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ABSTRACT

Objective: PGC-1α achieves the protective effect of TNF-α-induced injury to human umbilical vein endothelial cells by inhibiting 
the Ca2+/NFAT pathway.

Methods: Human umbilical vein endothelial cells were treated with 20, 40, and 80 ng/mL TNF-α to create three models with 
different degrees of cell injury. The human umbilical vein endothelial cells were cultured in vitro and transfected by interfering with the 
PGC-1α RNA lentivirus. The silencing of the PGC-1α gene was divided into two groups: the control group and the down-regulation of 
the PGC-1α gene group. The effects of different concentrations of TNF-α on apoptosis of human umbilical vein endothelial cells were 
determined by flow cytometry. The expression of intracellular genes was detected by real-time quantitative PCR, and the expression of 
intracellular protein was measured by western blot assay. The concentrations of mtROS and Ca2+ were measured.

Results: After human vein endothelial cells were treated for 24 h with different concentrations of TNF-α, the apoptosis rate 
gradually increased with the increase of TNF-α concentration, and the difference was statistically significant compared with the 
control group (P<0.05). The expression of PGC-1α mRNA in each group was significantly lower than that of the control group 
after human venous endothelial cells were treated for 24 h of with different concentrations of TNF-α (P<0.05). After treatment with 
different concentrations of TNF-α, the relative expression rate of PGC-1α protein in each group was remarkably lower than that 
in the control group (P<0.05). The expression of NFAT1 mRNA in the TNF-α 40 and 80 ng/mL treatment groups was significantly 
higher than that in the control group (P<0.05), and the expression of NFAT2 mRNA in different concentrations of the TNF-α treatment 
groups was markedly higher than that in the control group (P<0.05). The expression of NFAT1 protein in the TNF-α 40 and 80 ng/mL 
treatment groups was significantly higher than that in the control group (P<0.05), and the expression level of NFAT2 protein in different 
concentrations of TNF-α treatment group was clearly higher than that in the control group (P<0.05). The intracellular mROS and 
Ca2+ concentrations were significantly higher than that in the control group after the down-regulation of the PGC-1α gene expression 
(P<0.05). After down-regulating the expression of the PGC-1α gene, the levels of NFAT1, NFAT2, mRNA, and protein in the cells were 
significantly higher than those in the control group (P<0.05).

Conclusion: 20, 40, and 80 ng/mL of TNF-α can induce different degrees of human umbilical vein endothelial cell injury. PGC-
1α has a protective effect on this kind of cell injury, and its related mechanism may be to inhibit the Ca2+/NFAT signalling pathway by 
reducing the intracellular mtROS concentration, and thus to protect damaged cells.
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Introduction

Atherosclerosis, a common cardiovascular dis-
ease caused by many factors, is usually preceded 
by the accumulation of lipids and compound carbo-
hydrates. Lipid metabolic disorders are the basis of 
its lesions, which are characterised by high specific 
chronic inflammation reflected by cell molecules. 
Vascular endothelial injury is an important mani-
festation of cardiovascular diseases, and such injury 

can lead to atherosclerosis by promoting the prolif-
eration of macrophages and vascular smooth muscle 
cells. Inflammation and oxidative stress play a very 
important role in this process(1). Inflammatory fac-
tors such as tumour necrosis factor-α (TNF-α) and 
lipopolysaccharide can cause vascular endothelial 
cell injury. TNF-α is rich in cells and plays an im-
portant role in maintaining the stability of the cardi-
ovascular internal environment. It can promote the 
expression of adhesion molecules by acting on the 
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surface of vascular endothelial cells(2). It can also 
bind to its receptor to form multi-molecular com-
plexes that activate IkB kinase and induce phospho-
rylation of IkB-α. Free NF-kB can be transferred 
into the nucleus to promote the expression of various 
pro-inflammatory chemokines, resulting in the inju-
ry of human vascular endothelial cells(3). Peroxisome 
proliferator-activated receptor (PPAR)-γ co-activat-
ing factor-1α (PGC-1α) is a transcriptional donor 
activating factor, and it is widely involved in such 
physiological processes as mitochondrial biosyn-
thesis, hepatic glucose heterosis, and adaptive heat 
production(4). In recent years, it has been shown that 
PGC-1α is involved in oxidative stress and angio-
genesis, which can reduce the production of reactive 
oxygen species (ROS) and the expression of vascu-
lar wall adhesion molecules in the mitochondria and 
the cells induced by TNF-α. NFAT is a nuclear tran-
scription factor that can promote the transcription of 
inflammatory genes. PGC-1α plays an inflammato-
ry role in endothelial cells through the Ca2+/NFAT 
pathway(6). Therefore, the purpose of this study is to 
analyse the protective effect of PGC-1α on TNF-α-
induced injury of human umbilical vein endothelial 
cells by inhibiting the Ca2+/NFAT pathway.

