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Summary

 

The family of Toll-like receptors (TLRs) initiates innate immune responses,
and Toll-like receptor 4 (TLR4) was considered to be an important player in
the initiation and progression of atherosclerotic disease. The aim of the study
was to investigate the expression of TLR4 on peripheral-blood mononuclear
cells (PBMCs) in patients with coronary arteriosclerosis disease (CAD). We
have examined the expression of TLR4 protein and mRNA by flow cytometry
(FCM) and real-time quantitative reverse transcription polymerase chain
reaction (RT-PCR). In addition, the levels of plasma lipids were determined
by automatic biochemistry analyzer. The results showed that the positive rates
and the mean mRNA copy number of TLR4 in CAD group were significantly
higher than that in controls. But no significant difference was found in the
positive rate and the mean mRNA copy number of TLR4 between CAD group
with normal level of plasma lipids and the CAD group with abnormal level of
plasma lipids. We suggest that expression level of TLR4 on peripheral-blood
mononuclear cells is increased in atherosclerotic, but the differential expres-
sion of TLR4 has no correlation with the level of plasma lipids.
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Introduction

 

Atherosclerosis is a multifactorial process and its outcome,
coronary heart disease, is considered to be responsible for
the greatest number of deaths worldwide. Immune responses
including innate and adaptive immune system play impor-
tant roles in initiation and progression of atherosclerosis [1].
The family of Toll-like receptors is a transmembrane signal
receptor that initiates an innate immune response after
recognition of pathogen-associated molecular patterns
(PAMPs). TLRs are important in linking the innate to the
adaptive immune response [2]. Toll was first discovered as a
Drosophila gene. In 1997 a human Toll homologue was iden-
tified, now known as TLR4 [3]. Evidence is accumulating
that TLRs, and particularly TLR4, are important players in
the initiation and progression of atherosclerotic disease [4].

There is increasing evidence supporting the role of TLR4
in atherosclerotic lesion development. Kiechl 

 

et al

 

. [5]
showed that humans with the Asp299Gly TLR4 polymor-
phism had a lower risk of carotid atherosclerosis and less
intima media thickness in the common carotid artery. Toll-
like receptor 4 activation vascular cells up-regulate the

expression of monocyte chemoattractant protein-1(MCP-1)
and other chemokines involved in the recruitment of mono-
cytes and initiating the inflammatory response [6]. Recently,
evidence emerged that vascular and systemic inflammation
induced by oxidized low density lipoprotein (oxLDL), infec-
tion and heat-shock proteins, three key players in human
atherogenesis, are mediated in part via the TLR4/nuclear
factor-kappaB(NF-

 

κ

 

B) pathway [7]. It suggests that TLR4
may provide a potential pathophysiological link between
lipids and infection/inflammation and atherosclerosis.

Toll-like receptor 4 is expressed by different cell types in
the atherosclerotic vessel wall: endothelial cells [8], mac-
rophages [8,9], adventitional fibroblasts [6] and dendritic
cells [10] and it is prominently expressed and activated in
lipid-rich macrophage-infiltrated human atherosclerotic
plaques [9]. We hypothesized that the expression of TLR4
on peripheral-blood mononuclear cells may be altered in
patients with atherosclerosis diseases and the alteration may
be correlated with the level of plasma lipids. In order to
explore this hypothesis we assessed the expression of TLR4 at
both the protein and mRNA level in 50 patients with coro-
nary arteriosclerosis disease (CAD) and 40 healthy controls
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by flow cytometry and real-time quantitative RT-PCR.
Besides, the levels of plasma lipids were determined by auto-
matic biochemistry.

 

Materials and methods

 

Subjects

 

The subjects were selected from inpatients with angiograph-
ically verified coronary artery disease from August to
December 2004 in Shanghai Changzheng Hospital. The
study group consisted of 50 patients (32 men and 18 women;
mean (

 

±

 

 SD) age 65 

 

±

 

 9 years); the control group consisted
of 40 volunteers (21 men and 17 women; mean (

 

±

 

 SD) age
61 

 

±

 

 7 years) who have no CAD history, no other diseases
and have normal levels of plasma lipids concentrations. All
patients gave their informed consent for the study. Fasting
blood samples were collected into anticoagulation (with
EDTA-K2) tubes from 90 participants.

