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Abstract. Atherosclerosis is a chronic vascular inflammatory 
disease, and is associated with oxidative stress and endothelial 
dysfunction. Homocysteine (HCY) can cause damage to endo‑
thelial cells via the enhancement of the endoplasmic reticulum 
stress (ERS) pathway. Propofol has a protective effect on endo‑
thelial injury and can suppress inflammation and oxidation. The 
purpose of the present study was to investigate the protective 
effect of propofol on HCY‑induced inflammation and apop‑
tosis of human umbilical vein endothelial cells  (HUVECs). 
HCY was used to establish the endothelial injury model. Cell 
Counting Kit‑8 assays and flow cytometry were used to detect 
cell viability and apoptosis, respectively. Then, ELISA was 
performed to examine the expression levels of inflammatory 
cytokines, and the expression levels of proteins related to 
inflammation, apoptosis and ERS were determined via western 
blotting. Results showed that propofol increased cell viability, 
suppressed NF‑κB signaling pathway activation and decreased 
the expression levels of inflammatory factors in HUVECs 
induced by HCY. Moreover, propofol could inhibit the expres‑
sion of proteins involved in ERS, including ER chaperone 
BiP (Bip), C/EBP‑homologous protein, protein kinase R‑like 
ER kinase and inositol‑requiring 1α, and reduce cell apoptosis 
of HCY‑induced HUVECs. However, the overexpression of 
Bip could reactivate ERS and the NF‑κB signaling pathway, 
as well as promote inflammation and cell apoptosis, when 
compared with HCY‑treated groups. In conclusion, propofol 
can ameliorate inflammation and cell apoptosis of HUVECs 
induced by HCY via inhibiting ERS, which may provide a 
novel insight into the treatment of atherosclerosis.

Introduction

As a chronic vascular inflammatory disease, which is asso‑
ciated with oxidative stress and endothelial dysfunction, 
atherosclerosis mainly affects the walls of large and medium 
arteries, such as the aorta, carotid and coronary arteries (1,2). 
The characteristics of atherosclerosis include lipid accumu‑
lation, inflammatory response, cell death and arterial wall 
sclerosis, which forms the pathological basis of ischemic heart 
disease (3). Therefore, it is important to identify novel thera‑
peutic strategies for the treatment of atherosclerosis.

Homocysteine (HCY) is a sulfhydryl‑containing amino 
acid produced via the demethylation of dietary methionine, 
which is rich in animal proteins  (1). Previously, increased 
plasma HCY was confirmed to be an independent risk factor 
for atherosclerosis, and HCY may aggravate vascular endo‑
thelial inflammation and injure the endothelial cells of major 
vessels, such as the carotid artery and the aorta (1,2). Therefore, 
HCY was used to establish an endothelial injury model in the 
present study.

Propofol (2, 6‑diisopropyl phenol) is an intravenous 
general anesthetic, which is used clinically in an emulsion 
formulation. It is extensively used in the induction and main‑
tenance of anesthetization and procedural sedation (3,4). The 
functions of propofol include anti‑inflammation, inhibition of 
the production of pro‑inflammatory cytokines (5), conversion 
of the production of nitric oxide, suppression of neutrophil 
functions and anti‑oxidation (5). Furthermore, propofol has 
been reported to upregulate the expression levels of phos‑
pholipid‑transporting ATPase ABCA1, ATP‑binding cassette 
sub‑family G member  1 and scavenger receptor class  B 
member 1 via the peroxisome proliferator‑activated receptor 
γ/oxysterols receptor LXR‑α signaling pathway in THP‑1 
macrophage‑derived foam cells. Several studies have also 
shown the protective role of propofol in myocardial ischemia 
reperfusion injury in type 2 diabetic rats and its alleviating 
effect on the injury and apoptosis in endothelial cells (6‑8).

