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Abstract
Purpose: Laryngeal carcinomas always resist to radiotherapy. Hypoxia is an important factor in
radioresistance of laryngeal carcinoma. Glucose transporter-1 (GLUT-1) is considered to be a
possible intrinsic marker of hypoxia in malignant tumors. We speculated that the inhibition of
GLUT-1 expression might improve the radiosensitivity of laryngeal carcinoma. Methods: We
assessed the effect of GLUT-1 expression on radioresistance of laryngeal carcinoma and the effect
of GLUT-1 expressions by antisense oligodeoxynucleotides (AS-ODNs) on the radiosensitivity of
laryngeal carcinoma in vitro and in vivo. Results: After transfection of GLUT-1 AS-ODNs: MTS
assay showed the survival rates of radiation groups were reduced with the prolongation of culture
time (p<0.05); Cell survival rates were significantly reduced along with the increasing of radiation
dose (p<0.05). There was significant difference in the expression of GLUT-1mRNA and protein in
the same X-ray dose between before and after X-ray radiation (p<0.05). In vivo, the expressions of
GLUT-1 mRNA and protein after 8Gy radiation plus transfection of GLUT-1 AS-ODNs were
significant decreased compared to 8Gy radiation alone (p<0.001). Conclusion: Radioresistance of
laryngeal carcinoma may be associated with increased expression of GLUT-1 mRNA and protein.
GLUT-1 AS-ODNs may enhance the radiosensitivity of laryngeal carcinoma mainly by inhibiting
the expression of GLUT-1.
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Introduction
Laryngeal carcinoma is one of the most common
head and neck cancer. Although recent new some
functional surgeries have used in the treatment of
laryngeal carcinoma, cancer statistics of American
Cancer Society in 2013 showed that the trend in 5-year
relative survival rate was descend from 1975 to
2008[1]. However, it is needed a new treatment strategy to improve the survival rate and preservation of

laryngeal function in patients with laryngeal carcinoma. Radiotherapy plays an important role in early
stage, recurrence and late stage of laryngeal carcinomas, however, these laryngeal carcinomas always
resist to radiotherapy. Therefore, it is necessary to find
some new methods to improve radiosensitivity of
laryngeal carcinoma and decrease injury in normal
tissues.
http://www.medsci.org
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The exact mechanism of the radioresistance of
laryngeal carcinoma remains unclear. The possible
mechanisms are multiple factors including tumour-cell proliferation, hypoxia and intrinsic radioresistance [2]. Among these, hypoxia is an important
factor in radioresistance of laryngeal carcinoma. Recently, interest in the Warburg effect has escalated
due to the proven utility of FDG-PET for imaging
tumors in cancer patients [3]. Warburg effect is that
the higher glucose metabolic rate in malignant tumor
cells as compared to their nonmalignant counterparts
even in aerobic glycolysis. Many studies [4-7], including ours [8], have revealed that glucose transporter-1(GLUT-1) plays a significant role in malignant
glucose metabolism and that it might contribute to the
increased FDG uptake.
Some authors consider GLUT-1 a possible intrinsic marker of hypoxia in malignant tumors [9-10].
In our previous studies, we have found that GLUT-1
expression was correlated with lymph node metastasis, poor survival, and clinical stage of head and neck
carcinoma (HNC) [11] and increased GLUT-1 expression as an independent survival predictor in laryngeal
carcinoma [12]. Some studies have demonstrated that
increased GLUT-1 expression is associated with radioresistance [13-15]. These results suggest that GLUT-1
expression could be considered a marker of radioresistance in malignant tumours, such as squamous cell
carcinoma of the oral cavity, squamous cell carcinoma
of the esophagus and uterine cervical cancer. In our
previous study, we revealed that GLUT-1 overexpression in vitro is associated with cell proliferation
and increased glucose uptake by laryngeal carcinoma
Hep-2 cells. Conversely, the suppression of GLUT-1
expression by antisense oligodeoxynucleotides
(AS-ODNs) may decrease glucose uptake and inhibit
the proliferation of Hep-2 cells [6]. Therefore, we first
speculated that the inhibition of GLUT-1 expression in
laryngeal carcinoma might improve the radiosensitivity of laryngeal carcinoma.
To test this hypothesis, we assessed whether the
effect of GLUT-1 expression on radioresistance of
laryngeal carcinoma and whether suppression of
GLUT-1 expression by AS-ODNs may affect on the
radiosensitivity of laryngeal carcinoma in vitro and in
vivo.

