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Abstract: Berberine (BBR), a Chinese medicine extracted from natural plant, has been demonstrated to improve 
lipid disorders. Oxidized low-density lipoprotein (oxLDL), a proatherogenic lipoprotein, has been shown to be involved 
in vascular endothelial cell dysfunction such as excessive or abnormal proliferation. The purpose of the present 
study was to investigate the impacts of BBR on cell proliferations as well as potential involving signal pathways. 
HUVECs were stimulated with oxLDL and co-cultured with BBR at a variety of concentrations in different time points. 
The data showed that oxLDL (10-100 μg/ml) remarkably promoted human umbilical vein endothelial cells (HUVECs) 
proliferation assessed by Cell Counting Kit-8 (CCK-8) and EdU assay. The effects were found to be involved in up-
regulation of proliferating cell nuclear antigen (PCNA), nuclear factor кB (NF-кB) and oxidized low density lipoprotein 
receptor 1 (LOX-1) and activation of phosphatidylinositol 3 kinase (PI3K)/Akt, ERK1/2 and p38 mitogen-activated 
protein kinase (MAPK) signaling pathways evaluated by either real time polymerase chain reaction (PCR) or western 
blot analysis. Interestingly, HUVECs proliferation was significantly inhibited by BBR (5-25 μg/ml), which down-reg-
ulated the expression of PCNA, NF-кB and LOX-1 and reduced the phosphorylation of Akt, ERK1/2 and p38MAPK. 
Furthermore, the anti-proliferative effect of BBR on HUVECs was effectively abrogated by a PI3K inhibitor LY294002, 
an ERK1/2 inhibitor PD98059 and a p38 inhibitor SB202190 partly through the restoration of phosphorylation of 
Akt, ERK1/2 and p38MAPK. Taken together, our data suggested that BBR inhibited ox-LDL-induced HUVECs prolifer-
ation by decreasing the expression of PCNA, NF-кB and LOX-1 and suppressing the activation of PI3K/Akt, ERK1/2 
and p38MAPK pathways, indicating a latent candidate for anti-atherosclerosis clinically.
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Introduction

Oxidized low density lipoprotein (oxLDL) within 
plaques is considered to contribute to the 
inflammatory state of atherosclerosis (AS) and 
play a key role in its pathogenesis [1, 2]. The 
mechanisms that oxLDL influences the devel-
opment of AS are not well understood and may 
go more than one step beyond the formation of 
foam cells [3]. Recently, great emphasis has 
been placed on the ways how oxLDL can influ-
ence various steps of endothelial and vascular 
dysfunction during the development of AS in 
vitro. Previous study suggested that vascular 
endothelial cell proliferation are closely linked 
with the inflammation [4], and excessive prolif-
eration of vascular cells might be important 

components in the pathobiology of vascular 
occlusive disease such as in-stent restenosis 
and vessel bypass graft failure. It has been 
reported that oxLDL-induced reactive oxygen 
species (ROS) formation via activation of the 
NAD(P)H-oxidase, modulation of endothelial 
Ca2+-activated K+ channels and p27Kip1 expres-
sion mediated by RhoA can contribute to the 
proliferation of endothelial cells involved in so- 
me mitogen-activated protein kinases (MAPKs) 
signal pathways [5, 6], suggesting that block-
ade of oxLDL-induced vascular cell proliferation 
may represents a potential anti-AS strategy.

Based on the evidence that ROS and inflamma-
tion are involved in vascular cell proliferation, 
more attention has been paid to natural prod-
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ucts with established antioxidant or anti-inflam-
matory activities and low cell toxicities. Ber- 
berine (BBR), which is a natural isoquinoline 
alkaloid with a long history of use in Chinese 
medicine, has been isolated from a variety of 
medicinal plants such as Coptis chinensis, 
Berberis aquifolium and Berberis aristata [7]. It 
is used to as a strong inhibitory drug in the 
treatment of inflammation because of its anti-
microbial effects and anti-inflammatory activi-
ties [8-10]. Interestingly, recent investigations 
on berberine have revealed several other phar-
macological applications such as anti-tumor, 
anti-oxidation, anti-hyperglycemic and low-den-
sity lipoprotein (LDL)-lowering effects [11-13]. 
However, the data regarding the anti-prolifera-
tion and anti-inflammatory activities of berber-
ine in vascular endothelial cells has currently 
been limited. 

