
NEURAL REGENERATION RESEARCH  

Volume 8, Issue 6, February 2013 
 

doi:10.3969/j.issn.1673-5374.2013.06.009   [http://www.nrronline.org; http://www.sjzsyj.org] 

Jiang HT, Xie JT, Xu GF, Su YY, Li JZ, Zhu M, Wang MD. Hypoxia regulates reactive oxygen species levels in SHG-44 glioma cells. 

Neural Regen Res. 2013;8(6):554-560. 
 

 

 554 

Haitao Jiang, Associate 

professor. 

 

Haitao Jiang and Jiangtao 

Xie equally contributed to this 

work. 

 

Corresponding author: 

Haitao Jiang, First Affiliated 

Hospital, Xi’an Jiaotong 

University, Xi’an 710000, 

Shaanxi Province, China, 

HTjiang1016@163.com. 

 

Received: 2012-09-25  

Accepted: 2012-12-01  

(N20120120002/WLM) 

 

 

 

 
Hypoxia regulates reactive oxygen species levels in 
SHG-44 glioma cells 

Haitao Jiang1, Jiangtao Xie2, Gaofeng Xu1, Yongyong Su2, Jinzheng Li2, Mang Zhu3,  

Maode Wang1 
 
 

1 First Affiliated Hospital, Xi’an Jiaotong University, Xi’an 710000, Shaanxi Province, China 

2 Xianyang Central Hospital, Xianyang 712000, Shaanxi Province, China 

3 Xi’an Central Hospital, Xi’an 710000, Shaanxi Province, China 

 
 

Abstract  
In the present study, cultured human SHG-44 glioma cells were subjected to a hypoxic environment 

simulated using the CoCl2 method. Flow cytometry showed increased reactive oxygen species 

production in these cells. Real-time reverse transcription-PCR showed significantly increased 

hypoxia-inducible factor-1α mRNA expression in cells exposed to the hypoxic condition. The 

antioxidant N-acetylcysteine significantly inhibited reactive oxygen species production and reduced 

hypoxia-inducible factor-1α mRNA expression in normoxic and hypoxic groups, especially in the 

latter group. These findings indicate that hypoxia induces reactive oxygen species production and 

hypoxia-inducible factor-1α mRNA expression in human SHG-44 glioma cells, and that the 

antioxidant N-acetylcysteine can inhibit these changes. 
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Research Highlights 

(1) Hypoxia induced reactive oxygen species production and hypoxia-inducible factor-1α mRNA 

expression in human SHG-44 glioma cells. 

(2) Antioxidant N-acetylcysteine inhibited reactive oxygen species production under both normoxic 

and hypoxic conditions. 

(3) N-acetylcysteine inhibited hypoxia-inducible factor-1α mRNA expression.

 

INTRODUCTION 

    

Glioma is the most common primary 

intracranial malignant tumor. It is very 

important to explore the target during 

treatment. In the progression of glioma, 

there is rapid growth and proliferation, which 

requires substantial oxygen consumption; 

however, oxygen supply is limited by the 

lack of sufficient vascularization
[1]

. In the 

core of the tumor, cells are in a hypoxic 

environment, which induces high expression 

of hypoxia-inducible factor-1α
[2]

.  

 

Glioma cells regulate the expression of 

hypoxic stress genes to promote survival 

under hypoxia, enhancing the transcription 

and expression of numerous factors. This 

adaptive response allows cells to maintain 

the growth, metabolism and invasiveness of 

the tumor
[3-5]

. Thus, the regulation of 

hypoxia-inducible factor-1α is critical for the 

ability of the glioma to adapt to hypoxia. 

www.nrronline.org 
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Consequently, the protein is a major therapeutic target. 

Some studies have shown that hypoxia-inducible 

factor-1α can activate many target genes during 

hypoxia and induce downstream effector production to 

adapt to hypoxic stress
[6]

. Expression of 

hypoxia-inducible factor-1α is influenced by many 

factors
[7]

. Reactive oxygen species are one of the 

factors influencing hypoxia-inducible factor-1α 

expression
[8-9]

.  

