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Abstract 
Objective: To investigate the role of adiponectin in human glioma cell lines against the temozolo-
mide and the molecular regulation mechanism. Methods: Human glioma cell lines U251 and 
U-87MG were cultured in Dulbecco’s modified eagle medium (DMEM) containing 4500 mg/L glu-
cose. MTT was used to measure cell growth ratio. Western blot was used to detect the protein le-
vels of autophagy-related protein (Beclin 1, LC3 I/II, p62) and phosphorylated AMPK (p-AMPK) in 
human glioma cell lines. After AICAR and Compound C were administered, the change of p-AMPK 
and the autophagy level were examined by western blot. Results: While adiponectin stimulates 
AMPK in phosphatase and up-regulates the level of autophagy, human glioma cell lines obtain 
more resistance against the temozolomide, which is facilitated by AICAR and weakened by Com-
pound C. Conclusion: As an important adipokine, adiponectin can up-regulate the glioma cell au-
tophagy by activating the AMPK signaling pathway which increases the resistance of glioma cells 
to temozolomide. 

 
Keywords 
Human Glioma Cell Lines, Adiponectin, Autophagy, Temozolomide, AMPK 

 
 

1. Introduction 
Human Glioma is one of the most common malignancies in central nervous system and accounts for 20% - 40% 
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intracranial tumors. At present, the treatment of glioma is mainly surgical resection, combined with radiotherapy, 
chemotherapy and other comprehensive treatments, but the overall therapeutic effectiveness is discontented with 
high recurrence rate and the poor prognosis [1] [2]. On the premise of excising the tumor completely, improving 
the sensitivity of radiotherapy and chemotherapy has become the main treatment strategy. Recently adiponectin, 
an important member of the adipokines, has be certified to inhibit the proliferation and promote the apoptosis of 
breast cancer, prostate cancer, colorectal cancer and other tumor cells, and consequently to be a significant fac-
tor which restrains the growth of tumor [3]-[7]. However, some studies indicated that, in the hypoxic state, adi-
ponectin could increase the survival rate of rectal cancer cells by up-regulating the level of autophagy [8]. Liu 
Lei et al. [9] proved that autophagy could enhance tumor cells’ resistance to chemotherapeutic drugs. Re-
searches for adiponectin and glioma are still deficient. So that adiponectin could increase the resistance of gli-
oma cells to temozolomide by up-regulating autophagy needs to be further verified. This study used human 
glioma cell lines U-87MG and U251 as the research object and detected the role of adiponectin in human glioma 
cell lines against the temozolomide and the molecular regulation mechanism. 

2. Materials and Methods 
2.1. Reagents and Cell Culture 
Recombinant human full-length adiponectin/Acrp30 was purchased from R&D Systems (USA). AICAR and 
Compound C were received from Sigma (USA) and dissolved in Dimethyl sulfoxide (DMSO) (from sigma, 
USA). 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-diphenytetrazoliumromide; Thiazolyl blue (MTT) was from Sig-
ma(UK). Temozolomide (TMZ) and antibodies against adiponectin receptor 2 were from abcom (USA). Anti-
bodies against adiponectin receptor 1, LC3 I/II, becline 1, p62, AMPK, p-AMPK were purchased from Cell 
Signal Technology (CST) (USA). U-87MG and U251 cells were obtained from the American Type Culture 
Collection(USA) and were grown in Dulbecco’s modified eagle medium (DMEM) containing 4500 mg/L glu-
cose, 1% penicillin/streptomycin with 10% foetal bovine serum (FBS) (all from Hyclone, USA) in 5% CO2/95% 
air at 37˚C. Cells were subcultured following enzymatic digestion using trypsin/EDTA solution (Hyclone, 
USA). 

