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Abstract. The adhesion of monocytes to human umbilical vein 
endothelial cells (HUVECs) plays a crucial role in the initiation 
of atherosclerosis. Intercellular adhesion molecule-1 (ICAM-1) 
and vascular cell adhesion molecule-1  (VCAM-1) are two 
important molecules involved in the adhesion of monocytes to 
HUVECs. Previous studies have suggested that artemisinin, 
apart from an anti-malarial agent, also has other effects. In the 
present study, we found that artemisinin significantly decreased 
the adhesion of monocytes to tumor necrosis factor-α (TNF-α)-
stimulated HUVECs in a dose-dependent manner and 
suppressed the mRNA and protein level of ICAM-1 and 
VCAM-1 in the TNF-α-stimulated HUVECs. In addition, the 
nuclear factor-κB (NF-κB) inhibitor, Bay 11-7082, and mitogen-
activated protein kinase (MAPK) inhibitors (SB203580 and 
U0126) respectively reduced the adhesion of monocytes 
to TNF-α-stimulated HUVECs, and suppressed ICAM-1 
and VCAM-1 expression in TNF-α stimulated HUVECs. 
Moreover, artemisinin impeded the activation of the NF-κB 
and MAPK signaling pathways. Furthermore, Bay 11-7082 
significantly decreased the phosphorylation of levels extracel-
lular signal-regulated protein kinase (ERK)1/2, p38 and c-Jun 
N-terminal kinase (JNK). Taken together, the findings of our 
study indicated that artemisinin blocked monocyte adhesion 
to TNF-α-stimulated to HUVECs by downregulating ICAM-1 
and VCAM-1 expression in the TNF-α-stimulated HUVECs. 
Artemisinin may thus have potential for use in the protection 
against the early development of atherosclerotic lesions.

Introduction

Atherosclerosis is a chronic inflammatory disease and is asso-
ciated with high mortality and disability when the atheroma 
ruptures (1). Atherosclerosis is likely to be initiated by the activa-
tion of endothelial cells with the expression of adhesion molecules, 
including intercellular adhesion molecule-1  (ICAM-1) and 
vascular cell adhesion molecule-1 (VCAM-1). These adhesion 
molecules in turn enable the adhesion of mononuclear leuko-
cytes, such as monocytes, to endothelial cells and also their 
transmigration into the intima, which further leads to a cascade 
of inflammatory reactions (2-6). Therefore, targeting monocyte 
adhesion to the endothelium is considered a novel treatment 
strategy for atherosclerosis.

A number of inflammatory signaling pathways are involved 
in the initiation and progression of atherosclerosis. The nuclear 
factor-κB (NF-κB) pathway, which can be activated by a number 
of inflammatory stimuli, such as tumor necrosis factor-α (TNF-α) 
and interleukin (IL)-1β, is the most important signaling pathway 
in atherosclerosis (7,8). It manipulates a number of genes which 
are tightly involved in the development and progression of 
atherosclerosis (7,8). Previous studies have demonstrated that 
the activated NF-κB signaling pathway is directly responsible 
for promoting leukocyte adhesion to the endothelium and for 
the increased expression of adhesion molecules in TNF-α-
stimulated endothelial cells (9,10). Data have shown that the 
inhibition of the NF-κB pathway and inflammatory molecules 
results in reduced lesion size and reduced inflammatory cell 
infiltration in vivo (11,12). Previous studies have also indicated 
that the mitogen-activated protein kinase (MAPK) signaling 
pathway is involved in monocyte adhesion to human umbilical 
vein endothelial cells (HUVECs) (13).

Artemisinin (C15H22O5), derived from the sweet wormwood 
Artemisia annua, has been used in the treatment of malaria 
in China for over 2,000 years (14). Due to its superior effi-
ciency and low toxicity, the World Health Organization has 
recommended artemisinin for worldwide malaria control (15). 
Recently, artemisinin and its derivatives have been shown 
to have pharmacological actions beyond their anti-malarial 
effects; these other properties include, immunosuppressive and 
anti-inflammatory properties and have been shown to exert 
anticancer effects by inducing cell cycle arrest, promoting 
apoptosis, preventing angiogenesis, and abrogating cancer 
invasion and metastasis (16). Moreover, we have previously 
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demonstrated that artemisinin inhibits the expression of 
a number of factors which are important in inflammation 
and plaque stability (17,18). As is already known, monocyte 
adhesion to endothelial cells is considered the initiation of 
atherosclerosis (3). Under conditions of chronic inflammation, 
the expression of adhesion molecules is upregulated in activated 
endothelial cells, which mediates the adhesion of moncotytes to 
endothelial cells (19). However, it would be interesting to deter-
mine whether artemisinin can affect the adhesion of monocytes 
to endothelial cells under inflammatory stimuli (e.g. TNF-α), as 
it affects the expression of inflammation factors. 

