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IL-1b Triggered by Peptidoglycan and Lipopolysaccharide
through TLR2/4 and ROS-NLRP3 Inflammasome–
Dependent Pathways Is Involved in Ocular Behçet’s
Disease
Liang Liang,1 Xiaoyu Tan,1 Qingyun Zhou,1 Yi Zhu,1 Yuan Tian,1 Hongsong Yu,1
Aize Kijlstra,2 and Peizeng Yang1
PURPOSE. Behçet’s disease (BD) is a chronic systemic inflammatory disorder of unknown etiology. Toll-like receptors
(TLRs) are critical in the innate immune response to microbial
invaders. In this study we investigated the role of TLRs in the
pathogenesis of BD.
METHODS. TLR2/4 expression and IL-1b and reactive oxygen
species (ROS) production were studied in monocyte-derived
macrophages (MDMs) obtained from BD patients, acute
anterior uveitis (AAU) patients, and healthy controls using
real-time PCR, flow cytometry, and ELISA. The NLRP3
inflammasome of MDMs was downregulated by RNA interference. The levels of phosphorylated P38, Erk1/2, and JNK
MAPK were evaluated using flow cytometry.
RESULTS. TLR2/4 expression was significantly increased in
MDMs from active BD patients. IL-1b and ROS production of
peptidoglycan (PGN)/lipopolysaccharide (LPS)–induced MDMs
from active BD patients was significantly increased compared
with inactive BD patients, AAU patients, and healthy controls.
ROS activator and inhibitor significantly increased and
decreased the production of IL-1b, respectively. The production of IL-1b was significantly decreased after the NLRP3
inflammasome was downregulated. The phosphorylation
levels of p38 and ERK1/2 in MDMs from BD patients and
controls were increased following stimulation with either PGN
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or LPS. Both SB203580 (p38 inhibitor) and PD98059 (ERK1/2
inhibitor) significantly decreased the production of IL-1b.
CONCLUSIONS. The results suggest that TLR2/4 expression in
MDMs from active BD patients is significantly increased.
Interaction of TLR2/4 with their ligands PGN/LPS is involved
in BD pathogenesis, possibly by the induction of IL-1b through
a ROS-NLRP3–dependent pathway. (Invest Ophthalmol Vis Sci.
2013;54:402–414) DOI:10.1167/iovs.12-11047
ehçet’s disease (BD) is characterized by recurrent uveitis,
oral aphthae, genital ulcers, and skin lesions.1,2 It is more
prevalent in the region that extends from China and Japan in
the Far East to the Mediterranean Sea.2,3 The etiopathogenesis
of Behçet’s disease is still not completely understood. BD is
currently seen as a disease at the crossroad between
autoimmune and autoinflammatory syndromes, possibly triggered by an aberrant response to infectious stimuli.4 Staphylococcus aureus and Streptococcus oralis have been identified
in the skin lesions of BD patients5,6 and Ayaslioglu et al.7 found
a higher IgA seropositivity to Chlamydophila pneumoniae in
BD patients. Turkish studies indicate that an improved oral
hygiene is associated with a decreased incidence of BD over
the last decades.8 These findings support a role for microorganisms in the development of BD, although their exact role
remains unclear.
The innate immune system plays a crucial role in the
inflammatory response to infection through the activity of
receptors capable of recognizing defined molecular patterns
present in a variety of microorganisms. Toll-like receptors
(TLRs) are crucial players in the innate immune response to
microbial invaders, enabling vertebrates to detect the pathogen-associated molecular patterns (PAMPs) early and subsequently activating the adaptive immune response.9 However,
the extensive release of TLR-triggered proinflammatory mediators may harm the host, as in cases of sepsis or chronic
inflammatory disease.10 Among 11 members of the TLR family,
TLR2 and TLR4 have been identified as signaling receptors
activated by bacterial wall components, such as peptidoglycan
(PGN) from Gram-positive bacteria and lipopolysaccharide
(LPS) from Gram-negative bacteria. Endogenous molecules
such as HSP60 and fragmentation products of fibronectin can
also trigger an inflammatory response via TLR2 and TLR4.11 It
has been shown that TLR2 and TLR4 are involved in BD
pathogenesis.12,13 Vitamin D3 has been shown to improve BDlike symptoms by downregulating the expression of TLR2/4
and proinflammatory cytokines in herpes simplex virus–
induced Behçet’s disease-like inflammation in a mouse
model.14 It has also been reported that gene expression of
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TABLE 1. The Clinical Characteristics of Patients with Active BD