The endoplasmic reticulum (ER) is an organelle covered 
by an extensive membrane network in eukaryotic cells. It plays 
an important role in protein synthesis, folding and transport, 
calcium homeostasis, lipid and steroid synthesis. A variety 
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of pathological factors, such as hyperlipidemia, oxidative 
stress, viral infection and calcium imbalance can disturb the 
homeostasis of ER and cause the accumulation of misfolded or 
unfolded proteins in the ER cavity, which is called ER stress 
(ERS) (9). To alleviate this stress, the cell initiates the unfolded 
protein response (UPR) (10). Studies have demonstrated that 
ERS is associated with atherosclerosis, and plays an important 
role in the initiation and progression of atherosclerosis (11,12). 
Long‑term ERS can lead to apoptosis and activation of 
inflammatory response pathways. In cardiovascular diseases, 
C/EBP‑homologous protein (CHOP) is the most widely studied 
biomarker in the ERS‑related apoptosis signaling pathway (13). 
The activation of the apoptotic signaling pathway mediated by 
CHOP and ER chaperone BiP (Bip), upregulates the expres‑
sion levels of pro‑apoptotic members of the Bcl‑2 family and 
induces apoptosis (13). As atherosclerosis progresses, the UPR 
cannot control ERS, and the expression of CHOP increases, 
eventually activating its induced apoptosis signaling pathway. 
ERS can also activate the NF‑κB pathway and the NACHT 
LRR and PYD domains‑containing protein 3 inflammasome, 
and increase the expression levels of a large number of inflam‑
matory molecules, such as TNF‑α and IL‑1β; therefore, it can 
trigger inflammatory responses (12). It has been confirmed 
that ERS‑mediated apoptosis and inflammation are widely 
involved in all stages of atherosclerotic development (14).

The aim of the present study was to investigate whether 
propofol could inhibit the injury of endothelial cells induced 
by HCY and the potential mechanism involved.

Materials and methods

Cell culture. Human umbilical vein endothelial cells 
(HUVECs, PCS‑100‑010™) were purchased from the 
American Type Culture Collection, thawed at 37˚C for 2 min, 
then transferred into a tube containing 5  ml RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc.), followed by 
centrifugation at 1,000 x g and 4˚C for 5 min. The supernatant 
was removed, then the cells were re‑suspended in RPMI‑1640 
medium containing 100 U/ml penicillin, 100 µg/ml strepto‑
mycin and 10% FBS (Gibco; Thermo Fisher Scientific, Inc.). 
Subsequently, they were transferred into a 25‑cm flask and 
incubated at 37˚C in an humidified incubator with 5% CO2. 
The medium was replaced every 2  days. When the cells 
reached 80% confluence, they were washed with PBS twice, 
then 0.25%  trypsin (1  ml) was added. After attachment, 
cells (70‑80% confluence) were exposed to 2.5 mmol/l HCY 
(Sigma‑Aldrich; Merck KGaA) at 37˚C for 48 h to construct 
the endothelial cell injury model (2). For HCY and propofol 
(Sigma‑Aldrich; Merck KGaA) co‑treatment, adherent cells 
were pre‑treated with indicated concentrations (12.5, 25, 50, 
100 and 200 µM) of propofol at 37˚C for 2 h, followed by 
exposure to 2.5 mmol/l HCY for 48 h. Untreated cells were 
used as the control group. Then, cells were collected for the 
following analysis.

Cell transfection. For Bip overexpression, overexpression plas‑
mids (pcDNA3.1‑Bip; ov‑Bip) were purchased from Shanghai 
GenePharma Co., Ltd. The pcDNA3.1 empty vector (Shanghai 
GenePharma Co., Ltd.) was used as a negative control (NC). 
Briefly, Lipofectamine® 2000 (Invitrogen; Thermo Fisher 

Scientific. Inc.) was mixed with 20 µg plasmids, which was 
then added to the cells at 70‑80% confluence and incubated for 
6 h at 37˚C. Subsequently, cells were cultured in RPMI‑1640 
medium and at 48‑h post‑transfection, the cell samples were 
used for subsequent experimentation.

Cell Counting Kit‑8 (CCK‑8) assay. Briefly, the HVUECs 
(2x103 cells per well) were seeded into a 96‑well plate and 
incubated at 37˚C. After attachment, cells were pre‑treated 
with or without 12.5, 25, 50, 100 and 200 µM propofol at 
37˚C for 2 h, followed by exposure to 2.5 mmol/l HCY for 
48 h. Subsequently 10 µl CCK‑8 reagent (Dojindo Molecular 
Technologies, Inc.) was added to each well and incubated for 
2 h at 37˚C. Then, the absorbance of the cells was measured at 
450 nm using a microplate reader (BioTek Instruments, Inc.).

ELISA. To determine the concentrations of TNF‑α 
(cat.  no.  F02810), IL‑1β (cat.  no.  F01220) and IL‑6 
(cat. no. F01310) in the supernatant of the HUVECs, corre‑
sponding ELISA kits (Shanghai Xitang Biotechnology Co., 
Ltd.) were used according to the manufacturer's instructions. 
The optical density at 450 nm was measured using a microplate 
reader (Bio‑Rad Laboratories, Inc.), then a standard curve was 
created.