Materials and Methods
Cells, antibodies, and plasmids
The laryngeal carcinoma Hep-2 cell line was
purchased from the Cell Research Institute of Chinese
Academy of Sciences (Shanghai, China). Chloroform,
isopropyl alcohol, and anhydrous alcohol were purchased from Hangzhou Changzhen Chemical Plant
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(Hangzhou, China). Agarose was purchased from
Biowest (Spain). Trizol was purchased from Invitrogen (Carlsbad, CA, USA). Reverse transcriptase
MMLV and TAQ enzyme were purchased from
Promega (USA). DNA Marker DL2000, pcDNA3.1
vector, restriction endonucleases HindIII and XbaI,
and T4 DNA ligase were purchased from TaKaRa Co.
(Japan). Tween 20 and Ponceau S were purchased
from Sigma (USA). Primary antibody against GLUT-1
was purchased from Santa Cruz Biotechnology (CA,
USA). Secondary antibodies donkey anti-rabbit and
donkey anti-mouse, cell lysis, Supersignal West
Femto Kit, and PMSF were purchased from Pierce
(USA). Primers were synthesised by Invitrogen (CA,
USA). Sequence of the entire coding regions of
GLUT-1 was obtained from GenBank, and primers
were designed using ClustalX and Omega 2.0 Applied
Software.
Cell culture. Hep-2 cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM;
GIBCO-BRL, Gaithersburg, MD) containing 10%
heat-inactivated fetal bovine serum (FBS, Hyclone,
Logan, UT), 2 mM L-glutamine, 100U/ml penicillin,
and 100 g/ml streptomycin at 37°C in a 5% CO2 atmosphere. Cells were trypsinised and harvested after
reaching 80-90% confluence.

Antisense oligonucleotides GLUT-1 preparation
Generation of GLUT-1cDNA; construction of
GLUT-1expression vector and antisense oligonucleotides.
Total RNA was isolated from human Hep-2 laryngeal
carcinoma cells as described [16]. Briefly, Reverse
transcription (RT)-PCR was used to generate GLUT-1
complementary DNA (cDNA) from 800 ng of total
RNA. The product of the anti GLUT-1 or GLUT-1
pcDNA3.1 vector was digested with HindIII and XbaI,
and cDNA was extracted from an agarose gel. After
digestion, the cDNA was then subcloned into the
vector pcDNA3.1 with T4 DNA ligase. The linked
products were named pcDNA3.1-anti- GLUT-1 (+)
and pcDNA3.1- GLUT-1 (+). The transforming mixture was selected on LB agar plates with ampicillin
(100 mg/L). To confirm positive clones, the recombinant plasmids pcDNA3.1-anti- GLUT-1 (+) and
pcDNA3.1- GLUT-1 (+) were digested with HindIII
and XbaI. The sequences of the amplified PCR products were then verified.
Cell culture and transfection with GLUT-1 antisense
oligonucleotides or empty expression vector. When Hep-2
cells were in good condition and the numbers of cells
were adequate, Hep-2 cells were seeded in 6-well
plates at a density of 3.12×105 cells/well. After 24 h,
empty pcDNA3.1 vectors (mock transfection),
pcDNA3.1-anti- GLUT-1 (+), or pcDNA3.1- GLUT-1
http://www.medsci.org
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(+) was transfected into Hep-2 cells using the
Lipofectamine 2000 reagent (Invitrogen Co., Ltd.,
USA). The transfected quantity of each plasmid was
4 µg. Each group had three wells/plate according to
the manufacturer’s protocol. After 24 h, the medium
was replaced with 1200 µg/mL G418 medium. The
cells in two of three non-transfected wells were replaced with 1200 µg/mL G418-selective medium. The
medium was then replaced every 2 days until it was
full of transfected cells in each of the 6-well plates.
After cultured cells were propagated to passage to a
25-cm2 cell culture flask, the cells were amplified. After the cells were amplified to some degree, some
tubes of Hep-2 cells with different transfected plasmids were frozen, and then some cells were assayed.
DNA extraction and identification of transfection by
PCR. DNA from each group was extracted using a
TIANamp Genomic DNA Kit (Tiangen Biotech,
DP304) according to the manufacturer’s instructions.
Briefly, the cells were harvested and transferred to a
1.5-mL microcentrifuge tube. They were centrifuged
(12,000 rpm, 30 s) to pellet the cells. The supernatant
was then removed, and 500 µL GD solution was
added and centrifuged (12,000 rpm, 30 s). The supernatant was removed, and 700 µL bleaching lotion PW
was added and centrifuged (12,000 rpm, 30 s). After
repeating the above step, the adsorbent column was
placed back into the collecting pipe and centrifuged
(12,000 rpm, 2 min). The adsorbent column was
placed into another clean centrifuge tube, 200 µL elution buffer TE was added in the middle of the absorption film, the tube was left for 2-5 min at room
temperature, and was centrifuged (12,000 rpm, 30 s).
The absorbent column was added to the centrifuged
solutions, left for 2-5 minutes at room temperature,
and centrifuged (12,000 rpm, 2 min).
The extracted DNA was then verified by PCR.
The sequences for the GLUT-1 sense and antisense
primers were 5′-cccaagcttATGGAGCCCAGCAGCA
AGAAG-3′ and 5′-tgctctagaCACTTGGGAATCAGC
CCCCAG-3′. The sequences for the anti- GLUT-1
sense
and
antisense
primers
were
5′-tgctctagaTTTATTGCAGCCAGAGCCACCAGCG-3
′ and 5′-cccaagcttACAGAAAAGATGGCCACTGAG3′. PCR was carried out under the following reaction
conditions: Extracted DNA (4 μL) was amplified in a
40-μL reaction volume by PCR. The reaction volume
included l0× buffer (4 μL), 10 mM dNTP polymerase
(0.8 μL), 25 mM MgCl2 (3.2 μL), 5 U Taq DNA polymerase (0.3 μL), template (4 μL), upstream and
downstream specific primers (0.5 μL), and deionised
water (26.7 μL). The parameters of the PCR cycles
were as follows.
For GLUT-1pcDNA3.1 plasmid: The reaction
mixture was first PR-denatured at 94°C for 3 min,
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followed by 35 cycles at 94°C for 20 s, 61°C for 20 s,
and 72°C for 90 s; and a final extension period at 72°C
for 10 min and cooling at 4°C for 5 min. RT-PCR
products were visualised by agarose gel electrophoresis with ethidium bromide staining.
For anti- GLUT-1pcDNA3.1 plasmid: The reaction
mixture was first PR-denatured at 94°C for 3 min,
followed by 35 cycles at 94°C for 20 s, 57°C for 20 s,
and 72°C for 30 s; and a final extension period at 72°C
for 10 min and cooling at 4°C for 5 min. RT-PCR
products were visualised by agarose gel electrophoresis with ethidium bromide staining.

