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Summary

The involvement of excessive T helper 1 (Th1) cell functions in the patho-
genesis of Behçet’s disease (BD) has been reported. We therefore studied
Toll-like receptor (TLR)-expressing cells, which play important roles in
innate immunity in patients with BD. Peripheral blood mononuclear cells
(PBMC) of BD and healthy controls, and tissue specimens of intestinal BD
and Crohn’s disease (CD) were analysed for messenger RNA (mRNA) and
protein expressions by reverse transcription–polymerase chain reaction and
immunostaining respectively. PBMC of BD expressed TLR-2 and TLR-4
mRNA almost comparable with healthy controls. Intestinal lesions of BD
expressed TLR-2 and TLR-4 mRNA consistently. In contrast, TLR-4 mRNA
was expressed preferentially and TLR-2 mRNA was expressed less frequently
in CD lesions. In intestinal samples of BD, TLR-2 and TLR-4 mRNA were
detected in ileocaecal ulcer lesions, but not in unaffected sites of the same
sample, indicating the association of the TLR expression with the disease
manifestation of intestinal BD. TLR-2-expressing cells which were simulta-
neously cluster of distribution (CD)68-positive produced interleukin (IL)-12
in the lesions, indicating the participation of TLR-2-expressing cells in the
Th1 skewed responses in vivo. As a possible ligand of TLR-2, in BD self-heat
shock protein 60 was expressed in peripheral blood lymphocytes and intes-
tinal tissues. Collectively, TLR-2-expressing cells as well as TLR-4-expressing
cells accumulated in the intestinal lesions of BD. IL-12 produced by TLR-2-
expressing cells may contribute to the induction of Th1-dominant immune
responses in intestinal BD.
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Introduction

Behçet’s disease (BD) is an inflammatory disorder of
unknown cause, characterized by recurrent oral aphthous
ulcers, skin lesions, genital ulcers and uveitis [1]. Both
genetic factors and environmental factors play a role in the
pathogenesis of this disease [2–4]. Immune dysfunction was
reported in BD [5]. Active lesions of BD, including those
induced during the pathergy test, are infiltrated by neutro-
phils in the absent of infection. At 48 h, the dermis in the
pathergy reaction was infiltrated predominantly with mono-
nuclear cells composed mainly of T lymphocytes and
monocytes/macrophages, suggesting the involvement of T
lymphocytes in BD progression [6,7].

Recent studies disclosed the involvement of excessive T
helper 1 (Th1) cell functions and heat shock protein (HSP)

expression in the pathogenesis of this disease [8]. We have
shown previously that ectopic expression of self-HSP led to
the excessive activation of self-HSP-reactive Th1 cells [9,10].

Intestinal BD is a subtype of BD, involving intestinal
ulcers associated with abdominal pain and lower gastrointes-
tinal bleeding [11]. Intestinal BD recurs frequently but its
precise prevalence rate remains obscure, although it is rela-
tively high in far eastern countries, especially in Japan [1].

Much remains unanswered about the pathogenesis of
intestinal BD. Activated CD8+ T cell participation in its
pathogenesis was reported using peripheral blood lympho-
cytes (PBL) of intestinal BD [12]. We have reported previ-
ously the participation of Th1 cells expressing Txk in its
pathogenesis [9].

Recently, it has been revealed that Toll-like receptors
(TLRs) are involved in the pathogenesis of inflammatory
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bowel diseases (IBD) [13,14]. In particular, the importance
of TLR-4-expressing cells has been emphasized. The aims of
this study were to elucidate whether cells expressing TLRs
were involved in the pathogenesis of intestinal BD. To this
end, we studied TLR messenger RNA (mRNA) expression in
the PBL and intestinal lesions from patients with intestinal
BD, compared with those from patients with Crohn’s disease
(CD). We analysed HSP60 expression of the same prepara-
tions in parallel, and found TLR-2-expressing cells which
were CD68-positive with interleukin (IL)-12 production in
the lesions of intestinal BD, which may contribute to Th1 cell
accumulation in intestinal lesions.

