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Abstract

Apoptosis is very important in normal cellular functions and pathology of many diseases
including cancer, diabetes and neurodegeneration. Most of cell death in vertebrates occurs
through mitochondria signaling pathway of apoptosis. Glycogen synthase kinase 3 (GSK3) and
p53 play crucial roles in the mitochondrial apoptotic pathway, and ectopic expression of GSK3
has been shown to induce apoptosis through p53 dependent manner. The present study
demonstrated that GSK3 promoted DNA damage-induced p53 accumulation and apoptosis as
pharmacological inhibitor of GSK3 attenuated p53 accumulation and apoptosis induced by DNA
damage. Furthermore, DNA damage induced translocation of p53 to the mitochondria and the
release of cytochrome c from mitochondria, and both of these apoptotic responses were
attenuated by inhibition of GSK3 suggesting that GSK3 promotional action on DNA damage-
induced p53 mitochondrial translocation and mitochondrial apoptosis pathway. However,
regulation of p53 mitochondrial translocation by GSK3 was only evident with wild-type, not
mutated, p53. Additionally, inhibition of GSK3 reduced etoposide-induced association of p53
with Bcl2 and Bax oligomerization. As our finding indicates that GSK promotes p53
accumulation upon DNA damage stress, we examined whether GSK3 influenced p53 in
unstressed condition. Overexpression of wild-type, constitutively active S9A, and kinase dead
(KD) GSK3p caused increase in level of basal p53 without affecting p53 phosphorylation at
GSK3 site, serine-33. These indicate that GSK3 is capable inducing p53 independent of its
kinase activity. GSK3[3 induced increase in basal p53 by increase p53 stability as co-expression
of GSK3B S9A and p53 caused delay in degradation of p53 when protein synthesis was
inhibited by cyclohexamide. GSK3 knock down by siRNA caused reduction of basal p53
confirming that GSK3 contributed to maintaining of p53 level at basal condition. The apoptotic
protective of GSK3 inhibition is well documented, and a possible link to this action is that GSK3
suppresses transcription of VEGF gene. Therefore, we investigated whether antiapoptotic action
of GSK3 inhibition was involved increase prosurvival signal by VEGF induction. The results
showed that inhibition of GSK3 increased VEGF expression however VEGF may not play a role
in protective action of GSK3 inhibition as inhibition of VEGF signaling by inhibiting VEGF
receptor 2 kinase using its inhibitor, SU4312 could not reverse GSKS3 inhibition protection
against camptothecin-induced apoptosis.

Collectively, the present study reveals that 1) GSK3 promotes the mitochondrial translocation of
wild-type but not mutated p53, where p53 interacts with Bcl2 to allow Bax oligomerization and
the subsequent release of cytochrome C that leads to caspase activation in the mitochondrial
pathway of intrinsic apoptotic signaling, 2) increase in GSK3 level augments p53 in basal
condition through mechanism involves increase its stability, 3) the antiapoptotic action of GSK3

inhibition may not involve its ability to suppress VEGF expression.
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