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ARTICLE INFO ABSTRACT

Keywords: Clematichinenoside AR (AR), a major active ingredient extracted from traditional Chinese herb Clematis chinensis
Clematichinenoside AR Osbeck, has been demonstrated to possess anti-inflammatory and immune-modulatory activities in the treatment
Protective effects of experimental rheumatoid arthritis (RA). The therapeutic potential of AR was supposed to be closely correlated
Human tumor necrosis factor-a to its ability against tumor necrosis factor-a (TNF-a). Therefore, we aimed to explore the protective effects of
Icr;fzzzi;gn Clematichinenoside AR against inflammation and cytotoxicity induced by human TNF-a. AR treatment sig-
nificantly decreased IL-6 and IL-8 secretion, and attenuated MMP-1 production in human RA-derived fibroblast-
like synoviocyte MH7A cells stimulated by recombinant human TNF-a (thTNF-a). AR might antagonize rhTNF-
a-induced responses in MH7A cells through inhibiting p38 and ERK MAPKs signal activation. In TNF-a-sensitive
murine fibroblast L929 cells, AR treatment attenuated the proliferation inhibition ratio induced by rhTNF-a/
ActD and antagonized rhTNF-a-induced cytotoxicity. The cellular and nuclear morphological alterations in
apoptotic characteristics induced by rhTNF-a/ActD in 1929 cells were observed to be attenuated by the pre-
treatment with AR under a phase-contrast and fluorescence microscopy, respectively. The Annexin V-FITC/PI
double-staining assay was performed to confirm that AR pretreatment obviously decreased the cell death. The
antagonistic effects of AR against rhTNF-a-induced cytotoxicity might be potentially attributed to the degen-
eration of reactive oxygen species and the increasing of mitochondrial membrane potential, along with the
suppression of durative phosphorylation of c-Jun N-terminal kinase (JNK). Collectively, our results indicated
that AR antagonizes the inflammatory and cytotoxic activities induced by human TNF-a effectively in vitro,
which provided further evidence for a novel mechanism underlying AR for treating RA correlating with excessive

TNF-a production.
1. Introduction Clematichinenoside AR (AR) has been defined as the major active in-
gredient of triterpenoid saponins extracted from the roots of Clematis
Clematis chinensis Osbeck, a traditional Chinese herb, has been used chinensis Osbeck. Recent studies have been demonstrated that AR is
widely in the treatment of autoimmune and inflammatory diseases. remarkably effective in controlling inflammation and modulating
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immune reaction, which is beneficial in preventing experimental
rheumatoid arthritis (RA) [1-3]. RA is a systemic immune-in-
flammatory disease characterized by persistent erosive synovitis which
leads to structural joint damage and lifelong disability. Abundant pro-
inflammatory cytokines that participate in the pathogenesis of RA have
been well recognized, among which tumor necrosis factor-a (TNF-a)
has been emerged as a pivotal player in the initiation and perpetuation
of RA [4,5].

TNF-a is a pleiotropic cytokine participating in diverse cellular re-
sponses such as cell proliferation, differentiation, survival and death. As
the key inflammatory cytokine produced during various stages in RA,
TNF-a in turn contributes to the induction of inflammatory responses
through the up-regulation of pro-inflammatory and pro-destructive
mediators [6,7]. It has been demonstrated that TNF-a recruits immune
and inflammatory cells from the circulation into joints, stimulates sy-
noviocytes activation, and promotes osteoclastogenesis, eventually re-
sults in cartilage destruction and bone erosion [8-12]. The anti-TNF-a
therapies targeting human TNF-a neutralization or human TNF-a re-
ceptor blockade, have been proven to be highly efficacious in im-
proving arthritic symptoms of RA patients [13]. Unexpectedly, clini-
cally available anti-TNF-a biologics including monoclonal antibodies
against TNF-a and recombinant soluble TNF-receptor Fc fusion proteins
might elicit the formation of anti-drug antibodies due to their im-
munogenicity which result in the loss of clinical efficacy, and induce
serious adverse effects associated with immune imbalance [14-17].
Consequently, there remains a clear medical need for the development
of new compounds that target human TNF-a so as to avoid or at least to
limit the risks caused by anti-TNF-a biologics.

Based on our previous studies, it has been supposed that the ther-
apeutic potential of AR might be closely correlated to the antagonistic
effects against TNF-a. The expressions of TNF-a in the synovial tissue of
rats with collagen-induced arthritis (CIA) were obviously reduced by
AR administration [3]. The levels of TNF-a in the culture supernatants
of ConA-activated lymphocytes isolated from Peyer's Patches as well as
in the peripheral blood in rats with adjuvant-induced arthritis (AIA)
were significantly inhibited by AR treatment [18]. Moreover, the TNF-
a-induced adhesion of monocytes to HUVECs was also inhibited by AR
treatment through blocking ROS-dependent NF-«B activity [19]. Hence,
it was deserved to further investigate the antagonistic effects of AR
against human TNF-a.

