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ABSTRACT
Inflammation is a key contributor to various types of acute and chronic liver
disease. We recently reported that lack of Nur77, an orphan nuclear receptor,
contributes to the pathogenesis of inflammatory diseases including inflammatory
bowel disease and sepsis. However, whether Nur77 plays a critical role in liver
inflammation remains to be fully understood. Employing in vivo acute liver
inflammation model in wild-type (Nur77+/+) and Nur77-/- mice, we here found
that Nur77 deficiency dramatically increased the production of pro-inflammatory
cytokines and accelerated liver injury induced by poly (I:C)/D-GalN in Nur77-/- mice.
Mechanistically, Nur77 acts as a negative regulator of NF-κB signaling by inducing the
expression of ubiquitin-editing enzyme A20, a novel target gene of Nur77. Notably,
in inflammatory cells, overexpression of A20 enhanced, whereas knockdown of A20
by siRNA approach impaired, the inhibitory effect of Nur77 on poly (I:C)-triggered
inflammation. Collectively, our data suggest that the orphan nuclear receptor Nur77
plays a protective role in poly (I:C)-triggered liver inflammation by inducing A20, thus
making it a promising target for the prevention and treatment of liver inflammation.

(TNFα), interleukin-6 (IL-6), interferon beta (IFN-β) and
monocyte-chemoattractant protein-1 (MCP-1) [1]. These
inflammatory mediators can led to hepatocytic cell death
through activation of cell death signaling [1]. Despite
the great effort that has been made to understand the role
of inflammation in acute and chronic liver diseases, the
molecular mechanism underlying liver inflammation is not
completely understood.
Nur77 (also called NR4A1, TR3, or NGFI-B)
belongs to the NR4A subfamily of nuclear receptors and
plays important roles in the regulation of a wide array of
biological processes, including cell growth, differentiation,
and apoptosis [4–6]. Recent studies have implicated Nur77
in inflammatory and immune diseases. In particular,
Nur77 has been demonstrated to play a protective role
in atherosclerosis, sepsis, and airway inflammation

