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Abstract: Objective: To investigate whether high glucose in vitro activating TNFR1 and further promote rat marrow 
endothelial progenitor cells (EPCs) apoptosis. Methods: Rat morrow endothelial progenitor cells were cultured and 
identified by Confocal Microscopy; then were treated with high glucose (5.5, 15, 30, 60 mmol/L), mannitol (15, 30, 
60, 90 mmol/L), high glucose + Tempol and high glucose+ MAB430. Apoptosis rate of the above cells were detected 
by flow cytometry. ROS and MDA level and anti-O2- were detected by colorimetric technique; the expression level 
of TNFR1 induced signal pathway related proteins were detected by Western blotting. Results: High glucose can 
induce endothelial progenitor cells apoptosis, which is mostly in the later stage (72 h-96 h) instead of the earlier 
stage (24 h-48 h); high glucose can also induce oxidative stress reaction and the produces ROS and MDA increase 
significantly in the later stage (after 72 h), but anti-O2- decrease significantly. TNF apoptosis signal pathway related 
protein expression level not increase in the earlier stage (before 24 h) but increase significantly in the later stage 
(after 72 h). Tempol and MAB430 down-regulate TNF apoptosis signal pathway related protein expression and re-
duce EPCs apoptosis. Conclusion: High glucose activates the TNFR1 of TPCs through oxidative stress reaction and 
further induces cell apoptosis.

Keywords: Endothelial progenitor cells, high glucose, apoptosis, oxidative stress reaction, TNFR1 

Introduction

Endothelial progenitor cells (EPCs) are primarily 
generated and present in bone marrow cells, 
which are a class of directional stem cells 
between stem cells and vascular endothelial 
cells (VECs) with migratory characteristic and 
self-renewal proliferation and differentiation 
[1]. In 1997, Asahara et al [2] firstly isolated 
bone marrow-derived CD34 + and KDR + cells 
from the peripheral blood, named endothelial 
progenitor cells (EPCs). Undifferentiated EPCs 
were round; differentiated EPCs were fusiform 
or spindle-shaped, so it is difficult to separate 
EPCs from other cells by shape; most scholars 
rely mainly on CD34 +, AC133 +, vascular endo-
thelial growth factor 2 (VEGFR-2) and other sur-
face antigen markers to identify EPCs [3]. EPCs 
play an important role in angiogenesis and the 
reconstruction of damaged blood vessels [4, 
5]. EPCs can differentiate into functional endo-

thelial cells in vivo microenvironment to involve 
the angiogenesis in ischemic tissue; and they 
can be integrated into the neointimal of dam-
aged vessel wall to be involved in re-endotheli-
alization of vascular injury [6, 7].

Ischemic injury is the secondary symptom of 
many common and frequent diseases in clini-
cal, including traumatic brain injury, myocardial 
infarction, cerebral infarction, and diabetes. 
Vascular disease secondary to diabetes is char-
acterized by the severely impaired formation of 
collateral vessels [8], and the number of EPCs 
in peripheral blood of patients with diabetes 
was significantly reduced [9], and the function 
was severely impaired [10]. Therefore, in the 
mechanism research of impaired angiogenesis 
in diabetes, EPCs dysfunction-related factors 
have attracted extensive attention. Diabetic 
hyperglycemia environment allows EPCs apop-
tosis to increase and EPCs number to decrease. 
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The mechanism is: High blood sugar can induce 
the oxidative stress response of the cells, and 
induce cells to produce an excess of ROS; ROS 
regulates apoptosis gene to activate apopto- 
tic receptor, and thus leading to a significant 
increase in apoptosis. Tumor necrosis factor 
((TNF-α) is mainly involved in the regulation of 
apoptosis and inflammatory reactions; its 
receptor (TNFR1) plays an important role in the 
major pathway of apoptosis. Thus, under the 
conditions of oxidative stress caused by high 
glucose, ROS activates TNFR1 and then EPCs 
induces apoptosis, which may be an important 
factor in diabetic angiogenesis disorders. 
Therefore, in this study, whether high glucose in 
vitro activated TNF receptor by oxidative stress 
and thus affected the apoptosis in rat bone 
marrow-derived endothelial progenitor cells 
(EPC) was investigated to explore the effect of 
high glucose on endothelial progenitor cells.

