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Background: Glucose transporter (GLUT)-mediated glucose uptake is an important process 

in the development of laryngeal carcinoma, one of the most common malignancies of the head 

and neck. GLUT-1, together with HIF-1α, is also an indicator of hypoxia. Both proteins play a 

critical role in glucose uptake and glycolysis in laryngeal carcinoma cells under hypoxic stress. A 

double gene knockout model in which HIF-1α and GLUT-1 are no longer expressed can provide 

important information about carcinogenesis in laryngeal carcinoma. 

Purpose: In this study we used the CRISPR/Cas 9 system to induce HIF-1α and GLUT-1 

double gene knockout in HEp-2 cells and then used the knocked-out cells to study the role of 

these markers in laryngeal carcinoma, including in chemo-radioresistance.

Methods: High-grade small-guide RNAs (sgRNAs) of HIF-1α and GLUT-1 were designed 

using an online tool and inserted into the pUC57-T7-gRNA vector. The recombinant plasmids 

were transfected into HEp-2 cells and positive cells were screened using the dilution method. 

Gene mutation and expression were determined by sequence analysis and immunoblotting.

Results: In HIF-1α and GLUT-1 double gene knockout HEp-2 cells, a 171-bp deletion in the 

HIF-1α genomic sequence was detected, whereas multiple base insertions resulted in frameshift 

mutations in the GLUT-1 gene. Neither HIF-1α nor GLUT-1 protein was expressed in positive 

cells. The proliferation, migration, and invasion of HEp-2 cells were significantly decreased 

afterward. The possible mechanism may be that the inhibition PI3K/AKT/mTOR pathway by 

HIF-1α and GLUT-1 double gene knockout using CRISPR/Cas9 technique lead to reduction 

of glucose uptake and lactic acid generation.

Conclusion: Our HIF-1α and GLUT-1 double gene knockout HEp-2 cell model, obtained using 

a CRISPR/Cas9-based system, may facilitate studies of the pathogenesis of laryngeal carcinoma.

Keywords: CRISPR, Cas9 system, glucose transporter-1, HEp-2 cells, hypoxia-inducible 

factor-1α, PI3K, AKT, mTOR pathway, laryngeal carcinoma

Introduction
Glucose transporter-1 (GLUT-1) and hypoxia-inducible factor-1α (HIF-1α) are common 

markers of cell hypoxia, and their high-level expression has been related to the biological 

behaviors of several types of cancer. In a previous study, we described the overexpression 

of HIF-1α and GLUT-1 in laryngeal carcinoma1 and the positive correlation between 

these two markers. High-level HIF-1α and GLUT-1 expression is also related to the 

poor survival of patients with laryngeal carcinoma. Moreover, the abnormal expression 

of HIF-1α and GLUT-1 may be a major factor in chemo-radioresistance, which implies 

that the inhibition of HIF-1α and GLUT-1 contributes to chemo-radiosensitivity.2–5

In experiments using traditional methods such as antisense oligodeoxynucleotides 

or siRNA, the inhibition efficiency of HIF-1α or GLUT-1 is not significant, perhaps 
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because neither technique alters the DNA sequence of the 

target gene but instead results only in a knockdown effect. The 

recently developed genome editing system CRISPR (clus-

tered regularly interspaced short palindromic repeat)/Cas 

(CRISPR-associated proteins) has been rapidly adopted and 

currently consists of three systems (CRISPR I–III) specific 

for different organisms. Of these, the type II CRISPR–Cas 9 

system offers the most efficient gene-targeting technology. Its 

advantage includes multigene knockout of homologous and 

paralogous genes, thus yielding stable mutant cell lines or 

experimental animals or plants with permanently knocked-

out genes.6

In this study, we used the CRISPR/Cas 9 system to induce 

HIF-1α and GLUT-1 double gene knockout in HEp-2 cells 

and then used the knocked-out cells to study the role of these 

markers in laryngeal carcinoma, including proliferation, 

migration, invasion, and change of energy supply.

Materials and methods
Ethics statement
The Institutional Review Board of The First Affiliated Hos-

pital, College of Medicine, Zhejiang University (Hangzhou, 

Zhejiang, P.R. China), approved the study.

