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Summary

Toll-like receptor 4 (TLR4) is a member of the Toll-like receptor family, which
can bridge innate and adaptive immune responses. Activation of the TLR4
signalling pathway may induce the release of proinflammatory cytokines such
as tumour necrosis factor (TNF)-a and interleukin (IL)-12, which was con-
sidered to play an important role in pathogenesis of immune-mediated
diseases. Ankylosing spondylitis (AS) is an immune-mediated disease whose
aetiology remains unknown. The aim of the study was to investigate the
expression of TLR4 and serum TNF-a, IL-12 and soluble tumour necrosis
factor-related apoptosis-inducing ligand (sTRAIL) level in AS patients. The
results indicated that TLR4 protein and mRNA levels were significantly higher
in AS patients than in healthy controls; however, there was no significant
difference between human leucocyte antigen (HLA)-B27-positive and
-negative AS patients, as well as serum levels of TNF-a, IL-12 and sTRAIL. In
addition, in HLA-B27-positive AS patients, TLR4 level showed close associa-
tions with the cytokines and laboratory parameters of disease activity [eryth-
rocyte sedimentation rate (ESR) and plasma C-reactive protein (CRP)],
respectively. Similarly, the strong associations between the cytokines or
between IL-12 and ESR or CRP were observed in HLA-B27-positive AS
patients. Interestingly, in HLA-B27-positive AS patients, TNF-a correlated
significantly with ESR, but did not with CRP. In contrast, sTRAIL correlated
with CRP, but did not with ESR. Among HLA-B27-negative patients, no close
correlation was found. In our study, it was suggested that the abnormal acti-
vation of TLR4 signalling and serum TNF-a, IL-12 and sTRAIL may play a
key role in the development and progression of AS, which may be dependent
on the status of HLA-B27 antigen.
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Introduction

Ankylosing spondylitis (AS) is a chronic rheumatic disease
characterized by axial skeletal ankylosing, inflammation at
the insertions of tendons (enthesitis) and, occasionally,
peripheral arthritis. Over time, the spinal and peripheral
joint involvement of AS may cause severe disability and
functional limitations. Its aetiology and pathogenesis are not
yet understood fully, and the diagnosis is still difficult. As a
result, the management and treatment of AS has always been
unsatisfactory. Although AS shows a strong association with
the major histocompatibility complex class I molecule
human leucocyte antigen (HLA)-B27 hereditary, environ-
mental and other factors, detailed associations remain

unclear. Previous studies have shown that bacteria were
thought to play a crucial role in the pathogenesis of AS. In
animal models such as B27 transgenic rats, in ~50% of the
cases the presence of bacterial flora was obligatory for the
development of inflammatory gut lesions and peripheral
and axial inflammatory joint lesions, similar to AS. When
raised in a germfree environment, inflammatory intestinal or
joint disease does not develop until the normal bacterial
flora are restored [1]. Similar to reactive arthritis, there is an
indication that T cells play an important role in AS, and T
cell responses to bacteria-derived antigens such as Klebsiella
have been demonstrated in AS [2,3].

Toll-like receptors (TLRs) are a family of such pattern-
recognition receptors which discriminate pathogens from
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self and activate suitable defence mechanisms [4,5]. TLRs on
antigen-presenting cells also initiate and modulate adaptive
immunity during infection [6]. TLR4 is a member of this
family, which recognizes lipopolysaccharide (LPS), a major
integral component of the outer membrane of Gram-
negative bacteria. Activation of the TLR4 signalling pathway
following binding ligand may induce the release of an array
of proinflammatory cytokines and increase production of
interleukin (IL)-12, a critical factor for generation of T
helper 1 (Th1)-type responses. TLR4 has also been shown to
be important for the pathogenesis of immune-mediated dis-
eases, such as rheumatoid arthritis (RA) [7,8], multiple scle-
rosis [9] and inflammatory bowel disease [10]. In addition, it
has been reported that TLR4 may mediate the production of
perforin by CD28null T helper cells in ankylosing spondylitis
[11], while another report indicated that there was no evi-
dence for involvement of the TLR4 A896G polymorphisms
in susceptibility to AS [12]. However, previous studies dem-
onstrated differences only between AS patients (n = 8) and
healthy individuals at the level of TLR4 protein on
peripheral-blood leucocytes in a minimum-sized sample,
almost failing to include the level of TLR4 mRNA as well as
the associations of TLR4 expression with serum proinflam-
matory cytokines in AS patients [13].

