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Inhibition of NF-xB signaling pathway induces
apoptosis and suppresses proliferation and
angiogenesis of human fibroblast-like synovial
cells in rheumatoid arthritis
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Abstract N\
Background: Rheumatoid arthritis (RA) is the most common inflammatory arthritis and is a major cause of disability. The nuclear |
factor-kappa-light-chain-enhancer of activated B cells (NF-kB) signaling pathway has been reported to be involved in the
pathogenesis of RA with unclear mechanisms. Therefore, this study aims to explore the effect of NF-kB pathway on proliferation,

apoptosis, and angiogenesis of human fibroblast-like synovial cells (HFLS) in RA.

Methods: Normal HFLS and RA-HFLS were selected as the normal and control groups, respectively. RA-HFLS were treated by
BAY11-7082 (an inhibitor of NF-«B) in different concentrations, namely 2.5 wmol/L BAY11-7082, 5 wmol/LBAY11-7082 and 10w
mol/LL BAY11-7082. MTT assay was employed to detect cell proliferation. Cell apoptosis was determined by flow cytometry at 24, 48,
and 72 hours after culture. Western blot analysis was employed to detect the expressions of NF-«kB, angiogenesis-related factors
(VEGF, Ang1, and Ang2).

Results: Initially, we found that BAY11-7082 inhibited NF-«kB expression in a concentration-dependent manner. According to the
findings of MTT assay and flow cytometry, we understood that RA-HFLS treated by BAY11-7082 (an inhibitor of NF-«B), the
inhibition of NF-kB pathway, suppressed RA-HFLS proliferation and induced RA-HFLS apoptosis in a concentration and time-
dependent manner. Furthermore, RA-HFLS treated by BAY11-7082 presented decreased VEGF, Ang1 and Ang2 expressions in a
concentration-dependent manner.

Conclusion: The study concluded that inhibition of NF-kB pathway induced cell apoptosis and suppressed proliferation and
angiogenesis of RA-HFLS, which could serve as a novel target in the treatment of RA.

Abbreviations: Ang = angiopoietins, ANOVA = analysis of variance, DMEM = dulbecco’s modified Eagle’s Medium, DMSO =
dimethyl sulfoxide, ELC = electrochemiluminescence, FBS = fetal bovine serum, GDS = gel documentation system, HFLS =
fioroblast-like synovial cells, IkB = inhibitor | kappa B, IKK = | kappa B kinase, MMP = matrix metalloproteinase, MTT = 3-[4 = 5-
dimethylthiazol-2-yl] 2 = 5-diphenyltetrazolium bromide, NF-kB = nuclear factor-kappa-light-chain-enhancer of activated B cells, OD
= optical density, PBS = phosphate buffer saline, RA = rheumatoid arthritis, SD = standard deviation, SDS-PAGE = sodium dodecy!
sulfate -polyacrylamide gel electrophoresis, TBST = tris-buffered saline Tween 20.
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1. Introduction result in articular cartilage and bone destruction, leading to

significant disability."") Currently, about 1% of adult population
Rheumatoid arthritis (RA) is a chronic autoimmune disease,  worldwide has been diagnosed with RA, which results in their
characterized by inflammation of multiple joints,"! which can  poor quality of life.?! The underlying hypothesis in the
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pathogenesis of RA is alleged to be the proliferation of human
fibroblast-like synovial cells (HFLS) in response to inflammatory
cytokines.'! RA progression is primarily characterized by
dysregulated cell proliferation in the synovial lining, such as
HFLS, resulting in hyperplasia, pannus formation, and destruc-
tion of associated joint cartilage.l*’ HFLS display surprisingly
tumor-like behavior, including increasing in number, mediating
inflammation, and acquiring aggressive phenotypes, all of which
contribute to joint cartilage erosion."™ Inflammatory responses,
including low-grade fever, weight loss, and fatigue, are crucial for
RA development along the progression of HFLS proliferation."!
HFLS cells obtained from synovia of patients with RA could
retain their aggressive phenotype without in vitro stimulation for
several passages.®! In RA, excessive migration of circulating
leukocytes into the inflamed joint compels the formation of new
blood vessels to provide adequate nutrients and oxygen to the
hypertrophic joint.””! Angiogenesis has now been considered as a
significant event in the maintenance and formation of the pannus
in RA.1® Although the relationship between several genes and RA
has already been highlighted the genetic regulation beneficial for
RA patients in the progression of the disease still remains
unclear.”!

