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Abstract

Background: Radio therapy plays an important role in controlling tumor growth in esophageal cancer patients.
Objectives: Our study provided comprehensive information about radio-sensitivity of Hdm2 gene in esophageal cancer cells in
cancer cells.
Methods: The expression of Hdm2 gene in radiosensitive and radio-resistant esophageal squamous cell carcinoma TE1, TE8 and TE11
cell lines is studied. RNA extracted from each esophageal cancer cell, then Quantitative reverse transcription PCR (RT-qPCR) assay
were used for measuring HDM2 gene expression. Finally, radiosensitivity was determined for every three esophageal cancer cell
lines.
Results: It was found that Hdm2 gene significantly expressed in TE1, TE8 and TE11 cell lines by qRT-PCR analysis. Clonogenic assay
showed that TE-11 was very sensitive to radiation relative to other cell lines.
Conclusions: Hdm2 protein binding to the P53 protein is a key regulator of cell cycle control and genome protection Cell cycle
control, programmed cell death and response cells to radition play important roles.
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1. Background

Esophageal cancer is the sixth deadly cancer with poor
prognosis. The incidence and the prevalence rates are
almost equal, and survival time is short (1). Squamous
cell carcinoma (SCC) and adenocarcinoma could be as-
sumed as predominant histology for patients who are suf-
fering from esophageal carcinoma (2). More than 90% of
esophageal cancers diagnosed in the worldwide have SCC
origin. Small cell carcinoma has been seen in almost 1% of
patients (3) and mukoepidermoid carcinoma in less than
1% (4). At the moment, despite the use of multimodality
therapy, the 5-year survival rate is not even 50%. The utiliza-
tion of auxiliary chemo-radiotherapy earlier revealed can-
cers with ESCCs, the most favorable result obtained for pa-
tients with high potential for lymph node metastasis (5-7).
Radiotherapy plays a special role in tumor growth control
in patients that are suffering from esophageal cancer. The
new treatment method is assumed to ameliorate resection
rates, decrease lymphatic metastases and increase survival
time (6). Today chemo-radiotherapy is accepted as a stan-
dard method in management of locally advanced ESCCs

without surgery. After the use of combination therapy sur-
vival rate improved significantly and recurrence decreased
in patients with ESCCs (8). Esophageal cancer shows high
radiosensitivity and it is assumed that the diversity in the
pattern of gene expression is the main reason of diversities
in the response of tumor cells to radiation (9).

Molecular analysis of esophageal cancer cells have re-
vealed overexpression of some genes. Irrespective of the
doubtful etiological factors and patient origin, genetic
irregularity that frequently occur in SCC are: a) tumor
suppressor genes Changes, distinctly p53, conducive to
changed DNA repetition and correction, apoptosis and cell
proliferation; b) the cell cycle’s control detriment and cut
the G1/S cell cycle checkpoint; and c) changes in oncogene
function conducting to deregulation of cell signaling cas-
cades (10, 11). The p53 gene as a tumor suppressor gene in-
duces apoptosis by up-regulating bax gene and also results
in cell cycle arrest by down-regulating bcl-2 (12-14). Mdm2
in humans is called Hdm2 and it is a negative regulator for
tumor suppressor p53 (2, 15). Hdm2 is overexpressed in var-
ious types of cancer, for example non-small cell lung can-
cer, melanoma esophageal cancer, breast cancer, leukemia,
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sarcoma and non-Hodgkin’s lymphoma (15). It is shown
that a significant correlation between Mdm2 gene expres-
sion and p53 gene mutations. P53 missense mutations re-
sult in decreasing Mdm2 protein expression. In cancers
with wild type (wt), p53 activity of p53 can be restored by
inhibition of Hdm2; furthermore, in association with anti-
tumor agents with apoptosis and inhibitory growth (1, 15).
Extinguishing of Hdm2 mRNA have immediately elevated
MCF-7 cell apoptosis and reduced the cell reproduction (2).

2. Objectives

In the present study, we reported the Hdm2 and P53
gene expression profile in theTE1, TE8 and TE11 ESCC cell
lines that can illuminate the amount of radiosensitivity.
The purpose of this study is investigation of the sensitivity
of ESCC tumor cells as a function of hdm2 and P53 expres-
sion to irradiation.

3. Methods

3.1. Cell Lines

TE1 (RBRC- RCB1894), TE8 (RBRCRCB2098) and we pre-
pared TE11 (RBRC-RCB2100) cell lines from RIKEN Bio-
resource center (RIKEN; Tsukuba, Ibaraki, Japan). Then
we cultured cells in RPMI1640 culture medium (Sigma-
Aldrich, St. Louis, MO, US), and supplemented it at 37°C us-
ing 10% fetal bovine serum (FBS; Sigma, St. Louis, MO), 100
U/mL penicillin and 100 µg/ml streptomycin (Gibco, Inc.,
UK.) in a humidified incubator with 5% CO2.