INTRODUCTION
Inflammation contributes to the pathogenesis of
acute and chronic liver diseases induced by different
etiologies, such as drug toxicity and viral infection
[1]. Excessive inflammatory response in the liver can
lead to liver injury, which destroys liver function in
the maintenance of homeostasis [2, 3]. In absence of
liver inflammation, the intrahepatic inflammatory cells
including macrophages, monocytes, and natural killer
(NK) cells remains roughly constant and activity levels
are normal [1]. However, strong liver inflammation
results in sudden increased recruitment of inflammatory
cells to the liver to initiate and drive inflammatory
response by producing proinflammatory cytokines
and chemokines, such as tumor necrosis factor alpha
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[7–9]. In experimental autoimmune encephalitis (EAE),
Nur77 expression in infiltrating monocytes and derived
macrophages plays a protective role in EAE, while Nur77
loss leads to accelerated and exacerbated EAE in mice
[10]. Recently, data from GWAS-based analysis and in
vitro and in vivo studies suggested that loss of Nur77
contributes to the pathogenesis of inflammatory bowel
disease (IBD) [11]. Genetic variants of Nur77 in patients
with ulcerative colitis (UC) and Crohn’s disease (CD) are
associated with low Nur77 expression, which can render
patients susceptible to colitis [11]. Nur77 is also shown
to be important to regulatory T cell (Treg) development.
Mice that are lacking all Nr4a receptors, including Nur77,
suffer lethal systemic autoimmunity [12].
Recent studies have provided important insight
into molecular mechanisms underlying Nur77 action in
inflammatory and immune diseases. Nur77, like other
members of nuclear receptor, functions in the nucleus
as a transcriptional factor to regulate its target genes
expression. For example, Nur77 inhibits norepinephrine
(NE) production by recruiting the corepressor CoREST to
the promoter of tyrosine hydroxylase (TH) gene, which
is critical to Nur77’s protective role in autoimmune
encephalomyelitis [10]. Nur77 suppresses endothelial
inflammation by binding directly to IκBα promoter to
induce expression [13]. Nur77 also has extranuclear effects
that regulate some inflammatory diseases. For example,
cytoplasmic Nur77 interacts with TRAF6 and can prevent
TRAF6's auto-ubiquitination and oligomerization and so
suppress NF-κB activation and pro-inflammatory cytokine
production [11]. Disruption of this interaction in mice
lacking Nur77 led to acceleration of inflammatory bowel
disease [11]. In this way, these studies suggest that Nur77
can exert its nuclear or cytoplasmic action to regulate the
development and progression of inflammatory diseases.
The role and molecular mechanism of Nur77 in liver
inflammation awaits further investigation.
A20, also known as TNFAIP3 (tumor necrosis factor
alpha-induced protein 3), has been shown to have the
activity of deubiquitinating enzyme (DUB) and functions
as a negative regulator of inflammatory signaling NFκB mainly through removing ubiquitin chains from
NF-kB essential transducer TRAF6 [14, 15]. Several
molecules have been identified to regulate A20 expression
by epigenetic, transcriptional and post-transcriptional
mechanisms. For examples, histone methyltransferase
Ash1l enhances A20 expression through inducing H3K4
methylation at the A20 promoter [16]. Orphan Nuclear
Receptor ERRα binds to A20's promoter region and
transcriptionally upregulates its expression [17]. The
RNA-binding protein RC3H1 inhibits A20 expression
through binding to A20 3'UTR [18]. However, it is
unknown whether and how orphan nuclear receptor Nur77
is involved in the regulation of A20 expression.
In this study, we assessed the essential protective
role of the orphan nuclear receptor Nur77 in poly (I:C)induced acute liver inflammation. Nur77 induced A20
www.impactjournals.com/oncotarget

expression by binding to its promoter, and it subsequently
inhibited NF-κB activity and so limited poly (I:C)induced acute liver inflammation. This study not only
reveals the important role of Nur77 in liver inflammation,
but also provides potential targets for future therapeutic
interventions.

RESULTS
Nur77-knockout (Nur77-/-) mice show increased
susceptibility to poly (I:C)/D-GalN-induced
acute liver inflammation
To explore the biological function of Nur77 in liver
inflammation, we induced acute liver inflammation in
mice by injection of poly (I:C)/D-GalN. These Nur77/mice exhibited a significant increase in inflammatory
infiltrates in hepatocytes and severe hepatocyte destruction
not observed in wild-type control mice (Figure 1A).
poly (I:C)/D-GalN injection also induced significant
hepatocyte cell death in Nur77-/- mice, as indicated by
PARP cleavage (Figure 1B). Consistently, Nur77-/- mice
showed a more exaggerated elevation of serum alanine
transaminase (ALT) and aspartate transaminase (AST)
than wild-type mice after poly (I:C)/D-GalN injection
(Figure 1C), indicating severe liver injury in Nur77/mice. Because proinflammatory cytokines are critical
pathological mediators of various inflammatory and
immune diseases, including acute liver inflammation
[19], we used qPCR to assess the expression of some
proinflammatory cytokines in the liver. As shown in
Figure 1D, there was more expression of TNFα, IL-6, and
IL-12 mRNA in liver tissues prepared from Nur77-/- mice
than in those from wild-type mice, while the expression of
interferon-β (IFN-β) was unchanged. Enhanced production
of proinflammatory cytokines by poly (I:C)/D-GalN in
Nur77-/- mice was also confirmed by our measurement of
levels of TNFa and IL-6 in serum from animals (Figure
1E). Taken together, these data indicate that Nur77
prevents the development of poly (I:C)-induced acute liver
inflammation.