Cell incubation, X-ray radiation before
AS-OND transfection
When Hep-2 cells were grown to 80% confluency, Hep-2 cells were divided into 5 groups. One is
control group did not receive any X-ray radiation.
Other group was received 2Gy, 4Gy, 8Gy, 12Gy X-ray
radiation, respectively, and each group was cultured
24h, 48h and 72h, respectively. X-ray radiation was
performed on accelerator linear (Clinac 23EX, Varian
Company, USA). Source skin distance was 100 centimeter (cm), radiation field was 35cm×35cm, a single
energy was 6MV X-ray and dose-rate was 500
MU/min. All assays were carried out in triplicate.

Cell incubation, X-ray radiation after Hep-2
cells transfected with AS-OND
Hep-2 cells were transfected with AS-ODN
GLUT-1 and continued to be cultured to 80% confluency. Transfected Hep-2 cells were also divided into
15 groups: control group, 2Gy, 4Gy, 8Gy, 12Gy X-ray
radiation respectively, and each group was cultured
24h, 48h and 72h, respectively. The condition of X-ray
radiation was described as above. All assays were
carried out in triplicate.

Analysis of the expression of GLUT-1mRNA
by reverse transcription polymerase chain reaction (RT-PCR)
Cells were homogenized in TRIzol reagent
(Invitrogen, Carlsbad, CA). Total RNA was extracted
from cells according to the manufacturer’s protocol.
The concentration of total RNA was measured by
ultraviolet spectrophotometry; an optical density
(OD) 260/280 ratio between 1.8 and 2.0 was deemed
to be acceptably pure. Reverse transcription was performed according to the manufacturer’s protocol.
Briefly, the above product was amplified by PCR in a
40-μL reaction volume consisting of 10× buffer (4 μL),
10 μmol/L dNTP (0.8 μL), 25 mmol/L MgCl2 (3.2 μL),
5 U Taq DNA polymerase (0.3 μL), template (4 μL),
upstream and downstream specific primers (1 μL),
and deionised water (26.7 μL). The reaction mixture
http://www.medsci.org
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was first denatured at 94°C for 3 min, followed by 30
cycles at 94°C for 1 min, 57°C for 30 s, and 72°C for 30
s; and a final extension period at 72°C for 10 min.
RT-PCR products were visualised by agarose gel
electrophoresis with ethidium bromide staining. Selected sequences of primers were as follows: The
sense and antisense primers of GLUT-1 were
5’-CCCAAGCTTATGGAGCCCAGCAGCAAGAAG3’, and 5’-TGCTCTAGACACTTGGGAATCAGCC
CCCAG-3’, GAPDH were 5’-CCCAAGCTTATGGA
GCCCAGCAGCAAGAAG-3’ and 5’-TGCTCTAGAC
ACTTGGGAATCAGCCCCCAG-3’.

Analysis of the expression of GLUT-1 protein
by western blotting
Western blotting was performed as described
previously [17]. The GLUT-1 and β-actin (as a control)
protein in each group of Hep-2 cells were assayed
using a BAC protein quantitative kit (Wuhan Boster
Biological Technology Co. Ltd., Wuhan China).
Briefly, 80 μg of protein was subjected to 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto a nitrocellulose
membrane (Millipore, Billerica, MA, USA). Skimmed
milk (2%) was used as a blocking solution (room
temperature, 1 h). The membrane was incubated with
the primary antibody (GLUT-1, 1:1000; β-actin, 1:5000)
at room temperature for 3 h, and with the secondary
antibody (1:5000, donkey anti-rabbit; 1:2000, donkey
anti-mouse) at room temperature for 1 h. The proteins
were detected using an enhanced chemiluminescence
system (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) and were exposed to X-ray film. Protein expression was analyzed semi-quantitatively using the
Kodak Gel Logic Analysis System.

Proliferation assays of Hep-2 Cells using MTS
Cell proliferation assays were performed using
the CellTiter 96H AQueous Non-Radioactive Cell
Proliferation Assay (MTS assay; Promega, Fitchburg,
WI, USA) according to the manufacturer’s protocol. 15
groups included control, 2Gy, 4Gy, 8Gy, 12Gy with or
without transfected GLUT-1 24h, 48h, 72h after X-ray
radiation, respectively. Briefly, each plate with
20ul/well MTS added were incubated at 37°C for up
to 2 hours and were analyzed for 490 nm absorbance
using a SpectroMAX 190 plate reader (Molecular Devices, Sunnyvale, CA, USA). Absorbance values from
wells without cells (background) were subtracted
from those of wells with cells.

