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INTRODUCTION. Mitochondrial dysfunction is believed to be a major cause of cell death 
and tissue degeneration in aging. However, it is not known which of the many mitochondrial 
defects that are associated with aging is critical for cell survival. The mitochondrial 
Permeability Transition Pore (PTP) is known to play a critical role in apoptosis and necrosis 
(1). We have found that aging enhances the activation of PTP in mouse lymphocytes, and in 
isolated mitochondria from liver and brain, suggesting that this activation causes cell death and 
tissue degeneration in aging (2,3). We also show that the attenuation of calcium signaling in T 
cells from old mice results from the enhancement of PTP activation. 

METHODS. Mitochondria were isolated from liver and brain of young (3-4 mo.) and old  
(20 mo.) mice, and PTP activation was assayed with the calcium indicator arsenazo III. T cells 
were isolated from the spleen of young and old mice and calcium signaling was assayed by 
flow cytometry with the calcium indicator fluo-3. PTP activation in T cells was assayed by 
flow cytometry with the mitochondrial membrane potential ( m) indicator DiOC6(3). 

RESULTS. Calcium overloading induces PTP activation in isolated mitochondria from liver 
and brain, which release the accumulated calcium. The activation of PTP is inhibited by 
cyclosporin, A which allow the mitochondria to accumulate large amounts of calcium. We 
determined the threshold for PTP activation in liver and brain mitochondria from young and 
old mice. About 40% more calcium was required to trigger PTP in liver mitochondria from 
young mice compared to old mice (P<0.00002, n=5). Moreover, cyclosporin A was more 
effective in protecting mitochondria from calcium overloading in old mice (P<0.001, n=5). 
These results indicate that there is enhanced activation of PTP in liver mitochondrial from old 
mice. Similar results were obtained with brain mitochondria. The threshold for calcium 
activation of PTP is higher in brain mitochondria than in liver mitochondria and the difference 
between young and old mice is smaller, but still highly significant (P<0.006, n=5). 

Calcium signaling, including ionomycin-induced signaling, is greatly attenuated In T 
lymphocytes from old mice (4). PTP is highly activated in isolated T cells from old mice 
resulting in very low  m. Cyclosporin A as well as the cyclosporin derivative MV-Cs (which 
does not inhibit calcineurin), restored  m in T cells from old mice, and also restored the 
ionomycin-induced sustained elevation of cell free calcium. Since it is now established that  m 
is critical for calcium signaling in T cells (5), these results suggest that the aging-induced 
attenuation of calcium signaling in T cells is the direct result of the enhanced activation of 
PTP. We also show that the mitochondria in T cells from old mice generate more superoxide 



and are in a more oxidized state, which may be the direct cause of the enhanced activation of 
PTP. 

DISCUSSION. Aging induces a large array of mitochondrial defects: mtDNA deletions and 
mutations, oxidative damage to many enzymes of intermediate metabolism and oxidative 
phosphorylation, and oxidative damage to membrane lipids. However, it is not clear which of 
these defects, if any, is critical for cell damage in aging. PTP activation is known to induce cell 
death and therefore our finding of aging-induced enhanced activation of PTP suggest that this 
is the direct cause of cell and tissue damage in aging. Moreover, the finding that an enhanced 
activation of PTP causes attenuation of calcium signaling in T cells from old mice suggest that 
other more subtle defects in aging are also caused by the enhanced activation of PTP. 
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