Nur77 attenuates NF-κB activation in
macrophages and monocytes
Our recent work demonstrated that inflammatory
signaling of NF-κB is responsible for the pathogenesis
of inflammatory bowel disease (IBD) and hepatocellular
carcinoma (HCC) [11, 20]. We next addressed
whether Nur77 attenuates poly (I:C)-induced acute
liver inflammation by regulating NF-κB activation.
Interestingly, these results showed that overexpression
of Nur77 greatly impaired poly (I:C)-induced
phosphorylation and degradation of IκBα (Figure 2A).
However, peritoneal macrophage from Nur77-/- mice
showed more phosphorylation and degradation of IκBα
after poly (I:C) treatment than the peritoneal macrophage
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Effect of Nur77 on the expression of NF-κB
downstream target genes

from Nur77+/+ mice (Figure 2B). Consistently, Nur77
significantly inhibited nuclear translocation of p65
induced by poly (I:C) (Figure 2C). Overexpression of
Nur77 markedly suppressed NF-κB activation induced by
poly (I:C) in a dose-dependent way (Figure 2D), further
supporting the conclusion that Nur77 negatively regulates
the NF-κB inflammatory signaling pathway.

Upon activation of NF-κB signaling, phosphorylated
IκBα protein are polyubiquitinated and degraded by
proteasome, allowing NF-κB to rapidly move into the
nucleus and so regulate the expression of its target genes,

Figure 1: Nur77 attenuates poly (I:C)-induced acute liver inflammation. (A) H&E staining of liver from Nur77+/+ and Nur77−/−

mice 5 h after injection of poly (I:C) (6.25 mg/kg) and D-GalN (0.5 g/kg). Representative images are shown. Scale bars, 100 μM. Original
magnification, × 100. (B) Liver extracts were examined by Western blot analysis with antibody to cleaved PARP. Western blot analyses
were quantified via densitometry, and the mean ratios of the indicated protein from three independent experiments are shown at the bottom
of the figure. (C) ELISA assay of serum transaminase activity at 5 h after injection of poly (I:C)/D-GalN in Nur77+/+ and Nur77−/− mice.
Error bars represent mean ± s.d. *p < 0.05. (D) Expression of TNFα, IL-6, IL-12 and IFN-β mRNA was assessed by qPCR in the livers of
Nur77+/+ and Nur77−/− mice 3 h after treatment with poly (I:C)/D-GalN. Error bars represent mean ± s.d. from n=3 biological replicates.
*P < 0.05. (E) ELISA of the production of TNFα and IL-6 in serum from Nur77+/+ and Nur77−/− mice after intraperitoneal injection of poly
(I:C)/D-GalN for 5 hours. *P < 0.05.
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including multiple inflammatory cytokines [21]. Using
qPCR and ELISA assay, we observed that overexpression
of Nur77 in RAW264.7 cells largely impaired the effect
of poly (I:C) on inducing the expression of inflammatory
cytokines and chemokines, including TNFα, IL-6,
IL-12, MCP-1, and CXCL2 (Figure 3A), whereas
peritoneal macrophages from Nur77-/- mice exhibited
enhanced expression and production of the cytokines and
chemokines (Figure 3B, 3C). These data demonstrate that
Nur77 attenuates the expression of NF-κB downstream
target genes by inhibiting NF-κB activity.

overexpression of Nur77 significantly enhanced A20
expression at both mRNA (Figure 4A, left) and protein
(Figure 4A, right) levels. Conversely, the mRNA (Figure
4B, left) and protein (Figure 4B, right) levels of A20 were
more greatly attenuated in peritoneal macrophages from
Nur77-/- mice than in those from Nur77+/+ mice, suggesting
that Nur77 is involved in the regulation of A20 expression.
In addition, results further indicated that overexpression of
Nur77 markedly enhanced the expression of A20 induced
by poly (I:C) (Figure 4C). Similarly, poly (I:C) strongly
induced A20 expression in peritoneal macrophages
isolated from wild-type mice but not in Nur77-/- mice
(Figure 4D). This was consistent with in vivo observations
of the increased expression of A20 in liver tissues of
wild-type mice compared to those of Nur77-/- mice after
poly (I:C)/D-GalN injection (Figure 4E). These results
indicated that Nur77 is indispensable to the expression of
A20 induced by poly (I:C).
Given the fact that Nur77, like other nuclear
receptors, functions as a transcriptional factor to modulate