Materials and methods

Materials

Experimental animals: Adult male Sprague-
Dawley rats (4 months old) weighing 200 ± 59 
were provided by the Experimental Animal 
Center attached to Luzhou Medical College; 
M199 culture solution medium was provided by 
the US Gibco company (Penicillin and strepto-
mycin each 100,000 units were added and pre-
served at 4°C); Rat lymphocyte separation 
medium was purchased from Green day bio-
technology Research Institute; quality fetal calf 
serum (FCS) was purchased from Gibeo com-
pany; trypsin were purchased from Shanghai 
Sangon biological Engineering technology Ser- 
vices Limited; type I rat tail collagen was pur-
chased from R & D company; 4% paraformalde-
hyde and 3% H2O2 were purchased from Beijing 
Zhongshan biotechnology Co., Ltd.; FITC labeled 
UEA-I (FITC-UEA-I) were purchased from Sigma; 
Dil labeled acetyl LDL were purchased from 
Moleeula Probe company; AnnexinV/Pl was pur-
chased from Bender company; malondialde-
hyde assay kit, superoxide anion radicals and 
superoxide anion radicals generated test kit 
were purchased from Nanjing Jiancheng com-
pany; rabbit TNFR1 anti-rat, TRAF-2, TRADD, 
RIP, NF-kBp65, Caspase3 and β-actin monoclo-
nal antibody were purchased from Sant-Cruz 
company; goat anti-rabbit lgG was purchased 
from Wuhan Boster Company. 

Methods

Isolation, culture and identification of EPCs: 
Take femur, and flush out the bone marrow. 
Density gradient centrifugation methods was 
used to isolate mononuclear cells. M199 com-
plete medium (containing 20% fetal bovine 
serum, VEGF 20 μg/L, bFGF4 μg/L penicillin 
100 kU/L, streptomycin 100 kU/L) was used to 
resuspended cells. The mononuclear cells were 
seeded in the pre-coated with rat tail collagen 
type I 24-well and 6-well cultured plates at a 
density of 1 × 108/L. They were cultured at 
37°C, 5% CO humidified incubator. After 4 days’ 
cultivation the solution was changed and PBS 
was used to wash and remove non-adherent 
cells. Adherent cells and 2.4 μg/mL Dil-acLDL 
were incubated at 37°C ambient for 1.5 h 
together. 2% paraformaldehyde was used to fix, 
and FITC-UEA-I was used to re-stained. Laser 
confocal microscopy was used to identify dif-
ferentiating EPCs with FITC-UEA-I and Dil-ac-
LDL double staining positive cells. 

Analysis of apoptosis rate of EPCs after treat-
ment with high glucose by flow cytometry: EPCs 
were cultured and grouped. In M199 complete 
culture medium high glucose control group the 
concentration of glucose was 5.5 mmol/L; In 
ECM complete culture medium high glucose 
group the concentrations of glucose were 15, 
30, 60 mmol/L, respectively; In addition, 30 
mmol/L high glucose + Tempol group and 30 
mmol/L high glucose + MAB430 group were 
set. After cultured for 24 h, 48 h, 72 h, 96 h, the 
detection was performed. In mannitol control 
group M199 complete culture medium the con-
centration of mannitol was 15 mmol/L; in man-
nitol group M199 complete culture medium the 
concentration of mannitol were 30, 60, 90 
mmol/L, respectively. After cultured for 72 h, 
the detection was performed. Annexin V-FITC/
PI apoptosis detection kit was applied to detect 
apoptosis. The steps were as follows: 1. Marrow 
EPCS with different stimulation and collect the 
cells by trypsin digestion. 2. Deionized water 
combine buffer with 1:4 dilution; 3. 4°C pre-
cold PBs was used to wash cells twice and the 
cells were resuspended with 250 uL binding 
buffer; Adjust its concentration to 1×106/ml; 4. 
Take 100 uL of cell suspension to 5 ml stream-
ing tube, and add 5 mL AnnexinV-FITC and 10 
mL, 20 mg/ml propidium iodide (Pl) solution; 5. 
Set no Annexin V and PI blank control, only 
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Annexin V contrast, the only PI control; 6. Mix 
the cells incubated in the dark at room temper-
ature after several minutes; 7. Add 400 mLPBS 
to the reaction tube and perform machine anal-
ysis; 8. FACS preparation: light source was 488 
nm laser. Flow-Check was used for optical path 
preset; 9. After the test is completed, using 
computer software to analyze the data and cal-
culate the results of the apoptosis rate.

