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Abstract. The present study investigated whether atorvastatin 
antagonizes the visfatin‑induced expression of inflamma-
tory mediators in human coronary artery endothelial cells 
(HCAECs). Several analysis methods, such as reverse 
transcription-quantitative polymerase chain reaction, western 
blot analysis and H2DCFDA incubation, were used in the 
present study. The data showed that atorvastatin decreased 
the visfatin‑induced expression of interleukin (IL)‑6 and 
IL‑8 in HCAECs. In addition, atorvastatin inhibited the 
visfatin‑induced expression of intercellular adhesion mole-
cule‑1 and vascular cell adhesion molecule‑1 in HCAECs. In 
addition, the present study found that atorvastatin inhibited 
the visfatin‑activated nuclear factor‑κB (NF‑κB) signal 
pathway by preventing extracellular signal‑regulated kinase 
phosphorylation in HCAECs. Atorvastatin significantly inhib-
ited visfatin‑induced NF‑κB activity via the upregulation of 
reactive oxygen species production. Atorvastatin, a visfatin 
antagonist (FK866) and an NF‑κB inhibitor (BAY11‑7082) 
decreased the visfatin‑induced expression of inflamma-
tory mediators via the upregulation of NF‑κB activation in 
HCAECs. These results suggest that atorvastatin may inhibit 
the visfatin‑induced upregulation of inflammatory mediators 
through blocking the NF‑κB signal pathway. The findings 
of the present study provide a potential use for atorvastatin 
and visfatin in the pathogenesis of HCAEC dysfunction. This 

knowledge may contribute to the development of novel thera-
pies for atherosclerosis.

Introduction

Obesity is an independent risk factor for cardiovascular 
diseases (1). Previous studies have revealed that adipose tissue 
acts as an endocrine organ, generating a range of secreted factors 
including leptin, adiponectin, tumor necrosis factor‑α (TNF‑α), 
resistin, plasminogen activator inhibitor‑1 and visfatin (2‑5). 
These adipocytokines have been found to be expressed in 
atherosclerotic plaques, modulating the inflammatory processes 
of atherosclerosis, which implies that adipocytokines are vital 
for the development of atherosclerosis (6‑9).

Atherosclerosis is an inflammatory process that starts 
with endothelial dysfunction, which is important in the initial 
pathogenesis of atherosclerotic lesion formation  (10,11). 
Adipokines, including resistin and leptin, are proinflammatory 
mediators that directly contribute to endothelial dysfunction 
and atherogenesis (12‑15).

Visfatin corresponds to a protein that was previously iden-
tified as pre‑B cell colony enhancing factor, which is a 52‑kDa 
cytokine expressed in lymphocytes. Visfatin is a newly found 
visceral‑fat‑specific adipokine that is predominantly produced 
in visceral adipose tissue  (16,17). Visfatin can upregulate 
the levels of interleukin (IL)‑1β, IL‑6, IL‑8 and TNF‑α in 
cytokines (18‑20). Therefore, visfatin may provide an addi-
tional association between adipose tissues and inflammation. 
Visfatin has previously been found to markedly increase the 
expression of intercellular adhesion molecule‑1 (ICAM‑1) and 
vascular cell adhesion molecule‑1 (VCAM‑1) through acti-
vating nuclear factor‑κB (NF‑κB), which directly contributes 
to endothelial dysfunction  (12,13,21). Several studies have 
reported that the expression of visfatin is increased at plaque 
rupture sites in patients with coronary artery disease and that 
visfatin accelerates monocyte adhesion to endothelial cells 
by upregulating adhesion molecules in vascular endothelial 
cells (22). This finding suggests a positive association between 
visfatin foam cell expression, aortic inflammation and plaque 
destabilization. Emerging evidence has established that visfatin 
is important for the development of atherosclerosis (20,23,24). 
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However, the molecular mechanism underlying the associa-
tion of visfatin in the development of atherosclerosis remains 
unclear.