In the present study, we examined the effects of artemisinin 
on the adhesion of monocytes to HUVECs and the expression 
of adhesion molecules in TNF-α-stimulated HUVECs. We 
demonstrate that artemisinin decreases monocyte adhesion to 
HUVECs at least in part through the inhibition of the activation 
of the NF-κB and MAPK signaling pathways.

Materials and methods

Cell culture and treatment. HUVECs (PCS-100-013™) were 
purchased from ATCC (Manassas, VA, USA) and maintained in 
M199 medium (Gibco, Grand Island, NY, USA) supplemented 
with 10% fetal buffer saline (FBS), 10 mM HEPES (Sigma-
Aldrich, St. Louis, MO, USA) and 1% penicillin/streptomycin 
solution. THP-1 cells were purchased from the Type Culture 
Collection of the Chinese Academy of Sciences (Shanghai, 
China) and maintained in RPMI-1640 medium (Gibco) with 
10% FBS, 10 mM HEPES (Sigma-Aldrich) and 1% penicillin/
streptomycin solution. Both the HUVECs and THP-1 cells 
were maintained at 37˚C with 5% CO2 and passaged 2-6 times 
before use.

Cytotoxicity assay. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay was performed as previously 
described (10). Following culture in 96-well plates, the HUVECs 
were pre-incubated with increasing concentrations of atre-
misinin  (0-300  µM) for 4  h followed by stimulation with 
TNF-α (PeproTech, Rocky Hill, NJ, USA) for a further 24 h. 
Subsequently, 20 µl/well of MTT solution (5 mg/ml) (Sigma-
Aldrich) were added and the HUVECs were cultured at 37˚C 
with 5% CO2 for 4 h. The medium was then removed and 
100  µl/well dimethyl sulfoxide  (DMSO) were added. The 
plate was pipetted up and down to dissolve crystals, and the 
effects of artemisinin on HUVEC viability were assessed by 
measuring the absorbance at 570 nm using a spectrophotom-
eter (Beckman DU-650, Beckman Coulter, Brea, CA, USA).

Analysis of the adhesion of monocytes to HUVECs. The 
HUVECs were seeded and incubated in 12-well dishes 
until they reached >85%  confluence. Subsequently, the 
HUVECs were pre-incubated with various concentrations 
of artemisinin (0-200 µM) for 4 h prior to stimulation with 
TNF-α  (10  ng/ml) for 24  h. For examining the signaling 
pathways involved, the HUVECs were pre-treated with 10 µM 
Bay-11-7082 (Beyotime) for 30 min or 10 µM MAPK inhibi-
tors (SP600125, SB203580 and U0126) (all purchased from 
Beyotime) for 1 h and then cultured with TNF-α for 24 h. The 
THP-1 cells were labeled with 5 µM 2',7'-bis‑(2-carboxyethyl)-
5-(and-6)-carboxyfluorescein, acetoxymethyl ester (BCECF/

AM; Invitrogen, Carlsbad, CA, USA) for 30 min in RPMI-
1640. The THP-1 cells labeled with BCECF/AM were added 
to the 12-well dishes containing the HUVECs and incubated 
for 1 h. Subsequently, unbound monocytes were removed by 
3 washes with warm phosphate-buffered saline (PBS). Bound 
monocytes were determined using a fluorescence micro-
scope (Olympus BX- 51; Olympus, Tokyo, Japan).