Measurements of oxidative stress products 
ROS, MDA content and anti O2- by colorimetric 
detection: EPCs were cultured and grouped; 
glucose concentration in M199 complete medi-
um was 5.5 mmol/L in the control group, and 
30 mmol/L in high glucose group; 30 mmol/L 
high glucose + Tempol group and 30 mmol/L 
high glucose + MAB430 group were set to study 

the effects of high glucose on ROS content; In 
M199 complete medium groups the concentra-
tion of glucose were 5.5 mmol/L (control group), 
15 mmol/L, 30 mmol/L and 60 mmol/L respec-
tively. They were used to study the high sugar to 
the content of MDA and anti-O2-. After cultured 
for 24 h and 72 h, trypsinized EPCs which were 
cultured board were transferred into the tube 
and stored in the refrigerator freezer at -20°C. 
They were retained one hour each time. Then 
they were kept at room temperature waiting for 
ice completely thawed and then placed in the 
-20°C freezer. Continued three times, the cells 
were lysed and make cell homogenates. They 
were stored at -20°C for spare. MDA detection 
test kit was used to detect the content of MDA 
following the instructions steps. MDA content 
(nmol/mL) = (absorbance of measurement tube 

Figure 1. A: Appearance of primary EPCs (100×); B: Dil-acLDL positive cells; C: FITC-UEA-I positive cells; D: Dil-acLDL 
and FITC-UEA-I positive cells.
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Figure 2. Flow Cytometry apoptosis assay for EPCs treated with high glucose in different concentration for 24 h, 48 
h, 72 h, 96 h. A-D: Apoptosis rate of EPCs treated with high glucose in 5.5 mol/L (control), 15 mol/L, 30 mol/L, 60 
mol/L for 24 h. E-H: Apoptosis rate of EPCs treated with high glucose in 5.5 mol/L (control), 15 mol/L, 30 mol/L, 60 
mol/L for 48 h. I-L: Apoptosis rate of EPCs treated with high glucose in 5.5 mol/L (control), 15 mol/L, 30 mol/L, 60 
mol/L for 72 h. M-P: Apoptosis rate of EPCs treated with high glucose in 5.5 mol/L (control), 15 mol/L, 30 mol/L, 
60 mol/L for 96 h.
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- absorbance of tube blank)/(absorbance of 
standard pipe - absorbance of blank pipe) × 
standard sample concentration × test dilution 
before experiment. Anti-superoxide anion radi-
cal and generating superoxide anion radicals 
test kit were used to detect ROS content and 
anti-O2- capacity (expressed with anti-O2- ener-
gy units) according to the instructions steps. 
ROS content (nmol/mL) = (absorbance of mea-
surement tube-absorbance of tube blank)/
(absorbance of standard pipe - absorbance of 
blank pipe) × standard sample concentration × 
test dilution before experiment. Anti-O2- activity 
unit was calculated as follows: anti-O2- activity 
unit (U/L) = (absorbance of measurement tube 
- absorbance of tube blank)/(absorbance of 
standard pipe - absorbance of blank pipe) × 
standard concentration (0.15 mg/ml) × before 
1000 ml × sample test dilution before 
experiment.