Joint resident fibroblast-like synoviocytes (FLSs), the major com-
ponents of hyperplastic synovial pannus, are capable to secrete synovial
fluid and produce cytokines, chemokines as well as matrix-degrading
enzymes, resulting in chronic inflammatory state and joint damage in
RA [7]. The immortalized human rheumatoid FLS cell line MH7A,
which was established by stably transfecting RA FLSs with SV40 T
antigen gene [20], was then used to evaluate the effects of AR against
inflammatory responses induced by human TNF-a. The murine fibro-
blast L929 cell line, which is considered to be highly sensitive to TNF-a,
has been extensively used in measuring the neutralization activity of
TNF-a blockers [21,22]. We therefore utilized 1929 cell line to in-
vestigate whether AR could antagonize cytotoxic effects induced by
human TNF-a, which was combined with low concentration of Acti-
nomycin D (ActD) enabling to increase the susceptibility of L929 cells
to TNF-a [23]. Taken together with our previous studies involving the
therapeutic potential of AR, the present investigation was aimed to
provide a novel mechanistic understanding of the protective effects of
AR against inflammation and cytotoxicity induced by human TNF-a.

2. Materials and methods
2.1. Drugs and reagents
AR, which was provided by Jiangsu Chia-tai Tianqing

Pharmaceutical Co., Ltd. (Nanjing, China), was suspended and then
diluted with serum-free cell culture medium to obtain corresponding
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concentrations. Dulbecco's Modified Eagle's Medium (DMEM) was the
product of Gibco. Recombinant human TNF-a (rhTNF-a) protein was
purchased from PeproTech, Inc. (Rocky Hill, NJ, USA). Actinomycin D
(ActD) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) were purchased from Sigma-Aldrich, Inc. (Saint Louis, MO,
USA). Enzyme-linked immunosorbent assay (ELISA) kits for human
interleukin-6 (IL-6), interleukin-8 (IL-8), and total matrix metallopro-
teinase-3 (MMP-3) quantification were purchased from Dakewe Biotech
Co., Ltd. (Shenzhen, Guangdong, CN). ELISA kit for human matrix
metalloproteinase-1 (MMP-1) was purchased from MultiSciences
Biotech Co., Ltd. (Hangzhou, Zhejiang, CN). Hoechst Staining Kit,
Reactive Oxygen Species Assay Kit, Mitochondrial Membrane Potential
Assay Kit with 5,5%,6,6’-tetrachloro-1,17,3,3’-tetraethyl-imidacarbocya-
nine iodide (JC-1), and BCA Protein Assay Kit were purchased from
Beyotime Institute of Biotechnology (Haimen, Jiangsu, CN). Annexin V
Apoptosis Detection Kit FITC was purchased from eBioscience, Inc. (San
Diego, CA, USA). Antibodies against phospho-p38 MAPK (Thr180/
Tyr182), p38 MAPK, phospho-ERK1/2 (Thr202/Tyr204) and ERK1/2
were purchased from Cell signaling Technology, Inc. (Danvers, MA,
USA). Antibodies against phospho-JNK (Thr183/Tyr185) and JNK were
purchased from Bioworld Technology, Inc. (Louis Park, MN, USA). All
Other reagents used were of analytical grade from commercial sources.

2.2. Cell culture

The human RA-derived fibroblast-like synoviocyte cell line MH7A
was obtained from Guangzhou Jennio Biotech Co., Ltd. (Guangzhou,
China). The TNF-a-sensitive mouse fibroblast 1L.929 cell line (CCL-1,
ATCC) was obtained from the Cell Resource Center of Shanghai
Institutes for Biological Sciences, Chinese Academy of Sciences
(Shanghai, China). Cells were maintained in DMEM supplemented with
10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 pg/ml
streptomycin at 37 °C in a humidified 5% CO, atmosphere.

2.3. ELISA assay to determinate the levels of cytokines secretion

MH7A cells were seeded in flat-bottomed 24-well culture plates at a
density of 2 x 10* cells/well. The cells were pre-incubated with dif-
ferent concentrations of AR (3, 10, and 30 uM) for 1h, followed by
exposure simultaneously to rhTNF-a (10ng/ml) for another 24h.
Following treatment, the cell culture supernatants were collected, and
the secretion levels of IL-6, IL-8, MMP-1 and MMP-3 were determined
using ELISA kits according to the manufacturer's protocol. Optical
densities at 450 nm were measured by a microplate reader, and then the
values were calculated on the basis of standard curves.

