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Background: The mechanism of chemoresistance remains unknown. Here, we investigated 

if  glucose transporter-1 (GLUT-1) and PI3K/Akt pathways are associated with the sensitivity 

to cisplatin in Hep-2 laryngeal carcinoma cells and whether the inhibition of GLUT-1 and the 

PI3K/Akt pathways enhances the chemosensitivity of Hep-2 cells.

Method: The effects of inhibiting GLUT-1 by a GLUT-1 siRNA, and PI3K/Akt by Ly294002, 

on cisplatin-induced effects were assessed in vitro.

Results: GLUT-1 siRNA and cisplatin showed a synergistic effect in inhibiting the proliferation 

of Hep-2. LY294002 and cisplatin also showed a synergistic effect in inhibiting the proliferation 

of Hep-2. GLUT-1 siRNA, LY294002 and cisplatin effectively inhibited the mRNA expressions 

and protein expressions of GLUT-1, Akt, PI3k and HIF-1α in Hep-2 cells. Furthermore, GLUT-1 

siRNA and cisplatin demonstrated a synergism to inhibit the mRNA expression of HIF-1α. 

Moreover, it was found in this study that GLUT-1 siRNA, LY294002 and cisplatin induced the 

suppression of the cell cycle at G1/G2 and the increasing of apoptosis in Hep-2 cells.

Conclusion: This study showed that inhibiting GLUT-1, by a GLUT-1 siRNA and inhibiting 

PI3K/Akt by Ly294002, could suppress the proliferation of Hep-2 alone and together with 

cisplatin synergistically, which demonstrated the potentials to treat laryngeal carcinoma in the 

future therapy. Additionally, the synergistic effect between LY294002 and cisplatin to suppress 

the proliferation of Hep-2 might not be from GLUT-1, Akt, PI3k and HIF-1α; the synergistic 

effect between GLUT-1 siRNA and cisplatin to suppress the proliferation of Hep-2 might not 

be from GLUT-1, Akt and PI3k and might be more or less related to HIF-1α.

Keywords: laryngeal carcinoma, RNA interference, glucose transporter-1, PI3K/Akt pathway, 

cisplatin, chemosensitivity

Introduction
Although promising treatments preserving laryngeal function, including chemotherapy 

and radiotherapy, have been advanced, the overall survival rate of patients with 

laryngeal carcinoma remains poor.1,2 One possible mechanism may be the develop-

ment of chemo-radioresistance in laryngeal carcinoma. Studies have demonstrated 

that hypoxia plays a key role in laryngeal carcinoma radioresistance:3–6 1) Glucose 

transporter-1 (GLUT-1), as an important hypoxic marker, has also been found to have 

an important role in laryngeal carcinoma radiosensitivity, and inhibition of GLUT-1 

expression may enhance the radiosensitivity of laryngeal carcinoma;2,6–9 2) HIF-1α, 

as another important hypoxic marker, has also been found to have an important role 

in laryngeal carcinoma radiosensitivity, and inhibition of HIF-1α expression may 

enhance the radiosensitivity of laryngeal carcinoma.2 However, whether GLUT-1 or 
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HIF-1α is involved in chemosensitivity in laryngeal carci-

noma remains unknown.

The phosphatidylinositol 3-kinase/protein kinase B (PI3K/

Akt) signaling pathway has been demonstrated to play an impor-

tant role in the regulation of GLUT-1 and HIF-1α expressions.10,11 

The PI3K/Akt pathway is involved in the chemo-radiosensitivity 

of other malignant tumors.12–14 In laryngeal carcinoma, we found 

that GLUT-1 expression, via the PI3K/Akt pathway, plays a role 

in radiosensitivity, and co-inhibits the GLUT-1 expression and 

the PI3K/Akt pathway enhanced the radiosensitivity of laryn-

geal carcinoma.6,7 However, whether the expression of GLUT-1 

or HIF-1α, via the PI3K/Akt pathway, is also involved in 

the chemosensitivity of laryngeal carcinoma is still unknown.