 

However, the regulation of hypoxia-inducible factor-1α by 

reactive oxygen species in gliomas is unclear, and the 

underlying mechanisms are not well known. In the 

present study, we investigated hypoxia-inducible 

factor-1α expression and reactive oxygen species 

changes under normoxia (regular culture) and hypoxia 

(CoCl2-induced chemical hypoxia) using cultured human 

SHG-44 glioma cells. We also examined the effect of the 

anti-oxidant N-acetylcysteine. Our results further our 

understanding of the biological behavior of gliomas and 

provide insight for the development of novel treatment 

strategies. 

 

 

RESULTS 

 

Morphology of SHG-44 glioma cells 

After SHG-44 glioma cells were cultured for 72 hours, 

they were arranged in an orderly manner, with no cell 

aggregates or lysis. After N-acetylcysteine treatment, cell 

arrangement became disordered, with no cell aggregates. 

However, cell aggregates were detected in 

hypoxia-treated SHG-44 glioma cells, accompanied by 

some floating lysed cells (Figure 1). 

 

Reactive oxygen species expression in hypoxic 

condition 

Intracellular reactive oxygen species levels can be 

assessed indirectly by detecting fluorescent 

2’,7’-dichlorofluorescein with flow cytometry
[10]

. 

Comparison using variance analysis (the data tested met 

the assumption of the homogeneity of variance) showed 

significant differences in the levels of reactive oxygen 

species among the hypoxic control, normoxic + 

N-acetylcysteine, hypoxic + N-acetylcysteine and 

normoxic control groups (P < 0.05). The levels in the 

normoxic control group were significantly lower than in 

the hypoxic control group (P < 0.05); those in the 

normoxic + N-acetylcysteine group were lower than in 

the normoxic control group (P < 0.05); those in the 

hypoxic + N-acetylcysteine group were lower than in the 

hypoxic control group (P < 0.05; Figures 2, 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hypoxia-inducible factor-1α mRNA expression in 

SHG-44 glioma cells 

All the procedures for the real-time reverse 

transcription-PCR experiment were performed in 

accordance with the instructions provided with the 

reagents, and the comparative Ct method (2
–△△Ct

) was 

used for statistical analysis of the raw data from the 

experiment. 2
–△△Ct

 values for each group are shown in 

Figure 4, and the melting curve and amplification curve 

Figure 1  Morphology of human SHG-44 glioma cells 
after culture for 72 hours (light microscope, × 200). 

(A) In the normoxic control group, cells were arranged in 
an orderly manner. 

(B) In the normoxic + NAC group, cells were arranged in 
an orderly manner. 

(C) In the hypoxic control group, cell arrangement was 
disorderly, with some floating lysed cells. 

(D) In the hypoxic + NAC group, cell aggregates formed, 
with some floating lysed cells. 

NAC: N-acetylcysteine. 

A 

B 

D 
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of hypoxia-inducible factor-1α and β-actin are shown in 

Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The comparison using variance analysis (the data tested 

met the assumption of the homogeneity of variance) 

showed that there were statistical differences in the data 

among the hypoxic control, normoxic + N-acetylcysteine, 

hypoxic + N-acetylcysteine and normoxic control groups 

(P < 0.05). Hypoxia-inducible factor-1α mRNA 

expression in the hypoxic control group was significantly 

higher than in the normoxic control, hypoxic + 

N-acetylcysteine and normoxic + N-acetylcysteine 

groups (P < 0.05); hypoxia-inducible factor-1α mRNA 

expression in the normoxic control group was higher 

than in the normoxic + N-acetylcysteine group, but 

without a significant difference (P > 0.05). Hypoxia- 

inducible factor-1a mRNA expression was higher in the 

hypoxic + N-acetylcysteine group compared with the 

normoxic + N-acetylcysteine group, with no significant 

difference  (P > 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

Hypoxia-inducible factor-1 is a hypoxia-inducible 
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Figure 3  Levels of reactive oxygen species (ROS) in 
SHG-44 glioma cells in hypoxic condition. 

Data are expressed as mean ± SD of six independent 
experiments. aP < 0.05, vs. normoxic control group; bP < 

0.05, vs. hypoxic control group (analysis of variance 
followed by least significant difference t-test). 

NAC: N-acetylcysteine. 
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Figure 2  Levels of reactive oxygen species in SHG-44 
glioma cells in hypoxic condition detected by flow 
cytometry (red: cell count detected by flow cytometry; 

blue: levels of reactive oxygen species). 