In addition, previous studies suggest that visfatin 
can dysregulate the vascular endothelial function in a 
dose‑dependent manner. Visfatin can significantly increase 
the expression of IL‑6, ICAM‑1, VCAM‑1 and other cytokines 
in endothelial dysfunction (21). Whether the levels of visfatin 
in adipose tissue surrounding of the coronary artery are asso-
ciated with coronary endothelial dysfunction has not yet been 
studied (25). Visfatin located in the adipose tissue surrounding 
the coronary artery is presumed to initiate coronary artery 
endothelial inflammation via the activation of the NF‑κB 
signal pathway, which then leads to coronary endothelial 
dysfunction and promotes the development and progression of 
atherosclerosis.

The present study demonstrates, for the first time, that 
atorvastatin can decrease the visfatin‑induced expression of 
IL‑6 and IL‑8 in HCAECs. In addition, atorvastatin is found 
to inhibit the visfatin‑induced expression of ICAM‑1 and 
VCAM‑1 in HCAECs. The present study also indicates that 
atorvastatin inhibits the visfatin‑activated NF‑κB signaling 
pathway by preventing the phosphorylation of extracellular 
signal‑regulated kinase (ERK) in HCAECs. Atorvastatin is 
shown to significantly inhibit visfatin‑induced NF‑κB activity 
by decreasing the production of reactive oxygen species (ROS). 
Atorvastatin, FK866 and BAY11‑7082 are shown to decrease 
the visfatin‑induced expression of inflammatory mediators 
via the upregulation of NF‑κB activation in HCAECs. These 
results suggest that atorvastatin may inhibit visfatin‑induced 
upregulation of inflammatory mediators through blocking 
the NF‑κB signal pathway. The findings of the present study 
provide a potential role of atorvastatin and visfatin in the 
pathogenesis of HCAEC dysfunction, and this knowledge may 
contribute to the development of novel therapies for athero-
sclerosis.

Materials and methods

Cell culture. HCAECs were purchased from ScienCell 
Research Laboratories (San Diego, CA, USA). Cells were 
grown in endothelial cell growth medium (ScienCell Research 
Laboratories). In these experiments, cells were seeded in 
0.5 ml complete medium in 24‑well plates. The control cells 
were the vehicle cells, which were created using HCAECs 
dissolved in dimethyl sulfoxide.

Drugs. Atorvastatin was purchased from the Shanghai Yijing 
Industrial Co., Ltd. (Shanghai, China), FK866 was purchased 
from Apexbio Technology LLC (Houston, TX, USA) and 
BAY11‑7082 was purchased from Selleck Chemicals LLC 
(Houston, TX, USA).

Antibodies. The following antibodies were purchased 
from Abcam (Cambridge, MA, USA): Anti‑VCAM1 
rabbit polyclonal antibody against human (predicted: 
mouse, rat and rabbit; dilution, 1:500‑1,000; catalog 
no., ab106777; localization, membrane); anti‑ICAM1 rabbit 
polyclonal antibody against mouse/human (predicted: rat, 
chimpanzee and Chinese hamster; dilution, 1:500‑1,000; 

catalog no.,  ab124759; localization, membrane); anti‑IL6 
rabbit polyclonal antibody against human/pig (dilution, 
1:400‑800; catalog no.,  ab6672; localization, secreted); 
anti‑IL8 rabbit polyclonal against rat/human/cynomolgus 
monkey/rhesus monkey (dilution, 1:10; catalog no., ab7747; 
localization, secreted); anti‑NF‑κB p65 rabbit polyclonal 
antibody against mouse/rat/chicken/human/Indian muntjac 
(dilution, 1:400‑800; catalog no.,  ab16502; localiza-
tion, nucleus); and anti‑ERK5 rabbit polyclonal antibody 
against mouse/rat/human (dilution, 1:500‑1,000; catalog 
no., ab196609; localization, cytoplasm). The anti‑phosphor-
ylated‑ERK (p‑ERK) mouse monoclonal antibody against 
mouse/rat/human/canine/bovine (dilution, 1:200‑500; catalog 
no., sc‑7383; localization, cytoplasm/nucleus) was purchased 
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The 
anti‑β‑actin rabbit polyclonal antibody against mouse/human 
(dilution, 1:100; catalog no., ab16039; localization, cytoplasm) 
was purchased from Abcam and used as the control. The 
secondary polyclonal goat anti-rabbit IgG‑horseradish perox-
idase-conjugated antibody (dilution, 1:1,000‑10,000; catalog 
no., SE12) was purchased from Solarbio (Beijing, China).

