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Abstract. The aim of the present study was to examine the 
protective effects and mechanisms of S100 calcium‑binding 
protein A4 (S100A4) on endothelial cell apoptosis induced 
by oxidative stress injury. Endothelial cells were cultured 
and divided into control and oxidative stress injury groups, 
with the latter state induced by H2O2. Endothelial cells in 
every group were incubated with or without 50 or 100 µM 
S100A4. The cell viability and amounts of malondialdehyde, 
nitric oxide and lactate dehydrogenase in the culture medium 
were measured. The apoptotic index was detected by TUNEL 
staining. Western blot and immunoprecipitation analyses were 
used to detect the expression levels and the association between 
S100A4 and P53. H2O2 treatment led to oxidative stress injury 
in the cultured vascular endothelial cells, a decrease in the cell 
viability and an increase in the rate of apoptosis of vascular 
endothelial cells compared with the negative control group. 
Exogenous S100A4 serves a significant function against 
oxidative stress injury (P<0.05), increasing the viability and 
attenuating the apoptotic rate of endothelial cells. Western 
blotting results suggested that the protein levels of S100A4 
and P53 increased subsequent to oxidative stress injury and 
that exogenous S100A4 increased the expression of P53 in the 

cytoplasm and decreased the expression of P53 in nucleus. The 
immunoprecipitation assay results revealed a protein‑protein 
interaction between S100A4 and P53. These results suggested 
that rat recombinant S100A4 serves an anti‑apoptotic function 
in oxidative stress injury. This effect of S100A4 is mediated, 
at least in part, via the inhibition of the translocation of P53 to 
the nucleus.

Introduction

In 2012 the World Health Organization (WHO) estimated that 
cardiovascular disease accounted for 30% of the total number 
of mortalities per year and is the leading cause of mortality 
worldwide (1). WHO predicts that cardiovascular mortality 
will rapidly increase up to 2030 (1,2). Vascular endothelial 
cells possess numerous biological functions, including the 
regulation of vascular tone, secretion of vasoactive substances 
and anti‑platelet aggregation, serving an important role in 
maintaining the function of the cardiovascular system. A 
previous study demonstrated that the incidence of vascular 
disease in patients with impaired endothelial function was 
significantly increased compared with that in patients with 
normal endothelial function  (3). Endothelial cell injury 
induced by oxidative stress is an important cause of vascular 
endothelial dysfunction and serves a crucial function in the 
occurrence of cardiovascular diseases (4). Vascular endothe-
lial cell apoptosis is the primary form of oxidative stress injury 
and a prelude to the occurrence and evolution of multiple types 
of cardiovascular diseases (5). Wild type P53 is bound to four 
specific sites in the form of tetramer, which is associated with 
cell stress response, cell cycle and cell apoptosis (6).

The S100 protein, whose molecular weight is 11‑12 kDa, 
belongs to the family of calcium binding proteins. It is 
highly homologous with calmodulin (7,8). The S100 protein 
family serves an important function in cell proliferation, 
differentiation, muscle contraction, gene expression and cell 
apoptosis  (9,10). Dysfunction of S100 protein may cause 
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different diseases. S100 calcium‑binding protein A4 (S100A4) 
is a member of the S100 family and is associated with the 
occurrence, development and prognosis of tumors (11). Studies 
have indicated that the S100A4 protein not only is expressed 
in the cardiovascular endothelium, but also functions in 
promoting angiogenesis (12,13).

Previous studies have indicated that S100A4 binds the C 
terminal region of the P53 protein, which affects the subcel-
lular localization and transcriptional activity of P53 (14). This 
combination affects apoptosis. The aim of the present study 
was to investigate whether the S100A4 protein exhibits a 
protective effect on oxidative stress injury of endothelial cells 
and to elucidate its mechanism. By establishing an oxidative 
stress damage model in vascular endothelial cells, the effect 
of S100A4 protein on oxidative stress injury of vascular 
endothelial cells was observed. The effect of S100A4 protein 
on cardiovascular endothelial cell apoptosis through the P53 
pathway was also examined. Based on these experiments, the 
present study preliminarily clarified the regulatory mechanism 
of S100A4 protein on the apoptosis of vascular endothelial 
cells.