2.4. MTT assay to detect rhTNF-a mediated cytotoxicity

The inhibition of the cytotoxic effect of rhTNF-a by AR was assessed
by the MTT colorimetric assay. L929 cells were seeded at an initial
density of 2 x 10 cells/well into 96-well flat-bottomed plates and al-
lowed to attach and grow for 24 h in DMEM containing 10% FBS, then
were incubated in serum-free culture medium for 12h to make them
relatively non-proliferated. Thereafter, the culture medium was re-
placed with fresh culture medium containing 2% FBS, and the cells
were incubated with various concentrations of AR (1, 10, and 100 uM)
for 1 h, followed by stimulation with TNF-a (5 ng/ml) in the presence of
ActD (0.5ug/ml) for a further 20h, of which the total volume was
100 pl. Subsequently, 10 ul of MTT in PBS (5 mg/ml) was added into
each well and the incubation was continued for a further 4h. Then
100 ul of triplet solution (10% SDS, 5% isobutanol, 0.012 mol/1 HCI)
was added to dissolve formazan crystals. The absorbance values at
570 nm were determined using a model 680 microplate reader (Bio-
Rad). The inhibition ratio (%) was calculated as follows: Inhibitory
ratio (%) = (1 —OD¢reatment/ODecontrol) X 100. The percentage inhibi-
tion of AR against thTNF-a cytotoxicity was calculated using the
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following formula [21,24,25]:

0D, _ - OD, _
ActD+TNF—a+AR ACD+TNF—c 109

ODactp — ODactb+TNF—a

2.5. Hoechst 33258 fluorescence staining to observe cellular and nuclear
morphological changes

L1929 cells were plated in 12-well culture plates at a density of
2 x 10° cells/well for 24 h and incubated in serum-free culture medium
for another 12h. Then the cells were pretreated with different con-
centrations of AR for 1h, followed by concurrent exposure to TNF-a
(5ng/ml) in the presence of ActD (0.5 pug/ml) for 24 h. Afterwards, the
cells were immersed in fixative solution overnight at 4 °C. Following
being washed twice with PBS, the cells were stained with Hoechst
33258 staining solution for 5 min. The solution was then removed and
the cells were washed twice again with PBS. The cellular and nuclear
morphologies were observed and photographed under a phase-contrast
and fluorescence microscope, respectively.

2.6. Annexin V-FITC/PI double-staining assay to detect cell apoptosis/
necrosis

To determine the proportion of apoptotic and necrotic cells, L929
cells were double-stained using an Annexin V-FITC/PI apoptosis de-
tection kit. Briefly, 1929 cells were seeded in 6-well culture plates at a
density of 4 x 10° cells/well for 24h and incubated in serum-free
culture medium for 12 h. The cells were pre-incubated with AR at dif-
ferent concentrations for 1h, then exposed to TNF-a (5ng/ml) in the
presence of ActD (0.5 pug/ml) for another 24 h. After treatment, both
adherent and suspended cells were collected, washed with PBS and
binding buffer successively, and then re-suspended in binding buffer.
Cells were stained with FITC-labeled Annexin V for 15 min in the dark
at room temperature. After being washed, cells were re-suspended and
subsequently incubated with propidium iodide (PI) staining solution in
the dark. The fluorescent intensity of Annexin V and PI were detected
by FACSCalibur flow cytometer (BD Bioscience). The extent of apop-
tosis was quantified as the percentage of Annexin V-positive cells.

2.7. DCFH-DA staining method to determine the generation of intracellular
reactive oxygen species (ROS)

The intracellular ROS levels were determined using the fluorescent
probe 2’,7’-dichloro-dihydrofluorescein diacetate (DCFH-DA). Briefly,
L1929 cells were seeded in 6-well culture plates for 24 h and then in-
cubated in serum-free culture medium for 12 h. The cells were pre-in-
cubated with various concentrations of AR for 1h prior to the con-
current treatment with TNF-a (5ng/ml) in the presence of ActD
(0.5 pug/ml) for a further 12 h. Both adherent and suspended cells were
collected and rinsed in PBS, then incubated with 10 uM DCFH-DA di-
luted in serum-free culture medium at 37 °C for 20 min. After washing
thrice with serum-free medium, the cells were suspended in PBS and
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immediately subjected to flow cytometry. The fluorescence intensity of
dichlorofluorescein (DCF) which is proportional to the amount of ROS
produced intracellularly was then detected.