TABLE 2. The Clinical Characteristics of Patients with Inactive BD
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TLR2 was downregulated in BD patients after starting
infliximab treatment.15 All these data suggest that TLR2/4 play
a role in the development of BD. However, the exact
mechanisms involved in the initiation of an innate immune
response following the interaction of TLRs with their ligands
are not clear and, therefore, constitute the subject of the study
presented here. Our results showed that interaction of TLR2/4
with their ligands could significantly increase the ROS
production of mitochondria and could activate the NLRP3
inflammasome to induce IL-1b production by monocytederived macrophages (MDMs).

METHODS
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precipitates (100%), flare and cells in the anterior chamber (100%),
vitreous cells (84%), and retinal vasculitis (100%) detected by fundus
fluorescein angiography. The 25 BD patients with active uveitis
enrolled in this study were all on their first visit in our hospital.
Twelve did not use any immunosuppressive agents either due to not
being referred to a hospital or due to the worry about the side effects
of systemic corticosteroids. In the other 13 patients, only a low dose
of systemic corticosteroids (<20 mg/d) was used within the past 2
months, but patients had stopped using the drugs for some days
before visiting us and sampling. We normally treat BD patients using
systemic corticosteroids in combination with cyclosporine, cyclophosphamide, or chlorambucil for >1.5 years. The drug dose was
gradually tapered after the intraocular inflammation was controlled
and the treatment usually stopped 6 months after complete control of
the intraocular inflammation. After termination of all medications for
at least 2 months we collected the blood sample from these inactive
BD patients. Written and informed consent was obtained from all
patients and healthy controls. All procedures met the tenets of the
Declaration of Helsinki and were approved by our Clinical Ethical
Research Committee.

Subjects
Twenty-five active BD patients (13 males and 12 females, with an
average age of 32 years) and 20 inactive BD patients (12 males and 8
females, with an average age of 34.6 years) were included in this
study. The clinical characteristics of the patients are shown in Tables
1 and 2. Twenty acute anterior uveitis (AAU) patients (12 males and 8
females, with an average age of 35.4 years) and 25 healthy individuals
(12 males and 13 females, with an average age of 33.2 years) acted as
control groups. All of these patients and controls were enrolled
between April 2011 and June 2012. The diagnosis of Behçet’s disease
was based on the diagnostic criteria designed by the International
Study Group for Behçet’s Disease.16 The active BD patients were
selected in this study mainly based on an active intraocular
inflammation rather than visual impairment because it could be
influenced by a number of complications such as vitreous opacities,
complicated cataract, secondary glaucoma, occlusion of retinal blood
vessels, atrophy of the optic nerve, and retinal atrophy. The active
ocular BD patients included in this study showed active intraocular
inflammation, as evidenced by decreased vision (100%), dust keratic
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Cell Isolation and Culture
Peripheral blood mononuclear cells (PBMCs) were prepared from
heparinized blood by density-gradient centrifugation (Ficoll-Hypaque
Density Media; Sigma-Aldrich, St. Louis, MO). Monocytes were
purified from PBMCs by using human CD14 microbeads according
to the manufacturer’s instructions (Miltenyi Biotec, Palo Alto, CA).
Monocytes were resuspended in RPMI medium 1640 (RPMI 1640
Medium; Invitrogen, Carlsbad, CA) containing penicillin–streptomycin (1%), glutamine (1%), heat-inactivated fetal bovine serum (FBS)
(10%), and heat-inactivated normal hamster serum (5%) (complete
medium), and seeded into 24-well plastic plates at a concentration of
1.0 3 106 cells/well and were cultivated for 7 to 8 additional days at
378C in 5% CO2 to promote their full differentiation into MDMs.17 The
MDMs were incubated for 4 hours with or without LPS (100 ng/mL;
Sigma-Aldrich) or PGN (5 lg/mL; Fluka Chemie GmbH, Buchs,
Switzerland). TLR-blocking experiments were performed using 20 lg/
mL anti-TLR2 (clone TL2.1) and 20 lg/mL anti-TLR4 (clone HTA125)
antibodies (functional grade, endotoxin-tested; eBioscience, San
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Lentivirus-Mediated Inhibition of NLRP3

