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Letter to the Editor 

Green Tea Polyphenols Alleviate Autophagy Inhibition  
Induced by High Glucose in Endothelial Cells* 

ZHANG Pi Wei1,&, TIAN Chong2,&, XU Fang Yi1, CHEN Zhuo1, Raynard BURNSIDE1, 
YI Wei Jie1, XIANG Si Yun1, XIE Xiao1, WU Nan Nan1, YANG Hui3, 

ZHAO Na Na4, YE Xiao Lei4, and YING Chen Jiang1,5,# 

Bovine aortic endothelial cells (BAECs) were 
cultured with high glucose (33 mmol/L), 4 mg/L 
green tea polyphenols (GTPs) or 4 mg/L GTPs 
co-treatment with high glucose for 24 h in the 
presence or absence of Bafilomycin-A1 (BAF). We 
observed that high glucose increased the 
accumulation of LC3-II. Treatment with BAF did not 
further increase the accumulation of LC3-II. Results 
also showed an increased level of p62 and 
decreased Beclin-1. However, GTPs showed 
inversed trends of those proteins. Furthermore, 
GTPs co-treatment with high glucose decreased the 
level of LC3-II and a much higher accumulation of 
LC3-II was observed in the presence of BAF in 
comparison with high glucose alone. Results also 
showed a decreased p62 and increased Beclin-1. 
The results demonstrated that GTPs alleviated 
autophagy inhibition induced by high glucose, 
which may be involved in the endothelial protective 
effects of green tea against hyperglycemia. 

Autophagy is a lysosome degradation pathway 
that plays an important role in maintaining cell 
homeostasis. When autophagy is initiated, LC3-I 
(approximately 18 kD) is modified into the 
phosphatidylethanolamine (PE)-conjugated form, 
LC3-II (approximately 16 kD), and is incorporated 
into autophagic vacuoles (AVs) until degrades by 
lysosome. This make LC3-II to be a reliable protein 
marker, which is associated with completed 
autophagosome, for autophagy measurement by 
western blot. Nevertheless, autophagy is a dynamic 
process and reflection by a static measurement 

facing difficulty. Therefore, a more accurate 
measurement of autophagy activity is autophagy flux. 
Autophagy flux is a measure of the number of 
autophagosomes that progress (from formation to  
degradation) through the autophagy pathway. 
Besides, Beclin-1, and SQSTM1/p62 are important 
autophagy activity indication proteins[1]. Beclin-1 
participates in autophagy initiation by interaction 
with the class III type phosphoinositide 3-kinase 
(class III PI3K). SQSTM1/p62 is a protein that 
specifically targets ubiquitin binding molecules for 
autophagic degradation and inversely related to 
autophagic activity.  

Impaired endothelial function is often seen in 
patients with diabetes and results in endothelial 
dysfunction. Endothelial dysfunction is an early 
pivotal event in the progress of atherosclerosis and 
chronic hyperglycemia was recognized as an 
independent risk factor for endothelial dysfunction. 
A proper level of autophagy is necessary for 
maintaining biological function in cardiovascular 
system. On the contrary, impairment of the 
autophagy results in serious dysfunction in 
cardiovascular system[2]. For example, fatty acids 
induced the impairment of autophagy in endothelial 
cells has been reported and restoration or enhancing 
of autophagy can attenuate the detrimental effects 
induced by fatty acids[3-4]. High glucose induced 
autophagy impairment was observed in endothelial 
cells also[5]. The beneficial health effects of GTPs on 
cardiovascular system have been well revealed with 
the mechanism being related to its antioxidant 
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activity and anti-inflammatory effects, the ability to 
reduce free fatty acids and improve insulin 
sensitivity, and even down-regulation of caveolin-1[6]. 
Researchers has reported that epigallocatechin 
gallate (EGCG), the major component of GTPs, 
enhanced autophagy in endothelial cells (ECs)[4]. 
However, whether the protective effect of GTPs on 
endothelial dysfunction under hyperglycemia was 
mediated by autophagy is unknown. 

Bovine aortic endothelial cells (BAECs) were 
obtained from the Health Science Research 
Resources Bank (Osaka, Japan, no. C-003-5C). Cells 
were cultured in DMEM supplemented with 10% 
fetal bovine serum, 0.348% sodium bicarbonate, 100 
U/mL penicillin and 100 μg/mL streptomycin at   
37 oC/5% CO2. The glucose level was 5.5 mmol/L in 
the normal condition or 33 mmol/L in the 
high-glucose condition. Before being treated, BAECs 
was cultured in medium containing 0.5% serum for 
12 h. Then, as described in the figure legends, cells 
were treated with GTPs, high glucose and GTPs 
co-treatment with high glucose. As for autophagy 
flux experiment, 100 nmol/L BAF was added to the 
medium for 2 h before cell harvest.  