Tumour necrosis factor (TNF)-related apoptosis-
inducing ligand (TRAIL) is a transmembrane (type II) gly-
coprotein, including membrane-binding TRAIL (mTRAIL)
and soluble TRAIL (sTRAIL), which triggers apoptosis
through interaction with the death receptors (DR) 4 and
DR5 [14,15]. It is known that TRAIL shows a close associa-
tion with many autoimmune diseases, such as multiple scle-
rosis (MS), systemic lupus erythematosus (SLE), RA and so
on. However, it is still unclear whether TRAIL might play a
role in pathogenesis of AS. Recently, although it has been
reported that TLR4 agonists, Mycobacterium bovis bacillus
Calmette–Guerin (BCG), could induce the release of soluble
TRAIL from neutrophils [16], previous studies have failed to
demonstrate the association of TLR4 with sTRAIL in AS.

Therefore, the present study was designed to determine
the expression levels of TLR4 protein and mRNA in leuco-
cytes and the serum levels of TNF-a, IL-12 and sTRAIL in 60
AS patients to determine whether the abnormal levels con-
tribute to the development of AS.

Materials and methods

Subjects

The study was approved by the research ethics committee of
our institution. After informed consent, the subjects were
recruited from the in-patient and out-patient clinics of the
Shanghai Changzheng Hospital. The study group consisted
of 60 patients [38 HLA-B27-positive: 28 men and 10 women;
mean � standard deviation (s.d.), 30 � 11 years; 22 HLA-
B27-negative: 15 men and seven women; mean � s.d.,

36 � 13 years] who fulfilled the modified 1984 New York
criteria for a diagnosis of AS [17], and were excluded if they
had a spondylitis other than AS, clinical or radiographic
evidence of complete spinal ankylosis, a history of recurrent
infections or cancer or a serious liver, renal, haematological
or neurological disorder. The disease control consisted of 20
patients with RA (11 men and nine women; mean � s.d., age
48 � 15 years) who fulfilled the American College of Rheu-
matology criteria for RA [18]. Healthy volunteers (21 men
and nine women; mean � s.d., age 33 � 8 years), with no AS
history, AS family history or other diseases served as controls.

Analysis of expression of TLR4 protein

Flow cytometry (FCM) was performed using phycoerythrin
(PE)-Cy5-labelled monoclonal antibody for human TLR4
(eBioscience, San Diego, CA, USA) according to the manu-
facturer’s instructions. In brief, 100 ml whole blood was
incubated with 20 ml PE-conjugated mouse anti-human
TLR4 antibody for 30 min at room temperature in the dark.
After incubation with the red blood cell (RBC) lysis buffer,
the mixture was washed in staining buffer containing bovine
serum albumin and sodium azide. Cells were resuspended in
500 ml staining buffer and analysed by flow cytometer
(Beckman Coulter, Fullerton, CA, USA) as follows. First,
gating was employed effectively in the use of forward and
side light-scatter signals at different intensities for the selec-
tion of lymphocytes, monocytes and neutrophils within a
mixed population of cells from peripheral blood, according
to their heterogeneous characteristics. Secondly, the percent-
ages of TLR4-positive cells were analysed in every gate. Nega-
tive control was prepared by incubating with an isotype-
matched control antibody (IgG2a).

