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Abstract: Background: Inflammatory responses induced by ox-LDL play important roles in atherogenesis, and could
be promoted in diabetic patients. Toll-like receptor (TLR)2 is an innate inflammatory receptor, and is enhanced in hu-
man umbilical vein endothelial cells (HUVECs) under high glucose conditions. Ox-LDL-TLR2 pathway activation and
further inflammation in monocytes are involved in the atherosclerosis formation. Objective: What role of TLR2 plays
on ox-LDL-induced inflammation in HUVECs remains unclear, especially in high glucose conditions. The purpose
of this study is to explore the effect and role of ox-LDL-TLR2 pathway on the inflammatory responses in HUVECs.
Methods: 1 hour prior to the treatment, HUVECs were treated with or without neutralizing anti-TLR2 antibody. After
that, HUVECs were treated with ox-LDL (20, or 40 ug/ml) or LPS (200 ng/ml) under normal and high glucose condi-
tions. The expressions of ICAM-1 and TLR2 protein were analyzed by immunoblotting, and IL.-6 and IL-8 were mea-
sured by ELISA. Results: Compared with those in normal glucose condition, IL-6 and IL-8 expression were increased
in high glucose condition. The stimulation of ox-LDL and LPS both increased the expression of ICAM-1, IL.-6 and IL-8,
but did not change TLR2 protein expression in both normal and high glucose conditions. Additionally, the expression
of ICAM-1, IL-6 and IL-8 was not changed when TLR2 was knocked out under these two conditions. Conclusion: The
inflammatory responses induced by Ox-LDL were not changed with or without TLR2 under both normal and high
glucose conditions in HUVECs. Our study indicates TLR2 is not involved in the ox-LDL mediated endothelial injury
under high glucose conditions, which is an important step of atherosclerosis formation in diabetes.
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Introduction receptors, especially inflammatory receptors

such as Toll-like receptors (TLRs) in nuclear
Diabetes millitus is an important risk factor for cells. In diabetes millitus, the effect of ox-LDL
the development of atherosclerosis. Endothe- on the inflammatory receptors is still interest-
lial dysfunction induced by oxidized low density ing.
cholesterol (ox-LDL) is regarded as an initial

step in the pathogenesis of atherosclerosis TLRs, pathogen pattern recognition receptors,

plaque formation. It is known that ox-LDL acts
via binding to a number of scavenger receptors,
such as SR-A1, SR-A2 and lectin-like oxidized
low-density lipoprotein receptor (LOX-1). LOX-1
facilitates the uptake of ox-LDL, induces endo-
thelial dysfunction and mediates numerous ox-
LDL-induced proatherogenic effects, resulting
in ox-LDL accumulation in the vessel wall [1].
LOX-1 is the main ox-LDL receptor of endothe-
lial cells. Ox-LDL also regulates some other

are characterized by the expression and release
of cytokines and chemokines which is impli-
cated in the development and progression of
atherosclerosis. Scavenger receptors and TLRs
cooperate in response to danger signals to
adjust the host immune response [2]. TLR2 has
a central role in innate immunity and inflamma-
tion [3]. Ox-LDL induced TLR2 and TLR4 expres-
sion at mRNA level and caused a significant
activation of NF-KB in monocytes [4, 5]. TLRs
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are involved in the LPS/PGN-mediated inflam-
matory responses in endothelial cells [6], and
it could be also involved in the inflammation
induced by ox-LDL. The advanced glycation
end-product of low-density-lipoprotein acti-
vates the TLR4 pathway implications for dia-
betic atherosclerosis [7]. TLRs activation and
ligands are found to be increasing in recently
diagnosed type 2 diabetic subjects [8]. We also
found that TLR2/4 activation enhances endo-
thelial inflammation in type 1 diabetes [6]. So
we want to know the effect of ox-LDL on TLR2
pathway in endothelial cells, especially in dia-
betic condition. TLR2 expression is enhanced
by LPS in HUVECs under high glucose condition
[9]. It has not been determined whether TLR2 is
enhanced in the inflammation induced by ox-
LDL in human umbilical vein endothelial cells
(HUVECS).

