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Abstract We examined expression and function of TLRs in
enthesitis-related arthritis (ERA) patients. RNA levels of
TLR1, TLR3, and TLRs 5–8 were measured in 24 ERA
peripheral blood mononuclear cells (PBMC), 18 synovial
fluid mononuclear cells (SFMC), and IRAK1, IRAK4,
TRIF, TRAF3, and TRAF6 in 18 PBMC and 10 SFMC.
IL-6 and IL-8 were measured in supernatants from ERA
PBMC (n07), SFMC (n03), and healthy PBMC (n05)
cultured with ligands for TLR1/2 (Pam 3-cys), TLR3 (poly
I:C), TLR5 (flagellin), and TLR2/6 (zymosan). TLRs 1, 3,
5, and 6 were measured in whole blood (n020 ERA, seven
healthy) and SFMC (n02) by flow cytometry. ERA PBMC
compared to healthy PBMC and SFMC compared to ERA
PBMC had higher RNA expression of TLR1, TLR3, TLR5,
TLR6, IRAK1, IRAK4, TRIF, TRAF3, and TRAF6. TLR7
and TLR8 RNA expression was similar in all study groups.
IL-6 and IL-8 levels were higher in stimulated ERA SFMC
compared to ERA PBMC and in ERA PBMC compared to
control PBMC. TLRs 1, 3, and 6 were also overexpressed at
the protein level.
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Introduction

Toll-like receptors (TLRs) are a key link between infection,
injury, and inflammation. They recognize pathogen- and
danger-associated molecular patterns (PAMPs and DAMPs),
and subsequently trigger a pro-inflammatory cascade [1].
They also initiate the first step in adaptive immune response,
by activating DCs and macrophages, which in turn prime T
and B cells [2]. Although TLR-mediated inflammation is an
important aspect of host defense, it is also linked to patho-
genesis of several autoimmune diseases [3] like rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), inflam-
matory bowel disease (IBD), and type I diabetes. This is
because excessive cytokine production and cell activation
induced by TLR stimulation can damage tissues and organs.

TLRs are expressed in synovium of RA patients and were
initially thought to play a role in exacerbation of disease
activity in RA in response to infections [4]. However, it was
subsequently discovered that TLRs are also able to up-
regulate TNF-α production in response to endogenous
ligands like HSPs [5] released after tissue damage, suggest-
ing that TLRs can maintain an inflammatory response even
in the absence of pathogen [6]. Necrotic cells, which are
usually abundant in damaged tissue, e.g., in the arthritic
joint, also activate TLRs [7]. It is possible that such mech-
anisms also operate in other arthritides.

Juvenile idiopathic arthritis (JIA) is a heterogeneous
group of chronic, debilitating childhood arthritides and is
grouped into seven categories as per the ILAR criteria [8].
JIA is supposed to arise in a genetically susceptible individ-
ual as a result of environmental triggers [9]. Among the
various categories, enthesitis-related arthritis (ERA) is most
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prevalent in India [10, 11]. Microorganisms are one of the
important environmental factors suspected to play a role in
its pathogenesis, and this may be mediated via TLRs. Also,
the synovial compartment contains a wide repertoire of
endogenous TLR ligands. Thus, TLRs may contribute to
increased inflammation in ERA patients.

We had earlier found that enteric bacteria implicated in
reactive arthritis could be responsible for exacerbation of
disease in ERA [12]. Further, fibroblast-like synoviocytes
(FLS) from ERA patients were shown to produce pro-
inflammatory cytokines like IL-6, IL-8 as well as matrix-
degrading enzymes like MMP-1 and MMP-3 on stimulation
by TLR ligands [13]. Later TLR 2 and TLR 4 expression
was found to be increased both at protein and mRNA level
in peripheral blood and synovial fluid mononuclear cells
(PBMC and SFMC) of ERA patients; however, TLR 9 did
not show any upregulation [14].

The present study was designed to further investigate the
role of TLRs in ERA. We measured expression of TLRs 1,
3, 5–8, and their downstream adaptors (IRAK1, IRAK4,
TRIF, TRAF3, and TRAF6) in mononuclear cells from
ERA patients and found upregulation of membrane-bound
TLRs, TLR3, and their signaling molecules in PBMC and
SFMC. Further, we evaluated the response of PBMC and
SFMC from ERA patients to stimulation with TLR ligands.