Western blot analysis. Total cell protein was extracted using 
RIPA lysis (Beyotime Institute of Biotechnology), then the 
concentration was determined using the BCA method. Protein 
(50 µg) was added to the SDS loading buffer, and after the 
protein samples were heated in a water bath for 5 min, they 
were separated via SDS‑PAGE on a 10%  gel at 60  V for 
40 min and 110 V for 60 min. Separated proteins were then 
transferred onto a PVDF membrane. After washing with PBS, 
the PVDF membrane was blocked with 50 g/l skimmed milk 
at 25˚C for 1 h. Following which, the membrane was incubated 
overnight at 4˚C with primary antibodies against NF‑κB‑p65 
(cat. no. ab16502; 1:2,000; Abcam), phosphorylated (p)‑IκBα 
(cat. no. ab92700; 1:1,000; Abcam), Bax (cat. no. ab32503; 
1:1,000; Abcam), cleaved caspase‑3 (cat. no. ab2302; 1:1,000; 
Abcam), Bcl‑2 (cat.  no.  ab32124; 1:1,000; Abcam), Bip 
(cat.  no.  3177; 1:1,000; Cell Signaling Technology, Inc.), 
CHOP (cat. no. 2895; 1:1,000; Cell Signaling Technology, 
Inc.), p‑protein kinase R (PKR)‑like ER kinase (PERK; 
cat. no. 3179; 1:1,000; Cell Signaling Technology, Inc.), PERK 
(cat. no. 5683; 1:1,000; Cell Signaling Technology, Inc.) and 
inositol‑requiring 1α (IRE1α; cat.  no.  3294; 1:1,000; Cell 
Signaling Technology, Inc.). After the membrane was washed 
with TBS with 5%  Tween‑20 (TBST) three times, a goat 
anti‑rabbit IgG (cat. no. ab205718; 1:10,000; Abcam) and goat 
anti‑mouse IgG (cat. no. ab6789; 1:10,000; Abcam) secondary 
antibodies were added to the PVDF membrane at 37˚C for 
2 h. After TBST was used to wash the membrane, ECL agent 
(Thermo Fisher Scientific, Inc.) was added and the images 
were captured using a Bio‑Rad chemiluminescence imager 
(Bio‑Rad Laboratories, Inc.). Protein expression levels were 
semi‑quantified using Image‑Pro Plus software version 6.0 
(Roper Technologies, Inc.).

Flow cytometry. A total of 1.5x106 cells were incubated with 
0.25% trypsin, harvested and rinsed twice with pre‑chilled PBS. 
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Then, the apoptotic rate was evaluated with the Annexin V‑FITC 
Apoptosis Detection kit (BioLegend, Inc.). Briefly, the trans‑
fected cells were resuspended in 100 µl binding buffer prior to 
counterstaining with 5 µl Annexin V‑FITC and 5 µl PI solution 
at room temperature in the dark for 15 min. Then, the stained 
cells were analyzed using a flow cytometer (FACScan; BD 
Biosciences). The data was analyzed using CellQuest™ soft‑
ware v.5.1 (BD Biosciences) to assess early + late apoptosis.

Statistical analysis. All data are presented as the mean ± stan‑
dard deviation from three independent repeated experiments. 
Statistical data analysis was performed with SPSS  v23.0 
(IBM Corp.) and GraphPad Prism v5.0 (GraphPad Software, 
Inc.) software. Statistical differences between multiple 
groups were analyzed using one‑way ANOVA followed by 
Tukey's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Propofol ameliorates HCY‑induced HUVEC cell injury. To 
investigate the dysfunction caused by HCY in HUVECs, the 
cell viability of HUVECs was detected. As shown in Fig. 1A, 

the cell viability of cells treated with HCY was significantly 
decreased compared with that in the control group; however, 
the addition of 50‑200 µmol/l propofol enhanced cell viability 
in a dose‑dependent manner. Therefore, propofol at 50, 100 
and 200 µmol/l was chosen for further experimentation.