Diego, CA) for 1 hour prior to the addition of PGN or LPS. The p38
inhibitor SB203580 and ERK1/2 inhibitor PD98059 (10 lM; SigmaAldrich) were added to cultures 30 minutes before PGN/LPS
stimulation. The following inhibitors were obtained from SigmaAldrich and used at the final concentrations: rotenone (10 lM) and
diphenyleneiodonium chloride (DPI) (5 lM).

The NLRP3-RNAi-LV and pGC-FU-RNAi-NC-LV as controls were purchased commercially (GeneChem, Shanghai, China). MDMs were
plated on 96-well plates at a density of 2 3 105 cells/mL, and infected
according to the user’s manual.

Flow Cytometric Analyses

Statistical Analysis

Mitochondrial mass was measured by fluorescence levels upon staining
(Mitotracker green and Mitotracker deep red; Invitrogen) at 50 nM for
30 minutes at 378C. Mitochondria-associated ROS levels were measured
by staining cells with a commercial stain (MitoSOX; Invitrogen) at 2.5
mM for 30 minutes at 378C. Cells were then washed with PBS solution
and resuspended in cold PBS solution containing 1% FBS for
fluorescence-activated cell sorting (FACS) analysis.
To investigate the expression of TLR2 and TLR4, MDMs were
incubated for 30 minutes at 48C with anti-human CD282 (TLR2)/
CD284 (TLR4) PE (eBioscience) and mouse IgG2a K Isotype Control PE
(eBioscience). Cells were then washed with PBS solution and
resuspended in cold PBS solution for FACS analysis.
Phosphospecific flow cytometry18 was used in the present study to
detect the JNK, ERK, and p38 protein phosphorylation levels. At the
end of the cell treatments, the cells were rapidly detached and fixed
immediately by adding 250 lL prewarmed fixation buffer (eBioscience). The cells were then incubated at 378C for 15 minutes
followed by washing twice with cold PBS by centrifugation at 500g for
5 minutes. Immediately after washing, the cells were permeabilized by
adding cold permeabilization buffer (eBioscience) and incubated for a
minimum of 30 minutes at 48C. Finally, the cells were washed twice
with PBS for 5 minutes by centrifugation at 500g and resuspended in
PBS at a concentration of 1 3 106 cells/mL. To each tube were added 20
lL anti-phospho-ERK1/2, 20 lL anti-phospho-p38, and 5 lL antiphospho-JNK antibody (BD Bioscience, San Diego, CA). Flow
cytometry was conducted on FACS Aria, and the data were analyzed
using commercial statistical software (FACSDiva Software; BD Bioscience).

Student’s t-test and one-way ANOVA were applied using commercial
software (SPSS17.0; SPSS Inc., Chicago, IL). Data are shown as mean 6
SD. Values of P < 0.05 were considered significant.

ELISA for IL-1b
The IL-1b level in the supernatants was measured with a commercial
ELISA kit (Human DuoSet ELISA Development Kit; R&D Systems,
Minneapolis, MN) according to the manufacturer’s protocols.