Methods

Patients and Controls

ERA patients with active disease who satisfied ILAR crite-
ria [8] and whose parents gave written informed consent
were enrolled in the study. Peripheral blood and synovial
fluid (where available) was obtained from patients. Periph-
eral blood was collected from similar gender non-related
young adults to serve as healthy controls. Blood was drawn
in sterile vials containing endotoxin-free lithium heparin.
The study was approved by the institutional ethics
committee.

Due to limitation of amount of blood sample available,
all experiments could not be performed on all samples. The
actual number of samples studied for each set of experiment
is mentioned in the “Results” section.

Isolation of Mononuclear Cells

Peripheral blood and synovial fluid mononuclear cells
(PBMC and SFMC) were isolated using density gradient
centrifugation by layering on Histopaque 1077-1 (Sigma-
Aldrich, St Louis, MO, USA). Cells were frozen in Trizol™
(Invitrogen, Carlsbad, CA, USA) at a concentration of not
more than 7×106/ml and stored at −80°C.

RNA Isolation

RNAwas isolated by columns (RNeasy kit; Qiagen, Valencia,
CA, USA) using the manufacturer’s protocol with slight mod-
ification. After thawing the cells and vortexing to facilitate
lysis, 200 μl of chloroform was added per milliliter of Trizol
used. After centrifugation at 4°C for 10 min at 12,000×g, the
interface was separated and subsequent processing was done
using columns. RNA was eluted in RNase-free water and
estimated by spectrophotometer (Nanodrop, Wilmington,
DE, USA). RNA integrity was checked using RNA 6000
Nano assay kit for Agilent 2100 Bioanalyzer (Agilent, Santa
Clara, CA, USA).

cDNA Conversion and Real-Time PCR

cDNA was prepared using High-Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Carlsbad, CA,
USA) as per manufacturer’s instructions. Briefly, 2 μg
RNAwas added to master mix comprising RT buffer, dNTP
mix, random hexamers, and reverse transcriptase. The mix-
ture was incubated at 25°C for 10 min, 37°C for 120 min,
and 85°C for 5 min. Subsequently, real-time PCR was
performed using either SyBR Green or Taqman chemistry
on Applied Biosystems 7500 Real-Time PCR system.

Assay for TLRs

Primers for SyBr Green assay were purchased from Sigma
Aldrich, India. Details of primers used are given elsewhere
[15]. Each reaction mixture of 20 μl comprised 100 ng
cDNA, primers, SyBr Green (Applied Biosystems), and
sterile water. 18S rRNA was used as housekeeping gene
(HSG). Reaction conditions were initial denaturation of
one cycle at 95°C for 10 min, followed by 40 cycles of
95°C for 15 s and 60°C for 1 min. A dissociation step was
added in the end, comprising one cycle of 95°C for 15 s, 60°C
for 1 min, and 95°C for 15 s.

Assay for Adaptors

Taqman gene expression assay kits were purchased from
Applied Biosystems, the IDs being Hs01018347_m1
(IRAK1), Hs00211610_m1 (IRAK4), Hs01090712_m1
(TRIF), Hs00237035_m1 (TRAF3), and Hs00377558_m1
(TRAF6). GAPDH (assay ID 4333764 F) was used as HSG,
as assay for 18S rRNAwas not commercially available. PCR
was performed according to manufacturer’s instructions.

Data Analysis

Patient PBMC Ct (Ct 0 cycle threshold) was calibrated with
PBMC of healthy control, while patient SFMC Ct was
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calibrated with corresponding SFMC. Relative fold change

was determined usingΔΔCt method, where fold change ¼
2�ΔΔCt and ΔΔCt ¼ ΔCtTLR �½ ΔCtHSG�patient sample �
ΔCtTLR �ΔCtHSG½ �calibrator sample.

A relative fold change of 1 meant no difference in ex-
pression between patients and controls.

