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Epithelial barriers serve as critical defense lines against microbial infiltration and maintain tissue homeostasis. E-cadherin, an essential component of adherens junctions, has emerged as a pivotal molecule that secures epithelial homeostasis. Lately, its pleiotropic role beyond barrier function, including its involvement in immune responses, has become more evident. Herein, we delve into the intricate relationship between (dys)regulation of epithelial homeostasis and the versatile functionality of E-cadherin, describing complex mechanisms that underlie barrier integrity and disruption in disease pathogenesis such as bacterial infection and inflammation, among others. Clinical implications of E-cadherin perturbations in host pathophysiology are emphasized; downregulation, proteolytic phenomena, abnormal localization/signaling and aberrant immune reactions are linked with a broad spectrum of pathology beyond infectious diseases. Finally, potential therapeutic interventions that may harness E-cadherin to mitigate barrier-associated tissue damage are explored. Overall, this review highlights the crucial role of E-cadherin in systemic health, offering insights that could pave the way for strategies to reinforce/restore barrier integrity and treat related diseases.
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1 Introduction

The epithelial barrier is essential for maintaining tissue homeostasis and protecting against exogenous insults. Loss of barrier function results in severance of the intricate structural framework of the epithelia and increased susceptibility to noxious stimuli such as bacterial infection and inflammation (Groeger and Meyle, 2015; Rogers et al., 2023). Bacterial pathogens are known to exploit transcytosis, as well as other uptake mechanisms like internalization or paracytosis (intercellular passage), to penetrate epithelial and other tissue barriers. These strategies enable them to reach underlying niches or access the intra- and sub-epithelial spaces, facilitating their spread  (Kaper et al., 2004; Edwards and Massey, 2011; Nikitas et al., 2011; Zhu et al., 2024). To this end, it is essential to elucidate cellular phenomena and understand the key regulatory events that govern the integrity of a well-controlled epithelial barrier. This may pave the way for new therapeutic avenues that will enable the development of targeted interventions to mitigate barrier impairment and, ultimately, restore its functionality in pathophysiological conditions.

The epithelial barrier acts as a physical and immunological barrier, separating the internal milieu from the external environment. It represents a composite network of cell adhesion molecules (CAMs), such as adherens junctions (AJs), tight junctions (TJs), and desmosomes, which collectively maintain the epithelial polarity and barrier microarchitecture (Figure 1) (Adil et al., 2021). Infectious agents dissociate these junctional complexes and destabilize the selective permeability and structural coherence, facilitating barrier breach and pathogen invasion into the interstitial tissues (Groeger and Meyle, 2015; Rogers et al., 2023).




Figure 1 | Schematic structure of E-cadherin. The extracellular domain contains five 110 amino acids repeated regions (EC1-EC5), in which the Ca2+ ions work as inter-domain linkers to stabilize the adhesive interactions between adjoining cells. The single-pass transmembrane region of E-cadherin transverses the phospholipid bilayer and facilitates the interactions of the extracellular domains with the cytoplasmic domain. The cytoplasmic tail consists of roughly 150 amino acids and regulates downstream signaling pathways. Cadherins initially form cis-dimers on the same cells, followed by the formation of trans-dimers with cadherins on adjacent cells, establishing adhesion across the paracellular space. The three domains are involved in the epithelial barrier function via formation and stabilization of AJs. JAM, junctional adhesion molecule; ZO-1, zonula occludens-1; β-cat, β-catenin; α-cat, α-catenin; p120ctn, p120 catenin; EC1-5, extracellular cadherin repeats 1-5.



The formation of AJs requires the presence of Ca2+-dependent transmembrane adhesion glycoproteins, named cadherins. They act more than mere cell glue designated to serve mechanical cohesion between adjacent cells; they orchestrate junctional assembly and inter-junctional communication, and participate in signaling pathways that regulate cellular behavior, such as proliferation, migration, differentiation, epithelial repair, wound healing, or even morphogenesis (Stockinger et al., 2001; Gumbiner, 2005; Halbleib and Nelson, 2006; Van Roy and Berx, 2008, 2008; Van Den Bossche et al., 2012). The most well-studied cadherins are the classical vertebrate cadherins, which have been named based on the tissue in which they are expressed. Neuronal cells mainly express N-cadherin (CDH2), while epithelial cells highly express E-cadherin (CDH1) (Rajwar, 2015; László and Lele, 2022; Kadeh et al., 2023). P-cadherin (CDH3) has been found in breast tissue, skin, and hair follicles, as well as lungs and placenta among others (Vieira and Paredes, 2015). In addition, VE-cadherin (CDH5) is specifically expressed in vascular endothelial cells, where it controls their behavior during angiogenesis (Nan et al., 2023), while K-cadherin (CDH6) is primarily found in the kidney (Cho et al., 1998; Thedieck et al., 2005) and R-cadherin (CDH4) mainly in the brain (Martinez-Garay et al., 2016). Interestingly, it has been found that E-cadherin is also present in immune cells, such as dendritic cells (DCs), macrophages, and T-cells (Riedl et al., 2000; Van Den Bossche et al., 2012; Van Den Bossche and Van Ginderachter, 2013; Charnley et al., 2023; Davies et al., 2024). E-cadherin is a type-I cadherin encoded by the CDH1 gene on chromosome 16q22 (Van Roy and Berx, 2008). The E-cadherin molecule is composed of three distinct structural domains, namely an extracellular domain, consisting of 5 repeated regions (EC1-EC5), which engages in homotypic (cis- and trans-dimers) and heterotypic cell-cell interactions, a single-pass transmembrane domain, and a cytoplasmic tail which regulates downstream signaling (Gumbiner, 2005; Hulpiau and Van Roy, 2009). The domain structure of E-cadherin is illustrated in Figure 1.

This review aims to provide a comprehensive overview of E-cadherin as a major junctional molecule with respect to tissue homeostasis and its dysregulation in the etiopathogenesis of bacterial infections, inflammatory, and other conditions. Initially, we report the molecular underpinnings of E-cadherin-directed cell-cell adhesion and relevant signaling pathways in homeostasis. Next, we describe E-cadherin-mediated mechanisms in bacterial infections, inflammation, and other diseases by delving into alterations in E-cadherin expression, localization, and functionality. Furthermore, we highlight the clinical implications of epithelial barrier dysfunction and the mechanistic and immunological involvement of E-cadherin in disease across various tissues, emphasizing numerous infection examples and inflammation models. Lastly, we examine potential therapeutic strategies targeting junctional compounds and E-cadherin to enhance and restore epithelial barrier integrity and tackle infection.




2 Homeostatic regulation of the epithelial barrier via E-cadherin

E-cadherin plays a vital role in tissue homeostasis by contributing to selective, semi-permeable barrier structure features via sealing the intercellular spaces between the cells and promoting the formation of AJs (Wheelock and Johnson, 2003; Takeichi, 2014). Herein, we aim to report E-cadherin-mediated mechanisms that are involved in the barrier assembly and are responsible for maintaining epithelial homeostasis (Figure 2).




Figure 2 | Schematic representation of the E-cadherin interactions and homeostatic mechanisms involved in the regulation of the epithelial barrier of epithelial barrier. i) E-cadherin/β-catenin/actin complex, ii) E-cadherin/p120ctn complex, iii) E-cadherin post-translational modifications, iv) Tight junctions and E-cadherin, v) E-cadherin and Wnt pathways, vi) E-cadherin and Hippo pathway, collectively play a critical role in tightly regulating cellular behavior and intercellular communication. Intricate modulation of the AJs integrity, downstream signaling, and overall epithelial barrier function preserves homeostatic conditions in the host tissue. β-cat, β-catenin; α-catenin, α-catenin; p120ctn, p120 catenin; ZO-1, zonula occludens 1;  GSK-3β, glycogen synthase kinase-3 beta; CK1, casein kinase 1; APC, anaphase-promoting complex; β-TrCP, beta-transducin repeats-containing protein; YAP, yes-associated protein; TAZ, transcriptional co-activator with PDZ-binding motif; LATS1/2, large tumor suppressor kinase 1/2; Tead, transcriptional enhanced associate domain; TCF, T-cell factor.





2.1 E-cadherin/β-catenin/actin complex

The canonical pathways involved in AJ assembly demonstrated the E-cadherin clustering controlled by the intracellular tail and the coupled actin cytoskeleton (Yap et al., 1998; Wu et al., 2015; Biswas and Zaidel-Bar, 2017). Specifically, the C-terminus of the intracellular tail interacts with a group of adaptor proteins called armadillo catenins, namely β-catenin and plakoglobin (γ-catenin), which anchor E-cadherin to the peri-junctional actin cytoskeleton. γ-Catenin is primarily localized at desmosomes and AJs, interacting with desmogleins/desmocollins and cadherins, respectively, and can compensate for β-catenin loss at AJs without disrupting desmosomal integrity (Diane Wickline et al., 2013). The E-cadherin-catenin complex -known as CCC- is composed of β-catenin (or plakoglobin), which directly tethers via its central Armadillo domain to the cytosolic tail of E-cadherin and via the N-terminal domain to α-catenin, which in turn links the compound to the actin filaments (F-actin) (Pećina-Šlaus, 2003; Kobielak and Fuchs, 2004; Hulpiau and Van Roy, 2009). The binding of α-catenin to F-actin requires α-catenin homodimers, whereas α-catenin binds to E-cadherin/β-catenin complex in its monomeric form. EPLIN (i.e., epithelial protein lost in neoplasm) represents the missing link between the CCC and the apical circumferential actin belt, coupling cortical actin filament bundles to the monomeric α-catenin of the assembly (Abe and Takeichi, 2008).




2.2 E-cadherin/p120ctn complex

A highly conserved sequence in the juxtamembrane domain of E-cadherin is responsible for coupling with another catenin, named p120 catenin (p120ctn), whose binding is fundamental for the AJ assembly (Thoreson et al., 2000; Van Roy and Berx, 2008). p120ctn acts as a master regulator of E-cadherin’s cell surface delivery and functional integrity by inhibiting internalization pathways that promote E-cadherin degradation and facilitating plasma membrane recycling (Davis et al., 2003). It has been reported that the juxtamembrane region primarily mediates the lateral clustering of cadherin molecules, further reinforcing the role of p120ctn as a key contributor to cluster formation and adhesion strengthening (Yap et al., 1998). Moreover, p120ctn is an important mediator for the Rho-associated protein kinase (ROCK)/E-cadherin interaction. ROCK is a serine-threonine kinase involved in the regulation of cadherin function. Constitutive activation of ROCK leads to disruption of AJs, whereas pharmacological inhibition of ROCK promotes AJ stability (Wójciak-Stothard et al., 2001; Grothaus et al., 2018).




2.3 Post-translational events

Post-translational processing of E-cadherin, most prominently including phosphorylation, O-glycosylation, N-glycosylation, and proteolytic cleavage, has been extensively described to dictate its function and redistribution dynamics. Serine phosphorylation of the β-catenin-binding domain, for instance, has been reported to be constitutive to cadherin-catenin complex formation and stabilization by increasing β-catenin binding affinity and regulating E-cadherin’s biosynthesis and trafficking (McEwen et al., 2014). Effector phosphorylation of p120ctn and β-catenin also seem to -inversely- contribute to the E-cadherin/catenin association and partly control E-cadherin’s surface stability (Roura et al., 1999; Fukumoto et al., 2008). Cytoplasmic O-glycosylation (O-GlcNAc) of newly synthesized E-cadherin regulates its secretory path, causing retention in the endoplasmic reticulum and cell surface transit arrest. In its absence, unimpeded export to the membrane delays apoptosis and rescues E-cadherin recruitment to adhesion sites (Geng et al., 2012). Ectodomain N-glycosylation constitutes the most prevalent post-translational modification, boasting four potential sites (two in EC4 and two in EC5) in the extracellular domain of human E-cadherin. In addition to E-cadherin folding and trafficking, N-glycan remodeling can be instrumental to functional junction organization, with the extent of N-glycan branching/complexity negatively associating with adhesive strength (Pinho et al., 2011). Another functionally-impairing post-translational event E-cadherin can undergo is proteolytic truncation by endogenous proteases, which more prominently results in the release of soluble E-cadherin (sE-cad) fragments, as discussed in more detail below. sE-cad is approximately 80 kDa in size, generated by α-secretase cleavage on the extracellular face of the plasma membrane, which is catalyzed by various proteases, including matrix metalloproteinases (MMPs), members of a disintegrin and metalloproteinase (ADAMs) family, plasmin, and kallikrein 7 (David and Rajasekaran, 2012). The shed sE-cad fragment can diffuse into the extracellular environment, where it retains the ability to form homophilic bonds and pair with intact, full-length molecules, interfering with the function of adhesion-competent E-cadherin. Moreover, it can chemotactically anchor E-cadherin on migrating cells and upregulate MMPs, thereby further destabilizing epithelial integrity (Samuels et al., 2023). Ectodomain shedding disrupts the intact E-cadherin junctional complexes, with circulating sE-cad harboring biological effect amplification in the context of proliferative and survival/apoptotic resistance signals, migratory and invasive abilities due to loss of barrier function, inflammation, and tumorigenesis (Grabowska, 2012). The remaining membrane-bound C-terminal fragment of E-cadherin (38 kDa, E-cad/CTF1) can then be cleaved by a γ-secretase/presenilin-1/2, injecting a 33-kDa E-cad/CTF2 fragment into the cytosol. This unleashes β-catenin which can promote the oncogenic canonical Wnt pathway, with E-cadherin sheddase matrilysin (MMP-7) among the transcriptional targets. Also, p120ctn remains E-cadherin-bound and can mediate E-cad/CTF2 translocation to the nucleus and subsequent DNA binding, where E-cad/CTF2 modulates p120ctn-Kaiso-mediated pathway to suppress apoptosis (Ferber et al., 2008). In addition to fragmentation into CTF1 and CTF2, generation of a 29kDa E-cad/CTF3 by caspase-3 has been observed in apoptosis and cancer progression (Craig and Brady-Kalnay, 2011; Yang et al., 2017).




2.4 E-cadherin and tight junctions (TJs)

Tungal et al. demonstrated that E-cadherin is crucial for maintaining epithelial barrier function in vivo by regulating TJ formation and stability. Specifically, E-cadherin coordinates the trafficking and positioning of TJ proteins, facilitating the localized integration of key molecules such as the cytoplasmic scaffolding zonula occludens 1 (ZO-1) and claudins, a family of integral membrane proteins that form TJs (Tunggal et al., 2005; Maiers et al., 2013). The communication between AJs, mediated by E-cadherin, and TJs plays a vital role in establishing inter-junctional co-dependence and directing the initial architecture of the epithelial barrier (Ando-Akatsuka et al., 1999; Lázaro et al., 2002; Tunggal et al., 2005).

The functional coupling of AJs and TJs is essential for the maturation of AJs and the early development of TJs. Early studies found that ZO-1 mobilization to the plasma membrane is mediated by catenins, enabling ZO-1 to co-distribute in areas segregated by E-cadherin (Rajasekaran et al., 1996). ZO-1, a key marker of TJs, is closely associated with AJs and the cadherin-catenin complex, transiently binding with α-catenin in nascent junctions (Maiers et al., 2013; Campbell et al., 2017). Knockdown of E-cadherin using siRNA has been shown to reduce ZO-1 expression and lower epithelial resistance in bronchial epithelial cells (Heijink et al., 2010). Additionally, loss of E-cadherin disrupts the organization of ZO-1 and F-actin, as E-cadherin-dependent mechanical circuits play a role in integrating force transduction and signaling pathways that drive junctional polarization necessary for functional epithelial barrier formation (Rübsam et al., 2017).

E-cadherin also regulates epidermal growth factor receptor (EGFR) activity and junctional tension to inhibit premature TJ complex formation in lower layers, while promoting TJ stability and cortical stiffness in apical layers. In E-cadherin knockout models, occludin—a transmembrane protein essential for TJs—and its cytosolic connector ZO-1 exhibit a more punctate or discontinuous pattern at cellular interfaces, explaining why TJ barrier function is compromised in the absence of E-cadherin (Rübsam et al., 2017).

Moreover, TJ proteins can influence E-cadherin regulation. For instance, introducing mutated ZO-1 into a ZO-null cell line inhibits the maturation of AJs during epithelial polarization (Ikenouchi et al., 2007). Additionally, overexpression of claudin-1 has been shown to drive the transcriptional downregulation of E-cadherin through the transcriptional repressor ZEB-1 (Singh et al., 2011). In contrast, overexpression of claudin-7 upregulates E-cadherin expression and enhances cell-cell adhesion, whereas E-cadherin expression does not appear to induce an increase in claudin-7 (Lioni et al., 2007).




2.5 E-cadherin and Wnt pathways

The Wnt signaling pathways are evolutionarily conserved cellular communication networks that play a key role in both normal physiological and disease states. Several studies have reported that Wnt signaling governs processes such as cell fate determination, differentiation, proliferation, migration, and polarity. The pathway is divided into two main branches: the canonical Wnt/β-catenin pathway, which involves the stabilization and nuclear translocation of β-catenin, and the non-canonical Wnt pathways, such as the planar cell polarity (PCP) pathway, which operate independently of β-catenin (Komiya and Habas, 2008; Katoh, 2017; Flores-Hernández et al., 2020). Of note, E-cadherin/β-catenin membranous interaction and colocalization sequesters β-catenin to the membrane, inhibiting Wnt activation and epithelial-to-mesenchymal transition (EMT) by averting nuclear translocation of β-catenin. The Wnt/β-catenin signaling culminates in the nucleus with the formation of the TCF/LEF complex, initiating the transcription of Wnt target genes. Loss of E-cadherin results in downregulation of membrane β-catenin binding, whereas nuclear mutant β-catenin induces EMT, dysregulating the assembly of TJs and AJs (Kim et al., 2019). Also, E-cadherin/β-catenin interaction maintains low levels of cytoplasmic β-catenin fraction by inhibiting Wnt signaling (Stockinger et al., 2001). In reverse, the absence of Wnt stimulus empowers β-catenin phosphorylation by a destruction complex consisting of APC, Axin, GSK3β, and CK1, which marks β-catenin for degradation by the proteasome (Stamos and Weis, 2013). β-catenin´s growth-inducing transcriptional activity can thus be counteracted by E-cadherin, which in turn induces cell cycle arrest or, more pronouncedly, apoptosis (Stockinger et al., 2001).




2.6 E-cadherin and Hippo pathway

The Hippo pathway is another evolutionarily conserved signaling network that regulates cell-cell communication and tissue homeostasis across species. It integrates environmental signals, including cellular polarity, contact inhibition, soluble factors, and mechanical stimuli, to regulate key biological processes such as cell proliferation, organ/tissue size, development, and regeneration (Cheng et al., 2020; Ahmad et al., 2022; Fu et al., 2022; Nita and Moroishi, 2024; Zhong et al., 2024). It primarily regulates the phosphorylation of Yes-associated protein (YAP) and transcriptional co-activator with PDZ-binding motif (TAZ) by LATS1/2 kinases at multiple serine residues. This phosphorylation facilitates the binding of 14-3-3 proteins, resulting in the retention of YAP/TAZ in the cytoplasm, preventing their nuclear translocation and transcriptional activity, and potentially leading to their proteolytic degradation in the cytosol (Cheng et al., 2020; Zhong et al., 2024). Upon LATS1/2 inactivation, unphosphorylated YAP/TAZ translocate to the nucleus, where it functions as a transcriptional co-activator by associating with the transcriptional enhanced associate domain (TEAD) transcription factor family (Kaan et al., 2017; He et al., 2021). The resulting YAP/TAZ-TEAD complex facilitates the transcriptional activation of numerous target genes, including those encoding critical junctional proteins such as desmogleins and E-cadherin. Inhibition of YAP–TEAD interactions lead to a substantial decrease in both YAP and phospho-YAP levels, significantly impairing cell–cell junction integrity and resulting in the disassembly of AJs and desmosomes (Ahmad et al., 2022). Kim et al. demonstrated that cell-cell adhesion, mediated by homophilic binding of E-cadherin, contributes to YAP inactivation (Kim et al., 2011). Perturbing the E-cadherin/α-catenin complex reduces YAP phosphorylation and increases YAP nuclear accumulation and activity (Kim et al., 2011; Lamar et al., 2012). Studies have shown that the regulation of Hippo pathway kinases and the sequestration of YAP occur at AJs, where several Hippo pathway components are localized (Pan et al., 2018; Ma et al., 2020; Ahmad et al., 2022).

Several studies have also established a connection between Hippo signaling and cell-cell contact through the regulation of TJs, including ZO proteins (Kaan et al., 2017; Ahmad et al., 2022; Guo et al., 2022). Specifically, AMOTL2, a member of the Angiomotin (AMOT) family of proteins, binds directly to the WW domains of YAP via its PPxY motifs, sequestering YAP at TJs and preventing its nuclear activity. In addition, it has been shown that AMOTL2 interacts with LATS2, permitting the recruitment of upstream Hippo components, such as SAV1, to the junctional complex. The interaction between AMOTL2 and LATS2 also facilitates LATS2-mediated YAP phosphorylation, cytoplasmic retention, and inactivation (Paramasivam et al., 2011; Zhao et al., 2011). Intriguingly, the scaffolding functions of AMOTL2 have been described beyond YAP and LATS2, including multiple other junctional proteins like ZO-1 and β-catenin, thus contributing to maintenance of TJ integrity and epithelial polarity (Zhao et al., 2011; Kim et al., 2021). Hippo and canonical Wnt have been reported to engage in crosstalk, particularly through the YAP effector; YAP/TAZ has been described as part of the β-catenin destruction complex and can modulate the Wnt/β-catenin response and β-catenin degradation; in Wnt-OFF cells, YAP/TAZ cytoplasmic sequestration as part of the destruction complex, inhibits Wnt/β-catenin signaling in the cytoplasm. Conversely, in nucleus, YAP/TAZ can contribute to β-catenin-mediated transactivation of genes, with the two co-activators complexing and β-catenin/YAP/TAZ/TEAD co-regulating target genes. Finally, YAP can be a Wnt/β-catenin target gene, with its expression being a driver of proliferation in cancer cells (Konsavage and Yochum, 2013; Sileo et al., 2022).





3 E-cadherin regulation in bacterial infections

E-cadherin is considered the gatekeeper of the epithelial barrier, which stands at the frontline of mechanical and immune defense against pathogens. Given the biological complexity of inflammation in epithelial tissues and the range of its clinical manifestations, mucosae and other membranes play a crucial role as the first line of defense against bacterial invasion (Haq et al., 2019; Yang and Yan, 2021; Chegini et al., 2023). Specifically, E-cadherin has been implicated in microbial invasion and dissemination during infectious diseases which breach the epithelial barrier. Herein, we report the direct E-cadherin-driven interactions with infectious agents (Tables 1, 2) as well as pathogen-induced signaling and expression dysregulation, which are involved in the etiopathogenesis of bacterial infections (Figure 3).


Table 1 | Major pathogens, secreted proteases and host sheddases induced by  bacterial infection, allow proteolytic degradation of E-cadherin, disruption of the epithelial barrier, and ultimately bacterial invasion and dissemination.




Table 2 | Bacterial mechanisms employing E-cadherin as a target receptor for bacterial attachment and entry.






Figure 3 | Representative E-cadherin-mediated intercellular interactions that are involved in bacterial pathogenesis. i) Bacterial toxins inducing host proteases, ii) Bacteria-secreted proteases, iii) Dysregulated E-cadherin expression and signaling, and iv) Adhesin-mediated internalization via interactions with the extracellular domain of E-cadherin as a target receptor, play a crucial role in bacterial attachment, invasion into the underlying tissues and consequent establishment and dissemination of infection. sE-cad, soluble E-cadherin fragment.





3.1 Bacterial toxins and pathogen-induced host proteases

E-cadherin cleavage to an 80 kDa soluble fragment is one of the primary mechanisms known to provoke functional loss of E-cadherin. The cleavage of E-cadherin is more commonly attributed to matrix metalloproteinases, including MMP-3 (stromelysin-1), MMP-7 (matrilysin), MMP-9 (gelatinase B or gelatinase type IV), as well as certain ADAMs such as ADAM10 (adamalysin) (Noë et al., 2001; David and Rajasekaran, 2012; Boukhedouni et al., 2020; Tao et al., 2021; Im et al., 2022).



