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Summary

We examined the effect of interleukin-17 (IL-17) on the expression of

Toll-like receptors (TLRs) in fibroblast-like synoviocytes (FLS) from

patients with rheumatoid arthritis (RA) and osteoarthritis (OA). We

investigated the region downstream of IL-17 for TLR expression. We also

investigated the downstream signals responsible for the effect of IL-17 in

TLR expression. Levels of IL-17 protein in the serum and synovial fluid

of RA and OA patients were measured by ELISA. The IL-17 mRNA

expression in peripheral blood mononuclear cells and synovial fluid

mononuclear cells was measured by RT-PCR. RA and OA FLS were incu-

bated with IL-17 and/or IL-23 for 24 hr. To block the signal transducer

and activator of transcription 3 (STAT3) pathway, FLS were treated with

S3I-201 before incubation with IL-17 and IL-23. Synovial tissue samples

from RA and OA patients were stained with antibodies to IL-17, TLR2,

TLR3, TLR4, STAT3 and phospho-STAT3. Levels of IL-17 protein were

higher in the serum and synovial fluid from RA patients compared with

those from OA patients. The IL-17 mRNA expression in synovial fluid

monocytes was also higher in RA than in OA patients. Immunohisto-

chemical staining showed greater expression of IL-17, TLR2, TLR3 and

TLR4 in synovial samples from RA compared with OA patients. Interleu-

kin-17 increased the expression of TLR2, TLR3 and TLR4 in RA FLS;

IL-23 augmented the IL-17-induced expression of TLR2, TLR3 and TLR4

in RA FLS. Blocking STAT3 with S3I-201 reduced IL-17-induced TLR3

expression in RA FLS. Our results suggest that IL-17 is a major cytokine

in pathogenesis on RA. The IL-17 influences the innate immune system

by increasing the synovial expression of TLR2, TLR3 and TLR4. We may

control TLR3 expression via the STAT3 pathway in RA FLS.

Keywords: human; interleukin-17; rheumatoid arthritis; signal transducer

and activator of transcription 3; synovial fibroblasts; Toll-like receptors.

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory

disease involving progressive articular damage caused by

inflammatory cells and synoviocytes. The RA synovial

lining cells comprise activated fibroblast-like synoviocytes

(FLS) and macrophages. The RA FLS are considered key

cells that mediate the destruction of cartilage and bone in

the affected joints.1 The synovial membranes are thickened

and hyperplastic in RA.2 Synovial activation is driven by

both pro-inflammatory cytokines and cytokine-indepen-

dent pathways, including endogenous retroviral elements

and Toll-like receptors (TLRs).2 These pathways are con-

nected by a complex network of autocrine and paracrine

acting factors.

After interleukin-17 (IL-17) and T helper 17 (Th17)

cells were detected in the immune system, some investiga-

tors showed a relationship between IL-17 and synovial

inflammation in RA. Interleukin-17 became another key

cytokine in RA, and the abundance of Th17 cells in RA
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synovial fluid has been shown.3 High IL-17 level is

detected in serum and synovial fluid of RA and autoim-

mune arthritis models.3–7 The IL-17 is linked to other

inflammatory cytokines such as IL-1, tumour necrosis

factor-a (TNF-a) and IL-23 p19.7

The RA FLS are part of the innate immune system, and

they express pattern-recognition receptors such as TLRs.

Some studies have reported higher TLR2, TLR3 and TLR4

expression in RA FLS.1,8–10 The innate and adaptive

immune systems are connected by many cytokines and

intracellular molecules. Stimulation by the TLR pathway

induces the production of pro-inflammatory cytokines

such as TNF-a, IL-1, IL-6, IL-17 and IL-23, and induces os-

teoclastogenesis by receptor activator of nuclear factor-jB
ligand (RANKL) or matrix metalloproteinase 1 (MMP-1),