Functional Assay

A total of 105 PBMC from seven ERA patients and five
healthy controls and SFMC from three paired ERA samples
were cultured in 10% cRPMI (Sigma-Aldrich) and stimulated
with N-palmitoyl-S-[2,3-bis(palmitoyloxy-(2RS)-propyl]-
(R)-cysteine (Pam3cys, TLR-1 ligand; 10 μg/ml; EMC
Microcollection GmbH, Germany), polyinosinic:polycyti-
dylic acid (poly I:C, TLR3 ligand; 20 ng/ml; Invivogen, San
Diego, CA, USA), flagellin (TLR 5 ligand; 5 μg/ml; Inviv-
ogen), or zymosan (TLR-6 ligand; 10 μg/ml; Sigma-Aldrich).
TNF-α (eBiosciences, CA, USA; 20 ng/ml) was used as
positive control and unstimulated cells served as negative
control. Supernatants were harvested after 48 h and IL-6
(BD OptEIA Kit, San Jose, CA, USA) and IL-8 (R&D Sys-
tems, Minneapolis, MN, USA) levels were measured by
ELISA.

Flow Cytometry

Based on the results of experiments 4 and 5, we also decided
to measure expression of TLRs1, 3, 5, and 6 at the protein
level. To minimize the amount of samples to be taken from
patients, this set of experiments was performed on whole
blood (collected in EDTA vials). SFMC were isolated from

SF (if available). Anti-TLR primary and PE-labeled second-
ary antibodies were purchased from Imgenex (Orissa, India)
and FITC-conjugated anti-CD14 antibody from (BD Bio-
sciences, San Diego, CA, USA). Isotypes were rabbit IgG
for TLR1 and TLR5, and mouse IgG1 kappa for TLR3 and
TLR6. Secondary antibodies to rabbit or mouse primary
antibodies were raised in goat.

Anti-CD14 and anti-TLRs 1, 5, and 6 primary antibodies
were added to 100 μl whole blood and incubated in the dark
for 30 min. Two milliliters of 1× RBC lysing solution (BD
Biosciences) was added to all tubes followed by incubation
for 15 min in the dark. Samples were washed with 2 ml PBS
for 5 min at 470×g. PE-labeled secondary antibody was
added to all tubes, and incubation and washing was done
as above.

For TLR3 staining, samples were fixed with 20 μl fixa-
tion buffer (AB Serotec, UK) and incubated in the dark for
20 min. Following washing, the cells were incubated with
20 μl of permeabilization buffer (AB Serotec) and washed
as above. Primary antibody was added, followed by incuba-
tion and washing. Lastly, cells were stained with PE-labeled
secondary antibody.

To see the effect of Fc blockade, blood from two samples
(one healthy control and one patient) was treated with 10%
human serum (heat inactivated at 56°C for 1 h or used as
such) for 15 min at room temperature before addition of
antibodies.

A total of 105 cells were acquired on BD FACSCalibur
and data analysis using CellQuest software (BD Bioscien-
ces). Lymphocytes and monocytes were gated from total
population, then (median fluorescence intensity) MFI was
calculated for CD14-positive cells expressing TLRs of
interest.

Table I Patient demographics
qPCR
(TLR)

qPCR
(adaptors)

Functional
assay

Flow
cytometry

Number of samples analyzed 24 18 7 20

Age at enrollment [median (range) years] 16 (13–25) 16.5 (13–22) 16 (8–17) 15 (7–21)

Age at onset [median (range) years] 12 (6–15) 12 (6–15) 10 (8–14) 11 (6–14)

Disease duration [median (range) years] 4.5 (1–12) 4.5 (1–11) 3 (1–8) 4 (1–11)

Disease activity [median (range)]

TJC 2 (0–7) 2 (0–7) 2 (0–4) 2 (0–5)

SJC 1 (0–7) 1 (0–7) 4 (0–5) 1 (0–3)

ESR (mm/h) 81.5 (6–140) 90 (6–140) 75 (46–113) 77 (14–144)

Male/female 23:1 17:1 6:1 20:0

HLA B27 positive 22 17 7 19

Patients on

DMARDS 10 8 6 4

NSAIDS 13 7 3 15

Prednisolone 2 2 0 5
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Statistical Analysis

Data were analyzed using GraphPad Prism (GraphPad Soft-
ware, Inc., La Jolla, CA, USA). Wilcoxon signed rank test
was employed for comparison of PBMC–SFMC pairs,
while Mann–Whitney U test was used to compare data of
healthy controls and ERA patients. A p value less than 0.05
was considered significant.

