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Inhibition of c-Myc expression accounts for an increase in the
number of multinucleated cells in human cervical epithelial cells
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Abstract. The present study aimed to explore the mecha-
nisms by which c-Myc is involved in mitotic catastrophe.
HeLa-630 is a cell line stably silenced for c-Myc expres-
sion that was established in the laboratory of the School of
Radiation Medicine and Protection. Multinucleated cells were
observed in this line, and gene expression analysis was utilized
to examine differences in gene expression in these cells
compared with in the control cells transfected with the control
plasmid. Gene ontology analysis was performed for differen-
tially expressed genes. Expression profile analyses revealed
that cells with silenced c-Myc exhibited abnormal expression
patterns of genes involved in various functions, including the
regulation of microtubule nucleation, centrosome duplication,
the formation of pericentriolar material, DNA synthesis and
metabolism, protein metabolism and the regulation of ion
concentrations. Pathway analyses of differentially expressed
genes demonstrated that these genes were primarily involved
in diverse signal transduction pathways, including not only the
adherens junction pathway, the transforming growth factor-f§
signaling pathway and the Wnt signaling pathway, among
others, but also signaling pathways with roles in cytokine and

Correspondence to: Professor Ping Kun Zhou, Department of
Radiation Medicine, School of Radiation Medicine and Protection,
Medical College of Soochow University, 199 Ren'ai Road,
Suzhou, Jiangsu 215123, P.R. China

E-mail: zhoupk@nic.bmi.ac.cn

Dr Jun Hou, Department of Pathology, Zhongshan Hospital, Fudan
University, 180 Fenglin Road, Shanghai 200032, P.R. China
E-mail: hou.jun@zs-hospital.sh.cn

“Contributed equally

Key words: c-Myc, mitotic catastrophe, radiosensitization

immune regulation. The proportion of multinucleated cells
with multipolar spindles was significantly higher in silenced
c-Myc cells as compared with the control cells, and this
discrepancy became more pronounced following cell irradia-
tion. The inhibition of c-Myc in tumors may account for the
radiosensitization of certain tumor cell types.

Introduction

Previous studies have established that c-Myc serves important
roles in cell cycle regulation, cell growth, differentiation,
transformation, apoptosis and genomic instability (1,2). The
c-Myc protein also fulfills essential functions in damage
repair processes; in particular, this protein is associated not
only with the promoters of the double-stranded break repair
genes Nijmegen breakage syndrome 1, Ku70, Rad51, breast
cancer 2, early onset, Rad50, Rad54L and DNA-dependent
protein kinase catalytic subunit (DNA-PKcs), but also with
the expression of various mismatch repair genes (3-5). The
inhibition of proper DNA-damage repair by c-Myc can lead
to genomic instability, causing tumor cells to become sensitive
to specific drugs and/or radiation (6). Our prior studies (7,8)
revealed the existence of a novel signaling pathway for main-
taining the stability of the c-Myc protein: DNA-PKcs/protein
kinase B (Akt)/glycogen synthase kinase 3 (GSK3)/c-Myc. Our
recent study determined that c-Myc participates in the repair
process of ionizing radiation (IR)-induced DNA double-strand
breaks (9). It has been established that IR can cause a variety
of DNA damage and abnormal checkpoints of cell cycle;
each is able to induce mitotic catastrophe (10). In 2012,
Kessler ef al (11) reported that a SUMOylation-dependent
transcriptional sub-program is required for the carcinogenic
effects of the c-Myc gene. The inactivation of SUMO-activating
enzyme (SAE) 2 leads to the excessive activation of the c-Myc
gene, which induces mitotic catastrophe and cell death (11).
These types of SUMOylation-dependent Myc switcher genes
are essential for mitotic spindle function (11). The results of
this study (11) provide further evidence for the involvement
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of c-Myc in mitosis. However, whether c-Myc is directly
involved in the process of ionizing radiation-induced mitotic
catastrophe remains unclear. Therefore, the current study
aimed to investigate this issue.