2.2. Cell Growth Ratio Assay 
The MTT was dissolved in PBS solution at a concentration of 5 mg/ml and filtered through a 0.22μm filter to 
sterilize and remove insoluble residues, and then stored in the amber vials at 4˚C for a month. After 48 and 72 h 
incubation, 20 μl of the MTT solution was added to each well of 96-well plates and incubated for 4 h at 37˚C in 
a humidified atmosphere of 5% CO2. At end of the incubation period, DMSO was added to each well of 96-well 
plates for removing insoluble residues. The absorbance was determined at 490 nm. The A490 was taken as an 
index of the cell viability and the activity of mitochondria. The net absorbance from the plates of cells cultured 
with the control medium (not treated) was considered as 100% of the cell growth ratio and the mitochondrial ac-
tivity. 

2.3. Western Blot 
The expression of adiponectin receptor 1, adiponectin receptor 2, LC3 I/II, becline 1, p62, AMPK, p-AMPK 
were determined by western blotting. Total protein content in each lane was determined using the bicinchoninic 
acid assay and then each lane containing equal amounts of protein were separated on a 10% - 15% SDSP-AGE 
gel. After transfer to nitrocellulose membranes, blots were blocked with 5% nonfat milk in 0.2% Tween 20 in 
Tris-buffered saline (TBS) for 1 h and then incubated with primary antibody at 4˚C overnight. Blots were then 
washed five times for 10 min in washing buffer (0.2% Tween 20 in TBS), followed by incubation for 2 h at 
room temperature with a specific secondary antibody. Subsequently, these specific antibodies were detected by 
using ECL Western blotting detection (Millipore, USA) and the fluorescence excitation was imaged on X-ray 
film. Normalization was based on the protein level of GAPDH and analyzed by Imagine J software. 

2.4. Statistical Analysis 
All statistical analysis was performed using SPSS 13.0 (SPSS Inc. USA). All data were presented as mean ± 
SEM. All data were analyzed by analysis of t-test when normality and homogeneity of variance assumptions are 
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satisfied. Significance was set at P < 0.05. 

3. Result 
3.1. The Expression of the Adiponectin Receptor in Glioma Cell Lines 
Adiponectin can’t display biological functions until adiponectin is combinated with adiponectin receptor 
(ADIPOR), locating on cell membrane surface. There are both ADIPOR1 and ADIPOR2 expression (Figure 1) 
in glioma cell lines U251and U-87MG detected by WB, which is the basis for further study. 

3.2. Adiponectin Dose–Response and Time-Response Experiments 
5 × 103 cells per well were seeded in 96 well plates in 1% FBS containing medium for 24h. Cells were subse-
quently treated with increasing concentrations (0 μg/ml, 0.1 μg/ml, 0.5 μg/ml, 1 μg/ml, 3 μg/ml, 10 μg/ml) of 
adiponectin and incubated for a further 24 h. we assessed the cell growth ratio of the human glioma cell line, 
U251 and U87-MG, by MTT assay. It has been discovered that adiponectin at 3 μg/ml reliably produced near 
maximal stimulation and was used for subsequent mechanistic studies (P < 0.05, Figure 2(a)). After serum  

 

 
Figure 1. The expression of the adiponectin receptor in U251 and U-87MG. 

 

 
Figure 2. Effect of adiponectin on U251 and U-87MG cells proliferation (a) U251 and U-87MG cells were cultured with in-
creasing concentrations of adiponectin for 24 h. (b) U251 and U-87MG cells were treat with 3 μg/ml adiponectin for a dif-
ferent time course. Cell growth ratio was assessed by MTT assay. Mean ± SEM, N = 6, *P < 0.05 versus untreated control. 
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starvation for 24 h, U251 and U-87MG cells were treat with 3 μg/ml adiponectin for a different time course (1 h, 
6 h, 12 h, 24 h, 48 h). We find that adiponectin in the time course, 24 h, reliably produced near maximal stimu-
lation and was used for subsequent mechanistic studies (P < 0.05, Figure 2(b)). 