MMP-3 and MMP-13.7–10 Activation of TLRs also drives

regulatory mechanisms such as regulatory T cell activation

and IL-10 secretion.11–15

In a recent study, we found that IL-17 increases the syno-

vial expression of TLR2, TLR4 and TLR9 in a collagen-

induced arthritis (CIA) model.4 This was the first report that

IL-17, an inflammatory cytokine, up-regulates TLR expres-

sion. The TLR stimulation induces the production and gene

activation of diverse cytokines including both pro-inflam-

matory and anti-inflammatory cytokines, depending on the

cell type and environment. Interestingly, IL-17 induced by

Th17 cells or TLR activation up-regulates the TLR expres-

sion in the FLS of CIA mice, suggesting that IL-17 provides

another pathway of inflammatory amplification. The aim

of our current study was to confirm our observations of the

role of IL-17 in TLR-induced up-regulation in human RA

FLS. First, we confirmed that TLRs are expressed in human

RA FLS. Second, we investigated whether IL-17 increases

the synovial expression of TLRs in CIA and RA FLS. We

found that, in the CIA synovium, IL-1b and IL-6 are

involved in the IL-17-induced aggravation of arthritis and

TLR expression. Finally, we studied how IL-17 controls the

expression of TLRs in human RA FLS.

Materials and methods

Patients

Five patients with RA fulfilling the 1987 revised criteria of

the American College of Rheumatology (formerly the

American Rheumatism Association) were enrolled in this

study. Synovial tissues were isolated from five patients

with RA (mean age 56�6 � 4�7 years, range 32–70 years)

undergoing total knee replacement surgery. These tissues

were compared with tissues from four age-matched and

sex-matched patients with osteoarthritis (OA) and one

healthy control subject. Informed consent was obtained

from each participant, and the experimental protocol was

approved by the Catholic University of Korea Human

Research Ethics Committee.

Isolation and culture of FLS

Synoviocytes were isolated by enzymatic digestion of

synovial tissue specimens obtained from patients with RA

and patients with OA undergoing total joint replacement

surgery. The tissue samples were minced into 2–3 mm

pieces and treated for 4 hr with 4 mg/ml type II collage-

nase (Worthington, Freehold, NJ) in Dulbecco’s modified

Eagle’s medium (DMEM) at 37° in 5% CO2. Dissociated

cells were centrifuged at 500 g, resuspended in DMEM

supplemented with 10% fetal calf serum, 2 mM L-gluta-

mine, 100 units/ml penicillin and 100 ng/ml streptomy-

cin, plated in 75-cm2 flasks, and incubated overnight. The

non-adherent cells were then removed, and the adherent

cells were cultivated in DMEM supplemented with 10%

fetal calf serum. Synoviocytes from passages 4–8 were

used in each experiment. The cells were morphologically

homogeneous and exhibited the appearance of synovial fi-

broblasts, with typical bipolar configuration under inverse

microscopy. The purity of cells was tested by flow cyto-

metric analysis using phycoerythrin-conjugated anti-CD14

(PharMingen, San Diego, CA) and fluorescein isothiocya-

nate-conjugated anti-CD3 or anti-Thy-1 (CD90) mono-

clonal antibodies (PharMingen). At passage 4, most cells

(> 98%) expressed the surface markers for fibroblasts

(CD90+), whereas < 3% of the cells were CD14+ and

CD3+. In the experiments conducted to determine the

effects of IL-17 and its associated molecules on TLR2,

TLR3 and TLR4, the FLS were washed in DMEM and

then incubated for an additional 48 hr in serum-free

DMEM supplemented with insulin–transferrin–selenium
A (ITSA; Gibco, Grand Island, NY). The medium was

exchanged with fresh DMEM-ITSA, IL-17 was then

added, and the cells were incubated for 24 hr.

Isolation of peripheral blood mononuclear cells and
synovial fluid mononuclear cells

Peripheral blood mononuclear cells (PBMC) and synovial

fluid mononuclear cells (SFMC) were prepared in hepa-

rinized tubes by Ficoll–Hypaque density gradient centrifu-

gation. The PBMC and SFMC were treated with RNA

Zol-B (Biotecx, Houston, TX) to isolate the RNA.