Peripheral blood mononuclear cell (PBMC)
preparation and RNA extraction

PBMCs were isolated from peripheral venous blood of the
subjects by Ficoll-Hypaque density gradient centrifugation.
Total cellular RNA was extracted using the Trizol RNA
extraction kit in accordance with the manufacturer’s
instructions. RNA yield and purity were determined spec-
trophotometrically at 260/280 nm.

Standard plasmid construction

For real-time quantitative reverse transcription–polymerase
chain reaction (RT–PCR), primers and Taqman probes were
designed as described elsewhere [19] and synthesized by
Shanghai Genecore Biotechnologies (Shanghai, China). The
sequences are shown in Table 1. cDNA was synthesized by
RT–PCR reactions using a 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
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of the pGM-T plasmid vector and purified PCR fragment
was performed with T4 DNA ligase (Promega, Madison, WI,
USA). Plasmids were purified on columns with the Qiagen
kit and quantified by A260 measurement. To control the
validity of our primers, the amplified products were
sequenced. Recombinant plasmid pGM-T-TLR4 was used as
positive control and pGM-T-b-actin was used as endog-
enous control.

Real-time quantitative RT–PCR

To prepare a standard curve, the recombinant plasmids were
gradient diluted with sterilized water to 1 ¥ 109, 108, 107, 106,
105, 104 and 103 copies ml. We synthesized cDNA from the
extracted total RNA using the SuperScript™ III Platinum®
two-step quantitative RT–PCR kit. Real-time quantitative
PCR reactions were performed in an ABI-Prism 7000
sequence detector under the following cycling conditions:
50°C for 2 min, 95°C for 2 min, followed by 40 cycles at 95°C
for 15 s and 60°C for 1 min. Each reaction mixture (50 ml total
volume) contained 4 ml cDNA template, 25 ml Platinum®
Quantitative PCR SuperMix-UDG, 1 ml ROX, 1 ml sense
primer, 1 ml anti-sense primer, 1 ml Taqman probe and 17 ml
sterilized water. For each sample PCR reactions were per-
formed in triplicate. The results were analysed by Sequence
Detection Software (Applied Biosystems, Foster City, CA,
USA). The level of gene expression was determined by inter-
polation with a standard curve (reference for the detail).

Determination of TNF-a, IL-12 and sTRAIL in serum

Serum samples were prepared immediately by centrifugation
of peripheral venous blood. All cytokine levels were deter-
mined by commercially available enzyme-linked immun-
osorbent assay (ELISA) kits according to the manufacturer’s
protocol: TNF-a and IL-12 kits were from Bender (Burlin-
gane, CA, USA) and sTRAIL kit was from Diaclone (Besan-
con Cedex, France). Sensitivities of the various assays were as
follows: TNF-a, 8 pg/ml; IL-12, 3 pg/ml and sTRAIL less
than 64 pg/ml. Cytokine concentrations were determined by
the optical densities obtained and the standard curves.

Determination of the erythrocyte sedimentation rate
(ESR) and plasma C-reactive protein (CRP)

The ESR was determined by Auto ESR Analyser (Electa
Laboratory, Forli, Italy) and the level of serum CRP was
obtained by Specific Protein Analyser (Dade Behring,
Deerfield, IL, USA).

Statistical analysis

Results were expressed as mean � s.d. Student’s t-test was
made to test for differences in means between groups. The
correlation of two different parameters within one group
was calculated with the Spearman’s rank correlation
coefficient. P-values less than 0·05 were considered
significant.

