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Abstract—Baicalein shows anti-inflammatory effects in human rheumatoid arthritis fibroblast-like
synoviocytes (RAFLS). Considering its anti-proliferatory effects on various cancer cells, we invest-
igated the effects of baicalein on interleukin-1 beta (IL-1β)-induced proliferation of human RAFLS.
Cell proliferation was examined by 3H-thymidine incorporation assay. Western blot analysis was
performed to assess the phosphorylation of extracellular regulating kinase (ERK), p38, and c-Jun N-
terminal kinase, and nuclear translocation of nuclear factor kappa B (NF-κB) subunit p65. Notably,
baicalein significantly suppressed IL-1β-mediated RAFLS proliferation (P<0.05), along with
reduced ERK1/2 and p38 phosphorylation. The IL-1β-induced p65 nuclear translocation and NF-
κBDNA binding activity was significantly decreased by baicalein. Additionally, the inhibitory effects
of baicalein on IL-1β-induced proliferation of RAFLS were dose-dependently reversed by the
addition of recombinant macrophage migration inhibitory factory (MIF). Our results indicate that
baicalein inhibits IL-1β-induced RAFLS proliferation, which involves suppression of NF-κB
transcriptional activity and MIF-mediated signaling.

KEY WORDS: Interleukin-1 Beta (IL-1β); Rheumatoid Arthritis Fibroblast-Like Synoviocytes (RAFLS);
Macrophage Migration Inhibitory Factory (MIF); Nuclear Factor Kappa B (NF-κB); Mitogen-Activated Protein
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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic autoimmune
disease characterized by chronic synovitis and progressive
destruction of joint cartilage and bone [1]. The histological
characterization of RA joints is chronic inflammation with
hyperplasia of synovial lining cells [2]. Rheumatoid
arthritis fibroblast-like synoviocytes (RAFLS), located in
the lining of the joints, participate in all of the pathological
events of RA [3]. The imbalance between fibroblast-like
synoviocytes (FLS) proliferation and apoptosis confers to
RA synovial hyperplasia [4]. The aggressive proliferation
of FLSs in RA joints forms a pannus, which secret
inflammatory factors, such as cytokines, matrix metallo-
proteinases (MMPs), and cyclooxygenase-2 [1, 2].
Interleukin-1β (IL-1β) is thought as one of the most

important cytokines in the inflammatory responses in RA
through inducing proliferation of RAFLS and promoting
the secretion of MMPs and prostaglandin E2 by RAFLS
[5].

Macrophage migration inhibitory factor (MIF) is a
well-recognized cytokine in the regulation of immune and
inflammatory diseases, such as human rheumatoid arthritis
(RA) [6]. Produced by synovial macrophages and FLS and
enhanced in RA serum, synovial fluid, and FLS [6], MIF is
involved in most of the pathological processes of RA,
including synovial leukocyte recruitment, induction of
mitogen-activated protein kinase (MAPK) activation in
synoviocytes, impairment of synoviocyte apoptosis, activa-
tion of matrix metalloproteinase and cyclooxygenase
expression, and amplification of cytokines, including tumor
necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), inter-
leukin-1 (IL-1), and interleukin-8 [7]. All of these studies
suggested that MIF plays an important role in RA.

Baicalein (5,6,7-trihydroxy-2-phenyl-4H-1-
benzopyran-4-one), an active flavonoid extracted from the
root of Scutellaria baicalensis, has anticancer, antibacterial,
antiviral, and anti-inflammatory properties [8, 9]. Baicalein
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has been shown to inhibit cell proliferation and induce cell
apoptosis in different types of cancer [10–12]. Recent studies
showed that baicalein, together with ketorolac tromethamine,
inhibits the production of TNF-α, IL-6, and IL-1β in human
RAFLS [13]. In the present study, we sought to investigate
the effects of baicalein on the IL-1β-induced proliferation of
human RAFLS.