Reverse transcriptase–PCR for TLR2, TLR3 and TLR4

Total mRNA was extracted from the FLS using RNAzol-B

according to the manufacturer’s instructions. Reverse

transcription of 2 lg of total mRNA was performed at

42° using the Superscript reverse transcription system

(Takara, Shiga, Japan). The following primers were used

for each molecule: TLR2: 5′-GCC AAA GTC TTG ATT

GAT TGG-3′ (sense) and 5′-TTG AAG TTC TCC AGC

TCC TG-3′ (antisense); TLR3: 5′-GAT CTG TCT CAT

AAT GGC TTG-3′ (sense) and 5′-GAC AGA TTC CGA
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ATG CTT GTG-3′ (antisense); TLR4: 5′-TGG ATA CGT

TTC CTT ATA AG-3′ (sense) and 5′-GAA ATG GAG

GCA CCC CTT C-3′ (antisense); and b-actin: 5′-GGA
CTT CGA GCA AGA GAT GG-3′ (sense) and 5′-TGT
GTT GGG GTA CAG GTC TTT G-3′ (antisense). The

reactions were processed in a DNA thermal cycler (Perk-

inElmer Cetus, Wellesley, MA) through 30 cycles of

30 seconds of denaturation at 95° and 30 seconds of

annealing at 60°, followed by 30 seconds of elongation at

72°. The results are expressed as the ratio of product to

b-actin product.

Western blot

The RA and OA FLS lysates were prepared from approxi-

mately 1 9 105 cells by homogenization in lysis buffer and

were centrifuged (19 000 g, 15 min). The protein concen-

tration in the supernatant was determined using the Brad-

ford method (Bio-Rad, Hercules, CA). Protein samples

were separated by 10% SDS–PAGE, and transferred to a

nitrocellulose membrane (Amersham Pharmacia Biotech,

Uppsala, Sweden). For Western blotting, the membrane

was pre-incubated with 0�5% skimmed milk in TTBS buffer

(0�1% Tween-20 in Tris-buffered saline) at room tempera-

ture for 2 hr. Primary antibodies to TLR2 (Santa Cruz Bio-

technology, Dallas, TX), TLR3 (Santa Cruz Biotechnology),

TLR4 (Santa Cruz Biotechnology) or b-actin (Sigma

Aldrich, St Louis, MO) were diluted 1 : 1000 in 5% BSA–
0�1% Tween-20–TBS and added to the membrane. After

overnight incubation at 4°, the membrane was washed four

times with TTBS. Next, the horseradish peroxidase-conju-

gated secondary antibody was added and incubated for

1 hr at room temperature. After TTBS washing, signals

were detected using the enhanced chemiluminescence

detection kit and Hyperfilm-ECL reagents (Amersham

Pharmacia).

Immunohistochemistry of the RA synovium

Immunohistochemical staining for TLR2, TLR3, TLR4

and IL-17 was performed on sections of synovial tissue.

Briefly, the synovium samples were obtained from RA

and OA patients, fixed in 4% paraformaldehyde solution

overnight at 4°, dehydrated with alcohol, washed, embed-

ded in paraffin, and sectioned into thick slices. Tissue sec-

tions (7 lm) were depleted of endogenous peroxidase

activity with methanolic H2O2, blocked with normal serum

for 30 min, and incubated overnight at 4° with anti-TLR2,

TLR3, TLR4 (Santa Cruz Biotechnology), IL-17 (R&D

Systems, Minneapolis MN), STAT3, or p-STAT3-Ser727

(Cell Signaling, Beverly, MA). The samples were incubated

with the secondary antibody (biotinylated IgG) for 20 min

and then with streptavidin–peroxidase complex (Vector,

Peterborough, UK) for 1 hr followed by 3,3′-diam-

inobenzidine (Dako, Glostrup, Denmark). A negative

isotype-matched control was included in each run. The

sections were counterstained with haematoxylin, and the

samples were photographed with an Olympus photomicro-

scope (Tokyo, Japan).

