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Abstract

Indoleamine 2,3-dioxygenase (IDO) is a key negative
regulator of immune responses and has been im-
plicated in tumor tolerance, autoimmune disease and
asthma. IDO was detected in the joint synovial tissue
in the inflammatory microenvironment of rheumatoid
arthritis (RA), but IDO expression in joint synovial tis-
sue is not sufficient to overcome the inflamed synovial
environment. This study aimed to unravel the mecha-
nisms involving the failure to activate tolerogenic IDO
in the inflamed joint. We demonstrate that both poly
(I:C) and lipopolysaccharide (LPS) induce expression
of IDO in synovial fibroblasts. However, inflammatory
cytokines such as IL-17, TNF-q, IL-12, IL-23 and IL-16
did not induce IDO expression. Poly (I:C) appeared to
induce higher IDO expression than did LPS. Surpris-
ingly, toll-like receptor (TLR)4-mediated IDO ex-
pression was upregulated after depletion of myeloid
differentiation primary response protein 88 (MyD88) in
synovial fibroblasts using small interfering RNA

(siRNA). IDO, TLR3 and TLR4 were highly expressed
in synovial tissue of RA patients compared with that of
osteoarthritis patients. In addition, RA patients with se-
vere disease activity had higher levels of expression
of IDO, TLR3 and TLR4 in the synovium than patients
with mild disease activity. These data suggest that up-
regulation of IDO expression in synovial fibroblasts in-
volves TLR3 and TLR4 activation by microbial con-
stituents. We showed that the mechanisms respon-
sible for IDO regulation primarily involve MyD88 signal-
ing in synovial fibroblasts, as demonstrated by siRNA-
mediated knockdown of MyD88.
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Introduction

The immunoregulatory enzyme indoleamine 2,3-
dioxygenase (IDO) is the rate-limiting enzyme that
depletes tryptophan in local tissue environments.
Tryptophan deprivation and the production of
proapoptotic kynurenines via IDO regulate T cell
proliferation and survival in vitro and in vivo, which
is important in tolerance induction (Mellor and
Munn, 1999; Munn et al., 1999). IDO expression
has been shown to be critical for allogeneic fetal
tolerance, tumor tolerance and suppression of
autoimmunity (Munn et al., 1998; Mellor and Munn,
2001; Munn et al., 2004). Furthermore, IDO
controls T cell responses in autoimmune disorders
and regulates the severity of a variety of experi-
mental autoimmune disorders (Sakurai et al., 2002;
Grohmann et al., 2003; Szanto et al., 2007). IDO
protein is widely expressed in most tumor cells,
dendritic cells, macrophages, microglia, eosino-
phils, fibroblasts and endothelial cells (Uyttenhove
et al., 2003; Mellor and Munn, 2004; Munn and
Mellor, 2004; Odemuyiwa et al., 2004; Beutel-
spacher et al., 2006). In immune cells, IDO ex-
pression is regulated and induced by various
stimuli such as cytokines (e.g. IFN-y and IFN-a),
pathogen-associated molecular patterns (e.g. lipo-
polysaccharide (LPS), CpG oligodeoxynucleotides
(CpG ODN) and other bacterial antigens) and
costimulatory molecules (such as the cytotoxic T



lymphocyte antigen 4-B7 interaction) (Munn, 2006).

