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Abstract The pseudo-tumoral expansion of fibroblast-
like synoviocytes is a hallmark of rheumatoid arthritis
(RA), and targeting rheumatoid arthritis fibroblast-
like synoviocytes (RAFLSs) may have therapeutic
potentials in this disease. Andrographolide, a
diterpenoid compound isolated from the herb
Andrographis paniculata, has been reported to have
potent anti-inflammatory activity. In the present study,
we aimed to investigate the effects of andrographolide
on human RAFLSs and the underlying molecular
mechanism(s). RAFLSs were isolated from patients
with RA and treated with or without various concen-
trations (i.e., 10, 20, and 30 μM) of andrographolide
for 48 h. 3-[4,5-Dimethyl-2-yl]-2,5-diphenyl tetrazo-
lium bromide assay revealed that andrographolide
treatment decreased the proliferation of RAFLSs in a
dose-dependent manner. Cell cycle analysis using
propidium iodide (PI) staining showed a G0/G1 cell
cycle arrest in andrographolide-treated RAFLSs.
Immunoblotting analysis of key cell cycle regulators
demonstrated that andrographolide treatment caused a
dose-dependent increase in the expression of cell-
cycle inhibitors p21 and p27 and a concomitant
reduction of cyclin-dependent kinase 4. Exposure to
andrographolide-induced apoptosis of RAFLSs

measured by annexin V/PI double staining, which
was coupled with promotion of cytochrome C release
from mitochondria and activation of caspase-3.
Moreover, andrographolide-treated RAFLSs dis-
played a significant decrease in the Bcl-2/Bax ratio
compared to untreated cells. In conclusion, our data
demonstrate that andrographolide exerts anti-growth
and pro-apoptotic effects on RAFLSs, thus may have
therapeutic potential for the treatment of RA.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disease
characterized by synovial hyperplasia and cartilage
degradation (Firestein 2003). The aggressive front of
synovial tissue, termed pannus, invades and destroys
the local articular structure (Firestein 2003; Pope
2002). The pannus is mainly composed of fibroblast-
like synoviocytes (FLSs) combined with a massive
infiltration of lymphocytes and macrophages. FLSs in
patients with RA (RAFLSs) differ substantially from
normal FLSs; the former undergo a distinct set of
morphological and biological changes to acquire an
aggressive, invasive phenotype commonly associated
with transformed cells (Firestein 1996). RAFLSs can
grow in an anchorage-independent manner in soft
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agarose (Lafyatis et al. 1989) and have the capacity to
attach to and deeply invade the articular cartilage in a
mouse model of RA (Müller-Ladner et al. 1996). It is
well established that activated FLSs play an important
role in the pathogenesis of RA through release of
proinflammatory cytokines and matrix-degrading
enzymes (Pap et al. 2000). Targeting RAFLSs is thus
believed to exert therapeutic effects on RA.

Andrographolide is a diterpenoid lactone isolated
from an herbaceous plant Andrographis paniculata.
This compound is known to possess strong anti-
inflammatory and antiviral properties (Bao et al. 2009;
Chen et al. 2009; Li et al. 2009). Andrographolide
attenuates allergic asthma via inhibition of the nuclear
factor-kappaB (NF-κB) signaling pathway (Bao et al.
2009). Andrographolide also has anti-cancer activity.
It has been reported that andrographolide inhibits cell
viability and induces apoptotic cell death in both
androgen-stimulated and castration-resistant human
prostate cancer cells through interfering with the
interleukin-6-mediated signaling (Chun et al. 2010).
Manikam and Stanslas (2009) found that androgra-
pholide exhibits strong growth inhibitory activity in
acute promyelocytic leukemia NB4 cells. Recently, a
prospective randomized placebo-controlled trial has
suggested that A. paniculata is effective for symptom
relief in patients with RA (Burgos et al. 2009). In
view of these findings, here we investigated the
effects of andrographolide on RAFLSs and the
potential molecular mechanism(s) involved.