Cisplatin is a frequently-used chemotherapeutic drug for 

head and neck carcinomas; it may inhibit DNA replication and 

harm cell membrane structures.15,16 However, the development 

of resistance limits the clinical utility of cisplatin.17–19 The 

expression of GLUT-1 was shown to be related to cisplatin 

resistance. Moreover, inhibition of GLUT-1 expression may 

enhance sensitivity to cisplatin.17–19 Some research studies  have 

also demonstrated that the PI3K/Akt pathway may be respon-

sible for cisplatin resistance, and suppression of the PI3K/Akt 

pathway may enhance some solid tumors to be sensitive to 

cisplatin.20–22 Only our previous study examined the roles of 

expression of GLUT-1 and the PI3K/Akt pathway in cisplatin 

resistance of laryngeal cancer.17 We found that resistance to or 

insensitivity of Hep-2 cells to cisplatin may be related to the 

expression of GLUT-1, p-Akt protein and apigenin, which is 

a natural phytoestrogen flavonoid, may suppress the GLUT-1 

expression and p-Akt expression non-specifically to improve 

the sensitivity of cisplatin.17 For HIF-1α, it was found that Sen-

trin/SUMO-specific protease 1 (SENP1) positively regulated 

the expression of HIF-1α by deSUMOylation and weakened 

the sensitivity of hypoxic ovarian cancer cells to cisplatin, 

indicating that SENP1 is a positive regulator of HIF-1α 

and plays a negative role in ovarian cancer chemotherapy.23

In this study, we systematically investigated the possible 

synergistic effects between inhibiting GLUT-1 by a GLUT-1 

siRNA and cisplatin and between inhibiting PI3K/Akt by the 

inhibitor Ly294002 and cisplatin on the proliferation, the 

expressions of GLUT-1, Akt, PI3K and HIF-1α in laryngeal 

carcinoma cells (Hep-2), to help in the development of the 

better therapy for laryngeal carcinoma.

Materials and methods
ethics statement
This investigation was conducted in accordance with the 

appropriate ethical standards. It was approved by a review 

board of Yinzhou People’s Hospital of Ningbo City Zhejiang 

Province, China.

reagents
The Hep-2 laryngeal carcinoma cell line was obtained from 

the Cell Research Institute of the Chinese Academy of 

Sciences (Shanghai, China). Cisplatin and Ly294002 were 

purchased from Sigma-Aldrich Co. (St Louis, MO, USA). 

The reverse transcription (RT) “Fast Quant RT” kit (supplied 

with gDNase; cat. no #KR106-2), Trizol (cat: ET111-01), 

chloroform, isopropyl alcohol, and RNA dissolving liquid 

(cat: ET111-02) were purchased from Biogot Technology, 

Co., Ltd. (Nanjing, China). A primary antibody against 

GLUT-1 was purchased from Santa Cruz Biotechnology Inc. 

(Dallas, TX, USA). Secondary antibodies, donkey anti-rabbit 

and donkey anti-mouse, cell lysis reagents, the SuperSignal 

West Femto Kit and phenylmethanesulfonyl fluoride were 

purchased from Pierce (Rockford, IL, USA). Primers and 

Lipofectamine 2000 were purchased from Thermo Fisher 

Scientific (Waltham, MA, USA). The sequence of the entire 

coding region of GLUT-1 was obtained from GenBank, and 

primers were designed using the ClustalX and Omega 2.0 

Applied Software. The Cell Counting Kit-8 (CCK-8) kit was 

purchased from Dojindo (Tokyo, Japan).