3.1.1 ADAM-mediated pathways

Elevated sE-cad levels have been reported in sera of Helicobacter pylori (H. pylori)-positive patients (O’Connor et al., 2011). H. pylori infection, the causative agent of peptic ulcers and one of the leading risk factors of gastric cancer, was found to trigger significant E-cadherin ectodomain shedding, potentially employing host’s native sheddases, such as ADAM10 or less pronouncedly, ADAM19, as executors (Schirrmeister et al., 2009). Loss of full-length E-cadherin can occur irrespective of H.pylori virulence factor CagA and without transactivating β-catenin transcriptional signaling, while disassembly of AJ complexes rapidly follows disruption of α-catenin-E-cadherin interaction and subsequent disassembly of the E-cadherin/β-catenin/p120ctn complex from the actin cytoskeleton (Weydig et al., 2007). H. pylori can also induce calpain-mediated cleavage, resulting in the production of a 100 kDa truncated E-cadherin form, independent of CagA and VacA, but rather via activation of TLR2 by a putative proteinaceous H. pylori surface component. Cytoplasmic translocation of β-catenin and internalization of E-cadherin ensues, with intracellular redistribution of E-cadherin away from cell-contact sites (O’Connor et al., 2011).

Pseudomonas aeruginosa (P. aeruginosa) infection was recently shown to modulate epithelial permeability by triggering exosomal ADAM10-mediated E-cadherin shedding activity via its secreted toxin repertoire and an Exotoxin A (ExoA)-stimulated calcium ion conduit intracellularly (Aljohmani et al., 2022). Likewise, other pore-forming toxins, such as P. aeruginosa-derived exolysin (ExlA), Serratia marcescens-derived ShlA, and Staphylococcus aureus α-toxin or α-hemolysin (Hla) were also found to drive ADAM10 activation and subsequent cadherin cleavage, through potentiating calcium influx and cell death (Inoshima et al., 2011; Von Hoven et al., 2016; Reboud et al., 2017). In the case of Serratia infection, it has been reported that S. proteamaculans invasion requires full-length E-cadherin, while S. grimesii invasiveness can be promoted by both full-length and truncated E-cadherin. Interestingly, E-cadherin expression was shown to increase and redistribute in cell compartments in response to Serratia infection (Tsaplina et al., 2023).

Clostridium perfringens, which is known to cause food poisoning and gas gangrene, encodes a pore-forming toxin named delta-toxin, which can similarly trigger ADAM10-promoted E-cadherin loss in Caco-2 cells, resulting in increased permeability and fluid accumulation in the ileal loop. With respect to E-cadherin degradation, investigators observed the distribution of digested E-cadherin in intracellular vesicles of shedding cells derived from the damaged intestinal villi as soon as 1h after toxin administration (Seike et al., 2019).




3.1.2 MMP-mediated pathways

A plethora of proteases extending to members of the MMP family, whose substrates include E-cadherin, such as MMP-9 and MMP-7 (matrilysin) (Noë et al., 2001; Lee et al., 2007; Symowicz et al., 2007), are upregulated in H.pylori-infected gastric epithelial tissues (Gooz, 2003; Wroblewski et al., 2003; Bergin et al., 2004; McCaig et al., 2006); MMP-9 exhibits 19-fold higher activity in infected gastric mucosae compared to uninfected ones and is secreted by gastric macrophages in response to bacteria, while it decreases significantly upon H. pylori eradication (Bergin et al., 2004; Kubben et al., 2007). Adherence of the pathogen induced MMP-7 in AGS cells via RhoA and nuclear factor kappa B (NF-κB) activation (Wroblewski et al., 2003). H. pylori-directed EMT through upregulation of E-cadherin-repressive transcription factors Snail and Slug and gastric microenvironment remodeling contribute to its pathogenicity (McCaig et al., 2006; Yin et al., 2010).

A key example of host-pathogen interactions inducing MMP-mediated degradation of E-cadherin is during leptospirosis. An outer membrane virulence factor, leptospira leucine-rich repeat 20 (LRR20), was shown to interact with E-cadherin and mediate its degradation by activating downstream E-cadherin signaling; LRR20 can promote the nuclear translocation of activated β-catenin, significantly increasing MMP-7 expression in a dose and time-dependent manner. LRR20-induced MMP-7 consequently degrades cell-surface E-cadherin, which in turn promotes NF-κB pathway activation (Hsu et al., 2021).

In P. aeruginosa keratitis, MMP-9 was reported to show high expression and greater enzyme zymography activity in the infected cornea of susceptible B6 mice versus normal cornea of resistant BALB/c mice (McClellan et al., 2006).

MMP-9 was significantly upregulated by S. aureus in infected nasal mucosa and mid-ear epithelia, namely chronic rhinosinusitis and lipoteichoic acid-induced otitis media, respectively (Wang et al., 2010; Park et al., 2012), while S. aureus-induced expression depends on PGE2/IL-6 during infection-associated aortic inflammation (Tsai et al., 2018). Elevated MMP-7 contributes to S. aureus septic arthritis pathogenesis, but interestingly, it also eliminates the increased bacterial burden by enhancing bacterial clearance (Gjertsson et al., 2005).

Pneumolysin’s (PLY) pore-forming activity was shown to be essential for Streptococcus pneumoniae to elicit cleavage and subvert organization of E-cadherin at a MOI of 2, though a putatively induced proteolytic executor that remains to be identified (Xu et al., 2023). This low-dose infection drives the recruitment of polymorphonuclear neutrophils (PMNs) and bacterial translocation in a PLY-dependent manner, even in absence of epithelial detachment, while other pore-forming virulence factors of the cholesterol-dependent cytolysins family, such as perfringolysin O (PFO) or intermedilysin (ILY), resulted in almost complete ablation of E-cadherin, indicating a likely pathogenetic mechanism (Xu et al., 2023). Excess MMP-9 activity has been indicated to participate in the pathogenesis of Chlamydia spp. and P. gingivalis infections (Ault et al., 2002; Jotwani et al., 2010; Paolillo et al., 2012). Coxiella burnetii, the etiologic agent of Q fever, can also manifest with augmented MMP(-7,9) production in the acute and persistent form of infection, along with higher sE-cad serum concentrations (Krajinović et al., 2012; Jansen et al., 2017; Mezouar et al., 2019).




3.1.3 Miscellaneous host proteases

Calcium-dependent, non-lysosomal cysteine proteases named calpains, are also known to mediate occludin and E-cadherin cleavage and can be induced by wild-type S. aureus in an EGFR-dependent manner. S. aureus protein A (Spa) mediates the pathogen’s paracellular penetration into polarized airway epithelial monolayers via tumor necrosis factor (TNF) receptor 1 and EGFR stimulation and consequent RhoA/ROCK/MLC activation that disorganizes cytoskeleton distribution, while calpain activity also facilitates staphylococcal transmigration through the ruptured paracellular junctions (Soong et al., 2011). Augmented calpain-mediated E-cadherin reduction has also been observed as a synergistic effect of Streptococcus oralis and Candida albicans coinfection, promoting their systemic dissemination and pathogenic potential of their biofilms (Xu et al., 2016).

Caspase-3, a protease “executioner” involved in apoptosis, has also been associated with E-cadherin dismantling. Degradation of full-length E-cadherin into 3 intracellular/carboxy-terminal fragments (CTF1, CTF2, CTF3) by H. pylori is reportedly coupled with cleaved-caspase-3 upregulation and induction of gastric epithelial cells’ apoptosis (Yang et al., 2017).

Inflammatory responses triggered during bacterial infections are primarily driven by neutrophils. Neutrophil elastase (NE), a serine protease released by neutrophils at the site of acute lung injury, plays a key role in shaping the proteolytic environment during infections, particularly in PMN-rich pathologies. While NE serves a protective function against pathogens, excessive neutrophil activation and dysregulated NE secretion during bacterial infections can lead to tissue damage. Elevated NE levels have been observed in conditions such as pneumonia caused by Pseudomonas aeruginosa, pneumococcal pneumonia, and bacterial exacerbations of chronic obstructive pulmonary disease (COPD) (Benabid et al., 2012; Domon et al., 2018; Thulborn et al., 2019; Domon and Terao, 2021). In a mouse model of P. aeruginosa H103 pneumonia, significant amounts of active NE were detected in bronchoalveolar lavage (BAL) fluids, alongside an approximately 80 kDa fragment of E-cadherin, indicative of its degradation in the alveolar space. This effect was observed after eliminating the confounding influence of bacterial metalloelastases, suggesting that NE itself contributes to E-cadherin breakdown (Boxio et al., 2016).





3.2 Bacterial proteases

In addition to bacterial stimulation of the host’s native sheddases, proteases encoded and secreted by pathogens have also been described to catalyze E-cadherin fragmentation, independent of endogenous enzymes.



3.2.1 High-temperature requirement A (HtrA)

Full-length 125 kDa E-cadherin was identified as a substrate to the serine protease and periplasmic chaperone HtrA, a caseinolytic active enzyme secreted by H. pylori. The HtrA-mediated cleavage of the extracellular 90 kDa amino-terminal domain (NTF) of E-cadherin results in the release of CTF1 that, upon further processing, yields a soluble 33 kDa CTF2 fragment (Hoy et al., 2010). A 29 kDa E-cad/CTF3 fragment can be produced by caspase-3 cleavage in H. pylori-induced apoptosis of gastric epithelial cells (Yang et al., 2017). HtrA was reported to cleave at the linker regions between the EC domains, with the signature cleavage sites potentially being masked under calcium-binding homophilic homotypic interactions (cis and trans) (Schmidt et al., 2016b, a). HtrA was further characterized as a highly conserved virulence factor among bacterial species, with HtrA-mediated E-cadherin truncation potentially comprising a prominent pathogenic mechanism for Gram-negative gastrointestinal pathogens, including H. pylori, Campylobacter jejuni, enteropathogenic Escherichia coli (EPEC), Shigella flexneri, Salmonella enterica subsp. Enterica (S. Typhimurium), Yersinia enterocolitica, and Proteus mirabilis (Hoy et al., 2012; Abfalter et al., 2016). Of note, HtrA-mediated E-cadherin cleavage properties are limited to DegP and DegQ homologs expressed by Gram-negative pathogens, which harbor different HtrAs combinations (Abfalter et al., 2016). The Hoy group showed that HtrA is expressed mainly as active multimers in H. pylori and C. jejuni -as opposed to monomers in EPEC and S. flexneri- allowing the pathogens to efficiently and rapidly transverse polarized MKN-28 monolayers via the paracellular route (Hoy et al., 2012). In H. pylori infection, HtrA-mediated E-cadherin shedding on the surface of highly polarized gastric epithelial cells, permits CagA injection and tyrosine phosphorylation in the cytosol of non-transformed healthy cells (Canadas-Ortega et al., 2024). In the case of C. jejuni, the transmigration does not confer any drastic reduction in transepithelial electrical resistance (TEER), suggesting that HtrA-directed cell-cell junction opening is executed in a strictly controlled, spatiotemporally restricted manner that enables pathogens to seamlessly cross the intercellular space, whereas this translocation capacity is severely defected in ΔHtrA mutants compared to wild-type bacteria (Boehm et al., 2012). C. jejuni outer membrane vesicles (OMVs) with serine protease activity targeting intestinal epithelial E-cadherin and occludin are thought to deploy HtrA to exercise their cleaving effects (Elmi et al., 2016). Yet, the group of Sharafutdinov and colleagues showed by electron and confocal immunofluorescence microscopy that it is not the soluble purified protease nor the protease in HtrA-containing OMVs, but the C. jejuni surface-bound HtrA that disrupts epithelial cell-cell junctions (Sharafutdinov et al., 2024). Moreover, HtrA-expressing C. jejuni was shown to facilitate co-translocation of commensal microbiota with otherwise weak transmigratory capabilities, such as non-pathogenic E. coli and Lactococcus lactis, which may represent a central mechanism that underpins the pathogenesis of inflammatory bowel disease (IBD) (Sharafutdinov et al., 2022). Additionally, HtrA induction as a proteolytic tool that manipulates host cell machinery has been reported in chlamydial infection (Wu et al., 2011) and in Listeria monocytogenes (Radhakrishnan et al., 2021), while it also plays a role in stress resistance and pathogenicity of Bacillus anthracis (Israeli et al., 2019). However, proof of enhanced E-cadherin degradation was not established in these conditions. In Coxiella burnetii infection, secretion of functional cbHtrA was pinpointed as another plausible mechanistic explanation behind the elevated sE-cad levels found in sera of patients with Q fever (Mezouar et al., 2019; Osman et al., 2023). Indeed, recombinant cbHtrA-treated and C. burnetii-infected BeWo cells released markedly higher sE-cad compared to unstimulated cells, while cbHtrA-exposed macrophages skewed toward M2-polarized interleukin signature which additionally downregulated E-cadherin expression (Osman et al., 2023). Borrelia burgdorferi, the causative agent of Lyme disease, is also endowed with HtrA-mediated cleaving capacity in vitro, allowing host extracellular matrix (ECM) protein and E-cadherin degradation, which is consistent with spirochaetal dissemination findings (Russell et al., 2013). Lastly, E-cadherin ectodomain shedding by HtrA/DegQ virulence factor has lately been described in porcine respiratory pathogens such as Glaesserella (Haemophilus) parasuis and Actinobacillus pleuropneumoniae (Cao et al., 2021; Zhang et al., 2022). Studies have shown that bacterial paracellular transmigration was significantly higher in E-cadherin knock-out, as opposed to the effects of HtrA depletion (Cao et al., 2021).




3.2.2 BFT or fragilysin (FRA)

The group of Wu et al. proved that enterotoxigenic Bacteroides fragilis leverages a zinc-dependent metalloprotease toxin termed BFT or fragilysin, that shares homology with eukaryotic MMPs, in order to manifest its virulence through BFT-initiated step-wise cleavage of E-cadherin; extracellular ectodomain shedding (80 kDa) and subsequent proteolytic processing with intracellular fragmentation (i.e., 33 kDa, by presenilin-1/γ-secretase) (Wu et al., 2007). Loss of full-length E-cadherin forces dispersion of E-cadherin-bound β-catenin pool and cytoplasmic localization within 1-3 hours. Upon nuclear translocation (3-24 hours), it activates proliferative signaling via TCF pathway activation and c-myc transcription (Wu et al., 2003). Biologically active BFT, capable of E-cadherin degradation, has been found in OMVs as a bacterial secretory delivery system (Zakharzhevskaya et al., 2017). Fragilysin-catalyzed shedding of intestinal epithelial E-cadherin in vivo has been reported to be implicated in murine colitis onset and early IL-8 secretion (Rhee et al., 2009; Lee et al., 2022). Of note, IL-8 induction due to BTF-mediated E-cadherin cleavage is β-catenin-dependent and requires NF-κB signal activation (Lee et al., 2022). MMP-2 was found to be encoded by the same B. fragilis pathogenicity island, but E-cadherin was not recognized as a cleavage substrate (Shiryaev et al., 2014). BFT in anaerobic bacteremia and sepsis has a similar functional role to ADAM10 in S. aureus sepsis. A clostripain-like B. fragilis protease named fragipain is involved in endogenous BTF activation and secretome generation and can directly or indirectly promote E-cadherin-targeted proteolytic activity (Choi et al., 2016; Pierce et al., 2021).




3.2.3 Gelatinase (GelE)

Other microbial metalloproteases impairing full-length E-cadherin have been documented, including a GelE produced by commensal Enterococcus faecalis strains; GelE was shown to trigger loss of extracellular E-cadherin and barrier breakage, contributing to the development of experimental colitis in E. faecalis mono-associated IL-10−/− mice, irrespective of antigen-specific activation of colitogenic CD4+ T cells (Steck et al., 2011). Ex vivo epithelial permeability induction by purified GelE appears to require PAR2 activation, while human fecal supernatants from ulcerative colitis (UC) patients can enhance colonic epithelial permeability in wild-type mice, while the effects were lower in PAR2−/− mice (Maharshak et al., 2015).




3.2.4 Gingipains

Porphyromonas gingivalis, an established pathogen in adult periodontal disease, is known to secrete three cysteine proteases known as gingipains (HRgpA, RgpB, and Kgp). Gingipains are believed to account for the breakdown of E-cadherin by P. gingivalis, with Kgp being the major degradative effector (Katz et al., 2002). A plethora of other host proteins’ processing has been ascribed to gingipains, including proMMP-9 (Inaba et al., 2014; Hočevar et al., 2018), while β-catenin can also undergo proteolytic activation attributed to gingipains, in noncanonical (Wnt-independent) fashion (Zhou et al., 2015). In peri-implant disease (i.e., peri-implant mucositis and peri-implantitis), gingipains can interfere with sulcular epithelium attachment to titanium–zirconium alloy surfaces through their cleaving ability (Eick et al., 2019). In the intestinal epithelium, gingipains are thought to be employed in murine colitis exacerbated by orally administered P. gingivalis (Tsuzuno et al., 2021).




3.2.5 Miscellaneous bacterial proteases

Other putative microbial cysteine proteases with E-cadherin-cleaving activity have been documented; for instance, Clostridium perfringens culture supernatant induced in vitro degradation of recombinant E-cadherin -albeit no host protease activation-, while cysteine protease inhibitors completely extinguished the proteolytic effects (Pruteanu and Shanahan, 2013).

An extracellular serine protease of Mycobacterium tuberculosis named Rv2569c was recently shown to cleave E-cadherin; M. tuberculosis Rv2569c allowed the bacteria to translocate through the respiratory epithelial barrier in vivo and confer pathological damage to murine pulmonary tissues, promoting colonization and systemic dissemination (Zang et al., 2024).

Leptospira interrogans, etiological agent of leptospirosis, one of the most significant zoonoses globally, is known to displace E-cadherin from the membrane and drive cytoskeletal rearrangement and AJ disassembly by hijacking the host cells’ ubiquitinin-proteasomal system (UPS) and/or lysosomal degradation pathways. Tokumon and co-workers found that L. interrogans specifically triggers E-cadherin endocytosis by mislocalization and degradation of the p120ctn sub-family proteins (p0071 and p120ctn) that interact with the juxtamembrane domain of E-cadherin, through induction of an unidentified protease inhibited by Z-VAD-FMK (Tokumon et al., 2023). The UPS hijacking could also be involved in the degradation of other modulators of cell-cell junctions and cytoskeletal dynamics such as Rho GTPases including Rac1, Cdc42, and RhoA proteins (Tokumon et al., 2023).

Interestingly, a study by Haderer and colleagues investigating the bacterial-to-cell effects in spontaneous bacterial peritonitis (SBP) found that stimulation with E. coli and P. mirabilis led to the cleavage of E-cadherin through a novel bacterial protease activity. In contrast, intestinal bacteria induced the downregulation of the TJ protein occludin via enhancing endogenous proteasomal degradation in colonic epithelial cells (Haderer et al., 2022).





3.3 Transcriptional regulation of E-cadherin

Bacterial pathogens can seemingly affect E-cadherin expression on a transcriptional level as well as subvert epigenetic alterations that lead to junctional disturbances. P. gingivalis-lipopolysaccharide (LPS) substantially reduced E-cadherin protein expression in epi-4 cells compared to no P. gingivalis-LPS challenge (Abe-Yutori et al., 2017). This expression pattern has been demonstrated in chronic periodontitis subjects, showing a statistically significant decrease in E-cadherin levels compared to healthy individuals, which inversely correlated with K19 increase (Nagarakanti et al., 2007). Semiquantitative immunohistochemical analysis of tissue samples detected a statistically significant reduction in staining intensity from the external oral epithelium, through the gingival sulcus, to the junctional epithelium of clinically healthy gingiva, with the most marked decrease seen in the pathological lining of the pocket epithelium (Ye et al., 2000). In murine gingivitis epithelia, noticeably decreased E-cadherin expression was observed under the inflamed condition on a protein and mRNA level. This was inversely associated with induction of pyroptosis, namely programmed cell death triggered by caspase-1 activation, where caspase-1 and E-cadherin were inversely correlated (Li et al., 2021).

Clostridium perfringens beta2 (CPB2) toxin was shown to confer intestinal epithelial barrier injury in porcine IPEC-J2 cells treated with 20 μg/mL rCPB2 by considerably restricting claudin-1 and E-cadherin mRNA and protein expression levels (Gao et al., 2020). In a transcriptomic analysis of human trophoblast cells (BeWo), many junctional protein genes were recognized as differentially expressed in response to E. faecalis infection, including E-cadherin, which was found significantly downregulated (Tan et al., 2018). E-cadherin transcripts were measured to be progressively inactivated over time in Shigella dysenteriae-infected HT29 cells, with ensuing β-catenin cytoplasmic translocation (Raja et al., 2012).

CDH1 promoter hypermethylation of CpG islands is one of the most common epigenetic patterns that transcriptionally suppress E-cadherin expression. This epigenetic modification is widely considered to have a greater frequency in H. pylori chronic gastritis and constitutes an established early event in gastric carcinogenesis (Chan, 2003; Kang et al., 2003; Liu et al., 2005). In a study, methylation density in gastric body and antral mucosae obtained from H. pylori-positive gastritis patients was approximately 10-fold higher compared to H. pylori-negative patients. The study showed that host inflammatory cytokines and growth factors -including TNF-α, MG132 (ROS), and EGF in response to the infection mediate aberrant E-cadherin methylation and DNA methyltransferase (DNMT) activity in vitro (Miyazaki et al., 2007). IL-1β-stimulated NF-κB cascade activation and DNMT induction via NO production is another compelling transcriptional system engaged in H. pylori-associated hypermethylation status, which conceivably links chronic gastric inflammation and carcinogenesis (Huang et al., 2012). Successful H. pylori eradication therapy notably eliminates methylation effects and results in reversal of prior silencing (Chan, 2006; Leung et al., 2006; Miyazaki et al., 2007), potentially reinstating E-cadherin expression-dependent barrier function. Interestingly, the opportunistic pathogen Acinetobacter baumannii was also found capable of hindering E-cadherin expression through promoter CpG methylation following its nuclear trafficking (Moon et al., 2012). In the pathophysiological course of Chlamydia trachomatis infection, EMT induction also seems to entail methylation increment in the E-cadherin promoter, while upregulation of other mesenchymal markers was not proven to stem from significant epigenetic alterations (Rajić et al., 2017).




3.4 Interactions involving the extracellular domain of E-cadherin

Given that the extracellular part of E-cadherin engages in homotypic and heterotypic interactions to achieve cell aggregation and control cell behavior, bacteria can seize the molecule’s ectodomain as a heterophilic receptor for adherence and uptake by host cells. L. monocytogenes, a food-borne pathogen able of prototypic intracytosolic invasion in non-phagocytic cells, can employ a well-described invasion protein named internalin (lnlA) to interact with the N-terminal EC1 domain via a leucine-rich repeat (LRR) of the bacterial ligand, securing attachment and internalization at the site of the bacterial-epithelial interface (Mengaud et al., 1996; Schubert et al., 2002). Upon specific calcium-requiring anchoring to E-cadherin, L. monocytogenes can initiate lnlA-based and locally constrained entry into the epithelial cells at the sites of bacterial contact without inducing dramatic morphological changes. This type of bacterial ligand-promoted endocytosis more closely resembles the “zipper mechanism” of Yersinia entry but is distinct from Salmonella “trigger” invasion mechanism (Mengaud et al., 1996). Bonazzi et al. showed that lnlA attachment induces sequential E-cadherin post-translational modifications, which are prerequisites for the recruitment of the different components of endocytosis machinery at the bacterial entry site. In this regard, induced Src-mediated phosphorylation and ubiquitination by ubiquitin-ligase Hakai at the juxtamembrane E-cadherin domain were required for caveolin-dependent E-cadherin clustering and clathrin-mediated internalization (Bonazzi et al., 2008). In fetoplacental listeriosis, L. monocytogenes crosses the maternofetal or trophoblastic barrier via heterotypic interaction between accessible syncytiotrophoblast E-cadherin with lnlA, as recapitulated ex vivo in human placental extracts (Lecuit et al., 2004). In the intestinal villi, where E-cadherin is naturally basolateral and secluded from the lumen, L. monocytogenes was shown to exploit transient defects of epithelial polarity and junctional remodeling spots to facilitate penetration. Indeed, multicellular junctions formation in cell extrusion zones of villus tip can function as entry points and enable the pathogen to efficiently reach the apically exposed E-cadherin prior to its dynamin-dependent removal from the cell surface (Pentecost et al., 2010). Apart from extruding apoptotic cells on villi tips or cells located within intestinal epithelial folds, reorganization of apical junctional complexes around goblet cells, which is affected by physical tensions associated with mucus-expelling dynamics, can similarly make E-cadherin luminally accessible. This allows lnlA-initiated rapid transcytosis across intestinal villi vertical axis with ultimate bacterial release from the basal pole of enterocytes into the lamina propria (Nikitas et al., 2011). Of note, even though InlA binding to E-cadherin is indispensable and adequate for Listeria attachment, modulation by another internalin (InlB) expedites invasion through the displaced junctions and synergistically promotes endocytosis through activation of c-Met signaling (Pentecost et al., 2010). Ultimately, the strength of lnlA-E-cadherin interaction per se may not directly correlate with the invasive capacity, conceivably reflecting lnlA’s non-exclusive role in determining L. monocytogenes virulence (Dellafiora et al., 2020). Intriguingly, invasion can also involve other host cell-dependent mechanisms such as cell membrane perforation to hijack the endocytic machinery by use of pore-forming exotoxin listeriolysin O; extracellular Ca2+ influx and Rac1 activation-dependent downstream signaling lead to actin cytoskeleton de novo assembly mandated for Listeria’s internalization (Lam et al., 2018).