Materials and methods

Antibodies and reagents

Primary antibodies used for immunoblotting analysis
were as follows: antibodies against Bax (1:1,000,
#5023), Bcl-2 (1:1,000, #2872), and cleaved
caspase 3 (1:1,000, #9661) were purchased from
Cell Signaling Technology (Beverly, MA, USA);
anti-cyclin-dependent kinase (Cdk)4 (1:500, sc-
56277), anti-p27 (1:500, sc-53906), anti-p21
(1:500, sc-469), anti-cytochrome C (1:500, sc-
65396), and β-actin (1:2000, sc-130301) were pur-
chased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA); anti-pro-caspase-3 (1:100, ab13586) was
obtained from Abcam (Cambridge, MA, USA). Horse-
radish peroxidase-linked secondary antibodies were

obtained from Santa Cruz Biotechnology. Anti-CD3-
PE (#555340), anti-CD14-FITC (#555397), anti-CD19-
APC (#555415), and anti-CD90-FITC (#555595) were
purchased from BD Biosciences (San Diego, CA,
USA). Andrographolide and 3-[4,5-dimethyl-2-yl]-2,5-
diphenyl tetrazolium bromide (MTT)@ were purchased
from Sigma (St. Louis, MO, USA).

Isolation and culture of RAFLSs

The study protocol was approved by the Ethics
Committee of Huazhong University of Science and
Technology (Wuhan, China). Fibroblasts were isolat-
ed from synovium obtained from 15 patients with RA
(Arnett et al. 1988) who had undergone total joint
replacement surgery. The main clinical characteristics
of the RA patients are indicated in Table 1. The 15
patients were randomly divided into 3 subsets (n=5
for each subset), and synovial tissues collected from
each subset were pooled together prior to the isolation
of FLSs. Fresh synovial tissues were chopped into
fragments of less than 1 mm, washed extensively in
sterile phosphate-buffered saline (PBS), and digested
with 1 mg/mL collagenase 1 (Sigma) in PBS for 2 h
at 37°C under continuous agitation. The resulting cell
suspension was filtered through a 70 μm cell strainer,
and cultured in 75 cm2 culture flasks with Dulbecco’s
modified Eagle’s medium (DMEM; Invitrogen,
Carlsbad, CA, USA) containing 10% fetal calf
serum (FCS; Invitrogen) and antibiotics (100 U/mL
penicillin, 100 μg/mL streptomycin) at 37°C in an
atmosphere of 5% CO2. The culture medium was
replaced every 3 days. When confluent, cells were
passaged at 1:3 dilutions. The cells were morphologi-
cally homogeneous and exhibited the appearance of
synovial fibroblasts, with typical bipolar configuration

Table 1 Clinical characteristics of the RA patients (n=15)

Clinical variables

Male/female (n) 3/12

Mean age (years), mean (±SD) 60 (±9)

Body mass index (kg/m2), mean (±SD) 21.5 (±2.8)

CRP (mg/dl), median (range) 2.0 (0.4–9.0)

RF positivity, % 73

RF (IU/ml), median (range) 170 (65–800)

Prednisolone (mg/day), median (range) 4.5 (3.0–7.5)

CRP C-reactive protein, RF rheumatoid factor
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under inverse microscopy. Flow cytometric analysis
confirmed the isolated RAFLSs as a homogeneous
population (>95% CD90, <2% CD14, <1% CD19, and
<1% CD3 positive). Cells at passages 3–6 were used in
the following experiments, and each experiment was
repeated three times with different pools of RAFLSs.

Cell treatment

RAFLSs were starved with serum-free DMEM
medium for 24 h. Following starving, the cells at
approximately 60–80% confluence were cultured in
10% FCS–DMEM medium with or without various
concentrations (10, 20, and 30 μM) of andrographolide.
After incubation for 48 h, cells were collected and
subjected to the following assays.

MTT assay

Cell viability was analyzed using the MTT assay.
Briefly, cells were seeded in 96-well plates to a final
concentration of 1×104 cells/well for 24 h. The cells
were untreated or treated with varying concentrations
of andrographolide for another 48 h as described
above. Then, 20 μL of 5 mg/mL solution of MTT in
PBS was added to each well. The plates were
incubated for 4 h at 37°C. The precipitate was
solubilized in dimethyl sulfoxide and the resulting
formazan product was spectrophotometrically quanti-
fied at a wavelength of 540 nm with reference at a
wavelength of 690 nm. The effect of andrographolide
on cell viability was assessed as percent cell viability
compared to untreated control cells, which were
arbitrarily assigned 100% viability.