We wanted to study the role of TLR2 plays in
the inflammatory response induced by ox-LDL
in HUVECs under high glucose condition. To
test this, we treated HUVECs with ox-LDL under
high glucose conditions in vitro. The high glu-
cose condition is modeling as diabetic condi-
tion in vivo [9]. Under high glucose condition,
the purposes of this study are to determine:
1) the effect of ox-LDL on the inflammatory
responses in HUVECs, 2) whether TLR2 levels
are increased by different concentration of ox-
LDL, and 3) whether the change of TLR2 level
could alter the inflammation in HUVECs.

Materials and methods
Materials

HUVECs were obtained from American type cul-
ture collection (ATCC). HUVECs were cultured in
endothelial cell medium (25 ml of fetal bovine
serum at 5%, 5 ml of endothelial cell growth
supplement (EBM-2, contains 2% FBS) (Lonza,
Boulder, CO, USA) at 1% and 5 ml of penicillin/
streptomycin solution at 1% was added into
500 ml) were from Scien Cell Research Labo-
ratories (San Diego, California, USA); Ox-LDL
(oxidized using Cu,SO, (oxidant) in PBS) were
obtained from Yiyuan Biotech (Guangzhou,
Guangdong, China); TLR2 Antibody was obtain-
ed from Santa Cruz Biotechnology (Dallas,
Texas, USA); neutralizing anti-TLR2 antibody
(T2.5) was purchased from Invivogen (San
Diego, California, USA) and ICAM1 was from
Abcam (Cambridge, MA, USA); GAPDH antibody
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and HRP-conjugated goat anti-rabbit 1gG was
purchased from PTG (Pro Teintech Group, USA);
IL-6 and IL-8 ELISA kits were purchased from
Multi Sciences (Hangzhou, Zhejiang, China). E
coli LPS were purchased from Sigma-Fluka (St.
Louis, MO, USA).

Ethics statement

Our experiment was approved by the Human
Ethics Committee of First Affiliated Hospital of
Shantou University Medical College.

Cell culture and treatment

Cells were grown in endothelial cell growth
medium. The cultures were maintained in a
humidified 37°C incubator with 5% CO,. Sub-
cultures were performed with 0.25% trypsin
and 0.01% EDTA when 80% confluent. Medium
was refreshed every two days.

For the experiments, cells were seeded in 500
pl complete medium in 12-well plates. After
growing to confluence, medium was changed
completely. Ox-LDL and LPS were diluted in
complete cell culture medium containing differ-
ent concentration of glucose (5.5 and 25
mmol/L) and added to the cells as normal and
high glucose conditions [9]. The final concen-
tration of LPS was 200 ng/ml, and ox-LDL was
20 pg/ml or 40 pg/ml respectively. In addition-
al experiments, neutralizing anti-TLR2 antibody
(T2.5) was added to the cells 1 h prior to adding
LPS or ox-LDL. The purpose of LPS is to control
the inflammatory response. The treatment time
is 24 hours.

Immunoblotting

Immunoblotting was used to detect ICAM-1,
TLR2, and GAPDH. After treatment, HUVECs
were washed three times with cold PBS, and
then lysed with adequate PBS buffer. Samples
were separated on 10% SDS-polyacrylamide
gels and transferred onto nitrocellulose mem-
branes. Membranes were blocked for 1 h at
room temperature with 5% dry milk in TPBS
(PBS containing 0.1% Tween 20), and then in-
cubated with the appropriate primary antibod-
ies (ICAM-1 antibody was diluted 1:1000, TLR2
1:200, and GAPDH 1:500) overnight at 4°C.
After washing with TPBS, membranes were
incubated with horseradish peroxidase (HRP)-
linked secondary antibodies (1:5000 dilution
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Figure 1. Ox-LDL and LPS increase ICAM-1 protein expression under both glucose conditions. HUVECs were stimu-
lated with ox-LDL (20, 40 pg/ml) or LPS (200 ng/ml) for 24 h, and ICAM-1 protein levels were analyzed by immu-
noblotting. Higher ICAM-1 protein expresses in LPS and ox-LDL group than that in control (*P<0.05, compared with

control, n=5).