Enzyme-linked immunosorbent assay for IL-17

The concentration of IL-17 was measured by sandwich

ELISA as follows. Anti-human IL-17 monoclonal antibody

(R&D Systems) was added to a 96-well plate (Nunc, Ros-

kilde, Denmark) and incubated overnight at 4°. The wells

were blocked with blocking solution (PBS containing 1%

BSA and 0�05% Tween-20) for 2 hr at room temperature;

the test samples and the standard recombinant IL-17 (R&D

Systems) were added to separate wells of the 96-well plate,

and the plate was incubated at room temperature for 2 hr.

The plate was washed, biotinylated IL-17 polyclonal anti-

body (R&D Systems) was added, and the reaction was

allowed to proceed for 2 hr at room temperature. The plate

was washed, 2000-fold diluted ExtrAvidin–alkaline phos-

phate (Sigma Aldrich) was added, and the reaction was

allowed to proceed for a further 2 hr. The plate was

washed, and 50 ll of p-nitrophenyl phosphate disodium

salt (Pierce Chemical Company, Rockford, IL) diluted to

1 mg/ml in diethanolamine buffer was applied.

Statistical analysis

All data are expressed as the mean � SD. Statistical analy-

sis was performed using SPSS 10.0 for Windows (SPSS Inc.,

Chicago, IL). The differences between groups were analysed

using an unpaired Student’s t-test, assuming equal vari-

ances. P < 0�05 was considered significant.

Results

Increased level of IL-17 protein and mRNA in RA
and OA

We first examined the expression level of IL-17 in the

serum and synovial fluid from RA and OA patients. The

concentration of IL-17 was significantly higher in synovial

fluid than in serum. The IL-17 concentration was higher

in RA synovial fluid than in OA synovial fluid (Fig. 1a).

Next, we examined the IL-17 mRNA level in the PBMC

and SFMC from patients. The IL-17 mRNA level was also

higher in PBMC and SFMC from RA patients than from

OA patients. The IL-17 mRNA level was significantly

higher in RA SFMC than in OA SFMC (Fig. 1b).

Immunohistochemistry staining for IL-17, TLR2,
TLR3 and TLR4 in synovial tissue of patients

We examined whether the expression of IL-17, TLR2,

TLR3 and TLR4 was higher in RA synovial tissue than in
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OA synovial tissue using specific monoclonal antibodies

to these molecules. Expression levels of IL-17, TLR2,

TLR3 and TLR4 were higher in RA synovial tissue than

in OA synovial tissue (Fig. 2). Expression of IL-17 was

higher in SFMC and synovial tissue from RA patients

than in those from OA patients. These results suggest that

the synovium of RA patients produced an inflammatory

environment, in which a variety of inflammatory mole-

cules, such as IL-17 and TLR that interact with each

other, can lead to excessive inflammation.

Expression of TLR2, TLR3 and TLR4 was increased
by IL-17 in RA FLS

We investigated whether an increase in IL-17 concentration

up-regulates TLR expression in RA FLS. The RA and OA

FLS were incubated with IL-17 (1 or 10 ng/ml) for 24 hr,

and the mRNA levels for TLR2, TLR3 and TLR4 were mea-

sured by RT-PCR. TLR2, TLR3 and TLR4 were increased

by IL-17 stimulation. In contrast, the IL-17 had no effect in

OA FLS (Fig. 3a,b). Protein levels of TLR2, TLR3 and

TLR4 were increased by IL-17, also (Fig. 3c). These results

suggest that IL-17-mediated cell signalling increased the

expression of TLR2, TLR3 and TLR4 mRNA in RA FLS.

IL-23 augmented IL-17-induced expression of TLR2,
TLR3 and TLR4 in RA FLS

Interleukin-23, a cytokine with pro-inflammatory proper-

ties, stimulates the production of IL-17 and the IL-23–IL-
17 axis plays a central role in autoimmune inflammation

of joints. Levels of IL-23 correlate with IL-17 levels in the

synovial fluid and the serum from RA patients. We next

investigated whether IL-23 has a synergistic effect with

IL-17 on TLR expression. Both RA and OA FLS were

incubated with IL-17 (1 ng/ml) in the presence or

absence of IL-23 (10 ng/ml) for 24 hr. The IL-23 had a

synergistic effect to that of IL-17 in increasing TLR

expression (Fig. 4). The mRNA expression of TLR2,

TLR3 and TLR4 was increased by the combination of IL-

17 and IL-23 more than by the single stimulation. This

result suggests an important role for the IL-23–IL-17 axis

in joint inflammation and TLR expression.

