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High ambient glucose concentrations induce a rapid activation and externalization of calpain in proximal tubular epithelial cells (LLC-PK1)

Harwood, S, Allen, D, Raftery, M, Yaqoob,M 

Barts and the Royal London School of Medicine and Dentistry, London 

We have previously shown that high ambient glucose concentrations (25 mM) can induce an early (3 h), calpain mediated necrotic injury prior to the onset of the known apoptotic cascade in cultured proximal tubular epithelial cells (PTEC). Furthermore, we found that the degree of necrotic injury was comparable between 3 and 24 h. In this study we decided to look at high glucose-induced early necrotic injury at an earlier time time point and to try to further elucidate the role of calpain in the progression of this death cascade.  

PTEC were treated with 5 mM (control, C) and 25 mM D-glucose (high glucose, HG) as before but the presence and absence of a calpain inhibitor (10 uM calpeptin) and a calcium chelator (1 mM EGTA [calcium is a prerequisite for calpain activation]) were studied. After just 30 min in high glucose necrotic injury (determined by % LDH cytotoxicity) was greatly elevated (C 13.9±3.4, HG 25.4±6.49, p<0.0005) but calcium chelation (C+EGTA 9.3±2.0, HG+EGTA 12.1±2.6) and calpain inhibition (C+calpeptin 15.3±2.4, HG+calpeptin 18.32±3.0) both significantly reduced the degree of high glucose induced necrotic injury (p<0.005 and p<0.05 respectively). However, western blots on the lysates derived from cells treated with HG showed a reduction in calpain protein expression (calpain 2) compared to lysates derived from C treated cells. This was surprising as live cell in situ calpain assays (3 h) had previously revealed a significant rise in calpain activity in cultures of PTEC incubated with HG. We therefore examined the cell culture media of cells incubated in HG supplemented media for 3 h and found an appreciable quantity of calpain protein. Furthermore, we found that tissue culture media from the cells incubated in high glucose had not only higher LDH activity (C 10.58±5.4, HG  25.8±8.3, % LDH cytotoxicity, p<0.00002) but also significantly elevated calpain activity (C 12.7±7.5, HG 19.6±2.1, nM, AMC released/min, p<0.02). Lysates derived from cells incubated with high glucose had a concomitant reduction in total protein concentration (C 0.6756±0.07, HG 0.5304±0.08, mg/L, p<0.0005). We believe that this work demonstrates that the recently described early HG induced calpain mediated necrosis occurs even earlier than first thought (within 30 min). Furthermore, recent work suggesting a role for externalized calpain in PTEC repair in vivo indicates that this area of study may have therapeutic implications. Future work will focus on the action of externalized calpain in the uraemic kidney.


