Cell cycle analysis

Cell cycle analysis was done by measuring DNA
content using flow cytometry. Cells seeded in 6-well
plates at a density of 2×105 cells per well were
treated with or without different concentrations of
andrographolide for another 48 h as described above.
After the treatments, the cells were fixed, permeabi-
lized, and stained with propidium iodide (PI; Sigma).
DNA content was determined using FACSCalibur
Flow Cytometer (Becton Dickinson, San Jose, CA,
USA).

Apoptosis assay

Apoptosis was determined by flow cytometry with the
Annexin V-FITC Apoptosis Detection Kit I (BD
Biosciences) according to the manufacturer’s instruc-
tions. Cells were seeded in 6-well plates (2×105 cells/
well), and after a 24 h incubation, the cells were
incubated with different concentrations of androgra-
pholide for another 48 h as described above. After the
treatments, the cells were harvested and stained with
5 μl annexin V-FITC and 10 μl PI at room
temperature for 15 min in the dark. The stained cells
were analyzed immediately by flow cytometry. Early
apoptotic cells were defined as positive for annexin V-
FITC but negative for PI staining.

Preparation of whole cell and cytosolic extracts

For preparation of whole cell extracts, cells were
lysed in lysis buffer containing 1% sodium dodecyl
sulfate (SDS), 0.1 mM phenylmethylsulfonyl fluoride
(PMSF), and complete protease inhibitors (Roche,
Mannheim, Germany). The lysates were centrifuged
at 13,000×g for 15 min and the supernatants were
frozen at −80°C until use. For preparation of cytosolic
extracts, cells were suspended in five volumes of ice-
cold extraction buffer containing 20 mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES)/KOH (pH 7.5), 1.5 mM MgCl2, 1 mM
EDTA, 1 mM dithiothreitol (DTT), 0.1 mM PMSF
and complete protease inhibitors. After homogeniza-
tion, cell lysates were centrifuged at 1,000×g to
discard nuclei and unbroken cells. The supernatant
was centrifuged at 13,000×g for 15 min at 4°C to
remove mitochondrial pellets. The remaining super-
natant was collected as the cytosolic fraction and
stored at −80°C until analysis. Protein concentrations
were measured by the Bradford protein assay kit (Bio-
Rad; Hercules, CA, USA) following the manufac-
turer’s instructions.

Western blot analysis

Equal amounts (20 μg) of protein samples prepared as
above were resolved by SDS–polyacrylamide gel
electrophoresis and transferred onto nitrocellulose
membranes. After blocking in 5% fat-free milk for
1 h at room temperature, membranes were incubated
with primary antibodies followed by appropriate
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secondary antibodies. Immunoreactive proteins were
visualized using an enhanced chemiluminescent de-
tection system (Amersham Biosciences; Piscataway,
NJ, USA). Blots were scanned on the Fluor-S MAX
MultiImager (Bio-Rad), and signal intensities were
densitometrically determined using QuantityOne im-
age software (Bio-Rad).

Caspase-3 activity assay

Intracellular caspase-3 activity was assessed by a
caspase-3 colorimetric assay kit (Clonetech; Palo
Alto, CA, USA) following the manufacturer’s instruc-
tions. Cells seeded in 6-well plates (2×105 cells/well)
were treated with or without andrographolide for
another 48 h as described above. Cells were collected
and resuspended in lysis buffer containing 50 mM
HEPES, pH 7.4, 0.1% CHAPS, 1 mM DTT, 0.1 mM
EDTA, and 0.1% Triton X-100. Cell lysates were
centrifuged at 12,000×g for 10 min at 4°C. The
supernatants were incubated with the reaction buffer
containing 2 mM Ac-DEVD-pNA (used as the
caspases 3 substrate) for 1 h at 37°C. The negative
control reaction did not contain the conjugated
substrate. Caspase activity was determined by mea-
suring the absorbance at 405 nm.

Statistical analysis

Data are expressed as means±standard deviation.
Statistical analysis was done using one-way
analysis of variance with the Tukey’s post hoc
test. P values less than 0.05 were considered as
significant.

Results

Andrographolide inhibits cell proliferation
and induces cell cycle arrest in RAFLSs

To assess the effect of andrographolide on cell
proliferation, RAFLSs were treated with various
concentrations of andrographolide for 48 h. The
MTT assay revealed that andrographolide treatment
significantly decreased the proliferation of RAFLSs in
a dose-dependent manner (Fig. 1a). Cell cycle
analysis showed that andrographolide treatment
resulted in a dose-dependent decrease in the

proportion of cells in S and G2/M phases and a
concomitant increase in the percentage of cells in G0/
G1 phase (Fig. 1b). An approximate 30% elevation in
the G0/G1 phase population and an over 50%
reduction in the S- and G2/M phase fractions were
seen in andrographolide (30 μM)-treated RAFLSs.
These data indicates that andrographolide causes a
G0/G1 cell cycle arrest in RAFLSs.