Western blotting analysis on the expression 
level of TNFR1 receptor mediated intracellular 
signaling pathways related proteins: EPCs were 
cultured and grouped. The concentration of glu-
cose was 5.5 mmol/L in M199 complete medi-
um control group; the concentration of glucose 
were 15, 30 mmol/L in M199 complete medi-
um high glucose group; 30 mmol/L high glu-
cose + Tempol group was set and cultured for 
24 h and 72 h respectively to investigate the 
influence of high glucose on the expression 
level of endothelial progenitor cells TNFR1 
receptor mediated intracellular signaling path-
ways associated protein TNFR1, TRAF-2, 
TRADD, RIP, NF-kBp65 and Caspase3. The con-
centration of glucose was 5.5 mmol/L in M199 
complete medium control group; the concen-
tration of glucose was 30 mmol/L in M199 
complete medium high glucose group; 30 
mmol/L high glucose + Tempol group + 
MAB430 group was set and cultured for 72 h. It 
was used to study the effect of oxidative stress 
antagonist Tempol, TNFR1 receptor antagonist 
MAB430 on the expression level of TNFR1 
receptor mediated cell signaling pathway asso-
ciated protein TNFR1, NFkBp65 and Caspase3. 
After the cells were washed with pre-cold PBS 

for twice, the cells were placed on ice opera-
tion. RIPA lysis buffer (50 mmol/L Tris-HCI, PH 
7.5, 50 mmol/L NaCI, 1 mmol/L EDTA, 1 
mmol/L PMSF, 0.1 mmol/L NaVO4, 10 mg/mL 
LeuPePtin, 10 mg/mL aprotinin) 200 mL were 
used for cells lysed. Cells from different groups 
were collected in 1.5 ml Eppendorf tubes with 
cell scraper and allowed to stand for 30 min. In 
the intermediate intervals they were given soni-
cation 15 s × 2 times; they were centrifuged at 
12000 rpm 4°C for 30 min. The supernatant 
was the total protein. BCA method was used for 
protein quantification. After the measurement 
of total protein concentration by UV spectro-
photometer, the protein concentration was 
adjusted to 5 μg/ul, and added a 5 × protein 
sample buffer. They were boiled at 95°C for 5 
min, and then placed -70°C refrigerator for 
spare after repackaging. SDS polyacrylamide 
gel was prepared. 50 μg protein samples were 
added to each well, and then run electrophore-
sis with 10% polyacrylamide gel. The separated 
proteins were electro-blotted transferred to a 
nitrocellulose membrane. They were incubated 
overnight with rabbit anti-rat TNFR1, TRAF-2, 
TRADD, RIP, NF-kBp65, Caspase3 β-actin anti-
body. They were cultured with horseradish per-
oxidase labeled goat anti-rabbit secondary 
antibody for 1 hour, and then performed mem-
brane washing, developing and fixing; Scanner 
was used to scan protein bands. Quantity one 
software was used to analyze the gray value of 
each protein band. With β-actin protein expres-
sion serving as internal control, the results 
were analyzed according to relative content of 
protein which was expressed by the ratio of 
bands grayscale value of target protein to 
β-actin.

Statistical analysis

SPSS13.0 statistical software was used for 
data processing. Measurement data were pre-
sented as mean ± standard deviation (uniform). 
t test was used to compare between the two 
groups. ANOVA was used to compare in multi-
ple groups. P<0.05 was considered statistical 
significance among the groups.

