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ses. At present, the real trigger of AS is oxidized 
low-density lipoprotein (ox-LDL)1-3, that is, the 
oxidative metabolites of LDL. When hyperlipi-
demia occurs, LDL migrates to the endarterium 
and deposits under it. Under the action of oxida-
tive metabolites, cells on the arterial wall are pro-
ne to oxidation, thus forming ox-LDL4. Ox-LDL 
cytotoxicity leads to vascular intimal injuries, and 
after subcutaneous mononuclear cells were tran-
sformed into macrophages, they ingest a large 
amount of ox-LDLs and become foam cells. Then, 
they gathered to form fatty streaks, which can be 
directly evolved into fibrous plaques5. Therefore, 
blocking the oxidation of ox-LDL on endothelial 
cells so as to protect these cells from injuries play 
a vital role in the prevention and treatment of AS.

ER runs through the entire complex network 
system of the cytoplasm, which is an important 
place for the biosynthesis, folding, aggregation 
and modification of soluble and secreted pro-
teins6. Specific molecular chaperones and protein 
folding enzymes maintain the dynamic stability of 
the ER by maintaining the balance of cell demand 
for proteins and protein folding yields7. When ex-
ternal stimuli break the stability of the ER, its pro-
tein modification capacity is weakened, thus accu-
mulating wrongly modified proteins. This state is 
called ERS8, which is one of the cell inflammatory 
responses. There are many proteins involved in 
ERS, including GRP78, JNK, etc9, which, there-
fore, become markers for determining ERS.

Tacrolimus (FK506) is the macrolide antibiotic 
isolated from a strain of streptomycete fermenta-
tion product10. FK506 was originally developed 
and used clinically as a potent immunosuppressi-
ve agent, and its structure is different from Cyclo-
sporine A (CsA), but it has the similar extensive 
immunosuppressive effect. In vitro studies have 
shown that the inhibition degree of FK506 on 
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ox-LDL (tacrolimus treatment) group, for treat-
ment. The cell viability was detected via methyl 
thiazolyl tetrazolium (MTT) assay; the cytotoxic 
response was detected via lactate dehydroge-
nase (LDH) release assay, and the proportion of 
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stress response of cells caused by ox-LDL and 
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Introduction

Atherosclerosis (AS) causes the year-by-year 
rising trend of the occurrence rate and mortality 
rate of cardiovascular and cerebrovascular disea-
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lymphocyte response is 10-100 times of that of 
CsA 11,12. The root cause of its immunological ef-
fect is the complex formed by the combination of 
FK-506 with the corresponding receptor FK506 
binding protein (FKBP) in T lymphocytes13. After 
entering the cell, FK506 binds to the intracellular 
receptor FKS06 binding proteins, FKBP-12 and 
FKBP-5214. The drug-receptor complex binds to 
the nerve calpain and inhibits its activity. This 
protease is a kind of calcium/calmodulin-depen-
dent protein phosphatase that widely exists in all 
mammalian tissues, and the binding of drug-re-
ceptor complex to it blocks the calcium-depen-
dent signaling transduction pathway in T cells15. 
Moreover, it further affects the production of in-
terleukin-2 (IL-2) and other cytokines, such as 
IL-3, interferon-g (IFN-g) and tumor necrosis fac-
tor-α (TNF-α)16.

In this study, we planned to determine the inter-
vention effect of the anti-inflammatory mechani-
sm of tacrolimus on endothelial cell apoptosis and 
its influence on the change level of ERS through 
the in vitro intervention of ox-LDL-induced en-
dothelial cells. In addition, we further explored 
the role of it in the occurrence and development 
of AS.

Materials and Methods

Experimental Materials
Human umbilical vein endothelial cells (HU-

VECs) were provided by Nanjing KeyGEN Bio-
technology Development Co., Ltd. (Nanjing, 
China). Tacrolimus (FK506) injection (Prograf, 
Fujisawa Ireland Ltd., Killorglin, Ireland, UK), 5 
mg FK506 in each 1 mL tube, was purchased from 
ox-LDL, 1640 medium was purchased from Gib-
co (Grand Island, NY, USA), lactate dehydrogena-
se (LDH) assay kit, superoxide dismutase (SOD) 
assay kit and reactive oxygen species (ROS) assay 
kit were purchased from Jiangsu Beyotime Biote-
chnology Institute (Jiangsu, China).