It is well-known that Cdk4 and Cdk inhibitors (p21
and p27) play crucial roles in the regulation of cell
cycle progression (Harper et al. 1993; Kamura et al.
2004; Blain 2008). We next checked whether androg-
rapholide had an influence on their expression levels.
Immunoblotting analysis revealed that exposure to
andrographolide caused an accumulation of p27 and
p21 and a concomitant reduction of Cdk4 in compar-
ison with untreated cells (Fig. 1c), confirming the cell
cycle regulation by andrographolide.

Andrographolide induces apoptosis in RAFLSs

Next, we ascertained the effect of andrographolide on
apoptosis of RAFLSs. As shown in Fig. 2, there was a
concentration-dependent increase in the percentage of
early apoptotic cells (defined as annexin V-positive
and PI negative) in andrographolide-treated RAFLSs.
Cells that were both annexin V- and PI-positive are
late apoptotic cells. We found that high concentrations
of andrographolide (20 and 30 μM) also caused a
marked elevation in the late apoptotic population,
further supporting proapoptotic activity of the
compound.

Bcl-2 family proteins are important regulators of
apoptosis (Adams and Cory 1998, 2001). The
family comprises both antiapoptotic (e.g., Bcl-2) and
proapoptotic proteins (e.g., Bax) with opposing
biological functions. To explore the involvement of
the Bcl-2 family members in apoptosis induced by
andrographolide, the expression levels of both Bcl-2
and Bax were analyzed by Western blotting. As
illustrated in Fig. 3, andrographolide treatment dimin-
ished the Bcl-2 expression and increased the Bax
expression. The Bcl-2/Bax ratio was significantly
decreased in andrographolide-treated RAFLSs com-
pared to untreated cells (P<0.01). These results
suggest that andrographolide may exert growth
inhibitory effects on RAFLSs through induction of
apoptosis.
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Andrographolide promotes cytochrome C release
and caspase-3 activation

Caspases are a family of cysteinyl aspartate-specific
proteinases that play key roles in apoptosis (Nicholson
and Thornberry 1997). Among them, caspase-3 is of
particular interest since it is commonly activated by a

number of apoptotic stimuli and has a variety of
substrates (Porter and Jänicke 1999). To get more
insight into the mechanism by which andrographolide
induces apoptosis, we examined the expression and
activity of caspases-3 in andrographolide-treated cells.
Western blot analysis revealed that andrographolide
treatment caused a concentration-dependent increase

Fig. 1 Andrographolide inhibits human RAFLS proliferation
through inducing G0/G1 arrest. RAFLSs were untreated or treated
with different concentrations of andrographolide (10, 20, and
30 μM) for 48 h and were subjected to cell proliferation and cell
cycle analysis as described in Materials and methods. a Androg-
rapholide treatment interfered with the proliferation of RAFLSs
in a dose-dependent manner. The results are expressed in terms
of the percentage of untreated cells. Each point represents the
mean±SD of three independent experiments. *P<0.05, **P<
0.01 relative to untreated cells. b Analysis of the cell cycle

distribution of andrographolide-treated RAFLSs. Results are
representative of one experiment from three separate experi-
ments with similar results. c Western blot analysis of p27 and
Cdk4 in andrographolide-treated RAFLSs. Andrographolide
treatment increased p27 expression and decreased Cdk4
expression in a dose-dependent manner. Representative blots
of three independent experiments are shown in left panels. Bar
graphs (right panels) depict densitometric analysis of the
Western blots. Results are expressed relative to untreated cells
set as 1. *P<0.05, **P<0.01 relative to untreated cells
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in the amount of cleaved caspases-3 in RAFLSs
(Fig. 4a). The caspase-3 activity detected by the
degradation of a fluorogenic substrate was signifi-
cantly elevated in andrographolide-treated cells
(P<0.01 relative to untreated cells; Fig. 4b).