MATERIAL AND METHODS

Isolation

FLSs were obtained from the synovium of patients
undergoing joint replacement surgery, who fulfilled the
American College of Rheumatology Criteria for RA [14].
FLSs were as previously described [15]. Fresh synovial
tissues were chopped into fragments and digested with
1 mg/mL collagenase 1 (Sigma-Aldrich, St. Louis, MO,
USA) in phosphate-buffered saline (PBS). The resulting
cell suspension was filtered through a 70-μm cell strainer,
and cultured in 10-cm culture plates with Dulbecco’s
modified Eagle’s medium (DMEM; Invitrogen, Carlsbad,
CA) containing 10 % fetal calf serum (FCS; Invitrogen) at
37 °C in a 5 % CO2 humidified incubator. FLSs used in
this study were from 3–9 passages, and were morpholog-
ically homogeneous with typical fibroblastoid configura-
tion under inverse microscopy. The purity of FLSs was
measured by flow cytometry with fluorescein isothiocy-
anate-conjugated anti-CD3, phycoerythrin-conjugated
anti-CD90, and allophycocyanin-conjugated anti-CD14
mAb (BD Pharmingen, San Diego, CA). Informed
consent was obtained from all patients, and the study
protocol was approved by the Ethical Committee of the
97th Hospital of People’s Liberation Army.

Proliferation Assay

The effects of baicalein on IL-1β or MIF-induced
proliferation of RAFLS were determined by [3H]-
thymidine incorporation [6]. RAFLS were seeded at
5,000 cells/well in 96-well plates in DMEM/10 % FCS
complete medium for 12 h and then serum-deprived for
24 h. The cells were stimulated with human recombinant
IL-1β (0 or 0.1 ng/ml), baicalein (0, 10, 20, or 40 μM),
and/or human recombinant MIF (0, 12.5, 25, 50 ng/ml)
for 54 h prior to incubation with 1 μCi/ml [3H]-thymidine
(Shanghai Institute of Nuclear Research, Shanghai,
China) for another 18 h. Incorporated radioactivity was
counted with a liquid scintillation counter (Beckman
Coulter Inc., Brea, CA, USA).

Preparation of Nuclear Extracts

RAFLS with indicated treatments were collected and
ground with a mortar and homogenized. Protease inhibitor
cocktail (Sigma) was added and centrifuged at 2,000 r/min
for 30 s. Supernatant was incubated on ice for 5 min and
centrifuged at 5,000 r/min for 5 min. Pelleted nuclei were
resuspended in 50–100 μl of lysis buffer and incubated on
ice for 20 min. The lysed nuclei were transferred into a
microcentrifuge tube and centrifuged at 12,000 r/min for
15 min. The supernatant was collected and stored at −80 °C.

Western Blot Analysis

RAFLS (5×105) cultured in 60-mm dishes were
starved in serum-free medium overnight and incubated
with IL-1β (10 ng/ml) for 30min in the presence or absence
of baicalein (20 μm). The cells were subsequently washed
twice in PBS and incubated with 50-μl lysis buffer
(20 mmol/l Tris-Cl [pH 8.0], 150 mmol/l NaCl, 1 mmol/l
EDTA, 1 % Triton X-100, 20 μg/ml chymostatin, 2 mmol/l
phenylmethylsuphonyl fluoride, 10 μmol/l leupeptin, and
1 mmol/l 4-[2-aminoethyl] benzenesulfonyl fluoride).
RAFLS were scraped by a rubber policeman before
another 50-μl lysis buffer was added. The cells were
transferred into a microcentrifuge tube, incubated with lysis
buffer on ice for 30 min and centrifuged at 14,000 rpm for
15 min. The supernatant was collected for protein
concentration analysis by a Bio-Rad Protein Assay Kit
(Bio-Rad, Hercules, CA, USA). Twenty micrograms of
total protein extract were boiled in 5×loading buffer
(Laemmli sample buffer) for 5 min and separated by 12 %
SDS-PAGE and transferred to a nitrocellulose membrane
(Amersham, Arlington Heights, IL, USA). The membranes
were blocked with 5 % nonfat milk in Tris-buffered saline
with Tween 20 (TBST) (10 mmol/l Tris-Cl [pH 8.0],
150 mmol/l NaCl, 0.05 % Tween 20). The blots were
probed with the primary antibodies for phosphorylated
extracellular regulating kinase (ERK) 1/2 (p-ERK1/2), total
ERK 1/2, phosphorylated p38 (p-p38), total p38,
phosphorylated c-Jun N-terminal kinase (p-JNK), total
JNK, nuclear factor kappa B (NF-κB), subunit p65, and
histone (Cell Signaling Technology, Beverly, MA, USA)
for 1 h. Blots were washed with 1×TBST for three times
and incubated with secondary antibodies coupled with
horseradish peroxidase. Immunoreactive proteins were
visualized by an enhanced chemiluminescent detection
system (Amersham Biosciences). Blots were scanned on
the Fluor-S MAX MultiImager (Bio-Rad), and signal
intensities were densitometrically determined by Quantity
One image software (Bio-Rad).
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Electrophoretic Mobility Shift Assay