Construction of small-guide RNA (sgRNA)
A pair of HIF-1α and GLUT-1 oligo-DNAs consisting of ~20 

nucleotide-specific target sequences was designed based on 

the target DNA using the online tool http://crispr.mit.edu/ 

(CRISPR Design of Massachusetts Institute of Technology) 

and http://www.e-crisp.org/E-CRISP/index.html (E-Crisp 

of Cancer center of Germany). The sgRNAs included Glut-

1-sgRNA-L, Glut-1-sgRNA-R, HIF-1α-sgRNA-L, and HIF-

1α-sgRNA-R (Table 1). The pUC57-T7-gRNA vector was 

digested using BasI, after which each of the above sgRNAs 

was inserted into the pUC57-T7-gRNA plasmid. Construc-

tion of the pUC57-HIF-1α-gRNA and pUC57-Glut-1-gRNA 

plasmids with two gRNA target DNA sequences against 

HIF-1α or Glut-1 was confirmed by sequencing. The plas-

mids were then used to transform HEp-2 cells, and single 

clones were selected, sequenced, and identified. The purified 

plasmids were stored at −20°C.

Cell transfection and cell line 
construction
HEp-2 cells were purchased from the American Type Culture 

Collection and cultured in RPMI1640 medium contain-

ing 10% fetal calf serum. The following plasmids were 

cotransfected in the indicated amounts into 3×105 cells in 

6-well plates using 8 µL Lip2000 (Invitrogen): 4 µg Glut-

1-sgRNA-L, 4 µg Glut-1-sgRNA-R, 4 µg HIF-1α-sgRNA-L, 

4 µg HIF-1α-sgRNA-R, and 4 µg Cas9 nickase expression 

plasmid. After 24 hours, the transfected cells were trypsin-

ized, harvested, and resuspended to a concentration of 10 

cells/mL. A 100 µL aliquot of the cell suspension was used 

to seed a 96-well plate with 1 cell/well.

Positive cells were screened by labeling the single cells 

in the 96-well plate. The cells were then either digested in 

the primary well or transferred to a larger culture plate (96-

well plate → 24-well plate → 6-well plate → 6 cm culture 

dish → 10 cm culture dish) where they formed a sphere. 

The cells were used in genome/protein extraction and in the 

determination of knockout efficiency.

Whole-cell genome extraction
Positive cells were collected and washed twice with PBS. After 

centrifugation, the supernatant was discarded and 400 µL of 

lysis buffer (10 mM Tris–HCl pH 8.0, 150 mM NaCl, 10 mM 

EDTA, 4 g SD/L, 100 mg proteinase K/L) was added to the 

resuspended cell pellet. After incubation for 12–24 hours at 

37°C, the lysed cells were treated with 450 µL of phenol. The 

samples were then centrifuged for 10 minutes at 12,000 rpm; 

the upper phase was transferred into a new centrifuge tube and 

450 µL of chloroform:isoamyl alcohol (24:1) was added. After 

centrifugation of the mixtures at 12,000 rpm for 10 minutes, 

the upper (aqueous) phase was discarded. The precipitate in 

the lower phase was resuspended in 3 M sodium acetate (1:10 

v:v, pH 5.2) and absolute ethyl alcohol (2.5 volumes), mixed 

gently, and allowed to stand at 20°C for 1 hour. After a final 

Table 1 Added samples of glucose detection

Samples Sample blank tube Reagent blank tube Test tube

Glucose detection reagent/mL  1.0 1.0
Sample volume/µL 100  100
Deionized water/mL 1.0 100  

Notes: The samples were mixed well and reacted at room temperature for 15 minutes. The absorbency of each tube was measured at 340nm.
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centrifugation at 12,000 rpm for 10 minutes, the purified DNA 

was washed with 70% ethyl alcohol, resuspended in 50 µL of 

sterilized water, and stored at 20°C.

PCR amplification and sequencing
PCR amplification was performed using the primers listed in 

Table 2 to detect GLUT-1 and HIF-1α sequences in positive 

cells. The amplification conditions were as follows: 94°C for 

5 minutes, 35 cycles of 94°C for 30 seconds, 60°C for 30 

seconds, 72°C for 45 seconds, and then 72°C for 5 minutes. 