Western blot analysis. Protein expression was determined 
by western blot analysis as previously described  (17). To 
detect the time course of NF-κB nuclear translocation, the 
HUVECs were incubated with TNF-α (10 ng/ml) for different 
periods of time (15 min to 3 h). In another experiment, the 
HUVECs were pre-incubated with increasing concentrations 
of artemisinin (0-200 µM) for 4 h followed by stimulation 
with TNF-α (10 ng/ml) for 3 h. For examining the signaling 
pathways involved, the HUVECs were pre-treated with 10 µM 
Bay-11-7082 (Beyotime) for 30 min or with 10 µM MAPK 
inhibitors (SP600125, SB203580 and U0126) (all purchased 
from Beyotime) for 1 h and then cultured with TNF-α for 3 h. 
Protein from the cytoplasm or nucleus was collected using a 
Nuclear and Cytoplasmic Protein Extraction kit (Beyotime 
Institute of Biotechnology, Shanghai, China) as previously 
described (17). Subsequently, 20 µg of protein were loaded 
onto a 10% polyacrylamide gel, separated by electrophoresis, 
and transferred onto polyvinylidene difluoride membranes. 
After blocking with albumin from bovine serum for 1 h, the 
membranes were reacted with primary antibodies, including 
anti-ICAM-1  (ab20), anti-VCAM-1  (Ab174279) (both from 
Abcam Cambridge, UK), anti-p65 (#6956), anti-IκB (#4814), 
anti-ERK (#4695), anti-p-ERK (#4370), anti-JNK (#9252), 
anti-p-JNK (#4668), anti-p38 (#8690), anti-p-p38 (#4511) and 
anti-GAPDH (#5174) (all from Cell Signaling Technology, 
Danvers, MA, USA). The membranes were then washed and 
incubated with secondary antibody conjugated with HRP (Cell 
Signaling Technology). Protein signals were detected using 
chemiluminescence and band intensities were analyzed using 
Quantity One software (Bio-Rad, Hercules, CA, USA).

Reverse transcription-quantitative PCR (RT-qPCR). mRNA 
expression levels were measured by RT-qPCR as previously 
described (17). Briefly, the HUVECs were treated with various 
concentrations of artemisinin for 4 h followed by stimula-
tion with TNF-α for 24 h. The HUVECs were collected and 
total RNA was extracted using TRIzol reagent (Invitrogen) 
according to the manufacturer's instructions. These RNA 
samples were converted into cDNA by reverse transcription 
and quantitative  (real-time PCR; qPCR) was carried out using 
the GoTaq® 2-Step RT-qPCR System (Promega) with a Roche 
LightCycler 480 system. The primers used are listed in Table I.

Confocal immunofluorescence analysis of NF-κB nuclear 
translocation. The HUVECs were pre-incubated with different 
doses of artemisinin (0-200 µM) for 4 h and followed by TNF-α 
(10 ng/ml) for 3 h. Immunofluorescence assay was carried out 
as described previously using a cellular NF-κB translocation 
kit  (Beyotime Institute of Biotechnology) according to the 
manufacturer's instructions. Briefly, the HUVECs were fixed 
and washed with PBS 3 times. The HUVECs were then blocked 
with 10% goat serum at room temperature for 1 h before rabbit 



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  37:  1567-1575,  2016 1569

anti-p65 antibody (SN368, Beyotime Institute of Biotechnology) 
was added followed by incubation for a further 1 h at room 
temperature. The HUVECs were then washed and reacted with 
anti-rabbit IgG Cy3 conjugated secondary antibody (SN368, 
Beyotime Institute of Biotechnology) for 1 h. Subsequently, 
the HUVECs were washed 3  times before 4',6-diamidino-
2-phenylindole  (DAPI) was added and washed again. The 
location of NF-κB p65 and nuclei were determined using an 
Olympus FluoView™ FV1000 confocal microscope (Olympus 
America Inc., Center Valley, PA, USA).

NF-κB transcription factor activity assay. The HUVECs were 
pre-incubated with various concentrations of artemisinin for 4 h 
followed by stimulation with TNF-α for 3 h. The HUVECs were 
collected and the nuclear extract was prepared using a Nuclear 
Extract kit (Active Motif, Carlsbad, CA, USA) according to 
the manufacturer's instructions. The DNA binding activity of 
NF-κB (p50/p65) was then analyzed using the Trans-AM NF-κB 
enzyme‑linked immunosorbent assay  (ELISA) kit  (Active 
Motif). Briefly, nuclear proteins (10 µg/well) were added to 
a 96-well plate coated with an oligonucleotide containing 
the NF-κB consensus binding site  (5'-GGGACTTTCC-3') 
and incubated for 1 h. After washing, 100 µl of NF-κB anti-
body (1:1,000; Cat. no. 40096, Active Motif) was added and 
the incubation lasted for 1 h. After that, the plate was washed 
3 times before a horseradish peroxidase-conjugated secondary 
antibody (Cat. no. 40096, Active Motif) was added to the plate 
and incubated for 1 h. The absorbance was determined using 
a spectrophotometer (Beckman DU-650, Beckman Coulter) at 
OD450 nm.