Materials and methods

Antibodies and reagents. The following antibodies were used: 
P53 (cat. no. 10442‑1‑AP; ProteinTech Group, Inc. (Chicago, 
IL, USA), Caspase 3 (cat. no. ab13847; Abcam, Cambridge, 
MA, USA), p17‑specific antibody (cat. no.  25546‑1‑AP; 
Proteintech Group, Inc.), S100A4 (ab41532; Abcam) and 
β‑actin (cat. no. 60008‑1‑Ig; Proteintech Group, Inc.). S100A4 
(cat. no. ab41532) was purchased from Abcam. The following 
reagents were used: Rat Lactic Dehydrogenase (LDH; cat. 
no. E‑0672; Meilian Shengwu, Shanghai, China), nitrous oxide 
(NO; cat. no. KGE001; R&D Systems, Inc. Minneapolis, MN, 
USA), Malondialdehyde (MDA; cat. no. ab118970; Abcam), 
superoxide dismutase (SOD; cat. no.  DYC3419‑2; R&D 
Systems). Rat recombinant S100A4 protein was expressed and 
purified in the Performance Medicine Laboratory of Tianjin 
Institute of Health and Environmental Medicine (Tianjin, 
China). Cell Death Detection kit (cat. no. G3250, Promega) 
was from Promega Corporation (Madison, WI, USA). 
Hydrogels incubated with PBS alone were used as negative 
controls. All the experiments were repeated at least three 
times. The microscopy (OLMPUS CK40, Olympus corpora-
tion, Tokyo, Japan) was preserved in cell culture room and 
utilized to observe endothelial cells without fixing embedding 
and staining at 25˚C. The magnification used was x100.

Cell culture and treatment. Rat aortic endothelial cells 
(RAECs) were isolated and cultured as described previously, 
with minor modifications (15). The thoracic aorta were excised 
from 3 male Wistar rats (150‑180 g) after they were sacrificed 
humanely by injecting with 40 mg anesthetic (chloral hydrate) 
per 100 g of body weight and immediately placed in cold PBS 
containing 100 U/ml penicillin and 100 mg/ml streptomycin. 
The aorta was cut into 1 mm‑wide rings subsequent to the 
removal of the periadventitial fat. Following transfer to a 
T‑25 cm2 flasks (NalgeNunc International, Penfield, NY, USA), 
the rings were cultured in Medium 199 (cat. no. 11150059, 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 

containing 20% fetal bovine serum (FBS; cat. no. 10099141, 
Gibco; Thermo Fisher Scientific, Inc.), 2.5 ng/ml basic fibro-
blast growth factors, 100  U/ml penicillin and 100  mg/ml 
streptomycin. The aorta rings were placed at 37˚C in a humidi-
fied atmosphere with 5% CO2 for 72‑80 h without movement. 
All pieces of aorta rings were removed when cells migrated. 
In experiments, M199 medium supplemented with 1% bovine 
serum albumin (cat. no.  B2064; Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) was used. All experiments were 
performed with RAECs up to 4 passages. Male Wistar rats 
were gained from the Experimental Animal Room of the 
Institute of Health and Environmental Medicine (Tianjin, 
China). The rats were maintained under standard conditions 
(ambient temperature 21‑23˚C; with a 12 h dark‑light cycle) 
with ad libitum access to food and tap water. This study was 
approved by the committee of the Institute of Health and 
Environmental Medicine, Tianjin, China.

The cells were divided into the following groups: i) A 
normal control group incubated in Medium 199 (NC); ii) a 
H2O2 injury group incubated in Medium 199 containing 
100 µM H2O2 (HI); and two S100A4‑treated groups incu-
bated with iii) 50 µM or iv) 100 µM S100A4 in Medium 199 
containing 100 µMH2O2 [(HI+S100A4 (50 µM)/HI+S100A4 
(100 µM)]. In the MTT and ELISA analysis, two groups were 
added to detect whether S100A4 had damaged the cells. They 
were NC+S100A4 (50 µM) and NC+S100A4 (100 µM) groups.

Cell proliferation assay. Cell proliferation was determined 
using an MTT assay. A total of ~3x103 endothelial cells were 
plated into each well of a 96‑well plate. Following overnight 
incubation at 37˚C, the cells were treated with 100 µM H2O2, 
H2O2+S100A4 (50/100 µM) for 48 h. Then the medium was 
removed and MTT (20 µl of 5 mg/ml) was added to each well 
and incubated at 37˚C for 4 h. Plates were agitated at low speed 
(16.77 x g) 37˚C for 10 min and the purple‑colored precipitates 
of formazan were dissolved in 150  µl dimethyl sulfoxide. 
Absorbance was measured at 490 nm using an ELISA plate 
reader. The reduction in viability of in H2O2‑treated endothelial 
cells was expressed as a percentage compared with non‑H2O2 
treated control cells. Control cells were considered 100% viable.

