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Triptolide protects bone against destruction by targeting RANKL-mediated
ERK/AKT signalling pathway in the collagen-induced rheumatoid arthritis.
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Abstract
Rheumatoid Arthritis (RA) is a chronic autoimmune disease characterized by the inflammatory
synovitis and the destructive cartilage and bone. Triptolide is a biologically active component purified
from the Chinese herbal plant Tripterygium wilfordii Hook F (TWHF), which has presented benefits for
the treatment of RA. In the current study, we investigated therapeutic effects of Triptolide in collageninduced rheumatoid arthritis rat model. Administration of Triptolide (30 μg/kg) was used to treat
Collagen-Induced Arthritis (CIA) rat model by the subcutaneous injection of bovine type II collagen.
Our data demonstrated the triptolide treatment significantly reduced inflammatory cytokines including
IL-1β, TNF-α, IL-17 and IL-8 in serum in experimental rats. Results demonstrated that triptolide
treatment reduced the expression of angiogenic activators Vascular Endothelial Growth Factor (VEGF),
Toll-like receptor 2 (Tie2), Angiogenin-1 (Ang-1) and Angiogenin-2 (Ang-2) in synovial cells in
experimental rats. Potential mechanism analyses triptolide treatment inhibited expression levels of
receptor activator of NF-κB (RANK) ligand (RANKL), which further suppressed RANKL-induced
expression and phosphorylation of ERK and AKT at protein levels. Histological analysis showed that
triptolide treatment decreased immune cell infiltration and suppressed bone destruction that
contributed to attenuation of arthritis severity in CIA rats. In conclusion, these results indicate that
triptolide treatment not only inhibits inflammatory cytokines, but also possess anti-angiogenic effect in
RA both in vivo and in vitro experiments through down-regulation of RANKL-mediated ERK/AKT
signalling pathway, which contributes to understand molecular mechanism mediated by triptolide in the
progression of RA.
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Introduction
Rheumatoid Arthritis (RA) is one of complicated arthritis
diseases caused by various factors, such as environmental, drug
stimulation, and genetic factors [1]. RA presents an intractable
autoimmune disease that is characterized overactive immune
system and synovial inflammation in clinical patients which
further leads to cartilage and synovial injury [2,3]. Reports
have showed that RA will ultimately result in irreversible joint
destruction and severe disability due to non-effective
treatments [4,5]. Notably, inflammatory cytokines and
vascularisation markers are important pathological factors in
progression of rheumatoid arthritis, which may be significant
impact not only on chronic inflammation but also on acute
inflammatory processes for RA therapy [6,7].
Currently, a large numbers of therapeutic strategies for RA
patients in clinic including non-steroidal anti-inflammatory
drugs, disease modifying antirheumatic drugs, steroid and
biological response modifiers, which could inhibit
inflammation and angiogenic activators to relieve RA
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progression and further preventing the subsequent damage of
joint [8,9]. Evidences have suggested that Chinese herbal plant
triptolide plays important role in the treatment of RA by
regulation of inflammatory cytokines through regulation of
different signal pathways [10,11]. Yao et al. have suggested
that triptolide could inhibit expression of COX-2 and iNOS in
human rheumatoid arthritis synovial fibroblasts that contributes
to repair of articular cartilage by suppressing the activity of
NF-kappa B [12]. In addition, the important role of MEK/ERK
MAP kinase pathway has been identified to confirm the
potential proinflammatory mechanisms in a mouse model of
rheumatoid arthritis [13]. However, triptolide-mediated
RANKL-mediated ERK/AKT signal pathway has not been
investigated in collagen-induced rheumatoid arthritis.
Given the potential application of triptolide for the treatment of
autoimmune and inflammatory diseases, we investigated the
inflammation inhibiting function and potential molecular
mechanism in synovial cells in CIA-induced RA rat. Our
analyses researched benefits of joint swelling, periosteal new
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bone formation, articular bone erosion, and osteopenia after
treatment with triptolide compared to dexamethasone and NaCl
groups. Findings suggest that triptolide may be a potential
agent for the treatment of RA.

Materials and Methods
Ethic statement
This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals. All experimental protocols and animals
were performed in accordance with National Institutes of
Health and approved by Committee on the Ethics of Animal
Experiments Defence Research. All surgery and euthanasia
were made to minimize suffering.