Nuclear factor-kappa-light-chain-enhancer of activated B cells
(NF-kB) is one of the numerous transcription factors, which has
the ability to result in severe autoimmune diseases under
abnormal activity, including arthritis."'®! NF-kB has the ability
to control the expression of gene products which affect various
cellular responses, such as inflammation, immunity, cell
proliferation, and apoptosis.”?! NF-kB is ubiquitously expressed
in the cytoplasm of virtually all cell types."™'*! The NF-«B
pathway comprises of a core I kappa B kinase (IKK) complex,
inhibitor I kappa B (IkB) protein and transcription factor NF-
kB.["?l Additionally, NF-kB pathway is critical to epithelial
immune defense against invading microbial pathogens and has
been involved in secretion of antimicrobial peptides, activation of
adaptive immunity, and release of cytokines or chemokines to
regulate immune effector cells.!'3! Activation of the NF-kB
pathway participates in chronic inflammatory disorders of
pathogenesis, including RA and inflammatory bowel disease.”’
In the present study, we investigated the effects of the NF-kB
pathway on proliferation, apoptosis, and angiogenesis of
HFLSCs in RA, which could provide a novel target to the
treatment of RA.

2. Materials and methods

2.1. Ethics statement

The ethical approval is not necessary for the reason that it is a
research on cells.

2.2. Cell culture and grouping

HFLS and RA-HFLS cells were obtained from the Cell
Applications INC (San Diego). Cells were cultured in Dulbecco’s
modified Eagle’s Medium (DMEM) supplemented with 2mM
glutamine, 100 units/mL penicillin, 80units/mL streptomycin,
and 10% fetal bovine serum (FBS) (Hyclone, Logan, UT) and
were incubated in a 5% CO, incubator at 37°C. The
experimental cells from the 4th to 8th generation in order to
ensure the cells are in good condition.

The cells were classified into 5 groups: the normal group
(Normal-HFLS), the control group (RA-HFLS), the 2.5 pmol/L
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BAY11-7082 group (treated with 2.5 wmol/L BAY11-7082 [an
inhibitor of NF-kB]), the 5 umol/L BAY11-7082 (treated with 5
mol/L. BAY11-7082), and the 10 pmol/L BAY11-7082 group
(treated with 10pumol/L BAY11-7082). BAY11-7082 was
dissolved in dimethyl sulfoxide (DMSO). In order to avoid the
interference effect from the solvent, same amount of DMSO
(0.1%, v/v) was dissolved in each group.™*!

2.3. 3-[4,5-dimethylthiazol-2-yl] 2,5-diphenyltetrazolium
bromide (MTT) assay

Cell viability was evaluated using MTT assay. Briefly, after the
cells were digested by trypsin, cells in the logarithmic growth
phase in each group were combined and prepared into a single
cell suspension with the density of 1.5 x 10° cells/mL. Single cell
suspension was cultured in 96-well plates (200 pL/well), and was
then treated with 20 wL of MTT solution (5 mg/mL) at 24, 48 and
72 hours after culture. Next, after further incubation for 4 hours,
the medium was removed, 150 L of DMSO was added into each
well and shocked at a low-speed for 10 min, when the water-
insoluble formazan crystals were fully dissolved. Optical density
(OD) value of each well was measured with an automatic enzyme
reader (Bio-Rad, La Jolla, CA) at a wavelength of 490 nm, after
which the cell viability (%) was calculated. This test was repeated
for 6 wells.

