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Abstract: Activation of the P2X7 receptor (P2X7R) has been found to increase expression of tumor necrosis factor-a
(TNF-o) in the joints and synovial lining of patients with rheumatoid arthritis (RA). Increased expression of TNF-
promotes joint destruction through deterioration of type Il collagen by matrix metalloproteinases (MMPs), expres-
sion of proinflammatory cytokines, oxidative stress, and activation of cellular signaling pathways. In the present
study, we exposed fibroblast-like synoviocytes (FLSs) to TNF-at in the presence and absence of the P2X7R antagonist
A804598. We then employed real time PCR and western blot analysis to analyze the mRNA and protein expression
levels of P2X7R in both control and RA-FLSs. We confirmed that P2X7R is expressed on FLSs and is upregulated
in RA-FLSs and FLSs exposed to TNF-a.. Importantly, we also demonstrate the ability of P2X7R antagonism using
A804598 to suppress oxidative stress, expression of interleukin (IL)-1j, IL-6, MMP-1, MMP-3, MMP-13 as well as
activation of the Janus family of tyrosine kinase/signal transducer and activator of transcription (JAK1/STAT3) pro-
inflammatory signaling pathway. These findings implicate a novel role of antagonism of P2X7R as a target for the
treatment and prevention of RA.
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Introduction

Rheumatoid arthritis (RA) is a systemic inflam-
matory autoimmune disease that affects ap-
proximately 350 million people worldwide. RA
causes chronic inflammation and pain in the
joints with symptoms including fever, fatigue,
stiffness and redness in the joints, asymmetri-
cal presentation of symptoms, nodules on the
joints, and in advanced cases, can cause loss
of mobility and range of motion [1]. Fibroblast-
like synoviocytes (FLSs) are found in the syno-
vial membrane in joints. In normal functioning
joints, FLSs work by adhering the tissue of the
synovial membrane together to create a thin,
two-cell bilayer against the bone. They also
secrete a protein called lubricin, which assists
in the smooth articulation between joints [2].
RA-FLSs express subdued contact inhibition.
The resulting increased proliferation causes
hypertrophy of the synovial lining, with the nor-

mal bilayer of cells becoming as much as ten to
twenty cells thick. The accompanying increased
inflammation promotes the differentiation of
osteoclasts into an invasive phenotype which
then infiltrates the articular cartilage, causing
deterioration of the joint and bone erosion near
the articulation points [1, 3]. FLSs mediated
inflammation has been identified as an impor-
tant hallmark of RA pathogenesis [4]. FLSs play
a casual role in regulating the expression and
secretion of inflammatory mediators including
matrix metalloproteinases (MMPs), which result
in chondrocyte dysfunction and matrix degra-
dation [5]. Pro-inflammatory cytokines such as
tumor necrosis factor-o« (TNF-&), interleukin-6
(IL-6), and IL-1B are important for the initiation
and progression of RA [6]. Biologic antirheu-
matic drugs targeting these proinflammatory
cytokines have been successfully developed
and can significantly improve treatment res-
ponse [7].
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The P2X7 ligand-gated ion channel receptor
(P2X7R) is ubiquitously expressed. Upon stimu-
lation, P2X7R triggers the cell membrane to
intake calcium and sodium ions and release
potassium ions. The passing of ions across the
cell membrane causes the permeability to be-
come increasingly non-select, until a large non-
select pore is formed in the cell. This pore
allows for the free passing of large molecules to
cross the cell membrane, most notably in
phagocytic immune cells [8]. P2X7R stimula-
tion occurs with abundant amounts of ATP in
the extracellular matrix. In certain cell types,
this causes the release of pro-inflammation
cytokines including tumor necrosis factor-a
(TNF-ax) [9, 10]. TNF-« is considered a master
regulator of pro-inflammatory cytokines and
has been shown to play a major role in initiating
joint destruction in RA [11-13]. TNF-& has also
been shown to induce expression of matrix
metalloproteinase (MMP) enzymes, which bre-
ak down proteins in the extracellular matrix
including type Il collagen and aggrecan [14].
Additionally, TNF-« activates the Janus family of
tyrosine kinase (JAK)/signal transducer and
activator of transcription (STAT) kinase pathway
which phosphorylates intracellular targets lead-
ing to inflammation and degradation [15].
TNF-a also contributes to bone emulsion thr-
ough differentiation of osteoclasts and incr-
eased production of FLSs. This excessive prolif-
eration of FLSs causes an increase in protease,
thereby assisting in the destruction of cartilage
[16, 17].