Materials and methods

Materials and reagents. Human cervical epithelial cells
(HeLa-NC) purchased from the Institute of Biochemistry
and Cell Biology, Shanghai Institute for Biological Sciences,
Chinese Academy of Sciences (Shanghai, China) and
c-Myc silenced cells (HeLa-630 cells stably expressing
myc-shRNA-630 were generated in our previous study) (9),
and were maintained in the laboratory of the School of
Radiation Medicine and Protection (Suzhou, China) (9). The
HeLa-NC and HeLa-630 cells were cultured in Dulbecco's
modified Eagle's medium (DMEM; HyClone; GE Healthcare
Life Sciences, Logan, UT, USA) supplemented with 10% fetal
bovine serum (Biological Industries, Beit Haemek, Israel) at
37°C in a humidified incubator with 5% CO,. Protease inhib-
itor tablets were purchased from Roche Diagnostics GmbH
(Mannheim, Germany). Microarray detection was performed
with assistance from Shanghai Kang-Chen Biotechnology
(Shanghai, China).

mRNA microarray. RNA extraction. TR1zol® (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used
to extract total RNA according to the manufacturer's instruc-
tions, and the resulting RNA solutions were stored at -70°C.
The ratio of OD260/0D280 was utilized to determine the
purity, and the product of OD260 multiplied by 40 pg/ml was
the concentration of RNA samples. Denaturing agarose gel
electrophoresis was used to detect RNA integrity (12).

The synthesis of cDNA and the fluorescent labeling of samples.
Once double-stranded cDNA was synthesized, the DNA was
labeled using a NimbleGen One-Color labeling kit (Roche
NimbleGen, Inc., Madison, WI, USA). The samples were
then labeled with Cy3-random nonamers (supplied in the kit).
Based on the concentrations (determined using a NanoDrop
ND-1000; Thermo Fisher Scientific, Inc.) of the labeled prod-
ucts, the volume of the Cy3-labeled sample in each tube was
calculated (1 g cDNA in 40 ul diluted Cy3-random nona-
mers). Equal quantities of samples were used for subsequent
stages of the hybridization experiments.

Genome-wide microarray hybridization. NimbleGen micro-
array (Roche NimbleGen, Inc.) was detected by Shanghai
Kang-Chen Biotechnology. A total of six microarrays were
used, including three biological replicates for HeLa-NC and
HeLa-630 cells. The NimbleGen Hybridization System 4
(Roche NimbleGen, Inc.) was used for hybridization. The
hybridization reaction was performed using a hybridization
kit (Roche NimbleGen, Inc.) in accordance with NimbleGen's
instructions. Once the reaction was complete, the array was
subjected to elution using a Wash Buffer kit (Roche NimbleGen,
Inc.) and spun dry by centrifugation (200 x g, 25°C, 5 min).

Image acquisition and data analysis. Microarray results
were analyzed using a GenePix 4000 B single-channel
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scanner (Axon Instruments, Inc., Union City, CA, USA).
NimbleScan v.2.5 (Roche NimbleGen, Inc.) was used to
read the values of the raw microarray signals (532 nm); these
signal values were then corrected and normalized according
to the NimbleGen's instructions. GeneSpring v11.0 software
(Agilent Technologies, Inc., Santa Clara, CA, USA) was used
for statistical analysis, clustering and pathway analysis and
visualizations. A threshold value of 2 was established; thus,
increases and decreases =2-fold were regarded as cases of
upregulation and downregulation, respectively.

Quantification of the proportion of multinucleated cells by
flow cytometry. HeLa-NC and HeLa-630 cells were seeded
into 60-mm culture dishes with 5x10° cells in each dish. The
dishes were then exposed to 4 Gy of °Coy radiation. Cells
were collected 48 h post-IR. The collected cells were washed
with PBS, fixed in pre-cooled 70% ethanol at -20°C for 24 h,
and centrifuged at 700 x g, at 4°C for 10 min. The fixative
was discarded, cells were washed twice in PBS and 10 mg/ml
RNase (Sangon Biotech Co., Ltd., Shanghai, China) was added
to the cell samples to a final concentration of 50 yg/ml, which
were then incubated at 37°C for 30 min. Propidium iodide
was then added to the cell samples to a final concentration
of 50 ug/ml, and cells were analyzed by flow cytometry
(CyFlow Green; PARTEC GmbH, Miinster, Germany). These
experiments were repeated three times.