Cell Culture and Treatment
HUVEC cell lines were cultured in the 1640 

medium containing 10% neonatal bovine serum 
and were put in an incubator containing 5% CO2 
at 37°C. When the cells grew to nearly confluent 
state and covered more than 90% of the bottle 
wall, the experiment was conducted.

The equivalent 1640 medium was added into 
blank group; the tacrolimus group was treated 
with 25 nM, 50 nM and 100 nM tacrolimus for 

48 h, the ox-LDL group was treated with 50 μM 
ox-LDL for 24 h, and tacrolimus + ox-LDL group 
was treated with 25 nM, 50 nM and 100 nM tacro-
limus and 50 μM ox-LDL for 48 h.

3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium Bromide
(MTT) Assay

90% of human umbilical vein endothelial cells 
were digested with 0.25% trypsin digestion and 
mixed with 1640 media containing 10% neonatal 
bovine serum to form the single-cell suspension. 
Cells were inoculated in 96-well culture plates at 
the density of 5.0×104 cells/mL with 200 μL per 
well. The culture plates were placed and normally 
cultured in an incubator containing 5% CO2 at 
37°C with saturated humidity. Each group was 
treated according to the experimental grouping, 
respectively. 4 hours before the end of culture, 
MTT solution was added to each well for a further 
culture for 4 hours, then the original culture so-
lution was abstracted and discarded. Afterwards, 
each well was added with 150 μL of dimethyl 
sulfoxide (DMSO) and placed on a shaking table 
for shaking for 10 min. The crystals were suffi-
ciently dissolved and the optical density (OD) 
was measured at a wavelength of 490 nm of the 
enzyme-linked immunosorbent assay (ELISA) 
equipment.

LDH Release
Cells at the logarithmic phase were detected 

using LDH assay. 0.25% trypsin and ethylenedia-
minetetraacetic acid (EDTA) were used to digest 
cells. Cells were resuspended in the Dulbecco’s 
modified Eagle’s medium (DMEM) containing 
10% fetal bovine serum (FBS). Cells were coun-
ted and diluted into 1.0×105 cells/mL. They were 
inoculated on 96-well culture plates at about 
5.0×103 cells/mL, respectively. Cells were adhe-
rent to the wall and the experimental intervention 
was conducted. The culture plates were placed in 
an incubated containing 5% CO2 for cell culture 
for 24 h. Supernatants were abstracted with 20 
μL/well, respectively. The corresponding reagents 
were added according to the kit instructions. They 
were mixed and placed at room temperature for 3 
min. Zero setting was conducted for cuvettes with 
the optical diameter of 1 cm by double distilled 
water at the excitation wavelength of 440 nm. The 
OD value of each well was measured by the ELI-
SA equipment. Unit definition: 1000 mL culture 
solution acted with matrix at 37°C for 15 min, and 
1 g/mol pyruvic acid produced in the reaction sy-
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stem was considered as l unit. LDH content in the 
culture medium was calculated according to the 
formula.

Flow Cytometry
After the grouping and treatment, cells were 

centrifuged at 1000 g/min at 4°C for 4 min. 
Then, cells were collected and the medium was 
discarded. The centrifuged cells were washed 
twice with cold PBS and suspended using 200 
μL Binding Buffer at a concentration of about 
l×l06/mL. 10 μL Annexin V-FITC was gently ad-
ded into the cell suspension and mixed evenly, 
followed by incubation at room temperature in a 
dark place for 15 min. Next, 5 μL PI was added 
and mixed gently. Flow cytometry was used for 
detection within 1 h. CellQuest software was 
used to obtain the analytical data. Each experi-
ment was repeated for three times.

SOD Detection
After the grouping and treatment, the culture 

supernatant was collected, and the reagents were 
added and mixed evenly according to the in-
structions of SOD kit, followed by constant tem-
perature water bath at 37°C for 35 min. Then, 2 
mL developer was added and mixed evenly, and 
placed for 10 min, followed by zero setting via 
distilled water. The absorbance value of each tube 
was measured at 550 nm. SOD activity (U/mL) = 
(absorbance of control tube - absorbance of mea-
sured tube / 50% × dilution factor of reaction sy-
stem × dilution factor before sample test.

