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More than 8 million early deaths/year are Worldwide, an estimated 11 million workers have a job title of welder and around 110 million
additional workers probably incur welding-related exposures. Recent evidence has identified welding fumes (WF)-derived ultrafine particles
(UFPs) as the driving force of their adverse health effects. However, UFPs have not yet been extensively studied and are currently not
included in present air quality standards/guidelines. Here, attention was focused on the underlying genetic and epigenetic mechanisms by
which the quasi-UFPs (q-UFPs, i.e., ≤ 0.25 μm) of the WF emitted by gas metal arc welding-stainless steel (GMAW-SS) exert their toxicity in
human bronchial epithelial cells (BEAS-2B).

INTRODUCTION

✓ WELDING MATERIALS
▪ Welding bench using GWAW-SS: Fe: 50-60%, Cr: 10-25%, Ni: 10-25%, and Mn: 3%

✓ Q-PUF COLLECTION
▪ SIOUTAS cascade impactor (120 mg of WF-derived Q-PUF) and liquid extraction (2µg/µL)

✓ CELL EXPOSURE
▪ Human bronchial epithelial cells (BEAS-2B)
▪ Acute (24 h) or repeated (3 x 24 h) exposures to WF-derived Q-UFPs: 0.1 to 50 µg/cm²

✓ TOXICOLOGICAL ENDPOINTS
▪ Cytotoxicity: ATP intracellular levels (luminescence)
▪ Oxidative stress: Nuclear factor erythroid 2-related factor 2 (NRF2, TransAM®), glutathione status (luminescence), oxidative damage: 8-

hydroxy-2’-deoxyguanosine (8-OHdG, ELISA), carbonylated proteins (PROT-CO, ELISA), and 4-hydroxynonenal (4-HNE, MSD assay)
▪ Inflammation: nuclear factor-kappa B (NFkB, TransAM®), cytokine (i.e., tumor necrosis factor-alpha, TNF-a; interleukin-1 beta, IL-1b;

interleukin-6, IL-6) expression (RT-qPCR) and secretion (Luminex)
▪ Genotoxicity: Primary DNA damage (comet assay w/o OGG1)
▪ Epigenetics: Histone H3 acetylation (i.e., H3K9ac and H3K27ac; ELISA), histone acetyltransferase (HAT) and deacetylase (HDAC) activities

(fluorescence), and miRNA/mRNA profiles (TaqMan® OpenArray® Human MicroRNA Panel and Human Signal Transduction Panel).
▪ Statistical analysis : Student t test, exposed vs negative controls (*: p < 0.05 ; **:  p < 0.01; ***:  p < 0.001). 

MATERIALS AND METHODS

BEAS-2B

20 µm

✓ CYTOTOXICITY

✓ OXIDATIVE STRESS

✓ EPIGENETICS

RESULTS:
PHYSICO-CHEMICAL CARACTERISTICS

OF WF-DERIVED Q-UFPs

Overall, the present original results clearly demonstrated for the first time, in a relevant human bronchial epithelial cell model, the crucial
role played by the specific metal enriched Q-UFP fraction of the WF emitted by GMAW-SS in ROS over-production, thereby triggering
massive oxidative damage, genetic and/or epigenetic alteration, and, therefore, some critical cellular signaling pathways related to
oxidative stress, inflammation, and cell cycle deregulation in favor of apoptosis cell death.

CONCLUSION

RESULTS: UNDERLYING MECHANISMS INVOLVED THE TOXICITY OF IN WF-DERIVED Q-UFPs
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 VALIDATION = WF-derived Q-PUF induced apoptotic events

↗ : Up-regulated genes ↘ : Down-regulated genes

Number of up-and down-regulated miRNA and mRNA
versus negative controls

Deregulated 
mRNA

Deregulated miRNA  Identification of mRNA
targets using DIANA, MirDB, Target Scan
databases & transcriptomic data:

Venn
Diagram

 Exposure 
 ACUTE REPEATED 

Dose 1,5 9 0,25 1,5 

Regulation         

miRNA 2 0 5 0 1 0 1 0 

mRNA 0 1 3 8 1 0 6 17 

 

Activation of some critical cell signaling pathways
related to oxidative stress, inflammation, and cell
cycle deregulation towards apoptosis.