Autoimmune disease arises when immunolo-
gical tolerance breaks down. Rheumatoid arthritis
(RA) is also associated with a breaking of self-
tolerance to joint-specific antigens (Maffia et al.,
2004). The main features of RA are chronic
inflammation and hyperplasia of the synovial tissue
as a result of an accumulation of macrophage-like
and fibroblast-like synoviocytes (FLS) and infil-
tration by T and B cells, plasma cells and dendritic
cells (Tak and Bresnihan, 2000; Cha et al., 2010).
Although factors that contribute to the pathogenesis
of RA are unknown, microbes and their products
(microbial constituents) are one of the potential
triggers associated with inflammatory and immune
responses in RA. In the joints of patients with RA,
exogenous and endogenous toll-like receptor
(TLR) ligands, such as peptidoglycan and necrotic
cells, have been identified. Rheumatoid synovial
fibroblasts are resident cells of the synovial
membrane that participate in the initiation and
perpetuation of RA. Synovial fibroblasts activated
via TLR ligation by endogenous TLR ligands in the
synovial fluid of patients with RA contribute to the
pathogenesis of inflammatory arthritis (Brentano et
al., 2005). Although the interaction of TLRs with
their microbial ligands activates innate immunity to
mount a defense (Takeda et al., 2003), it also
elicits a counterregulatory response. Previous studies
demonstrated that bacterial DNA, its synthetic
immunostimulatory sequence oligodeoxynucleotide
(ISS-ODN) analogs (TLR9 ligands), LPS (TLR4
ligand) and immunostimulatory RNAs or R848
(TLR7/8 ligands) induce IDO expression in vivo
and in vitro (Hissong et al., 1995; Hayashi et al.,
2001; Furset et al., 2008). In particular, induction of
IDO by CpG ODN, signaling through TLR9, has
been described in splenic CD19+ dendritic cells
(Mellor et al., 2005) or plasmacytoid dendritic cells
(pDC). Human gingival fibroblasts are also known
to express IDO when treated with ligands for TLR2,
TLR3, TLR4 and TLR5 (Mahanonda et al., 2007).
Although signaling through TLRs induces IDO
expression, the mechanisms of the mutual
relationship between TLR signaling and IDO
induction have not been defined. Previous studies
showed that exposure of synovial fibroblasts to
IFN-y caused a massive increase in IDO
expression (Yuan et al., 1998). Moreover, IDO was
activated in the synovial membrane of RA (lgari et
al., 1987) and the decrease of tryptophan in serum
of patients with RA correlated well with greater
disease activity (Schroecksnadel et al., 2006).
These findings suggest that certain factors in the
inflammatory milieu of the joints in RA may induce
high levels of IDO expression. We hypothesized
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Figure 1. Expression of IDO in rheumatoid synovial fibroblasts after
stimulation with various cytokines. (A) Cells were stimulated with IFN-y
(100 U), IL-17 (10 ng/ml), TNF-c (10 ng/ml), IL-12 (10 ng/ml), IL-23 (10
ng/ml) or IL-16 (10 ng/ml) for 24 h. (B and C) Cells were pretreated with
1-MT for 2 h prior to IFN-y stimulation for 24 h. Total RNA and protein
were then isolated from the cells and subjected to real time RT-PCR for
IDO mRNA and western blotting for expression of IDO mRNA (B) and
protein (C) respectively. Data are means == SD of replicate samples in
one of three experiments. *P < 0.05 and **P < 0.01, treated vs. un-
treated cells.

that ligands for TLRs present in the inflamed joint
could induce and regulate IDO expression in
synovial fibroblasts. Our results demonstrate that
the myeloid differentiation primary response gene
88 (MyD88) pathway negatively regulates IDO
expression in synovial fibroblasts.

Results

IDO expression in rheumatoid synovial fibroblasts
after stimulation with TLR3 and TLR4 ligands

The many different cytokines in the RA joint
microenvironment affect the FLS in rheumatoid
synovial tissue. Therefore, we investigated the
expression of IDO mRNA by rheumatoid synovial
fibroblasts after stimulation with various cytokines
including IFN-y, IL-17, TNF-a, IL-12, IL-23 and
IL-16. As expected, IDO expression in synovial
fibroblasts was increased by stimulation with IFN-y
but not the other cytokines (Figure 1A). Express-
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Figure 2. Increased expression of IDO in rheumatoid synovial fibroblasts
after stimulation with TLR3 ligand. Cells were stimulated with poly (I:C)
(50 and 100 pg/ml) for 24 h. (A) IDO protein (B) IDO or TRIF mRNA lev-
els were analyzed by Western blotting or real time RT-PCR, respectively.
Data are presented as means £ SD of replicate samples in one of three
experiments. *P < 0.01, treated vs. untreated cells.

ion of IDO was also assessed by PCR (Figure 1B)
and western blot analysis (Figure 1C). IFN-y-in-
duced IDO mRNA and protein expression were
also inhibited in the presence of 1-methyl-trypto-
phan (1-MT), which is a competitive inhibitor of
IDO.

As TLRs trigger IDO expression in human
gingival fibroblasts (Mahanonda et al., 2007), we

A

evaluated whether IDO expression in synovial
fibroblasts could be modulated by TLR3 and TLR4
ligands. Synovial fibroblasts were stimulated with
poly (I:C) for 48 h. Poly (I:C) is a ligand for TLR3
and induced IDO protein and mRNA expression
(Figures 2A and 2B).

