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Arsenic Trioxide, a Novel Mitochondriotoxic
Anticancer Agent?
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diamide(13), and ligands of the peripheral benzodiazepine re-
During the last few years, it has become increasingly cleaeptor(14)including photo-activable porphyrin derivativéss).

that mitochondria play a major rate-limiting role in apoptosit contrast, classical chemotherapeutic agents such as etoposide,
(1-3).In general terms, the apoptotic process can be subdividéakorubicin, or cisplatin have no direct mitochondrial effects
into three phases: the initiation phase, the decision/effec{@l). Such agents act by inducing p53, by activating ceramide,
phase, and the degradation phase. During the heterogeneousdinistimulating the CD95/CD95L pathway, and/or by inducing
tiation phase, which is essentially premitochondrial, specifioajor shifts in redox potentials. Each of these alterations ther2
pro-apoptotic signal transduction pathways or nonspecific dagan affect mitochondria in an indirect fashion, p53 by affectingz
age pathways are activated. These pathways converge ontkigeredox balances¢e beloy(16,17),ceramide by formation of
mitochondria during the decision/effector phase, where thg@gnglioside GD3 and/or influencing the function of BAD (which
trigger progressive permeabilization of mitochondrial memnteracts with Bcl-2)(18), CD95 by apical caspases (which act
branes, mostly as a result of the action of the permeability tre@ mitochondriaY19), and redox imbalances by effects on re-
sition pore complex (PTPC). Thus, the mitochondrion (or to KEoX-sensitive sites within the PTP@O0). The level at which a
more precise, the PTPC, which interacts with the Bcl-2/Bgshemotherapeutic agent acts is likely to have some practical
complex) “decides” the cell's fate and determines the point of A@lPact because, on theoretical grounds, agents that directly af:
return of the proces§,5). The morphologic and biochemicalféct mitochondria should bypass any resistance due to interrups
features of apoptosis become manifest during the postmitoch§fD of the indirect death-inducing pathways (e.g., mutations of
drial degradation phase, in which soluble intermembrane pi3 and loss of CD95). Whether this is the case for arsenic
teins (SIMPs) released from mitochondria play an active rolioxide awaits further confirmation. , O%
AIF (apoptosis-inducing factor) translocates to the nucleus, Arsenic trioxide has recently become a therapeutic agent of
where it induces large-scale DNA fragmentati¢8); cyto- choice for the treatment of a_cute_pr_omyelocyhc leukemia (APL).
chrome ¢ triggers the activation of pro-caspas@® and pro- The report by Zhu et al21) in this issue of the Journal shows

caspases 2, 3, and 9 intervene in a cascade of proteolytic Eg’@_t arsenic trioxide induces (as do most other chemotherapeutfg
struction(8,9). Inhibition of SIMPs does not prevent cell deatH"‘gentS) an earla¥,, collapse, thus extending the observation &

as such, although it may cause a shift from apoptotic to now-at arsenite (the trivalent inorganic salt formed by arsenic tri-3

: oxide) causes the release of cytochrome ¢ from mitochondria t¢3
apoptotic cell deatif2). i . R
The goal of chemotherapy is to kill tumor cells, mostly bthe cytosol(22). Cell-free systems of apoptosis reveal that ar

inducing apoptosis. What then is the practical implication nite requires mitochondria to induce nuclear apoptosigro

PTPC and SIMPs? Some gross alterations in mitochondrﬁ?)'Moreover’ arsenite acts on isolated mitochondria to induce-

function, such as a dissipation of the mitochondrial inner transe. OPENING of PTPC, presumably by acting as a thiol-oxidizinga

; -7 ) . <
membrane potentialAt¥) or the release of SIMPs (via theagent(ZO). In accordance with this idea, intracellular glutathione §

outer membrane), are near-to-general features of apoftbsis leve;)diiggi'tgeaﬁzg 2;2%? irr?ﬁgétep;%%':220:;“'?3'@38!?%
3). The mere detection of mitochondrial changes thus does A%?‘ : P o

distinguish between two fundamentally different possibilitieé'posomesm vitro (23). In such a system, recombinant Bcl-2 >

namely, that a chemotherapeutic agent acts directly on mig)r_events the opening of PTPC, which is in agreement with thé?

. . (2]
chondria or rather that it compromises mitochondrial function ||"i‘Ct that transfection-enforced overexpression of Bcl-2 protect$é

cells against the pro-apoptotic effect of arserfi2a). R

an indirect fashion, by activating extramitochondrial pro- If these data suggest that arsenic trioxide can induce apopto-
apoptotic signal transduction or damage pathways. To discrimi- 99 Pop

nate between these possibilities, it is necessary to perform pvaa direct mitochondrial effect leading to caspase activa-

periments in which the chemotherapeutic agent is added { h’. 'they do not rule out that this pIeio'gropic ggent may have
purified mitochondridn vitro and local effects (activation of thea ditional effects that also contribute to induction of cell death.

PTPC and release of SIMPs) are studied. One particularly inter-
esting possibility is to combine different components of the cell
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