Design and transfection of glUT-1 sirna
GLUT-1 siRNA was used to silence GLUT-1 expression in 

Hep-2 cells. siRNAs targeting the GLUT-1 sequence were 

designed by Shanghai GenePharma Co., Ltd. (Shanghai, 

China). The GLUT-1 or negative control (NC) siRNAs were 

then cloned into viral vectors, and lentiviruses carrying GLUT-1 

and NC siRNAs were synthesized by Shanghai GenePharma 

Co., Ltd. GLUT-1 siRNA was transiently transfected into 

Hep-2 cells to deplete GLUT-1 expression. The efficiency of 

transient transfection was estimated with the fluorescence in 

situ RNA hybridization method and the brief was: 1) after the 

transient transfection, the cells were washed with PBS and 

fixed with paraformaldehyde; 2) the fixed cells were washed 

and penetrated with Triton-X-100; 3) the resultant was then 

washed with PBS and incubated with the solution containing the 

probe with the fluorescent dye (6-carboxy-fluorescein); 4) after 

washing, the cells were observed under the inverted fluorescent 

microscope; 5) the transfection efficiency was estimated accord-

ing to the range and intensity of the fluorescent signal. In this 

way, we found that the transfection efficiency was 65%–80%. 

Screening and identification of transfectants were achieved 

using real-time RT polymerase chain reaction (RT2-PCR).
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groups
In total, the following eight groups were analyzed: Hep-2, 

Hep2-siRNA
NC

, Hep2-siRNA
GLUT-1

, Hep2+LY294002, Hep-

2+cisplatin, Hep2-siRNA
NC

+cisplatin, Hep2-siRNA
GLUT-1

+ 
cisplatin, and Hep-2+Ly294002+cisplatin.

cell culturing
Hep-2 cells were cultured in 10% FBS and RPMI 1640 

medium (Thermo Fisher Scientific), 2 mM l-glutamine, 

100 U/mL penicillin, and 100 g/mL streptomycin at 37°C 

in a 5% CO
2
 atmosphere. The cells were digested in 0.25% 

trypsin +0.02% EDTA. Cells were trypsinized and harvested 

after reaching 80%–90% confluence.

glUT-1 sirna transfection, treatment 
with cisplatin and ly294002
Hep-2 cells were seeded in 96-well plates 24 hours before 

transfection, and 2 mL RPMI 1640 medium was added. 

Upon reaching 60%–70% confluency, the cells were used in 

experiments. Pure GLUT-1 siRNA (4 µg) and control siRNA 

were diluted in 250 µL Opti-MEMI Reduced Serum medium. 

Lipofectamine 2000 was mixed gently and diluted in 250 µL 

Opti-MEMI Reduced Serum medium for 5 minutes. Diluted 

siRNA-
GLUT-1

 or siRNA
NC

 was mixed gently with Lipo-

fectamine 2000 for 20 minutes at room temperature. Then, 

the diluted siRNA-
GLUT-1

 or siRNA
NC

 and Lipofectamine 

2000 were added to cultured Hep-2 cells at room temperature 

and cultured for 8 hours. The Hep-2 cells were cultured for 

a further 24 hours after refreshing the medium, and 20 µM 

LY294002 and 3 µg/mL cisplatin were added for another 

24 hours and 48 hours, respectively.

ccK-8 assay
Cells from each group were cultured with 10 µL CCK solu-

tion for 2 hours. The absorption at 450 nm was measured 

using a Spectra Plus microplate reader (Molecular Devices 

LLC, Sunnyvale, CA, USA). The relative cell inhibition rate 

(IR) (%) was calculated by the following formula: 100% - 

(sample absorption/control mean absorption) ×100%.

analysis of apoptosis and cell cycle by 
flow cytometry
Flow cytometry was performed as described previously.8 

Cell cultures from each group were digested with trypsin 

without EDTA and then centrifuged (2,000 rpm). The cells 

were collected and washed with 500 µL PBS. Then, 400 µL 

Binding Buffer (M3036) was added. Next, 5 µL annexin 

V-FITC (M3031) was added, and the mixture was incubated 

for 5 minutes in the dark. The data were analyzed using 

ModFit LT software (Becton Dickinson, Mountain View, 

CA, USA). Each experiment was performed in triplicate.