Statistical analysis. All values are presented as the means ± SD. 
Statistical analysis was performed by one-way ANOVA (LSD) 
using SPSS 9.0 software. A value of P<0.05 was considered to 
indicate a statistically significant difference. All experiments 
were performed at least 3 times.

Results

Cell viability. The HUVECs were cultured with increasing 
concentrations of artemisinin (0-300 µM) for 24 h. The toxicity 
of artemisinin was determined by MTT assay. The results 
of MTT assay revealed that the viability of the HUVECs 
was >90% when the concentration of artemisinin was 200 µM. 

Cell viability only decreased significantly when the concentra-
tion of artemisinin increased to 250 µM (Fig. 1A). Therefore, 
the highest concentration of artemisinin selected for use was 
200 µM in the subsequent experiments.

Artemisinin inhibits monocyte adhesion to HUVECs. We 
first quantified the number of THP-1 cells that adhered to the 
HUVECs. The HUVECs were pre-incubated with increasing 
concentrations of artemisinin for 4  h and TNF-α was 
added then for 24 h. The adherent THP-1 cells labeled with 
BCECF-AM dye were examined under a fluorescence micro-
scope, and digital images were captured at x200 magnification. 
TNF-α  (10  ng/ml) markedly increased adhesion between 
monocytes and HUVECs following 24 h of incubation with 
the HUVECS (Fig. 1B and C). Of note, pre-treatment of the 
HUVECs with 50, 100 and 200 µM artemisinin markedly 
suppressed the TNF-α-induced adhesion between the mono-
cytes and HUVECs in a dose-dependent manner.

Artemisinin decreases the expression of ICAM-1 and VCAM-1. 
ICAM-1 and VCAM-1 are considered the main adhesion 
molecules which mediate the adhesion of monocytes to 
HUVECs  (20,33). Thus, we wished to determine whether 
artemisinin affects the expression of ICAM-1 and VCAM-1. 
The HUVECs were first pre-incubated with or without arte-
misinin (0-200 µM) for 4 h prior to incubation with or without 
TNF-α for 24 h. Cell pellets were lysed, and western blot anal-
ysis was carried out. TNF-α alone significantly increased the 
protein expression of ICAM-1 and VCAM-1 (Fig. 2A). However, 
ICAM-1 and VCAM-1 protein levels were markedly downregu-
lated following pre-treatment with artemisinin (Fig. 2A-C).

We also examined the mRNA levels of ICAM-1 and 
VCAM-1 by RT-qPCR. ICAM-1 and VCAM-1 mRNA expres-
sion levels were markedly elevated following stimulation with 
TNF-α (Fig. 2D and E). Consistent with the results of western 
blot analysis for protein expression, pre-treatment with artemis-
inin significantly decreased the mRNA levels of ICAM-1 and 
VCAM-1 which were increased by TNF-α in a dose-dependent 
manner.

NF-κB and MAPK inhibitors block TNF-α-induced monocyte 
adhesion to HUVECs and decrease the expression of ICAM-1 
and VCAM-1 in HUVECs. It is well known that the NF-κB 
signaling pathway plays a pivotal role in the pathogenesis 
of atherosclerosis by regulating a series of inflammation-
associated genes and adhesion molecules (7,8). Thus, to further 
elucidate the potential mechanisms of action of artemisinin, 
we first examined monocyte adhesion to HUVECs using the 
NF-κB-specific inhibitor, Bay 11-7082. Pre-treatment with 
Bay 11-7082 (10 µM) significantly decreased monocyte adhe-
sion, and the effects were similar to those observed with the 
high concentration of artemisinin (Fig. 3A and B).

We further examined the mRNA and protein level of ICAM-1 
and VCAM-1 following pre-treatment with Bay 11-7082 by 
western blot analysis and RT-qPCR, respectively. As shown 
in Fig. 3C-E, pre-treatment of the HUVECs with Bay 11-7082 
significantly decreased the protein expression of ICAM-1 and 
VCAM-1 which was induced by TNF-α, which correlated with 
reduced monocyte adhesion to the HUVECs (Fig. 3A and B). 
A similar pattern was observed with the mRNA expression 

Table I. Primers used for RT-PCR.