Real-Time Quantitative PCR Analysis
Total RNA was extracted with a commercial reagent (TRIzol;
Invitrogen) following the manufacturer’s instructions. RNA concentrations were determined with a commercial nano instrument (NanoDrop
Technologies, Wilmington, DE). The first-strand cDNA was synthesized
for each RNA sample using a commercial system (Superscript III
Reverse Transcriptase System; Invitrogen). Real-time quantitative PCR
was performed on a commercial PCR detection system (iCycler; BioRad Laboratories Ltd., Hertfordshire, UK) using a commercial kit
(Quanti Tect SYBR Green PCR Kit; Applied Biosystems, Foster City,
CA). The forward and reverse primers for b-actin were designed using
commercial software (Primer Premier Software; PREMIER Biosoft
International, Palo Alto, CA) as follows: b-actin forward, 5 0 -GGA TGC
AGA AGG AGA TCA CTG-3 0 and b-actin reverse, 5 0 -CGA TCC ACA CGG
AGT ACT TG-3 0 . The RNA of TLR2/4 was reverse transcribed and
amplified with the following primers (Qiagen, Valencia, CA): TLR2
forward, 5 0 -GGA GGC TGC ATA TTC CAA GG-3 0 and TLR2 reverse, 5 0 GCC AGG CAT CCT CAC AGG-3 0 ; TLR4 forward, 5 0 -AGT TTC CTG CAA
TGG ATC AAGG-3 0 and TLR4 reverse, 5 0 -CTG CTT ATC TGA AGG TGT
TGC AC-3 0 . For each sample, the relative abundance of target mRNA
was calculated from the obtained CDt values for both target and
endogenous reference gene b-actin by applying the following formula:
relative mRNA expression ¼ 2[CDt(b-actin)  CDt(target)].
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RESULTS
Increased Expression of TLR2 and TLR4 in MDMs
from Patients with Active BD
Real-time quantitative PCR analysis was performed to quantify
the expression of TLR2 and TLR4 transcripts among BD
patients, AAU patients, and healthy controls. The results
showed that the levels of TLR2 and TLR4 mRNA in MDMs
were significantly increased in active BD patients as compared
with inactive BD, AAU patients, and healthy controls (Figs. 1A,
1B). A similar result was also observed in the cell surface
expression of TLR2/4 by flow cytometry (Figs. 1C–F). There
was no difference concerning the RT-PCR results and flow
cytometric analysis results among inactive BD patients, AAU
controls, and healthy controls.

PGN and LPS Stimulate the Production of IL-1b by
MDMs
The increased expression of TLR2/4 in MDMs of active BD
patients raises a possibility that both TLRs could be involved
in this disease through interaction with their ligands, PGN
and LPS. Further experiments were therefore performed to
investigate the effects of their interaction on the production
of IL-1b, an important cytokine already proven to be involved
in IL-17 production and BD pathogenesis.19,20 The results
showed that the IL-1b production by MDMs in active BD
patients was significantly higher than that in inactive BD,
AAU patients, and healthy controls. Both PGN and LPS
significantly increased the production of IL-1b by MDMs in all
tested groups. However, the production of IL-1b by MDMs in
active BD patients was significantly higher than that in
inactive BD, AAU patients, and healthy controls after
stimulation with PGN or LPS. There was no difference
between inactive BD patients, AAU patients, or healthy
controls concerning the production of IL-1b with or without
PGN/LPS stimulation. Addition of anti-TLR2 and anti-TLR4
antibodies to the cultures showed that both antibodies could
significantly decrease the production of IL-1b by PGN/LPSstimulated MDMs in BD patients, AAU patients, and healthy
controls (Figs. 2A, 2B).

ROS from Mitochondria Are Involved in the
Production of IL-1b by PGN/LPS-Stimulated MDMs
It has been reported that IL-1b production by macrophages
could be induced by mitochondrial ROS.21 Further experiments were performed to investigate whether the increased IL1b by MDMs was due to mitochondrial dysfunction and
increased ROS production induced by the interaction of TLR2/
4 with their ligands. We first investigated the levels of
mitochondrial dysfunction and ROS production in BD patients,
AAU patients, and healthy controls. The result showed that the
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FIGURE 1. Increased expression of TLR2, TLR4 on MDMs from BD patients with active uveitis. MDMs from normal controls (n ¼ 10), AAU patients
(n ¼ 10), inactive BD patients (n ¼ 10), and active BD patients (n ¼ 10) were assessed. (A) Real-time PCR analysis of TLR2 mRNA expression. (B)
Real-time PCR analysis of TLR4 mRNA expression. (C, D) Flow cytometric analysis of TLR2 protein expression. (E, F) Flow cytometric analysis of
TLR4 protein expression. *P < 0.05, **P < 0.01.
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FIGURE 2. PGN and LPS stimulate the production of IL-1b by MDMs. MDMs from normal controls (n ¼ 10), AAU patients (n ¼ 10), inactive BD
patients (n ¼ 10), and active BD patients (n ¼ 10) were assessed. (A) MDMs were stimulated with PGN in the presence or absence of anti-TLR2
antibody for 4 hours. IL-1b in the supernatants was analyzed by ELISA. (B) MDMs were stimulated with LPS in the presence or absence of anti-TLR4
antibody for 4 hours. IL-1b in the supernatants was analyzed by ELISA. *P < 0.05, **P < 0.01.