2.4. Flow cytometry

The apoptotic rate was detected by using the Annexin V-FITC
apoptosis detection kit (APOAF-50TST, Sigma-Aldrich, St.
Louis, MO). The cells among the 5 groups were cultured for
48 hours, and then were adjusted to 1 x 10°cells/mL. Cells were
washed twice with cold phosphate buffer saline (PBS), followed
by addition of 10 x binding buffer (pH 7.5, 100 mM HEPES/
NaOH, 1.4 M NaCl, and 25mM CaCl,), Annexin-V-FITC and
PI to the cells, respectively. After the completing mixing the
solution, cells were incubated in conditions devoid of light for 15
minutes at room temperature and were analyzed by flow
cytometry.

2.5. Western blot analysis

Cells in the logarithmic growth phase in each group were harvested
in precooled 3 to 5 times volume lysis buffer (containing: 150 mM
NaCl (55886, Sigma-Aldrich, St. Louis, MO), 1% Triton X-100
(X100, Sigma-Aldrich, St. Louis, MO), 50 mM Tris—=HCI (93363,
Sigma-Aldrich, St. Louis, MO) and 1 SigmaFASTd protease
inhibition tablet (58820, Sigma-Aldrich, St. Louis, MO) per 100
mL) and made into homogenate. After lysis, the cell lysates were
centrifuged for 1h at 12000g at 4°C and the supernatant was
collected. The protein concentration was quantified by Bradford
method, and samples were modulated to the same concentration.
The protein samples (20 pg) were mixed with gel loading buffer
(5 x sodium dodecyl sulfate [SDS]) and were boiled in water for 5
minutes. The proteins were transferred onto a polyvinylidene
fluoride (PVDF) membrane after separation by 12% SDS-
polyacrylamide gel electrophoresis (SDS-PAGE). PVDF membrane
was sheared at about 60 kDa. After the membrane was blocked
with 5% non-fat milk for 1hour at 37°C, and the primary rabbit
anti-human antibodies NF-«B, VEGF, Ang1, Ang2 and B-actin (1:
1000; Cell Signaling Technology) were added. Next, the
membranes were incubated with the aforementioned antibodies
overnight at 4°C and were washed with tris-buffered saline Tween
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20 (TBST) 3 times for 5 minutes each time, then were incubated
with the corresponding horseradish peroxidase labelled secondary
antibodies (1: 2000; Cell Signaling Technology) at room
temperature for 2hours. The membranes were treated with
electrochemiluminescence (ECL) followed by analysis with by gel
documentation system (GDS), and then an image was taken with
an enhanced chemiluminescence western detection system (Perkin-
Elmer Life Sciences, Boston, MA), after which the protein levels
were normalized to the expression of B-actin.

2.6. Statistical analysis

SPSS 21.0 statistical software (IBM Corp. Armonk, NY) was
employed for statistical analysis. The measurement data were
presented using mean +standard deviation (SD). The #-test was
adopted to compare the average value of 2 samples. The one-way
analysis of variance (ANOVA) method was adopted to compare
among multiple groups. A probability value of P <.05 indicated
the difference was statistically significant.

3. Results

3.1. BAY11-7082 inhibited NF-xB expression in a
concentration-dependent manner

The results of western blotting (Fig. 1) revealed an obvious
increase in NF-kB expression in the control group compared with
the normal group (P <.05), thereby suggesting that the NF-«kB
expression of RA-HFLS was higher than the normal HFLS. The
NF-kB expression in the 2.5 pmol/L BAY11-7082, 5 umol/L
BAY11-7082 and 10 pmol/L BAY11-7082 groups were between
the normal group and the control group. The increased
concentration of BAY11-7082, consequently lead to a significant
decrease in the NF-kB expression in the 2.5 wmol/L BAY11-7082,
5 pmol/L BAY11-7082 and 10 pmol/L BAY11-7082 groups (all
P<.05). In comparison with the normal group and control
group, the NF-kB expressions in the 2.5 pmol/L BAY11-7082
and 5 pumol/L BAY11-7082 groups had notable differences (all
P<.05). The NF-«B expression in the 10 wmol/L BAY11-7082
group did not exhibit a significant difference compared to the
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normal group (P>.05). Results were indicative of the fact that
BAY11-7082 could down-regulate NF-kB expression in a
concentration-dependent manner.