Cell cycle and apoptosis analysis using flow
cytometry (FCM)
Cells of above groups was trypsinized using
0.25% trypsin and rinsed in phosphate-buffered saline
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(PBS). The cells were centrifuged at 800 g for 5 min
and resuspended in up to 500-μl PBS. The cells were
divided into two tubes, one for cell cycle and one for
apoptosis. One was centrifuged and cells were collected and fixed in ice-cold 70% ethanol for 24 h and
recentrifuged. Cells were then incubated with RNase
(0.5 mg/ml) and stained with 1 ml of 50 u g/ml propidium iodide (PI, Sigma Chemical Co., St. Louis,
MO) in the dark for 30 min at room temperature. Another was added 5ul FITC and 5ul PI, and incubated
15 minutes at 25°C. Then cells were added 400 ul
buffer in the dark for 1 hour. Then FAC scan analysis
system was used to collect FCM data on the change in
cell cycle and cell apoptosis. Each experiment was
performed three times in triplicate.

In vivo studies
This experiment was in accordance with institutional guidelines of the First Affiliated Hospital, College of Medicine, Zhejiang University and with appropriate institutional certification. Animal surgical
and X-ray radiation were performed under general
anesthesia, 50mg/kg ip injection of pentobarbital sodium. Approximately 2× 107 of Hep-2 cells were
subcutaneously inoculated into the flanks of
4-week-old female athymic nude mice (BALB/c,)
Tumor growth rates were determined by measuring
two orthogonal dimensional diameters of each tumor
thrice a week. Tumor volumes were calculated according to the formula V =1/2×a2×b (a=short axis,
b=long axis. When tumors reached an average volume of about 150 mm3, the tumor-bearing
BALB/c-nu/nu mice were divided into two groups
assigned 3 nude mice in each group: (a) irradiation
group, tumors were exposed to X-ray of 8 Gy alone
for each time; and (b) combination group, 100ug of
GLUT-1 AS-ODNs was injected into the solid tumor
three times (the interval time was 2 days) before 8Gy
X-ray exposure. BALB/c-nu/nu mice were killed
12days later.
The GLUT-1mRNA of the tumor in the different
groups was analyzed by real-time RT-RCR. Briefly,
cells were homogenized in TRIzol reagent (Invitrogen, Carlsbad, CA). Total RNA was extracted from
cells according to the manufacturer’s protocol. The
concentration of total RNA was measured by ultraviolet spectrophotometry; an optical density (OD)
260/280 ratio between 1.8 and 2.0 was deemed to be
acceptably pure. Reverse transcription was performed
according to the manufacturer’s protocol. l μg of total
RNA and the Moloney Murine Leukemia Virus
(MMLV) reverse transcriptase (Fermentas, Canada) in
a 20-μl reaction volume consisting of 0.5 μg/μl of oligo d(T) primer, 1 μl of random primers (0.2 μg/μl),
and 10 μl of DEPC·H2O. The reaction mix was ﬁrst
http://www.medsci.org
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pre-denatured at 65°C for 10 min. After addition of
200 U M-MLV reverse transcriptase (Fermentas,
Canada), the samples were incubated at 42°C for 1 h
and annealed at 70°C for 10 min. The
above-synthesized cDNA was used as a template for
real-time fluorescent quantitative PCR using the fluorescent dye SYBR Green and the Eppendorf Realplex4 real-time PCR system (Eppendorf Realplex4;
Hamburg, Germany). The 20-μl reaction mix consisted of 10 μl of 2×SYBR Green, 1 μl of template, 1 μl of
upstream and downstream specific primers, and 8 μl
of deionized water. The reaction mix was
pre-denatured at 95°C for 2 min, followed by 40 cycles
at 95°C for 15 s, 59°C for 20 s, and 72°C for 20 s. Each
primer sample was run in triplicate. Selected sequences of primers were as follows: The sense and
antisense
primers
of
GLUT-1
were:
5’-CCGCAACGAGGAGAACCG-3’, and 5’-GTGACC
TTCTTCTCCCGCATC-3’; GAPDH(as control) were
5’-TGTTGCCATCAATGACCCCTT-3’ and 5’- TCCAC
GACGTACTCAGCG-3’. The lengths of PCR products
were 123 bp (GLUT-1) and 202 bp (GAPDH).To distinguish between specific and non-specific products
and primer dimers, dissociation curve analysis was
conducted immediately after amplification by continuous monitoring of the SYBR Green I fluorescence
signal at temperatures between 60°C and 95°C. For
calculation of differential gene expression, the 2-△△ Ct
formula was used
The GLUT-1 protein expression of the tumor in
the different groups was analyzed by western blotting
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using the procedures described as above.

Statistical analysis
Statistical analyses were performed using SPSS
for Windows (version 19.0 SPSS Inc., Chicago, IL). A
P-value less than 0.05 was deemed to indicate statistical significance.