In the present study, therefore, we investigated 
the effects of oxLDL on the proliferation of 
human umbilical vein endothelial cells (HUVECs) 
as well as the potential signal pathways. Sub- 
sequently, the study has explored the impact of 
berberine on oxLDL-induced proliferation and 
putative molecular mechanisms. 

Materials and methods

Reagents

Medium 199 (M199) and fetal bovine serum 
(FBS) were purchased from Gibco (Grand Is- 
land, USA). Endothelial cell growth factor (ECGF) 
was from Sciencell (Beijing, China). LY294002, 
U0126, SB202190, rabbit polyclonal antibo- 
dies, anti-phospho-p44/42 (Thr202/tyr204), 
anti-p44/42, anti-phospho-Akt (ser-473), anti-
Akt, anti-caspase-3, anti-phospho-p38MAPK 
(Thr180/Tyr182), anti-p38MAPK, anti-PCNA, 
anti-NF-кB, mouse monoclonal antibody, anti-
β-Actin, horseradish peroxidase-conjugated 
secondary antibodies to mouse or rabbit were 
obtained from were obtained from Cell Signal 
Technology (Beverly, USA). Rabbit polyclonal 
antibody, anti-LOX-1 was from Abcam (Cam- 
bridge, England).

Isolation and oxidation of LDL

Human native LDL and oxLDL were prepared as 
described before [14]. Briefly, oxidation of LDL 
was performed by dialysis against EDTA-free 
isotonic saline containing 5 μM CuSO4 37°C for 

8 h. Oxidation was stopped by the addition of 
EDTA to a final concentration of 100 μM and 
the copper ion was removed by extensive dialy-
sis against isotonic saline containing 0.1 μM 
EDTA at 4°C. LDL was sterilized by passage 
through a 0.22 μm filter. oxLDL was kept in 10 
mM Tris-HCl, 0.14 M NaCl and 0.5 mM EDTA at 
pH 7.4 at 4°C in the dark and freshly prepared 
every 2 weeks. 

Culture of HUVEC

HUVECs were purchased from Sciencell and 
grown in M199 with 10% (v/v) FBS, 10 ng/ml 
ECGF and 100 U/ml penicillin-streptomycin 
(complete medium) at 37°C in a humidified 
atmosphere containing 5% CO2 and 95% air. 
Cells were used at third passage for all expe- 
riments. For oxLDL stimulation experiments, 
HUVECs were grown to 80% confluence and 
then switched to 2% FBS medium with the 
absence of ECGF for 6 h resting, followed by 
incubation with different concentrations of 
oxLDL (10, 25, 50, 75, 100 μg/ml ) for different 
time points (3, 6, 12, 24, 48 h). For inhibition 
experiments, HUVECs were pretreated with ber-
berine (1, 5, 10, 25, 50 μg/ml) for 1 h and con-
tinuously for 24 h incubation of 2% FBS medi-
um with the absence of ECGF (basal conditions) 
after 6 h resting. For inhibitor studies, the cells 
were pre-incubated with a PI3K inhibitor LY29- 
4002 (25 μM) or MEK1/2 inhibitor PD98059 
(10 μM) or p38 inhibitor SB202190 (10 μM) 
before the addition of berberine (25 μg/ml). For 
CCK-8 and 5-ethynyl-2’-deoxyuridine (EdU) 
experiments, the cells were seeded in 96-well 
and 24-well cell culture plates respectively. For 
real time PCR and western blot analysis, the 
cells were cultured in 25 m2 cell culture flasks 
(Corning, USA). 