Propofol decreases the concentration of inflammatory factors 
in HCY‑induced HUVECs. As NF‑κB‑mediated endothelial 
cell activation and vascular inflammation are central to the 
initiation and progression of atherosclerosis (15), the expres‑
sion levels and release of pro‑inflammatory factors were 
investigated. Following propofol pretreatment for 2 h and 
the induction of cell injury with 2.5 mmol/l HCY for 4 h, 
the concentration of TNF‑α, IL‑1β and IL‑6 in the HUVECs 
were detected using ELISA, and the protein expression levels 
of p‑NF‑κB‑p65 and p‑IκBα were detected using western 
blot analysis. Compared with those in the control group, the 
concentrations of TNF‑α, IL‑1β and IL‑6 were decreased 
following pretreatment with propofol, in a dose‑dependent 
manner (Fig. 1B). Furthermore, as shown in Fig. 1C, it was 
found that HCY significantly upregulated the ratio of p‑p65 
and p‑IκBα, while increasing doses of propofol reversed 
the effects of HCY. The results suggested that propofol 

Figure 1. Effect of propofol on HCY‑induced NF‑κB signaling activation and inflammation in HUVECs. (A) HUVECs were pretreated with different concen‑
trations of propofol for 2 h and stimulated with 2.5 mmol/l HCY for 48 h, then the cell viability was measured using a Cell Counting Kit‑8 assay. (B) HUVECs 
were pretreated with different concentrations of propofol for 2 h and stimulated with 2.5 mmol/l HCY for 48 h, then the concentrations of TNF‑α, IL‑1β and 
IL‑6 in the culture medium was measured using ELISA kits. (C) HUVECs were pretreated with different concentrations of propofol for 2 h and stimulated 
with 2.5 mmol/l HCY for 48 h, then the expression levels of proteins involved in NF‑κB signaling, including p65 and IκBα, were determined via western 
blotting. ***P<0.001 vs. control group; #P<0.05, ##P<0.01 and ###P<0.001 vs. HCY group. HCY, homocysteine; HUVECs, human umbilical vein endothelial 
cells; p‑, phosphorylated; t‑, total.
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could decrease the production of inflammatory cytokines in 
HCY‑induced HUVECs by inactivating the NF‑κB signaling 
pathway.

Propofol decreases cell apoptosis in HCY‑induced HUVECs. 
Following pretreatment with propofol for 2 h and induction 
of cell injury with 2.5 mmol/l HCY in the HUVECs for 48 h, 
apoptosis was measured using flow cytometry. As shown 
in Fig. 2A, cell apoptosis was increased in the HCY group 
compared with that in the control group; however, apoptosis 
gradually decreased when the cells, induced by HCY, were 
pretreated with increasing concentrations of propofol. Then, 
western blotting was performed to detect the expression levels 
of the apoptosis‑related proteins, Bax, cleaved caspase‑3 and 
Bcl‑2. As shown in Fig. 2B, the protein expression levels of 
Bax and cleaved caspase‑3 were downregulated, while that of 
Bcl‑2 was upregulated, as a result of increasing concentrations 
of propofol pretreatment. These results indicated that propofol 
could decrease HUVEC apoptosis induced by HCY.

Propofol decreases ERS in HCY‑induced HUVECs. Western 
blot analysis was utilized to assess the effect of propofol on 

the expression levels of ERS‑related proteins. HCY increased 
the protein expression levels of Bip and CHOP in HUVECs, 
indicating that HCY increased ERS (Fig.  3A). However, 
pretreatment of HUVECs with increasing concentrations of 
propofol alleviated the increased protein expression levels of 
Bip and CHOP in a dose‑dependent manner. Next, the protein 
expression levels of p‑PERK and p‑IREα were detected, and 
the results showed that their expression levels in HCY‑induced 
HUVECs were increasingly attenuated by propofol (Fig. 3B). 
These results suggested that propofol could decrease the 
expression level of proteins involved in ERS in HUVECs 
induced by HCY.

Overexpression of Bip reverses the inhibitory effect of 
propofol on HCY‑induced HUVEC ERS. Then, the Bip 
overexpression plasmid was constructed and western blotting 
confirmed its transfection efficiency compared with the NC 
(Fig. 4A). Subsequently, propofol, at 200 µmol/l, was selected 
for the next experiments to examine the effect of Bip overex‑
pression on the functions of propofol. As shown in Fig. 4B, 
the cell viability of HCY‑induced HUVECs was enhanced 
by pretreatment with propofol; however, it decreased when 