In general, there are three possible routes by
which TLR signaling is mediated (Akira and
Takeda, 2004). These routes involve either the
adapter molecule MyD88, the TIR domain-con-
taining adaptor inducing IFN-B (TRIF) or both.
TLR3 is known to use only TRIF to mediate poly
(I:C)-induced signaling pathways. Thus, we analyz-
ed the expression pattern of TRIF by poly (I:C) in
synovial fibroblasts. Expression of TRIF in synovial
fibroblasts was increased by stimulation with poly
(I:C) in a dose-dependent manner (Figure 2B).

We next investigated the effects of the TLR4
ligand LPS on the expression of IDO in synovial
fibroblasts. Similarly to poly (I:C), LPS induced IDO
protein and mRNA expression (Figures 3A and
3B). TLR4 utilizes both MyD88 and TRIF to
transduce the signal it receives. LPS induced an
increased expression of mRNA for both the
common adaptor protein MyD88 and the TLR3-
and TLR4-specific adaptor protein TRIF in synovial
fibroblasts (Figure 3B).

MyD88 blockade causes induction of IDO in synovial
fibroblasts

As shown above, IDO was induced in synovial
fibroblasts by poly (:C) and LPS. To further
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Figure 3. Increased expression of IDO in rheumatoid synovial fibroblasts after stimulation with TLR4 ligand. Cells
were stimulated with LPS (0.1 and 1 pg/ml) for 24 h. (A) IDO protein (B) IDO, MyD88 or TRIF mRNA levels were
analyzed by Western blotting or real time RT-PCR, respectively. Data are presented as means £ SD of replicate
samples in one of three experiments. *P < 0.01 and **P < 0.001, treated vs. untreated cells.
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Figure 4. MyD88 blockade increases IDO induction in synovial fibroblasts after stimulation with LPS. Rheumatoid
synovial fibroblasts were transfected with MyD88 siRNA or scrambled siRNA. After 24 h, transfected fibroblasts
were stimulated with LPS (1 pg/ml) for 5, 15, 30 min, and 24 h. IkB phosphorylation (A) IDO, MyD88 or TRIF
mRNA (B) expressions were examined by western blotting or real time RT-PCR, respectively. Data are presented
as means = SD of replicate samples in one of three experiments. *P < 0.05 and **P < 0.01, MyD88-trans-

fected vs. scrambled-transfected cells.

examine the role of the common adaptor protein
MyD88, which is downstream from most TLRs, in
the induction of IDO, we examined whether
transfection of small interfering RNA (siRNA) for
MyD88 would affect IDO expression in synovial
fibroblasts. The cells were transfected with control
or MyD88-specific siRNA for 24 h before stimula-
tion with LPS (Figure 4). Synovial fibroblasts
transfected with MyD88 siRNA had a typical
cultured fibroblast phenotype (CD14°, CD68 and
CD90", data not shown). MyD88 transcript but not
TRIF showed approximately 50% reduction after
treatment with MyD88-specific siRNA compared
with that in cells treated with control siRNA (Figure
4B).

LPS can activate NF-kB through the MyD88 and
NF-kB activity cause the phosphorylation of IkBs.
We therefore assessed phosphorylation status of
IkB to determine activity of NF-kB in synovial
fibroblasts transfected with MyD88 siRNA (Figure
4A). kB were phosphorylated immediately after
LPS exposure and reached a peak in 15 min, and
disappeared in 30 min. As compared to control
siRNA, silencing of the MyD88 caused the
decreased phosphorylation of IkB. Interestingly,
siRNA-mediated knockdown of MyD88 resulted in
the expression of higher levels of IDO in synovial
fibroblasts compared with those treated with
control siRNA (Figure 4B).

Increased expression of IDO, TLR3 and TLR4 in
synovial tissue from patients with RA

To detect TLR3 and TLR4 expression in synovial
inflammation, we examined the level of expression
of IDO, TLR3 and TLR4 according to the degree of
infammation in synovial tissue from RA and
osteoarthritis (OA) patients (Figure 5A). Although
TLR4 expression in severe RA was similar to that
in mild RA, IDO and TLR3 expression correlated
strongly with the degree of joint inflammation in RA
synovial tissue. TLR3 and TLR4 were predomi-
nantly located in the lining regions of RA synovial
tissue. In contrast with RA tissues, expression of
TLR3 and TLR4 was low in synovial tissue from
OA patients. IDO was predominantly located in the
lining regions of RA synovium compared with
synovium from OA patients. We also found that
IDO is highly expressed in the basal state in
synovial tissue from RA compared with that from
OA patients (Figure 5B).

