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Abstract

In the present study we try to investigate the effect of Sodium Ferulate (SF) on Oxidized Low-Density
Lipoprotein (Ox-LDL) induced IL-8 expression in Human Umbilical Vein Endothelial Cells (HUVEC).
HUVECs were cultured in vitro and gene chip assay was used to analyse the regulation of IL-8 gene
expression in HUVEC after the stimulation with Ox-LDL and SF+Ox-LDL, respectively. The IL-8
mRNA expression was measured by real-time PCR assay and protein expression by Western and ELISA
assay. The results indicated that the expression of IL-8 gene was up-regulated by 6.1 fold after
stimulation by Ox-LDL in HUVECs compared with that of the control. However, the expression of IL-8
gene was down-regulated by 3.3 fold after the stimulation by SF+Ox-LDL in HUVECs compared with
that of in Ox-LDL treatment group. The real-time PCR results, Western and ELISA results showed that
both the mRNA level and protein level of IL-8 increased significantly in Ox-LDL group compared with
that of the control, and the expression decreased obviously in SF+Ox-LDL group compared with that of
the Ox-LDL group. Take it together; Ox-LDL could induce the expression of IL-8, which could be
inhibited by SF. Moreover, SF down-regulated the expression of IL-8, which could reduce the
inflammatory response in HUVECs.
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Introduction
Pathological changes in the structure and function of Vascular
Endothelial Cells (VECs) play an important role in
Atherosclerosis (AS). Oxidized Low Density Lipoprotein (Ox-
LDL) can cause secretion of surface adhesion molecules, pro-
inflammatory cytokines and other inflammatory mediators by
VECs, leading to vascular inflammation [1,2]. IL-8 acts as a
regulator of immune and inflammatory response. It is secreted
by endothelial cells, peripheral blood mononuclear cells and
Vascular Smooth Muscle Cells (VSMCs), all of which are
involved in the formation of AS [3]. IL-8 is believed to mediate
the development of AS. Sodium Ferulate (SF) can reduce lipid
peroxidation and clear free radicals from the body, so SF is
now used to prevent and delay AS [4-7].

In order to investigate the influence of Ox-LDL on IL-8
expression of VECs and the protective effect of SF, we using a
microarray assay to study the effect of SF on IL-8 expression

induced by Ox-LDL and we try to investigate the biological
mechanism.

Materials and Method

Cells and reagents
Gene microarray (CapitalBio Corporation, 22K Human
Genome Array), HUVECs (CRL-1730, ATCC), DMEM
medium (Hyclone), fetal bovine serum (Hangzhou Sijiqing
Bioengineering Material Co., Ltd.), trypsin, penicillin-
streptomycin, SF (Shanghai First Chemical Plant), Ox-LDL
(Beijing Xiehe Sanyou Technology Development Co., Ltd.),
Trizol (Invitrogen), GoldViewTMDNA dye (Shanghai SBS
Genetech Co., Ltd.), LuxScan 3.0 software (CapitalBio
Corporation), EvaGreen qPCR MassterMix II (CapitalBio
Corporation).
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Culture of HUVECs
Frozen HUVECs were resuscitated, placed in DMEM medium
containing 10% fetal bovine serum and cultured at 37°C in a
5% CO2 humidified incubator. The culture medium was
replaced every 2-3 days. After the monolayer of cells reached
confluence, 0.25% trypsin was added to digest the cells. Log-
phase cells were harvested for further experiment.

Grouping
After reaching confluence, the culture medium was discarded
and the cells were randomly divided into 3 groups: (1) control
group: no drug treatment; (2) Ox-LDL group: 15 mg/mL Ox-
LDL treatment for 24 h; (3) SF+OxLDL group: 5 μM SF
treatment for 1 h, followed by 15 mg/mL Ox-LDL treatment
for 24 h. The final volume was the same among the three
groups.