Results

Increased expression levels of TLR4 protein and mRNA
in peripheral blood cells in AS patients

Leucocytes are well suited to flow analysis because the normal
suspension of blood leucocytes contains a mixture of cell
types that give off forward and side light-scatter signals of
different intensities, thereby allowing them to be distin-
guished from each other by flow cytometric light scatter
parameters. TLR4 protein expression on peripheral blood
leucocytes was determined by FCM in this study. The results
indicated that TLR4 was expressed mainly in human mono-
cytes, and the positive rates of TLR4 on monocytes, lympho-
cytes and neutrophils were significantly higher in HLA
B27-positive AS, HLA B27-negative AS or RA group than
controls (each P < 0·001). When we compared the positive
rates of TLR4 in the three types of cells between any two
disease groups of the patients with HLA-B27-positive, -B27-
negative AS and RA, no significant difference was found
(Fig. 1).

For each sample, copy numbers of TLR4 mRNA were
divided by those of b-actin mRNA to normalize for TLR4
mRNA expression and thus avoid sample-to-sample

Table 1. Primer and probe sequences of Toll-like receptor 4 (TLR4) and b-actin.

Sequence

Amplicon size

(base pairs)

TLR4

Sense-primer 5′-TGGAAGTTGAACGAATGGAATGTG-3′ 148

Anti-sense-primer 5′-ACCAGAACTGCTACAACAGATACT-3′
Probe 5′-FAM-AGCACACTGAGGACCGACACACCAA-TAMRA-3′

b-actin

Sense-primer 5′-AGATCAAGATCATTGCTCCTCCTG-3′ 145

Anti-sense-primer 5′-CATTTGCGGTGGACGATGGA-3′
Probe 5′-FAM-CGGACTCGTCATACTCCTGCTTGCTG-TAMRA-3′
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differences in RNA quantity. The normalized TLR4 expres-
sion levels in patients with HLA B27-positive (0·23 � 0·20;
P < 0·001) and B27-negative AS (0·15 � 0·13; P < 0·001) and
RA (0·14 � 0·12; P < 0·001) were all increased significantly
compared with controls, but there was no significant differ-
ence between the two AS groups. (shown in Fig. 2)

The normalized TLR4 mRNA expression showed a close
association with TLR4 protein expression on monocytes in
both AS groups and controls (each P < 0·01) (Fig. 3).

Increased ESR and levels of serum cytokines and CRP
in AS patients

The serum concentrations of TNF-a, IL-12 and sTRAIL
were elevated significantly in AS patients compared to
healthy controls (231·242 � 193·531 versus 15·247 �

2·646 pg/ml, P < 0·001; 5·573 � 0·714 versus 4·385 �

0·778 pg/ml, P < 0·001 and 1514·375 � 261·836 versus
936·992 � 239·53 pg/ml, P < 0·001, respectively, for TNF-a,
IL-12 and sTRAIL), while in RA patients only the serum
concentration of TNF-a was significantly up-regulated
(147·79 � 70·93 pg/ml) and no significant differences for

IL-12 (4·50 � 1·54 pg/ml) and sTRAIL (1067·01 �

280·93 pg/ml) were observed, compared with healthy
controls. In AS patients, HLA-B27-positive patients showed
higher TNF-a serum concentrations than HLA-B27-
negative patients (290·624 � 223·292 versus 129·296 �

50·549 pg/ml, P < 0·001). However, there was no significant
difference for IL-12 and sTRAIL between HLA-B27-positive
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Fig. 1. The positive rates of Toll-like receptor 4 (TLR4) protein on

peripheral blood cells. L = lymphocytes; M = monocytes;
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and -negative patients (Table 2). Among HLA-B27-positive
patients, there were significant correlations between TNF-a
and IL-12 and sTRAIL, respectively. However, with the
exception of IL-12 and sTRAIL (r = 0·483, P = 0·023), the
above correlations observed in HLA-B27-positive patients
were not observed in HLA-B27-negative patients. HLA-B27-
positive patients showed significantly increased ESR com-
pared to the HLA-B27-negative patients (46·47 � 18·53
versus 30·82 � 18·16, P = 0·003), and both were significantly
higher than healthy controls. There were elevated levels of
serum CRP in HLA-B27-positive patients compared to the