Nur77 transcriptionally enhances A20 expression
A20, a ubiquitin-editing enzyme, has emerged
as a critical NF-κB-negative regulator that functions
by removing ubiquitin chains from the NF-kB essential
transducer TRAF6 [14, 15]. We investigated the molecular
mechanism by which Nur77 negatively regulates
poly (I:C)-triggered NF-κB activation and found that

Figure 2: Nur77 inhibits poly (I:C)-induced NF-κB activation. (A, B) Western blot analysis of the indicated protein in Nur77overexpressed RAW264.7 cells (A) or Nur77+/+ and Nur77−/− peritoneal macrophages (MΦ) (B) treated with vehicle or poly (I:C) (20 μg/
ml). (C) Subcellular fractionation analysis of p65 expression in vehicle or poly (I:C)-treated RAW264.7 cells. Western blotting of β-actin
and Lamin B1 served as controls for the purity of cytoplasmic (C) and nuclear (N) fractions, respectively. (D) NF-κB luciferase reporter
activity was measured in vehicle and poly (I:C)-treated RAW264.7 cells.
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the expression of its target gene through binding to
their promoter regions [22–24]. We speculated that
Nur77 might bind A20 promoter region to enhance its
expression. To test this hypothesis, we cloned part of the
A20 promoter between -2000 bp and -1 bp to a luciferase
reporter system. The results showed that overexpression
of Nur77 significantly enhanced the luciferase activity of
A20 promoter in a dose-dependent manner (Figure 4F).
We performed further chromatin immunoprecipitation
(ChIP) assays to determine the ability of Nur77 protein to
bind to A20 promoter. The results revealed that Nur77 was
enriched at A20 promoter region in Nur77-overexpresssed
cells but not in vector-overexpressed control cells (Figure
4G). These data indicate that Nur77 enhances A20
expression through binding to A20 promoter.

phosphorylation and degradation of IκBα, which was
reversed to a considerable extent by silencing A20
expression in RAW264.7 cells (Figure 5A), suggesting
that A20 is involved in Nur77-mediated NF-κB signaling.
To further support this notion, we determined whether
A20 is involved in the regulation of NF-κB activity and
the regulation of the expression of its downstream target
genes by Nur77. Luciferase reporter assays showed
that overexpression of Nur77 substantially inhibited
the activation of NF-κB induced by poly (I:C), which
was greatly enhanced by A20 (Figure 5B). In contrast,
knockdown of A20 reversed the effects that ectopic
expression of Nur77 suppressed the activation of NFκB induced by poly (I:C) (Figure 5C). Consistent with
these results, the mRNA levels of the NF-κB downstream
target genes TNF-α and IL-6 were further impaired by
overexpression of A20 in Nur77-transfected RAW264.7
cells (Figure 5D). Conversely, expression of those
inflammatory cytokines were markedly elevated when
the expression of A20 was downregulated by siRNA in
Nur77-transfected RAW264.7 cells (Figure 5E). Together,
these results indicated that the inhibitory effects of Nur77
on the NF-κB activation are dependent on A20.