3.2. BAY11-7082 suppressed proliferation of RA-HFLS in
the concentration and time-dependent manner

As shown in Figure 2, over time, the cell viability increased. No
significant difference was observed in cell viability at any specific
time point in the normal and 10 wmol/L BAY11-7082 groups
(P>.05). In the control and 2.5 pmol/L BAY11-7082 groups, the
cell viability at 48h and 72hours was significantly different
compared with the cell viability recorded at the previous time
point (P<.05). In the 5pmol/L BAY11-7082 group, the cell
viability at 72 hours was markedly higher than that at 48 hours
(P <.05). No significant difference was observed in cell viability
at 0 and 24 hours among the 5 groups (P >.05). At 48 hours, the
cell viability evidently increased in the control and 2.5 pmol/L
BAY11-7082 groups compared with the normal group (P <.035),
whereas cell viability was higher in the control group compared
to the 2.5 pmol/L BAY11-7082 group (P <.05). Among the S
mol/LL. BAY11-7082 and 10 wmol/L BAY11-7082 groups, no
marked difference was observed in cell viability compared to the
normal group (P>.05). At 72hours, the cell viability greatly
ascended in the control, 2.5 umol/L BAY11-7082 and 5 wmol/L
BAY11-7082 groups compared to the normal group, whereas the
cell viability decreased among the control, 2.5 wmol/L BAY11-
7082 and 5Sumol/L BAY11-7082 groups and there were
statistically significant differences in pairwise comparisons
(P<.05). In the 10 pmol/L BAY11-7082 group, cell viability
did not exhibit any marked difference compared to the normal
group (P>.05). To summarize, the control, 2.5 wmol/L BAY11-
7082 and Spmol/L BAY11-7082 groups showed higher cell
proliferation than the normal group, whereas cell proliferation
declined in the 2.5 wmol/L BAY11-7082, 5 wmol/L BAY11-7082
and 10 pmol/L BAY11-7082 groups compared to the control
group. The results revealed that BAY11-7082 may inhibit RA-
HFLS proliferation in the concentration and in a time-dependent
manner.
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Figure 1. According to the results of western blot analysis, BAY11-7082 inhibits NF-kB expression in a concentlation—dependent manner. A, protein bands of NF-
kB expression among 5 groups; B, NF-kB expression among 5 groups detected by western blot analysis; P < .05 compared to the normal group; P <.05
compared to the control group; A, P< .05 compared to the 2.5 umol/L BAY11-7082 group. NF-kB=nuclear factor-kappa-light-chain-enhancer of activated B

cells.
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Figure 2. MTT assay findings suggest that BAY11-7082 suppresses RA-HFLS proliferation in a concentration and time-dependent manner. ‘P<.05 compared to
the previous time point in the same group; *P < .05 compared to the other groups at the same time point. HFLS = fibroblast-like synovial cells, MTT = 3-[4=5-
dimethylthiazol-2-yl] 2 =5-diphenyltetrazolium bromide, RA=rheumatoid arthritis.

3.3. BAY11-7082 promoted RA-HFLS apoptosis in a
concentration-dependent manner

The results of flow cytometry (Fig. 3) showed that the apoptosis
rate significantly decreased in the control, 2.5 pmol/L BAY11-
7082, and 5pmol/L BAY11-7082 groups compared to the
normal group (P<.05), while the apoptosis rate elevated
successively in the control, 2.5 pmol/L BAY11-7082, and Sp
mol/L BAY11-7082 groups (P <.05). In the 10 pmol/L BAY11-
7082 group, no significant difference was observed in apoptosis
rate compared to the normal group (P>.05). The results
indicated that BAY11-7082 could stimulate RA-HFLS apoptosis
in a concentration-dependent manner.

3.4. BAY11-7082 decreased VEGF, Ang1 and Ang2
expressions in a concentration-dependent manner

As revealed in Figure 4, the expressions of VEGF, Angl, and
Ang2 were upregulated in the control, 2.5 pmol/L BAY11-7082

and 5 wmol/L BAY11-7082 groups compared with the normal
group, whereas the expressions of VEGF, Ang1, and Ang2 were
downregulated successively in the control, 2.5 pmol/L BAY11-
7082, and 5 pmol/L BAY11-7082 groups (P <.05). In the 10w
mol/L BAY11-7082 group, no significant difference was
observed in levels of VEGF, Angl and Ang2 compared with
the normal group (P>.05). The results indicated that BAY11-
7082 might inhibit the expressions of RA-HFLS angiogenesis-
related factors in a concentration-dependent manner.