ELISA assay. The levels of LDH (Rat LDH ELISA kit; cat. 
no. E‑0672; Meilian Shengwu), NO (Total Nitric Oxide and 
Nitrate/Nitrite Parameter assay kit; cat. no. KGE001; R&D 
Systems), MDA (MDA assay kit; cat. no. ab118970; Abcam), 
and SOD (Human/Mouse/Rat Total SOD2/Mn‑SOD DuoSet 
IC ELISA kit; cat. no. DYC3419‑2; R&D Systems) from endo-
thelial cell medium were quantified by ELISA assay according 
to the manufacturer's protocol.

Assessment of apoptosis by TUNEL staining. Cells apoptosis 
was determined by double‑labeling TUNEL immunofluores-
cence staining. A total of 2x104 RAECs with Medium 199 (cat. 
no. 11150059; Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 10% FBS were seeded into each well of a 48‑well 
plate. Following the aforementioned experimental treatments, 
cells were fixed in 4% paraformaldehyde for 30 min at room 
temperature. Subsequently, the cells were incubated with 3% 
H2O2 in methanol for 10 min at room temperature to block 
endogenous peroxidase activity, and were then incubated 
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with 0.1% Triton X‑100 in 0.1% sodium citrate for 2 min at 
4˚C. After washing in PBS, the cells were incubated with the 
TUNEL reaction mixture containing 5 µl enzyme solution and 
45 µl fluorochrome‑labeled solution at 37˚C for 60 min in the 
dark. For counterstaining, the cells were incubated with DAPI 
for 15 min at room temperature. The cells were observed using 
a fluorescence microscope, in which 10 fields were randomly 
selected. The TUNEL+ and DAPI+ nuclei in the cells were 
counted manually. The percentage of apoptotic cells was 
calculated as the ratio of the number of TUNEL‑positive 
cells to the total number of cells, which were counted using a 
fluorescence microscope.

Western blot analysis. The 4 groups of cells (described 
above) were harvested. The cells samples were homogenized 
in a Radio‑Immunoprecipitation Assay (RIPA) lysis buffer 
[50 mM Tris (pH 7.4), 150 mM NaCl, 1% TritonX‑100, 1% 
sodium deoxycholate, 0.1% SDS]. Protein concentrations were 
determined with a BCA assay kit (Pierce; Thermo Fisher 
Scientific, Inc.). The proteins (10 µl in each line) were sepa-
rated using a 10% gel with SDS‑PAGE and transferred onto 
nitrocellulose membranes. Membranes were blocked with 
TBS‑Tween‑20 (0.05%) containing 5% non‑fat milk for 2 h at 
room temperature and incubated with the following primary 
antibodies, anti‑β‑actin (1:1,000, 60008‑1‑Ig, Proteintech 
Group, Inc.), anti‑P53 (1:500, 10442‑1‑AP, Proteintech Group, 
Inc.), anti‑cleaved‑caspase‑3 (1:1,000, 25546‑1‑AP, Proteintech 
Group, Inc.), anti‑S100A4 (1:250, ab41532, Abcam) overnight 
at 4˚C. The membranes were then incubated with secondary 
antibody, goat anti‑rabbit antibodies (1:5,000, ZB‑2301, 
ZSGB‑Bio) conjugated with horseradish peroxidase for 1 h 
at room temperature (25˚C). A SuperSignal™‑enhanced 
chemiluminescent substrate (Pierce; Thermo Fisher Scientific, 
Inc.) was applied to the probed membrane for 3 min at room 
temperature. The blots were quantified via densitometry using 
ImageJ software (version 1.37; National Institutes of Health, 
Bethesda, MA, USA).