Animal study
Six-eight weeks old male SD rat were purchased from
commercial company (Shanghai SLAC laboratory animals Co.
Ltd). All rats were identified by ear punching and used to
establish CIA-induced (100 mg/kg) RA rat model according to
previous report [14]. The rats were divided into three groups
and given a normal schedule and free access to a standard diet
and water. On day 7 after model establishment, rats were
received treatment with triptolide (30 μg/kg, Sigma Aldrich
Co., St. Louis, MO, USA), DEX (10 mg/kg, Sigma Aldrich
Co., St. Louis, MO, USA) and the same volume of NaCl by
subcutaneous injection. Treatments were continued seven times
at an interval of 4 day. All rats were sacrificed on day 32 for
histological analysis. Clinical RA scores were evaluated using
a scale of 0-10 as previously described [15].

Cells and reagents
Synovial cells were isolated from experimental rats and
cultured in DMEM medium (Gibco, CA, USA) supplemented
with 10% Fetal Bovine Serum (FBS) (Invitrogen, CA, USA).
Cells were cultured in a 37°C humidified atmosphere of 5%
CO2.

Transfection of small interference RNA (Si-RNA)
All siRNAs were synthesized by Invitrogen (Shanghai, China)
including Si-RNA-RANKL (Si-RANKL) or Si-RNA-vector
(Si-vector). Synovial cells (1 × 106) were transfected with 100
pmol of Si-RANKL for silencing RANKL (Applied
Biosystems) with Si-RNA-vector as control (Applied
Biosystems) by using a Cell Line Nucleofector kit L (Lonza).

Endogenous overexpression of RANKL
Synovial cells were cultured until 85% confluence and the
media was then removed from cultural system. Synovial cells
were then transfected by pedue6.4-RANKL using lipfectamine
2000 (Sigma-Aldrich). Stable RANKL-overexpression
synovial cells were selected by GS screening system [16].
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ELISA
For protein detection assay, ELISA kits (R&D, Bio-Techne
China Co. Ltd) were used to determine mouse IL-17 (DY421,
Bio-Techne China Co. Ltd), TNF-α (P01375, Bio-Techne
China Co. Ltd), IL-8 (D8000C, Bio-Techne China Co. Ltd) and
IL-1β (201-LB, Bio-Techne China Co. Ltd) serum levels. The
procedures were conducted according to the manufacturer’s
instructions. The final results were recorded at 450 nm on an
ELISA plate reader.

Western blotting
Synovial cells were isolated from experimental rats and
homogenized in lysate buffer containing protease-inhibitor and
were centrifuged at 8000 rpm/min at 4°C for 10 min. The
supernatant of mixture were used for analysis of purpose
protein. The purpose protein expression levels were analysed
via SDS assays. For western blotting, primary antibodies were
added after blocking (5% skimmed milk) for 1 h at 37°C and
then incubating with HRP-connected second antibodies 24 h at
4 °C. The results were visualized by using chemi-luminescence
detection system.

Immunohistochemistry
Synovial tissues were from experimental rat were fixed by
using formaldehyde (10%) followed with embed in paraffin
and fabricated to tissue sections. Antigen retrieval was
performed in tissues sections and the sections were incubated
with primary antibodies targeting of CD31 (1:200, Vector
Laboratories (Burlingame, CA). Then, appropriate poly-HRP
anti-goat IgG secondary antibodies were applied for specimens
and specimens were visualized. A Ventana Benchmark
automated staining system was used for observation
lymphocytes infiltration.

Histopathologic analysis
The RA rats were sacrificed under pentobarbital anesthesia on
day 32 and the raw joints were separated and ﬁxed in 10%
formalin. The joints were subsequently decalciﬁed and
embedded in parafﬁn. The raw joints from experimental rats
were stained with Haematoxylin and eosin (H and E). Cartilage
and bone destruction and the hyperplasia of synovial in CIA
rats were analysed by H and E staining. The severity of
arthritis in the joints was scored on a scale of 0-10 descripted
in previous study [17].

Statistical analysis
All date were expressed as mean and SD of triplicate
dependent experiments and analysed by using student t tests or
one-way ANOVA (Tukey HSD test). All data were analysed
using SPSS Statistics 19.0 and Graphpad Prism version 5.0.
*P<0.05 and **P<0.01 were considered statistical differences.
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Results
Triptolide treatment inhibits serum levels of
inflammatory cytokines in CIA-induced RA rat

and the hyperplasia of synovial in CIA rats (Figures 3C and
3D). Taken together, these results suggest that triptolide
treatment improves histopathological changes for CIA rats in
vivo.