Five×106 RASFs were stimulated with IL-1β (5 ng/
ml) in the presence or absence of baicalein for 1 h. Cells
were collected and washed with cold PBS. Nuclear extracts
were prepared and used for analyze the activation of NF-κB
and AP-1 by a gel mobility shift assay [16]. An
oligonucleotide containing NF-κB binding site (5′-
CCGGTTAACAGAGGGGGCTTTCCGAG-3′) or AP-1
binding site (5′-CGCTTGATGAGTCAGCCGGAA-3′)
was synthesized and used as a probe. These two probes
were annealed and labeled with [γ32P]-dATP. Labeled-

oligonucleotides incubated with 10 mg of nuclear extracts,
and binding buffer (10mMTris–HCl, pH 7.6, 500mMKCl,
10 mM EDTA, 50 % glycerol, 100 ng poly (dI-dC), 1 mM
dithiothreitol) for 30 min at room temperature in a final
volume of 20 ml. The reaction mixtures were examined by
electrophoresis on 4 % polyacrylamide gels. The gels were
then dried and examined by autoradiography. Specific
binding was controlled by competition with a 100-fold
excess of cold NF-κB or AP-1 oligonucleotide.

Statistical Analysis

Statistical analysis was carried out by SPSS.11
software (SPSS, Chicago, IL, USA). Data are expressed
as means ± SD. All P values were calculated using one-
way analysis of variance followed by the Tukey test. A
value of P<0.05 was considered significant.

RESULTS

Baicalein Inhibits IL-1β-Induced Proliferation
of RAFLS

IL-1β stimulation significantly enhanced the growth of
RAFLS compared with control cells (Fig. 1; P<0.01).

Fig. 1. The effects of baicalein on IL-1β-stimulated proliferation of human
RAFLS. RAFLSwere seededwithDMEM/10%FCS complete medium for
12 h and starved for another 24 h. RAFLS were stimulated with human
recombinant IL-1β (0.1 ng/ml) and baicalein (0, 10, 20, or 40 μm) for 54 h
prior to incubation with 1 μCi/ml [3H]-thymidine. Data are expressed as
mean ± SD of six separate experiments. cpm counts per minute. *P<0.05,
**P<0.01 versus indicated control.

Fig. 2. The effects of baicalein on IL-1β-induced MAPK signaling pathways. Human RAFLS were starved in serum-free medium overnight and stimulated
with IL-1β (10 ng/ml) for 30 min in the presence or absence of baicalein (20 μm). The cells were collected and subjected to Western blot analysis for the
phosphorylation of ERK1/2, p38 and JNK. Representative blots are shown in the left panels. Quantitative analysis of the phosphorylation of ERK1/2, p38 and
JNK are shown in the right panels. Data are expressed as mean ± SD of three separate experiments. **P<0.01 versus indicated control.
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Baicalein had no obvious effect on the proliferation of
RAFLS with IL-1β treatment at the concentration of 10 μM

(Fig. 1; P>0.05). However, 20 μMof baicalein significantly
attenuated IL-1β-enhanced proliferation of RAFLS (P<
0.05). Fortymicrometers of baicalein did not provoke further
suppression of IL-1β-induced proliferation of RAFLS.