3.2. RNA Extraction

RNX-Plus reagent was used for extracting the total RNA
(Cinagen Co., Tehran, Iran). We treated the prepared cells (1
× 106 cells) using 1mL of RNX solution, at normal tempera-
ture we incubated it for 5 minutes, added a 200 µL chlo-
roform, and centrifuged cell suspensions at 12000 RPM
during 15 minutes at 4°C. We transferred the upper tack
to another tube that was filled with equal volume of iso-
propanol and next we centrifuged it for 15 minutes at 4°C
with high speed, supernatant discarded. Following this,
RNA-pellet was washed by 1 mL of 75% ethanol. Ultimately,
dried RNA-pellet was solved in diethyl phosphorocyanide
treated water. We characterized RNA concentration of re-
fined with optical density, adjusted at 260 and 280 nm
wavelengths.

3.3. cDNA Synthesis

We synthesized cDNA using RevertAidTM First Strand
cDNA synthesis kit (MBI, Fermentas, Lithuania). In sum-
mary, we treated RNA using DNase I (Invitrogen, Carlsbad,
CA, USA) ere cDNA synthesis occurred to eschew DNA pollu-
tion and retrotranscripted cDNA in 20µL reaction solution
while it contained 5 µg total RNA, reaction buffer, RNase
inhibitor (20 unit), dNTP mix (20 nM), random hexamer
primer, oligo (dt) primer, and 200 unit M-MuLV reverse
transcriptase. We performed reverse transcription (RT) at
42°C during 60 minutes and was terminated by raising the
temperature to 70°C for 5 minutes.

3.4. Quantitative Real Time PCR

The free online Primer BLAST software (fast prim6)
was used for designing particular primer sequences
P53 and Hdm2 and β-actin ribosomal RNA, and gene
confirmation stage was augmented using GeneDe-
tect® oligonucleotide gene probes (Oligo 3) were pre-
pared in triplicate as following: Hdm2 primers: 5’-
CAGAGCCAAGCGGCGGCAGA-3’ (forward primer) and
5’- AGAAGCTGCTGGTGGCGGGG-3’ (reverse primer), P53
primers: 5’- TGGGCGTGAGCGCTTCGAGA-3’ (forward
primer) and 5’- GGTGGCTGG AGTGAGCCCTGC-3’ (reverse
primer), β-actin primers: 5’- TCCCTGGAGAAGAGCTACG-3’
(forward primer) and 5’- GTAGTTTCGTGGATGCCACA-3’ (re-
verse primer). For an internal control Beta-actin was used
rRNA and determined the dependent gene expression
using the 2-∆Ctformula:

(1)Expression Target Gene
β−actin Gen

=
(1 + E)−CtTarget Gene

(1 + E)−Ctβ − actin Gen

All reactions of the Real-time PCR were conducted in re-
action tubes filled with 2x SYBER GREEN PCR master mix
reagent (ABI, Vernon, CA, USA), 190 nM primer and 1 µg
cDNA in 20 µL reaction volume. Quantitative RT PCR was
carried out by Corbett Rotor-Gene 6000 thermal cycler
(Corbett life science, Sydney, Australia). Then thermal cy-
cle performed, the first cycle was at 95°C for 5 minutes,
then 42 cycles of 95°C for 20 seconds (denaturation), 60°C
for 20 seconds (annealing), and 72°C for 20 seconds (exten-
sion). After each test, using melting curve analysis with
Corbett rotor-gene 6000 software accuracy of reaction was
confirmed (Corbett Life Science, Sydney, Australia).

3.5. Irradiation

Having finished plating of the Cells (1× 105/well) into 6-
well culture plates, we incubated them for 16 hours at 37°C.
Then the cells were irradiated (0, 0.5, 1, 2, 4, or 6 Gy in a sin-
gle fraction) with 60-Co γ-rays beams (Clinac 21EX; Varian,
Palo Alto, CA) whose dose rate was 89.514 cGy/min. When
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the irradiation continue to the 3rd day, to determine the
viable cells, the cells triplet cultures for each combination
treatment were counted.

