Toxicity and mechanisms of uptake and translocation of ingested
polystyrene micro-nanoplastics in advanced in vitro small intestinal models
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Abstract _ Resuts

Micro and nanoplastics (MNPs) are now ubiquitous contaminants of food and water. Cellular and animal studies have shown that Studies in a triculture small intestinal epithelium model: Studies in a human organoid intestine-on-a-chip:
ingested MNPs can breach the intestinal barrier to reach the circulation. To date however, the mechanisms involved in intestinal : :
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an immortalized human cell line-based triculture transwell small intestinal epithelium (SIE) model and a microfluidic primary human oot , I i _ . ] 1 s 1
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carboxylated polystyrene (PS26C), at an effective oral concentration (EOC) of 125 pg/mL, caused no significant toxicity. Inhibition of | Intestinal Epithelium i - £ 5. - a 2 o
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clathrin, suggesting involvement of clathrin mediated endocytosis (CME) and fast endophilin-mediated endocytosis (FEME). Inhibition loeston e @ i \ = - e - r | - 20'; 001 - —
of actin polymerization also significantly reduced translocation, suggesting involvement of macropinocytosis or phagocytosis. ~ §§ ([ Emm=—=—"77" ; ;: 2m +/- Uptake : | - o —1=— 8 : ] T
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healthy donor I0C model identified 9 dysregulated genes, notably including downregulation of IFI6 (interferon alpha-induced protein B - BB salts e g e o TEE‘,; dextran permeability, (d) and (e)). The same treatment also had no effects on toxicity in the Crohn’s donor IOC model (data not shown).
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become widely contaminated with micron to nanometer scale plastic fragments (micro-nanoplastics or MNPs). Due to the widespread Simulated oral . T o\&‘ Q\V \v”\ o*& & Q\V X v”\ o“@
use of plastics in agricultural systems and processes, soil and irrigation water have been contaminated with MNPs. MNPs have also Digestion pH 6.8 | i SioH NP oy &o\ ¥ @o\
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seafood. Significant human ingestion exposure to MNPs is therefore clearly ongoing and likely to increase. Despite the growing +Pepsin gl @ 24h \ _ y °_ ine ANAYSIS a. o -2 1 MUCL3 EX_IDFGS_Slon analysis by RNAseq of
evidence of widespread heavy MNP contamination of foods and water, very little is known about the fate, biointeractions, or health Friac Gastric / 'f)"’{jh‘:::; '('ré‘:_t:ns) ft‘g 1.0 _ 20'15' * zplrt]hfhalff hra2n4nﬁl cells fr?mAnolggzafls
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toxic effects. Animal studies have demonstrated that ingested MNPs are readily absorbed in the gastrointestinal tract (GIT), and St Q 7 Eg | % 010, upregulation of 4 genes
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A fundamental question that has not been fully addressed is “what cellular mechanisms are involved in MNP uptake by and o Ty Endothelia Shanne’ 1 e ug; - 4 .05 I DTNB  7core gRTznggp(\S:_F?g OG&%)?SSQ%@ZEEPZ,
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epithelium: (1) a transwell triculture model developed from immortalized cell lines (Caco-2, HT29-MTX, and Raji B), and (2) a two-

channel (endothelial and epithelial) microfluidic intestine-on-a-chip (I0C) model developed using human small intestinal epithelial Uptake of AuPS25 by the Crohn’s epithelium

signaling in the pathogenesis of
REG3A ulcerative colitis (IBD).
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