 

Analysis of expression of surface TLR4

 

TLR4 flow cytometry was performed using phycoerythrin
(PE) antihuman TLR4 antibody (eBioscience, San Diego,
CA, USA) by the manufacturer’s instruction. Briefly, 20 

 

μ

 

l
PE-conjugated mouse antihuman TLR4 antibody was incu-
bated with 100 

 

μ

 

l whole blood for 30 min at room temper-
ature in the dark. After incubated with the RBC lysis buffer,
the mixture was washed in stain buffer containing bovine
serum albumin and sodium azide. Cells were resuspended
in 500 

 

μ

 

l stain buffer and analyzed by flow cytometer
(BeckmanCoult, Fullerton, CA, USA). Negative control was
prepared by incubating with an isotype-matched control
antibody (IgG2a).

 

PBMCs preparation and RNA extraction

 

Peripheral-blood mononuclear cells were isolated from
whole blood of the subjects by Ficoll-Hypaque density gra-
dient centrifugation. Total cellular RNA was extracted using
the Trizol RNA extraction kit in accordance with the manu-
facturer’s instructions. RNA yield and purity were deter-
mined spectrophotometrically at 260/280 nm.

 

Standard plasmid construction

 

For real-time quantitative RT-PCR, primers and Taqman
probes were designed by Beacon Designer 2.1 software and
the sequences were showed in Table 1. cDNA was synthesized
by RT-PCR reactions using SuperScript™ III Platinum®
two-step quantitative RT-PCR kit (Invitrogen, Carlsbad, CA,
USA) in accordance with the manufacturer’s instructions.
PCR products were purified through gel extraction. Ligation
of the pGEM-T plasmid vector and purified PCR fragment
was performed with T4 DNA ligase (Promega, Madison, WI,
USA). Plasmids were purified on columns with a Qiagen kit
and quantified by A260 measurements. To control the valid-
ity of our primers, the amplified products were sequenced.
Recombinant plasmid pGEM-T-TLR4 was as positive con-
trol and pGEM-T-

 

β

 

-actin was as endogenous control.

 

Real-time quantitative RT-PCR

 

To generate standard curve, the recombinant plasmids were
gradient diluted with sterilized water to 1 

 

×

 

 10

 

9

 

, 10

 

8

 

, 10

 

7

 

, 10

 

6

 

10

 

5

 

, 10

 

4

 

 and 10

 

3

 

copies/

 

μ

 

l. We synthesized cDNA from the
extracted total RNA using SuperScript™ III Platinum® two-
step quantitative RT-PCR kit. Real-time quantitative PCR
reactions were performed using an ABI-Prism 5700 sequence
detector. Each PCR mixture (50 

 

μ

 

l total volume) contained
the following: 4 

 

μ

 

l cDNA template, 25 

 

μ

 

l Platinum® Quan-
titative PCR SuperMix-UDG, 1 

 

μ

 

l ROX, primers (1 

 

μ

 

l each),
1 

 

μ

 

l Taqman probe and 17 

 

μ

 

l sterilized water. Cycling param-
eters were as follows: 50 

 

°

 

C for 2 min, 95 

 

°

 

C for 2 min, fol-
lowed by 40 cycles of 95 

 

°

 

C for 15 s, and 60 

 

°

 

C for 1 minute.
We analyzed results using Sequence Detection Software
(Applied Biosystems, Foster City, CA, USA).

 

Plasma lipids detection

 

The level of plasma lipids was determined by automatic bio-
chemistry analyzer (Beckman CX4), including total choles-
terol, triglyeride, low density lipoprotein cholesterol, high
density lipoprotein cholesterol and lipoprotein(a). Any one
of the diadynamic criteria beyond the normal range was con-
sidered plasma lipids abnormal.

 

Table 1.

 

Primer and probe sequences of TLR4 and 

 

β

 

-actin.