2.8. JC-1 staining assay to analyze mitochondrial membrane potential
(Aym)

The change of Aym, which acts a reliable parameter of mitochon-
drial function as well as cell health, was monitored using the dual-
emission potential-sensitive probe JC-1. After the treatment as de-
scribed above, the harvested cells were washed and suspended in
serum-free culture medium, evenly blended with JC-1 staining working
solution which was prepared following the manufacturer's instruction,
and then incubated for 20 min in 5% CO, at 37 °C. Stained cells were
rinsed twice and finally re-suspended in JC-1 staining buffer. The ratio
of red to green fluorescence intensity which indicates the change of
Aym was detected immediately by flow cytometry.

2.9. Western blot analysis to detect the activation of p38, ERK and JNK

After treating, the harvested cells were lysed in ice-cold lysis buffer
containing protease and phosphatase inhibitors. The concentrations of
total protein obtained were quantified utilizing BCA protein assay.
Equivalent amounts of denatured protein samples were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). Separated proteins were transferred onto polyvinylidene di-
fluoride (PVDF) membranes electrophoretically. Following blocking in
Tris-buffered saline with Tween-20 (TBST) containing 5% bovine serum
albumin or nonfat milk, the membranes were probed with primary
antibodies for detecting p38, p-p38, p-ERK, ERK, p-JNK, JNK (dilution
1:1000 or 1:2000) overnight at 4°C. The membranes were washed
thrice and incubated with horseradish peroxidase-conjugated sec-
ondary antibodies for 2h at room temperature. After washing, im-
munoreactive bands were visualized using the enhanced chemilumi-
nescence method.

2.10. Statistical analysis

All experimental data were shown as mean * standard deviations
(SD). Intergroup comparisons were performed using one-way ANOVA
followed by SNK test or Dunnett's T3 test as post hoc analysis, for equal
variances assumed or not assumed, respectively. Differences were
considered statistically significant when P < 0.05.

3. Results

3.1. AR down-regulates the secretion levels of IL-6 and IL-8 induced by
rhTNF-a in MH7A cells

The levels of pro-inflammatory cytokines secreted into the culture
medium were measured so as to assess the anti-inflammatory activity of

Fig. 1. Effects of AR on the production of pro-in-
flammatory cytokines induced by rhTNF-a in human RA
synovial MH7A cells. The cells were pretreated with
various concentrations of AR for 1 h followed by rhTNF-a
stimulation for 24 h. The levels of IL-6 and IL-8 in the cell-
free culture supernatants were measured by ELISA assay.
Data are presented as the mean + SD of six independent
experiments. P < 0.01 versus non-stimulated control
group, *P < 0.05, **P < 0.01 versus rhTNF-a-stimulated

group.
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AR in rhTNF-a-stimulated synovial MH7A cells. As shown in Fig. 1,
exposure of MH7A cells to rhTNF-a resulted in an obvious enhancement
of IL-6 secretion, which was reduced significantly by the pretreatment
with different concentrations of AR in a concentration-dependent
manner. This was accompanied by the obvious enhancement of IL-8
secretion from rhTNF-a-stimulated MH7A cells. Pretreatment with AR
concentration-dependently showed a significant reduction of IL-8 pro-
duction.

3.2. AR inhibits the production of MMP-1 but not MMP-3 induced by
rhTNF-a in MH7A cells

Considering the aggressive phenotype of RA FLSs is featured by the
increasing expression of matrix metalloproteinases (MMPs), the role of
AR in regulating MMPs expression was then detected in rhTNF-a-sti-
mulated MH7A cells. As shown in Fig. 2, MMP1 and MMP-3 were
present in the culture supernatants before stimulated with rhTNF-a, but
both were notably increased in response to rhTNF-a. AR pretreatment
reduced the secretion level of MMP-1 induced by rhTNF-a, of which the
highest concentration (30 uM) was most effective. However, no sig-
nificant decrease of MMP-3 secretion from MH7A cells was observed
following AR pretreatment.

3.3. AR inhibits p38 and ERK phosphorylation induced by rhTNF-a in
MHT7A cells

To determine the signaling molecules associated with AR-mediated
rhTNF-a inducing responses in synovial MH7A cells, we assessed
phosphorylated mitogen-activated protein kinases (MAPKs) pathways
induced by rhTNF-a using western blot analysis. As shown in Fig. 3, the
phosphorylated levels of p38 and ERK1/2 were obviously elevated in
response to the stimulation of rhTNF-a in MH7A cells when compared
with that of unstimulated group, indicating the activation of MAPKs
pathway. However, AR pretreatment significantly inhibited the phos-
phorylated levels of p38 and ERK1/2 induced by rhTNF-a.
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Fig. 2. Effects of AR on the production of pro-destructive
mediators induced by rhTNF-a in MH7A cells. The cells
were pre-incubated for 1 h with various concentrations of
AR followed by rhTNF-a stimulation for 24 h. Protein
expressions of MMP-1 and MMP-3 were then analyzed by
ELISA assay. Data are presented as the mean = SD of six
independent experiments. **P < 0.01 versus non-stimu-
lated control group, **P < 0.01 versus rhTNF-a-stimu-
lated group.