Table 1. Ox-LDL enhanced IL-6 and IL-8 peptide expression mediated by ox-

LDL under both glucose conditions

the protocols provid-
ed by the manufact-

urer.

Statistic analysis

Data are expressed

as mean * standard
error of mean (SEM).

IL6 (pg/ml) Control LPS 20 pg/ml ox-LDL 40 pg/ml ox-LDL
NG 207.2+28.3 2423.9+376.0* 2443.2+305.9* 3737.0£364.8*
HG 213.2+32.7 3190.3+348.2*# 3244.8+195.2*# 4312.4+230.2**#
IL8 (pg/ml) Control LPS 20 pyg/ml ox-LDL 40 pg/ml ox-LDL
NG 143.5£11.8 2268.0+260.8* 2213.1+139.0* 3385.2+255.6*
HG 137.7+13.6 3968.1+224.1** 3557.2+177.0%*% 4794.3+147.3*#

Analysis of variance

HUVECs were stimulated with LPS (200 ng/ml) or ox-LDL (20, 40 ug/ml) for 24 h, and IL.-6 and
IL-8 were detected by ELISA. More IL-6 and IL-8 peptide expression exhibited after stimulation
with ox-LDL with or without high glucose condition (*P<0.05, compared with control, n=5).
Lower IL-6 and IL-8 expression in all groups were found under normal glucose condition com-
pared to those in high glucose condition (*P<0.05, compared with normal glucose condition,

n=5).

with TPBS containing 5% dry milk) at room tem-
perature for 1 h. Bands were developed using
ECL and exposed to X-ray films. Band density
was analyzed using NIH ImageJ software.

Cytokines ELISA

Cytokine concentrations of IL-6 and IL-8 in cell
culture supernatants were quantified by ELISA
kits as previously reported [6]. Recombinant
cytokines were used to construct standard
curves. Absorbance of standards and samples
was determined spectrophotometrically at 450
nm using a microplate reader (KHB labsys-
tem wallscan k3, Thermo Scientific, Finland).
Results were plotted against the standard
curve. The assays were carried out according to
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(ANOVA) was perfor-
med, and differences
were considered sig-
nificant when P<0.05,
as verified by Fisher
post-hoc test.

Results
ox-LDL induced inflammation in HUVECs

After 24 h treatment with LPS (200 ng/ml) or
ox-LDL (20 pg/ml or 40 pg/ml), we tested IL-6,
8 expression by ELISA and ICAM-1 expression
by westernblot. Stimulation with both LPS and
ox-LDL in HUVECSs significantly increase ICAM-1
and IL-6, 8 expression compared with those of
control in both normal and high glucose medi-
um (Figure 1; Table 1, P<0.05). Higher concen-
tration of ox-LDL could result in more IL-6 and
IL-8 expression (Table 1, P<0.05). Expression
of IL-6, 8 was higher under high glucose if com-
pared with those under normal glucose condi-
tion (Table 1, P<0.05).
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Figure 2. Induction of TLR2 expression is not associated with inflammatory response under high glucose condition.
(A and B) HUVECs were stimulated with LPS (200 ng/ml) or ox-LDL (20, 40 ug/ml) for 24 h, and TLR2 protein levels
were analyzed by immunoblotting. TLR2 protein level didn’t change under normal (A) and high (B) glucose condition

(*P>0.05, compared with control, n=5).