Pneumococcal surface adhesin A (PsaA) of Streptococcus pneumoniae has been identified as another heterophilic ligand of E-cadherin during the initial stage of bacterial colonization in the nasopharyngeal (NP) epithelium. PsaA binding was found to be calcium-dependent and, unlike lnlA that is specific to human E-cadherin, both human and mouse E-cadherin were able to inhibit adherence of PsaA-coated fluospheres to NP cells (Anderton et al., 2007).

Login et al. demonstrated that EPEC microcolonies also recruit E-cadherin at intercellular junctions of polarized and nonpolarized cells. However, only after the initial establishment of interaction between bacterial intimin and the Tir receptor on the host membrane, is E-cadherin able to bind to the Tir-intimin complex. Nonetheless, E-cadherin still influences EPEC attachment as the absence of the extracellular domain of E-cadherin significantly reduced EPEC adhesiveness (Login et al., 2018).

Another adhesin, FadA, was described to bind to the EC5 domain of E-cadherin, promoting attachment and invasion in colorectal cancer (CRC) and non-CRC cells under Fusobacterium nucleatum infection. In CRC cells, interaction of E-cadherin with FadA was shown to induce downstream β-catenin signaling. Specifically, E-cadherin phosphorylation, internalization of the complex, cytoplasmic translocation of β-catenin, and transcriptional activation of Wnt/β-catenin target genes were shown to be induced (Rubinstein et al., 2013). F. nucleatum may thus promote the malignant phenotype of CRC by enhancing tumor growth, inflammatory responses, and EMT through interaction with E-cadherin. However, F. nucleatum only increased the inflammatory responses when β-catenin expression was knocked down in normal colonic cells, whereas no changes were observed when E-cadherin expression was knocked down (Ma et al., 2018).

Bacterial toxins have also been shown to associate with the E-cadherin receptor, disrupting the intercellular epithelial continuity to allow their subsequent uptake. Hemagglutinin (HA) constitutes a nontoxic accessory component of the botulinum neurotoxin complex, produced by Clostridium botulinum and known to cause flaccid paralysis in animals and humans. HA was found to bind to E-cadherin on EC1-EC2 residues in a species-specific manner, disrupting its function by sterically blocking E-cadherin trans-dimerization (Sugawara et al., 2010; Lee et al., 2014).

H. pylori virulence factor CagA can also interact physically with E-cadherin, functionally impairing E-cadherin/β-catenin complex assembly in gastric epithelial cells independently of CagA tyrosine phosphorylation status. The resultant β-catenin cytosolic and nuclear accumulation can transactivate β-catenin-regulated signaling, including intestinal-specific transdifferentiation genes, implicated in metaplasia and gastric carcinogenesis (Murata-Kamiya et al., 2007). Oliveira and colleagues later suggested that CagA interacts with E-cadherin and p120ctn in a c-Met-dependent manner, promoting multiprotein formation between CagA, c-Met, E-cadherin, and p120ctn. This interestingly inhibits c-Met and p120ctn phosphorylation and restrains the invasive phenotype induced by H. pylori (Oliveira et al., 2009).

Interestingly, E-cadherin was found to serve as an adherence receptor for C. difficile spores onto intestinal epithelial cells (IECs). Castro-Córdova et al. observed that E-cadherin was able to bind to the hairlike projections of the spores, and that the E-cadherin-specific interaction with IECs was toxin-mediated, requiring TcdA and TcdB to open the AJs and render E-cadherin accessible for tethering (Castro-Córdova et al., 2023).

Cadherins have been previously described as able receptors for Leptospira (Evangelista et al., 2014). Pereira et al. identified E-cadherin as a binding receptor for protein Lsa16 of L. interrogans (Pereira et al., 2017). Kochi and co-workers reported that two putative leptospiral surface-exposed lipoproteins LIC11711 and LIC12587, conserved among pathogenic strains of L. interrogans, show binding affinity to E-cadherin in a dose-dependent interaction that allows initial bacterial attachment to host epithelial cells (Kochi et al., 2019). Potential host cell membrane injury and E-cadherin expression changes following leptospirotic attachment have been previously described. Cell membrane insult as the primary cellular lesion of leptospirosis was corroborated immunohistochemically, with E-cadherin expression irregularities in leptospirotic patients and loss of membrane E-cadherin in hepatocytes, associated with liver-plate disarray (De Brito et al., 2006). Strikingly, this E-cadherin downregulation might be attributed to feedback inhibition mechanisms that eventually decrease Leptospira colonization. It has been described that LRR proteins expressed by the pathogenic Leptospira species can interact with E-cadherin on the host cell surface, inducing E-cadherin/β-catenin and NF-κB signaling cross-talk that can ultimately dictate the fate of E-cadherin and regulate Leptospira adhesion and invasion in kidney (Hsu et al., 2021).





4 E-cadherin in inflammation and disease pathogenesis

Ongoing research is increasingly focused on elucidating the role of E-cadherin in initiation and perpetuation of inflammatory processes and other diseases, in a multitude of epithelial tissues and organs, given its ubiquitous presence. E-cadherin as a peculiar immunomodulatory player in inflammation remains largely underexplored, and its regulator properties that dictate the fine balance between immunity and tolerance remain obscure. Herein, we report the role of E-cadherin, which mediates the functional coupling between epithelial cells, and its effects on barrier dysfunction in various tissues and organs, including the lungs, oral mucosa, the intestine, and the placenta (Figure 4).




Figure 4 | Schematic overview of the systematic implications of epithelial barrier disruption via E-cadherin in different diseases. Pathologies in oral and gastrointestinal mucosae, as well as placenta, lungs, and other tissues and organs, are complex, intertwined entities, that can manifest with barrier dysfunction, inflammation, and/or EMT hallmarks. Such pathologies can engage microbiota as well as underlying immunological components, that collectively drive and aggravate barrier dysfunction. COPD; chronic obstructive pulmonary disease; IBD, inflammatory bowel disease; GERD, gastroesophageal reflux disease; LPRD, laryngophangeal reflux disease; PTB, preterm birth; pPROM, preterm pre-labor rupture of the membranes; EMT, epithelial-to-mesenchymal transition.





4.1 E-cadherin in lung diseases

A range of lung diseases, including idiopathic pulmonary fibrosis, COPD, and asthma have been associated with loss of E-cadherin function and elevated sE-cad levels (Yuksel et al., 2021; Mottais et al., 2023). Although E-cadherin loss and/or proteolytic processing are observed in inflammatory conditions, it remains unclear whether these changes are a primary cause of disease pathophysiology or simply a secondary response.

In vitro and in vivo lung injury studies have demonstrated that MMP-7 mediates the cleavage of extracellular E-cadherin, promoting epithelial repair and facilitating cell migration through the redistribution of E-cadherin-based adhesions in wounded epithelium (McGuire et al., 2003). Interestingly, E-cadherin interaction with the αEβ7-integrin receptor or CD103, both of which are expressed on pulmonary anti-fibrotic DCs, is regulated by MMP-7. This interaction promotes the resolution of acute neutrophilic inflammation and induces an anti-inflammatory cytokine profile, thereby balancing epithelial repair with immune activation (Manicone et al., 2009). Interestingly, sE-cad levels were significantly elevated in the BAL fluids and serum of mice with bleomycin-induced pulmonary fibrosis. sE-cad promotes EMT in the alveolar epithelium and abnormal fibroblast migration. Blocking sE-cad effectively reduced myofibroblast accumulation and collagen deposition in the lungs following bleomycin exposure. Additionally, transforming growth factor-β1 (TGF-β1) was found to stimulate the shedding of sE-cad from A549 cells and promote EMT, with these effects being reversed upon sE-cad inhibition (Huang et al., 2024).

Studies by Ghosh et al. have shown loss of E-cadherin in the lung epithelium of patients with COPD. Ghosh et al. reported that knockout of E-cadherin in alveolar epithelial type II but not type I cells in adult mouse models results in airspace enlargement. Furthermore, the knockout of E-cadherin in airway ciliated cells, but not club cells, increases airway hyperreactivity (Ghosh et al., 2022). Additionally, cigarette smoke-induced epithelial injury has previously been linked to E-cadherin-related barrier dysfunction (Nishida et al., 2017; Ghosh et al., 2020). As anticipated, significantly higher levels of sE-cad were found in the plasma of COPD patients and symptomatic smokers compared to healthy smokers and nonsmokers. Moreover, both plasma and epithelial lining fluid (ELF) sE-cad levels were positively correlated with the severity of airway limitation, with ELF sE-cad levels showing a particularly strong correlation with MMP-7 levels (Shirahata et al., 2018).

In the context of asthma development, common environmental factors such as air pollutants are known to impair the airway epithelial barrier by reducing E-cadherin expression. Exposure to sub-toxic levels of soluble PM2.5, diesel exhaust, and other reactive oxygen species (ROS)-generating pollutants has been shown to decrease E-cadherin levels. This reduction in E-cadherin contributes to airway barrier dysfunction, which can increase susceptibility to bacterial infections. The silencing of the E-cadherin gene due to air pollutants may be mediated by dysregulated non-coding RNAs, which are overexpressed in asthma and COPD patients (Aghapour et al., 2022). A study by Michaudel et al. demonstrated that ozone-induced respiratory barrier injury—characterized by protein leak, epithelial cell desquamation, and the recruitment of neutrophils and alveolar macrophages—precedes myeloid cell-driven lung inflammation, bypassing the protective effects of the IL-33/ST2 axis. Acute ozone exposure disrupts IL-33-dependent homeostasis, leading to decreased epithelial E-cadherin expression and increased inflammatory cell infiltration in the absence of ST2 and IL-33. Additionally, the deposition of air pollutants leads to E-cadherin depletion via an HMGB1-mediated mechanism, contributing to abnormal alveolar cell turnover in emphysema (Michaudel et al., 2018). Also it has been reported that loss of E-cadherin upon pollutant exposure triggers cell senescence, chronic disruption of alveolar differentiation, and apoptosis through downstream effectors of the Hippo pathway, such as YAP/TAZ (Chang et al., 2022). Furthermore, recent studies have also linked the upregulation of FcϵRI, monomeric IgE, and IgE/FcϵRI engagement with decreased junctional distribution of E-cadherin in severe asthma. The crosstalk between FcϵRI and EGFR was found to be associated with E-cadherin loss, triggering IL-33 synthesis and release upon IgE-induced EGFR activation (Weng et al., 2023). Heijink and colleagues observed that EGFR phosphorylation and activation following E-cadherin silencing drives EGFR-dependent recruitment of Th2 cells in allergic asthma, through the induction of TARC/CCL2, a Th2-attracting molecule (Heijink et al., 2007). Another mechanism by which environmental factors disrupt the epithelial barrier involves proteolytically active allergens that cleave E-cadherin, either directly through proteolytic activity or indirectly by triggering pattern-recognition receptors (PRRs). Protease allergens activate innate immune receptors such as protease-activated receptors (PARs) and stimulate non-IgE-mediated reactions, leading to the release of mediators (Yuksel et al., 2021). For example, mite allergens induce proteolysis of ZO-1, occludin, and other TJ proteins, while proteases released by pollen disrupt E-cadherin and TJ proteins like occludin and claudin-1. Moreover, proteases found in mite, fungi, and cockroach extracts activate PAR1/2, which subsequently leads to the degradation of E-cadherin (Yuksel et al., 2021). Finally, higher sE-cad levels are associated with more severe asthma, correlating with sputum HMGB1 level and glucocorticoid dosage required for daily management. In addition to that, sputum sE-cad levels reflect asthma severity and inversely correlate with decreases in FEV1 (Masuyama et al., 2003). Upon allergen exposure, significant increases in sE-cad levels were observed in the BAL fluids of mice. It is believed that sE-cad contributes to airway inflammation in severe asthma through ERK signaling, which upregulates VEGF and IL-6, and promotes the infiltration of neutrophils and eosinophils into the airways (Tang et al., 2024).




4.2 E-cadherin in oral diseases

Gingivitis and periodontitis are oral diseases characterized by dysbiosis, periodontium destruction, and aberrant immune responses of the host. In chronic inflammatory conditions, (i.e., periodontitis), E-cadherin expression in epithelium is significantly downregulated during pocket formation (Nagarakanti et al., 2007; Saliem et al., 2023). Notably, elevated sE-cad salivary levels were shown to positively correlate with periodontitis severity (Kazem et al., 2023). Notably, gingival crevicular fluid (GCF) E-cadherin significantly increased in gingivitis and periodontitis cases as compared to controls (Hussein et al., 2024b). E-cadherin levels in GCF has been shown to be a good predictor for nonsurgical periodontal therapy outcomes in periodontitis patients (Hussein et al., 2024a).

Several mechanisms are involved in the regulation of E-cadherin in periodontitis. Specifically, a study by Hiyoshi et al. has shown that NE disrupts the gingival epithelial barrier by degrading E-cadherin, allowing periodontal pathogens to penetrate the periodontal tissues (Hiyoshi et al., 2022). Also, in the pathological epithelial lining of periodontal pockets, the reduction of E-cadherin has been linked to the EMT phenotype (Saliem et al., 2022, 2023; Kadeh et al., 2023). In an epigenetic study, hypermethylation of CpG islands in the CDH1 gene was detected in 25% of patients with chronic periodontitis, whereas no such hypermethylation was observed in healthy individuals (Loo et al., 2010). In this context, epigenetic silencing has been previously shown to contribute to the inactivation of E-cadherin (Strathdee, 2002). Finally, physiological mechanical stress (e.g., mastication, interstitial pressure, and dental manipulations) compromised E-cadherin intracellular levels and translocation (Lee et al., 2023; Vitkov et al., 2023).




4.3 E-cadherin in gastrointestinal mucosal diseases

E-cadherin plays a crucial role in maintaining intestinal epithelial function and regulating the inflammatory immune response. Disruption of E-cadherin-mediated cell-cell adhesion has been linked to increased intestinal permeability, commonly referred to as “leaky gut,” as well as enhanced infiltration of inflammatory cells—two key pathophysiological features of IBD. E-cadherin deficiency is associated with more pronounced colitis and histopathological changes related to tissue repair, as well as increased disease severity (Grill et al., 2015). Reduced E-cadherin expression correlates with the duration and severity of symptoms in IBD patients (Wilcz-Villega et al., 2014). In mucosal samples from patients with chronic active UC, decreased E-cadherin was primarily observed at the lateral membranes of enterocytes, particularly near sites of active PMN transmigration (Kucharzik et al., 2001). Furthermore, Motta et al. (2021) identified elastase 2A (ELA2A), an epithelium-derived elastase distinct from leukocyte-secreted NE, and linked epithelial elastolytic overload in colonic cells of IBD patients to E-cadherin degradation. ELA2A hyperactivity was associated with a pro-inflammatory phenotype, leading to dysregulation of the cytokine profile (e.g., upregulation of IL-8/CXCL8, a neutrophil chemoattractant) and activation of intestinal mucosal immunity (Motta et al., 2021). In addition to the “autocrine” regulation of downstream signaling processes caused by the post-shedding E-cadherin disarrangement, a “paracrine” loop involving the released soluble fragments has also been hinted (Hu et al., 2016). Intriguingly, E-cadherin peptide fragments themselves -found in chronic inflammatory states such as IBD- possess biological properties that contribute to mucosal wound healing (Gordon et al., 2019).

Exacerbated mucosal injury in adulthood may result from neonatal stressor exposure and associated epigenetic changes. Specific CDH1 polymorphisms, such as the CDH1 GTC risk haplotype (a 3-SNP haplotype: rs12597188, rs10431923, and rs9935563), which has an estimated allelic frequency of 21%, have been linked to abnormal E-cadherin trafficking and are significantly associated with an increased susceptibility to Crohn’s disease (Muise et al., 2009). Elevated miRNA expression is a hallmark of inflammation and EMT in IBD and is inversely correlated with CDH1 expression in inflamed mucosa (Guz et al., 2020). In a “dual insult” model of neonatal and adult colonic inflammation, TNF-α-regulated epigenetic activation of miRNA-155 (miR-155) was found to significantly suppress E-cadherin expression for a prolonged period, compared to both single insult and control groups (Kline et al., 2020). A study by Tian has shown that upregulation of miR-155 inhibits post-transcriptional E-cadherin protein synthesis through a RhoA-dependent mechanism (Tian, 2013). Also, miR-21a-5p has been shown to be upregulated in exosomes derived from intraperitoneal macrophages in a DSS-induced enteritis model. A negative correlation was observed between exosomal miR-21a-5p and E-cadherin expression in enterocytes (Lu et al., 2021).

The adhesive properties of E-cadherin on immune cells, such as DCs, are also implicated in colitis development. Ihara et al. (2018) found that E-cadherin was upregulated in a tissue-resident subset of lamina propria CD11c+ DCs in CD11c-Cre TGF-βr2fl/fl mice. E-cadherin-mediated interactions between CD11c+ monocytes and the intestinal epithelium promoted Notch signaling activation. When combined with the abrogated inhibitory effects of TGF-β, this interaction was colitogenic, driving dysbiosis and abnormal epithelial differentiation (Ihara et al., 2018). Additionally, the homing of E-cadherin+CD11+ monocyte-derived DCs to mesenteric lymph nodes in colitic mice may play a key role in T-cell-mediated gut inflammation, with TGF-β appearing to limit this effect (Siddiqui et al., 2010). These DCs can activate naïve T-cells through robust cytokine and chemokine secretion. Adoptive transfer of these cells to immunodeficient hosts led to the expansion of the E-cadherin+ DC population at sites of accumulation and promoted Th17 responses. Notably, this subset exhibited high MHC II expression, along with significantly elevated levels of toll-like receptors and CCR2, compared to E-cadherin (-) DCs, highlighting their heightened sensitivity to microbial triggers and increased inflammatory potential (Siddiqui et al., 2010). Furthermore, E-cadherin was found to engage in inhibitory interactions with KLRG1 on group 2 innate lymphoid cells (ILC2). Upon E-cadherin depletion, this interaction is disrupted, resulting in increased Th2 cytokine levels and excessive ILC2 induction (Lu et al., 2021).

Finally, epithelial barrier dysfunction via E-cadherin proteolysis has been increasingly implicated in the pathogenesis of gastroesophageal reflux disease (GERD) (Jovov et al., 2011; Samuels et al., 2023; Lu et al., 2024). The presence of a 35-kDa intracellular C-terminal fragment and an increase in soluble N-terminal fragments of E-cadherin in sera of GERD patients have been previously reported. This is attributed to ADAM10-mediated cleavage of E-cadherin, which leads to enhanced esophageal epithelial permeability (Jovov et al., 2011). Also, pepsin-pH4 has been shown to cause E-cadherin fragmentation, which is not salvaged by known E-cadherin sheddase inhibitors. Acidified pepsin can cleave full-length E-cadherin (125 kDa), resulting in 38 and 33 kDa C-terminal E-cad/CTF1 and E-cad/CTF2 fragments, respectively, indicative of regulated intramembrane proteolysis (RIP). Furthermore, it can induce ADAM10 maturation and drive transcriptional targets of E-cadherin RIP fragments such as MMPs (Samuels et al., 2023). Aside from GERD, E-cadherin downregulation has also been reported in the pathogenesis of laryngopharyngeal reflux disease (LPRD), with increased levels of MMP-7-mediated degradation being observed in LPRD biopsies (Reichel et al., 2008; Im et al., 2022).




4.4 E-cadherin in pregnancy complications

Spontaneous preterm birth (PTB) and preterm pre-labor rupture of the membranes (pPROM) are major pregnancy complications where E-cadherin alterations have been implicated as part of the EMT process (López-Novoa and Nieto, 2009; Sisto et al., 2021; Menon, 2022). Interestingly, preterm labor is triggered by EMT-associated inflammation and immune imbalances at the fetomaternal interface (Menon et al., 2020). Human amnion cells can undergo non-canonical EMT, including the downregulation of E-cadherin, in response to inflammatory mediators such as TNF-α. This process predisposes the fetal membranes to weakening, increasing the risk of preterm birth (De Castro Silva et al., 2020).

Pre-eclampsia (PE) is also a common pregnancy complication involving an inflammatory phenotype and immune perturbations at the fetoplacental unit (Cornelius, 2018; Michalczyk et al., 2020). E-cadherin shedding, regulation, and transport play crucial roles in trophoblast differentiation, fusion, and physiological placental formation (Shih et al., 2002; Aghababaei et al., 2015; Iwahashi et al., 2018). However, preeclamptic extravillous trophoblasts showed a decrease in their E-cadherin expression indicating the significance of E-cadherin in trophoblast function (Blechschmidt et al., 2007). Mechanistic studies in early-onset PE placental tissues showed that E-cadherin expression is associated with the downregulation of ribosomal protein L39 and the loss of its suppressive control (Jie et al., 2021). Circular RNAs and miRNAs have also been implicated in modulating E-cadherin expression, contributing to the molecular events underlying PE pathogenesis (Zhu et al., 2020).

Although E-cadherin expression typically declines during progressing gestation, in pregnancies complicated by PE, placental E-cadherin levels significantly increase at the protein level. This may reflect abnormal cytotrophoblast proliferation relative to syncytiotrophoblasts, indicating an imbalance in the trophoblastic proliferative unit (Brown et al., 2005). This aligns with a study by Benian et al., which displayed that elevated E-cadherin levels, as well as IL-10 and TGF-β1, were significantly higher, were significantly higher in plasma and placentae of PE patients (Benian, 2002). Immunohistochemical discontinuity of E-cadherin expression in the syncytiotrophoblastic basal membrane can constitute a marker of impaired placental barrier integrity, and by extension pregnancy-induced hypertension or PE (Pęksa et al., 2022). Despite that, E-cadherin upregulation in the syncytiotrophoblast of preeclamptic placentae has not been considered a disease severity marker (Li et al., 2014).

In placenta accreta and percreta, trophoblastic E-cadherin is significantly reduced (Duzyj et al., 2015; Incebiyik et al., 2016). Similarly, the reduction in E-cadherin expression of placental villi has been reported in gestational trophoblastic diseases (Li et al., 2003; Xue et al., 2003). Loss of E-cadherin, induced by Snail upregulation under hypoxic conditions, can activate α5-integrin signaling and promote extravillous trophoblast invasiveness (Arimoto-Ishida et al., 2009).




4.5 E-cadherin in other diseases

E-cadherin plays an important role in pancreatitis and autodigestive inflammatory diseases. Specifically, cathepsin C (CTSC) has been reported as an activator of NE, which degrades E-cadherin. Notably, in models with CTSC deletion, E-cadherin cleavage—though not neutrophil motility—was reduced, resulting in milder disease (John et al., 2019). Importantly, E-cadherin breakdown can be entirely mediated by NE, without the need for the proteolytic activity of native pancreatic enzymes (Mayerle et al., 2005).