Figure 3. A: Effect of high glucose in different concentration for EPCs apoptosis; B: Apoptosis rate changes of EPCs 
treated with glucose with different concentration and in different time 1-4: Represent apoptosis rate changes of 
EPCs treated with 5.5 mol/L (control), 15 mol/L, 30 mol/L and 60 mol/L glucose for 24 h, 48 h, 72 h and 96 h. 
*P<0.01 represents very significant difference between control group and high glucose groups in the same time but 
with different concentration; ΔP<0.01 represents very significant difference between control group in 24 h and high 
glucose groups with the same concentration but in different time; ◊P<0.05 represents very significant difference 
between 60 mol/L high glucose.
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Figure 4. Flow Cytometry apoptosis assay for EPCs treated with mannitol for 72 h; 
A-D: Apoptosis assay for EPCs treated with 15 mol/L (control), 30 mol/L, 60 mol/L, 
90 mol/L mannitol for 72 h. E: Effects on EPCs apoptosis rate after treating with 
different concentration mannitol for 72 h. *P<0.01 represents very significant differ-
ence between control group and mannitol with different concentration in 72 h.
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Figure 5. Flow Cytometry apoptosis assay for EPCs treated with high glucose + Tempol or EPCs + MAB430. 
A-D: apoptosis rate of EPCs treated with 30 mmol/L high glucose + Tempol for 24 h, 48 h, 72 h and 96 h. 
E: Effect of high glucose + Tempol on EPCs apoptosis rate; *P<0.01 represents very significant difference 
between high glucose + Tempol group and high glucose group. F-I: Apoptosis rate of EPCs treated with 30 
mmol/L high glucose + MAB430 for 24 h, 48 h,72 h and 96 h.
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Results

Morphology and identification of endothelial 
progenitor cells

As can be seen from Figure 1A, cultured EPCs 
were adherent cells, fusiform or spindle-shap- 
ed, and had a tendency to aggregate. The cells 
were cultured for 7 days, and then DIL-ac-LDL 
and FITC-UEA-I double fluorescent staining was 
performed; cells were observed under a confo-
cal microscope; double positive cells with red 
and green fluorescence were considered EPCs 
(Figure 1A-C).

Effects of high sugar on EPCs apoptosis

EPCs were respectively treated with 5.5 mol/L 
(control group), 15 mol/L, 30 mol/L and 60 
mol/L glucose; the cells were collected and 
analyzed by flow cytometry at 24 h, 48 h, 72 h 
and 96 h; the results were shown in Figure 
2A-D (24 h), Figure 2E-H (48 h), Figure 2I-L (72 
h) and Figure 2M-P (96 h). Statistical analysis 
of the data was performed to analyze the effect 
of different concentrations of high glucose on 
EPCs apoptosis rate, and the results were 
shown in Figure 3A. As can be seen from Figure 
3A, high glucose can induce apoptosis of EPCs, 
and the higher sugar concentration, the higher 
the EPCs apoptosis rate; the longer the in- 
duction time, the higher the rate of apoptosis o 
f EPCs; the trend was especially more obvi- 
ous after 72 h of induction. The effect of glu-
cose concentration and action time on the 
trend of EPCs apoptosis rate was analyzed  
and the results were shown in Figure 3B; as 
can be seen from Figure 3B, the higher the  
concentration of sugar and the longer the 
induction time, the higher the EPCs apop- 
tosis rate. High glucose stimulation could 
induce the apoptosis of endothelial progeni- 
tor cells, and the apoptosis occurred mainly  
in the later stage of stimulation by high glucose 
(72-96 h) rather than the early stage (24-48 h); 
and the later apoptosis rate was more close- 
ly related with the stimulation time of high 
glucose.

Effect of mannitol treatment on EPCs apopto-
sis

EPCs were respectively treated with 15 mol/L 
(control group), 30 mol/L, 60 mol/L, and 90 
mol/L mannitol; cells were collected after 72 h 
and flow cytometry analysis was performed 
(Figure 4A-D). Statistical analysis was conduct-
ed to compare the impact of different concen-
trations of mannitol treatment on EPCs apopto-
sis rate, and the results were shown in Figure 
4E. Figure 4E showed that with the increase of 
the concentration of mannitol, apoptosis of 
EPCs increased.