Patients and methods

Patients

We studied 12 patients with BD [mean age � standard
deviation (s.d.)] of 37·8 + 8·3 year. (range 28–55) (Tables 1
and 2). Patients fulfilled the diagnostic criteria proposed by
both the BD Research Committee of Japan and the Interna-
tional Study Group of BD [15,16]. Twelve gender- and age-
matched healthy volunteer blood donors served as control
subjects (mean age � s.d.) of 37·5 � 6·2 years (range
26–53). None of the patients were being treated with
intermediate–high-dose corticosteroid therapy (more than
5 mg prednisone/day) or immunosuppressive therapy at the

time of examination, except those shown in Table 2. Disease
activity was evaluated by clinical symptoms and appropriate
laboratory investigations [17]. Human study committee
approval and individual informed consent from each patient
were obtained before this study, which was conducted in
compliance with the Declaration of Helsinki. Four BD
patients underwent surgical resection and diagnostic biopsy
of the intestines. Patients with CD served as a control. Clini-
cal data of the patients whose intestinal specimens were
used in reverse transcription–polymerase chain reaction
(RT–PCR) and immunohistochemical study are summa-
rized in Table 2 and the peripheral blood mononuclear cells
(PBMCs) used are summarized in Table 1.

Separation of PBMC

Peripheral blood mononuclear cells were obtained by Ficoll-
Hypaque centrifugation of heparinized blood from normal
healthy donors and patients with BD. Freshly isolated PBMC
were suspended in RPMI-1640 medium containing 10%
fetal calf serum (MP Biomedicals, Inc., Aurora, OH, USA),
penicillin and streptomycin [18].

Reverse transcription–polymerase chain reaction

Total RNA extraction and cDNA synthesis from PBL and
intestinal specimens have been reported [19]. Cycling

Table 1. Characteristics of patients with Behçet’s disease (BD) whose peripheral blood mononuclear cells were analysed in this study.

Patients Gender Age (years) Disease duration (years) Disease type Medication

BD5 M 48 16 C (E, M) PSL 3 mg/day

BD6 F 38 5 I (M, C, A) PSL 5 mg/day

BD7 M 37 15 C (E, M, C, A) COL 0·5 mg/day

BD8 F 45 4 C (E, M C, A) COL 0·5 mg/day

BD9 M 30 1 I (M, C, A) COL 1 mg/day

BD10 F 36 5 I (M, C, A) COL 0·5 mg/day

BD11 F 28 8 C (E, M C, A) COL 0·5 mg/day, PSL 5 mg/day

BD12 M 28 2 I (M, C, A) PSL 5 mg/day

C, complete type; I, incomplete type; E, eye symptom; M, mucosal symptom; C, cutaneous symptom; A, arthralgia; COL, colchicine; PSL,

prednisone.

Table 2. Characteristics of patients with inflammatory bowel diseases in this study.

Patients Gender Age (years)

Disease duration

(years)