percentage of dysfunctional mitochondria and ROS production
of MDMs in active BD patients was significantly higher than
that in inactive BD, AAU patients, and healthy controls. PGN
and LPS could significantly increase the percentage of
dysfunctional mitochondria and production of ROS of MDMs
from all tested groups. The percentage of dysfunctional
mitochondria and production of ROS in active BD patients
was significantly higher than that of inactive BD, AAU patients,
and healthy controls after stimulation with PGN or LPS. There
was no difference among inactive BD patients, AAU patients,
and healthy controls in the percentage of dysfunctional
mitochondria and ROS production of MDMs with or without
PGN/LPS stimulation (Figs. 3A, 3B). Further experiments using
anti-TLR2 and anti-TLR4 antibodies showed that both antibodies could significantly decrease the percentage of dysfunctional
mitochondria and the production of ROS by PGN/LPS-induced
MDMs in BD patients, AAU patients, and healthy controls (Figs.
3A, 3B).
We subsequently performed experiments to examine the
effect of mitochondrial dysfunction-driven ROS induced by
PGN/LPS on the production of IL-1b. The result showed that
rotenone and DPI, which promoted or inhibited mitochondrial
ROS generation,22,23 also significantly promoted or inhibited
the production of IL-1b by PGN/LPS-induced MDMs from all
groups (Fig. 3C). These data strongly suggested that ROS from
mitochondria are involved in PGN/LPS-induced IL-1b production by MDMs.
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NLRP3 Inflammasome Is Involved in the Induction
of ROS on IL-1b Production by PGN/LPS-Stimulated
MDMs
It has been reported that the NLRP3 inflammasome is involved
in the production of IL-1b.24 A further experiment with RNA
interference was performed to investigate whether the
aforementioned induction of ROS on IL-1b production was
mediated through NLRP3. Our results showed that NLRP3
small interfering RNA (siRNA) successfully reduced the
expression of NLRP3 in MDMs by >70% from all tested groups
(Figs. 4A, 4B). Further experiments showed that the production of IL-1b by PGN/LPS-stimulated MDMs from BD patients,
AAU patients, and healthy controls was significantly decreased
after NLRP3 was downregulated (Fig. 4C). Collectively, these
results show that the NLRP3 inflammasome is involved in the
induction of ROS on IL-1b production by PGN/LPS-induced
MDMs.

ROS Activates the NLRP3 Inflammasome through
P38 and ERK1/2 Activation
The aforementioned result revealed the involvement of the
NLRP3 inflammasome in the production of IL-1b. We further
examined whether ROS exerted its effect on the NLRP3
inflammasome in the tested patients and healthy controls
through the activation of mitogen-activated protein kinases
(MAPK). The result showed that upregulated phosphoryla-
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FIGURE 3. ROS from mitochondria are involved in PGN/LPS-induced IL-1b production by MDMs. MDMs from normal controls (n ¼ 8), AAU patients
(n ¼ 8), inactive BD patients (n ¼ 8), and active BD patients (n ¼ 8) were stimulated with PGN or LPS in the presence or absence of anti-TLR2
antibody or anti-TLR4 antibody for 4 hours. (A) Flow cytometric analysis of dysfunctional mitochondria in MDMs. (B) Flow cytometric analysis of
ROS production in MDMs. (C) ELISA of IL-1b production in the supernatants of MDMs stimulated with PGN or LPS in the presence or absence of
rotenone or DPI. *P < 0.05, **P < 0.01.