  
Materials and methods

Experimental reagents and instruments  
The human umbilical vein endothelial cell 

line was provided by Shanghai cell bank of Chi-
nese Academy of Sciences. The TNF-α inducer was 
purchased from the R & D company (USA). Foetal 
calf serum was purchased from the Lanzhou Rongye 
Biotechnology Co., Ltd. Trizol was purchased from 
the Sigma company (USA). EP centrifuge tubes were 
purchased from the Axygen company (USA). The 
CCK-8 kit was purchased from Dojindo Chemistry, 
Japan. The BCA protein examination kit was pur-
chased from Jiangsu Beyotime Biotechnology Co., 
Ltd. The anti-PGCα and anti-NFAT antibodies were 
purchased from the CST company.

The ultra-purification worktable was purchased 
from the AIRTECH company. The high-pressure 
steam steriliser was purchased from the American 
ZEALWAY company. The carbon dioxide incu-
bator, low-temperature high-speed centrifuge, and 
automatic enzyme-reader were purchased from the 
Thermo Fisher company (USA). The inverted opti-
cal microscope was purchased from the Guangzhou 
Gangran Mechanical and Electrical Equipment Co., 
Ltd. The ultraviolet spectrophotometer and vertical 

electrophoresis were purchased from the Bio-Rad 
company (US). The real-time quantitative PCR in-
strument was purchased in ABI Prism7500.

Cell culture and grouping
The frozen human umbilical vein endothelial 

cell strain was placed in an incubator at 37 ℃ for 
melting. After centrifugation of the cell strain, the 
DMEN culture solution containing 10% foetal bo-
vine serum was added, and the cells were cultured 
under the condition of 5% CO2 at 37 ℃. Cells at the 
logarithmic growth stage with good growth were 
taken for cell passage. Then trypsin digestion was 
carried out to prepare the cell suspension, which was 
stored at -80 ℃ for later use. The cultured cells were 
divided into the control group and treatment groups 
of 20, 40, and 80 ng/mL TNF-α.

The human umbilical vein endothelial cells 
were cultured in vitro and transfected by interfering 
with the PGC-1α RNA lentivirus. The silencing of 
PGC-1α gene was divided into two groups: the con-
trol group and the group for down-regulation of the 
PGC-1α gene.

 
Detection method  
Apoptosis was detected by flow cytometry
The human umbilical vein endothelial cell 

strain with logarithmic growth was taken, and trypsin 
digestion was carried out to prepare the cell suspen-
sion. The cells were inoculated on a 6-well plate at 
a concentration of 1 × 105 ml, and the original me-
dium was replaced with medium containing 20, 40, 
and 80 ng/mL TNF-α. After a series of operations, 
such as washing, digestion, and centrifugation, apop-
tosis was detected by flow cytometry.