Figure 2. Effect of propofol on HCY‑induced apoptosis in HUVECs. (A) HUVECs were pretreated with different concentrations of propofol for 2 h and 
stimulated with 2.5 mmol/l HCY for 48 h, then the ratio of apoptotic cells was detected by flow cytometry. (B) HUVECs were pretreated with different concen‑
trations of propofol for 2 h and stimulated with 2.5 mmol/l HCY for 48 h, then the expression levels of proteins related to apoptosis, including Bax, cleaved 
caspase‑3/caspase‑3 and Bcl‑2, were detected via western blotting. ***P<0.001 vs. control group; ##P<0.01 and ###P<0.001 vs. HCY group. HCY, homocysteine; 
HUVECs, human umbilical vein endothelial cells.
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Figure 4. Effect of Bip overexpression on the propofol‑induced reduction in the expression of ERS‑related proteins in HCY‑treated HUVECs. (A) HUVECs 
were transfected with ov‑Bip or NC vector, then the protein expression of Bip was detected by western blotting. (B) HUVECs transfected with ov‑Bip or NC 
vectors were pretreated with 200 µmol/l propofol for 2 h and stimulated with 2.5 mmol/l HCY for 48 h, then cell viability was detected using a Cell Counting 
Kit‑8 assay. (C) HUVECs transfected with ov‑Bip or NC vectors were pretreated with 200 µmol/l propofol for 2 h and stimulated with 2.5 mmol/l HCY for 
48 h, then the protein expression levels of Bip, CHOP, p‑PERK/PERK and p‑IREα/IREα were detected via western blotting. ***P<0.001 vs. control group; 
###P<0.001 vs. HCY group; ΔP<0.05 and ΔΔΔP<0.001 vs. propofol group. HCY, homocysteine; HUVECs, human umbilical vein endothelial cells; ov, overexpres‑
sion vector; NC, negative control; p‑, phosphorylated; Bip, ER chaperone BiP; CHOP, C/EBP‑homologous protein; PERK, protein kinase R‑like ER kinase; 
IREα, inositol‑requiring 1α.

Figure 3. Effect of propofol on the expression levels of proteins related to ERS in HCY‑treated HUVECs. HUVECs were pretreated with different concentra‑
tions of propofol for 2 h and stimulated with 2.5 mmol/l HCY for 48 h. Then, the expression levels of proteins involved in ERS were detected via western 
blotting, including (A) Bip and CHOP, and (B) p‑PERK and p‑IREα. ***P<0.001 vs. control group; ##P<0.01 and ###P<0.001 vs. HCY group. HCY, homocysteine; 
HUVECs, human umbilical vein endothelial cells; ERS, endoplasmic reticulum stress; p‑, phosphorylated; Bip, ER chaperone BiP; CHOP, C/EBP‑homologous 
protein; PERK, protein kinase R‑like ER kinase; IREα, inositol‑requiring 1α.
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ov‑Bip was transfected into the cells. Next, the expression 
levels of ERS‑related proteins were determined, as shown in 
Fig. 4C, the protein expression levels of p‑PERK and p‑IREα 
in HCY‑induced HUVECs were downregulated following 
pretreatment with propofol. However, transfection with 
ov‑Bip, in these cells, increased the protein expression levels of 
p‑PERK and p‑IREα. These results suggested that overexpres‑
sion of Bip could reverse the inhibitory effect of propofol on 
HCY‑induced cell viability impairment and ERS in HUVECs.

Overexpression of Bip reverses the inhibitory effect of propofol 
on NF‑κB signaling‑mediated inflammatory responses in 
HUVECs induced by HCY. ELISA was performed to detect the 
concentrations of TNF‑α, IL‑1β and IL‑6. Compared with that 
in the HCY group, pretreatment with propofol in HCY‑induced 
HUVECs could downregulate the concentrations of inflamma‑
tory cytokines, which could be reversed by the overexpression 
of Bip (Fig. 5A). Next, the pro‑inflammatory proteins in the 
NF‑κB signaling pathway were investigated, and western 
blot analysis showed that the ratio of p‑p65 and p‑IκBα was 
higher in the HCY group compared with that in the control 
group, and pretreatment with propofol downregulated their 
expression levels (Fig. 5B). However, transfection with ov‑Bip 
could reverse these effects. Thus, overexpression of Bip could 
reverse the inhibitory effect of propofol on the expression of 
NF‑κB signaling‑mediated inflammatory factors in HUVECs 
induced by HCY.

Overexpression of Bip reverses the inhibitory effects of 
propofol on cell apoptosis in HCY‑induced HUVECs. 