tion of P38 and Erk1/2 was observed in BD patients, AAU
patients, and healthy controls following stimulation with
PGN or LPS, although the levels of phosphorylated P38 and
Erk1/2 of MDMs were significantly higher in active BD
patients as compared with inactive BD patients, AAU
patients, and healthy controls. There was no difference
concerning JNK phosphorylation among the test groups with
or without PGN/LPS stimulation (Figs. 5, 6). A further
experiment was performed to explore whether PGN/LPS
activated P38 and Erk1/2 phosphorylation in MDMs was
mediated by ROS. An experiment with DPI, an inhibitor for
ROS, showed that it could significantly downregulate the
phosphorylation of P38 and Erk1/2 in MDMs from all groups
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(Fig. 7). A further experiment was performed to examine
whether the inhibitors for both P38 and Erk1/2 could block
the effect of ROS on the IL-1b production. The result showed
that SB203580 (P38 inhibitor) or PD98059 (ERK1/2 inhibitor) significantly inhibited the production of IL-1b, respectively. The combination of these two inhibitors led to a
stronger inhibitory effect on IL-1b production (Fig. 8).

DISCUSSION
In the present study, we showed a significantly increased
expression of TLR2 and TLR4 in MDMs from patients with
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FIGURE 4. NLRP3 inflammasome is involved in the induction of ROS
on IL-1b production by PGN/LPS-stimulated MDMs. (A) Human MDMs
transfected with GFP-labeled pGC-FU-RNAi-NC-LV were observed by
inverted fluorescent microscopy. (B) Real-time PCR analysis of NLRP3
expression in the MDMs transfected with siRNA or control siRNA. (C)
ELISA of IL-1b production in the supernatants of MDMs stimulated with
PGN or LPS after NLRP3 was downregulated by siRNA (n ¼ 8). nd, not
detectable. **P < 0.01.