The gene expression in the cells was detected 
by real-time quantitative PCR 

The human umbilical vein endothelial cell 
strain with logarithmic growth was taken and inoc-
ulated on 12-well plates. Then 1 ml of Trizol was 
added to each well and total RNA was extracted. 
The RNA reverse transcription was performed with 
reference to the PrimeScript kit specification of Ta-
kara company, the resulting cDNA was diluted 30 
times with dd H2O, and an internal reference was set. 
The PCR dilated gene fragment reaction was carried 
out using fluorescence quantitative PCR instrument, 
and the expression of genes in the relative quantita-
tive samples was calculated. The expression of intra-
cellular protein was detected by western blot assay. 
Human umbilical vein endothelial cells were treated 
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with 20, 40, and 80 ng/ml TNF-α for 24 h, and then 
the cell culture medium was discarded. After a series 
of operations such as washing, digestion, and centrif-
ugation, 15 times diluted samples and standard prod-
ucts were added to a 96-well plate, and 200 μL BCA 
working liquid was added to each well according to 
the instructions of the BCA protein concentration kit. 
After incubation, the OD value at 540nm was meas-
ured, and the protein concentration was calculated.

Detection of mtROS concentration
The human umbilical vein endothelial cell 

strain with logarithmic growth was taken and in-
oculated on 12-well plates. The control group and 
the down-regulated PGC-1α gene group after cell 
adherence were replaced with the original medium 
with fresh DMEM medium. After 24 h, the cell 
culture medium was discarded and HBSS with 5 
μmol / ml Mito SOX was added. After incubation, 
the cells were rinsed three times and photographed 
under a microscope, and the fluorescence intensity 
was analysed.

Detection of Ca2+ concentration
The human umbilical vein endothelial cell 

strain with logarithmic growth was taken and inoc-
ulated on 12-well plates. The control group and the 
down-regulated PGC-1α gene group after cell ad-
herent were replaced with the original medium with 
fresh DMEM medium. After 24 h, the cells were 
rinsed and the Fluo-3AM working solution was add-
ed. After incubation, the cells were photographed 
under a microscope, and the fluorescence intensity 
was analysed.

Statistical method 
The measurement data were represented by 

mean ± standard deviation (x̅±s). A t-test was used 
to compare the groups, and single-factor variance 
analysis was used to compare multiple groups. 
P<0.05 indicates that the difference between groups 
has statistical significance. The data were analysed 
using the SPSS21.0 software package.

Results

The effect of different concentration of 
TNF- α on the apoptosis of human umbilical vein 
endothelial cells

Flow cytometry showed that after human vein 
endothelial cells were treated for 24 h with different 
concentrations of TNF-α, the apoptosis rate gradual-

ly increased with the increase of TNF-α concentra-
tion, and the difference was statistically significant 
compared with the control group (P<0.05). The re-
sults are shown in Figure 1.

Changes of PGC-1α mRNA and protein levels 
in human umbilical vein endothelial cells treated 
with different concentrations of TNF-α

The results of real-time quantitative PCR detec-
tion showed that the expression of PGC-1α mRNA 
in each group was significantly lower than that of 
the control group after 24 h of treatment of human 
venous endothelial cells with 20, 40, and 80 ng/ml of 
TNF-α (P<0.05). 

The western blot assay showed that, after treat-
ment with different concentrations of TNF-α, the 
relative expression rate of PGC-1α protein in each 
group was remarkably lower than that in the control 
group (P<0.05). The decrease of PGC-1α mRNA 
and protein level depended on the stimulation con-
centration of TNF-α. The results are shown in Fig-
ure 2 and Table 1.

Figure 1: The effect of different concentration of TNF-α 
on the apoptosis of human umbilical vein endothelial cells.

Figure 2: Changes of PGC-1α protein levels in human 
umbilical vein endothelial cells with the treatment of dif-
ferent concentrations of TNF-α.
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Changes of NFAT1, NFAT2 mRNA, and pro-
tein levels in human umbilical vein endothelial 
cells with different concentrations of TNF-α

The real-time quantitative PCR detection 
showed that the expression of NFAT1 mRNA in 
the TNF-α 40 and 80 ng/mL treatment groups was 
significantly higher than that in the control group 
(P<0.05), and the expression level of NFAT2 mRNA 
in different concentrations of TNF-α treatment 
group was markedly higher than that in the control 
group (P<0.05). The western blot assay showed that 
the expression of NFAT1 protein in the TNF-α 40 
and 80 ng/mL treatment groups was significantly 
higher than that in the control group (P<0.05), and 
the expression level of NFAT2 protein in different 
concentrations of TNF-α treatment group was clear-
ly higher than that in the control group (P<0.05). The 
results are shown in Figure 3 and Table 2.