IL-17-induced increase in TLR expression via the
STAT3 pathway in RA FLS

We investigated whether the STAT3 pathway is involved

in the effects of IL-17 and IL-23 on TLR expression. The

STAT3 pathway was blocked by S3I-201 as a STAT3

inhibitor,16 and RA and OA FLS were stimulated with

1 ng/ml of IL-17. The mRNA expression of TLR3 was

decreased by STAT3 inhibitor, S3I-201, but the TLR2 and

TLR4 were not changed by STAT3 inhibitor (Fig. 5a).

The pSTAT3 and TLR3 staining was greater in RA syno-

vial tissue than in OA synovial tissue (Fig. 5b).

Discussion

We found higher IL-17 protein concentration and mRNA

expression in serum and synovial fluid from RA patients.

Immunohistochemical staining showed greater IL-17,

TLR2, TLR3 and TLR4 expression in synovial tissues

from RA compared with OA patients. Incubation of FLS

with IL-23 augmented the effect of IL-17 on the expres-

sion of TLR2, TLR3 and TLR4. Immunohistochemical

staining also showed that TLR3 and activated STAT3

were highly expressed in RA FLS. We confirmed that the

STAT3 blocker S3I-201 reduces TLR3 mRNA expression

in RA FLS.

The Th17 cells are the most characterized source of IL-

17 during the adaptive immune response and chronic
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Figure 1. Increased level of interleukin-17 (IL-17) protein and mRNA in rheumatoid arthritis (RA) and osteoarthritis (OA). (a) Expression level

of IL-17 protein was measured in the serum and synovial fluid of RA (n = 5) and OA (n = 5) patients by ELISA. (b) Level of IL-17 mRNA in

peripheral blood mononuclear cells (PBMC) and synovial fluid mononuclear cells (SFMC) was measured by RT-PCR. Data are expressed as

mean � SD of five different patients. *P < 0�05 compared with serum, **P < 0�01 compared with OA SFMC serum, ##P < 0�01 compared with

OA synovial fluid.
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inflammatory response.17 Th17 cells are associated with

the induction of autoimmunity and, under the influence

of IL-23, these cells produce IL-17, IL-6, IL-22, TNF-a
and other factors.17,18 Interleukin-17, a cytokine with

pro-inflammatory properties, stimulates the production of

the IL-23 p19 subunit by the activating mitogen-activated

protein kinase nuclear factor-jB and phosphatidylinositol-

3-kinase/Akt signalling pathways.19 The IL-23–IL-17 axis,

rather than IL-12 or interferon-c, plays a central role in

autoimmune inflammation in joints. The IL-23–IL-17 loop

is essential for both the onset phase and destruction phases

of RA.19 We found that IL-17 protein levels are high in the

serum and synovial fluid of RA patients and that IL-17 is

expressed in the RA synovium. Our data suggest that IL-17

is an important cytokine associated with RA pathogenesis.

Interleukin-23 had a synergistic effect to that of IL-17

in increasing TLR expression. Taken together, our data

suggest that the IL-23–IL-17 axis plays an important role in

joint inflammation and TLR expression.

