Claudins and barrier dysfunction in intestinal inflammation: cause or consequence?
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The intestinal epithelium forms a barrier between the body and the external environment facilitating the selective uptake of water, ions and nutrients while excluding bacteria, antigens and toxins. This raises the question whether breaches in this barrier can be a primary cause of intestinal inflammation or whether barrier loss is merely the inevitable consequence of inflammation causing epithelial damage, without barrier loss itself playing a pathogenic role. This question has puzzled investigators for decades and is of some importance, as the answer will determine whether restoring barrier loss is a plausible target for future therapy. Doubts about barrier loss playing an important causal role in inflammation have been fuelled by observations that some healthy individuals have an impaired barrier as measured by sugar absorption studies and in some circumstances barrier loss may actually be protective against intestinal inflammation.1, 2

The intestinal barrier comprises a physical barrier provided by epithelial cells and the overlying mucus and a chemical barrier of antibacterial peptides secreted by Paneth cells. The main physical barriers are the epithelial cells and the intercellular spaces between them. Absorption of substances between epithelial cells is termed paracellular transport. The rate-limiting structure for paracellular transport is the tight junction; a complex branching network of proteins bringing the cell membranes of neighboring cells almost together near the luminal surface of the epithelial cell. A family of proteins called Claudins are the main determinants of the barrier properties of the tight junction. To date 27 claudins have been identified in mammals. Studies of the role of claudin-7 in inflammation in mice published in this edition of GUT give important new insights into whether barrier loss can play a causal role in triggering intestinal inflammation.3
	
The claudins 3, 7 and 15 have the highest expression in the small and large intestine.4 Previous studies have shown that global knockout of claudin-7 in mice causes intestinal inflammation and epithelial cell death and abnormalities of cell-matrix interactions and intestinal homeostasis.5 However of role of claudin-7 in the actual initiation of inflammation is unclear because of the profound epithelial damage caused making it difficult to discern whether barrier loss was a cause or consequence of inflammation. To circumvent this problem Tanaka et al generated intestine-specific conditional knockout mice of Cldn7 (Cldn7 cKO mice). Epithelial integrity and the crypt/villus architecture was maintained in the Cldn7 cKO mice however there was an increase in neutrophil infiltration in the lamina propria of the colon. There was also an increase in mRNA levels of the cytokines IL-1, IL-6, MIP-2, MCP-1 in the colon confirming acute colonic inflammation. Further investigation showed there was selective loss of barrier function in the colon with an increased permeability of the colon to the small organic molecule Lucifer Yellow (MW=458Da) but not the larger molecule FITC-Dextran (MW=4,000Da). These observations show that loss of claudin-7 only increases paracellular absorption of small molecules.

The authors then investigated whether the colonic inflammation was triggered by the absorption of small molecules derived from colonic bacteria. They found that the absorption of N-Formylmethionyl-leucyl-phenylalanine (fMLP) (MW=438Da), a bacterial derived chemo-attractant for neutrophils, was in increased in the colon of Cldn7 cKO mice. The causal role of increased absorption of fMLP was confirmed by the observations that prior antibiotic therapy abolished colonic inflammation and exogenous administration of fMLP caused colonic inflammation. Careful control experiments excluded transcellular absorption of fMLP. The authors concluded that knockout of claudin-7 in colonic epithelial cells caused a specific barrier loss leading to absorption of fMLP across tight junctions initiating colonic inflammation. 

Tanaka et al make the helpful distinction between factors that initiate intestinal inflammation from those that accelerate pre-existing inflammation. There is an abundance of evidence that barrier loss can substantially accelerate inflammation.6 For example, IBD patients in remission with barrier loss resulting from excessive epithelial cell shedding and epithelial loss are more likely to relapse than those with an intact barrier.7 Su et al have provided a particularly striking example of tight junction barrier loss accelerating inflammation.8 Prompted by the observations that the key IBD effector TNF alpha causes loss of barrier function mediated by myosin light chain kinase (MLCK) activity, Su et al studied the effect of primary dysregulation of tight junctions on intestinal inflammation by creating a mouse with constitutively activated MLCK. Although these mice have leaky tight junctions they did not develop intestinal inflammation. However when crossed with mice that develop spontaneous inflammation they developed an accelerated and exaggerated inflammatory response. Thus in this model, barrier loss caused by MLCK-induced barrier dysfunction cannot initiate inflammation but can only accelerate pre-existing inflammation.

This result apparently contradicts the study of Tanaka et al who found that barrier loss caused by deletion of claudin-7 actually initiates inflammation. Part of the explanation may come from tight junction physiology. There are at least two pathways across the tight junction;9 a pore pathway that is size and charge selective and includes claudin-2 and a leak pathway which has low capacity and is not size or charge selective. Paracellular flux through the leak pathway is increased by MLCK and occludin endocytosis. The molecular structure of these pathways within tight junctions and in particular the structural contribution of claudin-7 to these pathways is not understood though it can be hypothesized that claudin-7 contributes more to the pore pathway than the leak pathway. The paracellular passage of pro-inflammatory molecules across the tight junction may be critically dependent on the molecular mechanisms of opening the pore and leak pathways and the quantitative increase in paracellular flux of toxic substances from the lumen across these two pathways.  

To date no polymorphisms of claudins have been documented as risk alleles of human IBD. Although down regulation of claudins 4 & 12 and an overexpression of claudins 1 & 2 has been documented in Crohns disease, changes in expression of claudin-7 in human IBD have not been reported.10 However it would be premature to state that barrier loss does not initiate IBD in humans as our understanding of the complex biology of tight junctions is incomplete. The study of Tanaka et al will prompt further investigation of the role of barrier loss in the initiation of human IBD. The evidence that barrier loss accelerates human intestinal inflammation after initiation by other mechanisms is much stronger. For example, TNF alpha causes apoptosis cell shedding and barrier loss in a couple of hours.7 Overall, evidence that barrier loss is plays a causal role in the early stages of IBD pathogenesis is becoming increasingly strong and should remain as a major target for future therapeutic intervention.
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