The amplification products were further identified by TA 

cloning and sequencing.

Western blots
The collected cells were washed twice with PBS and then 

lysed with lysis buffer at 4°C (on ice). After centrifuga-

tion at 12,000 rpm for 30 minutes, total cell protein was 

quantified and the lysates were stored at −80°C. For sample 

analysis, 30 µg of protein was mixed in 4× SDS loading 

buffer, boiled for 5–10 minutes, centrifuged for 1 minute, 

and loaded into the wells of an 8% polyacrylamide gel. 

Prestained markers were loaded in parallel. The gel was 

placed in a Tanon VE-180 vertical electrophoresis tank and 

run at 80 V for 30 minutes and 120 V for 70 minutes. After 

electrophoresis, the proteins were transferred to a PVDF 

membrane using transfer buffer and the membrane was then 

immersed in methyl alcohol. Transfer was performed in a 

Tanon VE-180 vertical electrophoresis tank (220 mA for 

90 minutes). Thereafter, the PVDF membrane was placed 

in blocking buffer for 1 hour, after which it was washed 

three times with PBST before being incubated in primary 

antibody against GLUT-1 (1:1,000) and HIF-1α (1:1,000) 

for 24 hours at 4°C. β-Actin served as the internal control. 

The blots were washed three times with PBST, incubated 

in secondary antibody (1:5,000) for 2 hours at room 

Table 2 Added samples of lactic acid detection

Samples Blank  
tube

Standard  
tube

Test  
tube

Distilled water/mL 0.02   
3 mmol/mL standard liquid/mL 0.02  
Sample/mL   0.02
Enzyme working liquid/mL 1 1 1
Developing agent/mL 0.2 0.2 0.2

Mixing, 37°C water bath for 10 
minutes

Stop buffer/mL 2 2 2
Mixing, 530 nm detection of 
absorbance value

Note: Content of lactic acid = (testing OD–blank OD)/(standard OD–blank OD) × 
concentration of standard substance.

temperature, and washed again with phosphate buffered 

saline Tween-20 (PBST). Band signals were determined 

using the electrochemiluminescence (ECL) substrate and 

chemiluminescence.

Groups
Control group: HEp-2 cell.

Experiment group: HEp-2 cell with HIF-1α and GLUT-1 

double gene knockout.

Cell proliferation assays using CCK-8 method
Briefly, cells in each group were cultured in 96-well plates 

for 0, 24, 48, and 72 hours in a humidified atmosphere 

containing 5% CO
2
 at 37°C. Subsequently, cell counting kit 

(CCK) reaction solution (10 µL) was added and the cells were 

maintained in the dark for 2 hours. The absorption of each 

well was measured at 450 nm using a Spectra Plus microplate 

reader (Molecular Devices Co., Sunnyvale, CA, USA). The 

relative cell inhibition rate (%) was calculated as follows: 

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

Transwell assays for cell migration or invasion 
experiment
Briefly, Matrigel (CoStar Inc.) was melted at 4°C overnight 

and diluted to 50 mg/L with serum-free medium at 4°C. 

Subsequently, 50 µL of the diluted Matrigel was added to the 

center of a Transwell chamber (CoStar Inc.) and incubated at 

37°C for 4 hours. A cell suspension was prepared as follows: 

the cells were initially digested and centrifuged (800 rpm, 5 

minutes); the medium was discarded; the cells were washed 

twice with 1× PBS; the resuspended cells were cultured in 

serum-free medium; and the cell density was adjusted to 

1×106/mL. Subsequently, 200 µL of the cell suspension was 

added to the upper chamber and incubated for 24 hours. The 

chamber was removed and 600 µL of 4% polyoxymethylene 

was added; the cells were fixed at room temperature for 30 

minutes. The chamber was removed, washed twice with 1× 

PBS, placed in 100% methyl alcohol, and the cells were 

fixed at room temperature for 30 minutes. The chamber was 

placed into a well containing 800 µL of Giemsa or 2% crystal 

violet staining solution at room temperature for 20 minutes. 