After each treatment, confluent cells were 
washed thrice with warm PBS and scraped with RIPA 
extraction buffer and incubated in ice for 2 h. Then 
cells lysate were separated by centrifuging at 12,000 
rpm for 15 min at 4 °C, and collected the supernatant. 

Equal amounts of extracted proteins were separated 
by 12% or 15% SDS-PAGE and transferred to PVDF 
membrane. The primary antibodies used including 
anti-β-actin (Sigma, St. Louis, MO, USA); anti-LC3B 
(CST, Beverly, MA, USA), anti-SQSTM1/p62 (CST, 
Beverly, MA,USA), and anti-Beclin-1 (CST, Beverly, 
MA, USA). The dilution range and incubation time of 
primary and secondary antibodies were according to 
the specification. Proteins were visualized using an 
enhanced chemiluminescence western blotting 
luminal reagent (Amersham Biosciences, Little 
Chalfont, UK).  

Values are expressed as the mean±SEM. The 
data among groups were compared using a one-way 
analysis of variation (ANOVA) followed by 
Bonferroni’s post hoc test for multiple comparisons. 
The accepted level of significance was P<0.05. 

In the present study, treatment with high 
glucose significantly increased the accumulation of 
LC3-II in ECs from 0 to 24 h compared with those of 
normal dose glucose control (5.5 mmol/L) (P<0.05) 
(Figure 1A). Treatment with BAF did not further 
increase the accumulation of LC3-II under high 
glucose incubation (P>0.05) (Figure 1B). BAF is a 
lysosome function inhibitor that blocks the 
degradation of autophagic vacuoles. Meanwhile, 
decreased protein level of Beclin-1 (Figure 1C) 
(P<0.05) and increased SQSTM1/p62 (Figure 1D) 
(P<0.05) were observed in high glucose treated group

 

Figure 1. High glucose inhibits lysosome degradation of LC3-II. A, BAECs were treated with high glucose 
(33 mmol/L) for the indicated times. Western blots showing time course of LC3-II accumulation level 
under high glucose treatment. B, Western blots show protein levels of LC3-II in the presence of BAF 
(100 nmol/L) when BAECs were treated with high glucose for 24 h. C and D, Western blots show protein 
level of Beclin-1 and SQSTM1/p62 after high glucose treatment for 24 h. Mean ratio of the densities of 
LC3-II, p62 or Beclin-1 versus β-actin in the control (5.5 mmol/L glucose) was expressed as 1. Values are 
mean±SEM (n=3). *P<0.05 vs. control; **P<0.01 vs. control. 
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in comparison with the control group. These results 
indicated that high glucose impaired autophagy by 
inhibiting the degradation step of autophagy. The 
observed LC3-II accumulation was due to the 
blockage of autophagy degradation. 

Impaired autophagy can be found in multiple 
tissues in metabolic syndrome animals and diabetes 
patients[7]. Hae-Suk Kim et al. showed that impaired 
autophagy degradation induced by palmitate was 
observed in ECs[4]. Liang X et al. showed impaired 
autophagy as indicated by reduced autophagosome 
formation in human umbilical vein cells (HUVECs) 
cultured in M199 medium containing 17 or 33 
mmol/L glucose and lead to ECs injury[5]. This 
discrepancy with our results might be due to different 
cell lines and medium. And our results implied that 

hyperglycemia induced endothelial dysfunction may 
result from autophagy impairment also. Impaired 
autophagy would limit the ability to remove damaged 
proteins and organelles induced by ROS under high 
glucose conditions and may responsible for 
endothelial dysfunction. In contrast, some ways of 
enhancing autophagy can promote endothelial 
function, such as exercise and resveratrol. 