Effect of high sugar + TEMPOL treatment on 
EPCs apoptosis

EPCs were treated with 30 mmol/L high glu-
cose + TEMPOL; at 24 h, 48, 72 h, and 96 h, 
cells were collected to do flow cytometry (Figure 
5A-D); the data were statistically analyzed to 
compare the effects of 30 mmol/L high glu-
cose + TEMPOL treatment at different time 
points on EPCs apoptosis rate, and the results 
were shown in Figure 5E. Figure 5E showed 
that in the role of Tempol antagonist of oxida-
tive stress, pro-apoptotic effect of high sugar 
was suppressed.

Effect of high sugar + MAB430 treatment on 
EPCs apoptosis

EPCs were treated with 30 mmol/L high glu-
cose + MAB430; at 24 h, 48,72 h and 96 h, the 
cells were collected and analyzed by flow 
cytometry (Figure 5F-I).

ROS, MDA and anti-anti-O2- detection in EPCs

EPCs were treated with 5.5 mol/L glucose (con-
trol group), 30 mol/L glucose, 30 mol/L glu-
cose + Tempol, and 30 mol/L glucose + 
MAB430; at 24 h and 72 h, the cells were col-
lected and lysed; ROS content was determined 
by colorimetric method (Figure 6A-H). EPCs 
were treated with 5.5 mol/L glucose (control 

Figure 6. A-D: ROS level in EPCs treated with 5.5 mol/L glucose(control), 30 mol/L glucose, 30 mol/L glucose + 
Tempol, 30 mol/Lglucose + MAB430 after 24 h; E-H: ROS level in EPCs treated with 5.5 mol/L glucose (control), 
30 mol/L glucose, 30 mol/L glucose + Tempol, 30 mol/Lglucose + MAB430 after 72 h; I: Effect of high glucose on 
MDA level in EPCs. *P<0.05 represents significant difference between control group and other groups in the same 
time; #P<0.05 represents significant difference between the same group in 24 h and in other time. J: Effect of high 
glucose on anti- O2- level in EPCs; *P<0.05 represents significant difference between control group and other groups 
in the same time; #P<0.05 represents significant difference between the same group in 24 h and in other time.
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group), 15 mol/L glucose, 30 mol/L glucose 
and 60 mol/L glucose; at EPCs 24 h and 72 h, 
the cells were collected and lysed; MDA and 
anti-O2- were measured colorimetrically, shown 
in Figure 6I and 6J. Figure 6A-I showed that 
high glucose could induce oxidative stress 
response; oxidative stress products (ROS and 
MDA) had a significant increase in later stage 
after 72 h. Figure 6J showed that high glucose 
inhibited anti-O2- in EPCs, and the effect was 
particularly more significant at advanced stage 
(72 h).

Western blotting to detect the effect of high 
glucose on associated-protein expression in 
the intracellular signaling pathways EPCs me-
diated by TNFR1 receptor

Western blotting results showed a significant 
increase in protein expression; Oxidative stre- 
ss antagonists, Tempol and TNFR1 receptor 
antagonist MAB430, can reduce the expres-
sion of related protein in TNF apoptosis signal-
ing pathway in 72 h (Figure 7A). Oxidative stress 
antagonists (Tempol and TNFR1 receptor 

Figure 7. Effects of high glucose (A), Tempol and MAB430 (B) on TNFR1 induced signal pathway related protein 
expression. 
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antagonist MAB-430) can reduce the rate of 
apoptosis in the advanced stage of high glu-
cose stimulation (Figure 7B).

Discussion

In a patient with diabetes, high blood sugar can 
cause endothelial dysfunction, thereby causing 
the occurrence and development of vascular 
complications in diabetic patients. This may be 
associated with high glucose-induced EPC dys-
function [11]; poor glycemic control in diabetic 
patients and long-term high blood sugar lead to 
a significant reduction in EPCs, EPC dysfunc-
tion, and weakened angiogenesis and angio-
genesis. Pustovrh [12] has found the reduction 
in the number of EPCs, proliferation, adhesion 
and angiogenesis ability in patients with type I 
and type II diabetes. Yuan Hong et al [13] found 
that high sugar reduced the number of EPC in 
the peripheral blood in a dose and time depen-
dent manner, indicating that EPCS plays an 
important role in the development of peripheral 
vascular disease in diabetes.