The selective P2X7R antagonist A804598 ([3H]
2-cyano-1-[(1S)-1-phenylethyl]-3-quinolin-5-yI-
guanidine) has an equally high affinity for rat,
mouse and human P2X7R [18]. In recent years,
modulation of P2X7R has been receiving atten-
tion as a potential therapeutic target for the
treatment of infections, inflammation, cancers,
and autoimmune, neurological, and musculo-
skeletal disorders [19]. In the present study, we
determined the effects of P2X7R antagonism
by A804598 on various aspects of RA in TNF-a-
induced FLSs. Our findings demonstrate an
important potential role of P2X7R antagonism
by A804598 in the treatment and prevention of
RA.

Materials and methods

Fibroblast-like synoviocytes (FLSs) isolation,
culture, and treatment

Normal FLSs and RA-FLSs were separated from
knee joint synovial tissues from both control (n

46

= 15) and RA patients (n = 8) donors as previ-
ously demonstrated [20]. Human tissues were
used in accordance with the World Medical
Association Declaration of Helsinki Ethical Pri-
nciples for Medical Research Involving Human
Subjects. This study was approved by the eth-
ics committee of our institute. Written informed
consent was signed by all participants in this
study. Synovial tissues were cut into small piec-
es and digested with 0.05% trypsin for 15 min
at 37°C. Isolated FLSs were cultured in DMEM
supplemented with 5% fetal bovine serum
(FBS) and 1% penicillin-streptomycin. To deter-
mine the effects of TNF-a on the expression of
P2X7R, FLSs were stimulated with 5, 10, and
20 ng/ml TNF-a for 24 h. The P2X7 antagonist
A804598 was purchased from Tocris Biosci-
ence, UK and dissolved in dimethyl Sulfoxide
(DMSO). To determine the effects of P2X7R on
TNF-a-induced insult in FLSs, cells were treated
with 10 ng/mlI TNF-a in the presence or absence
of A804598 at the concentrations of 10 and 20
uM [21] for 24 h.

Semi-quantitative and quantitative polymerase
chain reaction (PCR) analysis

Total RNA was isolated from FLSs using a com-
mercial RNA Extraction Kit (#74004, Qiagen).
Extracted RNA was examined using a Nanodrop
spectrophotometer. Then, 1 pg RNA from each
group (test and control groups) was applied to
generate cDNA via reverse transcription poly-
merase chain reaction (RT-PCR) using a High
Capacity cDNA Reverse Transcription Kit (Th-
ermo Fisher Scientific, USA). The produced cD-
NA was then subjected to real-time PCR using
the SYBR Green method using a commercial
gPCR Master Mix Kit (Thermo Fisher Scientific,
USA) to assess the amount of mMRNA of human
P2X7R, IL-1B, IL-6, MMP-1, MMP-3, and MMP-
13. The following primers were used in this
study: P2X7R (forward, 5-GAGGTGACGGAGA-
ATGTC-3’; reverse, 5-GCGCCTGGGATACTCAG-
3’); IL-6 (forward, 5-GGTACATCCTCGACGGCA-
TCT-3’; reverse, 5-GTGCCTCTTTGCTGCTTTCAC-
3"); IL-1B (forward, 5-TTCCTGTTGTCTACACCA-
ATGC-3’; reverse, 5-CGGGCTTTAAGTGAGTAG-
GAGA-3’); MMP-1 (forward, 5-CTG AAG GTG
ATG AAG CAG CC-3, reverse, 5-AGTCCA AGA
AATGGCCGAG-3’); MMP-3 (forward: 5-TTAAA-
ATAAAACTGCTTTT-3’ and reverse: 5-AACTGG-
AGCATTTTTT-3’); MMP-13 (forward: 5-AGG A-
GC ATG GCG ACT TCT AC-3’; reverse: 5-TAA-
AAACAGCTCCGCATCAA-3’); GAPDH (forward,
5-GGAGCGAGATCCCTCCAAAAT-3’; reverse, 5'-
GGCTGTTGTCATACTTCTCATGG-3).
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Western blot analysis