The chamber was washed with 1× PBS and the upper cells 

were wiped with a wet swab. The cells were counted and 

photographs were captured using an inverted microscope.

Glucose detection
One hundred microliters of culture medium were collected 

before or after 24-hour cell culture. The samples were added 

according to Table 1.
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TV, total assay volume (ml); SV, sample volume (ml); glucose 

MW, 180.2 g/mole or equivalently 180.2 µg/µmoles; F, dilu-

tion factor from sample preparation; ε, millimolar extinction 

coefficient for NADH at 340 nm; millimolar-1 cm-1 or equiv-

alently (ml/µmole)(1/cm); d, light path (cm) = 1 cm; 1,000, 

conversion factor for µg to mg.

Detection of lactic acid
One hundred microliters of culture medium were collected 

before or after 24-hour cell culture. The samples were added 

according to Table 2.

Western blots
The methods were same as the above-described Western 

blot method.

Results
Positive HEp-2 cell clone screening 
of HIF-1α and GLUT-1 double gene 
knockout
Two pairs of sgRNAs against HIF-1α and GLUT-1 

genes were designed using an online tool. As shown in 

Figure 1, two fragments, consisting of sgRNAs in exon 

3 of the GLUT-1 gene and exon 2 of the HIF-1α gene, 

were screened. The sgRNA sequences are presented in 

Table 3. Following the insertion of these sgRNAs into the 

pUC57-T7 vector, the recombinant plasmids pUC57-HIF-

1α-gRNA and pUC57-Glut-1-gRNA were transfected into 

HEp-2 cells. The whole genome of positive cell clones, 

obtained by the dilution method, was used to sequence 

HIF-1α and GLUT-1 genes by PCR amplification and 

TA cloning.

PCR and whole-genome sequencing in 
HIF-1α and GLUT-1 double gene knockout 
HEp-2 cells
Genomic DNA PCR products from each cell mass were 

cloned into a plasmid to analyze the genomic region of the 

targeted HIF-1α and GLUT-1 genes. The PCR primers are 

listed in Table 4. Only the HIF-1α and GLUT-1 genomic 

region was amplified because the PCR primers spanned the 

respective targeted regions, which were unique to HIF-1α, 

GLUT-1, and their pseudogenes. Amplicon sequence analyses 

indicated that the GLUT-1 gene harbored frameshift muta-

tions mediated by the insertion of 7, 74, 96, and 106 bp 

(Figure 2), while 171 bp deletions in the targeted genomic 

region, including an 82 bp deletion in exon 2, were detected 

in the HIF-1α gene. All analyzed sequences from the trans-

fected cell clones exhibited the same deletions in the HIF-1α 

genomic region (Figure 3). These results confirmed the 

establishment of double gene knockout HEp-2 cells, carrying 

missense mutations of HIF-1α and frameshift mutations of 

GLUT-1, using CRISPR/Cas9 technology.

Knockout efficiency determination by 
immunoblotting of HIF-1α and GLUT-1 
double gene knockout cells
To further evaluate the knockout efficiency obtained with 

the CRISPR/Cas9 system, the protein levels of HIF-1α 

and GLUT-1 in the transfected HEp-2 cells were analyzed 

by immunoblotting. Before HIF-1α and GLUT-1 double 

gene knockout, the expression levels of the HIF-1α and 

GLUT-1 protein in HEp-2 cells were 0.7074±0.0954 and 

1.2746±0.1856, respectively. After HIF-1α and GLUT-1 

double gene knockout, the expression levels of the HIF-1α 

and GLUT-1 protein in HEp-2 cells were 0.0155±0.0045 

and 0.0307±0.00810, respectively. There was a significantly 

decreased HIF-1α and GLUT-1 after HIF-1α and GLUT-1 

double gene knockout compared with before HIF-1α and 

GLUT-1 double gene knockout (P<0.001, respectively; 

Figure 4). The GLUT-1 and HIF-1α gene double knockout 

model in HEp-2 cells may contribute to functional analyses 

of these markers of cellular hypoxia in HEp-2 cells and in 

laryngeal carcinoma.