HLA-B27-negative patients and controls. However, no sig-
nificant difference was observed between the last two groups
(Table 2). As disease control, RA patients showed higher
levels of ESR and CRP than healthy controls. When we
studied the correlations between cytokines and ESR or CRP,
IL-12 was correlated strongly with ESR (r = 0·427, P = 0·008)
and CRP (r = 0·3866, P = 0·016) in HLA-B27-positive
patients. Surprisingly, HLA-B27-positive patients showed a
close association of TNF-a with ESR (r = 0·388, P = 0·016)
but not with CRP; and in contrast, of sTRAIL with CRP
(r = 0·609, P = 0·000) but not with ESR (Fig. 4). Among

Table 2. The level of erythrocyte sedimentation rate (ESR), serum C-reactive protein (CRP) and cytokines in populations.

Healthy

controls

(n = 30)

Disease

controls

(n = 20)

HLA-B27-

negative patients

(n = 22)

HLA-B27-

positive patients

(n = 38)

TNF-a (pg/ml) 15·25 � 2·65 147·79 � 70·93** 129·30 � 50·55** 290·62 � 223·29**

IL-12 (pg/ml) 4·39 � 0·78 4·50 � 1·54 5·43 � 0·60** 5·67 � 0·78**

sTRAIL (pg/ml) 936·99 � 239·53 1067·01 � 280·93 1474·16 � 329·40** 1537·66 � 214·99**

ESR 7·25 � 3·68 41·90 � 19·10** 30·82 � 18·16** 46·47 � 18·53**

CRP 5·38 � 2·99 37·04 � 25·74** 6·18 � 3·27 46·01 � 14·45**

** P < 0·01 versus healthy controls. HLA: human leucocyte antigen; TNF: tumour necrosis factor; IL: interleukin; sTRAIL: soluble tumour necrosis

factor-related apoptosis-inducing ligand.
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HLA-B27-negative patients, no strong correlation was seen
between various cytokines and ESR or CRP.

Correlation studies between expression of TLR4
protein on monocytes or mRNA and serum cytokines
or laboratory parameters of disease activity in AS

When correlation studies were performed, close correlations
of expression of TLR4 protein on monocytes and TLR4

mRNA with serum TNF-a were observed in either HLA-
B27-positive (r = 0·589, P = 0·000 and r = 0·555, P = 0·001,
respectively, for TLR4 protein and mRNA) or HLA-B27-
negative (r = 0·619, P = 0·002 and r = 0·601, P = 0·003,
respectively, for TLR4 protein and mRNA) AS patients. Close
correlations between TLR4 mRNA or protein and IL-12
(r = 0·552, P = 0·001 or r = 0·7309, P = 0·000), sTRAIL
(r = 0·508, P = 0·001 or r = 0·707, P = 0·000), ESR (r = 0·471,
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P = 0·003 or r = 0·437, P = 0·006) or CRP (r = 0·569,
P = 0·000 or r = 0·597, P = 0·000) were found in HLA-B27-
positive AS patients, but no correlation was found in the
HLA-B27-negative patients (Fig. 5)

Discussion

The present data demonstrate that the expression of TLR4
on lymphocytes, monocytes and neutrophils is all increased
significantly in either patients with AS (HLA-B27-positive
and-negative) or RA patients, compared with healthy indi-
viduals, although it is expressed mainly on monocytes. This
result extends a previous study, which showed increased
expression of TLR4 on total PBMCs from only eight patients
with AS [13]. Furthermore, in our study the level of TLR4
mRNA in PBMCs was also determined by real-time PCR,
and a significant increase was found in both HLA-B27-
positive and -negative patients with AS, compared with
healthy individuals. Although AS shows a strong association
with HLA-B27, its value as a diagnostic tool for early AS has
been a subject of long-standing debate that has not yet been
clarified, and in several studies the advantages and disadvan-
tages of HLA-B27 as a diagnostic test for AS have been dis-
cussed [20].The current study indicates that increased
expression of TLR4 in PBMC may play a role in the patho-
genesis of AS, independent of HLA-B27. However, the close
correlations between the level of TLR mRNA or protein and
ESR or CRP are clearly influenced by HLA-B27, as HLA-B27-
positive AS patients showed a close correlation but the HLA-
B27-negative patients did not.