Gene microarray
Total RNA extraction and identification: Total RNA
extraction was performed by using Trizol reagent. RNA purity
was assessed with an ultraviolet spectrophotometer, and its
integrity by RNA gel electrophoresis using formaldehyde to
keep RNA denatured. Fluorescence labelling of RNA sample:
Using total RNA as initial template and T7 Oligo (dT) Primer
(containing T7 promoter sequence), the synthesis of 1st-strand
cDNA was started in the presence of CBC script. RNase H was
used for the specific fragmentation of RNA, followed by
addition of DNA polymerase and extension using RNA as
primer. Then 2nd-strand cDNA was synthesized and double-
stranded cDNA was purified. Using the synthesized cDNA as
template, T7 Enzyme Mix was used to obtain cRNA, which
was further purified using RNA Clean-up Kit. Reverse
transcription was conducted using 2 μg cRNA, CBC Script II
and random primer, and the products were purified with PCR
NucleoSpin Extract II Kit. For the products of reverse
transcription, Klenow fragment was used in fluorescence
labelling reaction in the presence of random primer. During the
extension of the complementary strands of DNA, Cy5-dCTP
and Cy3-dCTP were added as the labelling reagents. The
labelled products were purified with PCR NucleoSpin Extract
II Kit and vacuum dried. Microarray hybridization and
washing: Labelled DNA was dissolved in 80 µl hybridization
buffer (3X SSC, 0.2% SDS, 5X Denhart’s, 25% formamide)
and left at 42°C overnight. Hybridized DNA was first washed
at 42°C in the buffer containing 0.2% SDS and 2X SSC for 5
min, then at room temperature in 0.2 × SSC for 5 min. The
slide was dried and scanned. Microarray scan: Microarray
images were extracted by LuxScan 3.0 software, which
converted the images into digital signals. The data were
normalized with Lowess method. Clustering analysis was
conducted with Cluster3.0 software over the microarray data.
CapitalBio Molecule Annotation System V 4.0 (MAS) was
used to extract and analyse biological molecule relationships.
Abnormal up-regulated and down-regulated genes were
defined by the following threshold respectively: Ratio ≥ 2.0
and Ratio ≤ 0.5.

Western blot assay
Protein was extracted form threated cells. Separated the protein
by using a 10% SDS-polyacrylamide gel, and transferred the
separated protein on to a PVDF membrane. Blocked the
transferred PVDF membrane with block buffer for 1 h and
incubated the membrane with primary antibody (IL-8, β-actin)
for 2 hours. Washing the PVDF membrane with TBST for 3
times and incubated the membranes with second antibody for 1
h. Washing the PVDF membrane with TBST for 3 times and
the proteins were examined by using ECL chemiluminescence
and exposed to x-ray film.

Real-time PCR assay
Using 1 μl of the synthesized cDNA as template, the PCR
reaction system consisted of 2X Buffer 10 μl, 20X EvaGreen
dye 0.6μl, Taq polymerase 0.3 μl (5 Unit), double-distilled
water 6.9 μl, 10 μmol/L upstream and downstream primer 0.6
μl each. PCR procedures were as follows: predenaturation at
95°C for 5 min, denaturation at 95°C for 15 s, annealing at
50°C for 15 s, extension at 72°C for 20 s, fluorescence
detection at 76°C for 3 s, for 40 cycles. Upstream primer of
IL-8 was 5’-CATACTCCAAACCTTTCCACC-3’, and the
downstream primer was 5’-
AAACTTCTCCACAACCCTCTG-3’. The length of the
amplified fragment was 112 bp. PCR products were analysed
by 1.5% non-denaturing agarose gel electrophoresis. The
hybridized microarray was scanned with a LuxScan 10 KA
two-stand laser scanner.