3.6. MTT Assay

We seeded all 8 × 103 cells in each well of 96-well plate
and permitted to attach during next 24 hours. Then cells
were irradiated for another 24 hours and the rate of the
cellular proliferation was evaluated during 24 hours (16).
After adding 10 µL of 5 mg/mL MTT (3-(4, 5-dimetylthiazol-
2-yl)-2, 5-diphenyltrazolium bromide) (Sigma-Aldrich,St.
Louis, MO, US) to each well and incubating them at 5% CO2
and 37°C for 4 hours and after discarding the media, 200
µL of dimethyl sulfoxide appended to each and every well
to solubilize the colored formazan product. 25 µL Soren-
son buffer was appended to each well as solubilizer buffer.
Ultimately, we got the absorbance rate with an ELISA plate
reader (BioTeck, Bad Friedrichshall, Germany) at 570 nm
wavelength. We compared all the computed data with the
untreated cells then analyzed and normalized them.

3.7. Clonogenic Cell Survival Assay

We used clonogenic survival assay for investigation the
radiosensitivity of the TE1, TE8 and TE11 cell lines. Next we
plated the cells in six-well plates at an appropriate cell den-
sity. After that in the next 24 hours attached and by 60-Co
γ-rays beams exposed subsequently (Clinac 21EX; Varian,
Palo Alto, CA) with dose rate of 89.514 cGy/min (0, 0.5, 1, 2,
4, or 6 Gy in a single fraction). After that, we washed the
wells and added new media. We then incubated renewed
culture in a humidified incubator for the next two weeks
(at 37°C). We enumerated the generated colonies since we
fixed them with ethanol and colored with 2% Giemsa. Each
of them contained more than 50 cells were enumerated
as survivors. Then survival fraction and plating efficiency
were calculated. Sensitizer increase proportion was speci-
fied according to the required radiation does for taking a
particular surviving fraction (SF). All data points were ac-
quired in triplicates. We normalized the gained data us-
ing the sham treated control cell plating efficiencies and
applied the plot survival curves using the GraphPad Prism
6 (GraphPad Software, Inc., San Diego, CA, USA).

3.8. Statistical Analysis

Statistical analyses were performed by two-way sepa-
rated pair two-tailed test and ANOVA, by Prism (version 4.0)
from graph Pad. Data were explicated as mean ± SE. P <
0.05 were considered significant.

4. Results

By comparing Hdm2 gene expression between the
three cell lines Te1, Te8, and Te11, significant reduction in the
level of gene expression Hdm2, increased cell death with
cobalt-60 gamma radiation, and an increase in the radia-
tion sensitivity compared with the other group were ob-
served.

We analyzed the expression profiles of mRNA of Hdm2
and P53 in cell lines by real-time PCR assay and relative
gene expressions were calculated by normalizing the re-
sults with β-actin mRNA expression (Figure 1).
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Figure 1. mRNA Expression Levels of Hdm2 and P53 by Real Time PCR Assay

Cytotoxicity assays showed decrease in cell viability in
the TE1, TE8 and TE11 cell lines with an increase in radia-
tion dose. The following figure shows the survival rate of
esophageal cancer cell lines (Figure 2).

Radio-sensitivity of TE1, TE8 and TE8 were studied by a
colony formation assay. We displayed the whole cell lines
radiation dose-effect in Figure 3, and showed the average
survival curve parameters in Figure 3.
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Figure 2. The Viability Rate of TE1, TE8 and TE11 Cell Lines in Radiation and Control
Groups
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MTT assay showed that in high dose irradiation, TE11 cells are more sensitive than
other cells. As Figure 2 shows, the decrease in survival rate of TE1 cells is slower than
TE8 and TE11 cells.

5. Discussion

Since Hdm2 gene is an inhibitor for P53 and with its
expression it can stimulate cell proliferation, cell survival
and increase the formation of tumors and from there the
three cell lines TE1, TE8 and TE11 has a different expression
levels of genes Hdm2; therefore, among the three cell lines
decreasing the expression of the gene cause the increased
radiosensitivity.

Esophageal squamous cell carcinomas have diverse ra-
diosensitivity. Also there exists a broad variation in the
esophageal cancer’s radiosensitivity of the analogous his-
tological type. Radioresistanceacts is an obstacle in treat-
ment of esophageal cancer, and it affects the curability of
patients in neoadjuvant settings. Hence, it is vital to clar-
ify the radio resistance mechanisms to make patients who
suffere from prognosis of esophageal cancer better (8). The
response of cells to the radiation is interceded by genes
that manage complex regulatory pathways. All of these
pathways can include cell cycle detention, DNA and apop-
tosis damage, and repair it since radiation (17, 18). Induced
changes from radiation in expression levels of many genes
and cellular RNA have been observed (9). Several genes
were involved in operation of response mechanism of eu-
karyotic cells to IR. The mentioned genes subtend a quan-
tity of cell cycle, checkpoint, and DNA repair genes, further
mediators of apoptosis, like p53, bax, and Bcl-2. The repres-

Figure 3. The Effects of Radiation on Survival Rate of TE1, TE8 and TE11 Cell Lines
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The cells were irradiated at the indicated dose, then recovered in the next 14 days.
The results demonstrated that TE11 cells were most radiosensitive cells.

sions or expressions of relevant genes are dependent on
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cell death or cell survival in simple model systems; how-
ever, pour no light on intercellular incidents in in-situ tu-
mors or in the clinical results of radiotherapy (1, 2, 19, 20).