Effect of the down-regulation of PGC-1α on 
the concentration of mtROS and Ca2+ in human 
umbilical vein endothelial cells

The concentrations of intracellular mROS and 
Ca2+ were significantly higher than that in the control 
group after down-regulation of PGC-1α gene expres-
sion (P<0.05). The results are shown in Figure 4.

Effect of down-regulation of PGC-1α on the 
expression of NFAT1, NFAT2, mRNA, and protein 
in human umbilical vein endothelial cells

After down-regulating the expression of PGC-
1α gene, the levels of NFAT1, NFAT2 mRNA and 
protein in the cells were significantly higher than 
those in the control group (P<0.05). The results are 
shown in Figure 5 and Table 3.

Groups Cases PGC-1α mRNA PGC-1α protein

Control group 5 1.00±0.01 2.15±0.35

TNF-α 20ng/ml 5 0.51±0.06* 1.57±0.05*

TNF-α 40ng/ml 5 0.08±0.04*# 0.78±0.07*#

TNF-α 80ng/ml 5 0.02±0.01*# 0.51±0.11*#

Groups Cases NFAT1 
mRNA

NFAT2 
mRNA

NFAT1 
protein

NFAT2 
protein

Control 
group 5 1.00±0.04 1.00±0.06 0.57±0.02 0.62±0.03

Down-regulation 
of the PGC-1α 

gene group
5 2.34±0.02* 2.26±0.07* 0.96±0.09* 0.92±0.02*

Group Cases NFAT1 
mRNA

NFAT2 
mRNA

NFAT1 
protein

NFAT2 
protein

Control 
group 5 1.00±0.05 1.00±0.07 0.54±0.11 0.09±0.03

TNF-α 20 
ng/ml 5 0.91±0.06 1.95±0.09* 0.51±0.03 0.18±0.03*

TNF-α 40 
ng/ml 5 1.98±0.15*# 2.74±0.41*# 0.96±0.44*# 0.37±0.13*#

TNF-α 80 
ng/ml 5 2.94±0.01*# 3.75±0.16*# 1.20±0.08*# 0.65±0.05*#

Table 1: Changes of PGC-1α mRNA and protein levels 
(x̅±s). 
Notes: Compared with the control group, *P<0.05; compared 
with TNF-α 20 ng/ml group, #P<0.05; Compared with TNF-α 
40 ng/ml group, P<0.05.

Table 2: Changes of NFAT1, NFAT2 mRNA and protein 
levels (x̅±s). 
Notes: Compared with the control group, *P<0.05; compared 
with TNF-α 20 ng/ml group, #P<0.05; Compared with TNF-α 
40 ng/ml group, P<0.05.

Table 3: Changes of NFAT1, NFAT2 mRNAa and protein 
levels (x̅±s). 
Notes: Compared with the control group, *P<0.05.

Figure 3: Changes of NFAT1 and NFAT2 protein levels.

Figure 5: Changes of NFAT1 and NFAT2 protein levels.