active BD as compared with inactive BD, AAU patients, and
healthy controls. A significantly higher level of IL-1b was
observed in the supernatants of cultured MDMs with or
without stimulation with PGN/LPS in active BD patients
compared with inactive BD patients and controls. Furthermore, we found that ROS from mitochondria could activate the
NLRP3 inflammasome and, in turn, resulted in IL-1b production by MDMs. Experiments with inhibitors showed that ROS
activated the NLRP3 inflammasome through the activation of
P38 and Erk1/2. These results collectively suggest that TLR2
and TLR4 may be involved in the pathogenesis of BD by
upregulating the production of IL-1b via the ROS–NLRP3
inflammasome pathway.
Abundant evidence indicates that both infection and
immune response are involved in the pathogenesis of Behçet’s
disease.25–27 However, it is not clear how infection induces an
immune response and initiates the development of Behçet’s
disease. TLR2 and TLR4 have been suggested to be involved in
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this disease.12,13,15 In this study we tested whether an
abnormal expression of both TLRs correlated with disease
activity in BD patients. Our study showed that a higher
expression of these two TLRs both in the mRNA level and the
protein level was associated with BD activity. Furthermore, we
found that the correlation of higher expression of both TLRs
with disease activity was present only in BD, rather than in
AAU. These results suggest that an increased expression of
these two TLRs may be a unique phenomenon in active BD
patients. Our result is, by and large, consistent with an earlier
study by Do et al.28 They found an increased TLR2 expression
at both the mRNA level and the protein level and an increased
TLR4 expression at the mRNA level in monocytes from active
BD patients.
In view of the increased expression of TLR2 and TLR4 on
MDMs in active BD patients, we further investigated whether
upregulated TLR2 and TLR4 correlated with the expression
of IL-1b, an important cytokine involved in the differentiation
and proliferation of Th17 cells and BD pathogenesis.19,20 Our
results showed that an increased IL-1b level was present in
the supernatants of cultured MDMs in active BD patients.
This result identified an association of the increased
expression of TLR2 and TLR4 with upregulated IL-1b
production in active BD. Our further experiments showed
that the interaction of TLR2 or TLR4 with their ligands, PGN
and LPS, was able to induce IL-1b production by MDMs in all
the tested groups. This result is consistent with those
reported previously.29,30 Wiken et al.29 reported that the
interaction of TLR2 and PGN was able to stimulate
mononuclear cells from sarcoidosis patients to stimulate
the production of IL-1b and other proinflammatory cytokines. Ren et al.30 showed that interaction of TLR4 with LPS
promoted the production of IL-1b, TNF-a, and IL-6 by alveolar
macrophages through the MyD88 pathway and, in turn, lead
to lung inflammation. The in vitro results mentioned earlier
suggest that an upregulated IL-1b production induced by the
interaction of TLR2 or TLR4 with their ligands may play a
causative role in these diseases. This hypothesis would have
been supported by an analysis of circulating IL-1b levels in
the serum of active and inactive patients. Unfortunately, the
levels of IL-1b were below the detection limits of the assay
used. This is consistent with an earlier study.31 Although the
levels of IL-1b in the serum are not clear, a higher level
production of IL-1b in the synovial fluid from BD patients has
been reported.32 Furthermore, a recent pilot study using
XOMA 052 (gevokizumab), a recombinant humanized antiinterleukin 1b antibody, was shown to be effective and safe in
the treatment of BD patients with uveitis.20 All these data
support our in vitro data and suggest that IL-1b is involved in
the pathogenesis of BD and may offer a potential target for
the treatment of this disease.
It has long been known that ROS are predominantly
produced by mitochondria and play essential roles in the
immune response to invading pathogens. They have been
implicated in the pathogenesis of inflammatory diseases
including rheumatoid arthritis, multiple sclerosis, and thyroiditis.33–35 ROS are able to promote the production of a number
of proinflammatory cytokines, including IL-1b.21,36 In this
study we investigated the effect of ROS from mitochondria on
the production of IL-1b. The results showed a significantly
higher level of ROS from mitochondria in patients with active
BD patients as compared with inactive BD patients, AAU
patients, and healthy controls. Additionally, a higher production of IL-1b in association with a higher ROS level was noted
in active BD patients when exposed to PGN or LPS. The
experiment with a ROS promoter or inhibitor further
demonstrated the critical role of ROS in the induction of IL1b induced by the interaction of TLR2/TLR4 and their ligands.
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FIGURE 5. PGN induced P38 and ERK1/2 activation. MDMs from normal controls (n ¼ 8), AAU patients (n ¼ 8), inactive BD patients (n ¼ 8), and
active BD patients (n ¼ 8) were stimulated with PGN (5 lg/mL) at the time points indicated. The phosphorylation of MAPK was determined by flow
cytometry. (A) Representative histograms for phosphorylation of MAPK are shown at 15-minute post-PGN treatment. (B) MFI of phosphor-p38. (C)
MFI of phosphor-ERK1/2. (D) MFI of phosphor-JNK. Data are expressed as mean 6 SD. **P < 0.01.
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FIGURE 6. LPS induced P38 and ERK1/2 activation. MDMs from normal controls (n ¼ 8), AAU patients (n ¼ 8), inactive BD patients (n ¼ 8), and
active BD patients (n ¼ 8) were stimulated with LPS (100 ng/mL) at the time points indicated. The phosphorylation of MAPK was determined by
flow cytometry. (A) Representative histograms for phosphorylation of MAPK are shown at 15-minute post-LPS treatment. (B) MFI of phosphor-p38.
(C) MFI of phosphor-ERK1/2. (D) MFI of phosphor-JNK. Data are expressed as mean 6 SD. **P < 0.01.
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FIGURE 7. Effects of DPI on P38 and ERK1/2 activation. MDMs from normal controls (n ¼ 8), AAU patients (n ¼ 8), inactive BD patients (n ¼ 8), and
active BD patients (n ¼ 8) were stimulated with PGN (5 lg/mL) or LPS (100 ng/mL) in the presence or absence of DPI (5 lM) at the time points
indicated. (A) Representative histograms for phosphorylation of MAPK are shown at 15-minute post-PGN treatment. (B) Representative histograms
for phosphorylation of MAPK are shown at 15-minute post-LPS treatment. (C) MFI of phosphor-p38 with PGN treatment. (D) MFI of phosphorERK1/2 with PGN treatment. (E) MFI of phosphor-p38 with LPS treatment. (F) MFI of phosphor-ERK1/2 with LPS treatment. Data are expressed as
mean 6 SD. **P < 0.01.