ROS Detection
After the grouping and treatment, the original 

medium was discarded and cells were washed 
using the 4°C pre-cooled D-Hanks solution for 
1-2 times. The fluorescent probe DCFH-DA was 
diluted using the serum-free 1640 medium and 
added to the cells at a ratio of 1:1000. The po-
sitive control group was added with Rosup, and 
cells were washed for 1-2 times and then collected 
after being placed in an incubator for 30 min. 200 
μL serum-free medium was used to re-suspend 
the cells, and the fluorescence intensity of cells 
in each group was detected using flow cytometry. 
The average fluorescence intensity was analyzed 
using CellQuest software.

RT-PCR
The treated cells in each group were collected, 

and the total RNA was extracted using Trizol. 
After the concentration of sample was measu-

red, the reverse transcription system was added 
for reverse transcription reaction according to the 
sample concentration. The first 40 cycles aimed to 
synthesize cDNA, and the conditions for reverse 
transcription reaction were set for PCR amplifi-
cation. The fluorescence signal was collected in 
Real-time after each cycle, and the amplification 
and dissolution curves were recorded.

Western Blotting
Cells in each group were collected and the cell 

protein was extracted using the protein extraction 
kit. After the protein concentration was determined 
using the bicinchonic acid assay (BCA) method 
for protein quantification, 5 μL 5 × loading buf-
fer solution was added, and boiled at 99°C for 5 
min, followed by sodium dodecyl sulphate-polya-
crylamide gel electrophoresis (SDS-PAGE). The 
concentration of spacer gel was 5%, while the 
concentration of lower separation gel was 10%. 
The voltage in constant voltage separation: 90 V 
for upper gel for 90 min and 150 V for separation 
gel for 50 min until the bromophenol blue rea-
ched the bottom of gel. The gel, filter paper and 
polyvinylidene fluoride (PVDF) membrane were 
placed in order, followed by membrane transfer in 
electrophoresis tank. After the membrane transfer, 
the membrane was removed, labeled and then sea-
led in 5% skimmed milk powder for 1 h, and incu-
bated on the shaking table at 37°C. After that, the 
membrane was washed with phosphate buffered 
saline (PBS) for three times, the blocking solution 
was washed clean and the primary antibody (di-
luted at 1:850) was dropped onto the membrane 
in a dark placed at 4°C overnight. The primary 
antibody was recycled on the next day, and the 
membrane was washed with phosphate buffered 
saline tween 20 (PBST-20) for 3 times, 5 min per 
time. Then, the secondary antibody (HRP-labeled 
goat anti-rabbit IgG, diluted at 1:5000) was added 
for incubation on the shaking table at 37°C for 2 
h. The secondary antibody was drained and the 
membrane was washed with PBST for 3 times, 15 
min per time. Finally, ImageJ was used to scan the 
image gray level after color development in the 
developing instrument.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 16.0 software (Version X; IBM, Armonk, 
NY, USA) was used for statistical analysis. Mea-
surement data were presented as mean ± standard 
deviation (`x±s). One-way analysis of variance 
was used for the comparison among groups, and 
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t-test was used for pairwise comparison. p<0.05 
suggested that the difference was statistically si-
gnificant.

Results 

Tacrolimus Protected the Viability of 
Vascular Endothelial Cells

The cell viability in each group was detected 
via MTT. The results showed that ox-LDL signi-
ficantly reduced the viability of vascular endothe-
lial cells, and the cell viability at 50 μM was about 
32±2.5% of that in blank group (p<0.05). 25 nM, 
50 nM and 100 nM tacrolimus did not significant-
ly reduce the cell viability, but had an obviously 
protective effect on ox-LDL-injured vascular en-
dothelial cells in a dose-dependent manner. 50 nM 
tacrolimus significantly increased the cell viabili-
ty to 48±1.6%, and the difference was significant 
compared with that in ox-LDL group (p<0.05); 
100 nM tacrolimus improved the cell viability to 
86±2.1%, and the difference was significant com-
pared with that in ox-LDL group (p<0.05) (Table 
I). The results proved that tacrolimus has a pro-
tective effect on the decrease in vascular endothe-
lial cell viability induced by ox-LDL in a dose-de-
pendent manner.