In atopic dermatitis, E-cadherin has been identified as a proteolytic substrate of granzyme B, a serine protease that, along with perforin, is known to mediate lymphocyte-induced apoptosis (Turner et al., 2021). This suggests that E-cadherin functions as a “double-faced” molecule, playing roles in both adhesion and signaling. Its degradation, particularly during neutrophil transmigration mediated by NE, not only causes epithelial injury but also promotes the proliferation of surviving epithelial cells to facilitate repair or potentially drive pathological remodeling. The shedding of E-cadherin’s ectodomain ultimately supports re-epithelialization by promoting β-catenin signaling and its translocation to the nucleus, potentially upregulating canonical Wnt signaling to mitigate collateral epithelial damage (Zemans et al., 2011).

Several proteolytic cascades are involved in E-cadherin degradation and the disassembly of AJs, including a variety of enzymes such as zinc-dependent MMPs, ADAMs, cathepsins, kallikrein-7, plasmin, and calpain, all of which catalyze the proteolytic cleavage of E-cadherin (Rios-Doria et al., 2003; Grabowska, 2012). In eczematous dermatitis, soluble stimuli like LPS, proinflammatory cytokines, and TGF-β significantly increase ADAM10-dependent E-cadherin shedding, impairing keratinocyte cohesion and contributing to the disease’s molecular pathology through the activation of MAPK signaling, which regulates sE-cad release (Maretzky et al., 2008). Of note, enhanced metalloprotease-catalyzed production of sE-cad has also been linked to EGFR activation (Zuo et al., 2011). Furthermore, ADAM15-mediated ectodomain shedding plays a role in stabilizing HER2 and HER3 heterodimerization, leading to receptor activation and proliferative signaling (Najy et al., 2008).

In renal tissue damage and inflammation, E-cadherin is found to be down-regulated upon cisplatin-induced acute renal injury (AKI), whereas E-cadherin levels amelioration is suggested to alleviate the inflammatory effects and rescue from AKI (Gao et al., 2018). E-cadherin overexpression in M2 macrophages (IL-4/IL-13-induced, alternatively activated macrophages) has been shown to attenuate the inflammatory cytokine response to LPS stimulation, indicating a protective, anti-inflammatory role of E-cadherin on immune cells (Van Den Bossche et al., 2015). Conversely, a pro-inflammatory capacity of sE-cad has been identified, contributing to TNF-α production in synovitis via its interaction with lectin receptor LRG1 on T-cells (Lode Melis et al., 2014).

In prostate tissue, intact membrane E-cadherin has been found to be considerably downregulated with age and inflammation (Pascal et al., 2021). In fact, one of the hallmarks of benign prostate hyperplasia, termed “inflammaging” (i.e., chronic slow-progressing inflammation in the aging prostate), was phenotypically enhanced even in E-cadherin deficient mice without complete deletion (CDH1+/- mice), accompanied by increased prostatic macrophage infiltration and bladder overactivity (Pascal et al., 2022).

In posterior capsular opacification, a complication of cataract surgery, proliferation, migration, and EMT/fibrotic characters of residual lens epithelial cells are observed. IL-8 seems to promote EMT by mediating CXCR1/2/NF-κB/p65 signal and subsequent RhoA activation, suppressing the expression of E-cadherin and ZO-1 to facilitate cell migration (Si et al., 2024). Downregulation of junctional proteins, including E-cadherin, claudins and occludin has been reported in other scar epithelia, including idiopathic subglottic stenosis (Berges et al., 2024).





5 Therapeutic strategies for barrier restoration/rescue of E-cadherin

Understanding the molecular mechanisms that regulate E-cadherin function is crucial for developing novel therapeutic strategies aimed at preserving epithelial barrier integrity and preventing bacterial infections. Several approaches have been proposed to modulate or restore E-cadherin function, which is essential for maintaining epithelial integrity and preventing disease progression. Various modalities have been explored, including small molecules and compounds that stabilize the E-cadherin-catenin complex (Tafrihi and Nakhaei Sistani, 2017), cadherin and cadherin-mimetic peptides (Li et al., 2019; He et al., 2020), and antibodies that target specific cadherins (Micalizzi et al., 2022). These strategies have shown great potential for treating diseases linked to impaired epithelial barriers and for restoring E-cadherin function. Below, we discuss potential treatments aimed at enhancing E-cadherin expression and improving epithelial barrier function (Table 3).


Table 3 | Summary of various therapeutic strategies aimed at restoring and stabilizing the epithelial barrier and E-cadherin function.





5.1 Vitamin D supplementation

Interestingly, supplemental vitamin D was recently reported to reinforce E-cadherin-based junctions by suppressing TNF-α-induced NF-κB signaling and consequently downregulating degradative MMP-9 production in vitro (Oh et al., 2019). Vitamin D can regress LPS-triggered inflammation in oral keratinocytes by hindering NF-κB activation (Zhao et al., 2018). Vitamin D in its 1.25(OH)2D3 form is also known to regulate EMT and activity of TGF-β and Wnt/β-catenin signaling pathways, in addition to controlling E-cadherin turnover through modulating expression profiles of effectors on E-cadherin degradation and membranal stabilization, like p120ctn, Kaiso, and NEDD9 (Sari et al., 2020). Promisingly, vitamin D treatment exerts its protective effects in vivo by rescuing E-cadherin expression and enhancing binding affinity and membranal sequestration of β-catenin in conjunction with attenuating transcriptional activity and nuclear fraction of the latter (Xin et al., 2017). MART-10, a noncalcemic calcitriol analogue, significantly inhibited MMP-2 and MMP-9 synthesis more potently compared to 1α,25(OH)2D3, while it blocked the EMT process by bolstering E-cadherin expression and downregulating suppressive transcription factors Snail and Slug (Chiang et al., 2014).




5.2 Microbial metabolites and commensal microorganisms

10-Hydroxy-cis-12-octadecenoic acid (HYA), a bioactive product of fatty acid metabolism in probiotic microorganisms such as Lactobacillus spp., has previously exhibited barrier-recovering effects. In DSS-colitis mice, orally administered HYA restored TJ molecules and alleviated intestinal inflammation through G protein-coupled receptor 40 (GPR40) (Miyamoto et al., 2015). In experimental periodontitis, activation of GPR40 by HYA ameliorated gingival barrier function and repressed local inflammatory cytokine production in vivo. Notably, HYA was found to endow E-cadherin with proteolytic resistance against P. gingivalis, suggestively through post-translational modifications conferred in a HYA-GPR40-ERK-dependent manner (Yamada et al., 2018).

Gut symbionts are well-known to display anti-inflammatory properties, with Akkermansia muciniphila being a representative Gram(-) anaerobe. In calvarial infection and experimental periodontitis, A. muciniphila attenuated P. gingivalis-induced bone destruction and inflammatory responses; the gut symbiont suppressed pro-inflammatory IL-12 secretion and gingipain generation, whereas it raised anti-inflammatory IL-10, and improved the expression of junctional markers integrin-β1, E-cadherin and ZO-1 (Huck et al., 2020). Lactobacillus gasseri ATCC33323 supplementation was shown to protect the intestinal mucosal barrier and alleviate colitic lesions in mice, by ameliorating inflammatory cell infiltration and inflammatory markers (IL-1β, IL-6, TNFα). Importantly, it led to recovery of junctional proteins like E-cadherin, ZO-1, claudin-1, and occludin, retaining the localization of E-cadherin/β-catenin and E-cadherin/p120ctn complexes. Specifically, it promoted E-cadherin expression via regulation of CDH1 transcription by NR1I3, which potentially contributed to the anti-inflammatory effects (Qian et al., 2024).




5.3 Protease inhibitors

Inhibition of E-cadherin-degrading proteases such as MMPs and bacterial proteases is a principal approach to abrogate the destabilizing effects of E-cadherin cleavage. The group of Haderer and others used broad-spectrum MMP inhibitor batimastat (BB-94) as a blocker of E-cadherin degradation in Caco-2 and live SBP-inducing bacteria (E. coli and P. mirabilis) co-culture setup (Haderer et al., 2022). Of note, batimastat was one of the first MMP inhibitors to be used in clinical trials, particularly in malignant ascites (Parsons et al., 1997). Yet, it remains classified as an experimental drug as it did not progress to widespread clinical use in humans, paving the way for the development of other MMP inhibitors with improved pharmacological properties.

Inhibitor GI254023X, a hydroxamate-based inhibitor preferentially blocking ADAM10, was found to abrogate E-cadherin shedding in a dose-dependent manner, retaining E-cadherin cell surface expression and preventing β-catenin translocation after ionomycin treatment in HaCaT keratinocytes (Maretzky et al., 2005).

More recently, amprenavir, an identified HIV protease inhibitor, has shown some promise in antireflux chemopreventive potential, rescuing the esophageal epithelial barrier from acidified pepsin-mediated barrier disruption, and protecting against E-cadherin cleavage, and MMP induction. In this study using BAR-T cells, 10 µM amprenavir fully salvaged pepsin-mediated cell dissociation and notably rescued E-cadherin RIP, with increased full-length E-cadherin and decreased 33 and 38 kDa fragments compared to acidified pepsin alone. 1 µM amprenavir only partially protected from pepsin-induced dissociation and yielded a slight increase of full-length E-cadherin. Also, 10 μM amprenavir led to statistically significant inhibition of pH4 pepsin-mediated upregulation of MMPs -1, -7, -9, and -14 (Blaine-Sauer et al., 2023).




5.4 Antibody-based modalities

Bandyopadhyay et al. showed that activating E-cadherin monoclonal antibodies (mAbs) promoted epithelial barrier function in vitro and in vivo and hindered inflammatory progression in IBD (Bandyopadhyay et al., 2021). The human E-cadherin activating antibody Fabs selectively mitigated the loss of barrier function and reduced the decrease in TEER in epithelial cells exposed to inflammatory stimuli, such as RSV-L19 infection, in vitro. Additionally, it enhanced barrier function by increasing TEER in resting C2BBe1 Caco2 cells, where there was constitutive downregulation of junctional proteins. Treatment with E-cadherin activating mAbs significantly limited IBD progression in IL10-/- mice with spontaneous UC, as measured with histology, lesion severity scores, and non-invasive biomarkers fecal lipocalin 2 and albumin protein content in mice stool, implying a restoration of the barrier function (Bandyopadhyay et al., 2021).




5.5 Miscellaneous

Alternative approaches that prevent E-cadherin-mediated bacterial adhesion to epithelial cells have also been described. Banxia Xiexin Decoction, a clinically effective traditional Chinese treatment for colitis was founded to delay the colitis-to-cancer progression by inhibiting F. nucleatum colonization on colonic epithelial cells. This occurs by interfering with the binding of adhesin FadA to E-cadherin expressed on the colonic epithelium as well as dampening the activation of the E-cadherin/β-catenin downstream signaling, as observed by downregulation of targets β-catenin, Axin2, and Cyclin D1 (Jiang et al., 2024).

Polysaccharides chitin and more specifically, oral administration of its derivative chitosan (Q) was found to modulate the E-cadherin-αEβ7 (CD103) axis, involving TLR4 and IFNAR signaling to reinforce the intestinal barrier integrity. E-cadherin and αEβ7 interaction plays a critical role in anchoring intraepithelial lymphocytes to the epithelium, where they establish their intestinal barrier residence. Q was shown to enhance epithelial cell migration, wound healing and increase E-cadherin expression in IEC-18 cells in vitro and isolated IECs in vivo, priming CD103 induction in lymphocytes and promoting their localization on the epithelium. This process is thought to drive a stronger immunosurveillance and potentially protect against pathogens (Moine et al., 2024).

Lately, heat-killed non-viable probiotics have been explored as a potential strategy for mounting immune responses in infections and promoting barrier function in wound healing. Intriguingly, the use of non-viable heat-killed bacteria, such as tyndallized bacteria (TB) was shown to significantly enhance E-cadherin levels in bronchial cells. Moreover, TB exposure contributed to airway epithelium´s barrier function and repair potential, in conjunction with reduced release of TGF-β1, which could have a counteracting effect on EMT (Di Vincenzo et al., 2024).

Interestingly, ferroptosis inhibitors, such as ferrostatin-1, have been shown to alleviate alveolar epithelial damage by restoring E-cadherin. Ferroptosis, namely regulated death accompanied by iron accumulation and lipid peroxidation, has been associated with exposure to environmental pollutants and allergens and appears to inversely correlate with E-cadherin-mediated epithelial integrity. Strikingly, in ferroptosis models induced by birch pollen allergen Bet v, ferrostatin-1 treatment rescued E-cadherin levels both in vitro and in the lung of Bet v 1-challenged asthmatic mice (Ma et al., 2024).





6 Discussion

Once bound to the epithelium, pathogenic bacteria may cross epithelial barriers and invade the underlying host tissues. Intercellular adhesion proteins, such as E-cadherin, have been exploited as host cell entry receptors by many pathogenic microbes for mediating host-pathogen interactions. Of note, viral, fungal and parasitic infections have also been reported to disrupt the epithelial barrier function by targeting E-cadherin (Matthews et al., 2003; Krishna et al., 2005; Pärnänen et al., 2010; Su et al., 2011; Wächtler et al., 2012; Li et al., 2016; Osman et al., 2022; Phan et al., 2023). Deciphering these host-pathogen interaction mechanisms has enabled researchers to understand novel constituents of various cell signaling events and other molecular phenomena, such as the endocytosis machinery leveraged by various invading infectious agents. While the cellular mechanisms elicited upon infection and the molecular and structural patterns of recognition employed have been well explored in the case of certain host-pathogen interactions, as discussed above, there is an increasing requirement for a deeper understanding of the remaining interactions in systematic diseases, such as inflammation (e.g., along the oral-gut axis), placental diseases, cancer, and other epithelial pathologies. Notably, studying the epithelial barrier and CAMs, such as E-cadherin, in the context of immune responses and paracrine communication, is contributing to a new paradigm shift in host physiology and disease pathogenesis. Interestingly, there is an ever-growing body of literature highlighting how commensal microbiota, the host immune system, and epithelia are intertwined and involved in complex cross-talks (Goto, 2019; Schreiber et al., 2024). The role of E-cadherin in inflammation and EMT is not limited to a single tissue or organ but extends to a multitude of epithelial tissues due to its ubiquitous presence. Its involvement in leukocyte recruitment, maintenance of epithelial barrier integrity, and modulation of inflammatory signaling pathways underscores its significance in the inflammatory response. Further exploration of the mechanisms by which E-cadherin modulation influences barrier dysfunction will yield important insights into the pathogenesis of related disorders and the increased susceptibility to infectious diseases.

It is tempting to speculate that personalized and precision medicine are gaining momentum and becoming more prominent. Focusing on the host microbiome as a critical regulator of the epithelial barrier, along with understanding the interplay of host immune components, could open new avenues for designing and developing tailored, more effective therapeutics.





Author contributions

PL: Conceptualization, Writing – original draft, Writing – review & editing, Visualization. SA: Conceptualization, Writing – original draft, Writing – review & editing, Resources, Supervision.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by grants from the National Institutes of Health (NIH) (R01DE031046 and R21CA294025) and by Georgetown Startup Funds to Alimperti (Assignee: 91252).




Acknowledgments

We thank Karen Thiebes for her kind assistance with illustrations in Figures. 





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

 Abe, K., and Takeichi, M. (2008). EPLIN mediates linkage of the cadherin–catenin complex to F-actin and stabilizes the circumferential actin belt. Proc. Natl. Acad. Sci. 105, 13–19. doi: 10.1073/pnas.0710504105

 Abe-Yutori, M., Chikazawa, T., Shibasaki, K., and Murakami, S. (2017). Decreased expression of E-cadherin by Porphyromonas gingivalis -lipopolysaccharide attenuates epithelial barrier function. J. Periodontal Res. 52, 42–50. doi: 10.1111/jre.12367

 Abfalter, C. M., Schubert, M., Götz, C., Schmidt, T. P., Posselt, G., and Wessler, S. (2016). HtrA-mediated E-cadherin cleavage is limited to DegP and DegQ homologs expressed by gram-negative pathogens. Cell Commun. Signal. 14, 30. doi: 10.1186/s12964-016-0153-y

 Adil, M. S., Narayanan, S. P., and Somanath, P. R. (2021). Cell-cell junctions: structure and regulation in physiology and pathology. Tissue Barriers 9, 1848212. doi: 10.1080/21688370.2020.1848212

 Aghababaei, M., Hogg, K., Perdu, S., Robinson, W. P., and Beristain, A. G. (2015). ADAM12-directed ectodomain shedding of E-cadherin potentiates trophoblast fusion. Cell Death Differ. 22, 1970–1984. doi: 10.1038/cdd.2015.44

 Aghapour, M., Ubags, N. D., Bruder, D., Hiemstra, P. S., Sidhaye, V., Rezaee, F., et al. (2022). Role of air pollutants in airway epithelial barrier dysfunction in asthma and COPD. Eur. Respir. Rev. 31, 210112. doi: 10.1183/16000617.0112-2021

 Ahmad, U., Uttagomol, J., and Wan, H. (2022). The regulation of the hippo pathway by intercellular junction proteins. Life 12, 1792. doi: 10.3390/life12111792

 Aljohmani, A., Opitz, B., Bischoff, M., and Yildiz, D. (2022). Pseudomonas aeruginosa triggered exosomal release of ADAM10 mediates proteolytic cleavage in trans. Int. J. Mol. Sci. 23, 1259. doi: 10.3390/ijms23031259

 Anderton, J. M., Rajam, G., Romero-Steiner, S., Summer, S., Kowalczyk, A. P., Carlone, G. M., et al. (2007). E-cadherin is a receptor for the common protein pneumococcal surface adhesin A (PsaA) of Streptococcus pneumoniae. Microb. Pathog. 42, 225–236. doi: 10.1016/j.micpath.2007.02.003

 Ando-Akatsuka, Y., Yonemura, S., Itoh, M., Furuse, M., and Tsukita, S. (1999). Differential behavior of E-cadherin and occludin in their colocalization with ZO-1 during the establishment of epithelial cell polarity. J. Cell. Physiol. 179, 115–125. doi: 10.1002/(SICI)1097-4652(199905)179:2<115::AID-JCP1>3.0.CO;2-T

 Arimoto-Ishida, E., Sakata, M., Sawada, K., Nakayama, M., Nishimoto, F., Mabuchi, S., et al. (2009). Up-regulation of α5-integrin by E-cadherin loss in hypoxia and its key role in the migration of extravillous trophoblast cells during early implantation. Endocrinology 150, 4306–4315. doi: 10.1210/en.2008-1662

 Ault, K. A., Kelly, K. A., Ruther, P. E., Izzo, A. A., Izzo, L. S., Sigar, I. M., et al. (2002). Chlamydia trachomatis enhances the expression of matrix metalloproteinases in an in vitro model of the human fallopian tube infection. Am. J. Obstet. Gynecol. 187, 1377–1383. doi: 10.1067/mob.2002.126850

 Bandyopadhyay, C., Schecterson, L., and Gumbiner, B. M. (2021). E-cadherin activating antibodies limit barrier dysfunction and inflammation in mouse inflammatory bowel disease. Tissue Barriers 9, 1940741. doi: 10.1080/21688370.2021.1940741

 Benabid, R., Wartelle, J., Malleret, L., Guyot, N., Gangloff, S., Lebargy, F., et al. (2012). Neutrophil elastase modulates cytokine expression. J. Biol. Chem. 287, 34883–34894. doi: 10.1074/jbc.M112.361352

 Benian, A. (2002). Plasma and placental levels of interleukin-10, transforming growth factor-β1, and epithelial-cadherin in preeclampsia. Obstet. Gynecol. 100, 327–331. doi: 10.1016/S0029-7844(02)02077-X

 Berges, A. J., Ospino, R., Mafla, L., Collins, S., Chan-Li, Y., Ghosh, B., et al. (2024). Dysfunctional epithelial barrier is characterized by reduced E-cadherin in idiopathic subglottic stenosis. Laryngoscope 134, 374–381. doi: 10.1002/lary.30951

 Bergin, P. J., Anders, E., Sicheng, W., Erik, J., Jennie, A., Hans, L., et al. (2004). Increased production of matrix metalloproteinases in helicobacter pylori-associated human gastritis. Helicobacter 9, 201–210. doi: 10.1111/j.1083-4389.2004.00232.x

 Biswas, K. H., and Zaidel-Bar, R. (2017). Early events in the assembly of E-cadherin adhesions. Exp. Cell Res. 358, 14–19. doi: 10.1016/j.yexcr.2017.02.037

 Blaine-Sauer, S., Samuels, T. L., Yan, K., and Johnston, N. (2023). The protease inhibitor amprenavir protects against pepsin-induced esophageal epithelial barrier disruption and cancer-associated changes. Int. J. Mol. Sci. 24, 6765. doi: 10.3390/ijms24076765

 Blechschmidt, K., Mylonas, I., Mayr, D., Schiessl, B., Schulze, S., Becker, K.-F., et al. (2007). Expression of E-cadherin and its repressor Snail in placental tissue of normal, preeclamptic and HELLP pregnancies. Virchows Arch. 450, 195–202. doi: 10.1007/s00428-006-0343-x

 Boehm, M., Hoy, B., Rohde, M., Tegtmeyer, N., Bæk, K. T., Oyarzabal, O. A., et al. (2012). Rapid paracellular transmigration of Campylobacter jejuni across polarized epithelial cells without affecting TER: role of proteolytic-active HtrA cleaving E-cadherin but not fibronectin. Gut Pathog. 4, 3. doi: 10.1186/1757-4749-4-3

 Bonazzi, M., Veiga, E., Pizarro-Cerdá, J., and Cossart, P. (2008). Successive post-translational modifications of E-cadherin are required for InlA-mediated internalization of Listeria monocytogenes. Cell. Microbiol. 10, 2208–2222. doi: 10.1111/j.1462-5822.2008.01200.x

 Boukhedouni, N., Martins, C., Darrigade, A.-S., Drullion, C., Rambert, J., Barrault, C., et al. (2020). Type-1 cytokines regulate matrix metalloprotease-9 production and E-cadherin disruption to promote melanocyte loss in vitiligo. JCI Insight. 5, e133772. doi: 10.1172/jci.insight.133772

 Boxio, R., Wartelle, J., Nawrocki-Raby, B., Lagrange, B., Malleret, L., Hirche, T., et al. (2016). Neutrophil elastase cleaves epithelial cadherin in acutely injured lung epithelium. Respir. Res. 17, 129. doi: 10.1186/s12931-016-0449-x

 Brown, L. M., Lacey, H. A., Baker, P. N., and Crocker, I. P. (2005). E-cadherin in the assessment of aberrant placental cytotrophoblast turnover in pregnancies complicated by pre-eclampsia. Histochem. Cell Biol. 124, 499–506. doi: 10.1007/s00418-005-0051-7

 Campbell, H. K., Maiers, J. L., and DeMali, K. A. (2017). Interplay between tight junctions & adherens junctions. Exp. Cell Res. 358, 39–44. doi: 10.1016/j.yexcr.2017.03.061

 Canadas-Ortega, M., Mühlbacher, I., Posselt, G., Diechler, S., Ferner, C. D., Boccellato, F., et al. (2024). HtrA-dependent E-cadherin shedding impairs the epithelial barrier function in primary gastric epithelial cells and gastric organoids. Int. J. Mol. Sci. 25, 7083. doi: 10.3390/ijms25137083

 Cao, Q., Wei, W., Wang, H., Wang, Z., Lv, Y., Dai, M., et al. (2021). Cleavage of E-cadherin by porcine respiratory bacterial pathogens facilitates airway epithelial barrier disruption and bacterial paracellular transmigration. Virulence 12, 2296–2313. doi: 10.1080/21505594.2021.1966996

 Castro-Córdova, P., Otto-Medina, M., Montes-Bravo, N., Brito-Silva, C., Lacy, D. B., and Paredes-Sabja, D. (2023). Redistribution of the novel clostridioides difficile spore adherence receptor E-cadherin by tcdA and tcdB increases spore binding to adherens junctions. Infect. Immun. 91, e00476–e00422. doi: 10.1128/iai.00476-22

 Chan, A. O.-O. (2003). Promoter methylation of E-cadherin gene in gastric mucosa associated with Helicobacter pylori infection and in gastric cancer. Gut 52, 502–506. doi: 10.1136/gut.52.4.502