Proteins from FLSs in the different treatment
groups were isolated using cell lysis buffer with
cocktail inhibitors against protease and phos-
phatase. The sample concentration was deter-
mined. After boiling at 95°C for 5 min, protei-
ns were immobilized by 10% sodium dodecyl
sulphate - polyacrylamide gel electrophoresis
(SDS-PAGE). The separated samples were then
transferred onto polyvinylidene fluoride (PVDF)
membranes. Blots were blocked with 10% skim
milk for 1 h at room temperature (RT) and incu-
bated with primary antibody at 4°C overnight.
Membranes were then washed 3 times with
tris-buffered saline (TBS) in tween 20 (TBST)
and incubated with horseradish peroxidase
(HRP)-conjugated secondary antibodies for 1 h
at RT. Immunoblotting bands were visualized
with a chemiluminescence development Kit.
The following antibodies were used in this
study: P2X7R (1:2000, #ab109054, Abcam,
USA); p-JAK1 (1:1000, #3331, Cell signaling
technology, USA); JAK1 (1:2000, #29261, Cell
signaling technology, USA); p-STAT3 (1:1000,
#9145, Cell signaling technology, USA); STA-
T3 (1:1000, #9139, Cell signaling technology,
USA); Anti-rabbit 1gG, HRP-linked Antibody (1:
2000, #7074, Cell signaling technology, USA);
Anti-mouse 1gG, HRP-linked Antibody (1:2000,
#7072, Cell signaling technology, USA).

Enzyme-linked immunosorbent assay (ELISA)

FLSs were treated with 10 ng/ml TNF-« in the
presence or absence of A804598 at the con-
centrations of 10 and 20 uM for 24 h. Cell cul-
ture medium was collected to determine the
protein levels of IL-1B and IL-6. Cell lysate was
then prepared to determine the expression of
MMP-1, MMP-3, and MMP-13 using commer-
cial kits from R&D Systems. Briefly, 50 pL of
assay diluent buffer was added to each well. 50
ul supernatant was then pipetted into each well
of the ELISA plate and incubated for 2 h at room
temperature (RT). After 4 washes, 100 pL of
conjugated antibody was added and incubated
for 2 h on the shaker. 200 pL of substrate solu-
tion was then added to each well and incubated
for 30 min at RT on the benchtop. The reaction
was stopped with 50 yL stop solution. Optical
density (OD) value was recorded at 450 nm
within 30 min to index protein concentration.

a7

Measurement of reactive oxygen species
(ROS)

FLSs were treated with 10 ng/ml TNF-« in the
presence or absence of A804598 at the con-
centrations of 10 and 20 pM for 24 h. The dye
2',7’-dichlorofluorescin diacetate (DCFH-DA)
was used to examine intracellular ROS. Briefly,
after the indicated treatment, cells were wa-
shed 3 times with PBS and loaded with 5 yM
DCFH-DA for 30 min in darkness. Cells were
then washed 3 times, and fluorescent signals
were recorded using a DM500 fluorescence
microscope (Leica Microsystems, Germany).
Fluorescent intensity of ROS staining was quan-
tified using the Image J software. Briefly, regions
of interest (ROI) in the fluorescent figures were
defined and the average number of cells pres-
ent in the defined ROl was counted. The inte-
grated density value (IDV) in ROl was calculat-
ed. The IDV was divided by the average number
of cells and was used to index the average level
of intracellular ROS.