Immunoprecipitation (IP). Endothelial cells were seeded in 
10‑cm dishes, followed by stimulation (37˚C) with or without 
100 µM H2O2 for 48 h. Subsequently, the HepG2 cell (Tianjin 
Saierbio Biotechnology Co., Ltd., Tianjin, China) lysates were 
prepared with 1% Tris‑Triton cell lysis buffer (Cell Signaling 
Technology, Inc., Danvers, MA, USA) pre‑mixed with 1 mM 
phenylmethanesulfonyl fluoride on ice for 30 min and centri-
fuged (4˚C) at 12,000 x g for 30 min. The supernatants were 
incubated (4˚C) overnight with 30 µl Dynabeads protein A 
or protein G (Thermo Fisher Scientific, Inc.) pre‑coated with 
anti‑S100A4 (1:250, Abcam) antibodies. The immunocom-
plexes were subjected to western blot analysis. The normal 
corresponding immunoglobulin G control was assayed 
simultaneously.

Statistical analysis. Data are presented as the mean ± standard 
deviation. Statistical analysis was performed using a Student's 
t‑test for paired samples or a single‑factor analysis of variance 
with Student‑Newman‑Keuls post‑hoc test as appropriate by 
SPSS software (version 20.0; IBM Corp., Armonk, NY, USA). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

S100A4 may inhibit the cell morphological changes induced 
by H2O2. Visible under a phase contrast microscope, in the 
NC group the endothelial cells were polygonal and exhibited a 
clear structure, uniform size and single paving stone‑like close 
spacing. The cell morphology of the NC+S100A4 groups was 
almost identical to that of the NC group. In the HI group, the 
endothelial cells exhibited shrinkage, roundness and clearance. 
There were vacuoles and nuclear chromatin condensation and 
aggregation in the cytoplasm of the cell. Cells demonstrated 
a disordered arrangement, losing the typical single layer 
paving stone‑like arrangement. In the HI+S100A4 groups, 
cell morphology and structure were predominantly clear 
(Fig. 1A). The arrangement and morphology of the cells was 
not markedly changed compared with the NC group.

The MTT assay easily and effectively evaluates the 
activity of cells. The cell survival rate of the oxidative stress 
injury group was significantly decreased compared with that 
of the NC group (P<0.05), suggesting that H2O2 may cause 
endothelial cell death. There were no significant differences 
in cell survival rate between the NC, NC+S100A4 (50 µM) 
and NC+S100A4 (100 µM) groups following administration 
of S100A4 protein, which indicated that exogenous S100A4 
protein demonstrated no significant effect on endothelial 
cells. In addition, the cell survival rate of the 50 and 100 µM 
HI+S100A4 groups was significantly increased compared 
with that in the HI group, but remained significantly decreased 
compared with that of the NC group (P<0.05) and the cell 
survival rate of HI+S100A4 (100 µM) group was increased 
compared with that of the HI+S100A4 (50  µM) group 
(Fig. 1B). This indicated that S100A4 protein may improve 
the survival rate of these cells.

Effect of S100A4 protein on LDH, NO, MDA and SOD in 
cultured endothelial cells induced by oxidative stress. The 
results indicated that the LDH activity and MDA content of 
HI group were significantly increased compared with those of 
the NC group (P<0.01), while NO content and SOD activity 
were significantly decreased compared with those of the NC 
group (P<0.01), suggesting that H2O2 oxidatively damaged 
these cells. However, the LDH values of the 50 and 100 µM 
HI+S100A4 groups were significantly decreased compared 
with that of the HI group, but remained significantly increased 
compared with that of the NC group (P<0.05). The LDH value 
of the HI+S100A4 (100 µM) group was decreased compared 
with that of the HI+S100A4 (50 µM) group (P<0.05; Fig. 2A). 
The NO content of 50 and 100 µM HI+S100A4 groups was 
significantly increased compared with that of the HI group, 
but remained significantly decreased compared with that of 
the NC group (P<0.05; Fig. 2B). The content of NO in the 
HI+S100A4 (100 µM) group was increased compared with that 
in the HI+S100A4 (50 µM) group (P<0.05; Fig. 2B). The MDA 
content results demonstrated that different doses of S100A4 
protein may significantly reverse the increase in MDA levels 
induced by H2O2 injury (P<0.05; Fig. 2C). The SOD activities 
in the 50 and 100 µM HI+S100A4 groups were significantly 
increased, compared with the HI group (P<0.05; Fig. 2D). The 
experimental results indicated that S100A4 protein prevented 
oxidative damage.
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Figure 1. S100A4 suppresses apoptosis. Cultured rat vascular endothelial cells 12 h after H2O2 injury with and without S100A4 treatment prior to fixing with 
4% paraformaldehyde for the apoptosis assay. (A) Cell morphology was detected by light microscopy scale bar 50 µm; (B) Proliferation of cells was determined 
by the MTT assay. *P<0.05 vs. H2O2 group. S100A4, S100 calcium‑binding protein A4; NC, normal control; HI, hypoxic injury induced by H2O2.