TLR2 expression didn’t change under treat-
ment with ox-LDL in both conditions

We measured TLR2 expression in HUVECs after
treatment with LPS or ox-LDL in both glucose
conditions (Figure 2, P>0.05). No significant
change in TLR2 expression was found com-
pared to that in control group under both condi-
tions, indicating TLR2 may be not involved in
the inflammatory response.

TLR2 knock out could not change the inflam-
mation induced by ox-LDL

To confirm whether TLR2 is involved in the
inflammatory response induced by ox-LDL, we
pretreated with TLR2 antibody 1 h before 24 h
LPS or ox-LDL treatment in both conditions.
Then we tested IL-6, 8 expression by ELISA and
ICAM-1 expression by westernblot. We didn’t
find any difference in expression levels of these
inflammatory cytokines and chemokines in
both conditions (Figure 3; Table 2, P>0.05). If
compared to those without TLR2 inhibition, this
inflammation was not changed either (Tables 1
and 2, P>0.05). This result confirms that TLR2
expression was not changed accompanied by
inflammatory responses under these two con-
ditions. IL-6, 8 expression is still higher in high
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glucose or when it is exposed to higher concen-
tration (Table 2, P<0.05).

Discussion

In this study, we demonstrated that ox-LDL
induced inflammatory response in HUVECs
under normal and high glucose conditions,
were not associated with TLR2 protein expres-
sion change. Inflammatory response stimulat-
ed by LPS or ox-LDL was enhanced in high glu-
cose conditions with or without TLR2. When
exposed to higher concentration of ox-LDL, it
enhanced inflammatory response in HUVECs in
both glucose conditions.

It is already well known that ox-LDL plays a key
role in the development of atherosclerosis,
including endothelial dysfunction, macrophage
invasion, and foam cell formation, etc [1].
Innate immune responses in endothelial cells
are key events in vascular inflammation and
the development of atherosclerosis, and is
enhanced in Diabetes millitus [6, 8, 9]. Previous
studies have demonstrated that ox-LDL could
induce inflammatory responses in coronary
endothelial cells and monocytes [10-13]. In our
study, we also confirmed that ox-LDL activates
the expression of adhesion molecule (ICAM-1),

Int J Clin Exp Med 2015;8(11):22004-22010



TLR2 doesn’t change in HUVECs by ox-LDL

A ——

ICAM-1 & = e iy

TS - L Vo b

SR o ‘..;._

Ctrl

B

ICAM-1

GAPDH [SSSISSSISS——
“etrl LPS ox.gj_g)ﬁ@.g)’m

LPS' ox-b]é))L JX(ZI»IT)]S)L

M- 1 poleinlfols of mawal comtrol)

AL moleln oMs of Wigh gloscose contiol)

48 %

w
5]
T

ox~LDL{40)

L

coatrel s

XL (30) ox=LIR (40)

Figure 3. Inhibition of TLR2 level doesn’t alter ICAM-1 protein expression. HUVECs were pretreated with neutralizing
anti-TLR2 antibody for 1 h, then stimulated with ox-LDL (20, 40 pg/ml) or LPS (200 ng/ml) for 24 h, and ICAM-1
protein levels were analyzed by immunoblotting. Higher ICAM-1 protein expresses in LPS and ox-LDL group than that

in control (*P<0.05, compared with control, n=5).

