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Abstract: The objectives of this study were to determine the configuration of several genes in
response to Gamma Radiation (GR) treatment. Novel treatment strategy to increase the cancer cell
sensitivity to radiotherapy by modulation of the PERP expression could be developed for cervical
cancers. Cervical cancer cells were incubated for several periods after were exposed to various
doses of GR, MTT assay were used to explore propagation of HeLa cells, apoptotic Index (AI) were
measured using fluorescent microscopy by estimating apoptotic morphological features. While,
signalling pathway analyses were performed on up-regulated genes which evaluated using
microarray technology. From the results of this study, the proliferation of HeLa cervical cancer cells
exposed to GR was inhibited proportionally with dose and time after exposure. Also, apoptotic
morphological features, such as shrinkage of the cell and formation of apoptotic bodies, was clearly
visible under the microscope for irradiated HeLa cells. after 48 h. exposure to different doses of GR,
the dose of 32 Gy was specified as an Al dose. The mRNA levels of pro-apoptotic genes such as,
PERP; BAX; CASP9; TRAF3 and other factors detected by microarray after treatment with GR were
up-regulated. Whereas, many anti-apoptosis factors were down-regulated. P53 pathway were
significantly reinforced after pathway analysis for up- and dawn- regulated genes. For conclusion,
GR induces apoptosis by over expression of PERP factor and p53-dependent cell death in cervical
carcinoma HeLa cells.

Keywords: Apoptosis; Ionizing Radiation; HeLa cells; PERP; Microarray; MTT assay; DAPI
staining

1. Introduction

GR, leads to a variety of cellular damages including nucleic acids and membrane hurt. DNA
damage leads to a coordinate network of signal transduction pathways involved in cell cycle arrest,
DNA repair and the activation of apoptosis processes. Apoptosis is the major mode of programmed
cell death, and is characterized by a series of morphological hallmarks, including cell shrinkage,
DNA condensation and fragmentation, followed by the formation of apoptotic bodies [1].

Ionized radiation leads to a modulation of the expression of many genes that control complex
regulatory pathways. Identification of specific genes may allow the determination of pathways
important in radiation responses. In replay to GR exposure, several signal transduction pathways,
such as ERK1/2, INK, p38, and ATM and transcription factors, such as AP1, NFxB, GADD153, and
P53 are activated. tumor suppressor p53 gene, which regulates apoptosis under stress conditions like
hypoxia, ionized radiation and free radical formation initiate p53-mediated DNA repair and
apoptosis. p53 essential function controls the transcription of many other genes. When DNA damage
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develops for any reason, the normally inactive tumor suppressor p53 gene activates, which
stimulates the p21 gene which leads to DNA repair and apoptosis. p53-mediated apoptosis induced
by oncogene activation, such as BAX, and c-MYC [2,3]. Another apoptotic gene, PERP, is induced in
response to DNA-damage. PERP is a transmembrane protein that represents a new member of the
PMP-22/Gas family of proteins implicated in cell growth regulation. The kinetics of PERP induction
in response to DNA damage and the presence of a p53-responsive element in the PERP promoter
support the concept that it is a direct p53 target. The mechanism by which PERP contributes to
p53-mediated apoptosis is yet to be defined. On the other hand, a sequence similarity between PERP
and the calcium channel suggests that it could have channel activity, maybe allowing some critical
molecule significant for activating apoptosis to pass through. However, PERP may lastly act by
affecting regulators of the apoptotic processes, such as Bcl2 and BAX, or by directly activating
apoptotic effectors like Caspases [4-6]. Therefore, the aims of this study were to determine the
expressing of many genes in response to GR processing. Novel treatment strategy to increase the
cancer cell sensitivity to radiotherapy by modulation of the PERP expression could be developed.

2. Materials and Methods

Cervical adenocarcinoma HeLa cells used in this study were irradiated with a single fraction of
GR at various doses (0, 2, 8, 16, 32 and 64 Gy) and investigated after five time periods (0 h, 24h, 48h,
60 and72h). The proliferation of HeLa cells was measured by MTT assay as described previously [7].
Al and apoptotic morphological features were assessed by fluorescent microscopy using DAPI
staining as described previously [8]. To evaluate mRNA expression in irradiated cells total RNA was
extracted using High Pure RNA Isolation kit (Roche) according to the manufacturer’s instructions.
RNA concentrations were measured with visible spectrophotometer (GBC Cintra 20). After that
Human HT-12 Expression Bead Chips with the Illumina Whole-Genome Gene Expression Direct
Hybridization Assay (Illumina) system were used to evaluate the expression patterns of more than
48,000 transcripts in HeLa cells, according to previously described [9].