Results
The effect of GLUT-1 AS-ODNs on proliferation of laryngeal carcinoma Hep-2 cells after
radiation
Before transfection, MTS showed that the proliferation of Hep-2 cells of 4Gy X-ray radiation was
higher than control group, 2Gy, 8Gy and 12Gy X-ray
radiation after 24 hours(p<0.05). There was no significant difference in proliferation of Hep-2 cells among
2Gy, 8Gy and 12Gy X-ray radiation after 24h (p>0.05).
On 48h after X-ray radiation, there was no significant
difference in the proliferation of Hep-2 cells between
2Gy and 4Gy, respectively (p>0.05). There was significant difference in the proliferation of Hep-2 cells
between 2Gy, 4Gy and 8Gy, 12Gy, respectively
(p<0.05). On 72h after X-ray radiation, there was no
significant difference in the proliferation of Hep-2
cells between 2Gy and 4Gy, 4Gy and 8Gy, respectively (p>0.05) (Figure 1A). There were no significant
differences between the survival rates of groups with
same radiation dose during different culture
time(24h,48h,72h) (p>0.05, Figure 1B).

Figure 1: The proliferation of Hep-2 cells by MTS. A: Before transfection, MTS showed that the proliferation of Hep-2 cells that underwent 4 Gy of X-ray radiation
was higher than that of cells in the control group and of cells that underwent 2, 8, or 12 Gy of X-ray radiation after 24 h (p<0.05). At 48 h after X-ray radiation, there
was a significant difference in the proliferation of Hep-2 cells between those that underwent 2 and 4 Gy and between those that underwent 8 and 12 Gy of X-ray
radiation (p < 0.05). B: There were no significant differences between the survival rates of groups with the same radiation dose during different culture
time(24h,48h,72h) (p>0.05). C: After transfection of GLUT-1 AS-ODNs, MTS assay showed the survival rates of the radiation groups(2Gy,4Gy,8Gy and12Gy)
decreased gradually with increasing culture time(p<0.05). D: At the same time, the cell survival rates decreased gradually with increasing of radiation dose (p<0.05).

http://www.medsci.org
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After transfection of GLUT-1 AS-ODNs, MTS
assay showed the survival rates of radiation
groups(2Gy,4Gy,8Gy,12Gy)were gradually reduced
with the prolongation of culture time(p<0.05,Figure
1C); At the same time, cell survival rates were significantly reduced along with the increasing of radiation
dose(p<0.05, Figure 1D ).

The effect of GLUT-1 AS-ODNs on radioresistance of laryngeal carcinoma Hep-2 cells
To analyze the expression of GLUT-1 in mRNA
and protein level in Hep-2 cells, RT-PCR and western
blotting assay were used respectively.
24h after X-ray radiation, GLUT-1mRNA of
Hep-2 cells in 2Gy, 4Gy and 8Gy were higher than
that in control group before transfection (p<0.05), the
highest was in the 4Gy radiation group(p<0.05, Figure
2A).
48h after radiation, the expression of
GLUT-1mRNA in 2Gy radiation group was higher
than other groups before transfection (p<0.05, Figure
2A). There were no significant differences in the expression of GLUT-1mRNA between control group,
4Gy radiation group, 8Gy radiation group and 12Gy
radiation group, respectively (p>0.05, Figure 2A).
72h after radiation, the expressions of
GLUT-1mRNA in 2Gy, 8Gy and 12Gy radiation group
were higher than control group before transfection
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(p<0.05, Figure 2A).
After transfection of GLUT-1 AS-ODNs, RT-PCR
revealed that GLUT-1 AS-ODNs could inhibit the
expression of GLUT-1 mRNA before X-ray radiation
(p<0.05, Figure 2B). After transfection of GLUT-1
AS-ODNs, there was significant difference in the expression of GLUT-1mRNA in the same X-ray dose
between before and after X-ray radiation (p<0.05,
Figure 2B). However, the inhibitive effect of GLUT-1
AS-ODNs was not significant in the different X-ray
dose and different time after radiation (Figure 2C).
Only in 4Gy X-ray radiation, GLUT-1 mRNA expression was gradually decreased along with the prolongation of culture time (p<0.05, Figure 2C). In other
group, there was no significant difference in the expression of GLUT-1mRNA along with the prolongation of culture time (p>0.05, Figure 2C). 24h after radiation, the expression of GLUT-1mRNA was not
significant changed in different radiative dose
(p>0.05, Figure 2C). 48h after radiation, the expression
of GLUT-1mRNA was significant decreased in 2Gy
X-ray radiation and 4Gy X-ray radiation compared to
control group, respectively (p<0.05, Figure 2C). In
other groups, there was no difference. 72h after radiation, the expression of GLUT-1mRNA was not significant difference between different X-ray radiation
(p>0.05, Figure 2C).