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
using TRIzol Reagent (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), and reverse transcription was 
performed using a PrimeScript RT reagent kit (Takara Bio, 
Inc., Otsu, Japan), according the manufacturer's instructions. 
For RT‑qPCR analysis, aliquots of complementary DNA were 
amplified using SYBR Premix Ex Taq (Takara Bio, Inc.). PCR 
reactions were performed in triplicate with the following 
conditions: 95˚C for 30 sec, then 40 cycles of 95˚C for 5 sec, 
60˚C for 15 sec and 72˚C for 10 sec, on an MXP3000 cycler 
(Stratagene; Agilent Technologies, Inc., Santa Clara, CA, USA) 
and repeated at least three times. The primers were as follows: 
VCAM1 forward, 5'‑GGG​AAG​ATG​GTC​GTG​ATC​CTT‑3' 
and reverse, 5'‑TCT​GGG​GTG​GTC​TCG​ATT​TTA‑3'; ICAM1 
forward, 5'‑ATG​CCC​AGA​CAT​CTG​TGT​CC‑3' and reverse, 
5'‑GGG​GTC​TCT​ATG​CCC​AAC​AA‑3'. Relative messenger 
RNA (mRNA) levels were calculated using the ΔΔCq method, 
using β‑actin as a control, and expressed as 2(‑ΔΔCq) (26).

Measurement of VCAM‑1 and ICAM‑1 in HCAECs by 
enzyme‑linked immunosorbent assay (ELISA). The concen-
tration of VCAM‑1 and ICAM‑1 in conditioned media was 
measured using Human ELISA Kits (Thermo Fisher Scien-
tific, Inc.), according to the manufacturer's instructions.

Western blot analysis. Total protein of tissues and cells was 
obtained using radioimmunoprecipitation assay lysis buffer 
containing a mixture of proteinase inhibitors (Sigma‑Aldrich, 
St. Louis, MO, USA). The protein concentration was deter-
mined using BCA protein assay reagent (Beyotime Institute 
of Biotechnology, Haimen, China). Equivalent amounts of 
proteins were separated by 12% sodium dodecyl sulfate‑poly-
acrylamide gel electrophoresis, and then transferred onto 
nitrocellulose membranes (Invitrogen; Thermo Fisher 
Scientific, Inc.). After being blocked in Tris‑buffered saline 
containing 5% fat‑free milk, the membranes were incubated 
with the aforementioned VCAM‑1, ICAM‑1, IL‑6, IL‑8, 
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NF‑κB p65, ERK or p‑ERK primary antibodies at 4˚C over-
night, washed using phosphate-buffered saline (PBS)‑Tween 
buffer [0.01 mol/l PBS (pH 7.2‑7.4); 0.2 mol/l NaH2PO4 19 ml; 
0.2  mol/l Na2HPO4 81  ml; NaCl 17  g; 2,000  ml ddH2O; 
20% Tween 20] and then incubated with horseradish peroxi-
dase‑conjugated secondary antibody at room temperature for 
2 h. A β‑actin antibody was used as a loading control. Signals 
were detected on X‑ray film using the Pierce ECL detection 
system (Thermo Fisher Scientific, Inc.).

Measurement of ROS production. ROS production was 
measured by using 2',7'‑diclorof luorescein diacetate 
(H2DCFDA; Invitrogen; Thermo Fisher Scientific, Inc,). In 
total, 4 HCAECs were incubated in the absence or presence 
of 50 ng/ml visfatin, with or without 50 nM FK866, 50 µM 
BAY11‑0782 or 10 µM atorvastatin, for 24 h. The HCAECs 
were then incubated with H2DCFDA (10 µM) for 30 min at 
37˚C. Fluorescence images were obtained using a fluorescence 
microscope (BX‑51; Olympus Corporation, Tokyo, Japan). 
The fluorescence intensity was measured using Image J soft-
ware version 2.1.4.7 (imagej.nih.gov/ij/; National Institutes of 
Health, Bethesda, MD, USA); then the mean fluorescence was 
calculated and normalized to the control value.