Measurement of intracellular reduced glutathi-
one (GSH)

Reduced GSH in FLSs was assessed using the
fluorimetric method as previously described
[22]. FLSs were seeded onto a 6-well plate and
maintained in normal medium for 12 h. Cells
were treated with 10 ng/ml TNF-« in the pres-
ence or absence of AB04598 at the concentra-
tions of 10 and 20 uM for 24 h. Cell lysate was
prepared and briefly centrifuged at 15,000 x g
at 4°C for 15 min. Equal volumes (100 pL) of
the supernatant and ortho-phthaldehyde (0.1%
w/v in methanol) were mixed together in 1.8 ml
of 200 mM Na,HPO, and incubated for 20 min
at RT. Fluorescent signals were recorded using
a spectrofluorometer (emission: 420 nm; exci-
tation: 350 nm).

Statistical analysis

Experimental results are presented as means
+ standard error of measurement (S.E.M.). The
software SPSS 16.0 was used to perform sta-
tistical analysis. Statistical significance was
determined using analysis of variance (ANOVA),
followed by the Bonferroni post-hoc test. A dif-
ference of P < 0.05 was considered statistically
significant.
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Figure 1. The P2X7 receptor (P2X7R) is expressed
in human fibroblast-like synoviocytes (FLSs). Human
Caco-2 cells were used as a positive control. A. RT-
PCR analysis of P2X7R; B. Western blot analysis of
P2X7R.

Results

First, we confirmed that P2X7R is expressed in
human FLSs at the protein level using B-actin
as a control. Human Caco-2 cells were used as
a positive control as previously described [23]
(Figure 1). Next, we determined whether
expression of P2X7R is upregulated in RA-FLSs
as both the mRNA and protein levels using PCR
and western blot analyses, respectively. As sh-
own in Figure 2, RA-FLSs had roughly 4-fold
higher expression of P2X7R at the mRNA level
as compared to normal FLSs (Figure 2A). Ad-
ditionally, RA-FLSs had approximately 3.75-fold
higher expression of P2X7R at the protein level
(P < 0.01) (Figure 2B). As demonstrated by the
results of real-time PCR and western blot analy-
ses in Figure 3 and using B-actin as a control,
stimulation of FLSs with 5, 10 and 20 ng/mL
TNF-a resulted in approximately 2-, 3-, and
4-fold higher expression of P2X7R at both the
MRNA and protein levels as compared to the
control. These findings demonstrate that P2-
X7R is expressed on both normal and RA-FL-
Ss, with RA-FLSs exhibiting significantly high-
er P2X7R expression. Additionally, insult from
TNF-a greatly increased expression of P2X7R in
a dose-dependent manner.

Next, we investigated the effects of the addi-
tion of the P2X7R antagonist A804598 on two
major markers of oxidative stress in FLSs-
production of ROS and reduced GSH antioxi-
dant. The molecular structure of A804598 is
shown in Figure 4. FLSs were exposed to insult
from 10 ng/mL TNF-a in the presence or
absence of 10 and 20 yM A804598 for 24 h.
As demonstrated by the results of DCFH-DA in
Figure 5A, TNF-a gave rise to an increase in
intracellular ROS of more than 4-fold basal lev-
els, which was ameliorated by treatment with
10 and 20 uM A804598 in a dose-dependent
manner. Additionally, the results in Figure 5B
show that TNF-a reduced the level of GSH by
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roughly half, which was also rescued by treat-
ment with 10 and 20 yM A804598 in a dose-
dependent manner. These findings demonstr-
ate a powerful antioxidant property of AS04598
against TNF-a-induced oxidative stress.