Location of

the lesion Procedure Medication

BD1 F 37 2 IL Resection PSL 50 mg/day, AZP 100 mg/day

BD2 M 31 5 CO Biopsy None

BD3 M 55 22 CO Biopsy PSL 10 mg/day, SASP 3000 mg/day

BD4 F 40 1 CO Biopsy PSL 30 mg/day

CD1 F 32 5 IL/CO Biopsy Naproxen 300 mg/day

CD2 M 26 7 CO Biopsy AZP50mg/day, mesalazine 3000 mg/day

CD3 M 32 1 IL/CO Biopsy Mesalazine 3000 mg/day

CD4 M 29 1 IL/CO Biopsy Mesalazine 1500 mg/day

BD, Behçet’s disease ; IL, ileum; CO, colon; PSL, prednisone; AZP, azathioprine; SASP, salazosulphapyridine.
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parameters were denaturing at 94°C for 30 s, annealing at
60°C for 30 s, and elongation at 72°C for 60 s. The reaction
was repeated 30 times, preceded by hot-starting at 94°C for
2 min and followed by elongation at 72°C for 10 min.
Sequences of the primers were as follows: HSP60 [309
base pairs (bp)], sense TGTTTTGGGAGGGGGTTGTGC,
anti-sense AACAGAGAGGCCACACCAGCA; beta-actin
(314 bp), sense TCCTGTGGCATCCACGAAACT, anti-sense
GAAGCATTTGCGGTGGACGAT. TLR-2 (478 bp), sense
ATGAAAATTGATGTGGGCCTG, anti-sense TTACCC
AAAATCCTTCCCGC; and TLR-4 (507 bp), sense
TGGATACGTTTCCTTATAAG, anti-sense GAAATGGAG
GCACCCCTTC.

Quantitative real-time PCR analysis was performed using
the abi prismr 7000 Sequence Detection System. The PCR
mixture consisted of 10 mL of TaqManR Universal PCR
Master Mix (ABI), 1 ml of TLR-2 TaqManR gene expression
assays (ABI) and the cDNA samples in a total volume of
20 ml, as recommended by the manufacture. The quantitative
PCR data was calculated with the delta cycle threshold
method. The threshold cycle (CT) for each sample was cal-
culated and relative mRNA abundance was determined
based on the control glyceraldehyde 3-phosphate dehydro-
genase abundance.

Immunochemical and immunofluorescence staining

Cryostat sections (5 mm thick) of intestinal lesions were fixed
in 4% paraformaldehyde for 15 min. Endogenous peroxidase
activity was blocked by incubating sections with 0·03%
hydrogen peroxide. All subsequent procedures were per-
formed using Dako LSAB®2 Kit (Dako, Carpinteria, CA,
USA). The samples were incubated with primary antibodies
and followed by peroxidase conjugated secondary
antibodies. The primary antibodies included anti-TLR-2
(eBioscience, San Diego, CA, USA) and anti-HSP60 (Affinity
BioReagents, Golden, CO, USA). After colour development,
tissue specimens were counterstained with haematoxylin
and appropriate control antibodies were included in the
staining. For the immunohistochemical procedures, adjacent
sections served as negative controls and were processed using
identical procedures, except for incubation with an isotype-
matched control antibody in each case.

The expression of various antigens was examined by
immunofluorescence staining. In this method, the sections
were blocked for 2 h in 0·2% Tween 20, 0·2% gelatin in
phosphate-buffered saline. The sections were incubated
overnight with appropriate primary antibody, then with
biotinylated second antibody and finally with Alexa488-
conjugated streptavidin (Molecular Probes, Eugene, OR,
USA) and Cy3-conjugated streptavidin (Jackson Immu-
noResearch, West Grove, PA, USA). Fluorescence was
recorded with a confocal laser microscope (Carl Zeiss, Jena,
Germany). Appropriate control antibodies were included in
all experiments.

Results

Toll-like receptor mRNA expression of mononuclear
cells in patients with BD

In order to elucidate the involvement of TLRs in the patho-
genesis of intestinal BD, we investigated the expression of
TLR mRNA.

We first analysed mRNA of TLR-2 and TLR-4 in PBMC
from patients with BD and healthy controls by RT–PCR.
TLR-2 mRNA and TLR-4 mRNA were detected in four of
eight samples from patients with BD and in four of eight
samples from healthy control under this PCR condition.
BD-specific expressions of TLR-2 and TLR-4 were not found
in PBMC.