Figure 2. Effect of S100A4 protein on (A) LDH, (B) NO, (C) MDA and (D) SOD in cultured endothelial cells induced by oxidative stress. *P<0.05 vs. the H2O2 
group. LDH, lactate dehydrogenase; NO, nitrous oxide; MDA, malondialdehyde; SOD, superoxide dismutase; S100A4, S100 calcium‑binding protein A4; NC, 
normal control; HI, hypoxic injury induced by H2O2.
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Effect of S100A4 protein on the rate of endothelial cell apop-
tosis induced by oxidative stress. The results demonstrated 
that the endothelial cell apoptosis rate of the oxidative stress 
injury group was significantly increased compared with that of 
the control group (P<0.01), suggesting that H2O2 may induce 
endothelial cell injury and cell apoptosis. The endothelial cell 
apoptosis rate in the HI+S100A4 (50 µM) and HI+S100A4 
(100 µM) group was significantly decreased compared with 
that in the HI group (P<0.05; Fig. 3A and B).

Since mitochondrial function is associated with caspase 
activity (16), the function of caspase 3 was assessed. The expres-
sion of cleaved (active) caspase 3 expression was demonstrated 
using western blot analysis. In Fig. 3, western blot analysis of 
cleaved caspase 3 (Fig. 3C and D) was performed following 
H2O2 administration in ECs and revealed significant caspase 

3 activity compared with NC (P<0.05). However, S100A4 
significantly inhibited cleaved active caspase 3 activity. The 
results indicated that S100A4 protein exhibited prevented 
oxidative damage, inhibiting apoptosis.

Determination of total protein, cytoplasmic protein and 
nuclear protein of endothelial cell protein by western blot 
analysis. In Fig. 4, following S100A4 intervention, the level of 
intracellular S100A4 protein was significantly increased in the 
S100A4 groups (P<0.05). Although there was no significant 
change in the expression of P53 in the cell, the distribution 
of P53 protein in the cell was altered; the effect of S100A4 
protein on P53 was dose‑dependent. As the dose of S100A4 
increased, the aggregation of P53 in the cytoplasm increased 
and the corresponding distribution in the nucleus decreased. 

Figure 3. S100A4 causes a suppression of apoptosis induced by H2O2. (A) Images and (B) quantification of TUNEL apoptosis analysis. A total of ~4x105 rat 
vascular endothelial cells were cultured on the cover slips in 24‑well plates and treated with 100 µM H2O2, with or without S100A4 concurrently. Following 
incubation, cells were washed with cold PBS (pH 7.4) and stained according to the protocol of the TUNEL assay kit. H2O2 induced endothelial cell injury and 
cell apoptosis. The endothelial cell apoptosis rate in the HI+S100A4 (50 µM) and HI+S100A4 (100 µM) group was significantly decreased compared with 
that in the HI group. (C) Western blotting and (D) quantification of protein expression of caspase 3 in rat vascular endothelial cells. The expression of cleaved 
caspase‑3 in ECs increased significantly after H2O2 administration. S100A4 decreased caspase 3 expression in endothelial cells treated with 50 µM or 100 µM 
H2O2 for 12 h. *P<0.05 vs. H2O2 group. S100A4, S100 calcium‑binding protein A4; NC, normal control; HI, hypoxic injury induced by H2O2.
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This suggests that S100A4 protein may inhibit P53 movement 
from the cytoplasm into the nucleus. Therefore, we hypoth-
esize that the function of S100A4 protein in endothelial cell 
apoptosis is inhibited in the oxidative stress damage model of 
endothelial cells and that this effect is mediated by P53.