Immunofluorescence analysis of multinucleated cells and
mitotic catastrophe. HeLLa-NC and HeLa-630 cells (10* cells)
were seeded onto cover slips (circular; diameter, 12 mm; Thermo
Fisher Scientific, Inc.). These cells were cultured overnight in
a 37°C incubator and then exposed to 4 Gy of Coy radiation.
Cells were collected at 48 h post-IR. The collected cells were
washed twice in PBS, fixed with 4% paraformaldehyde at room
temperature for 30 min, washed three times with PBS for
10 min per wash, permeabilized in a 0.3% Triton X-100 solu-
tion on ice for 15 min and then blocked in a solution of PBS and
1% fetal bovine serum albumin (Biological Industries) at room
temperature for 1 h. Each cell sample was then incubated over-
night at 4°C with a 1:200 dilution of a primary anti-a-tubulin
(cat no. 2125; Cell Signaling Technology, Inc., Danvers, MA,
USA) or an anti-y-tubulin antibody (cat no. ab16504; Abcam,
Cambridge, UK). Following this incubation, samples were
washed three times in PBS for 10 min per wash and then incu-
bated with Alexa Fluor® 488 Phalloidin (green; cat no. 8878)
or Alexa Fluor® 647 Phalloidin (red; cat no. 8940) labeled
secondary antibody (Cell Signaling Technology, Inc.) at room
temperature for 1 h (incubation began in the dark). Finally, each
sample was washed three times with PBS for 10 min per wash,
stained with DAPI (2 mg/ml; Cell Signaling Technology, Inc.)
for 10 min at room temperature and imaged using confocal
laser scanning microscopy (FV1000; FV10-ASW software;
Olympus Corporation, Tokyo, Japan).

Statistical analysis. Experimental data are expressed as the
mean + standard deviation. The SPSSv.10.0 software package
(SPSS, Inc.,Chicago, IL, USA) was used to process and analyze
the data. Differences between groups were determined using
unpaired two-tailed Student's t-tests. P<0.05 was considered to
indicate a statistically significant difference.
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Figure 1. The multinucleated cells in c-Myc-knockdown cells (HeLa-630). (A) Multinucleated cells observed under laser-scanning confocal microscopy.
(B) Multinucleated cells observed under light microscopy. (C) The quantity of multinucleated cells as detected by flow cytometry. 'P<0.05 compared with

HeLa-NC cells.
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Figure 2. (A) A scatter plot and (B) a hierarchical clustering analysis diagram of genome-wide expression microarray data.

Results

An increase in multinucleated cells within the HeLa-630
cell population. Light microscopy observation revealed that
multinucleation frequently occurred in HeLa-630 cells during
the G418 selection and growth process (Fig. 1A). Therefore,
immunofluorescence and flow cytometry were used to further
examine the HeLa-630 cells. Immunofluorescence results
demonstrated that multinucleated cells, including cells with
3-4 nuclei, were identified among HeLa-630 and HeLa-NC
cells (Fig. 1B). The flow cytometry results indicated that there
were a greater number of multinucleated cells among the
HeLa-630 cell population compared with the HeLa-NC cell
population (Fig. 1C).

Differentially expressed genes in HeLa-630 cells. Whole-
genome expression profiles for three dishes of HeLa-NC cells
and three dishes of HeLa-630 cells revealed that <2745 genes
exhibited differential expression in these two cell lines, based
on the statistical significance parameters of P<0.05 and a
fold change of 2; of these genes, 1,098 were upregulated in
HeLa-630 cells and 1,647 were downregulated in HeL.a-630
cells. These results are presented as a cluster analysis and a
scatter plot in Fig. 2.