CCK-8 proliferation assay

Cell proliferation was determined by the Cell 
Counting Kit-8 (CCK-8) (Dojindo, China). This 
assay is based on the cleavage of the tetrazoli-
um salt WST-8, which is reduced by mitochon-
drial dehydrogenase in viable cells to produce a 
yellow-color formazan dye. The total dehydroge-
nase activity of cells in the medium can be 
determined by the intensity of the yellow color. 
Briefly, 5,000 cells in 100 μl medium were 
seeded into each well of 96-well plates and 
allowed to adhere overnight. After cells were 
treated with oxLDL or berberine either alone or 
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Figure 1. Oxidized low-density lipoprotein (ox-
LDL) induces proliferation in human umbilical 
vein endothelial cells (HUVECs) by CCK-8 as-
say. OxLDL at concentrations of 10 μg/ml, 25 
μg/ml, 50 μg/ml, 75 μg/ml, 100 μg/ml were 
applied to HUVECs for 3 h (A), 6 h (B), 12 h (C), 
24 h (D), 48 h (E) with basal conditions, and 
then the optical density (OD) at 450 nm was 
measured. Each data point represents mean 
± standard deviation of three independent 
experiments. *P<0.05, **P<0.01 compared 
with control. #P<0.05, ##P<0.01 compared 
with normal.
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in combination for 24 h, 10 μl of the tetrazolium 
substrate was incubated at 37°C for 2 h. The 
optical density (OD) at 450 nm was measured 
with a Microplate Reader (Tecan, Austria). 

EdU proliferation assay

HUVECs proliferation was determined by using 
the EdU labeling/detection kit (Ribobio, China) 
according to the manufacturer’s protocol. EdU 
is a nucleoside analog of thymidine that is 
incorporated into DNA during active DNA syn-
thesis only by proliferating cells. After incorpo-
ration, a fluorescent molecule was added that 
reacted specifically with EdU, making possible 
fluorescent visualization of proliferating cells. 
Briefly, cells were incubated with 50 μM EdU for 
12 h at 37°C under 5% CO2 before fixation, per-
meabilization, and EdU staining. Cell nuclei 
were stained with Hoechst 33342 at a concen-
tration of 5 μg/mL for 30 min. Finally, the cells 
were observed under a confocal laser scanning 
microscope (Leica Microsystems, Germany). 
The percentage of EdU-positive cells was calcu-
lated from six random fields in three wells.

Real-time PCR assay

The total cells RNA was extracted with Trizol 
reagent (Life Technologies, USA) and the RNA 
quantity was assessed on an Angilent Tecno- 
logies bioanalyzer system. Quantitative real-
time polymerase chain reaction (PCR) was per-
formed using Promega’s Access RT-PCR kit 
(Promega, USA). The sequence of the forward 
and reverse primers were 5’ CTCCTCCACCTT 
TGACGCTG 3’ and 5’ TCCTCTTGTGCTCTTGCTGG 
3’ for glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH), 5’ CACCAAACCAGGAGAAAG 3’ 
and 5’ TCCAATATGGCTGAGATC 3’ for proliferat-
ing cell nuclear antigen (PCNA), 5’ TGATAGA- 
AACCCTTGCTCG 3’ and 5’ TTGCTTGCTGGATG- 
AAGTC 3’ for lectin-like ox-LDL receptor (LOX-1), 
5’ TGGACTACCTGGTGCCTCT 3’ and 5’ GTGTT- 
TTCCCACCAGGCTG 3’ for nuclear factor kappa 
B (NF-кB), 5’ CCAGGCTTCATATTCCTA 3’ and 5’ 
ATGCGACTGGTTTCCTTC 3’ for phosphatidylino-
sitol 3-kinase (PI3K). A 7500 real-time PCR 
System (Applied Biosystems, USA) was used for 
Amplification. Relative expression levels of tar-
get genes expression were normalized to the 
GAPDH housekeeping gene as an endogenous 
reference and then compared to control.  