Increased expression of IL-1B and IL-6 plays a
major role in the pathogenesis of RA. To deter-
mine the effects of A804598 on TNF-a-induced
upregulation of IL-13 and IL-6, we exposed FLSs
to insult from 10 ng/mL TNF-a for 24 h. As
shown in Figure 6A, TNF-a caused an increase
in the expression of IL-1p and IL-6 at the mRNA
level by approximately 4.5- and 4.75-fold,
respectively, which was ameliorated by treat-
ment with 10 and 20 yM A804598 in a dose-
dependent manner. Concordantly, the results
of ELISA analysis in Figure 6B show that protein
expression of IL-1p3 and IL-6 was increased by
approximately 4.5- and 4-fold upon exposure to
TNF-a, which was ameliorated by 10 and 20 uM
A804598 in a dose-dependent manner. These
findings demonstrate the involvement of P2X7R
expression in TNF-a-mediated upregulation of
IL-1B and IL-6. Therefore, blockade of P2X7R by
its antagonist A804598 may be a novel treat-
ment against expression of proinflammatory
cytokines in RA.

Degradation of the cartilage extracellular ma-
trix is largely driven by overexpression of degra-
dative enzymes such as MMP-1, MMP-3 and
MMP-13 and plays a vital role in the pathogen-
esis of RA. To determine the effects of P2X7R
on TNF-a-induced upregulation of MMPs, FLSs
were exposed to 10 ng/mL TNF-« in the pres-
ence or absence of 10 and 20 yM A804598 for
24 h. As demonstrated by the results of real-
time PCR analysis in Figure 7A, TNF-a insult led
to increases in the expressions of MMP-1,
MMP-3 and MMP-13 of roughly 4.8-, 4.7, and
4.5-fold, respectively, at the mRNA level. Ho-
wever, treatment with 10 and 20 yM A804598
rescued the expression of these three MMPs to
roughly 2-fold basal levels. Additionally, the
results in Figure 7B show that this effect was
also present at the protein level, as demon-
strated by ELISA analysis. These findings impli-
cate a potential role of P2X7R antagonism
using A804598 in preventing cartilage degra-
dation by downregulating TNF-a-induced exp-
ression of MMP-1, MMP-3 and MMP-13 in FLSs.

Finally, we explored the role of P2X7R antago-
nism in TNF-a-induced activation of the JAK1/
STAT3 proinflammatory pathway in FLSs. Ac-
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Figure 2. The expression of P2X7R is increased in rheumatoid arthritis (RA)-FLSs compared to normal FLSs. A. Real-
time PCR analysis of P2X7R at the mRNA level; B. Western blot analysis of P2X7R at the protein level (*, P < 0.01
vs. normal group).
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Figure 3. The expression of P2X7R in normal FLSs is increased in response to TNF-a treatment. FLSs were stimu-
lated with various concentrations (5, 10, 20 ng/ml) TNF-a for 24 h. A. mRNA of P2X7R was determined by real-time
PCR analysis; B. Protein of P2X7R was determined by western blot analysis (#, &, *, P < 0.01 vs. previous column
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Figure 4. Molecular structure of the P2X7 receptor
(P2X7R) antagonist A804598.

tivation of JAK1/STAT3 in RA-FLSs by IL-6 has
been shown to promote differentiation into the
inflammatory Th17 phenotype [24]. To deter-
mine the involvement of P2X7R in activation of
JAK1/STAT3 signaling, we exposed FLSs to 10
ng/mL TNF-« in the presence or absence of 10
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and 20 uM A804598 for 2 h. Using B-actin as a
control, the results of western blot analysis in
Figure 8 show that TNF-a induced significant
phosphorylation of both JAK1 and STAT3 pro-
tein by approximately 5-fold basal levels, while
total JAK1 and STAT3 remained constant. Ho-
wever, treatment with A804598 could amelio-
rate TNF-a-induced phosphorylation of JAK1/
STAT3 in a dose-dependent manner, with the
higher dose reducing p-JAK1/STAT3 to roughly
2-fold basal levels. These findings suggest a
novel role of A804598 in ameliorating inflam-
mation via modulation of the JAK1/STAT3 sig-
naling pathway.