One mechanism of caspase-3 activation involves
cytochrome C, which is released from the mitochondria
into the cytoplasm during apoptosis (Green and Reed
1998; Budihardjo et al. 1999). We also investigated
the effect of andrographolide on cytochrome C
release. Western blot analysis of the cytosolic fraction
of andrographolide-treated RAFLSs revealed that

andrographolide treatment resulted in a dose-
dependent accumulation of cytochrome C (Fig. 4a).
Taken together, these results suggest that androgra-
pholide induces apoptotic death in RAFLSs, at least
partially, through the release of cytochrome C from
the mitochondria resulting in caspase-3 activation.

Discussion

Accumulating evidence indicates that FLSs are key
players in the pathogenesis of RA (Müller-Ladner et

Fig. 3 Andrographolide treatment decreases the Bcl-2/Bax
ratio in RAFLSs. RAFLSs treated with different concentrations
of andrographolide for 48 h were assessed for Bcl-2 and Bax
protein expression. a Shown are representative Western blots of

three independent experiments. β-Actin was used as a loading
control. Bar graphs b depict quantitative analysis of the Bcl-2/
Bax ratio. **P<0.01 relative to untreated cells

Fig. 2 Andrographolide
induces apoptosis in human
RAFLSs. RAFLSs were
treated with different
concentrations of androgra-
pholide for 48 h and
analyzed by annexin-V-
FITC/PI double staining. a
Shown are representative
flow cytometry dot plots of
andrographolide-treated
RAFLSs. Bar graphs b
represent the average
percentage of apoptotic cells
in each treatment group.
**P<0.01 relative to
untreated cells
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al. 2007; Lefèvre et al. 2009). They actively drive
inflammation and contribute to joint destruction by
producing inflammatory cytokines and matrix-
degrading molecules. RAFLSs have thus been pro-
posed as therapeutic targets for this disease. In this
study, we showed that andrographolide treatment
inhibited the proliferation of RAFLSs in a dose-
dependent manner, which is associated with induction
of a G0/G1 arrest and apoptotic death. An increase of
p21 and p27 expression and a concomitant decrease
of Cdk4 expression were seen in andrographolide-
treated cells. Exposure to andrographolide facilitated
the release of cytochrome C from mitochondria and
activation of caspase-3. Moreover, andrographolide-
treated cells displayed a significant reduction in the
Bcl-2/Bax ratio. Our data collectively suggest the
therapeutic potential of andrographolide in RA.

Andrographolide is a diterpenoid lactone isolated
from a traditional herbal medicine A. paniculata. It
exhibits potent anti-inflammatory and anti-cancer

activities (Bao et al. 2009; Li et al. 2009; Manikam
and Stanslas 2009; Chun et al. 2010). This compound
has been found to exert growth inhibitory effects on a
variety of types of tumor cells (Cheung et al. 2005; Ji
et al. 2007; Shi et al. 2008). Here, we extended these
findings to show that andrographolide also had
suppressive effects on RAFLS proliferation and
induced a cell cycle arrest at the G0/G1 phase.
Moreover, andrographolide-treated cells displayed
the deregulation of cell cycle regulators p27, p21,
and Cdk4. Upregulation of p27 is linked to induction
of a G0/G1 cell cycle arrest through its interaction
with cyclin–Cdk complexes (Toyoshima and Hunter
1994). Nah et al. (2009) reported that the activation of
p27 and p21 contributes to the antiproliferative action
of melatonin in RAFLSs. These observations provide
a mechanistic explanation for the modulation of cell
cycle distribution of RAFLSs by andrographolide.

Defective apoptosis of RAFLSs has been linked to
the synovial hyperplasia associated with RA (Hayashi

Fig. 4 Andrographolide treatment promotes cytochrome C
release and caspase-3 activation in RAFLSs. RAFLSs treated
with indicated concentrations of andrographolide for 48 h were
subjected to Western blot analysis and caspases-3 activity assay.
a Immunoblotting analysis of cytosolic cytochrome C and
cleaved caspas-3 in andrographolide-treated RAFLSs. Detec-
tion of pro-caspase-3 was used to control for caspase-3
cleavage. β-Actin was used as loading controls. Representative
blots of three independent experiments are shown in left panels.