Gene	 Primer sequences

ICAM-1	 Forward	 CCCTTGACCGGCTGGAGATT
	 Reverse	 CTGGGGGCAACATTGACATAAAGTG

VCAM-1	 Forward	 CTGTCACTCGAGATCTTGAGG
	 Reverse	 CCTGCAGTGCCCATTATGA

GAPDH	 Forward	 ACCCAGAAGACTGTGGATGG
	 Reverse	 TTCTAGACGGCAGGTCAGGT

ICAM-1, intercellular adhesion molecule-1; VCAM-1, vascular cell adhesion 
molecule-1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 1. Artemisinin attenuates monocyte adhesion to human umbilical vein endothelial cells (HUVECs). (A) Effects of artemisinin on the viability of 
HUVECs. HUVECs were incubated with various concentrations of artemisinin (0-300 µM) for 24 h. Cell viability was assessed by MTT assay. Cells incubated 
in medium without artemisinin were used as controls and were considered to have 100% viability. (B) Fluorographs (x200 magnification) of BCECF‑AM‑labeled 
THP-1 cells (green) adhering to HUVECs. HUVECs were pre-treated with or without artemisinin (50-200 µM) for 4 h prior to incubation with or without tumor 
necrosis factor-α (TNF-α). (C) Quantified adhesion results were normalized to the no TNF-α-stimulated control group. #P<0.05 vs. control; *P<0.05 vs. TNF-α 
group. Art, artemisinin.

Figure 2. Effect of artemisinin on the protein and mRNA expression level of intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion mol-
ecule-1 (VCAM-1) in tumor necrosis factor-α (TNF-α) stimulated human umbilical vein endothelial cells (HUVECs). HUVECs were pre-treated with or without 
artemisinin (50-200 µM) for 4 h prior to incubation with or without TNF-α for 24 h. (A-C) Protein expression of adhesion molecules was detected by western 
blot analysis. (D and E) Gene expression of adhesion molecules was detected by RT-qPCR. #P<0.05 vs. control; *P<0.05 vs. TNF-α group. Art, artemisinin.
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of ICAM-1 and VCAM-1 in the Bay  11-7082-pre-treated 
group (Fig. 3F and G).

Previous studies have indicated that the MAPK 
signaling pathway is also activated in TNF-α-stimulated 
HUVECs (21,22). In this study, to determine which MAPK 
signaling pathway (ERK1/2, p38 or JNK) is involved in the 
increased monocyte adhesion to HUVECs, the HUVECs were 
pre-treated with an ERK-specific inhibitor (U0126, 10 µM), a 
p38-specific inhibitor (SB203580, 10 µM) and a JNK-specific 
inhibitor (SP600125, 10 µM) for 1 h prior to incubation with 
TNF-α for 24 h. Although SP600125 did not exert a significant 
effect, SB203580 (P<0.05) and U0126 (P<0.01) significantly 
decreased the number of adherent monocytes to HUVECs 
stimulated with TNF-α (Fig. 3A and B). Consistently, although 
SP600125 exerted no significant effect on the protein levels of 
ICAM-1 and VCAM-1, SB203580 (P<0.05) and U0126 (P<0.01) 
markedly downregulated TNF-α-induced ICAM-1 and 
VCAM-1 mRNA expression in the HUVECs (Fig. 3C-E). A 
similar pattern was observed with the mRNA levels of ICAM-1 
and VCAM-1 in the MAPK inhibitor-pre-treated group (Fig. 3F 
and G), suggesting that the p38 and ERK pathways are the 
major MAPK pathways responsible for this process.