Nur77 suppresses NF-κB activation through a
A20-dependent pathway
The data given above indicate that A20 is a novel
target gene of Nur77. We next addressed whether the
regulation of NF-κB by Nur77 is dependent on A20.
Western blot analysis revealed that overexpression
of Nur77 significantly inhibited poly (I:C)-induced

Figure 3: Nur77 inhibits proinflammatory cytokine expression and production in vitro. (A, B) qPCR assay of the indicated
cytokine mRNA expression in (A) WT and Nur77-transfected RAW264.7 cells, or in (B) Nur77+/+ and Nur77−/− peritoneal macrophages
(MΦ) after 3 h of treatment with poly (I:C) (20 μg/ml). (C) ELISA assay of TNFα and IL-6 in supernatants of Nur77+/+ and Nur77−/−
peritoneal macrophages (MΦ) incubated for 24 hours with poly (I:C) (20 μg/ml). *P < 0.05 and **P < 0.01.
www.impactjournals.com/oncotarget

61029

Oncotarget

Figure 4: Nur77 transcriptionally enhances A20 expression in monocytes and macrophages. (A) qPCR assay (left) or

Western blot analysis (right) of A20 expression in Nur77-overexpressing RAW264.7 cells. (B) qPCR assay (left) or Western blot analysis
(right) of A20 expression in peritoneal macrophages from Nur77+/+ or Nur77-/- mice. (C, D) Western blot analysis of the indicated protein
in Nur77-overexpressed RAW264.7 cells (C) or Nur77+/+ and Nur77−/− peritoneal macrophages (MΦ) (D) treated with vehicle or poly (I:C)
(20 μg/ml). (E) Immunohistochemical staining of A20 in the liver tissues from of wild-type mice and Nur77-/- mice after poly (I:C)/D-GalN
injection. (F) The luciferase activity of A20 promoter was measured in RAW264.7 cells transfected with the increasing amount of Nur77.
(G) Binding of Nur77 to the A20 promoter by chromatin immunoprecipitation (ChIP) assay. ChIP assays were performed using anti-myc
tag antibody in the THP-1 cells transfected Myc-Nur77 or vector. Statistical significance was determined using a two-tailed, unpaired
Student's t-test. **P < 0.01.
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DISCUSSION

response and production of inflammatory cytokines and
hepatocyte cell death. Consistently, Lack of Nur77 in mice
was associated with increased risk of several inflammatory
diseases including atherosclerosis, inflammatory bowel
disease, and encephalitis [7, 10, 11]. In this way, these
data indicate that Nur77 may act as a suppressor in
inflammatory disease. We here further revealed that
inflammatory signaling NF-κB activation caused by
Nur77 deficiency in mice contributes to acute liver
inflammation. Increasing numbers of studies have revealed
that aberrant activation of NF-κB is a causative factor in
the development of inflammatory diseases, and many
proteins involve in regulation of this signaling [25–27].
In this study, we found that Nur77 is indeed involved in
NF-κB signaling in poly (I:C)-induced liver inflammation.
Ectopic expression of Nur77 greatly inhibited poly (I:C)induced NF-κB activation. Conversely, silencing Nur77

Increasing amounts of evidence suggest that
Nur77 plays protective roles in inflammatory disease.
Nur77 functions as a protective factor through different
mechanisms in different inflammatory diseases. For
example, Nur77 prevents atherosclerosis via regulation
of the polarization of macrophages [7], and it exerts a
protective effect against inflammatory bowel disease by
modulating Toll-like receptor (TLR) signaling [11]. Here,
we found that Nur77 inhibits acute liver inflammation by
transcriptionally regulating the ubiquitin-editing enzyme
A20, which subsequently inhibits NF-κB activation.
Employing in vivo acute liver inflammation model
in wild-type (Nur77+/+) and Nur77-/- mice, we found
that Nur77 deficiency resulted in acceleration of liver
inflammation as characterized by increased inflammatory