Discussion

In this study using rheumatoid synovial fibroblasts,
we evaluated the effect of TLR ligands LPS (TLR4
ligand) and poly (I:C) (TLR3 ligand) on the in-
duction of IDO, which mediates immune tolerance.
Our results show that poly (I:C) and LPS induce
IDO mRNA and protein expression and intriguingly,
that selective deletion of MyD88 with siRNA result-
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Figure 5. Increased expression of IDO, TLR3 and TLR4 in synovium of patients with rheumatoid arthritis. (A) IDO, TLR3 and TLR4 expression (brown)
was detected by immunohistochemistry in synovium of RA patients with severe or mild disease and OA patients. Nuclei were stained by hematoxylin
(blue). An isotype control antibody served as negative control (Original magnification > 400). (B) The endogenous expression of IDO in synovial fibro-
blasts of RA and OA patients was examined by real time RT-PCR. Data are presented as mean = SD of five independent experiments. *P < 0.05, se-

vere RA vs. mild RA or OA.

ed in a remarkable upregulation of IDO expression.

Numerous reports have demonstrated that IDO
retards autoimmune disease progression in several
models of autoimmune disorders and allergic
diseases. Treatment with the IDO inhibitor 1-MT
accelerated disease progression in murine models
of experimental autoimmune encephalomyelitis,
type 1 diabetes and RA (Sakurai et al., 2002;
Grohmann et al., 2003; Szanto et al., 2007). IDO
can be induced in vitro or in vivo by various agents
including cytokines (IFN-y, TNF-a), CD40L, CTLA4-
lg, influenza virus (Yoshida et al., 1979; Fujigaki et
al., 2001; Grohmann et al., 2002; Hwang et al.,
2005). Paradoxically, immunostimulatory LPS and
unmethylated CpG, which bind to TLR4 and TLR9,
respectively, also induced expression of IDO
(Munn, 2006). The activation of TLRs-7/8 with
immunostimulatory RNAs or R848, a specific
ligand for TLR7/8, can induce IDO expression in
human monocytes (Furset et al., 2008). It seems
likely that IDO expression in sites of inflammation
may represent a counterregulatory mechanism to
restrain excessive or inappropriate immune activ-

ation. In fact, blocking this inflammation-induced
IDO expression can substantially worsen local
tissue damage, sometimes to the point of lethality
(Gurtner et al., 2003).

We and other investigators have shown that
TLRs 2, 3, and 4 are expressed in the synovium of
patients with longstanding RA (Kim et al., 2007;
Ospelt et al., 2008). Endogenous TLR ligands can
be found in the inflamed joints of patients with
noninfectious forms of arthritis (van der Heijden et
al., 2000). In the presence of functional TLRs in
synovial tissue, it is conceivable that endogenous
TLR ligands might induce IDO in synovial fibro-
blasts. We reconfirmed that TLR3, TLR4 and IDO
were markedly increased in synovial tissue from
RA synovium compared with synovial tissue from
OA patients. We also showed high endogenous
expression of IDO in the synovial fibroblasts of
patients with RA. It is possible that the increased
IDO expression observed in the synovial environ-
ment of patients with RA may be a result of the
release of endogenous TLR ligands from the
inflamed synovial tissue, which might then further



activate synovial fibroblasts via TLRs, rather than
be caused by exposure to inflammatory cytokines
in the rheumatoid milieu in vivo. However, regard-
less of the increased IDO activity of the synovium,
synovial effector T cells were present with increas-
ed frequency in the inflamed synovial environment.
A previous study has suggested possible mechani-
sms contributing to the persistence of autoreactive
T cells in local tissues of patients with autoimmune
disease (Zhu et al., 2006). In RA, increased trypto-
phanyl tRNA synthetase expression in synovial T
cells allows resistance to IDO-mediated tryptophan
deprivation. Increased expression of IDO in the
synovial environment of patients with RA is not a
sufficient counterregulator to suppress the excess-
ive T cell immune response and consequently
permits the persistence of inflammatory synovial T
cells.