The FLS from RA are part of the innate immune

system. These cells express TLRs and produce cytokines,

chemokines and other factors. They are an essential cel-

lular component of RA pathogenesis, and are influ-

enced by each other. In the CIA model, TLR2, TLR4

and TLR9 expression increased in the synovium. In our

current study, IL-17 increased TLR expression in RA

FLS. Most studies of RA FLS show high expression of

TLR2, TLR3 and TLR4.1,8 The role of TLR3 in RA

pathogenesis seems to involve TLR3 activation of

RANKL through IL-1b.9 Our previous studies have

shown expression of TLR2, TLR410 and TLR39,19 in RA

FLS. Our current data show the simultaneous TLR pro-

files in RA FLS. Our results coincide with those of

other investigators.1,8

Toll-like receptor stimulation induces the production

of inflammatory cytokines and induction of their signal-

ling. TLR2 and TLR4 ligands induce RANKL expression

in RA FLS. TLR stimulation of RA FLS also induces the

production of IL-1b and TNF-a to a lesser extent, but

has no effect on IL-17 production.10 The TLR3 activation

also induces the production of IL-1b but has no effect on

IL-17 or TNF-a production in RA FLS.9 Brentano et al.1

found strong up-regulation of IL-6, MMP-1 and MMP-3

by all three TLR ligands; the greatest up-regulation was

achieved by the TLR3 ligand poly(I-C) in RA FLS.

The results of TLR stimulation seem to vary between

cells and in different diseases. Both TLR4 and TLR9 are

generally thought to induce a Th1 response by driving

IL-12 production by dendritic cells. The TLR2 activation

might induce a Th2-biased immune response through the

production of IL-10 and IL-13; TLR2 may also trigger the

proliferation of regulatory T cells, which play a crucial

role in the induction of tolerance to self antigens and

protection against autoimmunity.20,21 TLR2 controls the

function of regulatory T cells in a MyD88-dependent

fashion and regulation of IFN-c-producing Th1 cells.11,22

In contrast, TLR4 contributes to more severe disease by

modulating the Th17 cell population and IL-17 produc-

tion in IL-1 receptor antagonist knockout mice.11 In mac-

rophages, a major type of synovial lining cell, TLRs

activate opposing negative and positive feedback loops.

They induce the production of both inflammatory cyto-

kines such as TNF-a and anti-inflammatory molecules

such as IL-10. Interleukin-10 inhibits the production of

TNF via a STAT3-dependent feedback loop. Interferon-c
primes cells to increase their TNF production by disrupt-

ing the IL-10–STAT3 feedback loop.14 In RA FLS, TLR

stimulation induces the production of pro-inflammatory

RA

IL-17 TLR2 TLR3 TLR4 Isotype

x400

OA

Figure 2. Immunohistochemical staining of interleukin-17 (IL-17), Toll-like receptor 2 (TLR2), TLR3 and TLR4 in synovium from patients.

Immunohistochemical staining for TLR2, TLR3, TLR4 and IL-17 of the synovium from patients with rheumatoid arthritis (RA) or osteoarthritis

(OA). Expression of IL-17, TLR2, TLR3 and TLR4 was detected in the synovium of patients with RA and OA using immunohistochemical stain-

ing, and isotype as a positive control. The synovial tissues were stained with antibodies to anti-human IL-17, -TLR2, -TLR3, -TLR4 or an iso-

type-control antibody. The brown colour shows the target. All tissues were counterstained with haematoxylin (original magnification 9 400).
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cytokines such as IL-1b and TNF-a, and activates osteocl-

astogenesis by up-regulating RANKL expression. Inhibit-

ing the expression of TLRs in RA FLS may help to

control inflammation and osteoclastogenesis.

In our recent study of a mouse CIA model, we found

that IL-17 increased TLR2, TLR4 and TLR9 expression in

the synovium. That a pro-inflammatory cytokine, IL-17,

can up-regulate TLRs is an important observation. We

confirmed that IL-17 induces greater expression of TLR2,

TLR3 and TLR4 in RA FLS than in OA FLS. Higher

IL-17 inducibility of TLR expression in RA indicated that

inflammation and pathogenesis of RA is different from

those of OA. In RA, IL-17 is produced by Th17 cells and

IL-17 induces TLR2, TLR3 and TLR4 expression. The
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Figure 3. Interleukin-17 (IL-17) -increased expression of Toll-like receptor 2 (TLR2), TLR3 and TLR4 in rheumatoid arthritis (RA) fibroblast-like

synoviocytes (FLS). RA (n = 4) and osteoarthritis (OA) (n = 4) FLS (1 9 105 cells) were incubated with of recombinant human IL-17 (rhIL-17,