Statistical analysis. Statistical analysis was performed with 
SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, USA). The 
Pearson χ2 test or Fisher's exact test was used to compare 

qualitative variables, and the Student's t‑test for quantitative 
variables. All statistical tests were two‑sided, and a P‑value 
of <0.05 was considered to indicate a statistically significant 
difference.

Results

Visfatin improves the production of cytokines in HCAECs, 
but BAY11‑7082 and atorvastatin can antagonize this 
process. IL‑6 and IL‑8 have been previously reported to be 
involved in the pathogenesis of obesity, insulin resistance and 
atherosclerosis (27,28). Therefore, the present study aimed 
to examine whether visfatin, FK866, BAY11‑7082 and ator-
vastatin could affect cytokine and adhesion molecule gene 
expression in HCAECs. Compared with the control, HCAECs 
incubated in the presence of visfatin caused a significant 
increase in IL‑6 and IL‑8 mRNA expression. However, 
the IL‑6 and IL‑8 mRNA levels of the visfatin group were 
reduced in the presence of FK866, BAY11‑7082 and atorv-
astatin (Fig. 1A and B). An ELISA was used to measure the 
levels of IL‑6 and IL‑8 released from HCAECs. Compared 
with the control group, visfatin group showed significant 
increases in the release of IL‑6 and IL‑8. However, levels of 
IL‑6 and IL‑8 in the FK866, BAY11‑7082 and atorvastatin 
groups were decreased compared with the visfatin group and 
increased compared with the control group (Fig. 1C and D). 
Overall, these results suggest that FK866, BAY11‑7082 and 

Figure 1. Reverse transcription‑quantitative polymerase chain reaction assays revealed the effect of atorvastatin on visfatin‑induced inflammation. Human 
coronary artery endothelial cells were incubated in the absence or presence of 50 ng/ml visfatin, with or without 50 nM FK866, 50 µM BAY11‑0782 or 10 µM 
atorvastatin, for 24 h. (A) Atorvastatin downregulated visfatin‑induced IL‑6 gene expression (P‑values from left to right vs. control: 0.0081, 0.0045, 0.0233 
and 0.0057). (B) Atorvastatin decreased visfatin‑induced IL‑8 gene expression (P‑values from left to right vs. control: 0.0096, 0.0037, 0.0043 and 0.0031). 
(C) Atorvastatin downregulated visfatin‑induced IL‑6 release (P‑values from left to right vs. control: 0.0078, 0.0022, 0.0783 and 0.0382). (D) Atorvastatin 
inhibited visfatin‑induced IL‑8 release (P‑values from left to right vs. control: 0.0094, 0.0032, 0.0039 and 0.0035). Significant differences were determined 
using Student's t‑test; *P<0.05, **P<0.01 vs. visfatin control. IL‑6, interleukin‑6; IL‑8, interleukin‑8.
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atorvastatin decrease the visfatin‑induced upregulation of 
IL‑6 and IL‑8 in HCAECs.

Atorvastatin inhibits the visfatin‑induced expression of 
adhesion molecules in HCAECs. The expression of adhesion 
molecules, including ICAM‑1 and VCAM‑1, on the endothelial 
cell surface is an initial step in atherogenesis (29). ICAM‑1 and 
VCAM‑1 can mediate leukocyte adhesion to the endothelium 
during inflammation. Therefore, the present study investigated 
whether visfatin could induce the expression of ICAM‑1 and 
VCAM‑1 in HCAECs. The data revealed that visfatin strongly 
increased ICAM‑1 and VCAM‑1 mRNA levels compared 
with the control group. However, the ICAM‑1 and VCAM‑1 
mRNA levels in the visfatin group were decreased in the pres-
ence of FK866, BAY11‑7082 and atorvastatin (Fig. 2A and B). 
Western blot analysis assays also indicated that the treatment 

of HCAECs with visfatin increased ICAM‑1 and VCAM‑1 
protein levels compared with control the group. However, the 
ICAM‑1 and VCAM‑1 protein levels of the visfatin group 
were decreased in the presence of FK866, BAY11‑7082 and 
atorvastatin (Fig. 2C and D). Overall, these results suggest 
that atorvastatin inhibited the visfatin‑induced expression of 
ICAM‑1 and VCAM‑1 in HCAECs.