Protein extraction and western blot analysis

The cells were harvested and centrifuged at 
500×g for 10 min at 4°C. The pellets were 
resuspended in lysis buffer containing 1%Triton 
X-100, 20 mM HEPES [pH 7.5], 5 mM MgCl2, 1 
mM EDTA, 1 mM EGTA, 1 mM DTT, 1 mM phenyl-
methanesulfonyl fluoride, and 1 mg/ml each of 
leupeptin, aprotinin, and pepstatin for 30 min. 
The lysates were centrifuged at 14,000×g for 
10 min at 4°C. The supernatants were frozen at 
-70°C. Protein concentration of the superna-
tants was quantified with the Bradford Protein 
assay. For analysis of protein levels, the super-
natants were then mixed with 5×SDS sample 
buffer, boiled for 5 min, and separated through 
8% to 15% SDS-PAGE gels. After electrophore-
sis, the proteins were transferred to nylon 
membranes by electrophoretic transfer. Non- 
specific binding was blocked with 5% skim milk 
for 2 h, rinsed, and incubated overnight at 4°C 
with primary antibody in 5% skim milk. The 
membrane was washed in TBS/0.1% Tween 20, 
and incubated for 2 h with horseradish peroxi-
dase-conjugated secondary antibody. After 
washes in TBS/0.1% Tween 20, bands were 
visualized by enhanced chemoluminescence 
and acquired by the ChemiDoc XRS systems 
(Bio-Rad, USA).

Statistical analysis

Data are expressed as mean ± standard devia-
tion. All values were analyzed by using one-way 
ANOVA and the Newman-Keuls-Student t test. A 
value of P<0.05 was considered statistically 
significant.

Results

Proliferation of HUVEC induced by oxLDL

To determine the effect of oxLDL on HUVEC, we 
treated HUVEC with (10, 25, 50, 75, 100 μg/ml) 
for different time (3, 6, 12, 24, 48 h) under 
basal conditions (2% FBS with the absence of 
ECGF). Proliferation of HUVEC was measured by 
CCK-8. As shown in Figure 1, the proliferation 
of HUVEC induced by demonstrated a time-
dependent and dose-dependent manner. ox- 
LDL significantly increased the proliferation of 
HUVEC for both 24 h and 48 h detection. 
However, for 48 h detection, compared with 
normal group (complete medium), the prolifera-
tion in HUVEC of control group (basal condi-
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tion assay, an established method for measure-
ment of DNA synthesis as indication of prolifer-
ation. As shown in Figure 3B and 3C, the ratio 
of EdU-positive cells to total cells in oxLDL-
induced HUVECs was significantly higher than 

Figure 2. The effects of native LDL and oxLDL on HUVEC. Both native LDL and 
oxLDL at concentrations of 10 μg/ml, 25 μg/ml, 50 μg/ml, 75 μg/ml, 100 μg/
ml for 24 h were applied to HUVECs. The impact of native LDL or oxLDL on the 
morphological changes in HUVECs using phase-contrast microscope (×100) (A, 
B, respectively) and on the proliferation using CCK-8 (C). Each data point repre-
sents mean ± standard deviation of three independent experiments. *P<0.05, 
**P<0.01 compared with control.

tions) decreased significantly indicating a poor 
cell activity result from a long period of low 
nutrient condition. For 24 h incubation, 50 μg/
ml oxLDL significantly enhanced proliferation 
compared to both normal and control group. 

Based on these findings, 
we chose 50 μg/ml oxLDL 
for 24 h incubation under 
basal conditions for subse-
quent experiments.

We also used native LDL  
as a negative control, and 
compared the impacts of 
native LDL and oxLDL on 
HUVEC. HUVECs were treat-
ed with native LDL and 
oxLDL at the dose of 10, 
25, 50, 75 and 100 μg/ml, 
respectively. Only 100 μg/
ml native LDL had obvious 
proliferative effect on HU- 
VECs, and orther concen-
trations had no impacts on 
HUVECs. On the contrary, 
oxLDL significantly enhanc- 
ed proliferation at increa- 
sed concentrations, obvi-
ously increased cell num-
ber and improved morphol-
ogy (Figure 2B, 2C). 