Artemisinin blocks the activation of the NF-κB and MAPK 
signaling pathways in TNF-α-stimulated HUVECs. Our 

previous study demonstrated that artemisinin inhibited pro-
inflammatory factors through the NF-κB signaling pathway 
in phorbol 12-myristate 13-acetate (PMA)-stimulated mono-
cytes (17). As artemisinin and Bay 11-7082 had a similar effect 
on monocyte adhesion to HUVECs, we hypothesized that 
artemisinin decreased the adhesion of monocytes to HUVECs 
through the NF-κB signaling pathway. Therefore, we first 
examined the time-course (15 min to 3 h) of the activation of 
the NF-κB signaling pathway in HUVECs. After the HUVECs 
were stimulated with TNF-α, the expression levels of IκBα 
in the cytoplasm and p65 in the nucleus were examined at 
different time points by western blot analysis. The decreased 
IκBα protein level in the cytoplasm was observed as early as 
15 min following the addition of TNF-α and the IκBα protein 
level reached its lowest level at 180 min (Fig. 4A-C). TNF-α 
increased the p65 protein level in the nuclear fractions after 
15 min and its level peaked at 180 min. These data suggest that 
TNF-α activates the NF-κB signal transduction pathway.

Subsequently, we wished to determine whether artemis-
inin blocks the NF-κB signal transduction pathway activated 
by TNF-α. Consistent with our hypothesis, pre-treatment with 
artemisinin significantly increased the IκBα protein level in 
the cytoplasm, while it abrogated the NF-κB p65 subunit 
level in the nucleus of the HUVECs in a dose-dependent 
manner (Fig. 4D-F).

Figure 3. Nuclear factor-κB (NF-κB) and MAPK inhibitors blocks tumor necrosis factor-α (TNF-α)-induced monocyte adhesion to human umbilical vein endothelial 
cells (HUVECs) and the expression of intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) in HUVECs. (A) Fluorographs 
of BCECF-AM-labeled THP-1 cells (green) attachment to HUVECs. HUVECs were pre-treated with or without Bay 11-7082 (10 µM) for 30 min prior to incubation 
with or without TNF-α. (B) Quantified adhesion results were normalized to the no TNF-α-treated control group. (C-G) HUVECs were pre-treated with MAPK 
inhibitor (SP600125, SB203580 and U0126) for 1 h or NF-κB specific inhibitor for 30 min and then cultured with TNF-α for 24 h. The ICAM-1 and VCAM-1 
protein expression was detected by western blot analysis and quantified by densitometric analysis (C-E). ICAM-1 and VCAM-1 mRNA expression was detected 
by RT-qPCR (F and G). #P<0.05 vs. control; *P<0.05 and **P<0.01 vs. TNF-α group. Art, artemisinin; Bay, Bay 11-7082; SP, SP600125; SB, SB203580; U, U0126.
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We further performed p65 DNA binding activity assay 
as activated NF-κB binds to a specific sequence of DNA to 
regulate downstream gene transcription, such as ICAM-1 and 
VCAM-1. p65-mediated NF-κB DNA-binding activity was 
markedly increased by TNF-α (Fig. 4I). Of note, the enhanced 
DNA binding activity of NF-κB p65 was attenuated by arte-
misinin (50-100 µM) in a dose dependent manner (Fig. 4I), 
indicating that artemisinin indeed suppresses the activation of 
the NF-κB signaling pathway induced by TNF-α.

To determine whether artemisinin blocks MAPK activation 
in TNF-α-stimulated HUVECs, we pre-treated the HUVECs 
with artemisinin (0-200 µM) for 4 h before stimulating the cells 
with TNF-α for a further 30 min, and examined the expression 
of phosphorylated and total proteins during MAPK pathway 
activation. Artemisinin significantly inhibited the protein level 
of phosphorylated ERK1/2 and p38 MAPK induced by TNF-α 

in the HUVECs at all concentrations tested, while the inhibition 
of the phosphorylation of JNK was only observed at the high 
concentrations (100 and 200 µM) (Fig. 4G and H). Of note, the 
inhibition of the NF-κB signaling pathway by treatment of the 
HUVECs with 10 µM Bay 11-7082 led to significant decrease 
in the levels of phosphorylated ERK1/2, p38 and JNK, while 
the total protein level of ERK1/2, p38 and JNK remained unal-
tered (Fig. 4G and H), suggesting that MAPK is downstream of 
the NF-κB signal transduction pathway in TNF-α-stimulated 
HUVECs.