GeneSpring v.11.0 software was used to perform GO anal-
ysis and signaling pathway analysis of differentially expressed
genes from the whole-genome expression profile microarray
results, in order to investigate the biological significance of
these genes. In the analysis results, changes in gene expression
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Table I. GO analysis of the biological functions of downregulated mRNAs.
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GO.ID Term Count Pop Hits
BP
G0:0007020 Microtubule nucleation 6 10
G0:0010718 Positive regulation of epithelial to mesenchymal transition 10 18
G0:0010770 Positive regulation of cell morphogenesis involved in differentiation 10 19
G0:0048820 Hair follicle maturation 6 12
G0:0030206 Chondroitin sulfate biosynthetic process 5 10
G0:0060325 Face morphogenesis 5 10
GO:0045197 Establishment or maintenance of epithelial cell apical/basal polarity 5 11
G0:0070723 Response to cholesterol 5 11
G0:0010717 Regulation of epithelial to mesenchymal transition 12 27
GO:0051298 Centrosome duplication 7 16
CC
G0:0000242 Pericentriolar material 5 12
G0:0009925 Basal plasma membrane 7 22
GO:0045178 Basal part of cell 8 26
GO:0005868 Cytoplasmic dynein complex 3 10
G0:0005952 cAMP-dependent protein kinase complex 3 10
GO0:0012507 ER to Golgi transport vesicle membrane 5 17
G0:0043073 Germ cell nucleus 5 17
G0:0005901 caveolae 16 55
G0O:0030663 COPI coated vesicle membrane 4 14
GO0:0005801 cis-Golgi network 6 22
MF
GO0:0005160 Transforming growth factor-f3 receptor binding 9 19
GO0:0070411 I-SMAD binding 5 11
GO:0004115 3'5'-cyclic-AMP phosphodiesterase activity 7 16
G0O:0005072 Transforming growth factor-f3 receptor, cytoplasmic mediator activity 4 10
GO0:0004675 Transmembrane receptor protein serine/threonine kinase activity 7 19
G0:0051010 Microtubule plus-end binding 4 11
G0:0051879 Hsp90 protein binding 4 11
GO0:0005024 Transforming growth factor-f3 receptor activity 6 17
GO:0004697 Protein kinase C activity 5 15
G0:0045295 v-catenin binding 4 12

GO, gene ontology.

levels are presented in terms of the three GO domains, as
follows: Biological process (BP); molecular function (MF);
cellular component (CC). The first 10 terms in each category
for downregulated and upregulated genes are arranged from
highest to lowest p-value in Tables I and II, respectively.

GO analysis for downregulated genes in HeLa-630 cells
revealed that the primary terms in the BP domain included
references to microtubule nucleation, regulation of epithe-
lial-mesenchymal transition (EMT), morphological regulation
during cell differentiation, follicle maturation, chondroitin
sulfate synthesis, the establishment or maintenance of basal
epithelial cell polarity, response to cholesterol, centrosome
duplication and various other processes. Major terms in the
GO CC domain included references to pericentriolar mate-
rial, the extracellular matrix, the basal region of the cell, the

cytoplasmic dynein complex, the cAMP-dependent protein
kinase complex, ER-Golgi transport vesicle membranes
and the Golgi network, among numerous other components.
Major terms in the GO MF domain included references to
transforming growth factor-f§ (TGF-p) receptor binding,
cytoplasmic mediator activity, transmembrane receptor
serine/threonine kinase activity, microtubule binding, heat
shock protein 90 binding, protein kinase C activity and other
functions.

GO analysis for the upregulated genes in HeLLa-630 cells
revealed that the main terms in the BP domain included
references to adult heart development, appetite regulation,
circadian sleep/wake cycle regulation, renal system processes
involved in blood volume regulation, arachidonic acid secre-
tion, multicellular organismal movement and other processes.



ONCOLOGY LETTERS 14: 2878-2886, 2017

Table II. GO analysis of the biological functions of upregulated mRNAs.