Detection of glUT-1, aKT, Pi3K, and 
hiF-1α mrna expression by rT2-Pcr
RT2-PCR was performed as described previously.8,17 Total 

RNA was extracted from cell cultures from each group, and 

mRNA was reverse transcribed. The mRNA RT reaction 

contained 2 µL RNA template and 5 µL 25 µM primers, 

which were heated to 70°C for 5 minutes before adding to 

the following: 10 µL 2× RT buffer, 3 µL 375 nM dNTPs, 

0.4 µL 4 U/µL MMLV reverse transcriptase, and 0.15 µL 

0.3 U/µL RNasin before incubation at 37°C for 60 minutes 

and 85°C for 10 minutes. Then, RT2-PCR was set up 

containing 20 µL mRNA, 10 µL 2× quantification PCR 

Master Mix, 0.08 µL 0.08 µM forward primer, 0.08 µL 

0.08 µM reverse primer, 2 µL template, 0.4 µL Taq DNA 

polymerase, and deionized water. The RT2-PCR reaction 

conditions were denaturation at 95°C for 3 minutes, fol-

lowed by 40 cycles of 95°C for 30 seconds and 62°C for 

40 seconds. Each reaction was run three times. GLUT-1, 

AKT, PPIK, HIF-1α and GAPDH forward and reverse 

primers were 5′-GTCAACACGGCCTTCACTG-3′ and 

5′-GGTCATGAGTATGGCACAACC-3′ for GLUT-1,  

5′-GCAGCACGTGTACGAGAAGA-3′ and 5′-GGTGTC 

AGTCTCCGACGTG-3′ for AKT, 5′-GGGGATGATT 

TACGGCAAGATA-3′ and 5′-CACCACCTCAATAAG 

TCCCACA-3′ for PPIK, 5′-GAAAGCGCAAGTCTTC 

AAAG-3′ and 5′-TGGGTAGGAGATGGAGATGC-3′ for 

HIF-1α, and 5′-TGTTGCCATCAATGACCCCTT-3′ and 

5′-CTCCCACGACGTACTCAGCG-3′ for GAPDH (control), 

respectively. The sizes of the PCR products were 111 bp 

(GLUT-1), 67 bp (AKT), 144 bp (PI3K), 167 bp (HIF-1α), 

and 202 bp (GAPDH).

Detection of glUT-1, aKT, Pi3K, and 
hiF-1α protein levels in hep-2 cells
Briefly,17 protein samples from cell cultures from each group 

were added to 4× sodium dodecyl sulfate (SDS) buffer, 

boiled for 10 minutes, and centrifuged (1,200 rpm, 1 minute). 

The proteins were separated by SDS-polyacrylamide gel 

electrophoresis. After electrophoresis, the proteins were 

transferred to a polyvinylidene difluoride (PVDF) mem-

brane (EMD Millipore, Billerica, MA, USA). Primary 

antibodies against the following proteins were added to the 

membrane and incubated at 4°C overnight: GLUT-1 (1:800; 

Proteintech Group, Chicago, IL, USA), p-AKT (1:800; 
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Proteintech Group), AKT (1:800; Proteintech Group), PI3K 

(1:800; Proteintech Group), HIF-1α (1:800; Proteintech 

Group) and GAPDH (1:800; Proteintech Group). The PVDF 

membrane was washed with TBST buffer three times for 

10 minutes. Secondary antibodies were added and incubated, 

and the membrane was washed with PBST buffer three times. 

The PVDF membrane was placed on a color plate, incubated 

with solutions A and B from the enhanced chemiluminescence 

assay kit (Beyotime Biological Technology Co. Ltd., Nanjing, 

China), and exposed to X-ray film. Semi-quantitatively using 

the ChemiDoc XRS + System (Bio-Rad Laboratories Inc., 

Hercules, CA, USA) analyzed the expression of proteins.

statistical analyses
Data were presented in mean ± SD. SPSS software (ver. 24.0 

for Windows; SPSS Inc., Chicago, IL, USA) was used for 

all statistical analyses: 1) for the comparison between two 

groups, the Student’s independent sample t-test was used; 

2) for the analysis of the synergistic effect between two 

factors, the factor analysis was used. P-value less than 0.05 

was considered to be statistically significant.