Artemisinin blocks NF-κB translocation. Once activated, 
the NF-κB p65 subunit translocates from the cytoplasm to 
the nucleus and regulates target gene expression (8,9). Thus, 
we traced the translocation process in the HUVECs using 
NF-κB-specific antibody and a confocal laser scanning micro-

Figure 4. Effect of artemisinin on nuclear factor-κB (NF-κB) and MAPK signaling pathways in tumor necrosis factor-α (TNF-α)-stimulated human umbilical 
vein endothelial cells (HUVECs). (A-C) HUVECs were stimulated with TNF-α for different periods of time (15 min to 3 h). Cytosolic and nuclear fractions were 
prepared, and the protein level of IκBα in the cytoslic and p65 in the nuclear fraction was detected by western blot analysis. (D-F) HUVECs were pre-treated 
with various concentrations of of artemisinin for 4 h and then stimulated with TNF-α for 180 min. Cytosolic and nuclear fractions were prepared, and the protein 
level of IκBα in the cytoslic and p65 in the nuclear fractions was detected by western blot analysis. GAPDH protein expression served as an internal control. 
(G and H) HUVECs were pre-treated with artemisinin (50-200 µM) for 4 h or NF-κB specific inhibitor for 30 min before TNF-α was added for 30 min. The 
phosphorylated and total of JNK, ERK and p38 was detected by (G) western blot analysis and (H) quantified by densitometric analysis. (I) DNA binding activity 
of NF-κB. HUVECs were pre-treated with 200 µM artemisinin for 4 h and then stimulated with TNF-α for 30 min. Nuclear extracts were prepared and the DNA 
binding activity of NF-κB (p50/p65) was detected by enzyme-linked immunosorbent assay (ELISA). GAPDH protein expression was used as an internal control. 
#P<0.05 vs. control; *P<0.05 vs. TNF-α group. Art, artemisinin; Bay, Bay 11-7082.
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scope. The NF-κB p65 subunit in the nuclei was significantly 
increased following stimulation with TNF-α, while in the 
untreated control group it was predominantly located in the 
cytoplasm (Fig. 5). Compared with the cells stimulated with 
TNF-α alone, a weaker p65 fluorescence signal in the nuclei was 
detected in the cells pre-treated with artemisinin, suggesting 
that artemisinin impeded the translocation of NF-κB p65 to the 
nucleus (Fig. 5).

Discussion

Inflammatory stimuli, such as TNF-α, lead to endothelial cell 
activation and the upregulation of adhesion molecules (4,23). 
ICAM-1 and VCAM-1 are the main adhesion molecules 
which are crucial for the firm adhesion of leukocytes to the 
endothelium  (20,33). Continuous adhesion and migration 
result in the infiltration of inflammatory cells, the release of 
inflammatory factors and lipid overloaded, which ultimately 
aggravates plaque instability. Accordingly, impeding monocyte 
adhesion to the endothelium is of great importance in early 
atherosclerosis (24,25). In addition, a previous study linked 
the expression of ICAM-1 and VCAM-1 to an increased risk 
of the incidence of clinical coronary artery disease (26). In 
the present study, we demonstrated that artemisinin signifi-
cantly decreased monocyte adhesion to TNF-α-stimulated 
HUVECs, and suppressed ICAM-1 and VCAM-1 expression in 
TNF-α-stimulated HUVECs. Thus, artemisinin may prove to 

be efficient in the protection against the development of early 
atherosclerotic lesions.

The NF-κB pathway is the major signaling pathway involved 
in the activation of HUVECs induced by TNF-α (27,28). NF-κB 
is known to play a critical role in the regulation of genes which 
is tightly involved in atherosclerosis  (29,30). Under physi-
ological conditions, NF-κB is sequestered into the cytoplasm 
by IκB protein. Upon inflammatory stimuli, including TNF-α, 
IκBα is phosphorylated and degraded, which enables NF-κB 
to translocate to the nucleus. NF-κB then binds to its specific 
promoter region, and initiates the transcription of numerous 
genes, including inflammatory factors [such as IL-1β, IL-6, 
TNF-α and matrix metallopeptidase (MMP)-9] and adhesion 
molecules (such as ICAM-1 and VCAM-1) (31,32). In the present 
study, we observed that pre-treatment with artemisinin signifi-
cantly increased the cytosolic level of IκBα, while it reduced 
NF-κB p65 expression in the nucleus of TNF-α-stimulated 
HUVECs. Using a confocal laser scanning fluorescence micro-
scope, we found that artemisinin inhibited NF-κB p65 subunit 
translocation from the cytoplasm to the nucleus. Moreover, the 
DNA binding activity of NF-κB was also inhibited by artemis-
inin in the TNF-α-stimulated cells. This study suggests that 
artemisinin impedes NF-κB activation in TNF-α-stimulated 
HUVECs.

