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Expression of claudin proteins along the human nephron. 
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In the nephron, paracellular permeability is tightly controlled to facilitate solute absorption and concentration of urine. Permeability is regulated by the apical uppermost zonular tight junction containing transmembrane proteins, including claudins, occludin and JAM. Around 23 claudins are known and differential expression of claudins may determine the specific permeability properties of the nephron, for example, where paracellular permeability is markedly different between the proximal and distal tubules. We hypothesised that the claudin repertoire would vary along the human nephron to reflect differences in paracellular permeability. Ethical approval was obtained for collection of human renal cortical tissue from consenting patients undergoing a nephrectomy for unipolar renal cell carcinoma. 2mm blocks of tissue were acetone fixed, embedded in glycolmethacrylate resin and cut as 2 micron serial sections to enable comparison of different stains. Slides were then labelled immunohistochemically with antibodies to claudins 2, 3, 4, 8, 10 and 11. Antibodies against N- and E-cadherin, lotus tetragonolobus (LTA), dolichos bifluorus (DB), epithelial membrane antigen (EMA) and Tamm Horsfall protein (THP) were used to identify specific regions of the nephron, enabling mapping of claudin expression by comparing serial sections. Claudin 2 antibody labelled the basolateral aspects of proximal tubular epithelial cells, extending apically to terminate in a punctate, subapical junctional stain. These tubules were LTA and N-cadherin positive on serial sections. Antibodies against claudin 10 and 11 labelled proximal tubular cells with similar punctuate, discrete junctional staining and some cytoplasmic staining, in structures coincident with LTA and N-cadherin positivity on serial sections. In addition, claudin 10 and 11 antibodies were strongly positive on a population of tubules that were negative for N-cadherin but positive for THP on adjacent sections, suggesting that expression of these proteins also occurs in the thick ascending limb of the loop of Henle. Interestingly, claudin 10 staining was positive in basolateral aspects of these cells, while claudin 11 staining was seen at the apical surface. Using E-cadherin, EMA and DB as distal convoluted tubular markers, it was seen that claudin 3, 4 and 8 antibodies labelled similar structures on serial sections, with basolateral staining terminating in discrete punctate subapical staining. Staining for claudins 3, 4 and 8 was also seen on the junctional aspects of the lateral cell borders in cells that were coincident with similar tubules labelled with THP in serial sections. Claudin 3 gave the strongest staining in this region, with claudin 4 the least. These findings confirm there is regional variation in expression of claudins in tight junctions along the human nephron which likely reflects an important role in determination of paracellular permeability in the kidney and hence may play a role in pathologies revolving around abnormalities of absorption.