GO.ID Term Count Pop Hits
BP
G0:0007512 Adult heart development 5 12
G0:0032098 Regulation of appetite 5 12
G0:0042749 Regulation of circadian sleep/wake cycle 6 15
G0:0045187 Regulation of circadian sleep/wake cycle, sleep 6 15
G0:0022410 Circadian sleep/wake cycle process 6 16
G0:0050802 Circadian sleep/wake cycle, sleep 6 16
G0:0001977 Renal system process involved in regulation of blood volume 4 11
G0:0050482 Arachidonic acid secretion 4 11
G0:0042745 Circadian sleep/wake cycle 6 17
GO:0050879 Multicellular organismal movement 8 23
CC
GO0:0005865 Striated muscle thin filament 5 14
G0:0000786 Nucleosome 18 66
GO:0001772 Immunological synapse 3 12
GO0:0034362 Low-density lipoprotein particle 3 12
G0:0034364 High-density lipoprotein particle 5 24
G0:0034361 Very-low-density lipoprotein particle 4 20
G0:0034385 Triglyceride-rich lipoprotein particle 4 20
GO:0042734 Presynaptic membrane 7 39
GO0:0032993 Protein-DNA complex 18 102
G0:0032994 Protein-lipid complex 6 35
MF
GO:0051183 Vitamin transporter activity 5 15
G0:0015250 Water channel activity 3 10
GO0:0015026 Co-receptor activity 6 21
GO0:0030547 Receptor inhibitor activity 4 14
G0:0005372 Water transmembrane transporter activity 3 11
GO0:0005184 Neuropeptide hormone activity 6 23
GO0:0005313 L-glutamate transmembrane transporter activity 3 12
GO:0015172 Acidic amino acid transmembrane transporter activity 3 12
GO:0016918 Retinal binding 3 12
GO0:0048019 Receptor antagonist activity 3 13

GO, gene ontology.

The main terms in the GO CC domain included references to
striated muscle thin filaments, nucleosomes, immunological
synapses, low-density lipoprotein, high-density lipoprotein,
very-low-density lipoprotein, the presynaptic membrane,
protein-DNA complexes and protein-lipid complexes, among
various other components. Major terms in the GO MF domain
included references to vitamin transport activity, water channel
activity, co-receptor activity, receptor inhibitor activity, water
transmembrane transporter activity, neuropeptide hormone
activity, L-glutamate transmembrane transporter activity,
acidic amino acid transmembrane transporter activity, retinal
binding, receptor antagonist activity and numerous other
functions.

The pathway analysis for the 10 results with the highest
p-values of among the downregulated differentially expressed

genes and the pathway analysis of upregulated genes are
presented in Fig. 3. Downregulated differentially expressed
genes were mainly principally involved in adherens junctions,
the TGF-p signaling pathway, pathways in cancer, the Wnt
signaling pathway, the insulin signaling pathway, focal adhe-
sions and ubiquitin-mediated proteolysis, among other diverse
activities functions (Fig. 3A). Upregulated differentially
expressed genes were mainly primarily involved in systematic
lupus erythematosus, neuroactive ligand-receptor interac-
tions, cell adhesion, cytokine-cytokine receptor interactions,
the Hedgehog signaling pathway, melanogenesis, basal cell
carcinoma, the gonadotropin-releasing hormone (GnRH)
signaling pathway, the intestinal immune network for IgA
production, and primary immunodeficiency, among various
other activities (Fig. 3B).
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Adherens junction - homo sapiens (human)

TGF-p signaling pathway - homo sapiens (human)
Pathways in cancer- homo sapiens (human)
Colorectal cancer - homo sapiens (human)

Whnt signaling pathway - homo sapiens (human)
Pancreatic cancer - homo sapiens (human)

Insulin signaling pathway - homo sapiens (human)
Chronic myeloid leukemia - homo sapiens (human)
Focal adhesion- homo sapiens (human)

Ubiquitin mediated proteolysis - homo sapiens (human)

Systemic lupus erythematosus - homo sapiens (human)