Figure 2: The expression of GLUT-1 mRNA before and after transfection of GLUT-1 AS-ODNs. A: At 24 h after X-ray radiation, the GLUT-1 mRNA level of Hep-2
cells that received 2, 4, and 8 Gy of X-ray radiation was higher than that of cells in the control group before transfection. The highest level was detected in the 4-Gy
radiation group (p < 0.05). At 48h after radiation, the expression of GLUT-1mRNA in 2-Gy radiation group was higher than that in the other groups before
transfection (p<0.05). There were no significant differences in the expression of GLUT-1mRNA among the control group, 4-, 8- and 12-Gy radiation groups
(p>0.05).At 72h after radiation, the expressions of GLUT-1mRNA level in 2-, 8-, and 12Gy radiation group were higher than that in control group before transfection
(p<0.05). B: After transfection of GLUT-1 AS-ODNs, there was significant difference in the expression of GLUT-1mRNA between before and after X-ray radiation
of identical dosage (p<0.05).C: The inhibitive effect of GLUT-1 AS-ODNs was not significant at different X-ray doses and different times after radiation. At 24 h after
radiation, the expression of GLUT-1 mRNA was not significantly altered by application of different radiation doses (p > 0.05). At 48 h after radiation, the expression
of GLUT-1 mRNA was significantly lower in the 2- and 4-Gy X-ray radiation groups than in the control group (p < 0.05). In the other groups, there was no difference.
At 72 h after radiation, the expression of GLUT-1 mRNA was not significantly different among the different X-ray radiation groups (p > 0.05).

http://www.medsci.org

Int. J. Med. Sci. 2013, Vol. 10
24h after radiation, western blotting showed expression of GLUT-1 protein in 2Gy, 4Gy and 12Gy
group was higher than that in the control group before transfection (p<0.05, Figure 3A,3B), the expression of GLUT-1protein in 12Gy group was highest in
all groups(p<0.05,Figure 3A,3B) whereas, the expression of GLUT-1protein in 8Gy was lowest in all
groups(p<0.05, Figure 3A,3B ). 48h after radiation, the
expression of GLUT-1 protein reached the zenith in all
X-ray radiation groups before transfection of GLUT-1
AS-ODNs,(Figure 3A,3B). 72h after radiation, the expression of GLUT-1 protein fall before transfection
(Figure 3A, 3B).
After transfection, the expression of GLUT-1
protein in the same radiation dose was reduced along
with prolongation of culture time (Figure 3C,3D). 72h
after radiation, the expressions of GLUT-1protein in
all radiation group were significant lower after
tranfection of GLUT-1AS-ODNs than those in corresponding group before transfection (p<0.05, Figure
3E).

Effect of GLUT-1 AS-ODNs on cell cycle and
apoptosis of Hep-2 cells
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was changed from G1 phase to G2 phaseG2/M and
arrested in G2/M phase with increasing radiation
dose at the same culture time, G2/M arrest in 12Gy
group was up to maximum compared to other groups
(p<0.05, Figure 4A).In same radiation dose at different
culture time, cell cycle did not change. These results
indicated that the change of cell cycle of Hep-2 cells
was depended on radiation dose rather than culture
time in this study.
After transfection, FCM also showed that cell
cycle was changed from G1 phase to G2 phaseG2/M
and arrested in G2/M phase with increasing radiation
dose at the same culture time, G2/M arrest in 12Gy
group was up to maximum compared to other groups
(p<0.05, Figure 4B). The change was not significant
difference between untransfected cells and transfected
cells.
Apoptotic rates of Hep-2 cells after transfection
were higher than these of Hep-2 cells before transfection (p<0.05, Figure 5A). After transfection, the more
radiation dose increased and the more culture time
was prolongated, the more apoptotic rates were detected (Figure 5B).

Before transfection, FCM showed that cell cycle

Figure 3: The expression of GLUT-1 protein before and after transfection of GLUT-1 AS-ODNs. A, B: At 24 h after radiation, western blotting showed that GLUT-1
protein levels in 12-Gy group was highest. C,D: After transfection, the expression of GLUT-1 protein at the same radiation dose decreased with increasing culture
duration. E: At 72 h after radiation, GLUT-1protein levels in all radiation groups were significantly lower after tranfection of GLUT-1AS-ODNs than those before
transfection (p<0.05).
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Figure 4: The change of cell cycle after radiation. A: Before transfection, the cell cycle had changed from G1 phase to G2 phase and arrested in G2/M phase with an
increasing radiation dose at identical culture duration. The G2/M arrest in the 12-Gy group was maximal compared with the other groups (p<0.05). At 24h, 48h and
72h, the G2/M arrest in the 12-Gy group was 66.54±9.55%, 44.21±0.28%, 54.26±2.78%, respectively. B: After transfection, the changes of the cell cycle in different
radiation dose and in different culture duration are similar as the changes before transfection. G2/M arrest in 12-Gy group was up to maxial compared with the other
groups (p<0.05). At 24h, 48h and 72h, G2/M arrest in the 12-Gy group was 48.82±6.34%, 33.04±6.61%, 55.89±4.37%, respectively.

Figure 5: The apoptotic rates of Hep-2 cells before and after transfection. A: The apoptotic rates of Hep-2 cells after transfection were higher than these before
transfection (p<0.05). B: Rates of apoptosis increased with increasing radiation dose and culture duration.

http://www.medsci.org

Int. J. Med. Sci. 2013, Vol. 10
Effect of GLUT-1 AS-ODNs on tumor growth
in vivo after irradiation
The volumes of xenograft tumor after 8Gy radiation plus transfection of GLUT-1 AS-ODNs were
significant decreased when mouse were sacrificed
compared to 8Gy radiation alone, reducing mean
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tumor volume >30% by 12 days after the initiation of
treatment. When mouse were killed, the mean weight
of tumors after 8Gy radiation plus transfection of
GLUT-1 AS-ODNs was significant lower than that in
mouse after 8Gy radiation alone (0.1553g±0.0874 vs
0.9873g±0.2809, p<0.001,Figure 6A).

