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Programmed cell death or apoptosis, is the principal mechanism by which superfluous or potentially harmful cells are eliminated in
metazoans. Signals that can induce apoptosis are relatively diverse, and include the ligation of cell death receptors by respective
ligands, DNA damage, and oxidative stress. Regardless of the origin of the apoptotic stimulus, commitment to apoptosis occurs
through the activation of caspases, a family of cysteine proteases. Cleavage of a select group of substrates by a caspases is
responsible for the dismantling of essential cell components, which results in the morphological and biochemical changes that
characterize apoptotic cell death. The degradation of nuclear DNA into nucleosomal units is one of the features of apoptotic cell
death. Proliferating mammalian cells carry a DNase (CAD, caspase-activated DNase, or DFF-40, DNA fragmentation factor-40) that
can be activated by a caspase. CAD is a DNase with a nuclear localization signal at the C-terminus. Its catalytic site is comprised of 4
histidine residues, and is active at neutral pH. The functional CAD polypeptide can not be synthesized without ICAD (inhibitor of
CAD) that works as a specific chaperone to help correct folding of CAD. The generated CAD remains complexed with ICAD in
proliferating cells. When apoptosis is induced by a variety of stimuli, caspase 3 specifically cleaves ICAD which dissociates the
CAD:ICAD complex, and allows CAD to cleave chromosomal DNA. The cells expressing caspase-resistant mutant ICAD, or those
lacking CAD or ICAD do not show the DNA fragmentation induced by diverse apoptotic stimuli, confirming that CAD is the major
DNase responsible for the cell-autonomous nuclear DNA fragmentation. Homologs of CAD and ICAD have been identified in
Drosophila melanogaster, indicating that the molecular mechanism for apoptotic DNA fragmentation is conserved in metazoans.

To examine the physiological role of the apoptotic DNA fragmentation, we have established a transgenic mouse line that expresses
the caspase-resistant ICAD. Thymocytes from the transgenic mice did not show DNA fragmentation upon various apoptotic stimuli,
confirming an indispensable role of the CAD/ICAD system in the cell-autonomous DNA fragmentation during apoptosis. In contrast,
the DNA fragmentation in vivo was still observed in various tissues including the thymus and ovary of the transgenic mice,
suggesting that there is another system to cause the apoptotic DNA fragmentation in vivo. Subsequent characterization indicated that
the CAD-independent DNA fragmentation occurs in apoptotic cells after they were specifically phagocytosed by macrophages. These
results indicate that apoptosis in vivo proceed not only by a cell-autonomous process, but also through the interaction of apoptotic
cells with phagocytes.
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