Hdm2 is a vital part of the responds to radiation of
type of UV and ionizing. The reduced levels of Hdm2 sen-
sitize the cells on IR. Therefore, Hdm2 is a possible aim
for therapeutic intermediation since the inhibition can in-
crease radiosensity the subset of tumors expressing wild
type of human (wt) p53, making radiotherapy more effec-
tive (2, 21). For recognizing involved genes in radiosensitiv-
ity and getting more effective radiotherapy in esophageal
cancer, the radiosensitivities of 3 human esophageal can-
cer cell lines were studied. TE1, TE8 and TE11 with Hdm2
gene expression levels are different, so it can be an appro-
priate model based on molecular radiobiology techniques
in the perusal gene Hdm2 appeasing and improving the
radiation sensitivity of the cells gained. Due to increased
Hdm2 expression, this gene in these cells can be used as
a cellular marker. Ogawa et al. classified esophageal can-
cer cells to 13 categories (9). They found that TE11 cells are
more sensitive to radiation than other cell lines. From
these cell lines, TE-11 was so sensitive to radiation. Microar-
ray technique developments have simplified the simulta-
neous perusal of the expression of human genes. The out-
comes of oligonucleotide microarray disclosed that at the
mRNA level, 54 radiosensitivity dependent genes were up-
regulated 4-fold and 17 genes were down-regulated ≥ 4-
fold in TE-11 ESCC cell lines compared with other ESCC cell
lines. We measured Hdm2 and P53 mRNA expression by
semi-quantitative RT-PCR and then the influence expres-
sion of Hdm2 and P53 on radiosensitivity.

We studied the radiosensitivities of TE1, TE8 and TE11
cell lines, and compared the changes of Hdm2 gene ex-
pression. The results indicated decrease in Hdm2 gene ex-
pression in TE11 and increase in P53 gene expression lead
to cell radiosensitization that was probably dependent on
its effects on cell apoptosis as explaned in the previous sec-
tion. Furthermore, TE1 and TE8 up-regulated of Hdm2 and
down-regulated of P53 lead to cell radioresistance. After
24 hours radiation, MTT assay showed that the cell viabil-
ity had different degrees decrease in the TE1, TE8 and TE11
cells, while the viability of TE11 had change compared with
the control group. The overexpression of Hdm2 can de-
crese apoptosis in Esophageal squamous cell carcinomas.
Gained data illustrated that the Hdm2 overexpression al-
most decresed the apoptotic rate of Esophageal squamous
cell carcinomas in response to radiation; whereas, suppres-
sion of P53 transcriptional function mediates poor thera-
peutic response to radiation. A previous study has demon-
strated that APE1 expression has been found to be asso-
ciated with radioresistance in tumors (22) and mi-34a is
a DNA damage-responsive gene. IR influenced its expres-

sion. Kato and colleagues disclosed that Caenorhabditis el-
egans with loss-of-function mutations in the mir-34 gene
have odd cellular survival responses to radiation. Those an-
imals are greatly radiosensitive in the soma and radiore-
sistant in the gremlin (23). Previous data confirmed that
the effect of hdm2 decrease on multitude p53-dependent
and apoptosis-related genes remain obscure, as the does
mechanism of hdm2-siRNA-induced apoptosis in human
cancers (24). In this paper we illustrated that the response
of cells to IR depends on the IR dose and Hdm2 expression
level. High expression continue transcriptional operation
for repairing the DNA damage since post-irradiation and a
little expression would induce apoptosis directly.

5.1. Conclusion

Hdm2 protein binding to the P53 protein is a key reg-
ulator of cell cycle control and genome protection cell cy-
cle control, programmed cell death and response cells to
radiation play important roles. But moiety of the human
tumors express wild type (wt) p53, and its activation by an-
tagonizing its negative regulator Hdm2 potency propose a
new therapeutic method (25). Our experiments displayed
that the possibility of this view point to vitro, while exten-
sion of pharmacological inhibitors again is a challenge.
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