Inhibition of berberine in 
proliferation of HUVEC in-
duced by oxLDL

To investigate whether ber-
berine has the effect of 
anti-proliferation in HUVECs 
induced by oxLDL, we incu-
bation the cells with ber-
berine at concentrations of 
1 μg/ml, 5 μg/ml, 10 μg/
ml, 25 μg/ml, 50 μg/ml. 
Berberine at concentra-
tions of 5 μg/ml, 10 μg/ml, 
25 μg/ml, 50 μg/ml atte- 
nuated the oxLDL-induced 
proliferation of HUVECs in  
a dose-dependent manner 
using CCK-8 assay (Figure 
3A). To provide further evi-
dence for the inhibition of 
berberine on oxLDL-induc- 
ed HUVECs proliferation, 
we also used EdU prolifera-



Berberine and cell proliferation

4380	 Am J Transl Res 2017;9(10):4375-4389

that of control HUVECs, and 
berberine effectively sup-
pressed the proliferation. 

Suppression of berberine 
in mRNA expression of 
PCNA, NF-кB, LOX-1 and 
PI3K in HUVECs induced by 
oxLDL 

In preliminary experiments, 
we observed increased m- 
RNA expression of some 
genes related to prolifera-
tion in oxLDL-induced HU- 
VECs by Genechip analysis 
(data not shown), including 
PCNA, NF-кB, LOX-1 and 
PI3K. In order to further 
clarify the mechanism re- 
sponsible for the inhibition 
of berberine in HUVECs in- 
duced by oxLDL, we next 
examined the effect of ber-
berine on mRNA expres-
sion of PCNA, NF-кB, LOX-1 
and PI3K. HUVECs were 
pretreated with increasing 
concentrations of berber-
ine for 1 h followed by incu-
bation with oxLDL for 24 h. 
The expression of PCNA, 
NF-кB, LOX-1 and PI3K in 
the HUVECs was evaluated 
by real-time PCR. As shown 
in Figure 4, oxLDL signifi-
cantly increased mRNA ex- 
pression of PCNA, NF-кB, 
LOX-1 and PI3K in HUVECs 
(P<0.01 compared to con-
trol), and berberine mark-
edly inhibited oxLDL-indu- 
ced mRNA expression of 
PCNA, NF-кB, LOX-1 and PI- 
3K in a concentration de- 
pendent fashion. 

Modification of berberine 
in the activation of signal-
ing pathways induced by 
oxLDL 

PCNA is identified as an 
antigen that is expressed in 
the nuclei of cells during 