Apoptosis is an important form of regulating 
the number of cells in the arterial wall; the inci-
dence and development of diabetic vascular 
complications are closely related with vascular 
endothelial dysfunction. Hyperglycemia, insulin 
resistance and oxidative stress can cause func-
tional and structural changes in endothelial 
cells, and thus lead to vascular damage [14]. 
This study found that high glucose can induce 
apoptosis in endothelial progenitor cells, and 
the higher the concentration of sugar, the more 
significant the apoptosis; moreover, apoptosis 
occurs mainly in the later stimulated period by 
high glucose (72-96 h); the latter apoptosis is 
more closely related with the action time of 
high glucose.

Reactive oxygen species (ROS) are a class of 
oxygen-containing free radicals or molecules 
with a high reactivity, widely involved in intracel-
lular signal regulation, metabolism, survival 
and apoptosis. He extent of ROS accumulation 
can determine the survival state of the cells 
[15]; excessive accumulation of ROS can cause 
oxidative stress in cells, leading to cell damage 
and even death [16]. Ingram et al [17] reported 
that exogenous H202 -induced EPC apoptosis 
was related to the apoptosis signal-regulated 
kinase (ASKI) signal pathway; apoptosis can be 
initiated by a downstream effector molecule 
JNK and p38 kinase after ASKI activation. In 
this study, we examined the oxidative stress-
related products (ROS, MDA, anti-O2-), and 

found that ROS and MDA levels were signifi-
cantly increased in EPCs, while the concentra-
tion of anti-O2- was decreased in a time and 
concentration-dependent manner to some 
extent. It indicated that under high glucose con-
ditions, oxidative stress of EPCs was increased 
and anti-oxidative stress was significantly 
reduced, leading to dysfunction of EPCs. We 
also observed that under high glucose-induced 
high oxidative stress, early apoptosis of rat 
bone marrow-derived EPC increased, and with 
the effect time was prolonged, apoptosis was 
increased. Meanwhile, the addition of antioxi-
dant Tempol and TNFR1 receptor to antagonist 
MAB430 can significantly reduce the rate of 
apoptosis, indicating that oxidative stress was 
closely related with EPC apoptosis; high sugar 
possibly may regulate and increase EPC apop-
tosis through oxidative stress, and further 
cause vascular damage.

Tumor necrosis factor (TNF-α) is a mononuclear 
factor mainly generated by mononuclear phago-
cytic cells, playing a regulatory role in apoptosis 
and inflammatory response. Dome P et al [18] 
found that TNF-α content in the peripheral 
blood of diabetic patients was negatively cor-
related with the number of EPCs. Chen Tugang 
et al [19] found that TNF-α can reduce iNOS 
and eNOS content in EPCs, and iNOS and eNOS 
content decreased with the increasing concen-
tration and action duration of TNF-α. And iNOS 
and eNOS are closely related with the oxidative 
stress in EPCs under high sugar condition. 
Seeger et al [20] found that high glucose can 
induce the apoptosis of endothelial cells, and 
further aggravate TNF-α-induced apoptosis. 
This study found that at the early stage of high 
glucose stimulation (24 h), TNF apoptosis sig-
naling pathway-related protein expression did 
not increase, but after 72 h of stimulation, 
related protein expression was significantly 
upregulated. Oxidative stress antagonists, such 
as Tempol and TNFR1 receptor antagonist 
MAB430, can reduce the expression of related 
protein in TNF apoptosis signaling pathway in 
72 h. So we speculated that one of the mecha-
nisms of EPC apoptosis induced by high glu-
cose may be that high glucose-induced oxida-
tive stress activated apoptotic receptor TNFR, 
further triggered programmed cell death.
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