Results
effects of sirna-glUT-1 and lY294002 
on the proliferation of hep-2 cells after 
treatment with cisplatin
Before treatment with cisplatin, the survival rates of cells 

in the siRNA-
GLUT-1

 and LY294002 groups were decreased 

significantly at 24 hours and 48 hours compared with the 

control group and the siRNA-
NC

 groups (P,0.05; Figure 1). 

The proliferation of cells in each group was decreased mark-

edly at 24 hours and 48 hours treated by cisplatin compared 

with before treatment (P,0.05). The survival rates of cells in 

the siRNA-
GLUT-1

+ cisplatin and LY294002+ cisplatin groups 

were decreased significantly at 24 hours and 48 hours com-

pared with cells in the siRNA-GLUT-1 group, LY294002 and 

cisplatin group, respectively (for all, P,0.05; Figure 1). The 

factor analyses showed that for the inhibitory effect on the 

proliferation of Hep-2, there were synergistic effects between 

siRNA-GLUT-1 and cisplatin and between LY294002 and 

cisplatin. These findings revealed that siRNA-
GLUT-1

 and 

LY294002 could enhance the inhibitory effect of cisplatin 

on the proliferation of Hep-2 cells, respectively.

effects of sirna-glUT-1 and lY294002 on 
apoptosis and cell cycle in hep-2 cells 
after treatment with cisplatin
Before the cisplatin treatment, the apoptotic rates of cells 

in the siRNA-
GLUT-1

 and LY294002 groups were increased 

markedly at 24 hours and 48 hours compared with the 

Hep-2 cell and siRNA-
NC

 groups (P,0.05; Figure 2). The 

early apoptotic cell number was increased markedly in the 

siRNA-
GLUT-1

 group, and that of late apoptotic cells was 

increased markedly in the LY294002 group. After the 

cisplatin treatment, the apoptotic rates in both groups were 

increased significantly at 24 hours and 48 hours (P,0.05; 

Figure 2). The apoptotic rates of cells in the siRNA-
GLUT-1

+ 

cisplatin and LY294002+ cisplatin groups were increased 

markedly at 24 hours and 48 hours compared with cells in the 

cisplatin group (P,0.05; Figure 2). These findings show that 

siRNA-
GLUT-1

 and LY294002 enhance the cisplatin-increased 

apoptotic rate in laryngeal carcinoma Hep-2 cells.

After the cisplatin treatment, the population of cells in 

the G1/G2 phase was reduced markedly. siRNA-
GLUT-1

+ 

cisplatin significantly decreased the population of cells in 

the G1/G2 phase compared with cisplatin or siRNA-
GLUT-1

 

(P,0.01; Figure 3). The population of Hep-2 cells treated 

with LY294002+cisplatin in the G1/G2 phase was increased 

Figure 1 The survival rates of cells in the sirna-glUT-1+ cisplatin and lY294002+ cisplatin groups were decreased significantly at 24 hours (A) and 48 hours (B) compared 
with cells in the cisplatin group.

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

7869

inhibition of glUT-1 expression and the Pi3K/akt pathway

markedly than those in the untreated Hep-2 cells. LY294002 

markedly reduced the population of cells in the G1/G2 phase 

compared with cisplatin or LY294002 (P,0.05; Figure 3).

The abovementioned findings suggested that the syn-

ergistic effects between siRNA-
GLUT-1

 and cisplatin and 

between LY294002 and cisplatin might be at least partly 

from their synergistic effects on the apoptotic rate and the 

G1/G2 cell cycle arrest.

effects of sirna-glUT-1 and lY294002 on 
glUT-1, p-akt, Pi3K, and hiF-1α mrna 
levels in hep-2 cells after treatment with 
cisplatin
siRNA-

GLUT-1
, cisplatin, siRNA

GLUT-1
+cisplatin, and 

LY294002+cisplatin significantly inhibited GLUT-1 and 

HIF-1α mRNA expression in Hep-2 cells compared with 

the control group (P,0.05; Figure 4A and B). siRNA
GLUT-1

+  

cisplatin and LY294002+cisplatin significantly inhibited 

GLUT-1 and HIF-1α mRNA expression in Hep-2 cells com-

pared with the cisplatin group (P,0.001; Figure 4A and B).

