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Editorial on the Research Topic 


Molecular Pathways Controlling Epithelial Inflammation in the Gut


The gut epithelium is a frontline barrier between luminal contents and the underlying mucosal immune system while facilitating the transport of nutrients and water. Recent scientific advances in the dynamic communications between luminal microbiota and gut epithelial cells (GECs) have greatly increased our understanding of epithelial pathophysiology. Gut microbial exposure triggers various types of pattern-recognition-receptor (PRR)-linked or stress-responsive signaling pathways in GECs. In particular, PRR-activated transcription factors such as NFκB and the interferon-regulatory factor (IRF) play pivotal roles in inducing the genes involved in cellular and humoral immune responses (1–3). Although excessive or persistent PRR-linked signaling activation may lead to detrimental inflammatory cytokine production and subsequent gut barrier disruption, optimally activated epithelial NFκB signals can exert a protective effect by improving cell proliferation in response to tissue injuries. GEC-derived cytokines are also involved in regulating immune responses by mucosa-associated myeloid- or lymphoid-derived cells. In addition to cytokines, GECs can secrete diverse types of defense molecules such as mucins and antimicrobial peptides. All of these components play crucial roles in regulating gut epithelial integrity during infection and tissue injuries. Discordant regulation of the cellular or humoral components in the mucosal immune network would lead to various types of mucosa-associated or systemic distresses, including hypersensitivity and inflammatory outcomes.

In response to the gut microbiota, GECs recognize the structural components of live and dead microbes via PRRs. Some PRRs are involved in the recognition of bacteria-derived extracellular vesicles (EVs) in the gut. Martin-Gallausiaux et al. demonstrated that EVs of Fusobacterium nucleatum, a pathobiont in the gut lumen, trigger the innate immune responses of intestinal epithelial cells by promoting NFκB signaling in a TLR2-dependent manner, rather than in a TLR4-linked pathway. In particular, the epithelial activation of NFκB signaling was mediated by the non-specific porin FomA, one of the most expressed outer membrane proteins of EVs, which is known to modulate cell adhesion with its immunogenic properties (4). Mechanistically, the transcriptional machinery of NFκB- or IRF-promoted gene expression is tightly regulated by post-translation modifications including ubiquitinylation in immunity-related cells (5, 6). Karhausen et al. addressed the diverse actions of the SUMO-dependent regulation of the interferon or the NFκB signaling pathway in the gut during detrimental and inflammatory stress.

In addition to the bacterial structural components, bacterial metabolites are involved in regulating mucosal immunity. Luminal microbes can metabolize the dietary components and host molecules. For instance, gut bacteria can utilize the dietary fibers by converting them to short-chain fatty acids (SCFAs), which play pivotal roles in regulating host cell differentiation and energy metabolism. Gong et al. suggested that SCFAs such as β-hydroxybutyrate or butyrate activate G protein-coupled receptor 109A (GPR109A, HM74A in humans), which counteracts the proinflammatory signaling cascades of NFκB and inflammasome NLRP3 in response to bacterial infection. Moreover, SCFA-activated GPR109A signaling is involved in inducing polymeric immunoglobulin receptor expression, which facilitates the mucosal secretion of immunoglobulin A and subsequent host defense against bacterial access to the gut epithelial barrier. In addition to GPR109A-mediated immune regulation, SCFAs are involved in the epigenetic control of the gut immune cells via the inhibition of HDAC activity. Moreover, some dietary fibers can directly bind to the PRRs, regulating gut immunity. For example, a low degree of methyl esterification pectin inhibits TLR2, whereas β2 fructans activate TLR2-linked signaling.

Gut bacteria-derived tryptophan metabolites are another microbial regulator for epithelial immunity and inflammatory responses. Different bacterial species display different catalytic enzymes, which can generate a typical profile of luminal tryptophan metabolites, including tryptamine, indole-3-pyruvic acid, indole, indole-3-acetaldehyde, indole-lactic-acid, indole-3-acetic acid, tryptophol, skatole, indole-acrylic acid, and indole propionic acid (7). Gasaly et al. compared the differential actions of tryptophan metabolites in the gut barrier. Intestinal epithelial cells recognized these tryptophan metabolites via the pregnane X receptor (PXR) or the aryl hydrocarbon receptor (AhR). In particular, indole and indole-3-acetamide, as low- and medium-affinity orthosteric ligands of PXR, regulate intestinal permeability and inflammation in intestinal cells, despite some controversies (8). A variety of indole-based bacterial metabolites are ligands of AhR in the gut epithelial and immune cells. They are mostly involved in maintaining barrier-protective actions during inflammation and hypersensitivity reactions in an AhR-dependent manner. Mechanistically, AhR activation triggers the induction of some members of the IL-10 family, such as IL-10 and IL-22, which play crucial roles in maintaining gut epithelial homeostasis. Generally, IL-10 serves as an important regulator in preventing pro-inflammatory responses, while IL-22 contributes to improving the barrier integrity in response to tissue injury Wei et al., Papoutsopoulou et al. addressed the genetic landscape of IL-10-deficient gut epithelia in response to proinflammatory insults. Intestinal epithelium-derived IL-10 was predicted as a positive regulator of the canonical NFκB pathway, contributing to the maintenance of intestinal homeostasis, particularly during the resolution stage of the inflammation. Although excess levels of NFκB signaling activation are associated with detrimental outcomes during inflammation, the delayed activation of epithelial NFκB may contribute to the reconstitution of injured mucosal monolayers via the up-regulation of cell migration-related target genes in response to the tissue injury (9, 10). Therefore, phase-associated signaling responses to gut bacteria are an important readout of disease prognosis in the gut mucosa.

To avoid the detrimental hypersensitivity of the immune response to the luminal antigens, the biological system develops oral tolerance by driving the development of regulatory T cells and regulatory innate lymphoid cells (11). Smaldini et al. demonstrated an immunoregulatory action of Actinomyces Tsukamurella inchonensis against food hypersensitivity in an animal model. Mechanistically, the tolerance to the food allergen was associated with the increased action of regulatory T cells and anti-inflammatory cytokines such as IL-10. In addition to the lymphoid cell-mediated immune tolerance, the adult normal intestinal epithelial cells display hypo-responsiveness to commensal bacteria and dietary components (12). At the molecular level, epithelial tolerance to microbiota is mediated by activating the transcription factor peroxisome proliferator-activated receptor γ (PPARγ), a member of the nuclear receptor superfamily abundantly expressed in the gut epithelium (13–15). PPAR-γ-linked signals counteract the NFκB-mediated signaling cascade in gut epithelial cells. The impaired expression of PPAR-γ leads to pathological outcomes in patients with inflammatory bowel diseases, including ulcerative colitis (16). Moreover, Saiz-Gonzalo et al. suggested carcinoembryonic antigen-related cellular adhesion molecules as potent endogenous anti-inflammatory factors of the intestinal epithelial cells during IBD pathogenesis, although there remains a lack of molecular evidence concerning their tolerance.

In summary, the collection in this Research Topic deals with crucial aspects of gut epithelial pathophysiology in association with microbiota, bacterial metabolites, dietary components, and endogenous factors in health and disease (Figure 1). This Section highlights the increasing evidence for microbiota- or metabolite-response epithelial signaling contributing to epithelial homeostasis and pathologic processes in the gut.




Figure 1 | Graphic summary of the research topics on molecular pathways controlling epithelial inflammation in the gut.
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