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Cadmium Toxicity toward Caspase-Independent Apoptosis
through Mitochondria-Calcium-Calpain Pathway in
mtDNA-Depleted Cells
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Mitochondria were believed to be integrators and coordinators of programmed cell
death next to their respiratory function. Using mitochondrial DNA
(mtDNA)-depleted osteosacoma cell (0 cell) as a cell model, we investigated the
apoptogenic signaling pathway of cadmium (Cd) under a condition of mitochondrial
dysfunction. The apoptotic percentage was around a platue of 50.0% after 24-h
exposure of 25 yM Cd using flow cytometry co-staining with Annexin V and
propidium iodine (PI). Pretreatment of Z-Val-Ala-DL-Asp(OMe)—fluoro
-methylketone (Z-VAD.fmk), a broad spectrum of caspase inhibitor, was found fail
to prevent apoptosis from suffering of Cd toxicity. Moreover, Cd was unable to
activate caspase 3 using a fluromicrotiter plate reader with
benzyloxy-carbonyl-Asp-Glu-Val-Asp-7-amino-4- trifluoromethyl -coumarin
(DEVD-AFC) as a substrate, indicating that Cd induced caspase-independent
apoptosis in mtDNA-depleted cells. JC-1 staining demonstrated that mitochondrial
membrane depolarization was a prelude of apoptosis. It was noted, however, that
we could not detect the release of cytochome c (cyt c); apoptosis-inducing factor
(AIF), and endonuclease G (Endo G) from mitochondria by using confocol
microscopy. Additionally, Cd treated were unable to induced intracellular oxidative
stress using ROS-specific fluorescence dyes as indicators. The intracellular calcium
concentration was oscillated to a 11-fold elevation after 2-h exposure of Cd. More
importantly, the apoptogenic activity of Cd was almost abolished by BAPTA-AM, an
intracellular calcium chelator. This implied that calcium might play a crucial role in
cadmium-induced apoptosis. In addition, mitochondrial calcium uniporter blocker,
ruthenium red (RR), could prevent both intracellular calcium oscillation and cell

death from cadmium toxicity. This observation suggested that RR could block the



calcium influx into mitochondria and/or prevent Cd toxicity toward mitochondria,
resulting in escaping of apoptosis from Cd treatment. Moreover, using suc-
LLVY-AMC as substrate to detect calpain activity by fluromicrotiter plate reader, we
found the calpain specific activity (RFU/mg/sec) was provoked from 88.01 to 168.01
(p=0.043) after 2-h exposure of Cd. Interestingly, RR could reduce the calpain
specific activity from 168.01 to 34.10 (p=0.023). Pretreatment of calpain inhibitor I
and II (ALLN and ALLM) for 1 h reduced the apoptotic percentage (from 54.8 to 32.6
and from 54.8 to 10.0, respectively). This observation leads us to conclude that, the
mtDNA-depleted mitochondria provide an alternative athway for Cd to conducting a

caspase-independent apoptosis through mitochondria -calcium-calpain mechanism.