3. Results and Discussion

The results of this study after the treatment of a cervical cancer HeLa cells with 2, 8, 16, 32 and
64 Gy of GR for a duration of 0 and 24 hours indicated that radiation inhibits HeLa cells proliferation
and apoptosis was raised by time and GR dose rate.

3.1. GR Inhibits Cell Proliferation

The survival rates of HeLa cells irradiated by different doses of GR determined by MTT essay.
Results showed that radiation inhibits proliferation of HeLa cells proportionally with dose and time
after exposure to GR. 32Gy radiation doses induced HeLa cell death by 51% at 24 hours
post-irradiation time compared with control group (not-irradiated). So, 32 Gy of GR dose was
determined as the half maximal inhibitory concentration (ICs0) dose (Figure 1). In this current study,
HeLa cell proliferation was depressed by high doses of GR at 24 hours post-irradiation time. These
results are consistent with those of previous studies [10].
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Figure 1. Effect of GR on HeLa cells survival at 0- and 24-hours post-irradiation time using MTT

essay. The experiment was repeated triple with similar results.

3.2. Apoptosis

Results shows that apoptotic morphological features, such as chromatin condensation, nuclear
fragmentation, cell shrinkage and apoptotic bodies formation, was clearly visible under the
florescent microscope for gamma irradiated HeLa cells; whereas, the cellular nuclear chromatin in
control group homogeneously distribution (Figure 2).

(b)

Figure 2. (a) Representative fluorescent images (X1000) of the nuclear morphology of HeLa cells in
the control (left) and 32Gy irradiated groups at 48 hours post-irradiation time following DAPI
staining; (b) Description of control (left) and irradiated (right) HeLa cells appearance under the phase
contrast microscope after 48 hours incubation (X100).

Al induced by GR after 48 hours exposure to different doses of GR, 32 Gy was specified as an Al
dose. These results show that apoptosis induced by gamma radiation and apoptotic morphological
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features, such as chromatin condensation, nuclear fragmentation, cell shrinkage and apoptotic
bodies formation, was clearly visible under the florescent microscope for gamma irradiated HeLa
cells. after 48 hours exposure to different doses of GR, the dose of 32 Gy was specified as an Al dose.
These results indicate that GR primarily decreases HeLa cells proliferation by inducting apoptosis.
These results are consistent with those of previous studies [11].

3.3. Gene Expression and Pathway Analysis

For statistical analysis of microarray data, the study began with 47,231 probes, which filtered to
47,071 probes. As a result of microarray data analysis, 305 significant genes were selected from HeLa
cells irradiated by GR compared with control group. Significant up-regulation of 131 genes and
down-regulation of 174 genes were determined.

In this study, pathway analyses were performed using PANTHER on up- and down-regulated
genes. The 28 pathways with the best results are listed. Of these, significant upregulation was found
in P53, WNT, PDGF, oxidative stress response, interleukin, chemokine and cytokine signalling
pathways. The gene members of these signalling pathways MYC, ITPR1 and PERP genes were
found to be significantly up-regulated in HeLa cells treated with GR compared to control group of
HeLa cells.

These results indicated that PERP expression triggers the death of HeLa cells through the
P53-dependent apoptotic pathway. These results agree with other study [5], which showed that
PERP was originally identified as a new candidate effector in the P53-dependent apoptotic pathway.
As the transcriptional target gene of p53, it is not induced during cell cycle arrest but during
apoptosis. With the expression of PERP, induction of apoptosis has been described in fibroblasts,
thymocytes and neurons.

4. Conclusion

DNA damage signalling network are not the only mediators of apoptosis in response to ionized
radiation. Results of this study provide evidence that GR decreases survival of cervical carcinoma
HeLa cells by altering the expression of some genes associated with cell proliferation and apoptosis.
It was shown that PERP expression triggers the death of HeLa cells through the P53-dependent
apoptotic pathway. There is now a very large body of evidence supporting a role for
membrane-induced apoptosis in the response to ionized radiation at least in some cells. The major
challenges now are to clarify how these pathways progressing.
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