4. Discussion

RA occurs in 0.5% to 1.0% of the adult population worldwide,
characterized principally by inflammatory polyarthritis with
local inflammation in joint synovial tissue as well as progressive
bone and cartilage degradation.! The complex interactions
among immunologic, genetic, and environmental factors (family
history, air, or food pollution) are of high clinical significance in
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Figure 3. According to the results of flow cytometry, BAY11-7082 promotes RA-HFLS apoptosis in a concentration-dependent manner. (A) The apoptosis of RA-
HFLS among 5 groups determined by flow cytometry; (B) the apoptosis rate of RA-HFLS among 5 groups; compared with the Normal group P < .05; #, compared
with the Control group P <.05; A, compared with the 2.5 umol/L NF-kB group P <.05. HFLS =fibroblast-like synovial cells, RA=rheumatoid arthritis.
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Figure 4. According to the results of western blot analysis, BAY11-7082 decreases the expressions angiogenesis-related factgrs (VEGF, Ang1, and Ang2) in a
concentration-dependent manner. A, protein bands of angiogenesis-related factors; B, angiogenesis-related factors expression; P < .05 compared to the normal

group; *P < .05 compared to the control group; A, P< .05 compared to the 2.

Angiotension1; Ang2, Angiotension2. Ang=angiopoietins.

5 pmol/L BAY11-7082 group; VEGF, Vascular endothelial growth factor; Angt,

RA development.''>! NF-«kB pathway is a major participant in
general inflammatory responses and especially along the
pathogenesis of RA.'""l HFLS plays an indispensable role in
the formation of RA pannus and in pannus invasion and
destruction of cartilage and bone.!'® This study was performed
with the underlying aim to explore the effect of NF-kB pathway
on the proliferation, apoptosis and angiogenesis-related factors
of RA-HFLS in RA patients. From the results, we concluded that
inhibition of NF-kB pathway induced cell apoptosis and
suppressed proliferation and angiogenesis of RA-HFLS.

For clear comparisons, our study comprised of 5 groups,
including the normal, control, 2.5 mmol/L BAY11-7082, 5 wmol/
L BAY11-7082, and 10wmol/L BAY11-7082 groups. The
comparative results show that the NF-«kB expression of RA-
HFLS was higher compared to the expression recorded in the
normal HFLS, while the NF-kB expression decreased with an
increase in BAY11-7082 concentration. The results exhibited
that BAY11-7082 inhibited NF-«kB expression, showing a time-
dependent manner. NF-kB activation promotes synovial hyper-
plasia via accelerating proliferation and inhibiting apoptosis of
HFLS.!"! A significant increase in NF-kB was observed in PGC-1p
overexpressed RA-HFLS through its inhibitory role in cell
growth.'”! Besides, BAY11-7082 (an inhibitor of NF-kB
activation) is reported to reduce the IL-8 production and NF-
kB binding activity via blocking p38 or STAT1.'®! The
expression of ASCC1 reduced NF-kB transcriptional activity
in a dose-dependent manner."!

This study also showed that cell viability increased in the
control and the 2.5 pmol/L BAY11-7082 groups compared to the
normal group. A notable increase in cell viability was observed in
at 72 hours in the control, 2.5 pmol/L BAY11-7082 and 5 wmol/L
BAY11-7082 groups compared with the normal group. Thus, we
propose that downregulation of NF-kB might play an important
role in enhancing cell viability of RA-HFLS. NF-kB plays a
crucial role in anti-apoptosis, and a previous study has
highlighted the role of NF-«kB inhibitor in inducing cell
apoptosis.'?! Results also show that apoptosis induced by the
suppression of NF-kB was significantly decreased in the control,