3.3. Effect of Adiponectin on the Expression of Autophagy Related Protein in  
Human Glioma Cells 

The protein levels of autophagy in U251 and U-87MG cells were determined by Western blotting. After being 
incubated with 3 μg/ml adiponectin for 24 h, compared to the control group, the expression of Beclin1 and the 
ratio of LC3 II/I were significantly increased, the expression of p62 was sharply reduced (Figure 3(a)). Gray  

 

 
Figure 3. Changes of autophagy related protein after being treated with 3 μg/ml adiponectin for 24 h in U251 and U-87MG 
cells. (a) Western blot; (b) gray value analysis. The expression of Beclin1 and the ratio of LC3 II/I were significantly in-
creased, and the expression of p62 was sharply reduced. *P < 0.05 versus untreated control. 
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value analysis by Image J showed that the expression of autophagy related proteins (Beclin1, LC3, p62) in the 3 
μg/ml group compared with the untreated group has statistical difference(P < 0.05, Figure 3(b)). 

3.4. Effect of Adiponectin on the Expression of AMPK in Human Glioma Cells 
We detected the expression of AMPK and p-AMPK in glioma cells by Western blotting. U251 and U-87MG 
cells were incubated with 3 μg/ml adiponectin for a different time course. The expression of p-AMPK began to 
be increased at 12 h and reached the peak at 24 h (Figure 4(a)). Gray value analysis showed that compared to 
the control group, the expression of p-AMPK was significantly increased respectively after being incubated with 
adiponectin for 12 h, 24 h, 48 h. The difference had statistically significant (P < 0.05, Figure 4(b)). 

3.5. Effect of Activating or Inhibiting AMPK Signal Pathway on Autophagy of Glioma Cells  
Incubated with Adiponectin 

WB showed that AICAR can increase the AMPK phosphorylation and the expression of autophagy related pro-
tein Beclin1 of glioma cell after being incubated with adiponectin, and gray value analysis showed that the ex-
pression of p-AMPK and Beclin were significantly increased in Ad + AICAR group compared to the control 
group; CC can reduce the AMPK phosphorylation and the expression of autophagy related protein of glioma cell 
after being incubated with adiponectin. Gray value analysis also showed that the expression of p-AMPK and 
Beclin were significantly reduced in Ad + CC group compared to the control group. The difference had statisti-
cally significant (P < 0.05, Figure 5). 

3.6. Adiponectin Increases the Resistance of Glioma Cells to Temozolomide 
We added different concentrations of temozolomide into culture medium after seeding plated the glioma cells  

 

 
Figure 4. The time course of activation of AMPK determined by western blot in U251 and U-87MG cells after treated with 
adiponectin. (a) Western blot; (b) gray value analysis. The ratio of p-AMPK to AMPK were increased and peaked at 24 h af-
ter treated with adiponectin. *P < 0.05 versus untreated control. 
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Figure 5. Effect of AICAR and CC on AMPK activation and the expression of Beclin1 in U251 and U-87MG cells after 
treated with adiponectin. (a) Western blot; (b) gray value analysis. The expression of p-AMPK and Beclin were significantly 
increased in Ad + AICAR group and sharply reduced in Ad + CC group compared to the control group. Ad: 3 μg/ml adipo-
nectin; *P < 0.05 versus untreated control. 

 
for 48 h and found that 100 μM, 1 mM temozolomide can significantly reduced the cell survival rate (P < 0.05, 
Figure 6). After adding 1 mM temozolomide for 24 h, we added 0 μg/ml, 1 μg/ml, 3 μg/ml, 10 μg/ml adiponec-
tin respectively for another 24 h and tested the cell growth ratio by MTT. Adiponectin can enhance the resis-
tance of glioma cells to temozolomide, and this biological effect of adiponectin was facilitated by AICAR and 
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weakened by Compound C (P < 0.05, Figure 6(c), Figure 6(d)).  