Figure 3. Berberine inhibits proliferation of HUVEC induced by oxLDL. Pretreat-
ed with berberine at concentrations of 5 μg/ml, 10 μg/ml, 25 μg/ml, 50 μg/
ml, attenuated the oxLDL-induced proliferation of HUVECs in a dose-dependent 
manner using CCK-8 assay (A). Berberine at concentration of 25 μg/ml sig-
nificantly inhibited 50 μg/ml oxLDL-induced proliferation of HUVECs using EdU 
proliferation assay using a confocal laser scanning microscope (×100) (B) and 
the ratio of EdU-positive cells to total cells was shown (C). Each data point repre-
sents mean ± standard deviation of three independent experiments. **P<0.01 
compared with control. #P<0.05, ##P<0.01 compared with oxLDL 50 μg/ml. 
$P<0.05 compared with Control.
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Figure 4. Berberine significantly decreased PCNA, NF-кB, LOX-1 and PI3K mRNA expression induced by oxLDL in HUVECs in a dose-dependent manner. Real-time 
PCR assay for PCNA (A), NF-кB (B), LOX-1 (C) and PI3K (D), respectively. Each data point represents mean ± standard deviation of three independent experiments. 
**P<0.01 compared with control. ##P<0.01 compared with oxLDL 50 μg/ml.
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Figure 5. OxLDL induced the proliferation through up-regulating PCNA, LOX-1 and activating NF-кB, phospho-Akt, phospho-ERK, phospho-p38 signal pathways in a 
dose-dependent manner. Western blot to PCNA, NF-кB, LOX-1 (A, E, F, G), and phospho-Akt (B, H), phospho-ERK (C, I), phospho-p38 (D, J) in HUVECs. Each data point 
represents mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01 compared with control.
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Figure 6. Berberine inhibited oxLDL-induced HUVECs proliferation by down-regulating the PCNA, LOX-1 and inactivating NF-кB, phospho-Akt, phospho-ERK, phospho-
p38 signal pathways. Western blot to PCNA, NF-кB, LOX-1 (A, E, F, G), and phospho-Akt (B, H), phospho-ERK (C, I), phospho-p38 (D, J) in HUVECs. Each data point 
represents mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01 compared with control. #P<0.05, ##P<0.01 compared with oxLDL 50 
μg/ml.
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the DNA synthesis phase of the cell cycle. 
NF-кB and LOX-1 have gained attention for its 
pro-inflammatory potential in atherogenesis. 
Both PI3K/Akt and MAPKs pathways, including 
p38 MAPK and extracellular signal-regulated 
kinases 1 and 2 (ERK1/2), play important roles 
in mediating cell proliferation and survival sig-
naling. Therefore, in this study, we explored the 
effects of oxLDL on PCNA, NF-кB, LOX-1, PI3K, 
ERK and p38 MAPK signal pathways, and also 
investigated whether berberine inhibit the 
above signal pathways. As shown in Figure 5A, 
5E-G, oxLDL significantly increased PCNA, 
NF-κB p65 and LOX-1 expression in a dose-
dependent manner compared to control. OxLDL 

also significantly enhanced the phosphoryla-
tion of Akt (Figure 5B and 5H), ERK (Figure 5C 
and 5I) and p38MAPK (Figure 5D and 5J). 
However, berberine at concentrations of 1-50 
μg/ml markedly inhibited oxLDL-induced PCNA, 
NF-кB and LOX-1 (Figure 6A, 6E-G), and also 
apparently decreased the phosphorylation of 
Akt (Figure 6B and 6H), ERK (Figure 6C and 6I) 
and p38 (Figure 6D and 6J) in a dose-depen-
dent manner. Among these concentration 
range of berberine, 25 μg/ml had already exert-
ed significant effects (P<0.01) on all of the 
above molecular targets. Therefore, in the fol-
lowing experiments, 25 μg/ml of berberine was 
chosen.

Figure 7. Berberine inhibited oxLDL-induced HUVECs proliferation through PI3k/Akt, ERK and p38MAPK signal 
pathways. HUVECs were pretreated with or without LY294002 (25 μM), PD98059 (10 μM) and SB202190 (10 
μM) for 1 h followed by berberine (25 μg/ml) incubation with oxLDL (50 μg/ml) induction for 24 h. A-F: Western 
blot analysis showed a clear increase of Akt, ERK and p38 phosphorylation induced by LY294002, PD98059 and 
SB202190. G: CCK-8 assay showd that LY294002, PD98059 and SB202190 abrogated the inhibition of berberine 
in oxLDL-induced HUVECs proliferation. Each data point represents mean ± standard deviation of three independent 
experiments. **P<0.01 compared with control. #P<0.05, ##P<0.01 compared with oxLDL 50 μg/ml. $P<0.05, 
$$P<0.01, compared with berberine (25 μg/ml).
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To further establish the role for the PI3K/Akt, 
ERK and p38MAPK signal pathways in the anti-
proliferation of berberine in HUVECs induced by 
oxLDL, a PI3K inhibitor LY294002, an ERK1/2 
inhibitor PD98059 and a p38 inhibitor SB- 
202190 were adopted in the next experiments. 
HUVECs were pretreated for 1 h with LY294002 
(25 μM), PD98059 (10 μM) and SB202190 (10 
μM) before the addition of berberine (25 μg/ml) 
followed by incubation with oxLDL (50 μg/ml) 
induction for 24 h, and then harvested for west-
ern blot or prepared for CCK-8 assay. The 
results revealed that LY294002, PD98059 and 
SB202190 abolished the inhibition of berber-
ine on oxLDL-induced phosphorylation of Akt 
(Figure 7A and 7D), ERK (Figure 7B and 7E) and 
p38 (Figure 7C and 7F), respectively, and also 
counteracted partly the inhibition of berberine 
on oxLDL-induced HUVECs proliferation (Figure 
7G).

