarbon
pollutant, exhibits potent carcinogenic, teratogenic, and inflammatory toxic effects. Previous studies have
demonstrated that BaP promotes invasion and migration capabilities of human bronchial epithelial cells
following malignant transformation by suppressing ferroptosis; however, whether BaP can regulate tumor cell
pyroptosis remains unclear. This study aims to elucidate the mechanism by which BaP promotes lung cancer
invasion and migration through suppressing pyroptosis in human lung cancer cell line LTEP-a-2.
Methods Potential target genes of BaP were retrieved from the Comparative Toxicogenomics Database
(CTD), and lung cancer-related differentially expressed genes (DEGs) were screened from the Gene Expression
Omnibus (GEO) database. Subsequently, an intersection analysis of these 2 gene sets was performed to obtain
key candidate genes. Protein-Protein Interaction (PPI) network analysis on these candidate genes was
conducted using the STRING database, and topological attribute analysis was performed for topological
properties with Cytoscape software to screen key hub target genes based on high node degree values. Survival
analysis of these PPI-derived hub genes was performed using the Kaplan-Meier Plotter database. Molecular
docking simulations between BaP and each target protein were conducted with AutoDock Vina to predict
binding conformations and calculate binding free energies. Visualization and analysis of the docking results
were carried out using PyMOL software, and detailed ligand-receptor interactions were visualized and analyzed
using 2D interaction diagrams generated by LigPlot+. LTEP-a-2 cells were exposed to gradient concentrations
of BaP (0, 0. 1, 1, and 10 pmol/L) for 48 h. Subsequently, cell viability was evaluated with CCK-8 assay,
invasive and migratory capabilities were assessed with Transwell assay, cytotoxicity was determined by lactate
dehydrogenase (LDH) release assay, and apoptosis was detected via Annexin V-FITC/PI flow cytometry. The
concentrations of IL-1f and IL.-18 in the supernatant were determined by enzyme-linked immunosorbent assay
(ELISA). RT-qPCR and Western blotting were performed to measure the expression of key pyroptosis-related
molecules (NLRP3, ASC, caspase-1, GSDMD, IL-1B, and IL-18) at mRNA and protein levels. Cell viability
and invasive/migratory capabilities were assessed after LTEP-a-2 cells treated with BaP combined with
pyroplosis agonists, as well as pyroptosis inhibitors combined with pyroptosis agonists. Concurrently,
alterations in pyroptosis-related indicators, including IL-1B/IL-18 release and expression of the
aforementioned key molecules, were examined. Results In vitro experiments demonstrated that compared to
the control group, exposure to 1 or 10 wmol/L. BaP significantly promoted the proliferation, invasion, and
migration of LTEP-a-2 cells (P<0. 01), but did not induced obvious changes in apoptosis. Bioinformatics
analysis revealed significant enrichment of BaP-related genes in the pyroptosis pathway. Treatment with
different doses of BaP significantly inhibited pyroptosis, as evidenced by reduced LDH release (P<0.05),
downregulated secretion levels of the inflammatory cytokines IL-1$3 and IL.-18, and notable decreases in both
mRNA and protein expression levels of key molecules in the pyroptosis pathway (NLRP3, ASC, caspase-1,
GSDMD, I1.-1B, and TL-18) (P<0. 05). Conversely, pyroptosis agonist (compared to the control group) induced
pronounced pyroptotic phenotypes and suppressed cell proliferation and invasive and migratory capacities

(P<0. 05). Tn the BaP or pyroptosis inhibitor combined with pyroptosis agonist treatment groups, the inhibitory
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effects of the agonists on tumor cell proliferation and invasion/migration were significantly reversed (P<0. 01).

Bioinformatics prediction and molecular docking analysis indicated that NLRP3 and PTGS2 may serve as

potential molecular targets for BaP-mediated regulation of pyroptosis in lung cancer cells. Conclusion BaP

promotes the invasion and migration of LTEP-a-2 cells by inhibiting the NLRP3-caspase-1-GSDMD pyroptosis

signaling pathway.
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A and D: Changes in LTEP-a-2 cells viability after exposure to different concentrations of BaP (A) and DMSO (D) ; B, C and

E, F: Changes in the invasive and migratory capacities of LTEP-a-2 cells after exposure to different concentrations of BaP (B and C)

and DMSO (E and F). Scale bar indicates 50 wm. BaP: benzo(a)pyrene; ns: not significant. a: P<0. 01
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Annexin V C