Results

Twenty-four patients were included in the study. Paired
synovial fluid was available from 10 patients. Patient details
are given in Table I. Median age of seven healthy controls
was 24 years.

RNA Levels of TLRs

Twenty-four patients and six healthy controls were studied
for determination of mRNA expression of TLRs and 18
patients and five healthy controls for expression of adaptors.
Comparison of normalized Cts revealed that levels of TLRs
3 and 6 in ERA PBMC were significantly higher than
healthy PBMC while the levels of TLRs 1, 5, 7, and 8 were
not significantly different (Fig. 1a).

Relative to healthy controls (Supplementary Fig. S1a),
patient PBMC had higher expression of TLR1 (median02.5,
range01.5–3.6), TLR3 (median03, range02.2–3.6), TLR5
(median02.2, range01.7–3.1), and TLR6 (median02.5,

range01.3–2.3). No difference was observed in levels of
TLR7 (median01.3, range00.8–1.7) and TLR8 (median0
1.3, range00.9–1.8).

Statistical analysis of normalized Cts revealed that com-
pared to ERA PBMC, ERA SFMC had significantly higher
RNA levels of TLRs 1, 3, 5, and 6, but not TLR7 and TLR8
(Fig. 1b).

Expression in SFMC relative to PBMC (Supplementary
Fig. S1b) was found to be higher for TLR1 [median (range)
relative fold change02.5 (2.3–3.7)], TLR3 [median (range)
relative fold change03.0 (2.4–3.3)], TLR5 [median (range)
relative fold change02.3 (1.5–3.0)], and TLR6 [median
(range) relative fold change02.8 (2.3–3.5)] while TLR7
[median (range) relative fold change01.6 (1.5–2.3)] and
TLR8 [median (range) relative fold change01.7 (1.4–1.8)]
exhibited no change in expression.

RNA Levels of Adaptors

Compared to healthy controls, patient PBMC had higher
expression of IRAK1 (median02.3, range02–2.5), IRAK4
(median02, range01.3–2.4), TRIF (median02.2, range0
1.8–2.6), TRAF3 (median02.1, range01.9–3), and TRAF6
(median02.6, range01.9–2.9). Normalized Cts were signif-
icantly higher in case of ERA PBMC for all adaptors
(Fig. 2a and Supplementary Fig. S2a).

In paired samples, SFMC once again had higher expres-
sion of IRAK1 (median02.4, range01.5–2.8), IRAK4
(median02.3, range02–2.7), TRIF (median02.1, range0
1.5–2.4), TRAF3 (median02.1, range01.7–2.5), and

Fig. 1 Expression of TLR mRNA: comparison of normalized Cts (Delta Ct0CtTLR−Ct18s) between healthy PBMC, ERA PBMC, and ERA SFMC
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TRAF6 (median02.2, range02–2.7). However, none of the
normalized Ct values were statistically different between
ERA PBMC and ERA SFMC (Fig. 2b and Supplementary
Fig. S2b).

Functional Assay

Functional assay was done with seven ERA PBMC, five
healthy PBMC, and three ERA SFMC.

Patient PBMC (Fig. 3) produced more IL-6 and IL-8 com-
pared to healthy PBMC on stimulation with Pam 3 Cys,
poly I:C, flagellin, and zymosan. There was no significant
difference in production of IL-6 and IL-8 on stimulation
with TNF-α. In paired samples, SFMC showed a trend
towards higher IL-6 and IL-8 production compared to
PBMC. However, no statistical analysis could be done be-
cause of small numbers of SFMC samples.

Flow Cytometry for TLRs 1, 3, 5, and 6

Whole blood from 20 JIA–ERA patients and seven healthy
controls was analyzed. Paired SF could be obtained from
only two patients. Fc receptor blockade did not affect the
staining with specific antibodies (Supplementary Fig. S3).

Patients’ CD14 cells had significantly higher expression
of TLRs 1, 3, and 6 while TLR5 showed no difference
(Fig. 4). Expression of all TLRs was higher on SFMC
(MFI TLR101,176; TLR301,560; TLR50737.8; TLR60
1,849); however, no statistical test could be applied as we

had only two SF samples. Representative flow cytometry
plots are shown in Fig. 4.