2.5 pmol/L BAY11-7082, 5 umol/L BAY11-7082 groups com-
pared with the normal group. In accordance with our results, NF-
kB inhibitor BAY11-7082 has been demonstrated to induce cell
apoptosis of human uveal melanoma cells.?”! For the previously
studied various types of transcription factors, NF-kB is
indispensable in the production of cytokines and proteases by
RA-HFLS, along with its role in the regulating of the resistance of
RA-HFLS to cell apoptosis.”! Autophagy induction in primary
RA-HFLS can negatively regulate inflammatory response.!'”!
Therefore, it has the ability to balance the influence of
inflammation in RA development and HFLS apoptosis.[!! A
previous study demonstrated that the product of lipid peroxida-
tion might induce cell death in RA-HFLS due to synovial
inflammations by activating NF-kB pathways.!!

Additionally, the present study also revealed that the
expressions of VEGF, Ang1 and Ang2 increased in the control,
2.5 pmol/L BAY11-7082 and 5 pmol/L BAY11-7082 groups
compared to the normal group, while the expression of VEGF
declined with an increase in BAY11-7082 concentration.
It revealed that BAY11-7082 inhibited the expressions of
various angiogenesis-related factors (soluble endoglin, placen-
tal growth factor (PIGF), and transforming growth factor-betal
(TGF-betal), in RA-HFLS in a concentration-dependent
manner. A previous study revealed that the expression of
VEGF declined in genetically diabetic mice after treatment with
BAY 11-7082.1"1 Growth factor release has been associated
with enhanced proliferation of synoviocytes, along with
angiogenesis in synovial tissue.®! The release of VEGF and
other growth factors enhanced angiogenesis in inflamed
synovial tissue, and thus elevated serum growth factor levels
might serve as an indicator of RA severity.?! VEGF was
effective principally in restricting primary tumor growth, while
the Ang/Tie2 pathway-targeted agents (anti-Tie2, anti-Ang2,
BowAngl) were relatively ineffective at controlling the
growth of primary tumor.??) Numerous studies have
reported that the dependence of cytoprotection on VEGF was
abolished by pretreatment with BAY11-7085 (a specific
inhibitor of NF-kB).[?%!
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Angiopoietins (Ang) are angiogenic factors essential for
vascular development, maturation, and inflammation.'**' Angio-
poietin-1 (Angl) and its context-dependent antagonist angio-
poietin-2 (Ang2) are secreted by endothelial growth factors
(VEGF121, VEGF145, and VEGF165), which bind to the
extracellular domain of the tyrosine kinase receptor Tie2
expressed predominantly in endothelial cells.** Ang1 contrib-
utes to stabilizing newly formed vessels, while Ang2 disrupts pre-
existing vasculature.”>**! Ang2 expression is induced to
compensate for weak Angl signaling by restoring Tie2 activity
and promoting the survival or proliferation of tumor endothelial
cells.!*”! The concentration of Ang1 was significantly lower in the
serum of cirrhotic patients compared the concentration in the
non-cirrhotic ones, and Ang2 serum levels were higher in patients
with cirrhosis.*®) Zhao et al®”! demonstrated that Ang2
activated the AT1R/PI3K/Akt pathway, which further activated
NF-kB, consequently leading to an increased expression of
matrix metalloproteinase (MMP)-2 and MMP-9 and migration
in breast cancer cells. In consistent with our findings, activated
NF-kB pathway was attributed to HFLS acceleration, thus
facilitating the progress of RA.

Collectively, the key findings of the study revealed that NF-«B
pathway is upregulated in RA, and its inhibition could induce cell
apoptosis and prevent from proliferation and angiogenesis of
RA-HFLS, which may potentially be a clinically viable target in
the treatment of RA.

5. Conclusion

In conclusion, these data could serve as an explanation that
inhibition of NF-kB pathway could induce cell apoptosis and
suppress proliferation angiogenesis of RA-HFLS, which contrib-
uted to the development of potential therapeutic strategies
for treating RA. However, more prospective studies are
needed for deeper investigation in order to confirm the effects
of NF-kB pathway on proliferation, apoptosis and angiogenesis
of RA-HFLS, and to move forward towards the goal of
developing novel and promising therapeutic strategies for the
treatment of RA.
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