Serum levels of inflammatory cytokines were investigated in
CIA-induced RA rat. We observed triptolide treatment
inhibited IL-1β serum levels were decreased compared to DEX
and NaCl groups (Figure 1A). Serum concentration levels of
TNF-α were down-regulated by triptolide in CIA-induced RA
rat (Figure 1B). Inflammatory cytokines of IL-17 and IL-8
were also significantly decreased by triptolide compared to
DEX- or Nacl-treated CIA rat (Figures 1C and 1D). These data
suggest that triptolide treatment significantly inhibits serum
levels of inflammatory cytokines in CIA-induced RA rat.

Figure 2. Triptolide down-regulates angiogenic activators in synovial
cells in CIA-induced RA rat. (A, B) Triptolide down-regulates protein
levels VEGF (A) and Tie2 (B) in synovial cells in experimental rats.
(C, D) Triptolide down-regulates protein levels Ang-1 (C) and Ang-2
(D) in synovial cells in experimental rats.

Figure 1. Triptolide treatment suppresses serum levels of
inflammatory cytokines in CIA-induced RA rat. (A) IL-1β serum
levels in CIA-induced RA rats after treatment with triptolide, DEX or
NaCl. (B) Serum concentration levels of TNF-α in RA rats after
treatment with triptolide, DEX or NaCl. (C-D) Triptolide treatment
suppresses inflammatory cytokines of IL-17 (C) and IL-8 (D) in
serum in experimental rats.

Triptolide treatment suppresses angiogenic activators
in synovial cells in CIA-induced RA rat
Angiogenic activators play essential role for the progression of
CIA-induced RA rat. Results demonstrated that triptolide
treatment inhibited protein levels VEGF and Tie2 were downregulated in synovial cells in experimental rats (Figures 2A and
2B). Expression levels of Ang-1 and Ang-2 were also
markedly decreased by 28-day triptolide treatment in CIAinduced RA rat (Figures 2C and 2D). Collectively, results
indicate triptolide treatment significantly suppresses
angiogenic activators in synovial cells in CIA-induced RA rat.

Figure 3. Triptolide improves severity of arthritis in synovial cells in
CIA-induced RA rat. (A) Representative photographs of tarsotibial
joint swelling of the hind paws in rats treated with triptolide, DEX or
NaCl. (B) Arthritis scores during the progression of RA treatment. (C)
Histology analyses inflammatory cells infiltration, cartilage and bone
destruction and the hyperplasia of synovial in CIA rats. (D)
Histological analyses of experimental rats were scored from 0 to 4
during the progression of RA treatment.

Triptolide improves severity of arthritis in synovial
cells in CIA-induced RA rat

Triptolide suppresses RANKL-mediated ERK/AKT
signal pathway in synovial cells in CIA-induced RA
rat

To further analyse the beneficial effects of triptolide treatment
on the progression of RA, CIA rat model was used to study the
in vivo efficacy. Results showed that triptolide treatment
significantly alleviated the severity of arthritis determined by
the arthritic scores of rats (Figures 3A and 3B). Histological
analyses showed that triptolide treatment inhibited the
inflammatory cells infiltration, cartilage and bone destruction

In order to analyse triptolide-mediated benefits for articular
cartilage repair, we investigated RANKL-mediated ERK/AKT
signal pathway in synovial cells in CIA-induced RA rat. Our
results demonstrated that triptolide treatment decreased
RANKL expression in synovial cells both in vitro and in vivo
(Figures 4A and 4B). Western blot showed that expression and
phosphorylation levels of ERK and AKT were decreased in
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synovial cells in triptolide-treated rats (Figures 4C and 4D).
Results showed that knockdown of RANKL (Si-RANKL)
suppressed expression and phosphorylation levels of ERK and
AKT in synovial cells (Figure 4E). Overexpression of RANKL
(pRANKL) abrogated triptolide-suppressed (TPpRANKL)
expression and phosphorylation levels of ERK and AKT in
synovial cells (Figure 4F). These data suggest that triptolide
can suppress RANKL-mediated ERK/AKT signal pathway in
synovial cells in CIA-induced RA rat.

Figure 4. Triptolide inhibits RANKL-mediated ERK/AKT signal
pathway in synovial cells in CIA-induced RA rat. (A) Triptolide
treatment decreases RANKL expression in synovial cells both in vitro
(A) and in vivo (B). (C-D) Triptolide down-regulates expression (C)
and phosphorylation (D) levels of ERK and AKT in synovial cells in
triptolide-treated rats. (E) Knockdown of RANKL (Si-RANKL)
abolishes triptolide-down-regulated (TPSi-RANKL) expression and
phosphorylation levels of ERK and AKT in synovial cells. (F)
Overexpression of RANKL (pRANKL) abrogates triptolide-suppressed
(TPpRANKL) expression and phosphorylation levels of ERK and AKT
in synovial cells.