Effects of HIF-1α and GLUT-1 double gene 
knockout on proliferation of HEp-2 cells
Before HIF-1α and GLUT-1 double gene knockout using 

the CRISPR/Cas9, the CCK-8 results showed proliferation 

rates of 0.2347±0.0091, 0.3260±0.0314, 0.4237±0.0201, 
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and 0.5963±0.0372 after 0-, 24-, 48-, and 72-hour cul-

ture, respectively. There was no significant difference 

as the culture time increased. After HIF-1α and GLUT-1 

double gene knockout using the CRISPR/Cas9, the CCK-8 

results showed proliferation rates of 0.2387±0.0081, 

0.2707±0.0135, 0.3457±0.0389, and 0.4143±0.0444 after 

0-, 24-, 48-, and 72-hour culture, respectively. There was 

a significantly reduced proliferation rate at 24-, 48-, and 

72-hour culture after HIF-1α and GLUT-1 double gene 

knockout compared with before HIF-1α and GLUT-1 

double gene knockout (P=0.049, P=0.037, and P=0.006, 

respectively; Figure 5).

Effects of HIF-1α and GLUT-1 double gene 
knockout on the migration or invasive 
capacity of HEp-2 cells
The migration or invasive capacity was assessed by Transwell 

assays. The migration or invasive capacities of cells were 

significantly lower after HIF-1α and GLUT-1 double gene 

knockout compared with before HIF-1α and GLUT-1 double 

gene knockout (Figure 6).

Effects of HIF-1α and GLUT-1 double gene 
knockout on glucose uptake and lactic 
acid generation of HEp-2 cells
Before HIF-1α and GLUT-1 double gene knockout, glu-

cose uptake and lactic acid generation of HEp-2 cells was 

2.07±0.22 and 4.65±0.94, respectively. After HIF-1α and 

GLUT-1 double gene knockout, glucose uptake and lactic 

acid generation of HEp-2 cells was 1.00±0.25 and 2.22±0.22, 

respectively. There was a significantly reduced glucose uptake 

and lactic acid generation after HIF-1α and GLUT-1 double 

gene knockout compared with before HIF-1α and GLUT-1 

double gene knockout (P=0.005 and P=0.012, respectively; 

Figure 7).

Effects of HIF-1α and GLUT-1 double gene 
knockout on PI3K/Akt/mTOR pathway
Before HIF-1α and GLUT-1 double gene knockout, 

the expression levels of the PTEN, p-PI3K, PI3K, 

p-AKT, AKT, and mTOR protein in HEp-2 cells 

Figure 1 sgRNAs design of HIF-1α and GLUT-1 genomic region.
Notes: (A) GLUT-1 sgRNAs were designed to specially identify exon 3 of the GLUT-1 genomic region. Yellow: exon 3; green: sgRNA-L; blue: sgRNA-R. (B) HIF-1α sgRNAs 
were designed to specially identify exon 2 of the HIF-1α genomic region. Yellow: exon 2; green: sgRNA-L; blue: sgRNA-R.
Abbreviations: GLUT, glucose transporter; HIF-1α, hypoxia-inducible factor-1α; sgRNAs, small-guide RNAs.

A
GLUT-1

HIF-1α
B

Table 3 sgRNA sequences of GLUT-1 and HIF-1α

sgRNA Sequences

Glut-1-sgRNA-L GGATGCTCTCCCCATAGCGG TGG
Glut-1-sgRNA-R GCCACCACGCTCACCACGCTC TGG
HIF-1α-sgRNA-L GAACTCACATTATGTGGAAG TGG

HIF-1α-sgRNA-R GTTGATAAGGCCTCTGTGATG AGG

Abbreviations: GLUT, glucose transporter; HIF-1α, hypoxia-inducible factor-1α; 
sgRNAs, small-guide RNAs.