Discussion

The data presented in this paper shows that peripheral blood
and synovial fluid mononuclear cells of ERA patients have
increased levels of RNA of TLRs 1, TLR3, TLR5, and
TLR6 and their adaptors IRAK1, IRAK4, TRIF, TRAF3,
and TRAF6. When stimulated with ligands for these TLRs,
PBMC and SFMC produced a higher amount of pro-
inflammatory cytokines IL-6 and IL-8 as compared to cells
from healthy controls. At the protein level, ERA PBMC had
higher expression of TLRs 1, 3, and 6 compared to healthy
PBMC while SFMC had higher expression of TLRs 1, 3, 5,
and 6. Intracellular receptors TLR7 and 8 showed no dysre-
gulation in ERA patients at the mRNA level.

Most of the previous studies [16–18] in inflammatory
arthritides have studied the role of TLRs 2 and 4, but this
is the first study to that has looked at a wide array of TLRs
in ERA. Similar to our data, a study by Ospelt et al. [19]
found increased expression of RNA of TLRs 1–6, but not 7–
10 in RA synovial fibroblasts. However, no data on over-
expression of these TLRs in PBMC of patients with inflam-
matory arthritis is available. Even though the differences in
median dCt between the groups (patient PBMC versus con-
trol PBMC and patient PBMC versus SFMC) are in the
range of 1–2, suggesting a 2–4-fold increase in mRNA
level, there was a significant difference in protein expression

Fig. 2 Expression of adaptor mRNA: comparison of normalized Cts (Delta Ct0Ctadaptors−CtGAPDH) between healthy PBMC, ERA PBMC, and
ERA SFMC
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and upon stimulation, patient’s cells produced higher levels
of pro-inflammatory cytokines indicating that this TLR
overexpression is of functional significance. Overexpression
of surface TLRs, especially those recognizing exogenous
ligands like cell wall components and flagellin, suggests
that the disease may be initiated or worsened by microbial
triggers.

TLR1 and TLR5 have been implicated in inflammation,
but not in arthritis. TLR1 and 6 form heterodimers with
TLR2 [20, 21], and this could be one mechanism by which
they may play a role in arthritis, as TLR2 has been shown to
be overexpressed both in PBMC, SFMC, synovial tissue,
and synovial fibroblasts in patients with inflammatory

arthritis. Further, TLR2 knockout mice have less severe
arthritis in Streptococcal cell wall arthritis model [22].
TLR5 has been found to promote an inflammatory response
in dextran-induced injury to gut epithelial cells [23].

TLR3 was the only intracellular receptor overexpressed
in the present study. Activation of TLR3 results in the
production of type I interferons, which in turn upregulates
the expression of TLR3. Thus, a positive feedback loop is
formed which amplifies inflammation. TLR3 promotes os-
teoclast differentiation of human monocytes and induces
RANKL expression in rheumatoid arthritis-derived
fibroblast-like synoviocytes [24]. TLR3 signaling plays a
pivotal role in pristine-induced arthritis, a rat model for RA

Fig. 4 Expression of TLRs 1, 3, 5, and 6 in JIA–ERA blood (n020)
compared to healthy blood (n07). Panel (a) shows median fluores-
cence intensity. Representative flow cytometry dot plots of blood from

patient (b) and healthy control (c). Iso isotype control, FL1 channel for
reading FITC fluorescence (CD14), FL2 channel for reading PE fluo-
rescence (TLR)

Fig. 3 Production of IL-6 and IL-8 by ERA PBMC (n07), ERA SFMC (n03), and healthy PBMC (n05) in response to TLR ligand stimulation.
Error bars represent interquartile range. ns non-significant
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[25]. In a recent paper, Agarwal et al. [26] suggested that
extracellular matrix of dermal fibroblasts may contain TLR3
ligands and cause exacerbation of scleroderma. Similarly,
ligands present in synovial compartment may enhance
TLR3 signaling. TRIF, the adaptor for signaling down-
stream of TLR3, was also upregulated in ERA patients,
suggesting a role for TLR3 in arthritis.