Visfatin induces the expression of cytokines and adhesion 
molecules through the NF‑κB signaling pathway, but atorvas‑
tatin can antagonize the process. Numerous cytokines, such as 
IL‑1, IL‑6, IL‑8 and TNF‑α, and cell adhesion molecules, such 
as CD4, CD8, CD22, CD28, CTLA‑4, ICOS, ICAM‑1, CD80 
and CD86, can induce gene expression through the NF‑κB 
signaling pathway (30). NF‑κB is a potent proinflammatory 
nuclear transcription factor, and the activation of NF‑κB is a 

Figure 2. Atorvastatin and signaling inhibitors decreased visfatin‑induced VCAM‑1 and ICAM‑1 expression in HCAECs. HCAECs were incubated in the 
absence or presence of 50 ng/ml visfatin, with or without 50 nM FK866, 50 µM BAY11‑0782 or 10 µM atorvastatin, for 24 h. (A) RT‑qPCR assays revealed 
that atorvastatin downregulated visfatin‑induced VCAM‑1 gene expression (P‑values from left to right vs. control: 0.0068, 0.0015, 0.0021 and 0.0017). 
(B) RT‑qPCR assays revealed that atorvastatin decreased visfatin‑induced ICAM‑1 gene expression (P‑values from left to right vs. control: 0.0073, 0.0011, 
0.0026 and 0.0019). (C) Western blotting assays revealed that atorvastatin downregulated the visfatin‑upregulated VCAM‑1 protein level (P‑values from left to 
right vs. control: 0.0089, 0.0016, 0.0023 and 0.0018). (D) Western blotting assays revealed that atorvastatin inhibited the visfatin‑upregulated ICAM‑1 protein 
level (P‑values from left to right vs. control: 0.0097, 0.0014, 0.0020 and 0.0016). Total cell lysates were separated by 12% sodium dodecyl sulfate‑polyacryl-
amide gel electrophoresis and immunoblots were analyzed with anti‑VCAM‑1, anti‑ICAM‑1 and anti‑β‑actin antibodies. β‑actin was measured as an internal 
control. Significant differences were determined using Student's t‑test, **P<0.01. VCAM‑1, vascular adhesion molecule‑1; ICAM‑1, intercellular adhesion 
molecule‑1; HCAECs, human coronary artery endothelial cells; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.
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major part of the initiation and amplification of inflammatory 
responses. NF‑κB activity can be modulated via phosphoryla-
tion by mitogen‑activated protein kinases (MAPKs), including 
ERK1/2  (31‑33). In addition, visfatin has been shown to 
promote angiogenesis through the activation of the ERK1/2 
in endothelial cells. Therefore, the present study investigated 
whether visfatin could activate NF‑κB activity via the ERK 
signaling pathway in HCAECs.

Western blot analyses indicated that the treatment of 
HCAECs with visfatin increased p‑ERK and p65 protein 
levels, but did not increase ERK protein levels, compared 
with the control group. However, the protein levels of p‑ERK 
and p65 in the visfatin group were reduced in the presence of 
FK866, BAY11‑7082 and atorvastatin (Fig. 3A). The present 
study then aimed to determine whether visfatin could enhance 
the nuclear accumulation of p65 protein. A western blot 

analysis of p65 demonstrated that there was no significant 
difference in the cytoplasm protein levels of p65 compared 
with control cells; however, the nuclear protein levels of p65 
significantly increased with the treatment of HCAECs with 
visfatin. However, this effect was inhibited in the presence 
of FK866, BAY11‑7082 and atorvastatin (Fig. 3B). Overall, 
the results suggest that visfatin upregulates the expression of 
p‑ERK and p65 and promotes the translocation of p65 to the 
nucleus in HCAECs, but that atorvastatin could antagonize 
this effect.