Figure 5: Inhibitory effect of Nur77 on poly (I:C)-activated NF-κB is dependent on A20 expression. (A) Western blot
analysis of the indicated protein in A20-sliencing RAW264.7 cells treated with vehicle or poly (I:C) (20 μg/ml). (B, C) Luciferase reporter
assay for measuring NF-κB activity in Nur77-overexpressing RAW264.7 cells (B) or A20-sliencing RAW264.7 cells (C) treated with
vehicle or poly (I:C) (20 μg/ml). Statistical significance was determined using a two-tailed, unpaired Student’s t-test. *P <0.05 and **P
< 0.01. (D, E) qPCR assay of the indicated cytokine mRNA expression in Nur77-overexpressed RAW264.7 cells (D) or A20-sliencing
RAW264.7 cells (E) treated with vehicle or poly (I:C) (20 μg/ml). Statistical significance was determined using a two-tailed, unpaired
Student’s t-test. **P < 0.01.
www.impactjournals.com/oncotarget
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expression in inflammatory cells markedly enhanced
the activity of NF-κB induced by poly (I:C). Consistent
with these findings, Nur77-knockout mouse models of
acute liver inflammation showed elevated expression
of pro-inflammatory cytokines. One important finding
reported here is the implication of the ubiquitin-editing
enzyme A20, a critical NF-κB-negative regulator, in the
inhibition of NF-κB by Nur77. Overexpression of A20
increased markedly, whereas silencing A20 expression
greatly impaired the inhibitory effect of Nur77 on NF-κB
signaling. These results suggest a requirement for A20 in
Nur77-mediated inflammatory signaling NF-κB.
Nur77 can act in the cytoplasm as a signal mediator
to regulate inflammatory disease. For example, Nur77
functions as a negative regulator of TLR-IL-1R signaling
via interaction with TRAF6 in the cytoplasm to protect
against the development of inflammatory bowel disease
and sepsis [11, 28]. However, Nur77 also functions
as a transcriptional factor in the nucleus to regulate
the expression of its target genes, including BRE,
Survivin, and GLUT4 [29–31]. We recently reported
that Nur77 could bind directly to the promoter of matrix
metalloproteinase (MMP)-9 and colony stimulating factor
1 receptor (CSF-1R) to regulate their expression [23, 24].
Furthermore, we here found that A20 is a novel target
gene of Nur77. Our results from luciferase and ChIP assay
suggested that Nur77 induces A20 expression through
binding to A20 promoter. However, we did not find a
potential Nur77 binding site within the region of A20
promoter between -2000 bp and -1 bp. Thus, these results
indicated that Nur77 indirectly binds to A20 promoter
and induces its expression, which might be mediated by
other molecules. The regulatory role of Nur77 on A20
expression is required for Nur77's anti-inflammatory
effect in liver inflammation. In an in vivo acute liver
inflammation model, the levels of A20 expression in liver
tissues from wild-type mice were significantly higher
than in Nur77-/- mice. In this way, Nur77 can exert both
transcriptional and extranuclear effects in inflammatory
disease, depending on the pathophysiological conditions.
In summary, we here uncovered an important
protective effect of Nur77 in poly (I:C)-induced acute liver
inflammation. It takes place through regulation of the NFκB inflammatory signaling pathway. We also found A20
to be a novel downstream target gene of Nur77. These
findings highlight a new therapeutic strategy for liver
inflammation, targeting Nur77.

against p65 and Myc-tag were purchased from Santa
Cruz Biotechnology. Rabbit antibody against IκBα was
purchased from Abcam. Mouse antibody against b-actin
was purchased from Sigma-Aldrich, and WesternBright
ECL regents were purchased from Advansta.

Cell culture and transfection
RAW264.7 and THP-1 cells were obtained from the
Cell Bank of the Chinese Academy of Sciences (Shanghai,
China) and were maintained in RPMI 1640 containing
10% fetal bovine serum. These cells were transfected with
the indicated vector or plasmid using Lipofectamin 2000.