(A) Normoxic control group; (B) hypoxic control group; (C) 
normoxic + NAC group; (D) hypoxic + NAC group.  

NAC: N-acetylcysteine. 
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Figure 4  Hypoxia-inducible factor 1α mRNA expression 
in SHG-44 glioma cells in hypoxic condition. 

Data are expressed as mean ± SD of six independent 
experiments. aP < 0.05, vs. normoxic control group; bP < 
0.05, vs. hypoxic control group (analysis of variance 
followed by least significant difference t-test).  

NAC: N-acetylcysteine. 
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transcription factor with DNA binding activity, and it was 

extracted and isolated from anoxic Hep3 nuclei by Wang 

and Semenza for the first time in 1992
[11]

. To respond to 

the hypoxic microenvironment, hypoxia-inducible factor-1 

regulates a variety of target genes involved in cellular 

adaptation and survival to hypoxic stress, increasing 

their expression and enhancing cell survival
[12]

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The expression of hypoxia-inducible factor-1β is 

persistent and stable in the cytoplasm and is not affected 

by hypoxia or other factors. In addition, the regulation by 

hypoxia-inducible factor-1β of hypoxia-inducible 

factor-1α is divided into regulation of degradation level 

and regulation of transcriptional level
[13]

. There are more 

studies on the former at present, especially studies on 

the pHDs-pVHL-ubiquitin-proteasome pathway
[14]

. In 

addition, other degradation pathways have also been 

identified, including the pVHL-dependent ubiquitin- 

proteasome pathway induced by proline hydroxylase and 

promoted by OS-9
[15]

. Very few studies have focused on 

the regulation of hypoxia-inducible factor-1α 

transcriptional level. It was found by Schnitzer et al 
[16]

 

that GSK3β can indirectly decrease hypoxia-inducible 

factor-1α mRNA expression by inhibiting the transcription 

initiation factor eIF2B; an inhibitor of GSK3β (Indirubin) 

could significantly improve expression levels. 

 

Galanis et al 
[17]

 reported that the increase in reactive 

oxygen species in tumor cells may be an important factor 

in hypoxia-inducible factor-1α regulation. Reactive 

oxygen species may function as a second messenger in 

signal transduction to impact the transcription of genes, 

initiating a variety of cell biological effects
[18]

. Reactive 

oxygen species are produced by the reaction of electrons 

(generated by the mitochondrial electron transport chain) 

with ground-state oxygen passing through the transport 

chain. Oxygen content is relatively low inside tumor 

tissues due to uncontrolled growth, and the electron 

transport chain of mitochondrial aerobic respiration may 

be blocked to generate reactive oxygen species
[19]

. The 

present study confirmed that the levels of reactive 

oxygen species in SHG-44 glioma cells cultured under 

hypoxic condition were significantly higher than in those 

cultured under normoxic condition. However, the levels 

of reactive oxygen species in the two groups decreased 

significantly after treatment with the antioxidant 

N-acetylcysteine. 

 

The study by Koshikawa et al 
[20]

 revealed that reactive 

oxygen species may affect the expression of 

hypoxia-inducible factor-1α by activating the 

PI3K-PKB/Akt pathway. The PI3K-PKB/Akt pathway 

cannot directly regulate the expression or stability of 

hypoxia-inducible factor-1α, but it can indirectly regulate 

expression because it has numerous downstream 

targets. mTOR can initiate the translation of 

hypoxia-inducible factor-1α by changing the 

phosphorylation status of the translation regulatory factor 

(eukaryotic initiation factor 4E-binding protein) and of 

p70S6 kinase. But a downstream target of 

hypoxia-inducible factor-1α, REDD1, can inhibit the 

activity of mTOR to downregulate the expression level of 

hypoxia-inducible factor-1α, which is also a negative 

feedback regulatory mechanism of hypoxia-inducible 

factor-1α itself
[21]

. Emerling et al 
[22] 

reported that the 

activation of p38MAPK under hypoxic condition may 

depend on reactive oxygen species generated by 

mitochondria, which can promote the phosphorylation of 

the serine and threonine residues of MAPK-upstream 

kinase to activate the p38MAPK signaling pathway
[23]

. 