Sequence Amplicon size (bp)

TLR4

Sense-primer 5

 

′

 

-TGGAAGTTGAACGAATGGAATGTG-3

 

′

 

147

Antisense-primer 5

 

′

 

-ACCAGAACTGCTACAACAGATACT-3

 

′

 

Probe 5

 

′

 

-FAM-AGCACACTGAGGACCGACACACCAA-TAMRA-3

 

′

β

 

-actin

Sense-primer 5

 

′

 

-AGATCAAGATCATTGCTCCTCCTG-3

 

′

 

145

Antisense-primer 5

 

′

 

-CATTTGCGGTGGACGATGGA-3

 

′

 

Probe 5

 

′

 

-FAM-CGGACTCGTCATACTCCTGCTTGCTG-TAMRA-3

 

′
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Statistical analysis

 

All real-time quantitative RT-PCR determinations were
made in duplicate. Measurement data was presented as  

 

±

 

 

 

s

 

.
Statistical differences in the amounts of TLR4 mRNA or the
positive rates of TLR4 between groups were tested by 2-way

 

t

 

-test. A 

 

P

 

-value 

 

<

 

 0·05 was considered significant.

 

Results

 

Expression of TLR4 protein in the atherosclerotic 
peripheral blood cells

 

TLR4 protein expression in atherosclerotic peripheral blood
cells was detected using FCM. The positive rates of TLR4 in
lymphocytes and neutrophilic granulocytes were less than
5%, and there was no significant difference between CAD
group and control group. TLR4 is mainly expressed in
human monocytes and the positive rates of TLR4 in mono-
cytes in CAD group was significantly higher than that in con-
trols (55·11 

 

±

 

 16·3% 

 

versus

 

 42·91 

 

±

 

 15·7%, 

 

P

 

 

 

<

 

 0·01) (Fig. 1).

 

Construction of standard plasmids

 

cDNA was synthesized by RT-PCR using total RNA extracted
from PBMCs as template. Amplified products were visual-
ized on 1·5% agarose gels stained with ethidium bromide
and photographed under UV light (Fig. 2). The constructed
plasmids were confirmed by polymerase chain reaction. The
target fragments proper sequence and orientation were con-
firmed by sequencing, as indicated that plasmid had been
successfully constructed.

 

Creation of standard curve

 

Plasmids were purified and quantified by A260 measure-
ments, and then converted to the number of copies using the
molecular weight of the DNA. To create standard curve with
the plasmids DNA template, we diluted the constructed plas-
mids to 1 

 

×

 

 10

 

9

 

, 10

 

8

 

, 10

 

7

 

, 10

 

6

 

 10

 

5

 

, 10

 

4

 

 and 10

 

3

 

copies/

 

μ

 

l. By
including a serial dilution such a standard in each PCR run,
with known amounts of input copy number, theTLR4 gene

x

 

can be quantified in the unknown samples. For each dilu-
tion, 

 

Δ

 

Rn

 

 was measured and plotted against cycle number.
By plotting Ct values against the known input copy number,
a standard curve is generated [11]. (Fig. 3)

Toll-like receptor 4 mRNA was quantified by 5’nuclease
assay using fluorescent-labelled TaqMan probe and ana-
lyzed using real-time quantitative RT-PCR. Correction for
inefficiencies in RNA input or reverse transcriptase was per-
formed by normalization to the housekeeping gene – 

 

β

 

-
actin. All real-time quantitative RT-PCR determinations
were made in duplicate. The results showed that TLR4
mRNA copy number ranged from 7·7 

 

×

 

 10

 

5

 

 

 

∼

 

 2·3 

 

×

 

 10

 

7

 

copy/

 

μ

 

g RNA in 50 CAD patients and 9·8 

 

×

 

 10

 

4

 

 

 

∼

 

 5·5 

 

×

 

 10

 

6

 

copy/

 

μ

 

g RNA in 40 healthy controls. The mean TLR4
mRNA copy number in CAD group was significantly higher
than that in controls (5·3 

 

±

 

 3·8 

 

×

 

 10

 

6

 

 

 

versus

 

 1·8 

 

±

 

 1·4 

 

×

 

 10

 

6

 

;

 

P 

 

<

 

 0·01]. (Fig. 4)

 

Relationship between TLR4 expression and the level of 
plasma lipids

 

There were 21 CAD patients with normal level of plasma lip-
ids and 29 beyond the normal range. All subjects of control

 

Fig. 1.

 

The positive rates of TLR4 in peripheral blood cells. 
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Fig. 2.

 

Agarose gel electrophoresis of TLR4 RT-PCR product 

 

m

 

: 50 bp 

DNA Ladder marker; 1–4: TLR4 RT-PCR product.

 

Fig. 3.