Previous studies have indicated that the MAPK signaling 
pathway is also activated in TNF-α-stimulated HUVECs. 
Lu et al reported that the NF-κB and JNK pathways are related 

Figure 5. Effect of artemisinin on nuclear factor-κB (NF-κB) nuclear translocation in tumor necrosis factor-α (TNF-α)-stimulated human umbilical vein endo-
thelial cells (HUVECs). HUVECs were pre-treated with 200 µM artemisinin for 4 h, and then stimulated wioth TNF-α for 180 min. Representative confocal 
microscopy images of NF-κB p65 staining (red) and nucleus (blue).
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to VCAM-1 expression in lipopolysaccharide (LPS)-stimulated 
HUVECs  (33), and Ju  et  al reported that p38  MAPK is 
involved in TNF-α-induced ICAM-1 and VCAM-1 expression 
in HUVECs (34). Moreover, in another study, p38 inhibitor 
decreased the protein level of ICAM-1 and VCAM-1 in TNF-α-
stimulated HUVECs, while the ERK inhibitor had no effect 
on ICAM-1 and VCAM-1 expression (35). In this study, we 
investigated whether the MAPK signaling pathway is related 
to the adhesion of monocytes to HUVECs. We also examined 
the association between the MAPK signaling pathway and 
the expression of ICAM-1 and VCAM-1 in TNF-α-stimulated 
HUVECs. Both artemisinin and the NF-κB inhibitor, 
Bay 11-7028, inhibited MAPK signaling pathway activation 
in TNF-α-stimulated HUVECs. Using specific inhibitors of 
MAPK (ERK, JNK and p38), we found that U0126 (ERK1/2 
inhibitor) significantly decreased the adhesion of monocytes to 
HUVECs and the expression of ICAM-1 and VCAM-1, while 
SB203580 had a weaker effect and SP600125 had no effect, 
which indicated that ERK1/2 is the major MAPK responsible 
for the decreased adhesion of monocytes to HUVECs and the 
expression of ICAM-1 and VCAM-1 by artemisinin.

Recently, artemisinin and its derivatives have attracted 
increasing attention due to their effects beyond their anti-
malarial properties. Our previous studies have demonstrated 
that artemisinin exerts anti-inflammatory effects in monocytes/
macrophages through the MAPK and NF-κB pathways (17,18). 
Cao et al reported that artemisinin blocked the proliferation, 
migration and inflammatory reaction induced by TNF-α in 

vascular smooth muscle cells through the NF-κB pathway (36). 
Tripathi  et  al reported that artemisinin reduced ICAM-1 
expression in human brain microvascular endothelial cells (37). 
Artesunate, an artemisinin derivative, has been reported to 
abrogate the expression of ICAM-1 in parasitized red blood 
cell (pRBC)-stimulated endothelial cells and prevent pRBCs 
adhesion to vascular endothelial cells by impairing NF-κB 
translocation to the nucleus (38). Another study demonstrated 
that dihydroarteannuin inhibited NF-κB translocation and 
ameliorated lupus symptoms in BXSB mice (39). Our data 
further indicated that artemisinin significantly decreased 
monocyte adhesion to TNF-α-stimulated HUVECs, and 
suppressed the mRNA and protein level of ICAM-1 and 
VCAM-1 in TNF-α-stimulated HUVECs through the NF-κB 
and MAPK pathways. All these data indicate that artemisinin 
plays a significant role in atherosclerosis-related inflammation 
and lipid uptake, which exert protective effects against the 
development and progression of atherosclerosis.

In conclusion, in this study, we demonstrated that arte-
misinin inhibited the adhesion of monocytes to HUVECs 
and suppressed the expression of ICAM-1 and VCAM-1 in 
TNF-α-stimulated HUVECs (Fig. 6). The protective effects of 
artemisnin against adhesion are likely mediated through the 
suppression of the NF-κB and MAPK pathways. These find-
ings not only shed new light on the mechanisms of action of 
artemisinin, but also suggest that artemisinin may prove to 
be useful in the protection against the development of early 
atherosclerotic lesions.

Figure 6. Artemisinin inhibits monocyte adhesion to human umbilical vein endothelial cells (HUVECs) through the nuclear factor-κB (NF-κB) and MAPK 
pathways.
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