We performed pathological examination of the intestinal
lesions in patients with BD. All specimens showed variable
dense focal mononuclear cell infiltration in haematoxylin and
eosin-stained frozen sections (Fig. 1a–c). Ulcer formation
was noted and mononuclear cell infiltration was observed in
mucosal and submucosal tissue in intestinal lesions in BD.We
then analysed mRNA expressions of TLR-2 and TLR-4 in
intestinal lesions, using intestinal tissue samples from a
patient with BD who underwent surgical resection. Expres-
sions of TLR-2 and TLR-4 mRNA were detected in the ulcer
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Fig. 1. Histological examination and reverse transcription–

polymerase chain reaction (RT–PCR) analysis of the intestinal

lesions of Behçet’s disease (BD). (a) Haematoxylin and eosin staining

of an intestinal lesion of BD. An intestinal ulcer of BD was infiltrated

by inflammatory cells. Results of a representative case of BD are

shown. Magnification, ¥2. (b) Higher magnification of (a). Most

mononuclear cells. A very small number of neutrophils also infiltrated

the site. Magnification, ¥10. (c) Higher magnification of the (a).

Magnification ¥100. (d) RT–PCR analysis of Toll-like receptor (TLR)

mRNA expression of the intestinal lesion of BD. TLR-2 and TLR-4

mRNA expressions were analysed. As control diseases, intestinal

lesions of patients with Crohn’s disease (CD) were included. NC,

negative control (DDW).

TLR-expressing cells in intestinal Behçet’s disease
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lesion, while there was no TLR expression in the normal limb
of the ulcer (Fig. 1d, normal and ulcer).

We further analysed TLR-2 mRNA and TLR-4 mRNA
expressions in intestinal lesions from three additional
patients who underwent diagnostic biopsy. To investigate
whether TLR expression was specific for BD, intestinal
lesions of four CD patients were analysed similarly. TLR-4
mRNA was detected in all intestinal samples, including BD
and CD. On the other hand, TLR-2 mRNA was detected in all
samples from patients with BD. Half the samples from CD
expressed TLR-2 mRNA in this PCR condition, suggesting
that TLR-2 expression predominated in intestinal lesions of
BD (Fig. 1e). To confirm the finding, we conducted quanti-
tative real-time PCR and calculated delta CT values. Delta
CT of BD patient 1 in Fig. 1e was -1·33.

Delta CT of CD patients 2, 3 and 4 was 1·96, 0·56 and 0·99
respectively. Thus, TLR-2 mRNA expression was less abun-
dant in patients with CD compared with that in patients
with intestinal BD.

We then characterized cells infiltrating the intestinal
lesions by immunostaining. Almost all were mononuclear
cells in the intestinal lesions of BD (Fig. 1). To confirm
TLR-2 protein expression in the intestinal lesions of patients
with BD, we analysed intestinal lesions from a BD patient
by immunohistochemistry. Consistent with TLR-2 mRNA

expression, TLR-2 protein was detected in infiltrating mono-
nuclear cells in intestinal lesions (Fig. 2c). Intestinal lesions
of patients with CD were analysed similarly. There were
many infiltrating cells in the lesion of CD (Fig. 2b); however,
TLR-2 cells were scarcely detected in the lesion of a CD
patient (Fig. 2d).

To characterize TLR-2-expressing cells in intestinal lesions
of BD we conducted two-colour staining, and found that
TLR-2-expressing cells were CD68-positive (Fig. 3). More
than 98% of CD68-positive cells were TLR-2-positive in the
intestinal lesions of BD. There were many CD68-positive
cells in the intestinal lesions of CD, and some were also
TLR-2-positive. Indeed, 64·7 + 22·3% (mean � s.d. of four
samples) of CD68-positive cells were TLR-2-positive in
patients with CD.

When we studied intestinal lesions of BD, TLR-2-
expressing cells produced IL-12 (Fig. 4), important for Th1
cell-dominant immune responses, and TLR-2-positive cells
were located in neighbouring CD3-positive cells (Fig. 4).

Expression of HSP60 in intestinal lesions in patients
with BD

Several reports have mentioned the expression of self-HSP in
BD. We detected the expression of self-HSP60 in the skin
lesions and intestinal lesions of patients with BD [9,10], and
reconfirmed the above findings. Human HSP60 mRNA and
protein were expressed in intestinal lesions of BD (Fig. 5),
especially cells accumulating in ulcerative lesion. HSP60 may
become a trigger of TLR-associated immune responses
leading to Th1 skewed responses in the intestine.
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Fig. 2. Characterization of Toll-like receptor (TLR)-2-expressing

cells in the affected site of intestinal Behçet’s disease (BD). (a)

Haematoxylin and eosin (H&E) staining of an intestinal lesion of BD.