Baicalein Decreases IL-1β-Mediated Phosphorylation
of ERK and p38 in RAFLS

IL-1β treatment markedly increased the phosphoryla-
tion levels of ERK 1/2, p38 and JNK (Fig. 2). Baicalein
significantly decreased IL-1β-induced phosphorylation of
ERK 1/2 (P<0.01) and p38 (P<0.01), but not JNK (Fig. 2).

Baicalein Attenuates IL-1β-Induced NF-κB DNA
Binding Activity

IL-1β treatment enhanced the translocation of NF-κB
p65 subunit into the nucleus of RAFLS (Fig. 3a; P<0.01)
and increased the NF-κB DNA binding activity (Fig. 3b),
which were markedly suppressed by baicalein. IL-1β
stimulation also led to a substantial increase in the AP-1
DNA binding activity (Fig. 3c). Baicalein had no effects on
IL-1β-stimulated AP-1 DNA binding activity (Fig. 3c).

Baicalein Attenuates IL-1β-Induced NF-κB DNA
Binding Activity

Figure 4a showed that MIF stimulation markedly
enhanced the proliferation of RAFLS (Fig. 4a; P<0.01).
The proliferation of RAFLS stimulated by MIF was
suppressed dose-dependently by baicalein (Fig. 4a).
Figure 4b showed that baicalein profoundly inhibited IL-
1β-mediated RAFLS proliferation (P<0.05), which was
reversed by MIF treatment in a dose-dependent manner
(Fig. 4b).

DISCUSSION

In the present study, we found that baicalein
exhibited inhibitory effects on IL-1β-induced RAFLS

Fig. 3. The effects of baicalein on IL-1β-induced activation of NF-κB
and AP-1 signaling pathways. Human RAFLS were incubated with IL-
1β (5 ng/ml) in the presence or absence of baicalein for 1 h. Cells were
collected and washed with cold PBS. Nuclear extracts were prepared and
used for analyze the activation of NF-κB by Western blot analysis (a)
and EMSA (b), and the activation of AP-1 by EMSA (c). a Nuclear
translocation of NF-κB subunit p65 was measured by Western blot an-
alysis. Representative blots are shown in the left panels. Quantitative
analyses of the expression of p65 in nucleus are shown in the right
panels. CO cold oligonucleotide. Data are present as mean ± SD of three
independent experiments. **P<0.01 versus indicated control.

R
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proliferation. Baicalein decreased the phosphorylation of
ERK1/2 and p38, attenuated NF-κB p65 translocation
into the nucleus and lowered NF-κB DNA binding
activity in IL-1β-stimulated RAFLS. Interestingly,
baicalein-mediated suppressive effects on IL-1β-induced
RAFLS proliferation were recovered dose-dependently
by MIF, indicating that baicalein inhibits IL-1β-induced
RAFLS growth through dampening MIF signaling
pathway. Our results indicate that baicalein shows
therapeutic potential in RA.

IL-1β is one important cytokine involved in the
pathogenesis of inflammatory synovitis joint destruction
[5, 17]. It has been suggested that IL-1β induces the
proliferation of RAFLS, which plays a pivotal role in the
physiopathology of RA via participating in inflammation
and joint destruction [5]. Meanwhile, IL-1β level has
been shown to be enhanced in synovial fluid and sera of
patients with RA [18]. IL-1β inhibition has been
suggested as one possible strategy for RA treatment
[19–22]. In the present study, we found that baicalein-
inhibited IL-1β-induced proliferation of RAFLS. Yang et
al. showed that ketorolac baicalein in combination with
tromethamine decreases the levels of inflammatory

factors in human synoviocytes [13]. Both results indicate
that baicalein possesses therapeutic potency for RA
treatment.