Meuroactive ligand-receptor interaction - homo sapiens (human)

Cell adhesion molecules (CAMs) - homo sapiens (human)
Cytokine-cytokine receptor interaction - homo sapiens (human)
Hedgehog signaling pathway - homo sapiens (human)
Melanogenesis - homo sapiens (human)

Basal cell carcinoma - homo sapiens (human)

GnRH signaling pathway - homo sapiens (human)

Intestinal immune network for IgA production - homo sapiens (human)

Primary immunodeficiency - homo sapiens (human)

2883

Enrichment score (-log10 (Pvalue))

Figure 3. Gene ontology analysis of differentially expressed mRNAs involved in signaling pathways. (A) Downregulated genes. (B) Upregulated genes.

Mitotic catastrophe in HeLa-630 cells following irradiation.
As indicated in Fig. 4, following the exposure of HeLa-630
cells to 4 Gy of “°Coy radiation, various abnormalities were
observed, including centriole abnormalities and multipolar
spindles. Flow cytometry revealed that, at 48 h post radiation,
the proportion of multinucleated cells was significantly greater
in the HeLa-630 cell group, as compared with in the HeLa-NC
cell group (P<0.05).

Discussion

C-Myc was initially discovered as a proto-oncogene with
activity in numerous types of human malignancies; however,
c-Myc is also a transcription factor and a certain level of c-Myc
protein expression is required for the growth and proliferation

of normal cells (13,14). However, the overexpression of c-Myc
in transgenic mice induces malignant T-cell lymphoma and
acute myeloid leukemia (15); in these mice, the inhibition of
c-Myc expression produces significant anti-tumor effects.
In c-Myc knockout mice, normal embryonic development
proceeds for 9.5-10.5 days, but will subsequently cease (16);
this finding indicates that, in mammals, c-Myc serves a vital
role in normal embryonic development and in overall growth
and developmental processes. In addition, c-Myc promotes the
self-renewal and differentiation of stem and progenitor cells in
mice and contributes to maintaining embryonic stem cell char-
acteristics (17,18). Takahashi er al (19) used a retroviral vector to
co-transfect the four reprogramming factors octamer-binding
transcription factor 4 (Oct4), SRY-box 2 (Sox2), c-Myc and
Kriippel-like factor 4 (K1f4) into mouse/human fibroblasts and
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DAPI

Figure 4. Mitotic catastrophe at 48 h following radiation exposure in HeLa-NC and HeLa-630 cells. (A) Multinucleated cells and multipolar spindles in
HeLa-630 cells. (B) Quantity of multinucleated cells as determined by flow cytometry. (C) Quantity of multipolar spindles as determined by confocal

microscopy. P<0.05.

produced induced pluripotent stem cells (iPSCs). Furthermore,
this generation of iPSCs does not require egg cells or embryos;
instead, only the introduction of the four transcriptionally
active genes Oct4, SOX2, c-Myc and KIf4 into the cells is
required (20). These findings suggest that c-Myc has essential
functions in cell proliferation, growth and transformation.
Recent studies have demonstrated that c-Myc, its target genes
and its microRNAs form a complex regulatory network that
serves a vital role in the maintenance of cancer stem cells,
EMT, metastasis and angiogenesis (21). The exploration of
c-Myc functions may provide novel perspectives regarding the
development of cancer treatments that target c-Myc.

In the laboratory of the School of Radiation Medicine
and Protection, RNA interference techniques were utilized
to establish a cell model in which c-Myc expression was
inhibited (22). In the current study, an increased number of
multinucleated cells were observed in the HeLa-630 cell
group. There are two major causes for the formation of multi-
nucleated cells (e.g., polyploidy). First, cell fusion can occur,
wherein the cytoplasm of independent cells mixes, resulting
in the generation of syncytia (23). Second, multinucleated
cells may be produced when nuclear division occurs in mono-
nuclear cells, but cellular division does not occur due to failed
cytokinesis (24). In this second case, polyploid cells formed by
the failure of cytokinesis cannot effectively undergo mitosis,
thus, these cells must eventually die. This fate is regarded as
a form of proliferative cell death (25). Therefore, the propor-
tion of multinucleated cells was elevated in the HeLa-630 cell
population due to a reduction in c-Myc protein expression.
The results of GO analysis of the downregulated genes in