ELISA assay
For ELISA detection, 100 μl of sample and standard was
added, respectively, and left at 37°C for 90 min. Then 100 μl of
biotinylated antibodies was added and left at 37°C for 60 min.
The wells were washed with PBS for three times before
reacting with 100 μl of ABC at 37°C for 30 min. The wells
were further washed with PBS for five times and reacted with
TMB at 37°C for 10-15 min. Stop solution was added and the
OD value was measured with a microplate reader.

Statistical analysis
Results were reported as mean ± standard deviation. The mean
values among groups were statistically compared by using t-
test. p<0.05 was considered as a level of statistical
significance.

Result

Microarray analysis
As indicated in Figure 1, the expression of IL-8 in HUVECs
was up-regulated by about 4.2 fold after stimulation with Ox-
LDL, while the IL-8 expression was down-regulated by about
2.8 fold in SF+Ox-LDL treatment compared with Ox-LDL
treatment. Therefor SF could decrease the Ox-LDL induced
IL-8 expression.
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Figure 1. The analysis of microarray data in each group.

IL-8 mRNA expression by RT-PCR assay
Then we double confirmed the expression of IL-8 expression
by RT-PCR assay. As shown in Figure 2, the results indicated
that there was a marked increase of IL-8 mRNA expression in
Ox-LDL group compared with the control group. After the
addition treatment of SF, IL-8 mRNA expression decreased
significantly in SF+Ox-LDL group, and the IL-8 mRNA
expression of the SF+Ox-LDL group was similar as it in the
control group, which was consistent with the microarray
analysis results. Therefore, Ox-LDL could induce the up-
regulation of IL-8 mRNA, which could be inhibited by SF.

Figure 2. The IL-8 mRNA expression in different groups. The mRNA
expression was evaluated by RT-PCR assay. The data was reported as
mean ± SD. *p<0.05 was considered as a level of statistical
significance.

IL-8 protein expression
As indicated in Figure 3 by both Western and ELISA assay the
expression of IL-8 protein was significantly increased in Ox-
LDL group compared with the control group. And when
treated with SF, the expression of IL-8 protein in the SF+Ox-
LDL group decreased significantly to normal level compared
to control group, which consistent with the microarray analysis
and RT-PCR assay. Thus the Ox-LDL-induced IL-8 up-
regulation could be inhibited by SF.

Figure 3. The IL-8 protein level in different groups. (A) The IL-8
protein level was tested by Western. (B) The IL-8 protein level was
tested by ELISA assay. The data was reported as mean ± SD. *p<0.05
was considered as a level of statistical significance.

Discussion
AS is a common pathological condition for many
cardiovascular diseases and mainly associated with endothelial
dysfunction [8]. Abnormalities of VECs usually manifest as a
weakening of anti-coagulation, anti-oxidant and anti-adhesion
functions. Ox-LDL is one important reason behind VEC
damage and the induced expressions of pro-inflammatory
cytokines by VECs [9]. According to clinical trials, IL-8 is
usually up-regulated for patients with coronary heart disease
[10]. In animal experiments, IL-8 is also up-regulated in the
plasma and the lesion sites [11].

IL-8 exerts a chemotactic effect on neutrophils and T-
lymphocytes. IL-8 is similar to IL-1β, IL-6 and TNF-α in that it
can activate the neutrophils and mediate inflammatory
response and other pathological processes. It has been found
that IL-8 promotes the adhesion of monocytes to endothelial
cells and the invasion of the vascular wall, triggering the
inflammatory response of the vascular wall. The adhesion
between monocytes and endothelial cells further induces the
activation of these two cells, leading to the secretion of IL-8 in
the absence of other stimuli [12].
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Studies showed that Ox-LDL significantly up-regulated IL-8
mRNA and protein expressions. However, the mechanism of
anti-atherogenic effect of SF is generally unknown [13]. In the
present study we found that SF inhibited the activity of Ox-
LDL and down-regulated mRNA expression of IL-8, thereby
reducing the secretion of IL-8 and the inflammatory response.
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