Table 2. Inhibition of TLR2 level doesn’t alter IL-6 and IL-8 peptide expres-

In our study, inflam-
matory response did-

n't decrease when we

pretreated with TLR2
antibody. TLRs recog-
nize pathogen-associ-

ated molecular pat-

sion

IL6 (pg/ml) Control LPS 20 yg/mlox-LDL 40 pg/ml ox-LDL
NG 307.2+34.2 2223.8+319.8* 2637.5+315.6* 3579.8+335.2*

HG 245.7+34.9 3998.3+231.2** 3549.6+175.3*" 4486.5+196.7*"
IL8 (pg/ml) Control LPS 20 pyg/ml ox-LDL 40 pg/ml ox-LDL
NG 158.2+14.3 2268.0+198.4* 2078.5+201.3* 3377.2+241.9*

HG 186.2+19.3 3968.1+133.5*# 3309.7+185.3*# 4178.2+211.4*#

terns to initiate an in-
nate immune respon-

HUVECs were pretreated with neutralizing anti-TLR2 antibody for 1 h, then stimulated with
LPS (200 ng/ml) or ox-LDL (20, 40 pg/ml) for 24 h, and IL-6 and IL-8 were detected by ELISA.
Ox-LDL still increased IL-6 or IL-8 expression with or without high glucose condition (*P<0.05,
compared with control, n=5). More IL-6 and IL-8 expression in all groups was found under
high glucose condition compared to those in normal (*P<0.05, compared with normal glu-

cose condition, n=5).

cytokine (IL-6) and chemokine (IL-8) in HUVECs
when it is exposed to normal and high glucose.
Higher concentration of ox-LDL could enhance
inflammatory response under stimulation by
both LPS and ox-LDL. Itis also found that hyper-
glycemia can induce endothelial dysfunction
base on the overproduction of reactive oxygen
species (ROS). Large clinical trials in DM have
shown that hyperglycemia plays a big part in
the pathogenesis of microvascular complica-
tions which is a major causal factor in the
development of endothelial dysfunction and
endothelial cell apoptosis [8, 14, 15]. Th-
erefore inflammation should be enhanced
under high glucose conditions [16].
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se, and high TLR2
expression level on
monocytes may be an
independent risk fac-
tor for atherogenesis
[47]. TLR2/4, in con-
cert with scavenger
receptors, could regulate the inflammatory
microenvironment in atherosclerosis. TLR2
ligand peptidoglycan (PGN) and TLR4 ligand
LPS have been found in vessels with early ath-
erosclerotic lesions [18, 19]. That ox-LDL medi-
ated endothelial dysfunction is often an initiate
step for atherosclerosis formation. So we are
interested in whether TLR2 is involved in endo-
thelial dysfunction resulted from ox-LDL injury.
Interestingly, we found that inflammatory re-
sponse induced by ox-LDL is independent on
TLR2 expression change. In murine and human
lipid-rich atherosclerotic plaques, ox-LDL could
regulate TLR4 expression, not TLR2 [20]. Some
studies found that ox-LDL could regulate TLR2

Int J Clin Exp Med 2015;8(11):22004-22010
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expression in monocytes and macrophage [4],
which also plays important roles on atheroscle-
rosis formation. TLR2 is still involved in the ath-
erosclerosis formation, but may just be activat-
ed by ox-LDL in monocytes, not in endothelial
cells.

LOX-1 receptor is regard as a main regulator of
ox-LDL, when saturation is up-regulated, it is
dependent on ox-LDL concentration (10-40 pg/
ml). Interestingly, LOX-1 is also decreased by
a higher concentration of ox-LDL (100 ug/ml)
[21]. Therefore, LOX-1 is still working at these
two concentrations in our study. There is no
report about crosstalk between LOX-1 and
TLR2 yet. So we speculate negative change
in our study should be due to the effect of LOX-
1 regulation. This study also confirms there
should be no crosstalk between LOX-1 and
TLR2. In order to confirm the crosstalk, between
LOX-1 and TLR2, a LOX-1 receptor knock out
experiment would be performed in the future
study.

In conclusion, the results of our study show
ox-LDL induces inflammation response, and
enhanced in high glucose levels, but 1) cellular
TLR2 protein level is not associated with that;
or 2) TLR2 knock out could not change this
response. Our study suggests that TLR2 is not
involved in the inflammation response induced
by ox-LDL contributing to atherosclerosis in dia-
betes patients.
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