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1. Introduction

Ionizing radiation is one of the most commonly used
treatments for a wide variety of tumors. Exposure of
cells to ionizing radiation results in the simultaneous
activation or down regulation of multiple signaling
pathways, which play critical role in controlling cell
death and cell survival after irradiation in a cell type
specific manner. The molecular mechanism by which
apoptotic cell death occurs in response to ionizing
radiation has been widely explored but not precisely
deciphered. Therefore an improved understanding of the
mechanisms involved in radiation-induced apoptosis may
ultimately provide novel strategies of intervention in
specific signal transduction pathways to favorably alter
the therapeutic ratio in the treatment of human
malignancies.

The aim of our investigation was to elucidate
molecular mechanisms of the mitochondrial dysfunction-
mediated apoptotic cell death triggered by ionizing
radiation in human cervical cancer cells. We
demonstrated that ionizing radiation utilizes PI3K-JNK
signaling pathway for amplifying mitochondrial
dysfunction and susequent apoptotic cell death: We
showed that PI3K-dependent JNK activation leads to
transcriptional ~ upregulation of Fas and the
phosphorylation/inactivation of Bcl-2, resulting in
mitochondrial dysfunction-mediated apoptotic cell death
in response to ionizing radiation.

2. Methods

Radiation-induced apoptotic cell death was
determined by flow cytometric analysis. Involvement of
the mitochondrial pathway in radiation-induced cell
death was examined by monitoring of the mitochondria
membrane potential, cytochrome ¢ release, Bax
translocation, and Bcl-2 phosphorylation. Subcellular
redistributions of apoptosis inducing factor (AIF) were
detected using Western blot analysis after subcellular
fractionation and confocal microscopic analysis.
Phosphorylation of Bcl-2 by JNK after irradiation was
determined by immune complex kinase assay.

3. Results and Conclusion
Ionizing radiation caused loss of mitochondrial

membrane potential, release of cytochrome ¢ and AIF
from mitochondria,  and apoptotic cell death in human

cervical cancer cells. Fas (APO1/CD95) expression,
caspase-8 activation, Bid cleavage, and Bax and Bak
activations were also observed in response to radiation
(Figure 1).
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Figure 1. Ionizing radiation induces mitochondrial
dysfunction-mediated apoptotic cell death through
apoptotic conformational changes of Bax and Bak in
human cervical cancer cells.

Constitutively expressed endogenous c-Jun was found
to be phosphorylated after irradiation, resulting in
increased activator protein 1 (AP-1) DNA binding
activity. Overxpression of dominant negative forms of c-
Jun inhibited radiation-induced Fas expression, caspase-
8 activation, Bid cleavage, and mitochondrial membrane
potential loss (Figure 2).
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Figure 2. Radiation-induced transcriptional upregulation
of Fas is dependent on AP-1 activation.

Furthermore, radiation also caused phosphorylation of



serine 70 of Bcl-2. Overexpression of serine 70 specific-
mutant forms of Bcl-2 (S70A) significantly inhibited
radiation-induced mitochondrial membrane potential loss
and apoptotic cell death (Figure 3).
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Figure 3. Ionizing radiation induces phosphorylation of
Bcl-2 on serine 70.

On the other hand, exposure of cells to radiation
markedly induced JNK and p38MAPK activation (Figure
4). Inhibition of JNK effectively blocked radiation-
induced mitochondrial membrane potential loss,
cytochrome c release and apoptotic cell death. However,
inhibition of p38MAPK did not attenuate radiation-
induced mitochondrial dysfunction-mediated apoptotic
cell death.
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Figure 4. JNK activation is required for mitochondrial
dysfunction-mediated apoptotic cell death in response to
ionizing radiation exposure.

We also found that inhibition of JNK attenuated
radiation-induced Bcl-2 phosphorylation as well as Fas
expression (Figure 5). Moreover, inhibition of JNK
blocked radiation-induced FADD-caspase-8 interaction
and Bid activation. In addition, JNK directly
phosphorylated serine 70 residue of Bcl-2 in response to

radiation.
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Figure 5. JNK plays a critical role in Fas expression-
mediated Bax and Bak activations and Bcl-2
phosphorylation in response to radiation treatment.

Phosphatidyl inositol-3 kinase (PI3K) was found to be
activated 1in response to radiation. Interestingly,
inhibition of PI3K attenuated radiation-induced JNK
activation, Fas expression, Bcl-2 phosphorylation, and
mitochondrial dysfunction-mediated apoptotic cell death
(Figure 6).
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Figure 6. The PI3K activation is critical for the activation
of JNK and subsequent cell death machinery.

Taken together, we demonstrated in the present study
that ionizing radiation can utilize PI3K-JNK signaling
pathway for amplifying mitochondrial dysfunction-
mediated apoptotic cell death in human cervical cancer
cells. We showed that mitochondrial dysfunction in
response to radiation is induced by activations of Bax
and Bak initiated by Fas wupregulation, and by
phosphorylation/inactivation of Bcl-2, in a JNK
dependent manner. An improved understanding of the
mechanisms involved in radiation-induced apoptosis may
ultimately provide novel strategies of intervention in



specific signal transduction pathways to favorably alter
the therapeutic ratio in the treatment of human
malignancies.
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