IDO induction may be regulated by TLR signal-
ing, because the degree of IDO expression was
differentially induced by LPS and poly (I:C). How-
ever, the exact molecular connection leading to
IDO expression following TLR ligand stimulation
remains to be addressed. TRIF and MyD88 adap-
tor molecules mediate the MyD88-independent
and MyD88-dependent signaling pathways, res-
pectively, of various TLR family members (Akira
and Takeda, 2004). Based on the present study
and others (Hissong et al., 1995; Mellor et al.,
2005; Furset et al., 2008), it is clear that IDO
induction couples MyD88-mediated and TRIF-med-
iated signaling. TLR3 ligation resulted in approx-
imately threefold higher expression of IDO than the
ligation of TLR4. This finding suggests that IDO
may be more strongly induced through TRIF-de-
pendent signaling than MyD88-dependent signal-
ing in response to various TLR ligands. TLR3
engages the TRIF-dependent signaling pathway
and is a relatively weak inducer of inflammatory
cytokines such as TNF-a and IL-1. Instead, TLR3
mediates innate responses against double-strand-
ed RNA viruses by inducing production of large
amounts of type | IFNs. Type | IFNs can either
promote (Gutterman, 1994) or suppress (lvashkiv,
2003) immunity and inflammation. IDO expression
in synovial fibroblasts may be induced by type |
IFN production after TLR3 ligation in a TRIF-de-
pendent signaling mechanism. This is in agree-
ment with a previous study that showed that IDO
protein was not detected in TRIF" dendritic cells
pulsed with a fungus (De Luca et al., 2007). As
IDO-expressing dendritic cells are thought to be
important in the generation and maintenance of
peripheral tolerance via depletion of autoreactive T
cells and induction of regulatory T cell responses
(Hayashi et al., 2004), our findings reveal an
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unexpected role for TRIF in the orchestration of
immune responses in autoimmune arthritis.

Although as described previously IDO was
induced through activation of the TLR7/MyD88
pathway after HIV infection (Manches et al., 2008),
the MyD88 pathway was originally thought to
mainly involve the early phase of NF-«xB and
mitogen-activated protein kinase activation, which
leads to the production of inflammatory cytokines
such as TNF-a and IL-6 (Akira and Takeda, 2004).
One interesting observation in the present study
was that under conditions of MyD88 deficiency,
IDO expression was increased in synovial fibro-
blasts through the NF-xB pathway in response to
LPS, a finding consistent with the observation that
yeast increased IDO expression in MyD88'/' mice
compared with wild-type mice (De Luca et al,
2007). This finding suggests that excessive MyD88
signaling in proinflammatory environments, as in
RA, may promote inflammation by relatively weak
expression of IDO for depletion of autoreactive T
cells. Therefore, we suggest that MyD88 deficiency
can attenuate inflammatory processes and impli-
cate IDO expression as a potential negative re-
gulator of inflammatory diseases via inhibition of
pathogenic T cell proliferation.

In summary, our data provide evidence for a link
between IDO induction and TLR signaling. We
demonstrated that MyD88 deficiency upregulated
IDO expression in synovial fibroblasts. Information
gained from this result may help us to further
develop immunotherapeutic strategies for the treat-
ment of RA. For example, using drugs that selec-
tively block MyD88 may significantly improve the
clinical outcomes of RA.

Methods

Reagents

Highly purified TLR ligands including poly (I:C) (TLR3
ligand) and LPS from Escherichia coli (TLR4 ligand) and
1-Methyl-d-tryptophan  (1-MT) were purchased from
Sigma-Aldrich (St. Louis, MO). IFN-y, IL-17, TNF-a, IL-12,
IL-23 and IL-16 were purchased from R&D Systems
(Minneapolis, MN).

Isolation of synovial fibroblasts

Synovial tissue samples were collected from the knee
joints of patients who underwent primary total joint
replacement surgery. To isolate the fibroblasts, synovial
tissues were diced into small pieces and digested
overnight with 1 mg/ml type | collagenase (Worthington,
Lakewood, NJ). The suspended fibroblasts were cultured
in DMEM, 10% heat-inactivated FBS, and 100 units/ml
penicillin G and 100 pg/ml streptomycin sulfate (all from
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Invitrogen, Carlsbad, CA). The fibroblasts were passaged
after reaching 90% confluence and used for experiments
after 5-6 passages. More than 98% of synovial cells were
CD90* (BD Biosciences, San Diego, CA), and no macro-
phages (CD11b" cells) (BD Biosciences) were detected
using a FACSCalibur flow cytometer (BD Biosciences, San
Jose, CA) and FITC-conjugated monoclonal antibodies.