Discussion 

Cell proliferation is one of key steps of a variety 
of human disease such as AS and cancers. The 
inhibition of cell proliferation is, therefore, an 
effective strategy for prevention and treatment 
of such kinds of diseases. The major novel find-
ing of the present study is that berberine could 
significantly inhibit proliferation on HUVECs 
induced by oxLDL in a dose-dependent man-
ner. Moreover, the study clearly showed that 
effects of berberine on HUVECs proliferation 
induced by oxLDL were mediated through sup-
pressing the expression of PCNA, NF-кB, LOX-1 
and inactivating the phosphorylation of PI3K/
Akt, ERK1/2, p38MAPK signal pathways. Ap- 
parently, our study confirmed and extended 
previous studies regarding the role of berberine 
in inhibition of cell proliferation and potential 
mechanisms.

It has previously been reported that oxLDL 
stimulates proliferation in HUVECs mediated by 
NAD(P)H oxidase-derived O2-formation [14] and 
activation of the small GTPase RhoA [5]. Recent 
reviews indicated that oxLDL and LOX-1 played 
an important role in the pathophysiological pro-
cess of atherogenesis [15, 16]. Our results 
demonstrated that oxLDL could significantly 
increase the expression of PCNA, NF-кB and 
LOX-1 at both transcription and translation lev-
els. In addition, the present study showed a 
remarkable enhancement in phosphorylation 
of PI3K/Akt, ERK1/2 and p38MAPK in HUVECs 

induced by oxLDL. Thereby, the data was in 
consistent with the results from former studies 
by characterizing the up-regulation of prolifera-
tive and pro-inflammatory signaling pathways, 
which was presumably linked to the up-regula-
tion of PCNA, NF-кB, LOX-1 and phosphoryla-
tion of Akt, ERK1/2, p38MAPK followed by 
oxLDL stimulation. Especially, the present re- 
sults were very similar to that of several earlier 
studies, which also suggesting an involvement 
of NF-кB, LOX-1 and MAPK components such 
as ERK1/2 and p38 in either coronary artery 
endothelial cell or HUVEC proliferation [6, 17].

Chinese herb has been used widely and suc-
cessfully for centuries in preventing and treat-
ing different kinds of disease in humans. One 
of them is berberine, a natural alkaloid that is 
isolated from a variety of traditional Chinese 
herbs [7]. According to medical history record-
ings, berberine has been used in Chinese tradi-
tional medicine to treat diarrhea and gastroin-
testinal disorders for many years in China and 
other Asian countries [18]. Several previous 
studies have demonstrated that berberine ha- 
ve several pharmacological properties, includ-
ing anti-microbial effects, anti-inflammatory ac- 
tivities, and regulating insulin secretion [19, 
20]. Interestingly, berberine has recently been 
shown an effective anti-tumor effect. In anoth-
er word, the growth of several different types of 
cancers is significantly inhibited by berberine in 
vitro. 

For example, a study indicated that berberine 
could potentially inhibit proliferation, induce 
apoptosis, and inhibit the invasion of human 
skin squamous cell carcinoma A431 cells [21]. 
Following exposure to different concentrations 
of berberine, apoptosis was induced in human 
leukemia HL-60 cells through caspase-3 acti-
vation demonstrated by Lin and colleagues 
[22]. Additionally, berberine combined with 
galangin had synergistic anti-cancer effects 
through apoptosis induction and proliferation 
inhibition in oesophageal carcinoma cells [23]. 
As an anti-cancer drug, berberine has been 
demonstrated to act through mechanisms such 
as the inhibition of DNA topoisomerase II alpha 
and the induction of topoisomerase II-mediated 
DNA cleavage [24]. More importantly, several 
recent studies indicated that berberine had 
more widely potential clinical implication for 
future prevention and treatment of different 
kinds of diseases in humans such as decreas-
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ing blood glucose levels [25, 26], lowering cho-
lesterol concentration [27] and reducing excess 
body weight [28]. Finally, berberine has clearly 
been showed to have a protection against LDL 
oxidation, subsequently preventing oxLDL-indu- 
ced cellular dysfunction [29]. Based on these 
published data, we hypothesized that it might 
be worthy of further investigation to elucidate 
the possible molecular mechanism concerning 
berberine’s anti-disease property. That is the 
reason that we set out the present study. 