A: Venn diagram illustrating the overlap between predicted BaP target genes (from CTD) and differentially expressed genes

identified in the GSE32863 dataset; B: Bar chart depicting the top significantly enriched Gene Ontology (GO) biological

processes (BP) terms for the overlapping genes identified in panel A; C and D: Quantification of apoptosis levels in LTEP-a-2 cells

treated with different concentrations of BaP, as measured by Annexin V/PI flow cytometry. Data are presented as mean+SD (n=3);
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Figure 2 BaP inhibits pyroptosis in LTEP-a-2 cells
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C and D: Quantification of apoptosis levels in LTEP-a-2 cells treated with different concentrations of BaP, as measured by
Annexin V/PI flow cytometry. Data are presented as mean+SD (n=3); E: Representative ligcht microscopy (scale bar =20 wm)
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and transmission electron microscopy (TEM; scale bar=2 pm) images of LTEP-a-2 cells from the following experimental
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agonist (LPS+Nigericin). BaP: benzo(a)pyrene; ns: not significant
£:E 2 BaP#l#l LTEP-a-2 AAIET
Figure 2(Continued) BaP inhibits pyroptosis in LTEP-a-2 cells
b
™ !
1.5+ 100+ b 1004 Ta 1
Emmrem— 1
b M 0 pmol/L M 0.1 pmol/L © 1 pmol/L ~ 10 pmol/L
2 ; — g0 ! ' 80 519
@ —2— ] b b b
e 107 - z -y g |- D b b b
T £ z o — L —— — —
I £ 607 E 60~ 5 1.0
a S =3
4 = a <
) @ =4 Z
2 = 40 & 404 T
2 054 = 4 005
x =
20 20+ e
@
O.
0-! 0- 0- > © PR R
0 01 1 10 0 01 1 10 0 01 1 10 @,Qg o Qq?e’ 060‘“ v N4
BaP/(umol/L) A BaP/(umol/L) B BaP/(umolil)  C il D
BaP/(umol/L)
0O 01 1 10
NLRP3(118 X 10%)— _ M 0 pmol/L M 0.1 pmol/L ™ 1 ymol/L 10 pmolL
1.5 1
3 S b
o (S ] T SRR
a b o B
_ 3 — o & L T T |
cle-Caspase-1(20 X 10%)— _t i i £
o
GSDMD-NT(35X10% — £
5310 [ERERE] P
- X103
s v & & & YD
GAPDH (36X 10° &

A: LDH release in LTEP-a-2 cells after exposure to different concentrations of BaP; B and C: Changes in IL-1B and IL-18 in LTEP-a-
2 cell culture medium after exposure to different concentrations of BaP detected by ELISA; D and E: mRNA (D) and Protein (E)
levels of apoptosis-related molecules in LTEP-a-2 cells after exposure to different concentrations of BaP; F: Relative protein
expression levels of pyroptosis-related molecules NLRP3, ASC, Caspase-1, GSDMD, IL-1B, and IL-18 in LTEP-a-2 cells after
exposure to different concentrations of BaP. BaP: benzo(a)pyrene; LDH: lactate dehydrogenase. a: P<0.05, b: P<0. 01
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Figure 3 BaP inhibits the expression of key pyroptosis-associated molecules in LTEP-a-2 cells
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A: LDH release in each group of cells; B and C: Changes in IL-18 (B) and IL-18 (C) in the culture medium of each group of cells;

D and E: mRNA (D) and protein (E) levels of pyroptosis-related molecules in each group; F: Relative protein expression of
pyroptosis-related molecules NLRP3, ASC, Caspase-1, GSDMD, IL-1B, and IL-18 in each group of cells. BaP: benzo(a)pyrene;

LDH: lactate dehydrogenase. a: P<0.01
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Figure 4 BaP regulates pyroptosis via the NLRP3/Caspase-1/GSDMD pathway
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A to C: Changes in cell viability (A) and migratory capacity (B and C) of LTEP-a-2 cells in the control, pyroptosis agonist,

BaP+pyroptosis agonist, and MCC950+pyroptosis agonist groups. Scale bar=50 pm; D to F: Changes in in cell viability (D),

and migratory and invasive capacities (E and F) of LTEP-a-2 cells in the control, DMSO-treated group, BaP-treated group, and

BaP combined with pyroptosis agonist group. Scale bar=50 wm. BaP: benzo(a)pyrene. a: P<0. 01
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Figure 5 BaP promotes the growth, invasion, and migration of LTEP-a-2 cells by inhibiting pyroptosis
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A': protein-protein interaction (PPI) network of differentially expressed genes constructed using STRING ; B: Topological analysis of

PPI network in Cytoscape with node degree centrality mapping; C to J: Kaplan-Meier survival curves demonstrating the association

between expression levels of candidate genes (TP53, Caspase-3, HIF1A, AKT1, PTGS2, IL1B, NLRP3, Caspase-l) and clinical

outcomes in lung cancer patients. BaP: benzo(a)pyrene
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Figure 6 Screening of potential targets for BaP using integrated bioinformatics
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A to F: 3D structural model and 2D binding schematic of the NLRP3-BaP complex (A and B), the PTGS2-BaP complex (C and D),

and the Caspase-1-BaP complex (E and F). BaP: benzo(a)pyrene
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Figure 7 Validation of BaP binding to target proteins by molecular docking
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