The expression levels of hypoxia-inducible factor-1α 

mRNA under hypoxic condition were higher than those 

under normoxic condition, but the expression levels of 

Figure 5  Melting and amplification curves for 
hypoxia-inducible factor-1α and β-actin. 

(A, B) The amplification and melting curves for 
hypoxia-inducible factor-1α. 

(C, D) The amplification and melting curves for β-actin. 

A 

B 

C 

D 
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hypoxia-inducible factor-1α mRNA declined after 

treatment with N-acetylcysteine, an antioxidant. 

 

Results from the present study showed that the 

expression levels of reactive oxygen species in glioma 

cells cultured under hypoxic condition were significantly 

higher than those under normoxic condition, while the 

expression levels of reactive oxygen species under 

hypoxic and normoxic conditions declined significantly 

after N-acetylcysteine treatment. Furthermore, the 

expression levels of hypoxia-inducible factor-1α mRNA 

under hypoxic condition were higher than those under 

normoxic condition, but the expression levels of hypoxia- 

inducible factor-1a mRNA in SHG-44 glioma cells under 

normoxic and hypoxic conditions both declined after 

N-acetylcysteine treatment. These findings suggest that 

reactive oxygen species promote the expression of 

hypoxia-inducible factor-1α mRNA, and that 

N-acetylcysteine can block this effect. The present study 

provides novel insight into glioma biology, and lays the 

foundation for further research on the application of the 

antioxidant N-acetylcysteine for the treatment of gliomas. 

 

 

MATERIALS AND METHODS 

 

Design 

In vitro comparative observation of cytology. 

 

Time and setting 

The experiment was performed in the Medical School of 

Xi’an Jiaotong University, China in July 2010. 

 

Materials 

Human glioma cell line SHG-44 was provided by 

Shanghai Institute of Cell Biology, Chinese Academy of 

Sciences. 

 

Methods 

SHG-44 cell culture and passaging 

Human glioma cell lines SHG-44 were cultured in 

Dulbecco’s modified Eagle’s medium (DMEM; Gibco, 

Carlsbad, CA, USA) containing 10% calf serum 

(Hangzhou Sijiqing Biological Engineering Materials Co., 

Ltd., Hangzhou, China) at 37°C in a 5% CO2 incubator 

for passage after 48 hours (1:2). 

 

CoCl2-simulated hypoxia 

CoCl2 solution (the final concentration was 150 μM; 

Sigma, St. Louis, MO, USA) was added into DMEM in 

which the human glioma cell line SHG-44 was cultured 

routinely in the 5% CO2 incubator to block oxygen signal 

transduction to simulate hypoxic signaling
[24]

. 

 

Grouping and intervention 

SHG-44 glioma cells of passage three were collected 

and seeded at 4 × 10
4
 cells/mL. In the normoxic control 

group, SHG-44 glioma cells were cultured in normoxia 

(5% CO2) at 37°C for 72 hours. In the normoxic + 

N-acetylcysteine group, SHG-44 glioma cells were 

cultured in normoxia (5% CO2) at 37°C for 24 hours and 

then treated with N-acetylcysteine (10 mM; Sigma) and 

cultured for another 48 hours. In the hypoxic control 

group, SHG-44 glioma cells were cultured in hypoxia 

(CoCl2 150 μM) at 37°C for 72 hours. In the hypoxic + 

N-acetylcysteine group, SHG-44 glioma cells were 

cultured in hypoxia (CoCl2 150 μM) at 37°C for 24 hours 

and then treated with N-acetylcysteine (10 mM) and 

cultured for another 48 hours. 

 

CoCl2 and/or N-acetylcysteine were added according to 

the preset experimental groups. A 6-well plate and a 

double-well slide were included in each group. SHG-44 

glioma cells in exponential growth phase were harvested 

to prepare a cell suspension of 4 × 10
4
 cells/mL. They 

were inoculated into 6-well plates (3 mL in each well) for 

each group. A 1 mL volume of DMEM containing CoCl2 

(600 mM) was added to each well of the hypoxic control 

and hypoxic + N-acetylcysteine groups on the next day 

so that the final concentration of CoCl2 was 150 μM. The 

same procedure was performed for the normoxic control 

and hypoxia + N-acetylcysteine groups, except that 

DMEM containing CoCl2 was replaced with DMEM. The 

cell suspensions were diluted to 2 × 10
4
 cells/mL and 

then inoculated into double-well slides (200 μL in each 

well) for each group. The supernatant was discarded 

carefully by suction and 200 μL DMEM containing CoCl2 

(150 μM) was added to each well of the hypoxic control 

and hypoxic + N-acetylcysteine groups on the next day. 

