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IFN-( and STAT1 regulate the MMP:TIMP balance during the development of inflammation-induced peritoneal fibrosis
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Peritoneal dialysis (PD) is used to treat a significant proportion of patients with end-stage renal failure. Recurrent bacterial peritonitis, predominantly caused by Staphylococcus species, is the main complication of PD and is associated with the development of peritoneal fibrosis, and loss of peritoneal function with resultant treatment failure. The balance between matrix synthesis and degradation by matrix metalloproteinases (MMP) is one level at which extracellular matrix deposition and a fibrotic outcome may be regulated We therefore developed a murine model of repeated peritoneal inflammation to mechanistically investigate the development of peritoneal fibrosis following repeated inflammation. The murine model uses intraperitoneal injections of a cell-free supernatant of Staphylococcus epidermidis (SES) to induce up to 4 episodes of peritoneal inflammation at Days 0, 7, 14 and 21 and fibrosis is apparent histologically by Day 49 in wildtype (WT) mice. 

Interleukin-6 (IL-6) was required for the development of peritoneal fibrosis following repeated inflammation, as IL-6-deficient (IL-6KO) mice were protected from the onset of fibrosis observed in WT mice. Repeated inflammation also led to a skewing of STAT (signal transducers and activators of transcription) pathway activation in the peritoneal membrane of WT mice from predominantly STAT3 to STAT1. Whilst peritoneal STAT activation was severely impaired in IL-6KO compared to WT mice. Interferon-( (IFN-() production by CD4+ lymphocytes was required for the observed increase in STAT1 activation and animals deficient in IFN-(, lymphocytes and STAT1 (IFN-(KO, RAG1KO and STAT1KO mice respectively) all showed a similar protection from peritoneal fibrosis akin to IL-6KO mice. The ability of IFN-(-STAT1 to regulate the MMP: tissue inhibitors of MMPs: tissue inhibitor of matrix metalloproteinase (TIMP) balance in favour of matrix deposition was tested as a potential mechanism for the development of fibrosis. IFN-( treatment or over-expression of a constitutively dimerised STAT1 mutant (STAT1-C) in human peritoneal mesothelial cells inhibited interleukin-1(-induced MMP-3 expression, without any effect on the level of TIMP-1 as measured by ELISA. IFN-(KO and STAT1KO mice had elevated MMP-3 levels compared to WT mice at Day 49 (unpaired t-test p=0.02 and p=0.05 respectively). To confirm the relevance of these findings to the clinical context, MMP-3 and TIMP-1 levels were measured by single or multiplex ELISA in 80 PD effluent samples from stable groups of patients with no previous infection history or those with prior infections, obtained from the Global Fluid Study. A decrease in the ratio of MMP-3 to TIMP-1 was observed in patients with a prior infection history compared with no previous infection history (Mann Whitney p=0.0006). 

These data have identified a role for IFN-( and STAT1 in the development of peritoneal fibrosis following repeated inflammation. A disruption in the normal MMP:TIMP balance by IFN-( and STAT1 was identified using an in vitro cell culture system, the in vivo model and PD patient samples that favours extracellular matrix deposition and the development of peritoneal fibrosis. 

This work was funded by a KRUK Career Development Fellowship (to CAF) and a Kenyon Gilson EPS Research Fund grant (to NT, SAJ and CAF). The authors would like to thank the Global Fluid Study, Peritoneal Biopsy Registry and Bro Taf Surgical teams for providing data and/or samples.