To further investigate whether propofol could reduce 
HCY‑induced cell apoptosis by regulating ERS, flow cytom‑
etry was utilized. The results showed that compared with 
that in the HCY group, pretreatment with propofol inhibited 
cell apoptosis in HCY‑induced HUVECs, but transfection 
with ov‑Bip promoted cell apoptosis of these cells (Fig. 6A). 
Furthermore, pretreatment with propofol downregulated the 
protein expression levels of Bax and cleaved caspase‑3 and 
upregulated the expression of Bcl‑2, which could be reversed 
by the overexpression of Bip (Fig. 6B). The results showed that 
overexpression of Bip could reverse the inhibitory effects of 
propofol on cell apoptosis in HCY‑induced HUVECs.

Discussion

The dysfunction of the endothelium, which is an emergent and 
complex system, is involved in the pathogenesis of all types 
of cardiovascular diseases and it occurs in response to cardio‑
vascular risk factors (16). Previous investigations have shown 
that endothelial dysfunction occurs prior to and throughout the 
development of atherosclerosis (17). Furthermore, dysfunction 
of the endothelial cells, which occurs in the process of lesion 
formation, at the earliest time, could stimulate the development 
of atherosclerosis, demonstrating that endothelial dysfunction 
is a biomarker to predict the onset of atherosclerosis (18‑20).

HCY is the byproduct of a high number of biological 
processes and an independent risk factor for cardiovascular 
disease, which was previously confirmed by some clinical 
trials  (21). Furthermore, some studies identified its role in 
inducing inflammation, apoptosis in endothelial cell culture 

Figure 5. Effect of Bip overexpression on the propofol‑induced suppression of inflammation and NF‑κB signaling activation in HCY‑treated HUVECs. 
(A) HUVECs transfected with ov‑Bip or NC vectors were pretreated with 200 µmol/l propofol for 2 h and stimulated with 2.5 mmol/l HCY for 48 h, then the 
concentrations of TNF‑α, IL‑1β and IL‑6 in the culture medium was measured using ELISA kits. (B) HUVECs transfected with ov‑Bip or NC vectors were 
pretreated with 200 µmol/l propofol for 2 h and stimulated with 2.5 mmol/l HCY for 48 h, then the expression levels of proteins involved in NF‑κB signaling, 
including p65 and IκBα, were determined via western blotting. ***P<0.001 vs. control group; ###P<0.001 vs. HCY group; ΔΔΔP<0.001 vs. propofol group. 
HCY, homocysteine; HUVECs, human umbilical vein endothelial cells; ov, overexpression vector; NC, negative control; p‑, phosphorylated; t‑, total; Bip, ER 
chaperone BiP.
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and triggering endothelial desquamation (21). Therefore, it 
was used as an elicitor to induce endothelial dysfunction in the 
present study and the results showed that HCY decreased cell 
viability, elevated the concentration of inflammatory cytokines 
and promoted cell apoptosis of HUVECs.

Inflammation is important in the occurrence and devel‑
opment of arteriosclerosis and arteriosclerosis‑related 
complications. NF‑κB is a key transcriptional regulator at the 
onset of inflammation, and activation of NF‑κB is extensively 
involved in different inflammatory diseases, including asthma 
and rheumatoid arthritis (22‑25). Furthermore, NF‑κB activa‑
tion has been found in atherosclerotic plaques, and specific 
silencing or inhibition of the NF‑κB signaling pathway has 
been shown to reduce the area of the atherosclerotic plaques 

and decrease the incidence of atherosclerosis‑related compli‑
cations (26). The results from the present study also suggested 
that HCY notably increased the protein expressions levels of 
p‑p65 and p‑IκBα, suggesting that the release of pro‑inflam‑
matory cytokines may be associated with the activation of the 
NF‑κB signaling pathway.