Figure 4: Effect of down-regulation of PGC-1α on the 
concentration of mtROS and Ca2+ in human umbilical vein 
endothelial cells.
Notes: Compared with the control group, *P<0.05. A: mtROS 
concentration change; B: Ca2+ concentration change.
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Discussion

Atherosclerosis is a kind of chronic injury in-
flammatory reaction. Its pathogenesis is not clear, but 
it is closely related to obesity, metabolic syndrome, 
and other diseases. Lipids deposited under endarte-
rium are characteristic of its pathological changes. 
This study shows that the destruction of vascular en-
dothelial cells, the proliferation of vascular smooth 
muscle cells, infection, and abnormal lipid metab-
olism are closely related to the formation of ather-
osclerotic plaques(7). Vascular endothelial cells can 
not only maintain the integrity of blood vessels, but 
also the origin of oxidative injury. Oxidative stress 
is involved in the process of endothelial cell injury, 
and inflammation is involved in the process of ath-
erosclerosis(8). TNF-α is a pro-inflammatory factor 
secreted by activated mononuclear cells. It can pro-
mote apoptosis of endothelial cells by mediating ox-
idative stress, and it may also mediate the inflamma-
tory response and induce an inflammatory response 
of the vascular smooth muscle cells(9). This study 
used an injury model of human umbilical vein en-
dothelial cells induced by different concentrations of 
TNF-α. Flow cytometry showed that the apoptosis 
rate increased gradually with the increase of TNF-α 
concentration. This suggests that TNF-α can induce 
injury of human umbilical vein cells, and it is specu-
lated that TNF-α may be one mechanism of cell inju-
ry. In 1998, PGC-1α was found in the brown adipose 
tissue of mice by foreign scholars. Human PGC-1α 
gene is on chromosome 4p15.1, contains 2394 bas-
es, and comprises 13 exons. It has obvious tissue 
expression specificity, and it is highly expressed 
in skeletal muscle, the heart, the kidney, and other 
tissues rich in mitochondria(10). Recent studies have 
found that PGC1α is the central regulatory factor of 
mitochondrial function and biosynthesis, which can 
activate the NBF-1 target gene through transcription 
and participate in the regulation and transcription 
of the mitochondrial respiratory gene. In addition, 
PGC-1α has diverse biological effects on potential 
integrated transcription factors, and it plays a key 
role in the biosynthesis and oxidative stress of the 
mitochondria(11). Activation of T-cell nuclear factor 
NFAT affects cell damage and apoptosis. It mainly 
exists in the cytoplasm of cells. After activation, it 
can promote the expression of inflammation-related 
genes and induce inflammation, in which the expres-
sion of NFAT1 and NFAT2 is most obvious in the 
endothelial cells(12). Studies have found that NFAT 
can induce apoptosis and inflammation of vascu-

lar smooth muscle cells by inhibiting insulin(13). 
The results showed that the levels of PGC-1α gene 
and protein were significantly down-regulated and 
NFAT1, NFAT2 gene, and protein were remarkably 
up-regulated in the injury of human umbilical vein 
cells induced by TNF-α. This suggests that PGC-1α 
and NFAT activation may be involved in TNF-α-in-
duced injury of human umbilical vein cells.

Oxidative stress is an unbalanced state between 
oxidant and antioxidant. ROS plays a key role in ox-
idative stress, which can cause local inflammation 
by activating BF-kB and other nuclear transcription 
factors to release a variety of factors(14). 

Oxidative stress can also cause Ca2+ influx. Re-
lated studies have shown that the migration of en-
dothelial cells is related to the M4 transient receptor 
potential channel induced by oxidative stress-reg-
ulated Ca2+(15). This study showed that the intracel-
lular mtROS, Ca2+ concentration, NFAT1, NFAT2 
mRNA, and protein levels were significantly higher 
than those in the control group after down-regulat-
ing the PGC-1α gene expression. This suggests that 
PGC-1α can reduce the generation of mtROS and 
decrease the Ca2+ concentration, inhibit the expres-
sion level of NFAT1 and NFAT2, and play a protec-
tive role in damaged cells. 

In conclusion, 20, 40, and 80 ng/ml TNF-α can 
lead to different degrees of human umbilical vein 
endothelial cell damage, and PGC-1α has a protec-
tive effect on this kind of cell injury. The related 
mechanism may be to reduce the level of the intra-
cellular mtROS concentration and further inhibit 
the Ca2+/NFAT signalling pathway, to protect the 
damaged cells.
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