S100A4 interacts with P53 in the nucleus. S100 family proteins 
have no known enzymatic activity; therefore, it may be hypoth-
esized that S100 proteins function through interaction with 
other proteins to regulate the function of interacting proteins. 
Previous studies have focused on non‑muscle myosin IIA and 
P53 as potential S100A4‑interacting proteins. Therefore, the 
present study investigated the potential interaction between 
S100A4 and P53. IP of endogenous S100A4 in endothelial cells 
resulted in the co‑precipitation of endogenous P53 in untreated 

cells (Fig. 5). Following H2O2 treatment, the total cell P53 
did not change significantly. However, P53 in the nucleus 
was significantly increased. P53 binding to S100A4 was also 
significantly increased in the nucleus (P<0.05). Therefore, 
we hypothesized that S100A4 may combine with P53 in the 
nucleus to increase the degradation of P53, thereby inhibiting 
the apoptosis of cells.

Discussion

The vascular endothelium is composed of a monolayer 
of vascular endothelial cells, which is a barrier between 
circulating blood and vascular smooth muscle. The vascular 
endothelium participates in the contraction and relaxation of 
blood vessels, the formation of blood vessels, thrombosis and 
the inflammatory response (17,18). Oxidative stress is the key 
factor that causes changes in endothelial function and cell 
damage (19,20). Oxygen free radicals, collectively known as 
reactive oxygen species (ROS), are one of the primary factors 
that cause oxidative damage of endothelial cells  (18,19). 
Free radical reactions cause cell membrane lipid peroxida-
tion, and then alterations to the cell transport and enzyme 
functions (19,20). Oxidative stress is associated with the path-
ological process of the endothelial cells, including increasing 
vascular endothelial cell permeability, affecting cell prolif-
eration, increasing leukocyte infiltration and interfering with 
the signal transduction in the cell, which causes cell death 
and apoptosis (21). It serves a key function in the occurrence 
and development of vascular diseases (22). Therefore, it is 
important to prevent the occurrence of cardiovascular disease 
through the protection of vascular endothelial cells from 
oxidative damage.

The S100 protein family is one of the largest families 
of calcium‑binding proteins. Including the S100A4 protein, 
at present, there are 21 members of the S100 family  (23). 
Previous studies have demonstrated abnormal expression of 
S100 in numerous diseases, including psoriasis, Alzheimer's 
disease, cystic fibrosis, cardiomyopathy, muscle atrophy (spinal 
cord) lateral sclerosis and cancer (24,25). The S100A4 protein 
belongs to the S100 protein family and is composed of 101 
amino acids with a molecular weight of 11.5 kD (23). Studies 
have confirmed that the S100A4 protein may promote the inva-
sion and metastasis of tumors and regulate the function of the 
cell, including cell growth and cell signal transduction (26,27). 
Multiple studies demonstrate that the S100A4 protein is 
associated with vascular regeneration and extracellular 
matrix remodeling and may even be used as an independent 
vascular‑stimulating factor (13,28). Schmidt‑Hansen et al (29) 
identified that intracellular S100A4 stimulates endothelial 
cells to produce matrix metalloproteinases, which promotes 
the remodeling of the extracellular matrix and the degradation 
of matrix remodeling is a necessary step in angiogenesis. An 
additional study indicated that the release of S100A4 from the 
cornea of the implanted rat cornea may induce novel blood 
vessel formation (30). Furthermore, the interaction of S100A4 
protein and membrane protein may promote the activation of 
plasminogen activator, which is induced by the activation of 
plasminogen activator (31).

To assess the function of S100A4 protein on endothelial 
cell damage induced by oxidative stress and the potential 

Figure 4. S100A4 functions in the cytoplasmic compartment. Western 
blot analysis of indicated proteins in nuclear, cytoplasmic and whole‑cell 
extracts of endothelial cells treated with H2O2 with or without S100A4 
for 12 h. (A) Western blotting and (B) quantification of the expression of 
cytoplasmic S100A4 protein could not be effected by H2O2 treatment, while 
it was significantly increased after exogenous S100A4 addition. (C) After 
H2O2 treatment, the aggregation of P53 in the cytoplasm increased and the 
corresponding distribution in the nucleus increased comparison with the NC 
group. However, exogenous S100A4 reversed the changes mentioned above. 
*P<0.05 vs. H2O2 group. NC, normal control; HI, hypoxic injury induced by 
H2O2; S100A4, S100 calcium‑binding protein A4.
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mechanism, the present study selected 100 µM H2O2‑induced 
injury for 12 h to establish a model of endothelial cell oxida-
tive stress injury (32). The results indicated that the oxidative 
stress caused the loss of the typical morphology of the endo-
thelial cells. The cells exhibited shrinkage and roundness, the 
gap increased and vacuoles in the cytoplasm of cells were 
not arranged in order. The activity of LDH was increased, 
the content of NO was decreased and the content of MDA 
was increased, while the activity of SOD was decreased. 
The survival rate of endothelial cells was decreased and the 
apoptosis rate was increased. The experiment suggested that 
oxidative stress resulted in the injury of endothelial cells. 
S100A4 prevented oxidative stress to protect endothelial cells.