 Chan, A. O. O. (2006). Eradication of Helicobacter pylori infection reverses E-cadherin promoter hypermethylation. Gut 55, 463–468. doi: 10.1136/gut.2005.077776

 Chang, J.-H., Lee, Y.-L., Laiman, V., Han, C.-L., Jheng, Y.-T., Lee, K.-Y., et al. (2022). Air pollution-regulated E-cadherin mediates contact inhibition of proliferation via the hippo signaling pathways in emphysema. Chem. Biol. Interact. 351, 109763. doi: 10.1016/j.cbi.2021.109763

 Charnley, M., Allam, A. H., Newton, L. M., Humbert, P. O., and Russell, S. M. (2023). E-cadherin in developing murine T cells controls spindle alignment and progression through β-selection. Sci. Adv. 9, eade5348. doi: 10.1126/sciadv.ade5348

 Chegini, Z., Noei, M., Hemmati, J., Arabestani, M. R., and Shariati, A. (2023). The destruction of mucosal barriers, epithelial remodeling, and impaired mucociliary clearance: possible pathogenic mechanisms of Pseudomonas aeruginosa and Staphylococcus aureus in chronic rhinosinusitis. Cell Commun. Signal. 21, 306. doi: 10.1186/s12964-023-01347-2

 Cheng, J., Wang, S., Dong, Y., and Yuan, Z. (2020). The role and regulatory mechanism of hippo signaling components in the neuronal system. Front. Immunol. 11. doi: 10.3389/fimmu.2020.00281

 Chiang, K.-C., Yeh, C.-N., Hsu, J.-T., Jan, Y.-Y., Chen, L.-W., Kuo, S.-F., et al. (2014). The vitamin D analog, MART-10, represses metastasis potential via downregulation of epithelial–mesenchymal transition in pancreatic cancer cells. Cancer Lett. 354, 235–244. doi: 10.1016/j.canlet.2014.08.019

 Cho, E. A., Patterson, L. T., Brookhiser, W. T., Mah, S., Kintner, C., and Dressler, G. R. (1998). Differential expression and function of cadherin-6 during renal epithelium development. Development 125, 803–812. doi: 10.1242/dev.125.5.803

 Choi, V. M., Herrou, J., Hecht, A. L., Teoh, W. P., Turner, J. R., Crosson, S., et al. (2016). Activation of Bacteroides fragilis toxin by a novel bacterial protease contributes to anaerobic sepsis in mice. Nat. Med. 22, 563–567. doi: 10.1038/nm.4077

 Cornelius, D. C. (2018). Preeclampsia: from inflammation to immunoregulation. Clin. Med. Insights Blood Disord. 11, 1179545X1775232. doi: 10.1177/1179545X17752325

 Craig, S. E. L., and Brady-Kalnay, S. M. (2011). Cancer cells cut homophilic cell adhesion molecules and run. Cancer Res. 71, 303–309. doi: 10.1158/0008-5472.CAN-10-2301

 David, J. M., and Rajasekaran, A. K. (2012). Dishonorable discharge: the oncogenic roles of cleaved E-cadherin fragments. Cancer Res. 72, 2917–2923. doi: 10.1158/0008-5472.CAN-11-3498

 Davies, S. P., Ronca, V., Wootton, G. E., Krajewska, N. M., Bozward, A. G., Fiancette, R., et al. (2024). Expression of E-cadherin by CD8+ T cells promotes their invasion into biliary epithelial cells. Nat. Commun. 15, 853. doi: 10.1038/s41467-024-44910-2

 Davis, M. A., Ireton, R. C., and Reynolds, A. B. (2003). A core function for p120-catenin in cadherin turnover. J. Cell Biol. 163, 525–534. doi: 10.1083/jcb.200307111

 De Brito, T., Menezes, L. F., Lima, D. M. C., Lourenço, S., Silva, A. M. G., and Alves, V. A. F. (2006). Immunohistochemical and in situ hybridization studies of the liver and kidney in human leptospirosis. Virchows Arch. 448, 576–583. doi: 10.1007/s00428-006-0163-z

 De Castro Silva, M., Richardson, L. S., Kechichian, T., Urrabaz-Garza, R., Da Silva, M. G., and Menon, R. (2020). Inflammation, but not infection, induces EMT in human amnion epithelial cells. Reproduction 160, 627–638. doi: 10.1530/REP-20-0283

 Dellafiora, L., Filipello, V., Dall’Asta, C., Finazzi, G., Galaverna, G., and Losio, M. N. (2020). A structural study on the listeria monocytogenes internalin A—Human E-cadherin interaction: A molecular tool to investigate the effects of missense mutations. Toxins 12, 60. doi: 10.3390/toxins12010060

 Diane Wickline, E., Du, Y., Stolz, D. B., Kahn, M., and Monga, S. P. S. (2013). [amp]]gamma;-Catenin at Adherens Junctions: Mechanism and Biologic Implications in Hepatocellular Cancer after β-Catenin Knockdown. Neoplasia 15, 421–IN19. doi: 10.1593/neo.122098

 Di Vincenzo, S., Di Sano, C., D’Anna, C., Ferraro, M., Malizia, V., Bruno, A., et al. (2024). Tyndallized bacteria prime bronchial epithelial cells to mount an effective innate immune response against infections. Hum. Cell 37, 1080–1090. doi: 10.1007/s13577-024-01080-z

 Domon, H., Nagai, K., Maekawa, T., Oda, M., Yonezawa, D., Takeda, W., et al. (2018). Neutrophil elastase subverts the immune response by cleaving toll-like receptors and cytokines in pneumococcal pneumonia. Front. Immunol. 9. doi: 10.3389/fimmu.2018.00732

 Domon, H., and Terao, Y. (2021). The role of neutrophils and neutrophil elastase in pneumococcal pneumonia. Front. Cell. Infect. Microbiol. 11. doi: 10.3389/fcimb.2021.615959

 Duzyj, C. M., Buhimschi, I. A., Motawea, H., Laky, C. A., Cozzini, G., Zhao, G., et al. (2015). The invasive phenotype of placenta accreta extravillous trophoblasts associates with loss of E-cadherin. Placenta 36, 645–651. doi: 10.1016/j.placenta.2015.04.001

 Edwards, A. M., and Massey, R. C. (2011). How does Staphylococcus aureus escape the bloodstream? Trends Microbiol. 19, 184–190. doi: 10.1016/j.tim.2010.12.005

 Eick, S., Gadzo, N., Tacchi, M., Sculean, A., Potempa, J., and Stavropoulos, A. (2019). Gingipains impair attachment of epithelial cell to dental titanium abutment surfaces. J. Biomed. Mater. Res. B Appl. Biomater. 107, 2549–2556. doi: 10.1002/jbm.b.34345

 Elmi, A., Nasher, F., Jagatia, H., Gundogdu, O., Bajaj-Elliott, M., Wren, B., et al. (2016). Campylobacter jejuni outer membrane vesicle-associated proteolytic activity promotes bacterial invasion by mediating cleavage of intestinal epithelial cell E-cadherin and occludin: Campylobacter jejuni OMV-associated proteolytic activity. Cell. Microbiol. 18, 561–572. doi: 10.1111/cmi.12534

 Evangelista, K., Franco, R., Schwab, A., and Coburn, J. (2014). Leptospira interrogans binds to cadherins. PloS Negl. Trop. Dis. 8, e2672. doi: 10.1371/journal.pntd.0002672

 Ferber, E. C., Kajita, M., Wadlow, A., Tobiansky, L., Niessen, C., Ariga, H., et al. (2008). A role for the cleaved cytoplasmic domain of E-cadherin in the nucleus. J. Biol. Chem. 283, 12691–12700. doi: 10.1074/jbc.M708887200

 Flores-Hernández, E., Velázquez, D. M., Castañeda-Patlán, M. C., Fuentes-García, G., Fonseca-Camarillo, G., Yamamoto-Furusho, J. K., et al. (2020). Canonical and non-canonical Wnt signaling are simultaneously activated by Wnts in colon cancer cells. Cell. Signal. 72, 109636. doi: 10.1016/j.cellsig.2020.109636

 Fu, M., Hu, Y., Lan, T., Guan, K.-L., Luo, T., and Luo, M. (2022). The Hippo signalling pathway and its implications in human health and diseases. Signal Transduction Targeting Ther. 7, 376. doi: 10.1038/s41392-022-01191-9

 Fukumoto, Y., Shintani, Y., Reynolds, A. B., Johnson, K. R., and Wheelock, M. J. (2008). The regulatory or phosphorylation domain of p120 catenin controls E-cadherin dynamics at the plasma membrane. Exp. Cell Res. 314, 52–67. doi: 10.1016/j.yexcr.2007.07.024

 Gao, L., Liu, M.-M., Zang, H., Ma, Q.-Y., Yang, Q., Jiang, L., et al. (2018). Restoration of E-cadherin by PPBICA protects against cisplatin-induced acute kidney injury by attenuating inflammation and programmed cell death. Lab. Invest. 98, 911–923. doi: 10.1038/s41374-018-0052-5

 Gao, X., Yang, Q., Huang, X., Yan, Z., Zhang, S., Luo, R., et al. (2020). Effects of Clostridium perfringens beta2 toxin on apoptosis, inflammation, and barrier function of intestinal porcine epithelial cells. Microb. Pathog. 147, 104379. doi: 10.1016/j.micpath.2020.104379

 Geng, F., Zhu, W., Anderson, R. A., Leber, B., and Andrews, D. W. (2012). Multiple post-translational modifications regulate E-cadherin transport during apoptosis. J. Cell Sci. 125 (Pt 11), 2615–2625. doi: 10.1242/jcs.096735

 Ghosh, B., Loube, J., Thapa, S., Ryan, H., Capodanno, E., Chen, D., et al. (2022). Loss of E-cadherin is causal to pathologic changes in chronic lung disease. Commun. Biol. 5, 1149. doi: 10.1038/s42003-022-04150-w

 Ghosh, B., Reyes-Caballero, H., Akgün-Ölmez, S. G., Nishida, K., Chandrala, L., Smirnova, L., et al. (2020). Effect of sub-chronic exposure to cigarette smoke, electronic cigarette and waterpipe on human lung epithelial barrier function. BMC Pulm. Med. 20, 216. doi: 10.1186/s12890-020-01255-y

 Gjertsson, I., Innocenti, M., Matrisian, L. M., and Tarkowski, A. (2005). Metalloproteinase-7 contributes to joint destruction in Staphylococcus aureus induced arthritis. Microb. Pathog. 38, 97–105. doi: 10.1016/j.micpath.2004.12.005

 Gooz, M. (2003). Interleukin 1 induces gastric epithelial cell matrix metalloproteinase secretion and activation during Helicobacter pylori infection. Gut 52, 1250–1256. doi: 10.1136/gut.52.9.1250

 Gordon, M. H., Chauvin, A., Boisvert, F.-M., and MacNaughton, W. K. (2019). Proteolytic processing of the epithelial adherens junction molecule E-cadherin by neutrophil elastase generates short peptides with novel wound-healing bioactivity. Cell. Mol. Gastroenterol. Hepatol. 7, 483–486.e8. doi: 10.1016/j.jcmgh.2018.10.012

 Goto, Y. (2019). Epithelial cells as a transmitter of signals from commensal bacteria and host immune cells. Front. Immunol. 10. doi: 10.3389/fimmu.2019.02057

 Grabowska, M.,. M. (2012). Soluble E-cadherin: more than a symptom of disease. Front. Biosci. 17, 1948. doi: 10.2741/4031

 Grill, J. I., Neumann, J., Hiltwein, F., Kolligs, F. T., and Schneider, M. R. (2015). Intestinal E-cadherin deficiency aggravates dextran sodium sulfate-induced colitis. Dig. Dis. Sci. 60, 895–902. doi: 10.1007/s10620-015-3551-x

 Groeger, S. E., and Meyle, J. (2015). Epithelial barrier and oral bacterial infection. Periodontol. 2000 69, 46–67. doi: 10.1111/prd.12094

 Grothaus, J. S., Ares, G., Yuan, C., Wood, D. R., and Hunter, C. J. (2018). Rho kinase inhibition maintains intestinal and vascular barrier function by upregulation of occludin in experimental necrotizing enterocolitis. Am. J. Physiol.-Gastrointest. Liver Physiol. 315, G514–G528. doi: 10.1152/ajpgi.00357.2017

 Gumbiner, B. M. (2005). Regulation of cadherin-mediated adhesion in morphogenesis. Nat. Rev. Mol. Cell Biol. 6, 622–634. doi: 10.1038/nrm1699

 Guo, Y., Luo, J., Zou, H., Liu, C., Deng, L., and Li, P. (2022). Context-dependent transcriptional regulations of YAP/TAZ in cancer. Cancer Lett. 527, 164–173. doi: 10.1016/j.canlet.2021.12.019

 Guz, M., Dworzański, T., Jeleniewicz, W., Cybulski, M., Kozicka, J., Stepulak, A., et al. (2020). Elevated miRNA Inversely Correlates with E-cadherin Gene Expression in Tissue Biopsies from Crohn Disease Patients in contrast to Ulcerative Colitis Patients. BioMed. Res. Int. 2020, 1–7. doi: 10.1155/2020/4250329

 Haderer, M., Neubert, P., Rinner, E., Scholtis, A., Broncy, L., Gschwendtner, H., et al. (2022). Novel pathomechanism for spontaneous bacterial peritonitis: disruption of cell junctions by cellular and bacterial proteases. Gut 71, 580–592. doi: 10.1136/gutjnl-2020-321663

 Halbleib, J. M., and Nelson, W. J. (2006). Cadherins in development: cell adhesion, sorting, and tissue morphogenesis. Genes Dev. 20, 3199–3214. doi: 10.1101/gad.1486806

 Haq, S., Grondin, J., Banskota, S., and Khan, W. I. (2019). Autophagy: roles in intestinal mucosal homeostasis and inflammation. J. Biomed. Sci. 26, 19. doi: 10.1186/s12929-019-0512-2

 He, X., Huang, X., Wang, C., Luan, M., Li, Y., Ma, X., et al. (2020). The peptide mimicking small extracellular ring domain of CD82 inhibits epithelial-mesenchymal transition by downregulating Wnt pathway and upregulating hippo pathway. Biochem. Biophys. Res. Commun. 533, 338–345. doi: 10.1016/j.bbrc.2020.09.041

 He, L., Pratt, H., Gao, M., Wei, F., Weng, Z., and Struhl, K. (2021). YAP and TAZ are transcriptional co-activators of AP-1 proteins and STAT3 during breast cellular transformation. eLife 10, e67312. doi: 10.7554/eLife.67312

 Heijink, I. H., Brandenburg, S. M., Noordhoek, J. A., Postma, D. S., Slebos, D.-J., and Van Oosterhout, A. J. M. (2010). Characterisation of cell adhesion in airway epithelial cell types using electric cell-substrate impedance sensing. Eur. Respir. J. 35, 894–903. doi: 10.1183/09031936.00065809

 Heijink, I. H., Kies, P. M., Kauffman, H. F., Postma, D. S., Van Oosterhout, A. J. M., and Vellenga, E. (2007). Down-regulation of E-cadherin in human bronchial epithelial cells leads to epidermal growth factor receptor-dependent th2 cell-promoting activity. J. Immunol. 178, 7678–7685. doi: 10.4049/jimmunol.178.12.7678

 Hiyoshi, T., Domon, H., Maekawa, T., Tamura, H., Isono, T., Hirayama, S., et al. (2022). Neutrophil elastase aggravates periodontitis by disrupting gingival epithelial barrier via cleaving cell adhesion molecules. Sci. Rep. 12, 8159. doi: 10.1038/s41598-022-12358-3

 Hočevar, K., Potempa, J., and Turk, B. (2018). Host cell-surface proteins as substrates of gingipains, the main proteases of Porphyromonas gingivalis. Biol. Chem. 399, 1353–1361. doi: 10.1515/hsz-2018-0215

 Hoy, B., Geppert, T., Boehm, M., Reisen, F., Plattner, P., Gadermaier, G., et al. (2012). Distinct roles of secreted htrA proteases from gram-negative pathogens in cleaving the junctional protein and tumor suppressor E-cadherin. J. Biol. Chem. 287, 10115–10120. doi: 10.1074/jbc.C111.333419

 Hoy, B., Löwer, M., Weydig, C., Carra, G., Tegtmeyer, N., Geppert, T., et al. (2010). Helicobacter pylori HtrA is a new secreted virulence factor that cleaves E-cadherin to disrupt intercellular adhesion. EMBO Rep. 11, 798–804. doi: 10.1038/embor.2010.114

 Hsu, S.-H., Chou, L.-F., Hong, C.-H., Chang, M.-Y., Tsai, C.-Y., Tian, Y.-C., et al. (2021). Crosstalk between E-cadherin/β-catenin and NF-κB signaling pathways: the regulation of host-pathogen interaction during leptospirosis. Int. J. Mol. Sci. 22, 13132. doi: 10.3390/ijms222313132

 Hu, Q.-P., Kuang, J.-Y., Yang, Q.-K., Bian, X.-W., and Yu, S.-C. (2016). Beyond a tumor suppressor: Soluble E-cadherin promotes the progression of cancer: Soluble E-cadherin and cancer. Int. J. Cancer 138, 2804–2812. doi: 10.1002/ijc.29982

 Huang, F.-Y., Chan, A. O.-O., Rashid, A., Wong, D. K.-H., Cho, C.-H., and Yuen, M.-F. (2012). Helicobacter pylori induces promoter methylation of E-cadherin via interleukin-1β activation of nitric oxide production in gastric cancer cells: E-cad Methylation and NO Production. Cancer 118, 4969–4980. doi: 10.1002/cncr.27519

 Huang, C., Liang, C., Tong, J., Zhong, X., Luo, L., Liang, L., et al. (2024). Soluble E-cadherin participates in BLM -induced pulmonary fibrosis by promoting EMT and lung fibroblast migration. Environ. Toxicol. 39, 435–443. doi: 10.1002/tox.23986

 Huck, O., Mulhall, H., Rubin, G., Kizelnik, Z., Iyer, R., Perpich, J. D., et al. (2020). Akkermansia muciniphila reduces Porphyromonas gingivalis -induced inflammation and periodontal bone destruction. J. Clin. Periodontol. 47, 202–212. doi: 10.1111/jcpe.13214

 Hulpiau, P., and Van Roy, F. (2009). Molecular evolution of the cadherin superfamily. Int. J. Biochem. Cell Biol. 41, 349–369. doi: 10.1016/j.biocel.2008.09.027

 Hussein, H. R., Abdulkareem, A. A., Milward, M. R., and Cooper, P. R. (2024a). Ability of gingival crevicular fluid volume, E-cadherin, and total antioxidant capacity levels for predicting outcomes of nonsurgical periodontal therapy for periodontitis patients. J. Periodontal Res. 59, 289–298. doi: 10.1111/jre.13213

 Hussein, H. R., Abdulkareem, A. A., Milward, M. R., and Cooper, P. R. (2024b). E-cadherin and TAC in GCF accurately discriminate periodontal health and disease. Oral. Dis. 30, 4620–4629. doi: 10.1111/odi.14862

 Ihara, S., Hirata, Y., Hikiba, Y., Yamashita, A., Tsuboi, M., Hata, M., et al. (2018). Adhesive interactions between mononuclear phagocytes and intestinal epithelium perturb normal epithelial differentiation and serve as a therapeutic target in inflammatory bowel disease. J. Crohns Colitis. 12, 1219–1231. doi: 10.1093/ecco-jcc/jjy088

 Ikenouchi, J., Umeda, K., Tsukita, S., Furuse, M., and Tsukita, S. (2007). Requirement of ZO-1 for the formation of belt-like adherens junctions during epithelial cell polarization. J. Cell Biol. 176, 779–786. doi: 10.1083/jcb.200612080

 Im, N.-R., Kim, B., Jung, K.-Y., and Baek, S.-K. (2022). Matrix metalloproteinase-7 induces E-cadherin cleavage in acid-exposed primary human pharyngeal epithelial cells via the ROS/ERK/c-Jun pathway. J. Mol. Med. 100, 313–322. doi: 10.1007/s00109-021-02166-z

 Inaba, H., Sugita, H., Kuboniwa, M., Iwai, S., Hamada, M., Noda, T., et al. (2014). Porphyromonas gingivalis promotes invasion of oral squamous cell carcinoma through induction of proMMP9 and its activation: Promotion of oral cancer invasion by P. gingivalis. Cell. Microbiol. 16, 131–145. doi: 10.1111/cmi.12211

 Incebiyik, A., Kocarslan, S., Camuzcuoglu, A., Hilali, N. G., Incebiyik, H., and Camuzcuoglu, H. (2016). Trophoblastic E-cadherin and TGF-beta expression in placenta percreta and normal pregnancies. J. Matern. Fetal Neonatal Med. 29, 126–129. doi: 10.3109/14767058.2014.989203

 Inoshima, I., Inoshima, N., Wilke, G. A., Powers, M. E., Frank, K. M., Wang, Y., et al. (2011). A Staphylococcus aureus pore-forming toxin subverts the activity of ADAM10 to cause lethal infection in mice. Nat. Med. 17, 1310–1314. doi: 10.1038/nm.2451

 Israeli, M., Elia, U., Rotem, S., Cohen, H., Tidhar, A., Bercovich-Kinori, A., et al. (2019). Distinct contribution of the htrA protease and PDZ domains to its function in stress resilience and virulence of bacillus anthracis. Front. Microbiol. 10. doi: 10.3389/fmicb.2019.00255

 Iwahashi, N., Ikezaki, M., Matsuzaki, I., Yamamoto, M., Toujima, S., Murata, S., et al. (2018). Calreticulin regulates syncytialization through control of the synthesis and transportation of E-cadherin in BeWo cells. Endocrinology. 160, 359–374. doi: 10.1210/en.2018-00868

 Jansen, A. F. M., Schoffelen, T., Textoris, J., Mege, J. L., Bleeker-Rovers, C. P., Roest, H. I. J., et al. (2017). Involvement of matrix metalloproteinases in chronic Q fever. Clin. Microbiol. Infect. 23, 487.e7–487.e13. doi: 10.1016/j.cmi.2017.01.022

 Jiang, Y., Huang, Y., Hu, Y., Yang, Y., You, F., Hu, Q., et al. (2024). Banxia Xiexin Decoction delays colitis-to-cancer transition by inhibiting E-cadherin/β-catenin pathway via Fusobacterium nucleatum FadA. J. Ethnopharmacol. 328, 117932. doi: 10.1016/j.jep.2024.117932

 Jie, Q., Sun, F., Li, Q., Zhu, J., Wei, Y., Yang, H., et al. (2021). Downregulated ribosomal protein L39 inhibits trophoblast cell migration and invasion by targeting E-cadherin in the placenta of patients with preeclampsia. FASEB J. 35, e21322. doi: 10.1096/fj.202002061R

 John, D. S., Aschenbach, J., Krüger, B., Sendler, M., Weiss, F. U., Mayerle, J., et al. (2019). Deficiency of cathepsin C ameliorates severity of acute pancreatitis by reduction of neutrophil elastase activation and cleavage of E-cadherin. J. Biol. Chem. 294, 697–707. doi: 10.1074/jbc.RA118.004376

 Jotwani, R., Eswaran, S. V. K., Moonga, S., and Cutler, C. W. (2010). MMP-9/TIMP-1imbalance induced in human dendritic cells by Porphyromonas gingivalis. FEMS Immunol. Med. Microbiol. 58, 314–321. doi: 10.1111/j.1574-695X.2009.00637.x

 Jovov, B., Que, J., Tobey, N. A., Djukic, Z., Hogan, B. L. M., and Orlando, R. C. (2011). Role of E-cadherin in the pathogenesis of gastroesophageal reflux disease. Am. J. Gastroenterol. 106, 1039–1047. doi: 10.1038/ajg.2011.102

 Kaan, H. Y. K., Chan, S. W., Tan, S. K. J., Guo, F., Lim, C. J., Hong, W., et al. (2017). Crystal structure of TAZ-TEAD complex reveals a distinct interaction mode from that of YAP-TEAD complex. Sci. Rep. 7, 2035. doi: 10.1038/s41598-017-02219-9