IL-1β, as an important factor for the induction of cell
growth, acts at least partially through the activation of
NF-κB and MAPKs signal transduction pathways [23].
NF-κB and MAPKs participate in the inflammation and
destruction of joints in RA [24]. MAPKs have been
suggested to play a critical role in the pathogenesis of RA
[23]. Three major MAPK family members are JNK, ERK,
and p38 kinase [25], which are expressed in cultured
RAFLS and readily activated by IL-1β [26]. To define the
mechanisms of how baicalein inhibits IL-1β-induced
RAFLS proliferation, the activation of MAPKs and NF-
κBwas measured. Our data showed that baicalein inhibits
IL-1β-induced NF-κB activation and phosphorylation of
ERK, p38, but not JNK. Accumulating evidence has been
suggested that MAPKs or NF-κB inhibition attenuates
synovial inflammation, bone destruction, and cartilage
damage in animal models of arthritis [24, 27]. Thus, the
inhibition of IL-1β-mediated NF-κB activation and
phosphorylation of ERK, p38 by baicalein indicates that
baicalein might be a potential therapeutic approach for

Fig. 4. The effects of baicalein on MIF-stimulated proliferation of human RAFLS. RAFLS were seeded with DMEM complete medium for 12 h and
starved for another 24 h. a RAFLS were stimulated with human recombinant MIF (50 ng/ml), and baicalein (0, 10, 20, or 40 μm) for 54 h prior to
incubation with 1 μCi/ml [3H]-thymidine. b The cells were stimulated with human recombinant IL-1β (0.1 ng/ml), baicalein (20 μm), and human
recombinant MIF (0, 12.5, 25, 50 ng/ml) for 54 h prior to incubation with 1 μCi/ml [3H]-thymidine. Data are expressed as mean ± SD of six separate
experiments. cpm counts per minute. *P<0.05, **P<0.01 versus indicated control.
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RA treatment. IL-1β has been demonstrated to activate
AP-1 via activation of MAPKs [28]. IL-1β-stimulated
activation of AP-1 was also assessed in baicalein-treated
RAFLS. Consistent with the effects of baicalein on the
phosphorylation of JNK, baicalein did not show overt
effects on AP-1 DNA binding activity.

MIF exerts proinflammatory effects on RAFLS and
regulates RA synovial hyperplasia by acting directly and
via the involvement in the effects of IL-1β and TNF-α [6].
The effects of MIF on RAFLS proliferation and activation
are dependent on MAPKs/ERK signaling pathway [6]. It
has been suggested that MIF antagonism has an important
therapeutic potential in RA [6]. We analyzed the effects of
baicalein on MIF-induced proliferation of RAFLS. We
found that baicalein suppressed MIF-induced RAFLS
proliferation. Interestingly, addition of MIF significantly
reversed baicalein-mediated proliferation-inhibitory effects
on IL-1β-stimulated RAFLS (P<0.01), which indicates
that MIF inhibition might confer baicalein-mediated
suppression of IL-1β-induced RAFLS growth. Our results
suggested thatMIF inhibition might be another mechanism
for baicalein-mediated inhibition of RAFLS proliferation.

TNF-α is an important mediator in the pathogenesis of
RA [29]. High levels of TNF-α in RA synovium play an
important role in the synovial hyperplasia of RA by
suppressing apoptosis and promoting proliferation of
synoviocytes through activation of NF-κB and MAPK
pathways [29, 30]. In the present study, we found that
baicalein decreased IL-1β-mediated RAFLS proliferation
through inhibition of NF-κB and MAPK/ERK/p38 signal-
ing pathways. It would be very interesting to investigate the
effects of baicalein on TNF-α-mediated RAFLS prolifera-
tion and activation of NF-κB and MAPK signaling
pathways. As the ability of IL-1β and TNF-α to induce
RAFLS proliferation is dependent on MIF [6], it is also
worth exploring the role of baicalein on MIF signaling
pathway in TNF-α-stimulated RAFLS.

Our data revealed that baicalein inhibits IL-1β-
induced RAFLS proliferation through inactivation of NF-
κB, lowering the phosphorylation of MAPK/ERK/p38
and inhibition of MIF signaling pathway.
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