The important mechanism of oxygen free radical‑induced 
cell and tissue damage is to induce peroxidation of the polyun-
saturated fatty acids in the biological membrane, consequently 
producing lipid peroxide. Lipid peroxidation may be associated 
with the occurrence of a chain reaction of polyunsaturated fatty 
acids (28). As one of the unsaturated fatty acids, linoleic acid 
can induce both NF‑κB and AP‑1 transcriptional activation (33). 
Lipid free radicals and their degradation products (MDA) are 
formed, causing membrane fluidity, permeability and integrity 
damage and then the cell membrane is destroyed (34,35). ROS 
mainly includes oxygen ions and peroxides. As a superoxide scav-
enging enzyme, active SOD is able to neutralize O2

‑ and presents 
antioxidative effect (36). With the aid of SOD, superoxide radical 
anion or hyperoxide in biological tissues can be changed into 
hydrogen peroxide (HO) and singlet oxygen (1O2). HO may be 
changed into water by catalase or glutathione peroxidase (36). 
Therefore, the content of MDA may reflect the degree of lipid 
peroxidation and indirectly reflect the degree of cell damage. 
SOD activity indirectly reflects the ability of the body to clear 
oxygen free radicals. Oxidative stress may increase the secretion 
of endothelin‑1 and diminish the bioavailability of nitric oxide 
(NO) (3,37). These vasoactive molecules promote the contraction 
of blood vessels and then initiate a series of post‑injury reactions, 
resulting in the occurrence of cardiovascular disease (38,39).

Oxidative stress may lead to endothelial dysfunc-
tion (40,41), resulting in decreased NO levels and increased 
LDH release (42). The results indicated that H2O2 may increase 
the content of MDA, the activity of LDH was increased and 
that the activity of SOD was decreased, suggesting that the 
endothelial cells were damaged by lipid peroxidation. S100A4 
protein intervention may be effective against oxygen free 
radical damage.

Therefore, we hypothesized that the protective mechanism 
of S100A4 on the endothelial cells may be associated with the 
protection of cell mitochondria, increased cell activity.

Endothelial cell activity is key to the maintenance of 
endothelial function. If the apoptosis rate of endothelial cells 
exceeds the normal level, it will affect the integrity of the 
blood vessels and induce the injury of endothelial cells. The 
P53 gene is an important anti‑cancer gene. A previous study 
demonstrated that wild type P53 may induce the apoptosis of 
leukocytes (43). Three members of the S100 protein family, 
namely S100B, S100A2 and S100A4, physiologically interact 
with P53 in a calcium dependent manner. Phosphorylation and 
acetylation of P53 may be affected by the interaction of S100 
protein, which results in the regulation of the subcellular local-
ization and transcriptional activity of P53 (44). Previously, 
studies have focused on the role of the P53 gene in cardiovas-
cular diseases and have indicated that P53 serves an important 
function in the oxidative stress of blood vessels as an important 
type of transcription protein (45,46). The results of the present 
study suggested that oxidative stress causes an increased rate 
of endothelial cell apoptosis and P53 may be the target protein 
of S100A4. Subsequent to the cells being administered S100A4 
protein, the total level of P53 protein was not increased but the 
distribution of P53 protein in the cells was changed, primarily 
with an increase in the aggregation of P53 in the cytoplasm 
and a decrease in the distribution of P53 in the nucleus. As 
the dose of S100A4 increased, the aggregation of P53 in the 
cytoplasm increased and the corresponding distribution in the 
nucleus decreased. This suggested that S100A4 protein may 
inhibit P53 movement from the cytoplasm into the nucleus.

To conclude, exogenous S100A4 protein may reverse oxida-
tive stress damage, improve the survival rate of cells and inhibit 
the apoptosis of endothelial cells. The protective mechanism 
of S100A4 protein on the apoptosis of endothelial cells may be 
mediated by inhibiting P53. This provides a reference for the 
additional exploration of the application of S100A4 protein in 
endothelial cell damage induced by oxidative stress.
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