The same procedure was performed for the normoxic 

control and normoxic + N-acetylcysteine groups, except 

that DMEM containing CoCl2 was replaced with DMEM. 

After the cells in all groups were cultured for 24 hours, 

N-acetylcysteine (the inhibitor of reactive oxygen species) 

at a final concentration of 10 mM was added into each 

well of the normoxic + N-acetylcysteine and hypoxic + 

N-acetylcysteine groups. The cells in each of these 

groups were cultured for an additional 48 hours. 

 

Flow cytometry for reactive oxygen species 

expression 

After the fluorescent probe (2’,7’-dichlorofluorescin 

diacetate [DCFH-DA], 10 mM; Beyotime Institute of 

Biotechnology, Beijing, China) was prepared, a 5 μL 
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aliquot was added to 5 mL of serum-free DMEM     

(1:1 000). Cells were digested with 0.25% trypsin (Sigma) 

and dispersed with a pipette. They were then transferred 

into a 10 mL centrifuge tube and centrifuged at 1 000 r/min 

for 5 minutes. The supernatant was discarded, the pellet 

was centrifuged once more, and the supernatant was 

discarded again. 500 μL fluorescent probe DCFH-DA 

diluted with serum-free medium (1:1 000) was added into 

each well, mixed and transferred to a 1.5 mL EP tube for 

incubation in a cell incubator at 37°C for 20 minutes so 

that DCFH-DA which had entered into the cells was 

oxidized to fluorescent DCF by the reactive oxygen 

species. After the incubation was complete, the cells 

were washed three times with serum-free cell culture 

medium (centrifuged at 1 000 r/min for 5 minutes) to fully 

remove extracellular DCFH-DA, and then the 

fluorescence of DCF was detected with flow cytometry 

(BD FACSCalibur, San Jose, CA, USA) using excitation 

and emission wavelengths of 488 nm and 525 nm, 

respectively, to detect intracellular reactive oxygen 

species levels. 

 

Real-time reverse transcription-PCR detection of 

hypoxia-inducible factor-1α mRNA expression 

After culture, the cells from each 6-well plate of the four 

groups were triturated with a pipette and then transferred 

into 1.5 mL EP tubes (in an ice bath) to rapidly extract 

RNA using an RNA extraction kit (RNAfast200; 

Fermentas, Vilnius, Lithuania). 5 μL total RNA was 

extracted, and mRNA was used as the template to 

synthesize cDNA by reverse transcription. Then 1 µL 

reverse transcription reaction mixture (cDNA) was used 

as the template for amplification reactions. Primer design 

for hypoxia-inducible factor-1α and β-actin was 

performed using Primer 5.0 software, and primers were 

synthesized by Beijing Sunbiotech Co., Ltd., China 

(Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total reaction volume was 25 µL for each sample and 

included the following: ddH2O, 10.5 μL; SYBR
® 

Green 

Realtime PCR Master Mix (Fermentas), 12.5 μL; 

upstream primer (10 µM), 0.5 μL; downstream primer  

(10 µM), 0.5 μL; cDNA by reverse transcription, 1 μL. 

PCR conditions: 50°C for 2 minutes for 1 cycle and 95°C 

for 10 minutes for 1 cycle; then 40 cycles of 95°C for   

15 seconds, 60°C for 30 seconds and 72°C for        

30 seconds. The products were placed into a Bio-Rad 

iQTM5 Multiple Real-time PCR Instrument (Hercules, CA, 

USA) after setting the reaction conditions, and the 

experimental data were analyzed while the reaction 

proceeded. Ct value was obtained, and results were 

obtained using 2–△△Ct 
calculation. β-actin was used as 

reference.
 

 

Statistical analysis 

The statistical software SPSS 13.0 (SPSS, Chicago, IL, 

USA) was used for statistical analysis of the 

experimental data (test level α = 0.05). Intergroup 

comparison was performed using analysis of variance, 

and paired comparison was conducted using the least 

significant difference t-test. A value of P < 0.05 indicated 

a significant difference. 
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