 Kadeh, H., Arbabi-Kalati, F., and Ramezaninejad, M. (2023). Expression patterns of E-cadherin and N-cadherin proteins in the periodontal pocket epithelium of chronic periodontitis. J. Dent. 24, 125–131. doi: 10.30476/dentjods.2022.92474.1652

 Kang, G. H., Lee, H. J., Hwang, K. S., Lee, S., Kim, J.-H., and Kim, J.-S. (2003). Aberrant cpG island hypermethylation of chronic gastritis, in relation to aging, gender, intestinal metaplasia, and chronic inflammation. Am. J. Pathol. 163, 1551–1556. doi: 10.1016/S0002-9440(10)63511-0

 Kaper, J. B., Nataro, J. P., and Mobley, H. L. T. (2004). Pathogenic escherichia coli. Nat. Rev. Microbiol. 2, 123–140. doi: 10.1038/nrmicro818

 Katoh, M. (2017). Canonical and non-canonical WNT signaling in cancer stem cells and their niches: Cellular heterogeneity, omics reprogramming, targeted therapy and tumor plasticity (Review). Int. J. Oncol. 51, 1357–1369. doi: 10.3892/ijo.2017.4129

 Katz, J., Yang, Q.-B., Zhang, P., Potempa, J., Travis, J., Michalek, S. M., et al. (2002). Hydrolysis of epithelial junctional proteins by porphyromonas gingivalis gingipains. Infect. Immun. 70, 2512–2518. doi: 10.1128/IAI.70.5.2512-2518.2002

 Kazem, N. M., Abdulkareem, A. A., and Milward, M. R. (2023). Salivary E-cadherin as a biomarker for diagnosis and predicting grade of periodontitis. J. Periodontal Res. 58, 715–722. doi: 10.1111/jre.13125

 Kim, N.-G., Koh, E., Chen, X., and Gumbiner, B. M. (2011). E-cadherin mediates contact inhibition of proliferation through Hippo signaling-pathway components. Proc. Natl. Acad. Sci. 108, 11930–11935. doi: 10.1073/pnas.1103345108

 Kim, W. K., Kwon, Y., Jang, M., Park, M., Kim, J., Cho, S., et al. (2019). [amp]]beta;-catenin activation down-regulates cell-cell junction-related genes and induces epithelial-to-mesenchymal transition in colorectal cancers. Sci. Rep. 9, 18440. doi: 10.1038/s41598-019-54890-9

 Kim, S.-Y., Park, S.-Y., Jang, H.-S., Park, Y.-D., and Kee, S.-H. (2021). Yes-associated protein is required for ZO-1-mediated tight-junction integrity and cell migration in E-cadherin-restored AGS gastric cancer cells. Biomedicines 9, 1264. doi: 10.3390/biomedicines9091264

 Kline, K. T., Lian, H., Zhong, X. S., Luo, X., Winston, J. H., Cong, Y., et al. (2020). Neonatal injury increases gut permeability by epigenetically suppressing E-cadherin in adulthood. J. Immunol. 204, 980–989. doi: 10.4049/jimmunol.1900639

 Kobielak, A., and Fuchs, E. (2004). [amp]]alpha;-catenin: at the junction of intercellular adhesion and actin dynamics. Nat. Rev. Mol. Cell Biol. 5, 614–625. doi: 10.1038/nrm1433

 Kochi, L. T., Fernandes, L. G. V., Souza, G. O., Vasconcellos, S. A., Heinemann, M. B., Romero, E. C., et al. (2019). The interaction of two novel putative proteins of Leptospira interrogans with E-cadherin, plasminogen and complement components with potential role in bacterial infection. Virulence 10, 734–753. doi: 10.1080/21505594.2019.1650613

 Komiya, Y., and Habas, R. (2008). Wnt signal transduction pathways. Organogenesis 4, 68–75. doi: 10.4161/org.4.2.5851

 Konsavage, W. M., and Yochum, G. S. (2013). Intersection of Hippo/YAP and Wnt/&beta;-catenin signaling pathways. Acta Biochim. Biophys. Sin. 45, 71–79. doi: 10.1093/abbs/gms084

 Krajinović, L. C., Šoprek, S., Korva, M., Dželalija, B., Rode, O.Đ., Škerk, V., et al. (2012). Serum levels of metalloproteinases and their inhibitors during infection with pathogens having integrin receptor-mediated cellular entry. Scand. J. Infect. Dis. 44, 663–669. doi: 10.3109/00365548.2012.677060

 Krishna, S. M., Kattoor, J., and Balaram, P. (2005). Down regulation of adhesion protein E-cadherin in Epstein-Barr virus infected nasopharyngeal carcinomas. Cancer biomark. 1, 271–277. doi: 10.3233/CBM-2005-1602

 Kubben, F. J. G. M., Sier, C. F. M., Schram, M. T., Witte, A. M. C., Veenendaal, R. A., Van Duijn, W., et al. (2007). Eradication of helicobacter pylori infection favourably affects altered gastric mucosal MMP-9 levels. Helicobacter 12, 498–504. doi: 10.1111/j.1523-5378.2007.00527.x

 Kucharzik, T., Walsh, S. V., Chen, J., Parkos, C. A., and Nusrat, A. (2001). Neutrophil transmigration in inflammatory bowel disease is associated with differential expression of epithelial intercellular junction proteins. Am. J. Pathol. 159, 2001–2009. doi: 10.1016/S0002-9440(10)63051-9

 Lam, J. G. T., Vadia, S., Pathak-Sharma, S., McLaughlin, E., Zhang, X., Swanson, J., et al. (2018). Host cell perforation by listeriolysin O (LLO) activates a Ca 2+ -dependent cPKC/Rac1/Arp2/3 signaling pathway that promotes Listeria monocytogenes internalization independently of membrane resealing. Mol. Biol. Cell 29, 270–284. doi: 10.1091/mbc.E17-09-0561

 Lamar, J. M., Stern, P., Liu, H., Schindler, J. W., Jiang, Z.-G., and Hynes, R. O. (2012). The Hippo pathway target, YAP, promotes metastasis through its TEAD-interaction domain. Proc. Natl. Acad. Sci. 109, E2441–E2450. doi: 10.1073/pnas.1212021109

 László, Z. I., and Lele, Z. (2022). Flying under the radar: CDH2 (N-cadherin), an important hub molecule in neurodevelopmental and neurodegenerative diseases. Front. Neurosci. 16. doi: 10.3389/fnins.2022.972059

 Lázaro, A., Monroy, A., Contreras, R., Fiorentino, R., Roldán, M., Cereijido, M., et al. (2002). E-Cadherin and tight junctions between epithelial cells of different animal species. Pflugers Arch. Eur. J. Physiol. 444, 467–475. doi: 10.1007/s00424-002-0827-8

 Lecuit, M., Nelson, D. M., Smith, S. D., Khun, H., Huerre, M., Vacher-Lavenu, M.-C., et al. (2004). Targeting and crossing of the human maternofetal barrier by Listeria monocytogenes : Role of internalin interaction with trophoblast E-cadherin. Proc. Natl. Acad. Sci. 101, 6152–6157. doi: 10.1073/pnas.0401434101

 Lee, K. H., Choi, E. Y., Hyun, M. S., Jang, B. I., Kim, T. N., Kim, S. W., et al. (2007). Association of extracellular cleavage of E-cadherin mediated by MMP-7 with HGF-induced in vitro invasion in human stomach cancer cells. Eur. Surg. Res. 39, 208–215. doi: 10.1159/000101452

 Lee, C.-G., Hwang, S., Gwon, S.-Y., Park, C., Jo, M., Hong, J.-E., et al. (2022). Bacteroides fragilis toxin induces intestinal epithelial cell secretion of interleukin-8 by the E-cadherin/β-catenin/NF-κB dependent pathway. Biomedicines 10, 827. doi: 10.3390/biomedicines10040827

 Lee, E.-J., Kim, Y., Salipante, P., Kotula, A. P., Lipshutz, S., Graves, D. T., et al. (2023). Mechanical regulation of oral epithelial barrier function. Bioengineering 10, 517. doi: 10.3390/bioengineering10050517

 Lee, K., Zhong, X., Gu, S., Kruel, A. M., Dorner, M. B., Perry, K., et al. (2014). Molecular basis for disruption of E-cadherin adhesion by botulinum neurotoxin A complex. Science 344, 1405–1410. doi: 10.1126/science.1253823

 Leung, W. K., Man, E. P. S., Yu, J., Go, M. Y. Y., To, K., Yamaoka, Y., et al. (2006). Effects of helicobacter pylori eradication on methylation status of E-cadherin gene in noncancerous stomach. Clin. Cancer Res. 12, 3216–3221. doi: 10.1158/1078-0432.CCR-05-2442

 Li, H. W., Cheung, A. N. Y., Tsao, S. W., Cheung, A. L. M., and O, W. S. (2003). Expression of E-cadherin and beta-catenin in trophoblastic tissue in normal and pathological pregnancies. Int. J. Gynecol. Pathol. 22, 63–70. doi: 10.1097/00004347-200301000-00013

 Li, J., Di Russo, J., Hua, X., Chu, Z., Spatz, J. P., and Wei, Q. (2019). Surface immobilized E-cadherin mimetic peptide regulates the adhesion and clustering of epithelial cells. Adv. Healthc. Mater. 8, 1801384. doi: 10.1002/adhm.201801384

 Li, X. L., Dong, X., Xue, Y., Li, C. F., Gou, W. L., and Chen, Q. (2014). Increased expression levels of E-cadherin, cytokeratin 18 and 19 observed in preeclampsia were not correlated with disease severity. Placenta 35, 625–631. doi: 10.1016/j.placenta.2014.04.010

 Li, Y., Li, B., Liu, Y., Wang, H., He, M., Liu, Y., et al. (2021). Porphyromonas gingivalis lipopolysaccharide affects oral epithelial connections via pyroptosis. J. Dent. Sci. 16, 1255–1263. doi: 10.1016/j.jds.2021.01.003

 Li, Q., Sodroski, C., Lowey, B., Schweitzer, C. J., Cha, H., Zhang, F., et al. (2016). Hepatitis C virus depends on E-cadherin as an entry factor and regulates its expression in epithelial-to-mesenchymal transition. Proc. Natl. Acad. Sci. 113, 7620–7625. doi: 10.1073/pnas.1602701113

 Lioni, M., Brafford, P., Andl, C., Rustgi, A., El-Deiry, W., Herlyn, M., et al. (2007). Dysregulation of claudin-7 leads to loss of E-cadherin expression and the increased invasion of esophageal squamous cell carcinoma cells. Am. J. Pathol. 170, 709–721. doi: 10.2353/ajpath.2007.060343

 Liu, Y.-C., Shen, C.-Y., Wu, H.-S., Chan, D.-C., Chen, C.-J., Yu, J.-C., et al. (2005). Helicobacter pylori infection in relation to E-cadherin gene promoter polymorphism and hypermethylation in sporadic gastric carcinomas. World J. Gastroenterol. 11, 5174–5179. doi: 10.3748/wjg.v11.i33.5174

 Login, F. H., Jensen, H. H., Pedersen, G. A., Amieva, M. R., and Nejsum, L. N. (2018). The soluble extracellular domain of E-cadherin interferes with EPEC adherence via interaction with the Tir:intimin complex. FASEB J. 32, 6860–6868. doi: 10.1096/fj.201800651

 Loo, W. T., Jin, L., Cheung, M. N., Wang, M., and Chow, L. W. (2010). Epigenetic change in e-cardherin and COX-2 to predict chronic periodontitis. J. Transl. Med. 8, 110. doi: 10.1186/1479-5876-8-110

 López-Novoa, J. M., and Nieto, M. A. (2009). Inflammation and EMT: an alliance towards organ fibrosis and cancer progression. EMBO Mol. Med. 1, 303–314. doi: 10.1002/emmm.200900043

 Lu, H., Cao, L. L., Ballout, F., Belkhiri, A., Peng, D., Chen, L., et al. (2024). Reflux conditions induce E-cadherin cleavage and EMT via APE1 redox function in oesophageal adenocarcinoma. Gut 73, 47–62. doi: 10.1136/gutjnl-2023-329455

 Lu, J., Liu, D., Tan, Y., Deng, F., and Li, R. (2021). M1 Macrophage exosomes MiR-21a-5p aggravates inflammatory bowel disease through decreasing E-cadherin and subsequent ILC2 activation. J. Cell. Mol. Med. 25, 3041–3050. doi: 10.1111/jcmm.16348

 Ma, L., He, Y., Xie, H., Wang, J., Chen, J., Song, S., et al. (2024). Ferroptotic alveolar epithelial type II cells drive TH2 and TH17 mixed asthma triggered by birch pollen allergen Bet v 1. Cell Death Discovery 10, 96. doi: 10.1038/s41420-024-01861-3

 Ma, C., Luo, H., Gao, F., Tang, Q., and Chen, W. (2018). Fusobacterium nucleatum promotes the progression of colorectal cancer by interacting with E−cadherin. Oncol. Lett. 16, 2606–2612. doi: 10.3892/ol.2018.8947

 Ma, Y.-C., Yang, Z.-S., Ma, L.-Q., Shu, R., Zou, C.-G., and Zhang, K.-Q. (2020). YAP in epithelium senses gut barrier loss to deploy defenses against pathogens. PloS Pathog. 16, e1008766. doi: 10.1371/journal.ppat.1008766

 Maharshak, N., Huh, E. Y., Paiboonrungruang, C., Shanahan, M., Thurlow, L., Herzog, J., et al. (2015). Enterococcus faecalis Gelatinase Mediates Intestinal Permeability via Protease-Activated Receptor 2. Infect. Immun. 83, 2762–2770. doi: 10.1128/IAI.00425-15

 Maiers, J. L., Peng, X., Fanning, A. S., and DeMali, K. A. (2013). ZO-1 recruitment to α-catenin: a novel mechanism for coupling the assembly of tight junctions to adherens junctions. J. Cell Sci. 126 (Pt 17), 3904–3915. doi: 10.1242/jcs.126565

 Manicone, A. M., Huizar, I., and McGuire, J. K. (2009). Matrilysin (Matrix metalloproteinase-7) regulates anti-inflammatory and antifibrotic pulmonary dendritic cells that express CD103 (αEβ7-integrin). Am. J. Pathol. 175, 2319–2331. doi: 10.2353/ajpath.2009.090101

 Maretzky, T., Reiss, K., Ludwig, A., Buchholz, J., Scholz, F., Proksch, E., et al. (2005). ADAM10 mediates E-cadherin shedding and regulates epithelial cell-cell adhesion, migration, and β-catenin translocation. Proc. Natl. Acad. Sci. 102, 9182–9187. doi: 10.1073/pnas.0500918102

 Maretzky, T., Scholz, F., Köten, B., Proksch, E., Saftig, P., and Reiss, K. (2008). ADAM10-mediated E-cadherin release is regulated by proinflammatory cytokines and modulates keratinocyte cohesion in eczematous dermatitis. J. Invest. Dermatol. 128, 1737–1746. doi: 10.1038/sj.jid.5701242

 Martinez-Garay, I., Gil-Sanz, C., Franco, S. J., Espinosa, A., Molnár, Z., and Mueller, U. (2016). Cadherin2/4-signaling via PTP1B and catenins is critical for nucleokinesis during radial neuronal migration in the neocortex. Development 143, 2121–2134. doi: 10.1242/dev.132456

 Masuyama, K., Morishima, Y., Ishii, Y., Nomura, A., Sakamoto, T., Kimura, T., et al. (2003). Sputum E-cadherin and asthma severity. J. Allergy Clin. Immunol. 112, 208–209. doi: 10.1067/mai.2003.1526

 Matthews, K., Leong, C. M., Baxter, L., Inglis, E., Yun, K., Bäckström, B. T., et al. (2003). Depletion of langerhans cells in human papillomavirus type 16-infected skin is associated with E6-mediated down regulation of E-cadherin. J. Virol. 77, 8378–8385. doi: 10.1128/JVI.77.15.8378-8385.2003

 Mayerle, J., Schnekenburger, J., Krüger, B., Kellermann, J., Ruthenbürger, M., Weiss, F. U., et al. (2005). Extracellular cleavage of E-cadherin by leukocyte elastase during acute experimental pancreatitis in rats. Gastroenterology 129, 1251–1267. doi: 10.1053/j.gastro.2005.08.002

 McCaig, C., Duval, C., Hemers, E., Steele, I., Pritchard, D. M., Przemeck, S., et al. (2006). The role of matrix metalloproteinase-7 in redefining the gastric microenvironment in response to helicobacter pylori. Gastroenterology 130, 1754–1763. doi: 10.1053/j.gastro.2006.02.031

 McClellan, S. A., Huang, X., Barrett, R. P., Lighvani, S., Zhang, Y., Richiert, D., et al. (2006). Matrix metalloproteinase-9 amplifies the immune response to pseudomonas aeruginosa corneal infection. Investig. Opthalmol. Vis. Sci. 47, 256. doi: 10.1167/iovs.05-1050

 McEwen, A. E., Maher, M. T., Mo, R., and Gottardi, C. J. (2014). E-cadherin phosphorylation occurs during its biosynthesis to promote its cell surface stability and adhesion. Mol. Biol. Cell 25, 2365–2374. doi: 10.1091/mbc.e14-01-0690

 McGuire, J. K., Li, Q., and Parks, W. C. (2003). Matrilysin (Matrix metalloproteinase-7) mediates E-cadherin ectodomain shedding in injured lung epithelium. Am. J. Pathol. 162, 1831–1843. doi: 10.1016/S0002-9440(10)64318-0

 Melis, L., Van Praet, L., Pircher, H., Venken, K., and Elewaut, D. (2014). Senescence marker killer cell lectin-like receptor G1 (KLRG1) contributes to TNF-α production by interaction with its soluble E-cadherin ligand in chronically inflamed joints. Ann. Rheumatol. Dis. 73, 1223. doi: 10.1136/annrheumdis-2013-203881

 Mengaud, J., Ohayon, H., Gounon, P., Mège, R.-M., and Cossart, P. (1996). E-Cadherin Is the Receptor for Internalin, a Surface Protein Required for Entry of L. monocytogenes into Epithelial Cells. Cell 84, 923–932. doi: 10.1016/S0092-8674(00)81070-3

 Menon, R. (2022). Epithelial to mesenchymal transition (EMT) of feto-maternal reproductive tissues generates inflammation: a detrimental factor for preterm birth. BMB Rep. 55, 370–379. doi: 10.5483/BMBRep.2022.55.8.174

 Menon, R., Behnia, F., Polettini, J., and Richardson, L. S. (2020). Novel pathways of inflammation in human fetal membranes associated with preterm birth and preterm pre-labor rupture of the membranes. Semin Immunopathol 42, 431–450. doi: 10.1007/s00281-020-00808-x

 Mezouar, S., Omar Osman, I., Melenotte, C., Slimani, C., Chartier, C., Raoult, D., et al. (2019). High concentrations of serum soluble E-cadherin in patients with Q fever. Front. Cell. Infect. Microbiol. 9. doi: 10.3389/fcimb.2019.00219

 Micalizzi, D. S., Che, D., Nicholson, B. T., Edd, J. F., Desai, N., Lang, E. R., et al. (2022). Targeting breast and pancreatic cancer metastasis using a dual-cadherin antibody. Proc. Natl. Acad. Sci. 119, e2209563119. doi: 10.1073/pnas.2209563119

 Michalczyk, M., Celewicz, A., Celewicz, M., Woźniakowska-Gondek, P., and Rzepka, R. (2020). The role of inflammation in the pathogenesis of preeclampsia. Mediators Inflamm. 2020, 3864941. doi: 10.1155/2020/3864941

 Michaudel, C., Mackowiak, C., Maillet, I., Fauconnier, L., Akdis, C. A., Sokolowska, M., et al. (2018). Ozone exposure induces respiratory barrier biphasic injury and inflammation controlled by IL-33. J. Allergy Clin. Immunol. 142, 942–958. doi: 10.1016/j.jaci.2017.11.044

 Miyamoto, J., Mizukure, T., Park, S.-B., Kishino, S., Kimura, I., Hirano, K., et al. (2015). A gut microbial metabolite of linoleic acid, 10-hydroxy-cis-12-octadecenoic acid, ameliorates intestinal epithelial barrier impairment partially via GPR40-MEK-ERK pathway. J. Biol. Chem. 290, 2902–2918. doi: 10.1074/jbc.M114.610733

 Miyazaki, T., Murayama, Y., Shinomura, Y., Yamamoto, T., Watabe, K., Tsutsui, S., et al. (2007). E-cadherin gene promoter hypermethylation in H. pylori-induced enlarged fold gastritis. Helicobacter 12, 523–531. doi: 10.1111/j.1523-5378.2007.00519.x

 Moine, L., Canali, M. M., Salinas, S. R., Bianco, I. D., Porporatto, C., and Correa, S. G. (2024). Role of chitosan in intestinal integrity: TLR4 and IFNAR signaling in the induction of E-cadherin and CD103 in mice. Int. J. Biol. Macromol. 267, 131334. doi: 10.1016/j.ijbiomac.2024.131334

 Moon, D. C., Choi, C. H., Lee, S. M., Lee, J. H., Kim, S. I., Kim, D. S., et al. (2012). Nuclear translocation of acinetobacter baumannii transposase induces DNA methylation of cpG regions in the promoters of E-cadherin gene. PloS One 7, e38974. doi: 10.1371/journal.pone.0038974

 Motta, J.-P., Rolland, C., Edir, A., Florence, A.-C., Sagnat, D., Bonnart, C., et al. (2021). Epithelial production of elastase is increased in inflammatory bowel disease and causes mucosal inflammation. Mucosal Immunol. 14, 667–678. doi: 10.1038/s41385-021-00375-w

 Mottais, A., Riberi, L., Falco, A., Soccal, S., Gohy, S., and De Rose, V. (2023). Epithelial–mesenchymal transition mechanisms in chronic airway diseases: A common process to target? Int. J. Mol. Sci. 24, 12412. doi: 10.3390/ijms241512412

 Muise, A. M., Walters, T. D., Glowacka, W. K., Griffiths, A. M., Ngan, B.-Y., Lan, H., et al. (2009). Polymorphisms in E-cadherin (CDH1) result in a mis-localised cytoplasmic protein that is associated with Crohn’s disease. Gut 58, 1121–1127. doi: 10.1136/gut.2008.175117

 Murata-Kamiya, N., Kurashima, Y., Teishikata, Y., Yamahashi, Y., Saito, Y., Higashi, H., et al. (2007). Helicobacter pylori CagA interacts with E-cadherin and deregulates the β-catenin signal that promotes intestinal transdifferentiation in gastric epithelial cells. Oncogene 26, 4617–4626. doi: 10.1038/sj.onc.1210251

 Nagarakanti, S., Ramya, S., Babu, P., Arun, K. V., and Sudarsan, S. (2007). Differential expression of E-cadherin and cytokeratin 19 and net proliferative rate of gingival keratinocytes in oral epithelium in periodontal health and disease. J. Periodontol. 78, 2197–2202. doi: 10.1902/jop.2007.070070

 Najy, A. J., Day, K. C., and Day, M. L. (2008). The ectodomain shedding of E-cadherin by ADAM15 supports erbB receptor activation. J. Biol. Chem. 283, 18393–18401. doi: 10.1074/jbc.M801329200

 Nan, W., He, Y., Wang, S., and Zhang, Y. (2023). Molecular mechanism of VE-cadherin in regulating endothelial cell behaviour during angiogenesis. Front. Physiol. 14. doi: 10.3389/fphys.2023.1234104

 Nikitas, G., Deschamps, C., Disson, O., Niault, T., Cossart, P., and Lecuit, M. (2011). Transcytosis of Listeria monocytogenes across the intestinal barrier upon specific targeting of goblet cell accessible E-cadherin. J. Exp. Med. 208, 2263–2277. doi: 10.1084/jem.20110560

 Nishida, K., Brune, K. A., Putcha, N., Mandke, P., O’Neal, W. K., Shade, D., et al. (2017). Cigarette smoke disrupts monolayer integrity by altering epithelial cell-cell adhesion and cortical tension. Am. J. Physiol.-Lung Cell. Mol. Physiol. 313, L581–L591. doi: 10.1152/ajplung.00074.2017