It has been known that upon stimulation by LPS,
macrophages secrete proinflammatory cytokines, including
IL-12 and TNF-a by the activated TLR4 signalling pathway
[21]. TNF-a is a potent proinflammatory immunomodula-
tory cytokine produced by monocytes/macrophages, which
plays a central role in the initiation and regulation of the
immune response, exerting both beneficial and deleterious
effects. A finding showed significantly higher TNF-a serum
levels in patients with AS compared with healthy individuals
and patients with non-inflammatory back pain [22,23].
Recent trials have shown a positive benefit of anti-TNF treat-
ment in both PsA [24] and AS [25]. IL-12 is an inducer of the
Th1 subset that is of major importance in RA. IL-12 is a key
factor in the induction of T cell-dependent and -independent
activation of macrophages, generation of Th1 and cytotoxic T
cells and induction of organ-specific autoimmunity [26].
However, to date, the association of IL-12 with AS and its role
in the pathogenesis of AS are still unknown. In our study, we
found that TNF-a and IL-12 are elevated in either HLA-B27-
positive or -negative AS patients, and in HLA-B27-positive
patients there is a close correlation between these two cytok-
ines. In HLA-B27-positive patients the expression of TLR4
mRNA or protein shows strong associations, respectively,
with TNF-a and IL-12. Furthermore, the HLA-B27-negative
AS patients also show a clear association between TLR4 and

TNF-a. However, in RA patients only TNF-a shows a signifi-
cant difference as described in previous studies and IL-12
does not, when compared with healthy controls.

There are several reasons why TRAIL could be involved in
the pathophysiology of autoimmune diseases. In patients
with RA, sTRAIL are elevated from synovial fluids [27]. In
patients with multiple sclerosis, FasL and TRAIL are
up-regulated in peripheral blood mononuclear cells [28]. In
patients with Sjögren’s syndrome, DR4 and DR5 are
expressed strongly on the ductal epithelial cells in the salivary
glands [29]. Recently it has been reported that increased
expression of TRAIL and FasL found on activated T cells
contributes to increased monocyte apoptosis in patients with
SLE. Furthermore, increased TRAIL mRNA in peripheral
blood mononuclear cells and soluble TRAIL concentrations
in sera were found in SLE patients [30,31]. In this study, we
explored the association between serum sTRAIL and AS. The
results indicated that the serum sTRAIL level is up-regulated
in AS patients and there are clear associations with CRP,
TNF-a, IL-12 and TLR4 mRNA or protein in HLA-B27-
positive AS patients. However, the serum sTRAIL level is not
up-regulated significantly in RA patients, and we propose that
sTRAIL may enter mainly into synovial fluid, involved in
apoptosis of synovial fibroblasts. These results have demon-
strated that as far as sTRAIL and IL-12 are concerned, there
might be a difference between the mechanisms of AS and RA.

Taken together, our study has three important implica-
tions. First, the abnormal activation of TLR4 signalling,
including increased levels of TLR4 mRNA and protein, serum
TNF-aandIL-12maycorrelate significantlywith thedevelop-
ment and progression of AS. Secondly, in AS patients there is
a close association between TLR4 and serum sTRAIL, both of
which may play a role in the pathogenesis of AS. Thirdly,
associations of TLR4 signalling, TNF-a, IL-12 and sTRAIL
with AS may be dependent upon HLA-B27 antigen status.
However, the molecular mechanism driving TLR4 overexpre-
ssion and detailed associations of AS with the TLR4 signalling
pathway, TRAIL and HLA-B27 antigen remain to be clarified.
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