It has been well recognized that AS is a com-
plex pathophysiological process, which is str- 
ongly associated with inflammation, oxidative 
stress, and cell proliferations [30-32]. The evi-
dence for the role of berberine in inhibiting pro-
liferation comes from varies of cell types. For 
example, berberine inhibits the proliferation of 
epithelial ovarian carcinoma cell line, thyroid 
cancer cell line, HepG2 cell line and so on, 
which indicates its anti-proliferation property 
[33-35]. A recent study revealed that berberine 
reduced matrix metalloproteinases (MMP) by 
suppressing the activity of p38MAPK in phor- 
bol myristate acetate (PMA)-induced macro-
phages, suggesting a potential role as a thera-
peutic aid for stabilizing AS plaque [36]. Another 
study from Sarna and colleagues showed that 
berberine inhibited NADPH oxidase mediated 
superoxide anion production in lipopolysaccha-
ride-induced macrophages [37]. More recently, 
the administration of berberine to mice with 
LPS-induced endotoxemia could increase acti-
vation of transcription factor-3 expression and 
AMPK phosphorylation in spleen and lung tis-
sues and concomitantly reduce the plasma and 
tissue levels of pro-inflammatory cytokines 
such as tumor necrosis factor-α (TNF-α), inter-
leukin-6 (IL-6), Interleukin-1β (IL-1β), suggesting 
an anti-inflammatory effect of berberine on 
macrophages [38]. Those previous studies sug-
gested that berberine might be a potential can-
didate of anti-atherosclerotic medication. How- 
ever, little is yet known about the effect of ber-
berine on endothelial cells proliferation. In the 
present study, we demonstrated, for the first 
time, that berberine inhibited oxLDL-induced 
HUVECs proliferation by down-regulation the 
expression of PCNA, NF-кB and LOX-1 in a 
dose-dependent manner. More importantly, 
mechanism investigation of the present study 
revealed that the impact of berberine on cell 
proliferation mainly targeted NF-кB and LOX-1 

pathways. Additionally, the study indicated that 
berberine suppressed the phosphorylation of 
Akt, ERK1/2 and p38MAPK, suggesting that 
the PI3K/Akt, ERK1/2 and p38MAPK signaling 
pathways may also participated in the inhibi-
tion of berberine on HUVECs proliferation 
induced by oxLDL. 

In summary, AS has been described as a chron-
ic inflammatory disease which is strongly asso-
ciated with oxLDL. The elucidation of the poten-
tial mechanism and exploration of promising 
strategy for targeting oxLDL is one of the most 
interesting fields of atherosclerotic disease. In 
the present study, data suggested that oxLDL 
could remarkablely induce proliferation of cul-
tured HUVECs and this effect of oxLDL on cell 
proliferation could significantly be inhibited by 
berberine, a plant product from Chinese herbs. 
More importantly, our study indicated that the 
impacts of berberine on inhibition of prolifera-
tion might be involved in its anti-inflammatory 
and anti-proliferative properties, including do- 
wn-regulating the expression of PCNA, NF-кB 
and LOX-1 and inactivating PI3K/Akt, ERK1/2 
and p38MAPK signaling pathways. Therefore, 
our investigation may provide novel findings of 
berberine for the future prevention and treat-
ment of atherosclerotic diseases, especially 
regarding the proliferation induced by oxLDL. 
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