3.4. AR suppresses rhTNF-a-induced cytotoxicity in L929 cells

MTT assay was employed to evaluate the inhibitory effects of AR
against rhTNF-a-induced cytotoxicity in L929 cells. As shown in
Fig. 4A, the inhibition ratio of L1929 cell viability reached
(55.39 = 5.60) % in response to thTNF-a combined with ActD, whereas
decreased cell viability due to rhTNF-a/ActD stimulation was sig-
nificantly ameliorated by AR pretreatment in a concentration-depen-
dent manner. In addition, the inhibition percentage of AR at 100 uM
against rhTNF-a cytotoxicity was calculated to be (27.10 + 6.65) % as
indicated in Fig. 4B.

3.5. AR ameliorates L929 cell morphological alterations induced by rhTNF-
a in the presence of ActD

The cellular and nuclear morphological features of L929 cells were
observed microscopically following Hoechst 33258 fluorescence
staining. As shown in Fig. 5, the healthy and regular morphologies of
viable L929 cells were observed, in which the uniformly intact nuclei
with well-distributed blue fluorescence were exhibited by Hoechst
33258 staining. However, exposure of L929 cells to rhTNF-a plus ActD
resulted in a significantly decreased cell density and clear apoptotic
characteristics such as irregular cell outline, cytoplasmic shrinkage,
condensed or fragmented nuclei with brilliant blue staining. Pretreat-
ment with different concentrations of AR gradually attenuated the
cellular damage in a dose-dependent manner. As the cell density in-
creased, the percentage of cells with apoptotic morphologies decreased
significantly. These results suggested that AR effectively improve the
morphological alterations in L929 cells induced by rhTNF-a in the
presence of ActD.

3.6. AR inhibits L929 cellular death induced by rhTNF-a in the presence of
ActD

Annexin V-FITC and PI double staining by the flow cytometric

Fig. 3. Influence of AR on the rhTNF-a signal transduc-
tion in MH7A cells. MH7A cells were seeded onto 6-well
plates at a density of 2 x 10° cells/well and cultured
until the cell density reached >80% confluence. MH7A
cells were pretreated with or without AR for 24 h, fol-
lowed by rhTNF (10ng/ml) stimulation for 15min.
Phosphorylated levels of p38 MAPK and ERK1/2 induced
by rhTNF-a were analyzed by western blot analysis.
Representative immunoblots are presented, together with
the respective densitometric analysis of the p-p38/p38
and p-ERK/ERK ratios. (A) p-p38 MAPK (Thrl80/
Tyr1l82) and total p38 MAPK. (B) p-ERK1/2 (Thr202/
Tyr204) and total ERK1/2. Data are presented as the
mean + SD of six independent experiments. **P < 0.01
versus non-stimulated control group, *P < 0.05,

3 10
**P < 0.01 versus thTNF-a-stimulated group.

30
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Fig. 4. Effects of AR at different concentrations on cell
viability in L929 cells exposed to rhTNF-a (5ng/ml) in
the presence of ActD (0.5ug/ml) for 24h. Cell viability
was tested using MTT method, and then (A) the inhibition
ratio (%) relative to the control group and (B) the per-
centage inhibition of AR against rhTNF-a cytotoxicity
were calculated. Data are presented as the mean = SD
(n=6). *P<0.05 **P<0.01 versus TNF-a/ActD
group.
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analysis was further employed to quantitatively determine the cell
apoptosis/necrosis induced by rhTNF-a. As shown in Fig. 6, exposure to
rhTNF-a in the presence of ActD resulted in a significant increase of
apoptotic ratio of L929 cells than that observed in the control. Never-
theless, the percentage of Annexin V-positive cells was found to be
significantly inhibited by the pre-incubation with different concentra-
tions of AR compared with the rhTNF-a/ActD-induced group.