Figure 6: Effect of combined treatment with GLUT-1 AS-ODNs plus radiation on xenograft tumor growth in vivo. A: representative tumors from each group.
GLUT-1 AS-ODNs plus radiation group had smaller volume than the control group. B: Real-time RT-PCR revealed that the relative expressions of GLUT-1 mRNA
after 8Gy radiation alone in three mouse was 1.0068±0.1403, 1.0306±0.1528, 1.0038±0.1079, respectively; The relative expressions of GLUT-1 mRNA after 8Gy
radiation plus transfection of GLUT-1 AS-ODNs in three mouse was 0.4284±0.0635, 0.3880±0.0153, 0.3716±0.0386, respectively. C: Western blotting showed that
the expressions of GLUT-1 protein in xenograft tumors. D: Western blotting showed that the relative expressions of GLUT-1 protein after 8Gy radiation alone in
three mouse was 0.7400±0.0353, 0.7200±0.02876, 0.6700±0.0109,respectively; The relative expressions of GLUT-1protein after 8Gy radiation plus transfection of
GLUT-1 AS-ODNs in three mouse was 0.2100±0.0621, 0.3100±0.0553, 0.1900±0.0486, respectively.
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Int. J. Med. Sci. 2013, Vol. 10
Real-time RT-PCR revealed that the expressions
of GLUT-1 mRNA after 8Gy radiation plus transfection of GLUT-1 AS-ODNs were significant decreased
compared to 8Gy radiation alone (0.3960±0.0456 vs
1.0137±0.1176, p<0.001, Figure 6B).
Western blotting also showed that the expressions of GLUT-1 protein after 8Gy radiation plus
transfection of GLUT-1 AS-ODNs were significant
decreased compared to 8Gy radiation alone
(0.2367±0.0643 vs 0.7100±0.0361, p<0.001, Figure 6C,
D).