(b) H&E staining of an intestinal lesion of Crohn’s disease (CD).

(c) Immunohistochemical staining with anti-TLR-2 monoclonal

antibodies (mAb) of the affected site of intestinal BD. (d)

Immunohistochemical staining with anti-TLR-2 mAb of the affected

site of CD. We found hardly any TLR-2-positive cells in the lesion in

this CD patient. (e) Immunohistochemical staining with control

mouse immunoglobulin G (IgG) of the affected site of intestinal BD.

(f) Immunohistochemical staining with control mouse IgG of the

affected site of CD. (g) H&E staining of the unaffected site of resected

intestine in patients with intestinal BD, where infiltrating

mononuclear cells were detected marginally.
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Fig. 3. Two-colour analysis of intestinal lesions of Behçet’s disease

(BD) and Crohn’s disease (CD) with anti-Toll-like receptor (TLR)-2

and anti-CD68 monoclonal antibodies (mAbs). We found that more

than 98% of CD68-positive cells were TLR-2 positive in four patients

with intestinal BD. There were many CD68-positive cells in the

intestinal lesions of CD, and some were TLR-2-positive. Indeed,

64·7 � 22·3% (mean � standard deviation of four samples) of

CD68-positive cells were TLR-2-positive in patients with CD. Scale

bars represent 10 mm.
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Discussion

Accumulating evidence suggests the pathophysiological role
of Th1 skewed T cell immunity in BD [20–22]; however, the
mechanisms responsible for Th1 skewed immunity remain
obscure.

In this study, we examined TLR expression in the intesti-
nal lesions of intestinal BD to study whether innate immu-
nity has some association with Th1 skewed immunity in this
disease. In addition, HSP60 expression and IL-12 production
were studied similarly in the intestinal lesions of this disease.

It has been reported that plasma levels of IL-12 correlate
with disease activity in BD [23]. TLR-expressing macro-
phages produce IL-12 and induce Th1 cell responses by sup-
pressing Th2 cell responses [24].

A major inducer of the inflammatory response to Gram-
negative bacteria is lipopolysaccharide (LPS), derived from
the outer envelope of these bacteria. TLR-2 and TLR-4
are important receptors of pathogen-associated molecular

patterns and, in humans, TLR- and TLR-4 may be activated
by LPS [25,26].

Gram-negative enteropathogens such as Salmonella min-
nesota or Escherichia coli activate TLR-4 predominantly in
human monocytes [27], whereas LPS from the Gram-
negative oral pathogen Porphyromonas gingivalis may stimu-
late TLR-2 and TLR-4 [28]. We found that both TLR-2 and
TLR-4 mRNA expressions were detected in intestinal lesions
of BD. TLR-2 mRNA expressions in intestinal lesions of CD
were less frequent than TLR-4 mRNA expressions of the
same lesions. It is possible that an unidentified pathogen in
intestinal BD stimulates both TLR-2 and TLR-4 almost
equally. To characterize the lesions, we counted and calcu-
lated TLR-2+/CD68+ cells by two-colour immunofluores-
cence analysis, and found that almost all the infiltrating
CD68-positive cells were TLR-2-positive in patients with BD.

