


INDUCTION OF APE

H,0,, the challenge dose-induced aberration frequency was signifi-
cantly reduced when compared with the nonpretreated control. This
phenomenon was initially observed for methylating agents and called
clastogenic adaptation (19). In this particular case, the adaptive re-
sponse may be speculated to be due to poly(ADP) ribosylation, which
has been shown to become activated under these experimental con-
ditions (20). Clastogenic adaptive responses have been found in
different other experimental systems for a variety of agents (21, 22),
notably ionizing radiation (23). However, until now, the molecular
basis of most of these adaptive responses relating to a genotoxic end
point such as chromosomal aberrations remained unknown. Here, we
provide evidence for induction of a particular DNA repair activity that
is related to clastogenic adaptation upon oxidative treatment. In ex-
periments with NaOCl-pretreated cells, the period of pretreatment
eliciting an adaptive response coincided with the time at which
maximal induction of APE protein was found. This supports the
conclusion that reduction in challenge dose-induced aberration fre-
quency is due to increase in APE expression. This was further sup-
ported by experiments with cells stably transfected with hAPE cDNA
controlled by a muristerone-inducible promoter. Cells that were pre-
treated with muristerone exhibited an enhanced APE protein level and
displayed a significantly lower challenge dose-induced chromosomal
aberration frequency. Taken together, it is reasonable to conclude that
induced APE is involved in clastogenic adaptation to oxidative stress.
Our results do not entirely exclude the possibility that the adaptive
response, as observed on chromosomal level, is due to stimulation of
gene activity other than APE, which is mediated by the redox function
of the APE protein (Ref-1). Thus, one could speculate that various as
yet undefined genes involved in defense against oxidative stress can
be induced via transcription factors that are subject to APE/Ref-1
mediated regulation, thus reducing the clastogenic effect of agents
such as H,0,. Despite this uncertainty, the results presented here
show that APE can be induced by oxidants, giving rise to transient
increase in APE activity and concomitant reduction of the chromo-
some breakage-inducing effect of an oxidizing agent. Clastogenic
adaptation brought about by APE induction appears to be specific, i.e.,
directed against agents producing oxidative DNA damage. It did not
pertain to the clastogenic effect of agents such as MMS and UV light.
In the case of MMS, this might be surprising because repair of DNA
damage induced by this agent also requires BER using APE. It should
be noted, however, that methylated and oxidized purines such as
7-methylguanine and 8-oxoguanine are removed from DNA by dif-
ferent DNA glycosylases, such as N-methylpurine-DNA glycosylase
and 8-oxoguanine-DNA glycosylase, which, depending on expression
level and substrate specificity, may produce different amounts of AP
sites after mutagen treatment. Thus, a given basal level of APE might
be saturating in the repair of methylation lesions, whereas the same
level may be limiting in the case of 8-oxoguanine-DNA glycosylase-
mediated BER. The effect of APE overexpression on cellular resist-
ance may also be cell type specific and, therefore, hard to predict.
Also, APE exhibits 3’-phosphoesterase activity (3), which is impor-
tant for repair of DNA breaks generated by oxidants but is likely not
as important for repair of lesions induced by alkylating agents.
Adaptation of bacteria to oxidative treatments is a well-known
phenomenon caused by induction of various genes that are under
coordinated control (24). Transient adaptation to oxidative stress as
measured by the end point cell killing has also been described for
mammalian cells (25). Whether in eukaryotes a similar complex
regulatory network that becomes activated by oxidative stress does
exist as in bacteria remains to be elucidated. It is reasonable to
speculate that mammalian cells need an efficient defense system
against oxidative stress because oxidative species are generated in
many physiological processes such as wounding, inflammation, and

infection. Thus, stimulation of neutrophiles gives rise to an oxidant
burst that serves as an antimicrobial shield. At the same time, how-
ever, it may cause damage to the surrounding tissue (12, 26). In this
process, H,0, and hypochlorite formed from H,0, by the action of
myeloperoxidase play major roles (27, 28). It is, therefore, especially
interesting to see that both agents are able to induce repair function(s)
in mammalian cells, protecting them from the genotoxic effect of
H,0,, which is a powerful inducer of DNA damage (29). It should
also be noted that hypochlorite ions are widely used as a bactericidal
agent, e.g., for disinfection of drinking water. Therefore, the data
obtained could impact various human health aspects.

In mammalian cells, only a few DNA repair genes have been
demonstrated to be inducible by genotoxic stress. Thus, the repair
gene MGMT was shown to become activated by DNA-damaging
treatments, causing protection specifically directed against alkylating
agents generating O°-alkylguanine in DNA (30, 31). Ligase I is
induced by UVC irradiation; the biological role of this response is
unclear (32). Recently, DNA polymerase 8 expression level was
shown to be enhanced by oxidative treatments, and this enhancement
was accompanied by increased cell survival (33). During submission
of this study, a report appeared demonstrating APE induction by
oxidants that was related to increase in survival (34). Here, we provide
an example of cellular response directed against the clastogenic effect
of oxidative DNA damage in mammalian cells, which is based on
induced expression of the DNA repair gene APE by oxidative stress.
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