3.7. AR decreases intracellular accumulation of ROS induced by rhTNF-a in
the presence of ActD in L929 cells

Since apoptotic pathway may be triggered through ROS generation,
we assessed ROS production utilizing the oxidant sensitive probe.
DCFH-DA readily diffuses into the cells, where it is hydrolyzed by in-
tracellular esterase yielding polarized DCFH, and thereby is subse-
quently oxidized to the fluorescent compound DCF in the presence of
ROS. Therefore, we referred to the amount of DCF as the measurement
of ROS formed intracellularly. As shown in Fig. 7, following 12h ex-
posure to thTNF-a in combination with ActD, there was a significant
increase in the level of intracellular ROS production in 1929 cells, as
detected by flow cytometric assay. When compared with the rhTNF-a/
ActD-induced group, the intracellular ROS levels were significantly
attenuated in the L929 cells by AR pretreatment.

3.8. AR prevents the decline of Aym induced by rhTNF-a in the presence of
ActD in L929 cells

Considering that the decline of Aym is a sensitive indicator of mi-
tochondrial functionality damage, JC-1, which exhibits potential-de-
pendent accumulation in mitochondria, was then used for determina-
tion. Due to high Aym in healthy cells, JC-1 selectively accumulates
into mitochondrial matrix to form the polymers (JC-1 aggregates)
which produce bright red fluorescence. However, at low Aym in un-
healthy cells, JC-1 cannot gather within the mitochondria and remain
in the cytoplasm as the monomeric form (JC-1 monomers) emitting
green fluorescence. Hence, the decline of Aym should be indicated by a
decrease in the ratio of red fluorescence to green fluorescence. The
results presented in Fig. 8. showed that rhTNF-a in the presence of ActD
caused a significant reduction in the ratio of red/green fluorescent in-
tensity compared with control group, indicating the level of Aym was
declined due to the dysfunction of mitochondria induced by rhTNF-a in
the presence of ActD. However, the decrease in the ratio of red/green
fluorescent intensity was significantly enhanced by the pretreatment
with AR, demonstrating that AR treatment led to an augmentation of
Aym as the consequence of mitochondrial function stabilization.

3.9. AR suppresses sustained JNK phosphorylation induced by rhTNF-a in
the presence of ActD in L929 cells

As shown in Fig. 9, western blot analysis revealed that thTNF-a/
ActD induced the phosphorylation of JNK which indicates JNK acti-
vation. When treated with AR, the JNK activation was attenuated

10

100

Concentration (uM)

obviously at 360 min in L929 cells induced by rhTNF-a in the presence
of ActD. Thus, rhTNF-a/ActD-induced cell death is probably mediated
by JNK phosphorylation, and AR might exert its protective effects
through the inhibition of JNK sustained activation.

4. Discussion

TNF-a, which is overexpressed within rheumatoid synovial tissues
and fluid, plays a central role in the pathogenesis of RA [26,27]. Since
human TNF-a is closely associated with the activity and severity of RA,
it has been validated as a drug target for RA therapy. However, due to
the undesirable side effects of biologic-based agents against human
TNF-a in RA therapy, more attention has been drawn on the explora-
tions of new drugs with high efficacy and less toxicity as alternative
treatments [28]. As the major active compound derived from tradi-
tional Chinese medicine, AR has been demonstrated to possesses anti-
arthritic potency, which has been proposed to be highly relevant to the
blockade of TNF-a.

Accumulating evidences suggest that TNF-a overexpression at the
site of inflammation in turn increases the induction of inflammatory
cytokines, and promotes the recruitment and activation of in-
flammatory cells in RA. In this study, the secretion levels of IL-6 and IL-
8 were markedly elevated from MH7A cells upon TNF-a stimulation,
which indicated that the inflammatory cellular model of human RA FLS
had been successfully established. We found that AR treatment sig-
nificantly inhibited IL-6 and IL-8 release from TNF-a-stimulated MH7A
cells, suggesting that AR might prevent inflammatory responses against
rhTNF-a by reducing the pro-inflammatory cytokines secretion, there-
fore dampen the vicious cycle of inflammation.

MMPs, mainly produced by FLSs in RA, are largely responsible for
extracellular matrix degradation, which facilitates FLSs migration and
invasion, resulting in cartilage and bone destruction [29,30]. Therefore,
we investigated the change in critical tissue degradation proteases such
as MMP-1 and MMP-3 under AR interference. We found that MMP-1
and MMP-3 were increased markedly upon the stimulation of rhTNF-a
in synovial MH7A cells. AR treatment led to a decrease in MMP-1 se-
cretion from rhTNF-a-stimulated MH7A cells, whereas exhibited no
inhibitory effect of MMP-3 secretion, indicating that AR might exert
anti-destructive effects triggered by rhTNF-a predominantly through
down-regulating MMP-1 expression.