Visfatin promotes NF‑κB activation associated with ROS 
production, but atorvastatin can antagonize the process. 
Visfatin has been previously found to upregulate NF‑κB activity, 
indicating that visfatin may induce the expression of pro‑inflam-
matory and adhesion molecules (34). ROS are known to be 

Figure 3. Effect of atorvastatin on the visfatin‑induced NF‑κB signaling pathway in HCAECs. (A) Western blotting assays revealed that visfatin increased 
p‑ERK and p65 protein levels, but did not increase ERK protein levels compared with the control group. However, FK866, BAY11‑7082 and atorvastatin 
inhibited visfatin‑induced NF‑κB activity (P‑values from left to right vs. controls: 0.0082, 0.0055, 0.0047 and 0.0058; 0.0090, 0.0061, 0.0053 and 0.0037; 
0.0632, 0.0689, 0.0620 and 0.0627). (B) Cell fractionation assays revealed that atorvastatin decreased the visfatin‑increased nuclear p65 protein levels in 
HCAECs (P‑values from left to right vs. control, left image: 0.0728, 0.0675, 0.0622 and 0.0530; right image: 0.0082, 0.0056, 0.0024 and 0.0037). Significant 
differences were determined using Student's t‑test, *P<0.05, **P<0.01. NF‑κB, nuclear factor‑κB; HCAECs, human coronary artery endothelial cells; p‑ERK, 
phosphorylated‑extracellular signal‑regulated kinase; ERK, extracellular signal‑regulated kinase; CE, cytoplasmic extract; NE, nuclear extract.
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produced by cytokines, growth factors and vasoactive agents, 
and contribute to the intracellular signaling cascades associated 
with inflammatory response (35). ROS can induce the activation 
of the NF‑κB signaling pathway by modifying the activation of 
one or more of the kinase enzymes involved in NF‑κB activa-
tion cascades (36). Therefore, the present study investigated 
whether visfatin could induce ROS generation in HCAECs. The 
H2DCFDA assay was used to assess the effect of visfatin on 
ROS generation. Visfatin significantly increased ROS genera-
tion in HCAECs; however the visfatin‑induced ROS generation 
was decreased in the presence of FK866, BAY11‑7082 and ator-
vastatin (Fig. 4). Overall, these results suggest that atorvastatin 
decreased visfatin‑induced ROS generation in HCAECs.

Discussion

Obesity is a significant risk factor for cardiovascular diseases, 
including atherosclerosis and hypertension (37,38). Athero-
sclerosis is an inflammatory process that begins with systemic 
endothelial dysfunction, a pivotal event in the early pathogen-
esis of atherosclerotic lesion formation (10,11). Adipokines 
regulate the endothelial expression of cell adhesion molecules 
and chemoattractant chemokines, one of the early important 
steps in atherosclerosis (14,15). Previous studies have reported 
that the expression of visfatin is increased at plaque rupture 
sites in patients with coronary artery disease, which suggests 
a possible role for visfatin in the development of atheroscle-
rosis (21,25). The present study demonstrated that visfatin 
increased the production of IL‑6 and IL‑8 in HCAECs. The 
treatment of HCAECs with visfatin resulted in the upregula-
tion of ICAM‑1 and VCAM‑1 expression. Using western 
blotting assays, the treatment of HCAECs with visfatin was 

found to result in increased p‑ERK and p65 protein levels 
and decreased ERK protein levels compared with the control 
group. In addition, visfatin enhanced p65 protein nuclear 
accumulation in HCAECs. Finally, visfatin was shown to 
induce ICAM‑1 and VCAM‑1 expression through the NF‑κB 
signal pathway and promote NF‑κB activation, in association 
with ROS production. However, atorvastatin was indicated to 
antagonize the function of visfatin in HCAECs. Overall, these 
results suggest that atorvastatin may be vital for the prevention 
and therapy of atherosclerosis.