1 ng/ml or 10 ng/ml) for 24 hr. (a) and (b) The mRNA levels of TLR2, TLR3 and TLR4 were measured by RT-PCR. The expressions of TLR2,

TLR3 and TLR4, relative to b-actin were measured. The relative gene expressions are shown on the right. (c) RA (n = 4) and OA (n = 4) FLS

(3 9 105 cells) were incubated with rhIL-17 (1 ng/ml or 10 ng/ml) for 24 hr. The protein level of TLR2, TLR3, TLR4 and b-actin were detected

by Western blot. Data are expressed as mean � SD of four different patients. *P < 0�05 compared with nil (control condition), **P < 0�01 com-

pared with nil (control condition).
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TLR stimulation produces inflammatory cytokines and

activates osteoclastogenesis. These results suggest that

another mechanism is responsible for the amplifications

of synovial inflammation; i.e. that IL-17 helps to control

innate immunity by regulating TLR expression in RA

FLS. It may be a respectable hypothesis that adaptive

immunity and innate immunity are each amplifying

inflammation through TLR induction via IL-17.

What can reduce or block the IL-17 stimulation of

TLR expression? STAT3 is required for the development

of Th17 cells. STAT3, which is activated by IL-6 and

IL-23, may serve as a selective STAT protein in cyto-

kine-mediated Th17 cell differentiation;5,6 IL-17 induc-

tion of IL-23 production by FLS leads to a positive

feedback mechanism that perpetuates synovial inflam-

mation in RA.15,19 Our result showing that IL-23 and

IL-17 have a synergistic effect in increasing TLR expres-

sion in RA FLS suggests that the IL-23–IL-17 axis is

involved in stimulation of TLR expression. In addition,

there is a complex cross-regulation between the major

macrophage-activating pathways mediated by TLRs, im-

munoreceptor tyrosine-based activation motif-coupled

immunoreceptors and cytokines/STATs at the level of

signal transduction.15 This led us to investigate whether

the STAT3 pathway is involved in IL-17-induced

changes in TLR expression. Blocking STAT3 with S3I-

20116 reduced the IL-17-stimulated expression of only

TLR3; TLR2 and TLR4 expression levels did not

change.

Interleukin-17 increases TLR2, TLR3 and TLR4 expres-

sion in RA FLS. Interestingly, in our study IL-17

increased only TLR3 expression via the STAT3 pathway

in RA FLS. In a CIA mouse model, IL-17 increases the

expression of TLR2 and TLR4 by stimulating the produc-

tion of IL-1b and IL-6.4 Our data suggest that different

pathways or cytokines are involved in the IL-17-stimulated

increase in TLR expression in RA FLS.

In summary, our results show that IL-17 increases TLR

expression in RA FLS. The TLRs usually induce production

of inflammatory cytokines by diverse signalling pathways.
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Figure 4. Interleukin-23 (IL-23) and IL-17 increased expression of Toll-like receptor 2 (TLR2), TLR3 and TLR4 in rhemaotoid arthritis fibro-

blast-like synoviocytes (RA FLS). (a) and (b) RA (n = 4) and OA (n = 4) FLS (1 9 105 cells) were incubated with recombinant human (rh) IL-

17 (1 ng/ml), rhIL-23 (10 ng/ml), or rhIL-17 plus rhIL-23 for 24 hr. TLR2, TLR3 and TLR4 expression was measured by RT-PCR. The expres-

sions of TLR2, TLR3 and TLR4, relative to b-actin were measured. The relative gene expressions are shown on the right. Data are expressed as

mean � SD of four different patients. **P < 0�01 compared with nil (control condition).
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However, the inflammatory cytokine IL-17 continues to

stimulate TLR expression, suggesting that another mecha-

nism of inflammatory amplification is involved in autoim-

mune diseases. Interleukin-17 acts via the STAT3 pathway

only for TLR3 expression. Blocking the STAT3 pathway

may be a new means of controlling IL-17-induced TLR3

expression and may be an interesting therapeutic target for

limiting the role of IL-17 in causing synovial inflammation

in RA.
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