In view of the aforementioned result, the question was
raised as to how ROS promoted the production of IL-1b. The
NLRP3 inflammasome has been shown to be a molecular
platform activated upon signs of cellular ‘‘danger’’ to trigger
innate immune defenses through the maturation of proinflammatory cytokines such as, for example, IL-1b.24 Strong
association of a number of human heritable and acquired
diseases with dysregulated inflammasome activity highlights
the importance of the NLRP inflammasome in regulating
immune responses.37 In this study we investigated whether
ROS from mitochondria could stimulate the production of IL1b through activation of the NLRP3 inflammasome. An
experiment with RNA interference showed that a downregulated NLRP3 inflammasome expression was associated with
decreased IL-1b production. Our observations are in agreement
with those reported by Zhou and colleagues.21 In an
experiment using an NLRP3 inflammasome-knock out in the
THP1 cell line, they failed to find the production of IL-1b upon
stimulation with LPS. Importantly, for the first time, our study
revealed that ROS was able to activate the NLRP3 inflammasome through the activation of P38, Erk1/2. Collectively, these
results suggest that ROS from mitochondria promoted the
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production of IL-1b by MDMs through activation of the NLRP3
inflammasome.
A limitation of our study is that we studied only BD patients
with ocular disease. BD is a systemic disease and there are BD
patient groups lacking ocular manifestations. Further studies
are needed to confirm whether our findings can be extrapolated to these other subgroups of BD. Another point of
discussion is whether the use of steroids may have influenced
our data. In our group of active BD patients, some patients had
used a low dose of systemic corticosteroids (<20 mg/d) in the
past 2 months. These patients had stopped using the drugs for
some days before visiting our clinic and we therefore assumed
that the effect of systemic corticosteroids on the immune
system in these patients was small. Despite the fact that in
some ‘‘active’’ patients corticosteroids may have affected our
data, there were still clear differences between these patients
and the ‘‘inactive’’ patients. Further studies are needed to
clarify the effect of low-dose corticosteroid use on the assays
performed in our study. In conclusion, our study revealed that
interaction of TLR2/4 with their ligands triggered IL-1b
secretion through ROS-NLRP3 inflammasome–dependent pathways is involved in the development of ocular BD, but not in
AAU. These results establish a potential correlation between
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FIGURE 8. Effects of SB203580 or PD98059 on the production of IL-1 b. MDMs from normal controls (n ¼ 8), AAU patients (n ¼ 8), inactive BD
patients (n ¼ 8), and active BD patients (n ¼ 8) were stimulated with PGN (5 lg/mL) or LPS (100 ng/mL) in the presence or absence of SB203580 (10
lM) or PD98059 (10 lM). (A) ELISA of IL-1b production in the supernatants of MDMs stimulated with PGN in the presence or absence of SB203580
or PD98059. (B) ELISA of IL-1b production in the supernatants of MDMs stimulated with LPS in the presence or absence of SB203580 or PD98059.
Data are expressed as mean 6 SD. *P < 0.05, **P < 0.01.

bacterial infection and the development of an autoinflammatory disease. Furthermore, our study provides a support to the
use of anti-IL-1b as a potential treatment for BD20; however, it is
not known whether other TLRs may also be involved in BD
pathogenesis. Our study investigated the activation of the
NLRP3 inflammasome through ROS only from mitochondria. It
is not clear whether activation of the inflammasome via other
pathways including ATP-sensitive ion channels38,39 is involved
in BD pathogenesis and more studies are needed to address this
issue.

References
1. Suzuki Kurokawa M, Suzuki N. Behçet’s disease. Clin Exp Med.
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