Quantitative polymerase chain reaction (PCR)

Total cellular RNA from human synovial fibroblasts was
extracted with TRIzol reagent (Invitrogen, Burlington,
Ontario, Canada) according to the manufacturer’s speci-
fications. Two micrograms of total RNA was reverse trans-
cribed by oligo-dT priming using a reverse transcriptase
system (Promega, Madison, WI). PCR was performed with
primers specific for human IDO, MyD88, TRIF and the
housekeeping gene p-actin. The PCR continued for 20
cycles (94°C for 30 s, 60°C for 30 s, 72°C for 30 s, and a
final elongation step at 72°C for 7 min) for B-actin, 32
cycles for IDO, and 30 cycles for MyD88 and TRIF; the
annealing temperature was 58°C. The primers were as
follows: B-actin upstream, GGACTTCGAGCAAGAGATGG
and downstream, TGTGTTGGCGTACAGGTCTTTG; IDO
upstream, GCGCTGTTGGAAATAGCTTC and downstream,
TTTGGGTCTTCCCAGAACC; MyD88 upstream, TAAGAA
GGACCAGCAGAGCC and downstream, CATGTAGTCCA
GCAACAGCC; and TRIF upstream, AAGCCATGATGAGC
AACCTC and downstream, GTGTCCTGTTCCTTCCTCCAC.
Real-time quantification of messenger RNA was performed
using a Roche LightCycler 1.5 capillary-based system
real-time PCR system (Roche Diagnostics, Almere,
Netherlands) in 20 ul of reaction mixture containing 10 pl of
SYBR Green PCR Master Mix (Takara, Osaka, Japan),
500 nM of each primer, and 2 pl of sample DNA. The
results were expressed as the threshold cycle (Ct) and
then calculated as the ratio of the number of molecules of
the target gene to the number of molecules of B-actin.
Specificity of the amplified products was assessed by
melting curve analysis and gel electrophoresis.

Knockdown of MyD88 using siRNA

Human synovial fibroblasts were seeded into 60 mm
dishes at a density of 1 x 10° cells per well and grown to
80% confluence. Cells were transfected, using a PolyMAG
(Chemicell, Berlin, Germany), with 50 nM of specific
MyD88 or negative control siRNA (Dharmacon Inc.,
Chicago, IL) for 48 h, according to the manufacturer’'s
protocol. Subsequently, the cells were stimulated with LPS
for 24 h.

Western blotting

Cells were rinsed in ice-cold phosphate-buffered saline
and incubated in lysis buffer composed of 50 mM Tris-HCI
(pH 8.0), 5 mM EDTA, 150 mM NaCl, 0.5% Nonidet P-40,
1 mM PMSF and a protease inhibitor cocktail. Extracts
were clarified at 14,000 g at 4°C for 20 min and protein
concentration was determined using the Bradford assay.
Thirty micrograms of protein were then resolved by
one-dimensional 10% SDS-polyacrylamide gel electropho-

resis and transferred to Hybond-P polyvinylidene fluoride
membranes. Blocking of membranes was carried out using
5% bovine serum albumin in Tris-buffered saline (TBS)-
Tween (0.05% Tween 20, 10 mM TBS, pH 7.5) for 2 h at
room temperature. Blots were incubated for 16 h at 4°C
with 0.5 ug/ml of rabbit anti-IDO polyclonal antibody (Trans-
genic Inc., Kobe, Japan) or Rabbit anti-lxB-o antibody (Cell
Signaling Technology, Beverly, MA). After washing, mem-
branes were treated with horseradish peroxidase-conjugat-
ed anti-mouse secondary antibody for 1 h at room
temperature. After washing, signal was developed using an
enhanced chemiluminescence system (GE Healthcare,
UK) and detected by exposure to X-ray film.

Immunohistochemistry

Immunohistochemical staining was performed on sections
of synovium samples obtained from RA and OA patients.
The tissues were embedded in optimal cutting temperature
compound (Tissue-Tek TT 4583, Sakura Finetech, Torrance,
CA), snap frozen in liquid nitrogen, and stored at -80°C.
Tissue sections (7 um) were fixed in 4% paraformaldehyde
solution overnight at 4°C. The sections were depleted of
endogenous peroxidase activity by adding methanolic
H20,, blocked with normal serum for 30 min, and incubat-
ed overnight at 4°C with antibodies to IDO (Transgenic
Inc.), TLR3 or TLR4 (Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA). After the overnight incubation, the
samples were incubated with the secondary antibody,
biotinylated 1gG, for 20 min, with a streptavidin-peroxidase
complex (Vector, Peterborough, UK) for 1 h, and then with
3,3'-diaminobenzidine (Dako, Glostrup, Denmark). The
sections were counterstained with hematoxylin. Samples
were photographed with an Olympus photomicroscope
(Tokyo, Japan).

Statistical analysis

Data were obtained from at least three independent
experiments. Results are expressed as means * standard
deviation (SD). Student's t-tests were used to determine
differences between the two groups.
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