 Nita, A., and Moroishi, T. (2024). Hippo pathway in cell–cell communication: emerging roles in development and regeneration. Inflamm. Regen. 44, 18. doi: 10.1186/s41232-024-00331-8

 Noë, V., Fingleton, B., Jacobs, K., Crawford, H. C., Vermeulen, S., Steelant, W., et al. (2001). Release of an invasion promoter E-cadherin fragment by matrilysin and stromelysin-1. J. Cell Sci. 114, 111–118. doi: 10.1242/jcs.114.1.111

 O’Connor, P. M., Lapointe, T. K., Jackson, S., Beck, P. L., Jones, N. L., and Buret, A. G. (2011). Helicobacter pylori Activates Calpain via Toll-Like Receptor 2 To Disrupt Adherens Junctions in Human Gastric Epithelial Cells. Infect. Immun. 79, 3887–3894. doi: 10.1128/IAI.05109-11

 Oh, C., Kim, H. J., and Kim, H.-M. (2019). Vitamin D maintains E-cadherin intercellular junctions by downregulating MMP-9 production in human gingival keratinocytes treated by TNF-α. J. Periodontal Implant Sci. 49, 270. doi: 10.5051/jpis.2019.49.5.270

 Oliveira, M. J., Costa, A. M., Costa, A. C., Ferreira, R. M., Sampaio, P., MaChado, J. C., et al. (2009). CagA Associates with c-Met, E-Cadherin, and p120-Catenin in a Multiproteic Complex That Suppresses Helicobacter pylori –Induced Cell-Invasive Phenotype. J. Infect. Dis. 200, 745–755. doi: 10.1086/604727

 Osman, I. O., Caputo, A., Pinault, L., Mege, J.-L., Levasseur, A., and Devaux, C. A. (2023). Identification and characterization of an HtrA sheddase produced by Coxiella burnetii. Microbiology. 24, 10904. doi: 10.1101/2023.01.26.525556

 Osman, I. O., Garrec, C., De Souza, G. A. P., Zarubica, A., Belhaouari, D. B., Baudoin, J.-P., et al. (2022). Control of CDH1/E-cadherin gene expression and release of a soluble form of E-cadherin in SARS-coV-2 infected caco-2 intestinal cells: physiopathological consequences for the intestinal forms of COVID-19. Front. Cell. Infect. Microbiol. 12. doi: 10.3389/fcimb.2022.798767

 Pęksa, M., Kamieniecki, A., Gabrych, A., Lew-Tusk, A., Preis, K., and Świątkowska-Freund, M. (2022). Loss of E-cadherin staining continuity in the trophoblastic basal membrane correlates with increased resistance in uterine arteries and proteinuria in patients with pregnancy-induced hypertension. J. Clin. Med. 11, 668. doi: 10.3390/jcm11030668

 Pan, Y., Alégot, H., Rauskolb, C., and Irvine, K. D. (2018). The dynamics of hippo signaling during Drosophila wing development. Development 145, dev165712. doi: 10.1242/dev.165712

 Paolillo, R., Iovene, M. R., Carratelli, C. R., and Rizzo, A. (2012). Induction of VEGF and MMP-9 expression by toll-like receptor 2/4 in human endothelial cells infected with chlamydia pneumoniae. Int. J. Immunopathol. Pharmacol. 25, 377–386. doi: 10.1177/039463201202500207

 Paramasivam, M., Sarkeshik, A., Yates, J. R., Fernandes, M. J. G., and McCollum, D. (2011). Angiomotin family proteins are novel activators of the LATS2 kinase tumor suppressor. Mol. Biol. Cell 22, 3725–3733. doi: 10.1091/mbc.e11-04-0300

 Park, H. Y., Song, J.-W., Hong, S. P., In, S. M., and Kim, H. J. (2012). Lipoteichoic acid from Staphylococcus aureus induced expression of MMP-9 in human middle ear epithelial cells. Int. J. Pediatr. Otorhinolaryngol. 76, 475–479. doi: 10.1016/j.ijporl.2011.12.028

 Pärnänen, P., Meurman, J. H., Samaranayake, L., and Virtanen, I. (2010). Human oral keratinocyte E-cadherin degradation by Candida albicans and Candida glabrata. J. Oral. Pathol. Med. 39, 275–278. doi: 10.1111/j.1600-0714.2009.00866.x

 Parsons, S. L., Watson, S. A., and Steele, R. J. C. (1997). Phase I/II trial of batimastat, a matrix metalloproteinase inhibitor, in patients with Malignant ascites. Eur. J. Surg. Oncol. EJSO 23, 526–531. doi: 10.1016/S0748-7983(97)93077-8

 Pascal, L. E., Dhir, R., Balasubramani, G. K., Chen, W., Hudson, C. N., Srivastava, P., et al. (2021). E-cadherin expression is inversely correlated with aging and inflammation in the prostate. Am. J. Clin. Exp. Urol. 9, 140–149.

 Pascal, L. E., Igarashi, T., Mizoguchi, S., Chen, W., Rigatti, L. H., Madigan, C. G., et al. (2022). E-cadherin deficiency promotes prostate macrophage inflammation and bladder overactivity in aged male mice. Aging 14, 2945–2965. doi: 10.18632/aging.203994

 Pećina-Šlaus, N. (2003). Tumor suppressor gene E-cadherin and its role in normal and Malignant cells. Cancer Cell Int. 3, 17. doi: 10.1186/1475-2867-3-17

 Pentecost, M., Kumaran, J., Ghosh, P., and Amieva, M. R. (2010). Listeria monocytogenes internalin B activates junctional endocytosis to accelerate intestinal invasion. PloS Pathog. 6, e1000900. doi: 10.1371/journal.ppat.1000900

 Pereira, P. R. M., Fernandes, L. G. V., De Souza, G. O., Vasconcellos, S. A., Heinemann, M. B., Romero, E. C., et al. (2017). Multifunctional and Redundant Roles of Leptospira interrogans Proteins in Bacterial-Adhesion and fibrin clotting inhibition. Int. J. Med. Microbiol. 307, 297–310. doi: 10.1016/j.ijmm.2017.05.006

 Phan, Q. T., Solis, N. V., Cravener, M. V., Swidergall, M., Lin, J., Huang, M. Y., et al. (2023). Candida albicans stimulates formation of a multi-receptor complex that mediates epithelial cell invasion during oropharyngeal infection. PloS Pathog. 19, e1011579. doi: 10.1371/journal.ppat.1011579

 Pierce, J. V., Fellows, J. D., Anderson, D. E., and Bernstein, H. D. (2021). A clostripain-like protease plays a major role in generating the secretome of enterotoxigenic Bacteroides fragilis. Mol. Microbiol. 115, 290–304. doi: 10.1111/mmi.14616

 Pinho, S. S., Seruca, R., Gärtner, F., Yamaguchi, Y., Gu, J., Taniguchi, N., et al. (2011). Modulation of E-cadherin function and dysfunction by N-glycosylation. Cell. Mol. Life Sci. 68, 1011–1020. doi: 10.1007/s00018-010-0595-0

 Pruteanu, M., and Shanahan, F. (2013). Digestion of epithelial tight junction proteins by the commensal Clostridium perfringens. Am. J. Physiol.-Gastrointest. Liver Physiol. 305, G740–G748. doi: 10.1152/ajpgi.00316.2012

 Qian, G., Zang, H., Tang, J., Zhang, H., Yu, J., Jia, H., et al. (2024). Lactobacillus gasseri ATCC33323 affects the intestinal mucosal barrier to ameliorate DSS-induced colitis through the NR1I3-mediated regulation of E-cadherin. PloS Pathog. 20, e1012541. doi: 10.1371/journal.ppat.1012541

 Radhakrishnan, D., Amrutha, M. C., Hutterer, E., Wessler, S., and Ponnuraj, K. (2021). High Temperature Requirement A (HtrA) protease of Listeria monocytogenes and its interaction with extracellular matrix molecules. FEMS Microbiol. Lett. 368, fnab141. doi: 10.1093/femsle/fnab141

 Raja, S. B., Murali, M. R., Devaraj, H., and Devaraj, S. N. (2012). Differential expression of gastric MUC5AC in colonic epithelial cells: TFF3-wired IL1 β/Akt crosstalk-induced mucosal immune response against Shigella dysenteriae infection. J. Cell Sci. 125, 703–713. doi: 10.1242/jcs.092148

 Rajasekaran, A. K., Hojo, M., Huima, T., and Rodriguez-Boulan, E. (1996). Catenins and zonula occludens-1 form a complex during early stages in the assembly of tight junctions. J. Cell Biol. 132, 451–463. doi: 10.1083/jcb.132.3.451

 Rajić, J., Inic-Kanada, A., Stein, E., Dinić, S., Schuerer, N., Uskoković, A., et al. (2017). Chlamydia trachomatis infection is associated with E-cadherin promoter methylation, downregulation of E-cadherin expression, and increased expression of fibronectin and α-SMA—Implications for epithelial-mesenchymal transition. Front. Cell. Infect. Microbiol. 7. doi: 10.3389/fcimb.2017.00253

 Rajwar, Y. C. (2015). Expression and significance of cadherins and its subtypes in development and progression of oral cancers: A review. J. Clin. Diagn. Res. 9, ZE05–ZE7. doi: 10.7860/JCDR/2015/11964.5907

 Reboud, E., Bouillot, S., Patot, S., Béganton, B., Attrée, I., and Huber, P. (2017). Pseudomonas aeruginosa ExlA and Serratia marcescens ShlA trigger cadherin cleavage by promoting calcium influx and ADAM10 activation. PloS Pathog. 13, e1006579. doi: 10.1371/journal.ppat.1006579

 Reichel, O., Mayr, D., Durst, F., and Berghaus, A. (2008). E-cadherin but not β-catenin expression is decreased in laryngeal biopsies from patients with laryngopharyngeal reflux. Eur. Arch. Otorhinolaryngol. 265, 937–942. doi: 10.1007/s00405-007-0568-6

 Rhee, K.-J., Wu, S., Wu, X., Huso, D. L., Karim, B., Franco, A. A., et al. (2009). Induction of persistent colitis by a human commensal, enterotoxigenic bacteroides fragilis, in wild-type C57BL/6 mice. Infect. Immun. 77, 1708–1718. doi: 10.1128/IAI.00814-08

 Riedl, E., Stöckl, J., Majdic, O., Scheinecker, C., Rappersberger, K., Knapp, W., et al. (2000). Functional involvement of E-cadherin in TGF-β1-induced cell cluster formation of in vitro developing human langerhans-type dendritic cells. J. Immunol. 165, 1381–1386. doi: 10.4049/jimmunol.165.3.1381

 Rios-Doria, J., Day, K. C., Kuefer, R., Rashid, M. G., Chinnaiyan, A. M., Rubin, M. A., et al. (2003). The role of calpain in the proteolytic cleavage of E-cadherin in prostate and mammary epithelial cells. J. Biol. Chem. 278, 1372–1379. doi: 10.1074/jbc.M208772200

 Rogers, A. P., Mileto, S. J., and Lyras, D. (2023). Impact of enteric bacterial infections at and beyond the epithelial barrier. Nat. Rev. Microbiol. 21, 260–274. doi: 10.1038/s41579-022-00794-x

 Roura, S., Miravet, S., Piedra, J., De Herreros, A. G., and Duñach, M. (1999). Regulation of E-cadherin/catenin association by tyrosine phosphorylation. J. Biol. Chem. 274, 36734–36740. doi: 10.1074/jbc.274.51.36734

 Rubinstein, M. R., Wang, X., Liu, W., Hao, Y., Cai, G., and Han, Y. W. (2013). Fusobacterium nucleatum Promotes Colorectal Carcinogenesis by Modulating E-Cadherin/β-Catenin Signaling via its FadA Adhesin. Cell Host Microbe 14, 195–206. doi: 10.1016/j.chom.2013.07.012

 Rübsam, M., Mertz, A. F., Kubo, A., Marg, S., Jüngst, C., Goranci-Buzhala, G., et al. (2017). E-cadherin integrates mechanotransduction and EGFR signaling to control junctional tissue polarization and tight junction positioning. Nat. Commun. 8, 1250. doi: 10.1038/s41467-017-01170-7

 Russell, T. M., Delorey, M. J., and Johnson, B. J. B. (2013). B orrelia burgdorferi BbHtrA degrades host ECM proteins and stimulates release of inflammatory cytokines in vitro. Mol. Microbiol. 90, 241–251. doi: 10.1111/mmi.12377

 Saliem, S. S., Bede, S. Y., Abdulkareem, A. A., Abdullah, B. H., Milward, M. R., and Cooper, P. R. (2023). Gingival tissue samples from periodontitis patients demonstrate epithelial–mesenchymal transition phenotype. J. Periodontal Res. 58, 247–255. doi: 10.1111/jre.13086

 Saliem, S. S., Bede, S. Y., Cooper, P. R., Abdulkareem, A. A., Milward, M. R., and Abdullah, B. H. (2022). Pathogenesis of periodontitis – A potential role for epithelial-mesenchymal transition. Jpn. Dent. Sci. Rev. 58, 268–278. doi: 10.1016/j.jdsr.2022.09.001

 Samuels, T. L., Blaine-Sauer, S., Yan, K., Plehhova, K., Coyle, C., and Johnston, N. (2023). Topical alginate protection against pepsin-mediated esophageal damage: E-cadherin proteolysis and matrix metalloproteinase induction. Int. J. Mol. Sci. 24, 7932. doi: 10.3390/ijms24097932

 Sari, E., Oztay, F., and Tasci, A. E. (2020). Vitamin D modulates E-cadherin turnover by regulating TGF-β and Wnt signalings during EMT-mediated myofibroblast differentiation in A459 cells. J. Steroid Biochem. Mol. Biol. 202, 105723. doi: 10.1016/j.jsbmb.2020.105723

 Schirrmeister, W., Gnad, T., Wex, T., Higashiyama, S., Wolke, C., Naumann, M., et al. (2009). Ectodomain shedding of E-cadherin and c-Met is induced by Helicobacter pylori infection. Exp. Cell Res. 315, 3500–3508. doi: 10.1016/j.yexcr.2009.07.029

 Schmidt, T. P., Goetz, C., Huemer, M., Schneider, G., and Wessler, S. (2016a). Calcium binding protects E-cadherin from cleavage by Helicobacter pylori HtrA. Gut Pathog. 8, 29. doi: 10.1186/s13099-016-0112-6

 Schmidt, T. P., Perna, A. M., Fugmann, T., Böhm, M., Hiss, J., Haller, S., et al. (2016b). Identification of E-cadherin signature motifs functioning as cleavage sites for Helicobacter pylori HtrA. Sci. Rep. 6, 23264. doi: 10.1038/srep23264

 Schreiber, F., Balas, I., Robinson, M. J., and Bakdash, G. (2024). Border control: the role of the microbiome in regulating epithelial barrier function. Cells 13, 477. doi: 10.3390/cells13060477

 Schubert, W.-D., Urbanke, C., Ziehm, T., Beier, V., Machner, M. P., Domann, E., et al. (2002). Structure of internalin, a major invasion protein of listeria monocytogenes, in complex with its human receptor E-cadherin. Cell 111, 825–836. doi: 10.1016/S0092-8674(02)01136-4

 Seike, S., Takehara, M., Kobayashi, K., and Nagahama, M. (2019). Clostridium perfringens delta-toxin damages the mouse small intestine. Toxins 11, 232. doi: 10.3390/toxins11040232

 Sharafutdinov, I., Tegtmeyer, N., Müsken, M., and Backert, S. (2022). Campylobacter jejuni Serine Protease HtrA Induces Paracellular Transmigration of Microbiota across Polarized Intestinal Epithelial Cells. Biomolecules 12, 521. doi: 10.3390/biom12040521

 Sharafutdinov, I., Tegtmeyer, N., Rohde, M., Olofsson, A., Rehman, Z. U., Arnqvist, A., et al. (2024). Campylobacter jejuni Surface-Bound Protease HtrA, but Not the Secreted Protease nor Protease in Shed Membrane Vesicles, Disrupts Epithelial Cell-to-Cell Junctions. Cells 13, 224. doi: 10.3390/cells13030224

 Shih, I.-M., Hsu, M.-Y., Oldt, R. J., Herlyn, M., Gearhart, J. D., and Kurman, R. J. (2002). The role of E-cadherin in the motility and invasion of implantation site intermediate trophoblast. Placenta 23, 706–715. doi: 10.1016/s0143-4004(02)90864-7

 Shirahata, T., Nakamura, H., Nakajima, T., Nakamura, M., Chubachi, S., Yoshida, S., et al. (2018). Plasma sE-cadherin and the plasma sE-cadherin/sVE-cadherin ratio are potential biomarkers for chronic obstructive pulmonary disease. Biomarkers 23, 414–421. doi: 10.1080/1354750X.2018.1434682

 Shiryaev, S. A., Aleshin, A. E., Muranaka, N., Kukreja, M., Routenberg, D. A., Remacle, A. G., et al. (2014). Structural and functional diversity of metalloproteinases encoded by the Bacteroides fragilis pathogenicity island. FEBS J. 281, 2487–2502. doi: 10.1111/febs.12804

 Si, W., Liu, J., Wang, Y., Mao, Y., Zhang, Y., Xu, S., et al. (2024). IL-8 promotes lens capsular residual cells migration by down-regulates expression of E-cadherin and ZO-1 via the CXCR1/2-NF-κB-RhoA signal pathway. Int. Immunopharmacol. 142, 113074. doi: 10.1016/j.intimp.2024.113074

 Siddiqui, K. R. R., Laffont, S., and Powrie, F. (2010). E-cadherin marks a subset of inflammatory dendritic cells that promote T cell-mediated colitis. Immunity 32, 557–567. doi: 10.1016/j.immuni.2010.03.017

 Sileo, P., Simonin, C., Melnyk, P., Chartier-Harlin, M.-C., and Cotelle, P. (2022). Crosstalk between the hippo pathway and the wnt pathway in Huntington’s disease and other neurodegenerative disorders. Cells 11, 3631. doi: 10.3390/cells11223631

 Singh, A. B., Sharma, A., Smith, J. J., Krishnan, M., Chen, X., Eschrich, S., et al. (2011). Claudin-1 up-regulates the repressor ZEB-1 to inhibit E-cadherin expression in colon cancer cells. Gastroenterology 141, 2140–2153. doi: 10.1053/j.gastro.2011.08.038

 Sisto, M., Ribatti, D., and Lisi, S. (2021). Organ fibrosis and autoimmunity: the role of inflammation in TGFβ-dependent EMT. Biomolecules 11, 310. doi: 10.3390/biom11020310

 Soong, G., Martin, F. J., Chun, J., Cohen, T. S., Ahn, D. S., and Prince, A. (2011). Staphylococcus aureus Protein A Mediates Invasion across Airway Epithelial Cells through Activation of RhoA GTPase Signaling and Proteolytic Activity. J. Biol. Chem. 286, 35891–35898. doi: 10.1074/jbc.M111.295386

 Stamos, J. L., and Weis, W. I. (2013). The -catenin destruction complex. Cold Spring Harb. Perspect. Biol. 5, a007898–a007898. doi: 10.1101/cshperspect.a007898

 Steck, N., Hoffmann, M., Sava, I. G., Kim, S. C., Hahne, H., Tonkonogy, S. L., et al. (2011). Enterococcus faecalis metalloprotease compromises epithelial barrier and contributes to intestinal inflammation. Gastroenterology 141, 959–971. doi: 10.1053/j.gastro.2011.05.035

 Stockinger, A., Eger, A., Wolf, J., Beug, H., and Foisner, R. (2001). E-cadherin regulates cell growth by modulating proliferation-dependent β -catenin transcriptional activity. J. Cell Biol. 154, 1185–1196. doi: 10.1083/jcb.200104036

 Strathdee, G. (2002). Epigenetic versus genetic alterations in the inactivation of E-cadherin. Semin. Cancer Biol. 12, 373–379. doi: 10.1016/S1044-579X(02)00057-3

 Su, C., Cao, Y., Kaplan, J., Zhang, M., Li, W., Conroy, M., et al. (2011). Duodenal helminth infection alters barrier function of the colonic epithelium via adaptive immune activation. Infect. Immun. 79, 2285–2294. doi: 10.1128/IAI.01123-10

 Sugawara, Y., Matsumura, T., Takegahara, Y., Jin, Y., Tsukasaki, Y., Takeichi, M., et al. (2010). Botulinum hemagglutinin disrupts the intercellular epithelial barrier by directly binding E-cadherin. J. Cell Biol. 189, 691–700. doi: 10.1083/jcb.200910119

 Symowicz, J., Adley, B. P., Gleason, K. J., Johnson, J. J., Ghosh, S., Fishman, D. A., et al. (2007). Engagement of collagen-binding integrins promotes matrix metalloproteinase-9–dependent E-cadherin ectodomain shedding in ovarian carcinoma cells. Cancer Res. 67, 2030–2039. doi: 10.1158/0008-5472.CAN-06-2808

 Tafrihi, M., and Nakhaei Sistani, R. (2017). E-cadherin/β-catenin complex: A target for anticancer and antimetastasis plants/plant-derived compounds. Nutr. Cancer 69, 702–722. doi: 10.1080/01635581.2017.1320415

 Takeichi, M. (2014). Dynamic contacts: rearranging adherens junctions to drive epithelial remodelling. Nat. Rev. Mol. Cell Biol. 15, 397–410. doi: 10.1038/nrm3802

 Tan, Q., Xu, F., Xu, H., Qiu, L., Tao, X., and Wei, H. (2018). Transcriptomic profiling of human placental trophoblasts in response to infection with enterococcus faecalis. J. Food Qual. 2018, 1–11. doi: 10.1155/2018/5607641

 Tang, H., Chen, Z., Gan, S., Guo, Y., Yang, C., Dong, M., et al. (2024). Soluble E-cadherin contributes to airway inflammation in severe asthma. Am. J. Respir. Cell Mol. Biol., rcmb.2024–0133OC. doi: 10.1165/rcmb.2024-0133OC

 Tao, Z., Jie, Y., Mingru, Z., Changping, G., Fan, Y., Haifeng, W., et al. (2021). The Elk1/MMP-9 axis regulates E-cadherin and occludin in ventilator-induced lung injury. Respir. Res. 22, 233. doi: 10.1186/s12931-021-01829-2

 Thedieck, C., Kuczyk, M., Klingel, K., Steiert, I., Müller, C. A., and Klein, G. (2005). Expression of Ksp-cadherin during kidney development and in renal cell carcinoma. Br. J. Cancer 92, 2010–2017. doi: 10.1038/sj.bjc.6602597

 Thoreson, M. A., Anastasiadis, P. Z., Daniel, J. M., Ireton, R. C., Wheelock, M. J., Johnson, K. R., et al. (2000). Selective uncoupling of P120ctn from E-cadherin disrupts strong adhesion. J. Cell Biol. 148, 189–202. doi: 10.1083/jcb.148.1.189

 Thulborn, S. J., Mistry, V., Brightling, C. E., Moffitt, K. L., Ribeiro, D., and Bafadhel, M. (2019). Neutrophil elastase as a biomarker for bacterial infection in COPD. Respir. Res. 20, 170. doi: 10.1186/s12931-019-1145-4

 Tian, R. (2013). Overexpressed miRNA-155 dysregulates intestinal epithelial apical junctional complex in severe acute pancreatitis. World J. Gastroenterol. 19, 8282. doi: 10.3748/wjg.v19.i45.8282

 Tokumon, R., Sebastián, I., Humbel, B. M., Okura, N., Yamanaka, H., Yamashiro, T., et al. (2023). Degradation of p0071 and p120-catenin during adherens junction disassembly by Leptospira interrogans. Front. Cell. Infect. Microbiol. 13. doi: 10.3389/fcimb.2023.1228051

 Tsai, M.-H., Wu, C.-H., Lin, W.-N., Cheng, C.-Y., Chuang, C.-C., Chang, K.-T., et al. (2018). Infection with Staphylococcus aureus elicits COX-2/PGE2/IL-6/MMP-9-dependent aorta inflammation via the inhibition of intracellular ROS production. Biomed. Pharmacother. 107, 889–900. doi: 10.1016/j.biopha.2018.08.096