The cellular biological processes induced by TNF-a stimulation are
mediated by a set of intracellular signaling cascades involving MAPKs,
which are important signals involved in modulating synovial in-
flammation and joint destruction in RA [31,32]. It has been well
documented that p38 and extracellular signal-regulated kinase (ERK)
MAPK in synovial membrane are preferentially activated upon the ex-
posure to TNF-a [33], and activation of MAPK cascades and pro-in-
flammatory/pro-destructive features by TNF-a is predominantly medi-
ated by tumor necrosis factor receptor-1 (TNF-R1) in early-passage RA
synovial fibroblasts [34]. The p38 and ERK MAPK modulate in-
flammatory cytokines synthesis and synovial invasion, whereas in-
hibition of signaling pathways through TNF-a-MAPKs is required to
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Fig. 5. Effects of AR on morphological features of L929 cells exposed to rhTNF-a in the presence of ActD. L929 cells were pretreated with various concentrations of
AR (1, 10, and 100 uM) for 1h in the absence or presence of rhTNF-a/ActD for another 24 h, thereafter stained with Hoechst 33258. The alternations of cellular
morphology were observed under phase contrast microscope at 200 X magnification, and the nuclear states in the same field of vision were observed under
fluorescence microscope. Each representative photograph is out of six independent experiments.
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Fig. 6. Effects of AR against apoptosis in L929
cells exposed to rhTNF-a in the presence of
ActD. Cell apoptosis was measured by flow cy-
tometry using Annexin V-FITC/PI double
staining assay. (A) Representative flow cyto-
metric plots of 1929 cells. Annexin V' /PI~
(lower right quadrant) represents early apop-
totic cells, whereas Annexin V*/PI" (upper
right quadrant) represents late apoptotic cells
and necrotic cells. (B) Flow cytometric analysis
result of cell apoptosis. Apoptotic ratio was
calculated using the following formula:
Apoptotic ratio (%) = [(number of Annexin V
positive cells)/(number of total cells ob-
served)] X 100. Results are presented as the

mean + SD of five independent experiments. **P < 0.01 versus normal control group; *P < 0.05, **P < 0.01 versus TNF-a/ActD group.

suppress FLSs mediated synovial inflammation, thus offers potential
benefits for RA [32,35-37]. In the present study, the phosphorylation of
p38 and ERK was induced apparently upon the stimulation of rhTNF-a
in MH7A cell, which was alleviated markedly by AR treatment, in-
dicating that AR might antagonize rhTNF-a-induced responses through
down-regulating p38 and ERK MAPK activation.

TNF-a-sensitive murine fibroblast L929 cell line has been success-
fully used to evaluate various compounds supposed to possess neu-
tralization activity of TNF-a. Hence, this cell model was utilized to
investigate the anti-cytotoxic activities of AR against human TNF-a.
Our results showed that AR had no significant effect on the viability of
1929 cells, suggesting AR has no cytotoxicity at the concentrations
tested in vitro (data not shown). Furthermore, our studies indicated that
AR conferred protective effects in L929 cells against cytotoxicity in-
duced by rhTNF-a in the presence of ActD, which acts as a transcription
inhibitor and sensitizes murine L929 cells to TNF-a-induced cytotoxi-
city.

Under a phase-contrast and fluorescence microscope, the morpho-
logical changes of apoptosis including chromatin condensation and
nuclear fragmentation as well as cell shrinkage were observed in L929
cells upon the stimulation of rhTNF-a plus ActD. However, incubation
of various concentrations of AR enhanced cell survival, ameliorated
cellular damage manifested as the improvement of apoptotic
morphologies triggered by rhTNF-a/ActD, indicating that AR could
exert protective effects against rhTNF-a-induced cell death. In parallel
with the morphological improvement, the Annexin V-FITC/PI double-
staining assay demonstrated that the apoptotic ratio triggered by
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rhTNF-a in the plus of ActD was significantly decreased by AR treat-
ment. It is further supporting the evidence that AR could increase the
resistance of L929 cells to rhTNF-a-mediated cytotoxicity.

To gain a better understanding of the protective potential of AR in
conferring cellular resistance in response to rhTNF-a, we explored ROS
generation and Aym changes in L929 cells upon the stimulation of
rhTNF-a plus ActD. It is well known that the accumulation of ROS
above a certain threshold accompanied with impaired mitochondrial
function in response to TNF-a could induce cell apoptosis or necrosis
[23,38,39]. Mitochondria have been implicated as the rich source of
ROS, and damaged mitochondria are facilitated to further release of
ROS due to their increased mitochondrial membrane permeability and
altered cellular energy production. In turn, sustained and excessive ROS
originated from mitochondrial and other intracellular sources induces
oxidative stress, eventually leads to mitochondrial function loss and
pro-apoptotic transducing molecules release [40-42]. Our results ex-
hibited that excessive ROS production and significant Aym repression
were promoted by the stimulation of rhTNF-a combined with ActD in
L1929 cells, supporting the notion that cellular oxidative stress as well as
mitochondrial dysfunction may contribute to cellular injury. Pretreat-
ment with AR inhibited substantial accumulation of intracellular ROS
and prevented the disruption of Aym, suggesting that AR protects
murine L929 cells from rhTNF-a-triggered cell injury probably through
the restoration of endogenous antioxidant capacity and improvement of
mitochondrial dysfunction.