Propofol is widely used as an anesthetic and it has been 
reported to possess anti‑inflammatory properties  (27). A 
previous study identified its role in alleviating inflammation 
via the inhibition of the NF‑κB signaling pathway in allergic 
asthmatic mice; however, whether it could play a central role 
in suppressing the NF‑κB signaling pathway to reduce inflam‑
mation and cell apoptosis remains unclear (28). In the present 
study, pretreatment with propofol increased cell viability, 

Figure 6. Effect of Bip overexpression on the propofol‑induced inhibition of apoptosis in HCY‑treated HUVECs. HUVECs transfected with ov‑Bip or NC 
vectors were pretreated with 200 µmol/l propofol for 2 h and stimulated with 2.5 mmol/l HCY for 48 h. (A) The ratio of apoptotic cells was detected by flow 
cytometry and (B) the expression levels of proteins related to apoptosis, including Bax, cleaved caspase‑3/caspase‑3 and Bcl‑2 were determined via western 
blotting. ***P<0.001 vs. control group; ###P<0.001 vs. HCY group; ΔΔΔP<0.001 vs. propofol group. HCY, homocysteine; HUVECs, human umbilical vein 
endothelial cells; ov, overexpression; NC, negative control; Bip, ER chaperone BiP.
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reduced apoptosis and ameliorated inflammation by inacti‑
vating the NF‑κB signaling pathway.

The ER is a membranous network of branching tubules 
and flattened sacs in all eukaryotic cells. It is known as a 
factory where proteins are synthesized, folded, assembled 
and modified. ERS occurs when there is an imbalance 
between the protein‑folding load and the capacity of ER, 
as a result of an increasing demand for folding proteins or 
stimuli that obstruct the proteins to fold  (29). Once ERS 
occurs, UPR is activated through the evolutionally conserved 
signaling pathways, including IRE1α and PERK (30). These 
are two ER‑localized protein sensors, both of which possess 
an ER‑luminal domain that senses unfolded proteins, and a 
cytosolic domain that transmits signals to the transcriptional 
or translational apparatus. IRE1α has protein‑kinase activity 
and site‑specific endoribonuclease (RNase) activity (31,32). 
PERK also has protein‑kinase activity (33). In response to 
ERS, IRE1α is autophosphorylated, thereby activating its 
RNase activity. As aforementioned by some studies, HCY 
has been demonstrated to induce ERS in endothelial cells, 
and propofol can inhibit ERS in the retinal pigment epithelial 
cells, thus the present study focused on the specific role of 
propofol in the regulation of ERS in endothelial cells (34,35). 
The results showed that HCY elevated the protein expression 
levels of Bip and CHOP, which are ER‑specific chaper‑
ones and transcriptional factors contributing to apoptosis, 
respectively. Furthermore, HCY promoted PERK and 
IRE1α phosphorylation in HUVECs, thereby leading to 
ERS. However, increasing doses of propofol could gradually 
reverse these trends.

In a previous study, hypertensive mouse models were 
administrated with ERS inhibitors, which led to improved 
endothelial function, suggesting that ERS might be associated 
with endothelial dysfunction (36). In addition, the associa‑
tion between ERS and atherosclerosis was also investigated 
previously and it was confirmed in atheroma endothelial 
cells and macrophages (37). Thus, in the present study it was 
hypothesized that propofol could alleviate inflammation and 
apoptosis of endothelial cells by regulating ERS. To further 
confirm this hypothesis, ov‑Bip was constructed and trans‑
fected into the HCY‑induced HUVECs, which were pretreated 
with propofol. The results showed that overexpression of Bip 
could reverse the inhibitory effects of propofol on ERS and 
decrease cell viability. Several reports have indicated that 
inflammatory cytokines can cause ERS and therefore activate 
the UPR (10,11,38). Thus, the concentration of inflammatory 
factors was investigated in the present study, and it was found 
that transfection with ov‑Bip could upregulate their concentra‑
tions. Not surprisingly, it also reactivated the NF‑κB signaling 
pathway. The interaction between IRE1α and PERK can assist 
with the converge of the distinct signaling pathways to produce 
an effective response to reduce damage  (39). However, if 
overwhelmed, these signaling proteins can also induce apop‑
tosis (31). Correspondingly, reactivation of these proteins, by 
the overexpression of Bip, in the present study, could promote 
cell apoptosis. In addition, propofol has also been reported to 
inhibit inflammation via other pathways besides the NF‑κB 
signaling pathway  (40‑42). Whether propofol may relieve 
HUVEC injury or arteriosclerosis via other pathways will be 
investigated in our future studies.

In conclusion, propofol could ameliorate inflammation and 
cell apoptosis in HCY‑induced HUVECs by inhibiting ERS, 
which may provide a novel insight into the treatment of athero‑
sclerosis. However, this study lacks evidence from in vivo 
experiments, so in vivo studies that utilize animal models will 
be performed in our future research to determine the protec‑
tive effect of propofol against arteriosclerosis.
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