Isolation of peritoneal macrophage
Nur77+/+ or Nur77-/- mice were intraperitoneally
injected with 4% thioglycolate (2 ml). After 3 d, using icecold DMEM to wash the peritoneal cavity and the cells
in the peritoneal exudates were isolated. Collected cells
were incubated at 37°C in a humidified atmosphere of 5%
CO2 and 95% air for 4 h, and adherent cells were taken as
peritoneal macrophages.

Cell lysis and fractionation
Cell
lysates
were
extracted
with
radioimmunoprecipitation assay lysis buffer (50 mM Tris–
HCl pH 7.4, 1% NP-40, 0.25% Na-deoxycholate, 150 mM
NaCl) containing protease inhibitor (Roche). For cellular
fractionation, cytoplasmic fraction was purified with cold
buffer containing 10mM HEPES-KOH (pH 7.9), 1.5 mM
MgCl2, 10mM KCl and 0.5 mM DTT. whereas nuclear
proteins were prepared by resuspended the pellets in cold
high-salt buffer containing 20mM HEPES-KOH (pH 7.9),
25% glycerol, 420 mM NaCl, 1.5 mM MgCl2, 0.2 mM
EDTA and 0.5 mM DTT.

Western blot

MATERIALS AND METHODS

Western blot was performed as recently described
[23, 32]. Briefly, whole cell extracts were prepared by
lysing the cells in ice-cold lysis buffer (50 mM Tris–
HCl pH 7.4, 1% NP-40, 0.25% Na-deoxycholate, 150
mM NaCl) containing protease inhibitor (Roche). Equal
amount of proteins were electrophoresed on 8%-10%
SDS-PAGE gel, and then the divided proteins were
transferred to a PVDF membrane (Millipore). Antibodies
against the indicated protein were used to detected their
expression.

Antibody and regents

RNA extraction and qPCR analysis

Lipofectamine 2000 and TRIZOL reagent were
purchased from Invitrogen. Rabbit or mouse antibodies
against A20, PARP and p-IκBα were purchased from
Cell Signaling Technology. Rabbit or mouse antibodies

Total RNA were extracted using Trizol LS
(Invitrogen), and cDNA was synthesized using
RevertAid™ First Strand cDNA Synthesis Kits
(Fermentas). qPCR was performed using Power SYBR®
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Statistical analysis

Green PCR Master Mix (TaKaRa, Japan). Normalization
was performed with β-actin. Specific primers with the
following sequences were used: A20 (Human), forward
5'-GTCCGGAAGCTTGTGGCGCT-3' and reverse 5'-CC
AAGTCTGTGTCCTGAACGCCC-C-3'; A20 (Mouse),
forward 5'-CAGTGGGAAGGGACACAACT-3' and
reverse 5'-GCAGTGGCAGAAACTTCCTC-3'; β-actin
(Human) forward 5'-CACCAACTGGGACGACATG-3'
and
reverse
5'GCACAGCCTGGATAGCAA
-C-3';
β-actin
(Mouse)
forward
5'-TGGAATCCTGTGGCATCCATGAAAC-3'
and
reverse 5'- TAAAACGCAGCTCAGTAACAGTCCG-3'.

Each assay was performed in three independent
experiments. Data were presented as mean ± s.d. The
Student t test (unpaired, two-tailed) was used to compare
two groups of independent samples. One-way ANOVA
was used for multiple comparisons. p < 0.05 was
considered statistically significant.

Abbreviations
TNFα, tumor necrosis factor alpha; IL-6,
interleukin-6; IL-12, interleukin-12; IFN-β, interferon
beta; MCP-1, monocyte-chemoattractant protein-1; qPCR,
quantitative PCR; Chip, Chromatin immunoprecipitation.

Luciferase reporter assay
RAW264.7 Cells were transfected with the pGL3A20-promoter-Luc reporter constructs, β-galactosidase
(β-gal) expression vectors and other relevant plasmids.
The luciferase activity was determined after transfection
for 36 h. β-gal activity served as internal control.
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