On the basis of the knowledge that the activities of human TNF-a on
murine cell lines were probably mediated by murine TNF-R1 but not

Fig. 7. Effects of AR on intracellular ROS pro-

duction in L929 cells exposed to rhTNF-a in the

presence of ActD. Intracellular ROS generation

. was detected via flow cytometry using the

*k fluorescent probe DCFH-DA. (A) Representative

DCF fluorescence histogram of 1929 cells with

DCFH-DA staining. (B) The level of intracellular

ROS was presented as the percentage of DCF

positive cells. Results are expressed as the

mean + SD of six independent experiments.
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group.
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Fig. 9. Effects of AR on the protein levels of JNK phosphorylation in L929 cells
exposed to rhTNF-a in the presence of ActD. L929 cells were seeded in 6-well
culture plates at a density of 4 x 10° cells/well for 24 h, then incubated in
serum-free culture medium for 12 h. Afterwards, the cells were pretreated with
100 uM of AR for 24 h, followed by exposure to TNF-a (5 ng/ml) in the presence
of ActD (0.5 pg/ml) for the indicated time, then cell lysates were harvested and
subjected to western blotting technique with the indicated antibodies. Lower
panel: Representative immunoblots of p-JNK and JNK in L929 cells. Upper
panel: Relative band intensities of p-JNK/JNK are shown as the mean *+ SD of
six independent experiments. **P < 0.01.

TNF-R2 [43-45], we speculated that the downstream intracellular
signal of TNF-R1 somehow participates in the anti-cytotoxicity of AR
against rhTNF-a in murine fibroblast L929 cells. It has been well es-
tablished that the binding of TNF-a to cell surface TNFR1 leads to the
activation of an important stress responsive kinase named as c-Jun N-
terminal kinase (JNK) [46,47]. Transient activation of JNK upon TNF-a
treatment is associated with cellular survival, whereas prolonged JNK
activation contributes to cell death [48,49]. Activation of JNK has been
linked to potentiate TNF-a-induced cell death by further enhancing
oxidative stress. In turn, TNF-a-induced substantial ROS accumulation
promotes sustained activation of JNK [40,46]. As analyzed by western
blot, we found that JNK phosphorylated level was enhanced following
exposure to rhTNF-a/ActD at 15min, and the rhTNF-o-triggered
TNFR1-JNK activation was sustained until 360 min. The addition of AR
to L929 cells resulted in a remarkable decrease of JNK phosphorylation
at 360 min, indicating that sustained JNK activation leading to cell
death was attenuated by AR pretreatment. Taken together, AR provided
protection from cell damage as evidenced by attenuated ROS genera-
tion, stabilized mitochondrial membrane potential, and the suppression
of sustained JNK activation following rhTNF-a challenge in L929 cells.

In summary, the present study suggested that AR exhibited
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Fig. 8. Effects of AR on mitochondrial mem-
brane potential in L929 cells exposed to rhTNF-a
in the presence of ActD. The mitochondrial po-
tential sensor JC-1 was applied, and the ratio of
red/green fluorescence intensity was analyzed
by flow cytometry. A. Representative flow cyto-
metric fluorescence images of L929 cells with JC-
1 staining. B. The ratio of red/green fluorescent
intensity was calculated to indicate the ratio of
high/low Aym. The results were presented as the
percentage of control group. Values are pre-
sented as the mean *+ SD of six independent ex-
periments. *#P < 0.01 versus normal control
group; **P < 0.01 versus TNF-a/ActD group

*%

prominent anti-inflammatory activities in thTNF-a-stimulated MH7A
cells, as well as potent anti-cytotoxic effects in L929 cells upon rhTNF-a
stimulation in the presence of ActD. These findings further supported
our previous studies and provided new insights on elucidating mole-
cular mechanisms by which AR exerts potent protective properties
against inflammation and cytotoxicity triggered by human TNF-a. As
the major active component isolated from Clematis chinensis Osbeck
roots, AR might be a promising alternative candidate for the treatment
of rheumatoid arthritis and perhaps other immune-inflammatory dis-
eases in which TNF-a is a key pro-inflammatory mediator.
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