4. Discussion 
Adiponectin, which is an important adipokine, is known to be a key molecule in the positive correlation between 
obesity and cancer, such as breast cancer, prostate cancer and colorectal cancer [3]-[7]. Previous studies have 
shown that adiponectin is a tumor suppressor that can inhibit the occurrence of tumor [8]. Our understanding of 
the relationship between glioma and obesity is uncertain yet. Furthermore, effects of adiponectin on glioma were 
poorly reported. In this research, we used U251 and U87-MG glioma cell lines to explore the role of adiponectin 
in human glioma cell lines against the temozolomide, in order to illustrate adiponectin can up-regulate glioma 
cells autophagy and increase the resistance to the chemotherapeutic drug temozolomide. 

Autophagy is a homeostatic and evolutionarily conserved process, which degrades cellular contents contain-
ing useless macromolecules such as long-lived proteins, faulty aggregates or misfolded proteins, as well as 
damaged or redundant organelles such as mitochondria, endoplasmic reticulum, or peroxidase, in order to main-
tain the the cell homeostasis [10]-[14]. In mammalian cells, the process that Beclin1 isolates from Bcl-2 and 
combines with PI3K is a key step to initiate autophagy. After being sheared and modified by Atg7 and Atg3,  

 

 
Figure 6. Changes of the resistance of glioma cells to temozolomide after treating with adiponectin. ((a), (b)) 100 μM, 1 mM 
temozolomide can significantly reduced the cell growth ratio. ((c), (d)) Adiponectin can enhance the resistance of glioma 
cells to temozolomide, and this biological effects of adiponectin was facilitated by AICAR and weakened by Compound C. 
Mean ± SEM, N = 6, *P < 0.05. 
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LC3 I becoming LC3 II is the specific process of autophagy, so that the ratio of LC3 II/I is regarded as an im-
portant indicator of the formation of autophagosome. The directly combination of p62 and LC3 is involved in 
the autolysosome’s development. If large number of autophagosome formed in cells without p62 consumption, 
it suggests that the formation of autolysosome was restrained and autophagy was inhibited [15]. This reaserch 
found that adiponectin can up-regulate the expression of Beclin1 in glioma cells, increase the ratio of LC3 II/I 
and consume a large amount of p62, so it can be considered that adiponectin can promote the autophagy in gli-
oma cells. In addition, adiponectin, adding into the cell culture medium, can stimulate AMPK in phosphatase 
and increase the expression of Beclin1 simultaneously in glioma cells. This step was facilitated by AICAR and 
weakened by Compound C. So it can be considered that the mechanism of adiponectin up-regulating the level of 
autophagy in glioma cells is related to the activation of AMPK signaling pathway, which consists with the pre-
vious conclusion that AMPK is an important target for the activation of autophagy. 

Autophagy plays a double-edged sword role in the occurrence and development of tumor and has different 
effects in the different stages of the tumor. Autophagy limits tumor formation by preventing the accumulation of 
damaged proteins and organelles; after tumor formated, autophagy promotes tumor cell survival. In the process 
of treatment with chemotherapy drugs, autophagy makes a positive sense for the cancer cells to survive and 
adapt to changes in the external environment. As a result, autophagy presents a cell protection function what we 
don’t want to see—enhancing the tumor cells resistance to chemotherapeutic drugs [14] [16] [17]. Compared to 
glioma cells incubated only with temozolomide for 48 h, the growth ratio of glioma cells, which were incubated 
with temozolomide for 24 h and added adiponectin for another 24 h, was significantly increased. What’s more, 
AICAR and compound C interfering the above effects further. It is illustrated that adiponectin up-regulated the 
glioma cell autophagy by activating the AMPK signaling pathway which increased the resistance of glioma cells 
to temozolomide. 

5. Conclusion 
As an important adipokine, adiponectin can up-regulate the glioma cell autophagy by activating the AMPK sig-
naling pathway, which increases the resistance of glioma cells to temozolomide. The biological effects of adi-
ponectin are thought to be clinically important in the pathophysiology of tumor development and progression. 
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