LY294002 and LY294002+cisplatin significantly inhib-

ited p-AKT mRNA expression in Hep-2 cells compared with 

the control group (P=0.03 and 0.019, respectively; Figure 4C). 

LY294002+cisplatin significantly inhibited p-AKT mRNA 

expression in Hep-2 cells compared with cisplatin alone 

and LY294002 alone (P=0.001 and 0.001, respectively; 

Figure 4C). siRNA
GLUT-1

, cisplatin and siRNA
GLUT-1

+ cisplatin 

did not effect the expression of p-AKT mRNA in Hep-2 cells 

compared with the control (P.0.05).

LY294002 and LY294002+cisplatin significantly inhib-

ited PI3K mRNA expression in Hep-2 cells compared with 

the control group (P,0.05; Figure 4D). LY294002+cisplatin 

significantly inhibited PI3K mRNA expression in Hep-2 cells 

compared with cisplatin alone (P=0.007; Figure 4D). siRNA-

GLUT-1
 and cisplatin did not effect the expression of PI3K mRNA 

in Hep-2 cells compared with the control group (P.0.05).

The factor analyses revealed that there were no synergis-

tic effects between LY294002 and cisplatin on the mRNA 

expression of GLUT-1, Akt, PI3K and HIF-1α and there were 

no synergistic effects between siRNA
GLUT-1

 and cisplatin on 

the mRNA expression of GLUT-1, Akt and PI3K and there 

were synergistic effects between siRNA
GLUT-1

 and cisplatin 

on the mRNA expression of HIF-1α.

effects of sirna-glUT-1 and lY294002 on 
glUT-1, p-akt, Pi3K, and hiF-1α protein 
levels in hep-2 cells after treatment with 
cisplatin
siRNA-

GLUT-1
, cisplatin, siRNA

GLUT-1
+cisplatin and 

LY294002+cisplatin inhibited GLUT-1 and HIF-1α protein 

levels in Hep-2 cell compared with the control group 

(Figure 5). siRNA
GLUT-1

+cisplatin and LY294002+cisplatin 

significantly inhibited GLUT-1 and HIF-1α protein levels 

Figure 2 The apoptotic rates of cells in the sirna-glUT-1+ cisplatin and lY294002+ 
cisplatin groups were increased significantly at 24 hours and 48 hours compared 
with cells in the cisplatin group.

Figure 3 sirna-glUT-1+ cisplatin significantly decreased the number of cells in the 
g1/g2 phase compared with cisplatin or sirna-glUT-1, and LY294002 significantly 
decreased the number of cells in the g1/g2 phase compared with cisplatin or 
lY294002.
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in Hep-2 cells compared with cisplatin alone (Figure 5). 

LY294002 and LY294002+cisplatin inhibited p-AKT and 

PI3K protein levels in Hep-2 cells compared with the control 

group. LY294002+cisplatin significantly inhibited p-AKT 

and PI3K protein levels in Hep-2 cells compared with cis-

platin alone and LY294002 alone (Figure 5).

Discussion
The rapid proliferation of malignant tumors requires high 

levels of energy. Warburg effect is an anomalous character-

istic of cancer cells, in which they consume a large amount 

of glucose and favor aerobic glycolysis over oxidative phos-

phorylation even in the presence of oxygen.24 GLUT-1 and 

HIF-1α are key enzymes that mediate glucose metabolism 

in tumorigenesis.25,26 Overexpression of GLUT-1 has been 

demonstrated to be associated with recurrence, poor survival, 

metastasis and chemo-radioresistance in malignant tumors,27,28 

including laryngeal carcinoma.29,30 Our previous studies 

have found that there were relationships between GLUT-1-

expression and radioresistance of laryngeal carcinoma and 

that inhibition the expression of GLUT-1 may enhance the 

radiosensitivity of laryngeal carcinoma.2,6–9 The mechanism 

may involve the activated PI3K/Akt pathway, which regulates 

GLUT-1expression. It has been found that specific inhibi-

tors of the PI3K/Akt pathway (eg, Ly294002, Wortmannin) 