Tacrolimus Alleviated the Vascular 
Endothelial Cell Injury

The cell injury was detected via LDH release 
assay. The results showed that ox-LDL signifi-

cantly increased the LDH release from vascular 
endothelial cells, and the LDH concentration was 
increased by 50 μM ox-LDL to 4.8±0.15% of that 
in blank group (p<0.05). 25 nM, 50 nM and 100 
nM tacrolimus had no significant effect on the 
LDH release, but had a significantly protective ef-
fect on ox-LDL-injured vascular endothelial cells. 
50 nM tacrolimus decreased the LDH release to 
3.1±0.09% compared with that in ox-LDL group 
(p<0.05); 100 nM tacrolimus decreased the LDH 
release to 1.9±0.24%, and the difference was si-
gnificant compared with that in ox-LDL group 
(p<0.05) (Table II). The results proved that tacro-
limus has a protective effect on the ox-LDL-indu-
ced vascular endothelial toxicity in a dose-depen-
dent manner. In the follow-up tests, 100 nM was 
used as the therapeutic concentration.

Tacrolimus Reduced the Vascular 
Endothelial Cell Apoptosis

The level of cell apoptosis was detected via 
flow cytometry and Western blotting. The resul-
ts showed that ox-LDL significantly increased 
the proportion of apoptotic cells (43.2±3.3% vs. 
2.3±0.6%, p<0.05) (Figure 1A-B) and increa-
sed the Bax/Bcl-2 ratio (p<0.05) (Figure 1C, D) 
compared with those in blank group. After the 
treatment with 100 nM tacrolimus, the propor-
tion of apoptotic cells was significantly decrea-
sed (10.6±1.4% vs. 43.2±3.3%, p<0.05) (Figure 
1A-B) and the Bax/Bcl-2 ratio was also decrea-
sed (p<0.05), proving that ox-LDL significantly 
increases the level of cell apoptosis, while tacroli-
mus can decrease the level of cell apoptosis.

Table I. Detection of cell viability via MTT assay.

 Tacrolimus group (nM) Ox-LDL Tacrolimus group (nM)
 Control          group
Group group 25 50 100  25 50 100

Percentage of viable cell (%) 99±0.7 99±1.1 95±1.8 98±0.8 32±2.5* 37±1.9 48±1.6** 86±2.1**

*Compared with blank group, p<0.05; **Compared with ox-LDL group, p<0.05.

Table II. Detection of cytotoxicity via LDH release.

 Tacrolimus group (nM) Ox-LDL Tacrolimus group (nM)
 Control          group
Group group 25 50 100  25 50 100

LDH release 1 1±0.01 1.2±0.04 1.1±0.08 4.8±0.15* 4.2±0.11 3.1±0.09** 1.9±0.24**

  (Compared with blank group)

*Compared with blank group, p<0.05; **Compared with ox-LDL group, p<0.05.
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Tacrolimus Reduced the Oxidative Stress 
in Vascular Endothelial Cells

The level of oxidative stress was observed by 
detecting the activity of SOD and the expression 
of ROS. The results showed that ox-LDL signi-
ficantly reduced the activity of SOD (p<0.05) 
and increased the fluorescence intensity of ROS 
(p<0.05) compared with those in blank group. 
After the treatment with 100 nM tacrolimus, the 
activity of SOD was significantly increased com-
pared with that in ox-LDL group (p<0.05) (Figu-
re 2A), while the expression of ROS was signi-
ficantly decreased (p<0.05) (Figure 2B, C). The 
results proved that ox-LDL significantly increases 
the oxidative stress in cells, while tacrolimus can 
reduce the oxidative stress in cells.

Tacrolimus Decreased the Expression 
of ERS Protein

The effect of tacrolimus on ERS was further 
studied, and the mRNA expression of ERS-rela-
ted molecule GRP78 was detected via PCR. The 
results showed that ox-LDL significantly increa-
sed the expression of GRP78 in endothelial cells, 
and the difference was significant compared with 
that in blank group (p<0.05) (Figure 3A). After 
tacrolimus treatment, the ox-LDL-induced chan-
ge in mRNA level could be alleviated, resulting in 
the decreased expression of GRP78 (p<0.05). The 
expression of ERS-related protein GRP78 and the 
phosphorylation degree of JNK were detected via 
Western blotting. The results showed that ox-LDL 
significantly increased the expression of GRP78 