Most of the adaptors downstream of TLR were found to
be upregulated, suggesting that there may be increased TLR
signaling in these cells. While the role of these proteins has
not been extensively investigated in humans, there are sev-
eral animal models to show that knocking out these adaptors
results in protection from disease. KBxN mice having inac-
tive IRAK4 [27] were completely protected against arthritis.
IRAK1-deficient mice have reduced IL-17 production and
increased Foxp3 expression [28]. Another study demon-
strated reduction of MMP-13 production on knocking down
TRAF6 and IRAK1 in human chondrocytes [29]. However,
the cause for this upregulation is still uncertain. It may be
due to feedback regulation due to inflammatory milieu,
promoter region polymorphisms, or regulation by micro-
RNAs. Indeed, polymorphism in TRAF5 gene shows a
strong association with RA [30].

Increased production of pro-inflammatory cytokines IL-6
and IL-8 by patients’ cells on stimulation with TLR ligands
suggests that the cells also had higher expression of TLRs at
protein level, and this may be one of the mechanism through
which TLRs may be perpetuating inflammation. We had
earlier reported increased production of IL-6 and MMP3
on stimulation with these ligands in patients with JIA [14].
Other studies in RA have also shown increased production
of IL-6 upon stimulation of fibroblast-like synoviocytes
with TLR3 and TLR5 [19] and by PBMC in response to
LPS stimulation [31]. Stimulation by ligands for TLR2,
TLR4, and TLR6 resulted in a synergistic increase in IL-
1β production in a murine model of arthritis [32]. Another
group has shown the ability of TLRs to collaborate with
other pattern recognition receptors and cause secretion of
TNF α, IL-1β, and IL-8 [33].

TLR ligands—which may be endogenous, like HSPs,
fibronection, necrotic cells produced during tissue damage
in the synovial compartment and exogenous, like microbes
—if present in circulation or synovium can induce secretion
of pro-inflammatory cytokines through TLR pathway thus
contributing to ERA pathogenesis. Microbial trigger like
enteric bacteria have been implicated in pathogenesis of
ERA [34] and RA [35], but so far no specific organism
has been associated with pathogenesis. The current hypoth-
esis is that, following infection, PAMPs activate TLRs and
result in uncontrolled inflammation. Synovitis may be due
to homing of primed immune cells and/or because of pres-
ence of TLR ligands in the synovium. Activation of TLRs
can also occur by endogenous ligands, which are abundant

in the synovial compartment. Although it still remains to be
elucidated whether TLR overexpression is a cause of arthri-
tis or a result of some feedback loop, yet our results show
that their increased activity likely contributes to mainte-
nance of the inflammatory milieu in ERA patients.

A potential therapeutic avenue would be to block TLRs
or their adaptors. Opal and Huber [36] propose the use of
soluble TLRs, which could bind to cognate ligands leading
to downstream signaling. Trials are underway to evaluate
efficacy of TLR antagonists in curbing sepsis, autoimmuni-
ty, and inflammation disorders. NI-0101, a TLR4 antago-
nist, delayed disease development in a mouse model of
colitis [37]. A TLR2 blocker OPN-305 has shown good
results in animal models of inflammation and myocardial
ischemia [38]. Data is also available regarding blocking of
downstream adaptors. A MyD88 inhibitor ST2825 inhibited
secretion of IL-1 in animal models of lupus, inflammatory
bowel disease, and multiple sclerosis [39]. Song et al. have
shown that IRAK1 and IRAK4 have to be inhibited together
to ameliorate inflammation [40]. These researches, together
with our findings, suggest that impairing the TLR signaling
axis may have possible therapeutic benefits. However, com-
plete/prolonged suppression may increase susceptibility to
microbial infections.

Our study has some limitations. We have not estimated
levels of phosphorylated adaptors in ERA patients, which
would have shed better light on TLR signaling in disease
pathogenesis. However, no antibodies are available for
phosphorylated adaptors. Secondly, we were able to get only
a small number of samples for our functional assay and,
finally, all our patients were on either methotrexate or
NSAIDS, or both, which may have had some influence on
expression of TLR though no effect has been shown so far.
Nonetheless, our study does highlight the role of TLRs in
inflammation in ERA patients. Thus, the TLR pathway can
be studied as a therapeutic target in ERA.

Conclusion

To conclude, our observations suggest involvement of Toll-
like receptors in the pathogenesis of JIA-ERA. Upregulation
of TLRs and their adaptors (probably in response to micro-
bial trigger) leads to uncontrolled inflammation and tissue
injury. Thus, blocking the TLR signaling pathway may aid
in disease remission.
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