Toll-like receptors have been described as sensors for
pathogen-associated molecules crucial for the initiation of
an innate immune response. Exogenous TLR ligands include
lipoteichoic acid, LPS, cytosine–phosphate–guanosine
motifs of bacterial DNA and viral DNA [29–32]. Recently,
many studies have addressed the role of endogenous ligands
in TLR-mediated cell activation [33–36]. Intriguingly, such
endogenous ligands, including HSP, are released upon tissue
damage and cell stress, events that are likely to occur in
inflammatory conditions. It is tempting to speculate that an
immune response to endogenous components plays a role in
the initiation of autoimmune diseases. TLRs are implicated
in the breakdown of tolerance, as shown in experimental
models of CD, diabetes and multiple sclerosis [37–39]. In
our preliminary experiments, using enzyme-linked immun-
osorbent assay we measured IL-12 production by PBMC
stimulated with bacterial components. We found that
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Fig. 4. Two-colour analysis of cells infiltrating an intestinal lesion of

Behçet’s disease (BD). (a) Two-colour analysis of an intestinal lesion

of BD with anti-Toll-like receptor (TLR)-2 and anti-interleukin

(IL)-12 monoclonal antibodies (mAbs). Lower magnification. (b)

Two-colour analysis of an intestinal lesion of BD with anti-TLR-2 and

anti-IL-12 mAbs. Higher magnification. (c) Two-colour analysis of an

intestinal lesion of BD with anti-TLR-2 and anti-CD3 mAbs. Lower

magnification. (d) Two-colour analysis of an intestinal lesion of BD

with anti-TLR-2 and anti-CD3 mAbs. Higher magnification. Scale

bars represent 10 mm.
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Fig. 5. Heat shock protein (HSP) expression of intestinal lesions of

Behçet’s disease (BD). (a) Reverse transcription–polymerase chain

reaction (RT–PCR) analysis of HSP60 expression of the intestinal

lesions of BD patients. Intestinal specimens were used to extract total

RNA, and the RNA was reverse-transcribed for PCR amplification.

Intestinal lesions of four BD patients and four Crohn’s disease (CD)

patients were analysed. Beta-actin PCR was the same as Fig. 1d, and

was thus omitted. NC, negative control. (b) Confocal microscopic

analysis of HSP60 expression of the intestinal lesions of BD patients.

(c) White/black image of (b) shows the location of HSP-expressing

cells. Scale bars represent 10 mm for (b) and (c).
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anti-TLR-2 blocking antibody partly inhibited IL-12 pro-
duction, suggesting further the importance of TLR-2 in the
pathogenesis of BD.

Recent studies of the innate immune system have shown
that HSP60/65 is a ligand for TLR-2 and TLR-4 [40,41]. It
has been reported that not only bacterial but also mamma-
lian HSPs interact with TLRs [42]. Human HSP60 is the first
example of non-pathogen-derived ligands of TLRs. It is pos-
sible that HSP60/65 acts as an endogenous and/or exogenous
signal to trigger immune responses, including the induction
of proinflammatory cytokine release and the enhancement
of adaptive Th1-type responses. We have shown here the
co-presence of HSP60, TLR-2 and IL-12 in the lesions, and
we should be aware that mononuclear cells activated with
various antigens might express both TLR-2 and IL-12. When
we looked for HSP60 expression in the normal intestine of
the BD patients, we found that HSP60 was not expressed in
the normal intestine of the BD patients.

Activation of both innate and adaptive responses with
HSPs may be involved in the development of the clinical
features of intestinal BD. These results suggest that TLR-2-
expressing cells play a pivotal role in priming for destruc-
tive Th1-type responses at sites of local HSP60 release in
this disease. It should be noted that there is huge variation
in the duration of disease within the BD group and control
group. It is possible that TLR-2/HSP60 interaction plays
distinctive roles in disease initiation, the established disease
and the disease during treatment. In addition, the numbers
of IBD are too low to make definite conclusions. We there-
fore need to study further its role in various disease
processes.

In this study, we revealed the dominant infiltration of
TLR-2- and TLR-4-expressing cells in ileocecal mucosa.
TLR-2/HSP60 interaction may be important for the patho-
genesis and progression of ileocecal inflammation of BD.
Modalities inhibiting self-HSP60 expression may be appli-
cable for intestinal BD. We hope that our findings of the
pathogenesis of intestinal BD may contribute to the devel-
opment of a new therapeutic strategy for this disease in the
near future.
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