these cells revealed that changes in the three BP, MF and CC
domains suggested that c-Myc is involved in the regulation
of cell growth and morphology. Following c-Myc silencing,
abnormalities in microtubule nucleation, centrosome duplica-
tion and pericentriolar material occur; these phenomena may
help to explain why the proportion of multinucleated cells is
elevated in HeLa-630 cells. In our prior studies (7,8), a novel
signaling pathway was proposed for maintaining the stability
of the c-Myc protein: DNA-PKcs/Akt/GSK3/c-Myc. Previous
findings have identified DNA-PKcs as an upstream regulator
of c-Myc protein stability (26). Inhibiting the expression
or activity of DNA-PKcs leads to various cellular abnor-
malities during mitosis, includingthe presence of extraneous
centrosomes, abnormal spindle structure and microtubule
damage (27). Furthermore, due to cytokinesis failure, the
inhibition of DNA-PKcs induces various phenotypic changes,
including an increase in the proportion of multinucleated
cells (28). An elevated proportion of multinucleated cells due
to DNA-PKcs inactivation may occur not only as a result of
damage from ionizing radiation, but also under natural growth
conditions (29). From the results of the current study, it may be
hypothesized that the c-Myc protein serves an important role
in the maintenance of karyotype stability by DNA-PKcs.

The results of GO analysis of the upregulated genes in
HeLa-630 cells revealed that changes in the three BP, MF
and CC domains suggested that the c-Myc protein is also
involved in the regulation of DNA synthesis and metabolism,
protein metabolism and the regulation of ion concentra-
tions, among various other functions. It has previously been
reported that c-Myc is involved in the regulation of DNA
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synthesis and metabolism via promoting the transcription of
the carbamoyl-phosphate synthetase 2/aspartate transcarba-
mylase/dihydroorotasegene (30). This metabolism-regulating
function may be involved in the formation of multinucleated
cells.

Downregulated differentially expressed genes were
primarily involved in the adherens junctions and the TGF-3
signaling pathway. An increasing body of evidence indicates
that alterations in the levels of cadherin-dependent adherens
junctions regulate the stability of tight junction complexes (31).
Reduced expression of the c-Myc gene repressed E-cadherin
promoter activity, and subsequently decreased E-cadherin
mRNA and protein levels (32). Blocking TGF-f upregulates
E-cadherin and reduces migration and invasion of hepatocel-
lular carcinoma cells (33). Therefore, c-Myc serves a role in
cancer via E-cadherin and the TGF-f§ pathway. Based on the
comprehensive findings of the aforementioned investigations
and the results of the current study, it is evident that c-Myc is
involved in mitotic processes. With regard to the significance
of this finding in radiotherapy, a series of previous reports have
demonstrated that the overexpression of c-Myc contributes to
cancer radioresistance (34,35). One study suggested that c-Myc
downregulation sensitizes melanoma cells to radiotherapy by
inhibiting MLH1 and MSH2 mismatch repair proteins in a
p53-independent manner (4). Another study revealed that the
sensitization of non-Hodgkin's lymphoma cells to ionizing
radiation by rituximab is achieved through the inhibition of
c-Myc expression (36). In the present study, it was observed
that irradiation causes a greater amount of mitotic catastrophe
in HeLa-630 cells than HeLa-NC cells. It maybe concluded
that the radiosensitization of certain tumor cell types may be
achieved by inducing mitotic catastrophe through the inhibi-
tion of c-Myc expression. In conclusion, the results of the
current study demonstrated that inhibition of c-Myc expres-
sion accounts for an increased number of multinucleated cells
in HeLa cells, and that the radiosensitization of inactivating
c-Myc oncogene may be associated with an increased degree
of mitotic catastrophe.
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