Table 4 Primers of Glut-1 and HIF-1α

Primers Sequences

GLUT1_detect_F TCCACCACTGATCACTTGCC
GLUT1_detect_R CCCAGTTTCGAGAAGCCCAT
HIF1_detect_F TGGACTTTTTGTGAGAGTTCCT
HIF1_detect_R GGGAGGGGAAAAGCCAGTAT

Abbreviations: GLUT, glucose transporter; HIF-1α, hypoxia-inducible factor-1α.
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Figure 2 Mutation sequence of GLUT-1 in positive cells.
Notes: (A) Schematic diagram of the GLUT-1 sgRNAs generated via the CRISPR/Cas9 system. (B) TA clone sequence of the PCR amplification products from the GLUT-1 
genomic region.
Abbreviations: GLUT, glucose transporter; sgRNAs, small-guide RNAs.

A

B

Figure 3 Mutation sequence of HIF-1α in positive cells.
Notes: (A) Schematic diagram of the HIF-1α sgRNAs generated via the CRISPR/Cas9 system. (B) TA clone sequence of the PCR amplification products from the HIF-1α 
genomic region.
Abbreviations: HIF-1α, hypoxia-inducible factor-1α; sgRNAs, small-guide RNAs.

A

B

Figure 4 Measurement of HIF-1α and GLUT-1 expression in positive cells by immunoblotting.
Notes: (A) The results of Western blot. (B) There was a significantly decreased HIF-1α and GLUT-1 protein after HIF-1α and GLUT-1 double gene knockout compared 
with before HIF-1α and GLUT-1 double gene knockout (P<0.001, respectively). HEp-2-WT: control cells. β-Actin served as the internal control. **P<0.001.
Abbreviations: GLUT, glucose transporter; HIF-1α, hypoxia-inducible factor-1α.
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Figure 5 Effects of HIF-1α and GLUT-1 double gene knockout on proliferation of 
HEp-2 cells detected by CCK-8.
Note: *P<0.05, **P<0.01.
Abbreviations: CCK-8, cell counting kit-8; GLUT, glucose transporter; HIF-1α, 
hypoxia-inducible factor-1α.

HEp-2-WT

****

HEp-2 (Glut-1–/–, HIF-1α–/–)
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0 24
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O
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50
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48 72

Figure 6 Effects of HIF-1α and GLUT-1 double gene knockout on the migration or invasive capacity of HEp-2 cells assessed by Transwell assays.
Notes: (A) The migration capacities of cells were significantly lower after HIF-1α and GLUT-1 double gene knockout compared with before HIF-1α and GLUT-1 double gene 
knockout. (B) The invasive capacities of cells were significantly lower after HIF-1α and GLUT-1 double gene knockout compared with before HIF-1α and GLUT-1 double gene 
knockout.
Abbreviations: GLUT, glucose transporter; HIF-1α, hypoxia-inducible factor-1α.

A

HEp-2-WT HEp-2 (Glut-1–/–, HIF-1α–/–)

B

HEp-2-WT HEp-2 (Glut-1–/–, HIF-1α–/–)

were 0.7467±0.1250, 0.7000±0.0500, 0.8167±0.0451, 

0.5033±0.0306, 0.4167±0.03511, and 0.4933±0.0586, 

respectively. After HIF-1α and GLUT-1 double gene 

knockout, the expression levels of the PTEN, p-PI3K, 

PI3K, p-AKT, AKT, and mTOR protein in HEp-2 cells 

were 1.1567±0.0076, 0.4167±0.0702, 0.6500±0.0793, 

0.2300±0.0458, 0.2900±0.0557, and 0.2433±0.0603, 

respectively. There was a significantly increased expres-

sion of PTEN and decreased p-PI3K, PI3K, p-AKT, AKT, 

and mTOR protein after HIF-1α and GLUT-1 double gene 

knockout compared with before HIF-1α and GLUT-1 dou-

ble gene knockout (P=0.008, P=0.005, P=0.03, P=0.001, 

P=0.029, and P=0.007, respectively; Figure 8).

Discussion
Genome editing of human cells can facilitate functional anal-

yses of gene variants involved in human disease pathology.7 

The recently developed CRISPR/Cas9 system has evolved 

into an effective tool for genome editing and gene function 

analysis in a great variety of diseases, especially cancer.