IL‑6 and IL‑8 have been reported to be involved in the 
pathogenesis of obesity, insulin resistance and atheroscle-
rosis (27,28). In the present study, visfatin was found to induce 
the production of IL‑6 and IL‑8 in HCAECs. This finding is 
in agreement with previous studies, which showed that visfatin 
induced the production of the IL‑1β, IL‑6, IL‑8 and TNF‑α 
cytokines (18‑20). However, for the first time, the present study 
found that atorvastatin could antagonize the visfatin‑promoted 
production of IL‑6 and IL‑8. The expression of adhesion 
molecules such as VCAM‑1 and ICAM‑1 on the endothe-
lial cell surface is the initial step in atherogenesis  (29). A 
previous study reported that the upregulation of ICAM‑1 and 
VCAM‑1 has been found in human atherosclerotic plaques, 
and was associated with upregulated leukocyte recruitment 
and accumulation (21). The present study demonstrated that 
visfatin increased ICAM‑1 and VCAM‑1 mRNA and protein 
levels in HCAECs, but that atorvastatin could antagonize this 
visfatin effect. These results suggest that atorvastatin can use 
anti‑inflammatory actions to attenuate the dysfunction of 
HCAECs and atherosclerosis.

NF‑κB can induce the expression of numerous cytokines 
and cell adhesion molecules (32). NF‑κB activity can be modu-
lated through phosphorylation by MAPKs, including ERK1/2, 
JNK and p38 (30). The present study demonstrated that visfatin 
upregulated p‑ERK and p65 protein levels, suggesting that 
visfatin could activate p65 via activation of the MAPK/ERK 
signaling pathway. Visfatin also promoted the translocation of 
p65 to the nucleus in HCAECs, but atorvastatin could antago-
nize this effect. In the present study, visfatin upregulated NF‑κB 
activity, which indicates that visfatin induced the expression of 
inflammatory and adhesion molecules, possibly through the 
NF‑κB signaling pathway. ROS were produced by cytokines, 
growth factors and vasoactive agents, which contribute to the 
intracellular signaling cascades associated with inflammatory 
response (39). ROS induced NF‑κB activation by modifying 
the activation of one or more of the kinase enzymes in the 
NF‑κB activation cascades (40,41). In the present study, visfatin 
significantly increased ROS generation in HCAECs, but the 
visfatin‑induced ROS generation was reduced in the pres-
ence of FK866, BAY11‑7082 and atorvastatin. These results 
suggest that the inhibition of the visfatin‑induced expression 
of cytokines and cell adhesion molecules by atorvastatin may 
be mediated by the downregulation of NF‑κB activation due to 
decreased ROS production.

In conclusion, the present study indicates that visfatin 
causes in the dysfunction of HCAECs by upregulating the 
expression of IL‑6, IL‑8, ICAM‑1 and VCAM‑1, probably 
through activation of the NF‑κB pathway. The activation of 
the NF‑κB pathway may be mainly due to visfatin‑induced 
p‑ERK expression and ROS generation. However, atorvastatin 

Figure 4. H2DCFDA incubation revealed the effect of atorvastatin on vis-
fatin‑induced ROS generation in HCAECs. ROS production in HCAECs was 
determined by fluorescence staining using H2DCFDA. HCAECs was incu-
bated in the absence or presence of 50 ng/ml visfatin, with or without 50 nM 
FK866, 50 µM BAY11‑0782 or 10 µM atorvastatin, for 24 h. Fluorescent 
intensity was measured using Image J software (version 2.1.4.7) and then 
averaged and shown as fold increase relative to the control (n=3 independent 
experiments). P‑values from left to right vs. control: 0.0085, 0.0017, 0.0036 
and 0.0024. Significant differences were determined using Student's t test, 
**P<0.01. ROS, reactive oxygen species; HCAECs, human coronary artery 
endothelial cells.
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can antagonize the visfatin‑promoted development of athero-
sclerosis, suggesting that atorvastatin may be vital for the 
prevention and therapy of atherosclerosis.
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