Discussion
Reports have suggested that inflammatory cytokines and
angiogenic activators play essential role in the progression of
RA, which could lead to synovial injuries and joint diseases by
targeting of synovial cells [18-20]. Evidences also indicated
that administration of triptolide is beneficial for inhibition of
inflammatory response and presents anti-angiogenic effects in
RA by targeting angiogenic cascade and TREM-1 signal
pathway [21,22]. Notably, researches have indicated that
ERK/AKT signal pathway involves in the progression of
autoimmune-mediated
inflammatory
responses
and
proliferation and aberrant survival of activated immune cells,
macrophages, monocytes, dendritic cells and synovial
fibroblasts in synovium fluid in the development of RA
[23,24]. In this study, we explored therapeutic effects of
Triptolide for CIA-induced RA as well as potential molecular
mechanism in synovial cells in experimental rats. Our results
indicate that triptolide treatment not only inhibits inflammatory
cytokines, but also suppresses angiogenic activators in synovial
cells in CIA-induced RA rat. Findings have suggested that
triptolide treatment improves severity of arthritis by downregulation of RANKL-mediated ERK/AKT signal pathway in
synovial cells in CIA-induced RA rat.
Currently, inflammatory cytokines increase the cartilage and
bone destruction and the hyperplasia of synovial in CIA rats
[25]. IL-17 might play a crucial role in the pathogenesis of
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osteoarthritis and is closely related to joint pain and damages
[26]. Treatment with the first TNF inhibitor in rheumatoid
arthritis patients improves quality of life especially in young
patients with better baseline functional status by inhibition of
TNF-α content in synovial cells [27]. Meta-analysis has
showed that IL-1 and IL-8 serum levels were up-regulated in
patients with RA and down-regulation of IL-1 and IL-8 levels
contribute to decreasing of inflammatory infiltration for
synovial cells [28-31]. Our results demonstrated that triptolide
treatment down-regulates inflammatory cytokines of TNF-α,
IL-17, IL-1 and IL-8 in serum in CIA rats.
Up-regulation of angiogenic activators has been found in
patients with RA. Malemud et al. have showed that VEGF
involves in rheumatoid arthritis and have also been implicated
in aberrant synoviocyte proliferation and apoptosis resistance
in adult RA [32]. Saber et al. indicate that Tie2 could induce
angiogenesis and invasion through the Tie2 signalling pathway
in rheumatoid arthritis, which may be a potential target for
understanding the mechanisms involved in the pathogenesis of
RA [33]. Strunk et al. have showed that angiogenin can be
regarded as potential target molecular and anti-inflammatory
treatment could decrease in patients with rheumatoid arthritis
[34]. Our investigations have showed that triptolide treatment
down-regulates angiogenic activators of VEGF, Tie2, Ang-1
and Ang-2 in serum in CIA rats, which further decreases
infiltrating inflammatory markers on synovial cells.
Previous studies have indicated that blocking ERK-1/2 reduces
tumor necrosis factor alpha-induced interleukin-18 bioactivity
in rheumatoid arthritis synovial fibroblasts [35], and AKT
activity is stimulated in rheumatoid arthritis and normal
fibroblast-like synoviocytes in response to tumor necrosis
factor alpha [36]. In addition, inhibition of the inflammatory
responses in rheumatoid arthritis fibroblast-like synoviocytes
through regulating the Raf/ERK and PTEN/AKT signals
contribute to synovial repair [37]. Furthermore, RANKL is
over-expressed in the synovium of RA and serum RANKL
levels associate with anti-citrullinated protein antibodies in
early untreated rheumatoid arthritis and are modulated
following methotrexate [38,39]. In this study, our data indicate
that triptolide treatment decreases severity of arthritis through
observing histopathological changes via down-regulation of
RANKL-mediated ERK/AKT signal pathway in CIA-induced
RA rat.
In conclusion, findings in this study indicate that triptolide
treatment may possess anti-inflammation and anti-angiogenic
effects as well as inflammatory cells infiltration, cartilage and
bone destruction and the hyperplasia of synovial in CIA rats
both in vivo and in vitro assay via down-regulation of RANKLmediated ERK/AKT signal pathway. These observations
provide a promising insight into the therapeutic value of
triptolide in RA pathogenesis, which helps us to understand the
potential molecular mechanism in the progression of RA.
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