 Tsaplina, O., Lomert, E., and Berson, Y. (2023). Host-cell-dependent roles of E-cadherin in serratia invasion. Int. J. Mol. Sci. 24, 17075. doi: 10.3390/ijms242317075

 Tsuzuno, T., Takahashi, N., Yamada-Hara, M., Yokoji-Takeuchi, M., Sulijaya, B., Aoki-Nonaka, Y., et al. (2021). Ingestion of Porphyromonas gingivalis exacerbates colitis via intestinal epithelial barrier disruption in mice. J. Periodontal Res. 56, 275–288. doi: 10.1111/jre.12816

 Tunggal, J. A., Helfrich, I., Schmitz, A., Schwarz, H., Günzel, D., Fromm, M., et al. (2005). E-cadherin is essential for in vivo epidermal barrier function by regulating tight junctions. EMBO J. 24, 1146–1156. doi: 10.1038/sj.emboj.7600605

 Turner, C. T., Zeglinski, M. R., Richardson, K. C., Santacruz, S., Hiroyasu, S., Wang, C., et al. (2021). Granzyme B contributes to barrier dysfunction in oxazolone-induced skin inflammation through E-cadherin and FLG cleavage. J. Invest. Dermatol. 141, 36–47. doi: 10.1016/j.jid.2020.05.095

 Van Den Bossche, J., Laoui, D., Naessens, T., Smits, H. H., Hokke, C. H., Stijlemans, B., et al. (2015). E-cadherin expression in macrophages dampens their inflammatory responsiveness in vitro, but does not modulate M2-regulated pathologies in vivo. Sci. Rep. 5, 12599. doi: 10.1038/srep12599

 Van Den Bossche, J., Malissen, B., Mantovani, A., De Baetselier, P., and Van Ginderachter, J. A. (2012). Regulation and function of the E-cadherin/catenin complex in cells of the monocyte-macrophage lineage and DCs. Blood 119, 1623–1633. doi: 10.1182/blood-2011-10-384289

 Van Den Bossche, J., and Van Ginderachter, J. A. (2013). E-cadherin: From epithelial glue to immunological regulator. Eur. J. Immunol. 43, 34–37. doi: 10.1002/eji.201243168

 Van Roy, F., and Berx, G. (2008). The cell-cell adhesion molecule E-cadherin. Cell. Mol. Life Sci. 65, 3756–3788. doi: 10.1007/s00018-008-8281-1

 Vieira, A. F., and Paredes, J. (2015). P-cadherin and the journey to cancer metastasis. Mol. Cancer 14, 178. doi: 10.1186/s12943-015-0448-4

 Vitkov, L., Singh, J., Schauer, C., Minnich, B., Krunić, J., Oberthaler, H., et al. (2023). Breaking the gingival barrier in periodontitis. Int. J. Mol. Sci. 24, 4544. doi: 10.3390/ijms24054544

 Von Hoven, G., Rivas, A. J., Neukirch, C., Klein, S., Hamm, C., Qin, Q., et al. (2016). Dissecting the role of ADAM10 as a mediator of Staphylococcus aureus α-toxin action. Biochem. J. 473, 1929–1940. doi: 10.1042/BCJ20160062

 Wächtler, B., Citiulo, F., Jablonowski, N., Förster, S., Dalle, F., Schaller, M., et al. (2012). Candida albicans-epithelial interactions: dissecting the roles of active penetration, induced endocytosis and host factors on the infection process. PloS One 7, e36952. doi: 10.1371/journal.pone.0036952

 Wang, J. H., Kwon, H. J., and Jang, Y. J. (2010). Staphylococcus aureus increases cytokine and matrix metalloproteinase expression in nasal mucosae of patients with chronic rhinosinusitis and nasal polyps. Am. J. Rhinol. Allergy 24, 422–427. doi: 10.2500/ajra.2010.24.3509

 Weng, C.-M., Lee, M.-J., Chao, W., Lin, Y.-R., Chou, C.-J., Chen, M.-C., et al. (2023). Airway epithelium IgE-FcϵRI cross-link induces epithelial barrier disruption in severe T2-high asthma. Mucosal Immunol. 16, 685–698. doi: 10.1016/j.mucimm.2023.07.003

 Weydig, C., Starzinski-Powitz, A., Carra, G., Löwer, J., and Wessler, S. (2007). CagA-independent disruption of adherence junction complexes involves E-cadherin shedding and implies multiple steps in Helicobacter pylori pathogenicity. Exp. Cell Res. 313, 3459–3471. doi: 10.1016/j.yexcr.2007.07.015

 Wheelock, M. J., and Johnson, K. R. (2003). Cadherins as modulators of cellular phenotype. Annu. Rev. Cell Dev. Biol. 19, 207–235. doi: 10.1146/annurev.cellbio.19.011102.111135

 Wilcz-Villega, E., McClean, S., and O’Sullivan, M. (2014). Reduced E-cadherin expression is associated with abdominal pain and symptom duration in a study of alternating and diarrhea predominant IBS. Neurogastroenterol. Motil. 26, 316–325. doi: 10.1111/nmo.12262

 Wójciak-Stothard, B., Potempa, S., Eichholtz, T., and Ridley, A. J. (2001). Rho and Rac but not Cdc42 regulate endothelial cell permeability. J. Cell Sci. 114, 1343–1355. doi: 10.1242/jcs.114.7.1343

 Wroblewski, L. E., Noble, P.-J. M., Pagliocca, A., Pritchard, D. M., Hart, C. A., Campbell, F., et al. (2003). Stimulation of MMP-7 (matrilysin) by Helicobacter pylori in human gastric epithelial cells: role in epithelial cell migration. J. Cell Sci. 116, 3017–3026. doi: 10.1242/jcs.00518

 Wu, Y., Kanchanawong, P., and Zaidel-Bar, R. (2015). Actin-delimited adhesion-independent clustering of E-cadherin forms the nanoscale building blocks of adherens junctions. Dev. Cell 32, 139–154. doi: 10.1016/j.devcel.2014.12.003

 Wu, X., Lei, L., Gong, S., Chen, D., Flores, R., and Zhong, G. (2011). The chlamydial periplasmic stress response serine protease cHtrA is secreted into host cell cytosol. BMC Microbiol. 11, 87. doi: 10.1186/1471-2180-11-87

 Wu, S., Morin, P. J., Maouyo, D., and Sears, C. L. (2003). Bacteroides fragilis enterotoxin induces c-Myc expression and cellular proliferation. Gastroenterology 124, 392–400. doi: 10.1053/gast.2003.50047

 Wu, S., Rhee, K.-J., Zhang, M., Franco, A., and Sears, C. L. (2007). Bacteroides fragilis toxin stimulates intestinal epithelial cell shedding and γ-secretase-dependent E-cadherin cleavage. J. Cell Sci. 120, 1944–1952. doi: 10.1242/jcs.03455

 Xin, Y., He, L., Luan, Z., Lv, H., Yang, H., Zhou, Y., et al. (2017). E-cadherin mediates the preventive effect of vitamin D3 in colitis-associated carcinogenesis. Inflamm. Bowel Dis. 23, 1535–1543. doi: 10.1097/MIB.0000000000001209

 Xu, S., Mo, D., Rizvi, F. Z., Rosa, J. P., Ruiz, J., Tan, S., et al. (2023). Pore-forming activity of S. pneumoniae pneumolysin disrupts the paracellular localization of the epithelial adherens junction protein E-cadherin. Infect. Immun. 91, e00213–e00223. doi: 10.1128/iai.00213-23

 Xu, H., Sobue, T., Bertolini, M., Thompson, A., and Dongari-Bagtzoglou, A. (2016). Streptococcus oralis and Candida albicans Synergistically Activate μ-Calpain to Degrade E-cadherin From Oral Epithelial Junctions. J. Infect. Dis. 214, 925–934. doi: 10.1093/infdis/jiw201

 Xue, W. C., Feng, H. C., Tsao, S. W., Chan, K. Y. K., Ngan, H. Y. S., Chiu, P. M., et al. (2003). Methylation status and expression of E-cadherin and cadherin-11 in gestational trophoblastic diseases. Int. J. Gynecol. Cancer 13, 879–888. doi: 10.1136/ijgc-00009577-200311000-00022

 Yamada, M., Takahashi, N., Matsuda, Y., Sato, K., Yokoji, M., Sulijaya, B., et al. (2018). A bacterial metabolite ameliorates periodontal pathogen-induced gingival epithelial barrier disruption via GPR40 signaling. Sci. Rep. 8, 9008. doi: 10.1038/s41598-018-27408-y

 Yang, Y., Du, J., Liu, F., Wang, X., Li, X., and Li, Y. (2017). Role of caspase-3/E-cadherin in helicobacter pylori-induced apoptosis of gastric epithelial cells. Oncotarget 8, 59204–59216. doi: 10.18632/oncotarget.19471

 Yang, J., and Yan, H. (2021). Mucosal epithelial cells: the initial sentinels and responders controlling and regulating immune responses to viral infections. Cell. Mol. Immunol. 18, 1628–1630. doi: 10.1038/s41423-021-00650-7

 Yap, A. S., Niessen, C. M., and Gumbiner, B. M. (1998). The juxtamembrane region of the cadherin cytoplasmic tail supports lateral clustering, adhesive strengthening, and interaction with p120ctn. J. Cell Biol. 141, 779–789. doi: 10.1083/jcb.141.3.779

 Ye, P., Chapple, C. C., Kumar, R. K., and Hunter, N. (2000). Expression patterns of E-cadherin, involucrin, and connexin gap junction proteins in the lining epithelia of inflamed gingiva. J. Pathol. 192, 58–66. doi: 10.1002/1096-9896(2000)9999:9999<::AID-PATH673>3.0.CO;2-T

 Yin, Y., Grabowska, A. M., Clarke, P. A., Whelband, E., Robinson, K., Argent, R. H., et al. (2010). Helicobacter pylori potentiates epithelial:mesenchymal transition in gastric cancer: links to soluble HB-EGF, gastrin and matrix metalloproteinase-7. Gut 59, 1037–1045. doi: 10.1136/gut.2009.199794

 Yuksel, H., Ocalan, M., and Yilmaz, O. (2021). E-cadherin: an important functional molecule at respiratory barrier between defence and dysfunction. Front. Physiol. 12. doi: 10.3389/fphys.2021.720227

 Zakharzhevskaya, N. B., Tsvetkov, V. B., Vanyushkina, A. A., Varizhuk, A. M., Rakitina, D. V., Podgorsky, V. V., et al. (2017). Interaction of bacteroides fragilis toxin with outer membrane vesicles reveals new mechanism of its secretion and delivery. Front. Cell. Infect. Microbiol. 7. doi: 10.3389/fcimb.2017.00002

 Zang, X., Zhang, J., Jiang, Y., Feng, T., Cui, Y., Wang, H., et al. (2024). Serine protease Rv2569c facilitates transmission of Mycobacterium tuberculosis via disrupting the epithelial barrier by cleaving E-cadherin. PloS Pathog. 20, e1012214. doi: 10.1371/journal.ppat.1012214

 Zemans, R. L., Briones, N., Campbell, M., McClendon, J., Young, S. K., Suzuki, T., et al. (2011). Neutrophil transmigration triggers repair of the lung epithelium via β-catenin signaling. Proc. Natl. Acad. Sci. 108, 15990–15995. doi: 10.1073/pnas.1110144108

 Zhang, L., Zhao, F., Xu, H., Chen, Y., Qi, C., and Liu, J. (2022). HtrA of Actinobacillus pleuropneumoniae is a virulence factor that confers resistance to heat shock and oxidative stress. Gene 841, 146771. doi: 10.1016/j.gene.2022.146771

 Zhao, B., Li, L., Lu, Q., Wang, L. H., Liu, C.-Y., Lei, Q., et al. (2011). Angiomotin is a novel Hippo pathway component that inhibits YAP oncoprotein. Genes Dev. 25, 51–63. doi: 10.1101/gad.2000111

 Zhao, B., Li, R., Yang, F., Yu, F., Xu, N., Zhang, F., et al. (2018). LPS-induced vitamin D receptor decrease in oral keratinocytes is associated with oral lichen planus. Sci. Rep. 8, 763. doi: 10.1038/s41598-018-19234-z

 Zhong, Z., Jiao, Z., and Yu, F.-X. (2024). The Hippo signaling pathway in development and regeneration. Cell Rep. 43, 113926. doi: 10.1016/j.celrep.2024.113926

 Zhou, Y., Sztukowska, M., Wang, Q., Inaba, H., Potempa, J., Scott, D. A., et al. (2015). Noncanonical activation of β-catenin by porphyromonas gingivalis. Infect. Immun. 83, 3195–3203. doi: 10.1128/IAI.00302-15

 Zhu, H., Niu, X., Li, Q., Zhao, Y., Chen, X., and Sun, H. (2020). Circ_0085296 suppresses trophoblast cell proliferation, invasion, and migration via modulating miR-144/E-cadherin axis. Placenta 97, 18–25. doi: 10.1016/j.placenta.2020.06.002

 Zhu, H., Sydor, A. M., Boddy, K. C., Coyaud, E., Laurent, E. M. N., Au, A., et al. (2024). Salmonella exploits membrane reservoirs for invasion of host cells. Nat. Commun. 15, 3120. doi: 10.1038/s41467-024-47183-x

 Zuo, J.-H., Zhu, W., Li, M.-Y., Li, X.-H., Yi, H., Zeng, G.-Q., et al. (2011). Activation of EGFR promotes squamous carcinoma SCC10A cell migration and invasion via inducing EMT-like phenotype change and MMP-9-mediated degradation of E-cadherin. J. Cell. Biochem. 112, 2508–2517. doi: 10.1002/jcb.23175



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Lialios and Alimperti. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




Glossary

ADAM A-disintegrin and metalloproteinases

AKI acute renal injury

AJs adherens junctions

α-cat α-catenin

AMOTL2 angiomotin-like 2

APC anaphase-promoting complex

BAL bronchoalveolar lavage

BAR B-cell antibody receptor

BB-94 batimastat

BFT/FRA fragilysin

β-cat β-catenin

β-TrCP beta-transducin repeats-containing protein

CAMs cell adhesion molecules

CagA cytotoxin-associated gene A

cbHtrA Coxiella burnetii HtrA

CCL2 chemokine (C-C motif) ligand 2

CDC42 cell division cycle 42

CK1 casein kinase 1

C-myc cellular myelocytomatosis oncogene

COPD chronic obstructive pulmonary disease

CPB2 Clostridium perfringens beta2

CRC colorectal cancer

CTSC cathepsin C

CTF carboxy-terminal fragment

CXCL8 chemokine (C-X-C motif) ligand 8

CXCR1/2 CXC chemokine receptors 1/2

DCs dendritic cells

DNMT DNA methyltransferase

DSS dextran sulfate sodium

EGF epidermal growth factor

EGFR epidermal growth factor receptor

ELF epithelial lining fluid

ELA2A elastase 2A

EMT epithelial-to-mesenchymal transition

EPLIN epithelial protein lost in neoplasm

ERK extracellular signal-regulated kinase

ExlA exolysin

ExoA exotoxin A

Fabs fragment antigen-binding regions

FadA protein adhesion A

FcϵRI high-affinity IgE receptor

FEV1 forced expiratory volume

GERD gastroesophageal reflux disease

GelE gelatinase

GPR40 G protein-coupled receptor 40

GSK3β glycogen synthase kinase-3 beta

HA hemagglutinin

HER human epidermal growth factor receptor

HIV human immunodeficiency virus

HMGB1 high mobility group box 1

Hla α-hemolysin

HtrA high temperature requirement A

HYA 10-hydroxy-cis-12-octadecenoic acid

IBD inflammatory bowel disease

IECs intestinal epithelial cells

IFNAR interferon-alpha/beta receptor

ILC2 group 2 innate lymphoid cells

IL interleukin

ILY intermedilysin

IgE immunoglobulin E

K19 keratin 19

KLRG1 killer cell leucine-rich alpha-2-glycoprotein

LATS1/2 large tumor suppressor kinase 1/2

LRR20 leptospira leucine-rich repeat 20

LPRD laryngopharyngeal reflux disease

LPS lipopolysaccharide

LRG1 leucine rich alpha-2-glycoprotein 1

MAPK mitogen-activated protein kinase

MART-10 19-nor-2α-(3-hydroxypropyl)-1α,25-Dihydroxyvitamin D3

MHC II major histocompatibility complex class II

miRNA micro ribonucleic acid

MLC myosin light chain

MMP matrix metalloproteinase

MOI multiplicity of infection

mAbs monoclonal antibodies

NE neutrophil elastase

NEDD9 neural precursor cell expressed developmentally down-regulated protein 9

NF-κB nuclear factor kappa B

NO nitric oxide

NP nasopharyngeal

NTF amino-terminal fragment

OMVs outer membrane vesicles

PAR protease-activated receptor

PCP planar cell polarity

PE pre-eclampsia

PFO perfringolysin O

PGE2 prostaglandin E2

PLY pneumolysin

PM2.5 fine particulate matter (diameters generally 2.5 micrometers and smaller)

PMNs polymorphonuclear neutrophils

pPROM preterm pre-labor rupture of the membranes

PRRs pattern-recognition receptors

PsaA Pneumococcal surface adhesin A

PTB preterm birth

RIP regulated intramembrane proteolysis

ROCK Rho-associated protein kinase

ROS reactive oxygen species

RhoA Ras homolog family member A

RSV respiratory syncytial virus

SAV1 Salvador family WW domain containing protein 1

SBP spontaneous bacterial peritonitis

sE-cad soluble E-cadherin fragment

SNP single nucleotide polymorphism

Spa S. aureus protein A

ST2 suppression of tumorigenicity 2

TARC thymus and activation-regulated chemokine

TAZ transcriptional co-activator with PDZ-binding motif

TcdA/TcdB Clostridioides difficile toxin A/B

TCF/LEF T-cell factor/Lymphoid enhancer factor

TEAD transcriptional enhanced associate domain

TEER transepithelial electrical resistance

TB tyndallized bacteria

TGF-β1 transforming growth factor-β1

Th2 T helper 2

TIR translocated intimin receptor

TJs tight junctions

TLR toll-like receptor

TNF tumor necrosis factor

UC ulcerative colitis

UPS ubiquitin-proteasomal system

VacA vacuolating cytotoxin A

VEGF Vascular endothelial growth factor

YAP yes-associated protein

ZEB-1 zinc finger E-box-binding homeobox 1

ZO zonula occludens
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Pathogen Interaction with E-cadherin

L. monocytogenes  InlA binds to N-terminal EC1 domain

S. pneumoniae PsaA binds to E-cadherin

E-cadherin is recruited at intercellular
junctions and interacts with intimin

EPEC
(bacteria) — Tir (host cells)
receptor complex

F. nucleatum FadA binds to EC5 domain

C. botulinum Hemagglutinin binds to EC1-EC2 residues

H. pylori CagA interacts with E-cadherin

E-cadherin serves as an adherence receptor

C. difficile for spores

Protein Lsa16 and leptospiral lipoproteins

L. interrogans | (1111711, LIC12587) bind to E-cadherin

Mechanism/Effect

- Initiates “zipper”-like mechanism for entry into
epithelial cells

- Requires calcium and induces post-translational
modifications of E-cadherin

- Leads to caveolin-dependent clustering and
clathrin-mediated internalization

- Also uses InlB for enhanced invasion

- Calcium-dependent binding
- Both human and mouse E-cadherin inhibits
PsaA-coated adherence to NP cells

- E-cadherin influences EPEC attachment post
initial intimin-Tir interaction

- Absence of E-cadherin reduces

EPEC adhesiveness

- Promotes attachment and invasion in CRC and
non-CRC cells

- Induces B-catenin signaling and oncogenic
pathways in CRC cells

- Affects inflammatory responses based on -
catenin expression

- Disrupts E-cadherin function by blocking
trans-dimerization

- Impairs E-cadherin/B-catenin complex
assembly

- Leads to B-catenin accumulation and activation
of signaling pathways

- Interacts with c-Met and p120ctn

affecting invasiveness

- Requires TcdA and TcdB toxins to open AJs
and make E-cadherin accessible for
spore tethering

- Allows bacterial attachment to epithelial cells
- Induces E-cadherin/B-catenin and NF-kB
signaling affecting E-cadherin regulation and
Leptospira adhesion

- E-cadherin downregulation potentially
decreases Leptospira colonization

Pathogens and main adhesins that interact with E-cadherin are indicated in bold.
PsaA, pneumococcal surface adhesin A; NP, nasopharyngeal; EPEC, enteropathogenic Escherichia coli; Tir, translocated intimin receptor; FadA, protein adhesion A; CRC, colorectal cancer;
CagA, cytotoxin-associated gene A; c-Met; mesenchymal-epithelial transition factor; p120ctn, p120 catenin; TcdA/TcdB, Clostridioides difficile toxin A/B; AJs, adherens junctions; NF-KB;

nuclear factor kappa B.
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Therapeutic Approaches

Vitamin Supplementation

Microbial Metabolites and
Commensal Microorganisms

Degradation Blockade and
Protease Inhibitors

Antibody-based Modalities

Miscellaneous

Description

Vitamin D reinforces E-cadherin junctions by suppressing TNF-c.-induced NF-kB
signaling, reducing MMP-9 production, regulating EMT, and modulating TGF-B and Wnt/
B-catenin pathways.

Vitamin D in its 1.25(OH)2D3 form rescues E-cadherin expression and enhances B-catenin
binding.

MART-10, a noncalcemic calcitriol analogue, inhibits MMP-2 and MMP-9 synthesis and
blocks EMT by bolstering E-cadherin expression.

HYA from Lactobacillus spp. restores T] molecules, reduces inflammation, and protects E-
cadherin from proteolysis.

Akkermansia muciniphila reduces P. gingivalis-induced bone destruction and inflammation
and enhances junctional marker expression.

Lactobacillus gasseri ATCC33323 safeguards the intestinal barrier, reduces inflammation,
and bolsters the expression of E-cadherin and other junctional markers.

BB-94 inhibits E-cadherin-degrading MMPs.

GI254023X, an ADAMIO0 inhibitor, prevents E-cadherin shedding and B-catenin
translocation.

Amprenavir, an HIV protease inhibitor, rescues the esophageal epithelial barrier from
acidified pepsin-mediated disruption.

E-cadherin monoclonal antibodies (mAbs) enhance epithelial barrier function and limit
IBD progression.

E-cadherin activating mAbs reduce loss of barrier function and inflammatory progression
in IBD.

Banxia Xiexin Decoction inhibits F. nucleatum colonization and E-cadherin/B-catenin
signaling in colitis-to-cancer progression.

Chitosan (Q) modulates E-cadherin-0:EB7 axis, enhances epithelial cell migration and
wound healing, and increases E-cadherin expression.

Non-viable heat-killed bacteria exposure such as tyndallized bacteria significantly enhances
E-cadherin levels in bronchial cells and reinforces airway epithelium s barrier function and
repair potential, potentially counteracting EMT.

Ferrostatin-1 inhibits allergen and pollutant-caused ferroptosis and allows E-cadherin
recovery in vitro and in vivo.

Therapeutic approaches and highlighted modalities are indicated in bold.
‘TNF-a, tumor necrosis factor alpha; NF-kB, nuclear factor kappa B; MMP, matrix metalloproteinase; EMT, epithelial-to-mesenchymal transition; TGF-, transforming growth factor p1; 19-
nor-2a-(3-hydroxypropyl)- 1a,25-Dihydroxyvitamin D3; HYA, 10-hydroxy-cis-12-octadecenoic acid; TJ, tight junction; BB-94, batimastat; ADAM, A- disintegrin and metalloproteinase; HIV,
human immunodeficiency virus; mAbs, monoclonal antibodies; IBD, inflammatory bowel disease.
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barrier translocation, pathological
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Bacterial Proteases
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Spontaneous bacterial peritonitis-causing
bacteria (E. coli, P. mirabilis)

Pathogenic mechanisms, pathogens, key proteases, and toxins are indicated in bold.

E-cadherin displacement,
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E-cadherin cleavage by novel
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fragment; CTF, carboxy-terminal fragment; CagA, cytotoxin-associated gene A; ECM, extracellular matrix; IL-8, interleukin-8; PAR2, protease-activated receptor 2; AJ, adherens junction; UPS,
ubiquitin-proteasomal system; T}, tight junction.