Malignant cancer cells are characterized by increased 

glucose uptake, with high fluorodeoxyglucose (FDG) uptake 

by the tumor indicative of a poor prognosis in patients with 

head and neck cancers and laryngeal carcinoma.1,8 GLUT-1 

modulates the cellular influx of glucose9 and is the main 

glucose transporter in several types of solid carcinomas. It 

has thus become a frequent focus of cancer research.10 Cancer 

cells are under hypoxic stress, which causes them to mobilize 

glucose uptake to provide energy for cell proliferation.11 
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GLUT-1 therefore serves as an intrinsic marker of hypoxia in 

cancer cells.12 HIF-1α, as a hypoxia response gene, promotes 

GLUT-1 expression12,13 via the PI3K/AKT signaling pathway, 

as also demonstrated during FDG uptake.14 In most types of 

cancers, GLUT-1 and HIF-1α cooperate to accelerate cancer 

development, resulting in a poor outcome for patients.15–20 

The HIF-1α-induced upregulation of GLUT-1 is significantly 

associated with cancer recurrence and metastasis in patients 

with laryngeal carcinoma. This observation suggests the use 

of HIF-1α/GLUT-1 as a gene signature for the diagnosis and 

prediction of laryngeal carcinoma1 and also as a potential 

therapeutic target for laryngeal carcinoma.

In our study, use of the CRISPR/Cas9 system induced 

frameshift and missense mutations in the HIF-1α and 

GLUT-1 genes, respectively, resulting in double gene 

knockout in HEp-2 cells. Given the key roles of these two 

genes in cancer development, this cell model can be used to 

investigate their involvement in glucose uptake, glycolysis, 

and other metabolic processes that contribute to laryngeal 

carcinoma and the hypoxic conditions of cancer cells. In 

this study, we first found that the expression of HIF-1α 

and GLUT-1 double gene knockout using CRISPR/Cas9 

technique significantly decreased the proliferation, migra-

tion, and invasion of HEp-2 cells. We also demonstrated 

that glucose uptake and lactic acid of HEp-2 cells were 

significantly decreased after HIF-1α and GLUT-1 double 

gene knockout compared with before HIF-1α and GLUT-1 

double gene knockout. Next, we found that the expression 

of PTEN increased, and the expression of PI3K, AKT, and 

mTOR decreased, and the phosphorylation level of PI3K, 

AKT, and mTOR decreased after HIF-1α and GLUT-1 

double gene knockout. It is speculated that after the 

knockout of HIF-1α and GLUT-1 double gene, PI3K/AKT/

mTOR pathway is inhibited, thereby affecting the glucose 

metabolism, proliferation, migration, and invasion vitality 

of HEp-2 cells.

Conclusion
This study indicated that the proliferation, migration, and 

invasion of HEp-2 cells were caused by the suppressed energy 

Figure 7 Effects of HIF-1α and GLUT-1 double gene knockout on glucose uptake and lactic acid generation of HEp-2 cells.
Notes: There was a significantly reduced glucose uptake (A) and lactic acid generation (B) after HIF-1α and GLUT-1 double gene knockout compared with before HIF-1α and 
GLUT-1 double gene knockout (P=0.005 and P=0.012, respectively). **P<0.01.
Abbreviations: GLUT, glucose transporter; HIF-1α, hypoxia-inducible factor-1α.
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Figure 8 Effects of HIF-1α and GLUT-1 double gene knockout on PI3K/Akt/mTOR pathway detected by Western blots.
Notes: (A) The results of Western blot. (B) There was a significantly increased relative expression of PTEN and decreased p-PI3K, PI3K, p-AKT, AKT, and mTOR protein 
after HIF-1α and GLUT-1 double gene knockout compared with before HIF-1α and GLUT-1 double gene knockout (P=0.008, P=0.005, P=0.03, P=0.001, P=0.029, and P=0.007, 
respectively).
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supply (glucose, lactic acid, etc) of HEp-2 cells. The possible 

mechanism may be that the inhibition of PI3K/AKT/mTOR 

pathway by HIF-1α and GLUT-1 double gene knockout using 

CRISPR/Cas9 technique leads to reduction of glucose uptake 

and lactic acid generation.
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