Bar graphs (right panels) depict densitometric analysis of the
Western blots. Results are expressed relative to untreated cells
set as 1. **P<0.01 relative to untreated cells. b Caspases-3
activity assay. Andrographolide treatment increased caspase-3
activity in human RAFLSs in a concentration-dependent
manner. Data are expressed as fold induction of caspase-3
activity relative to that in untreated cells (assigned as 100%).
*P<0.05, **P<0.01 compared to untreated cells
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et al. 2007; García et al. 2009, 2010). Induction of
RAFLS apoptosis therefore represents a new ap-
proach for the prevention of joint destruction. It has
been reported that an anti-rheumatic drug hydroxy-
chloroquine at concentrations of 10–100 μM can
facilitate the apoptosis of rheumatoid synoviocytes
(Kim et al. 2006). High concentrations of simvastatin,
i.e., 1.0–50 μM, were found to cause prominent
apoptosis in RAFLSs in a dose-dependent manner
(Yokota et al. 2008). Liagre et al. (2004) demonstrat-
ed that 40 μM diosgenin, a plant steroid, provokes
marked apoptosis in human RAFLSs. Andrographo-
lide has been documented to be an effective apoptosis
inducer. It induces mitochondrial-mediated apoptosis
in lymphoma cells through caspase cascades (Yang et
al. 2010). Yang et al. (2009) showed that androgra-
pholide enhances 5-fluorouracil-induced apoptosis via
caspase-8-dependent mitochondrial pathway involv-
ing p53 participation in hepatocellular carcinoma
cells. Notably, we found that andrographolide at
concentrations of >20 μM caused apoptotic death in
RAFLSs. Moreover, there was an increased release of
cytochrome C from mitochondria and activation of
caspase-3 in andrographolide-treated RAFLSs. Cyto-
chrome C, a component of the mitochondrial electron
transfer chain, initiates caspase activation when
released from mitochondria during apoptosis. The
release of cytochrome C activates the apoptotic
protease activating factor, Apaf-1, which then initiates
a protease cascade resulting in the activation of
caspase-3 (Jiang andWang 2004). The present findings
suggest that andrographolide triggers apoptosis in
RAFLSs, likely via the cytochrome C-mediated
caspase activation. Nevertheless, it is still unclear to
what extent the caspase-3-dependent pathway is
involved in the apoptotic cell death caused by
andrographolide. Further studies are needed to define
the detailed apoptotic pathways involved. Lu et al.
(2011) showed that andrographolide acts as a novel
NF-κB inhibitor. This compound was reported to
induce apoptosis in B16F-10 melanoma cells by
inhibiting NF-κB-mediated Bcl-2 activation and
modulating p53-induced caspase-3 gene expression
(Pratheeshkumar et al. 2011). These findings raise the
possibility that deregulation of the NF-κB singling
cascade may be responsible for the effects of
andrographolide on RAFLSs. We will address this
possibility in future work. It is also of interest to
determine whether andrographolide would have

beneficial effects when combined with existing
anti-rheumatic agents such as methotrexate (Cutolo
et al. 2001) and tumor necrosis factor blockers
(Saleem et al. 2010).

The release of cytochrome C and cytochrome C-
mediated apoptosis are controlled by the two oppos-
ing members of the bcl-2 family, Bcl-2, and Bax. Bcl-
2 interferes with the release of cytochrome C and thus
caspase activation (Kluck et al. 1997), while tran-
siently expressed Bax localizes to mitochondria and
induces the release of cytochrome C, activation of
caspase-3, membrane blebbing, nuclear fragmenta-
tion, and cell death (Rossé et al. 1998). Notably, we
found that andrographolide treatment markedly de-
creased the Bcl-2 expression and increased the Bax
expression in RAFLSs. The Bcl-2/Bax ratio was
significantly diminished in andrographolide-treated
RAFLSs in a concentration-dependent manner. These
results partially explained the elevated cytochrome C
production induced by andrographolide. However, the
exact mechanism by which andrographolide modu-
lates the Bcl-2/Bax ratio remains to be further
elucidated. There is growing evidence that androgra-
pholide has potent anti-inflammatory activity (Bao et
al. 2009; Li et al. 2009). Since FLSs are key effector
cells in RA by producing cytokines that mediate
inflammation and cartilage destruction (Bartok and
Firestein 2010), it is of interest to address whether
andrographolide would affect the cytokine release of
RAFLSs.

In summary, our data show that andrographolide
treatment inhibits the proliferation of human
RAFLSs through induction of a cell cycle arrest
at the G0/G1 phase and enhances cytochrome C-
mediated apoptosis.
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