Discussion
The exact mechanism of the radioresistance of
laryngeal carcinoma remains unclear. Some studies
have demonstrated that increased GLUT-1 expression
is associated with radioresistance [13-15].These studies were retrospective analysis the expression of
GLUT-1 in paraffin sections of patients with oral
cancer[13], esophagus cancer [14] and uterine cervical
cancer received radiotherapy by immunohistochemical study.
In this study, we found that the proliferation of
Hep-2 cells did not markedly decrease with the increment of X-ray radiation dosage, whereas the proliferation of Hep-2 cells of 4Gy X-ray radiation was
higher than control group, 2Gy X-ray radiation after
24 hours (p<0.05).We also found that there were no
significant differences between the survival rates of
groups with same radiation dose during different
culture time(24h,48h,72h) (p>0.05). From above, we
suggested that Hep-2 cells might reduce to radioresistance or insensitive to X-ray radiation. Further, we
investigated this possible mechanism. To the best of
our knowledge, this is the first report about the relationship between GLUT-1 expression and radioresistance. We found that the changes of GLUT-1
mRNA after different radiation dose and different
culture time were similar as the changes of proliferation of Hep-2 cells after X-ray radiation. For example,
the proliferation of Hep-2 cells of 4Gy X-ray radiation
was higher than other groups after 24 hours.
GLUT-1mRNA of Hep-2 cells in 4Gy was highest after
24h culture (p<0.05). Similar phenomena were detected in the expression of GLUT-1 proteins level.
Therefore, we suggested that radioresistance or insensitive to X-ray radiation of Hep-2 cell might be
associated with GLUT-1 mRNA and protein expression. However, the level of GLUT-1mRNA and protein did not follow a simple linear relationship. 48h
after radiation, the expression of GLUT-1 protein
reached the zenith in all X-ray radiation groups before
transfection. We suggested that this inconsistent
phenomenon might be different test time of GLUT-1
mRNA and protein. GLUT-1 mRNA had been de-
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graded when the expression of GLUT-1 protein was in
peak or the expression of GLUT-1 protein was increasing when the expression of GLUT-1 mRNA was
up to peak. Other mechanism may be that there is
time and space interval in the gene expression of
transcription and translation.
The mechanism of GLUT-1 expression causing
radioresistance of Hep-2 cells remains unclear. The
possible mechanisms include that the higher glucose
metabolic rate in malignant tumor cells as compared
to their nonmalignant counterparts even in aerobic
glycolysis. Transport of glucose across the plasma
membrane is the first rate-limiting step for glucose
metabolism and is mediated by facilitative glucose
transporter proteins [18]. GLUT-1 plays a significant
role in malignant glucose metabolism and that it
might contribute to the increased FDG uptake.
GLUT-1 is a possible intrinsic marker of hypoxia in
malignant tumors [9-10].Elevated GLUT-1 expression
meets energy of malignant tumours and may lead to
radioresistance. Secondly, hypoxia is common phenomenon in solid tumours including laryngeal carcinoma [12]. Hypoxia-inducible factor-1α (HIF-1α), a
transcription factor associated with the cellular response to hypoxia [19], upregulates the expression of
several
hypoxia
response
genes,
including
GLUT-1[20]. We have first reported that a significant
correlation between GLUT-1 and HIF-1α expression
in laryngeal carcinoma [12]. We suggest that GLUT-1
expression is associated with laryngeal radioresistance through HIF-1α-regulated. Thirdly, GLUT-1
expression leads to laryngeal radioresistance may be
through improving cell metabolism. Evans et al have
revealed that GLUT-1 over-expression without a
co-ordinate increase in HIF-1-regulated glycolytic
enzymes increase glucose uptake rather than glycolytic rate [21]. They found that GLUT-1 lead to
chemoresistance through increasing cell turnover [21].
Thus, we also speculate that the mechanism may be
involved in the GLUT-1-mediated radioresistance.
However, this hypothesis should be further studied in
the future. Laryngeal cancer stem cell may be involved in the GLUT-1-mediated radioresistance. Ke et
al. reported that GLUT-1 expression was higher in
CD133+ than CD133- cells in thyroid cancer after 131I
radiotherapy [22]. Mai et al. reported that stem cells
from proliferating hemangiomas may produce
GLUT-1[23]. In our unpublished materials, we found
that higher GLUT-1 mRNA and protein expression in
CD133+ laryngeal carcinoma Hep-2 cells than in
CD133- cells. However, this hypothesis should be also
further studied in the future.
Cell cycle may play some role in the radioresistance [24-26]. G2/M phase arrest occurs in many
cancer cells after irradiation [24-26]. In the present
http://www.medsci.org
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study, we found that a clear arrest of cells in the
G2/M phase depending on radiation dose, which
indicated entry into mitosis had been delayed. G2/M
arrest in 12Gy group was up to maximum. These results were not similar with findings reported by Hematulin et al [26]. They reported that any phase of cell
cycle of Hep-2 cells did not significantly change after
irradiation and suggested that DNA damaged
checkpoint predominantly G2 checkpoint of Hep-2
cells were not effective in response to radiation [26].
Therefore, the role of change of cell cycle in the radioresistance of Hep-2 cells should be future investigated.
Limited reports [27-32], including our report
[16], antisense GLUT-1 may inhibit the proliferation of
human tumour cells including laryngeal carcinoma
cells [16,27-32]. Thus, it is of interest to investigate
whether targeted AS-ODNs against GLUT-1 expression may enhance radiosensitivity of laryngeal carcinoma. In the present study, we found that GLUT-1
AS-ODNs had a synergy with X-ray radiation in reducing the proliferation of Hep-2 cells in vitro. A single radiation dose (8Gy) on xenograft tumors dramatically reduced the growth rate of Hep-2 cells
treated withGLUT-1 AS-ODNs. Corresponding to
reducing the proliferation, GLUT-1 AS-ODNs could
also cooperative with X-ray radiation to decrease the
expression of GLUT-1 protein of Hep-2 cells. This
inhibitive effect increased along with time of transfection. The expression of GLUT-1 mRNA was also
decreased in the same X-ray dose between before and
after X-ray radiation. However, the inhibitive effect of
GLUT-1 AS-ODNs was not significant in the different
X-ray dose and different time after radiation. These
findings were not different with our previous results
of Hep-2 cells without X-ray irradiation [16]. In previous study, we found that GLUT-1 mRNA suppression by GLUT-1 AS-ODNs was corresponding with
decrease of GLT-1protein expression in Hep-2 cells
without irradiation [16]. The possible reasons about
the non-linear relationship between the level of
GLUT-1mRNA and protein had mentioned as above.
However, in vivo, we found that there was a clear
linear relationship between decrease of GLUT-1
mRNA expression and reduction of GLUT-1 protein
expression in laryngeal xenograft carcinoma treated
with GLUT-1 AS-ODNs plus a single radiation dose.
The difference between the results of GLUT-1 mRNA
expression and GLUT-1 protein expression in vitro and
in vivo may be different environment and different
radiation strategies in vitro and in vivo in the present
study.
We also found that there was synergy between
GLUT-1 AS-ODNs and X-ray radiation in the apoptosis of Hep-2 cells. The more radiation dose increased
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and the more culture time was prolongated, the more
apoptotic rates were detected. However, GLUT-1
AS-ODNs did not alter the cell cycle of Hep-2 cells
after radiation.

Conclusion
To the best of our knowledge, this is first report
about the relationship between GLUT-1 expression
and radioresistance of laryngeal carcinoma. We found
that radioresistance of laryngeal carcinoma may be
associated with increased expression of GLUT-1
mRNA and protein. GLUT-1 AS-ODNs may enhance
the radiosensitivity of laryngeal carcinoma mainly by
inhibition of the expression of GLUT-1 protein and
increasing of apoptosis of Hep-2 cells in vitro. In vivo,
GLUT-1 AS-ODNs may enhance the radiosensitivity
of laryngeal carcinoma mainly by inhibition of the
expression of GLUT-1 mRNA and protein.
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