GTPs are beneficial to prevent 
non-communicable diseases, such as obesity, 
metabolic syndrome, diabetes and cardiovascular 
diseases. In the present study, GTPs treatment 
increased the accumulation of LC3-II in ECs 
dose-dependently with maximal inducing     
effects under 4 mg/L GTPs (P<0.05) (Figure 2A).  
The time-dependent accumulations of LC3-II were also 

 

Figure 2. Green tea polyphenols (GTPs) stimulates autophagy. BAECs were treated with green tea 
polyphenols (GTPs) for the indicated dosages and times. Cell lysates were analyzed by immunoblotting 
for LC3-II formation. A and B, dose and time course effects of GTPs on LC3-II formation. C, the protein 
level of p62 and Beclin-1 after GTPs treatment for indicated times. D, BAECs were treated with GTPs as 
indicated time in the absence or presence of BAF. Mean ratio of the densities of LC3-II versus β-actin in 
the control was expressed as 1. Values are mean±SEM (n=3). *P<0.05 vs. control; **P<0.01 vs. 
designated group in the figure. 
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observed by GTPs treatment from 0 to 24 h (P<0.05) 
(Figure 2B). Meanwhile, decreased SQSTM1/p62 and 
increased Beclin-1 levels were observed after GTPs 
treatment for 24 h (P<0.05) (Figure 2C). More 

importantly, BAF treatment further elevated LC3-II 
accumulation induced by GTPs (P<0.01, GTPs+BAF vs. 
GTPs) (Figure 2D). Taken together, GTPs stimulated 
autophagy flux by enhancing both the formation and 

 

Figure 3. GTPs alleviate high glucose induced autophagy inhibition. BAEC were treated with high 
glucose (33 mmol/L) or high glucose co-treatment with GTPs (4 mg/L) for 24 h with or without BAF. A, 
the accumulation of LC3-II was determined by Western blot. Mean ratio of the densities of LC3-II versus 
β-actin in the control was expressed as 1. Data are mean±SEM (n=3); *P<0.05 vs. control; #P<0.05 vs. 
high glucose. B and C, the protein level of p62 and Beclin-1 were analyzed by immunobloting. Mean 
ratio of the densities of p62 or Beclin-1 versus β-actin in the control was expressed as 1. Data are 
mean±SEM (n=3); *P<0.05 vs. control; #P<0.05 vs. high glucose. D, the accumulation of LC3-II was 
measured by western blot with or without BAF. Mean ratio of the densities of LC3-II versus β-actin in 
the control was expressed as 1. Values are mean±SEM (n=3). *P<0.05; ***P<0.001; ns: not significant. 
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degradation of autophagosome. 
EGCG is the major component of GTPs and with 

the ability to stimulate autophagy[4]. Our results are 
in accordance with previous study. Another research 
reported that EGCG have the ability to protect the 
lysosomal membrane and stabilizes lysosomal 
enzymes[8]. This may be a mechanism of EGCG 
promotes autophagy degradation. We here 
observed increased Beclin-1 level after GTPs 
treatment and this may facilitate autophagy 
induction. The autophagy promoting effects of GTPs 
may be involved in the positive effects of GTPs on 
cardiovascular system. 

As high glucose and GTPs showed inversed effects 
on autophagy, we speculated that GTPs may alleviate 
autophagy inhibition induced by high glucose. 

To verify this, GTPs was co-treatment with high 
glucose for 24 h. We found that GTPs treatment 
significantly reduced the accumulation of LC3-II 
(P<0.05) (Figure 3A) and the protein level of 
SQSTM1/p62 (P<0.05) (Figure 3B) under high glucose 
conditions. Besides, GTPs treatment significantly 
increased the protein level of Beclin-1 under high 
glucose conditions (P<0.05) (Figure 3C). More 
importantly, we found that the accumulation of 
LC3-II significantly increased (P<0.05) after GTPs 
co-treatment with high glucose in the presence of 
BAF (Figure 3D). These data suggested that GTPs 
alleviated the inhibition effects of autophagy flux 
induced by high glucose. 

Some researches indicated that enhanced 
autophagy can ameliorate myocardial oxidative 
stress injury and promote cardiac functions in 
diabetes animals[9]. The impairment of autophagy 
flux induced by linoleic acid was associated with 
endothelial cell senescence which can be prevented 
by enhancing autophagy[10]. Another phytochemicals 
-sulforaphane protects HUVECs from palmitic acid 
and stearic acid induced apoptosis by stimulating 
autophagy[3]. These data suggest that restore 
impaired autophagy in cardiovascular system may be 
a promising preventive approach. The effects of 
GTPs on restoration impaired autophagy induced by 
high glucose may be an important mechanisms of 
GTPs to promote endothelium function under 
hyperglycemia.  

In summary, GTPs promote autophagy while 
high glucose blocks the degradation of autophagy 
and GTPs alleviate high glucose induced inhibition of 
autophagy. One limitation of this study is that the 
autophagic flux was determined in cells. Whether 

our conclusion holds true requires further 
investigation using diabetic animal models. Although 
we still lack the data about the relationship between 
GTPs and diabetes cardiovascular complications, our 
results indicated that GTPs might still be a promising 
approach for prevention diabetes cardiovascular 
complications. 
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