Chronic renal failure (CRF) represents one of the major causes of disability in western countries due to population’s aging, improved survival from cardiovascular diseases and spreading of type-2 diabetes. In the European Union over 7 million people are reported to be affected by CRF. Three hundred thousand of these are already being treated with renal replacement therapy, either by dialysis or transplantation, and the number requiring such treatment is progressively increasing each year. The relentless decline of renal function can be slowed down by anti-hypertensive therapies but they are partially effective. Thus, development of more effective and specific treatments for progressive renal failure is required in order to stop the progressing number of people affected by the disease.

The CRF process can be promoted by a variety of mechanisms including hypertension, diabetes or toxic injury. These pathologies may affect any of the kidney structures and are linked by their common ability to promote development of chronic inflammation leading to tissue sclerosis and to progressive decline of renal function.
Inflammation and excessive scaring are complex processes and have been recently associated with disruptions of gap junction-mediated intercellular communication (GJIC). Gap junctions are composed of intercellular channels that allow the direct exchange of small molecules between adjacent cells, this way synchronizing responses in multi-cellular organisms. This type of intercellular communication permits rapidly coordinated activities such as contraction of cardiac muscle but plays also a crucial role in slower physiological processes such as cell growth and development. Gap junction channels are formed by members of a family of related proteins called connexins (Cx) in vertebrates. There are more than 20 different types of Cx in the human and mouse genomes. Each type of connexin-made channel has unique permeabilities to various molecules. Thus, Cx composition of gap junctions appeared to determine channel selectivity.

Alterations of the expression of the major gap junction protein Cx43 have been associated to the development of inflammation in chronic vascular pathologies such as atherosclerosis. Inhibiting its expression protected vessels from the atherosclerotic plaque development and related diseases. However, little was known about the implication of this Cx in chronic renal pathologies. Thus the aim of our study was to investigate the role of Cx43 in an important degenerative pathology, the CRF.

For this purpose, we used different models characterized by an inflammatory response leading to chronic kidney disease.
 First, as several studies have shown that hypertension is a major risk factor for the development of CRF we were looking for an appropriate mouse model to study the implication of Cx43 in hypertension-induced renal failure. The major problem in mouse models is that the development of the pathology is fast and consequently far away from the human disease. Thus, we characterized a novel transgenic strain, the RenTg mice that overexpress renin. We showed that these mice could mimic kinetics and the physiopathological characteristics of hypertension-induced renal disease and we identified cellular and/or molecular events characterizing the different steps of the progression of the disease. In this model, endothelial dysfunction was an early event preceding the structural and functional tissue alterations that ultimately lead to the development of CRF. Indeed, 3 month-old RenTg mice showed a marked increase of adhesion molecules such as vascular cell adhesion molecule-1 (VCAM-1), intercellular adhesion marker (ICAM-1) and platelet endothelial cell adhesion molecule-1 (PECAM-1), that promote inflammatory cell infiltration, indicating rise of endothelial dysfunction. At the same time point, we also observed a pronounced increased of the Cx43 in the endothelium of peritubular and glomerular capillaries whereas its expression was almost negligible in the renal cortex of control mice. Interestingly, RenTg mice in which Cx43 expression was reduced by half (RenTgCx43+/-) exhibited a decreased expression of VCAM-1 at 3 month-old mice. We also observed a restricted alteration of the vascular and tubular compartments at the latest stages of the disease.
Second, we used a model of obstructive nephropathy in mice as this disease is a major cause of renal deficiency particularly in newborns. Unilateral ureteral obstruction (UUO) is the best characterized model of obstructive nephropathy resulting on marked hemodynamic and metabolic changes, followed by tubular injury with interstitial macrophage infiltration. Proliferation of interstitial fibroblasts, phenotypic transitions of resident renal tubular and endothelial cells lead to excessive deposition of extracellular matrix molecules and renal fibrosis. The objective of this study was to investigate whether Cx43 was also involved in the tubulointerstitial inflammatory disease leading to the development of kidney fibrosis. For this purpose, 3 month old mice underwent UUO in the left ureter and allowed to recover for 7 or 15 days before tissue collection. Expression of the Cx43 was almost negligible in the renal cortex of the control lateral kidneys, whereas Cx43 mRNA and protein expressions were markedly upregulated after 7 days of UUO. The Cx43 expression pattern was paralleled close by that of adhesion markers such as VCAM-1, ICAM-1and P-selectin. Interestingly, Cx43+/- showed reduced VCAM-1 expression as well as diminished interstitial fibrosis. In addition, administration of a Cx43 antisense in the ligated ureter after 24 hours of UUO, showed reduced VCAM expression as well as limited macrophage infiltration after 7 days of obstructive nephropathy.
Although further work is required to clarify molecular mechanisms by which Cx43 is implicated in renal inflammation our findings underline the importance of cell-to-cell communication in the chronic renal disease, and may open novel therapeutic strategies targeting Cx to estimate the evolution of this pathology and to protect against inflammation and renal fibrosis.