reduce GLUT-1expression and improve the radiosensitivity of 

laryngeal carcinoma. There is only one previous report about 

the expression of GLUT-1 and chemoresistance in laryngeal 

Figure 4 effects of sirna-glUT-1 and lY294002 on glUT-1, p-akt, Pi3K, and hiF-1α mrna levels in hep-2 cells after treatment with cisplatin.
Notes: sirnaglUT-1+cisplatin and lY294002+cisplatin significantly inhibited GLUT-1 (A) and hiF-1α mRNA (B) expression in hep-2 cells compared with the cisplatin 
group. (C): lY294002+cisplatin significantly inhibited p-AKT mRNA expression in Hep-2 cells compared with cisplatin alone and LY294002 alone. (D). lY294002+cisplatin 
significantly inhibited PI3K mRNA expression in Hep-2 cells compared with cisplatin alone.

α
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cancer.17 However, effect of the PI3K/Akt pathway on GLUT-

1expression and its involvement in the GLUT-1-induced 

chemoresistance of laryngeal carcinoma were unclear.

Several studies have investigated the potential mechanism 

of GLUT-1-induced chemosensitivity. GLUT-1 had been 

associated with markers of intrinsic chemosensitivity, such 

as glutathione-s-transferase-π, P-glycoprotein and multidrug 

resistance-associated protein.31 Shimanish et al showed 

that specific inhibition of GLUT-1 expression by siRNAs 

enhanced the sensitivity of oral squamous cell carcinoma to 

cisplatin, and the mechanism may involve HIF-1α-mediated 

GLUT-1 and glycolytic enzyme expression.18 However, 

another study showed that overexpression of GLUT-1 did 

not involve a corresponding increase in glycolytic enzyme 

levels regulated by HIF-1 but was associated with higher 

levels of phosphodiester related to phospholipid metabo-

lism, suggesting that the mechanism of GLUT-1-regulated 

chemoresistance may involve increased cell turnover.32

In the present study, results showed that siRNA GLUT-1 

significantly inhibited Hep-2 cell proliferation, apoptosis 

and numbers in G1/G2 and significantly enhanced cisplatin 

sensitivity in Hep-2 cells. LY294002 also enhanced cisplatin 

sensitivity in Hep-2 cells. Next, we investigated the mecha-

nism by which GLUT-1 siRNA and LY294002 enhanced 

the cisplatin sensitivity of Hep-2 laryngeal carcinoma cells. 

The results revealed that there were no synergistic effects 

between LY294002 and cisplatin on the mRNA expression 

of GLUT-1, Akt, PI3K and HIF-1α and there were no syn-

ergistic effects between siRNA
GLUT-1

 and cisplatin on the 

mRNA expression of GLUT-1, Akt and PI3K and there were 

synergistic effects between siRNA
GLUT-1

 and cisplatin on the 

mRNA expression of HIF-1α.

Conclusion
This study showed that inhibiting GLUT-1, by a GLUT-1 

siRNA, and PI3K/Akt, by the inhibitor Ly294002, could 

suppress the proliferation of Hep-2 alone and together with 

cisplatin synergistically, which demonstrated the potentials 

to treat laryngeal carcinoma in the future therapy. Addition-

ally, the synergistic effect between LY294002 and cisplatin 

to suppress the proliferation of Hep-2 might not be from 

GLUT-1, Akt, PI3k and HIF-1α; the synergistic effect 

between GLUT-1 siRNA and cisplatin to suppress the pro-

liferation of Hep-2 might not be from GLUT-1, Akt and PI3k 

and might be more or less related to HIF-1α.
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