Figure 1. Detection of apoptosis. (A) Detection of apoptosis level in blank group, ox-LDL group (50 μM) and tacrolimus tre-
atment group (100 nM) via flow cytometry; (B) Proportion statistics of apoptotic cells. *Compared with blank group, p<0.05; 
** Compared with ox-LDL group, p<0.05; (C) Detection of apoptosis-related proteins, Bax and Bcl-2, in blank group, ox-LDL 
group (50 μM) and tacrolimus treatment group (100 nM) via Western blotting; (D) Data analysis of Bax/Bcl-2 ratio. * Compa-
red with blank group, p<0.05; ** Compared with ox-LDL group, p<0.05.
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in endothelial cells and the phosphorylation de-
gree of JNK protein, and the differences were 
significant compared with those in blank group 
(p<0.05) (Figure 3B, C and D); after tacrolimus 
treatment, the ox-LDL-induced change in protein 
level could be alleviated, resulting in the decre-
ased GRP78 and JNK phosphorylation (p<0.05).

Discussion 

Atherosclerosis (AS) is a kind of chronic syste-
mic disease characterized by foam cell formation, 
large amounts of lipid accumulation inside and 
between vascular endothelial cells, and monocyte/
macrophage infiltration, etc17. Plasma ox-LDL is 
an independent risk factor for the occurrence and 
development of AS18. Ox-LDL is involved in the 
formation of foam cells, promotes the cell adhe-
sion and smooth muscle cell proliferation19. It is 
also found that ox-LDL can bind to its antibody to 
form the circulating immune complex, induce the 
transformation of macrophages into foam cells and 
release a variety of cytokines, thus exacerbating 
the inflammatory response of AS20. ERS is a more 
important way of inflammatory response. When 
ERS occurs, GRP78 will be dissociated from these 
sensory molecules to handle and fold the defective 
proteins. The dissociated sensory molecules will be 
activated to initiate the signal cascade amplifica-
tion from the endoplasmic reticulum to the nucleus, 
triggering the cell damage21.

FK506 was originally developed and used cli-
nically as a potent immunosuppressive agent. In 
vitro studies have shown that the inhibition degree 
of FK506 on lymphocyte response is dozens of 
times of that of CsA. FK-506 binds to the cor-
responding receptor FKBP in T lymphocytes14. 
The drug-receptor complex binds to the nerve 
calpain and inhibits its activity. This protease is 
a kind of calcium/calmodulin-dependent protein 
phosphatase that widely exists in all mammalian 
tissues, and the binding of drug-receptor complex 
to it blocks the calcium-dependent signaling tran-
sduction pathway in T cells15. 

GRP78 protein is a key marker protein in ERS. 
The unfolded protein response (UPR) is induced 
by ERS when the unfolded protein is accumulated 
in the endoplasmic reticulum due to the normal 
folding of multi-factor interfering protein. When 
ERS is activated, the accumulated abnormal pro-
teins will increase GRP78. Moreover, it is found 
in the study on spinal cord injury and myocardial 
injury that FK506 can play the protective effect 
through reducing the oxidative stress and ERS22,23.

In this work, the study on ox-LDL-induced en-
dothelial cell injury model showed that tacrolimus 
could protect endothelial cells from damage, and 
reduce the expressions of ERS-related proteins in 
endothelial cells. Therefore, it is proved that ta-
crolimus has a protective effect on vascular en-
dothelial cells under the action of ox-LDL, which 
is mainly realized by reducing the ERS in cells.

Figure 2. Change degree in oxidative stress response in 
cells. (A) SOD content detection in cell culture superna-
tant in blank group, ox-LDL group (50 μM) and tacrolimus 
treatment group (100 nM). * Compared with blank group, 
p<0.05; **Compared with ox-LDL group, p<0.05; (B) De-
tection of ROS expression in cells in blank group, ox-LDL 
group (50 μM), tacrolimus treatment group (100 nM) and 
positive control group via flow cytometry; (C) Data analysis 
ROS expression. * Compared with blank group, p<0.05; ** 

Compared with ox-LDL group, p<0.05.
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Conclusions

Tacrolimus protects HUVECs from ox-LDL 
damage, which is mainly realized by inhibiting 
ERS and reducing inflammatory cell response.
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