 

Standard curve of TLR4.
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group had normal level of plasma lipids. It was found that
the positive rates of TLR4 and the mean mRNA copy num-
ber of TLR4 in CAD group with normal level of plasma lipids
were also significantly higher than that in controls(

 

P 

 

<

 

 0.01).
But no significant difference was found in the positive rate
and the mean mRNA copy number of TLR4 between CAD
group with normal level of plasma lipids and the CAD group
with abnormal level of plasma lipids (

 

P > 0.05). The results
were summarized in Table 2.

Discussion

Although other studies have looked at human leucocyte
expression of TLR4, this is the first study to examine how this
expression may be altered in patients with coronary arterio-
sclerosis disease and whether the alteration may be corre-
lated with the level of plasma lipids. The main finding of this
study was that we detected significantly elevated levels of
both protein and mRNA expression of TLR4 on PBMCs in
CAD group. However, no significant difference was found in
the positive rate and the mean mRNA copy number of TLR4
between CAD group with normal level of plasma lipids and
the CAD group with abnormal level of plasma lipids.
Together, these findings raise the possibility that enhanced
TLR4 expression in peripheral blood may play a role in
inflammation in atherosclerosis, supporting the emerging
paradigm.

Although the precise pathogenesis of atherosclerosis has
not been clarified now, experimental work over the past
decade has linked inflammation to atherogenesis and plaque

disruption [12]. Immune mechanisms, including innate
immunity and acquired immunity, play important roles in
the process of atherosclerosis. The family of Toll-like recep-
tors initiates an innate immune response [13], and TLR4 is
considered to be an important player in the initiation and
progression of atherosclerotic disease. By now, the precise
trigger for the inflammatory response is not known but may
include modified lipoproteins and local or distant infections
[14]. TLR4 recognize PAMPs [15,16] and activate the
inflammatory cell via the NF-κB pathway [17,18]. Activation
of monocytes/macrophages is an important initial step in the
cascades of events leading to many inflammatory diseases,
including atherosclerosis. Recent data showed that TLR4 was
expressed in lipid-rich, macrophage-infiltrated atheroscle-
rotic lesions of mice and humans [9]. These findings showed
that TLR4 might be the important linker among lipids,
infection/inflammation, and atherosclerosis.

TLR4 is well known as the receptor for lipopolysaccha-
ride(LPS), a product of the outer membrane of Gram-neg-
ative bacteria [19,20]. We did not measure the LPS level, but
all subjects with CAD and controls were confirmed to have
normal hemogram through blood routine examination sug-
gesting that the increased TLR4 expression possibly have no
relationship with LPS. A high concentration of serum low
density lipoprotein (LDL) is a major risk factor for CAD
[21]. Oxidative modification of LDL makes it more athero-
genic than its native form. Minimally modified LDL
(mmLDL) and its oxidized phospholipids have been found
to bind to CD14 or activate TLR4 on macrophages [22].
Human epidemiological studies support the involvement of
CD14 and TLR4 in cardiovascular diseases. Our study
showed that the expression level of TLR4 had no correlation
with the level of plasmid lipids, this possibly because that we
detected the native LDL, HDL and other plasma lipids which
could not respond the concentration of mmLDL and oxLDL
in vivo.

In summary, we observed that the expression levels of
TLR4 mRNA and protein on PBMCs in patients with CAD
were increased compared to healthy controls. However, we
found that the positive rate and the mean mRNA copy num-
ber of TLR4 had no correlation with the level of native
plasma lipids. TLR4 may be the new target of antiathero-
genic therapy in the future even though we still have some
problems to be improved understanding, such as the molec-
ular mechanisms driving TLR4 overexpression and the

Fig. 4. The mean TLR4 mRNA copy number in CAD group was sig-

nificantly higher than that in controls. *P < 0·01.
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Table 2. Relationship between the expression of TLR4 and plasma lipids.

Groups n

TLR4 

positive rate

mRNA  

(copies/μgRNA)

CAD with normal lipids 21 54·16 ± 14·6%** (5·1 ± 4·7) × 106**

CAD with abnormal lipids 29 56·41 ± 18·3%** (5·4 ± 3·0) × 106**

Controls 40 42·91 ± 15·7% (1·8 ± 1·4) × 106

**P < 0·01 versus control group.
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central role of TLR4 in atherosclerosis initiation and
progression.
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