Discussion

The inflammatory pathways involved in the pa-
thogenesis of RA are numerous and intricate.
Current medication treatments focus on symp-
tom reduction through the use of NSAIDs and
corticosteroids, and on slowing disease pro-
gression through the use of disease-modifying
antirheumatic drugs (DMARs) and a newer cl-
ass of DMARs called biologic agents [24]. Cu-
rrent biologic agents target TNF-a cytokine inhi-
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Figure 5. The P2X7 receptor (P2X7R) antagonist AB04598 ameliorated TNF-a-induced oxidative stress in human
FLSs. FLSs were treated with 10 ng/ml TNF-a in the presence or absence of A804598 at the concentrations of 10
and 20 uM for 24 h. A. Intracellular reactive oxygen species (ROS) was measured by DCFH-DA; Scale bar, 100 uym;
B. Intracellular GSH levels (#, &, *, P < 0.01 vs. previous column group).
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Figure 6. The P2X7 receptor (P2X7R) antagonist A804598 inhibited TNF-a-induced production of IL-13 and IL-6 in
human FLSs. FLSs were treated with 10 ng/ml TNF-a in the presence or absence of AB04598 at the concentrations
of 10 and 20 pM for 24 h. A. Real-time PCR analysis of IL-13 and IL-6; B. Secretions of IL-13 and IL-6 determined by

ELISA (#, &, *, P < 0.01 vs. previous column group).

bition utilizing monoclonal antibodies [25].
However, the majority of patients eventually
develop resistance to these therapies, and
thus new and novel treatment strategies are
desperately needed [26]. In the present study,
we identified a novel role of antagonism of
P2X7R using its specific antagonist AB04598.
Our findings demonstrate an important role of
P2X7R in driving TNF-a-induced inflammation
in RA.

Among the many factors driving the develop-
ment and progression of RA, recent studies
have highlighted the importance of oxidative
stress resulting from increased generation of
ROS and decreased intracellular levels of the
antioxidant GSH in RA [27, 28]. Our findings
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demonstrate that antagonism of P2X7R can
modulate overproduction of ROS and suppres-
sion of GSH induced by TNF-«a in FLSs, thereby
suggesting P2X7R as a potential target for reg-
ulating oxidative stress in RA. While there are
numerous factors contributing to chronic infl-
ammation as seen in RA, a contemporary study
suggested inhibition of IL-1B and IL-6 as a
potential therapeutic target in RA [29]. IL-1B
has been shown to play a pivotal role in bone
resorption via stimulation of osteoclastogene-
sis by receptor activator of nuclear factor kap-
pa-B ligand (RANKL), while IL-6 is considered a
preferred target for preventing inflammation of
RA patients who have only partial response to
TNF-a inhibitors [30, 31]. Here, we demonstrate
that antagonism of P2X7R exerts powerful sup-

Am J Transl Res 2020;12(1):45-53



P2X7R antagonist A804598 inhibits inflammation in FLSs

A o Control
8 TNF-a
o TNF-a . A804598 10 uM
TNF-a , A804598 20 puM

# =

=2

#
&
L

=
- &
]

MRNA level
(Relative value)
(3]

[TWE TR )

MMP-1

<

MMP-3 MMP-13

B a Control

g TNF-a

o TNF-a . A804598 10 uM

TNF-a , AB04598 20 uM
6] #

) - 4
33
LS4 [|& & !
w > L &
cao
-9 '2 * e
o 2 ! T *
o@
A I THE T [
@ |

MMP-1 MMP-3 MMP-13

Figure 7. The P2X7 receptor (P2X7R) antagonist AB04598 reduced TNF-a-induced production of MMP-1, MMP-3,
and MMP-13 in human FLSs. FLSs were treated with 10 ng/ml TNF-« in the presence or absence of AB04598 at the
concentrations of 10 and 20 uM for 24 h. A. Real-time PCR analysis of MMP-1, MMP-3, and MMP-13; B. Secretions
of MMP-1, MMP-3, and MMP-13 determined by ELISA (#, &, *, P < 0.01 vs. previous column group).
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Figure 8. The P2X7 receptor (P2X7R) antagonist A804598 reduced TNF-a-induced activation of JAK1/STAT3 in hu-
man FLSs. FLSs were treated with 10 ng/ml TNF-a in the presence or absence of A804598 at the concentrations of
10 and 20 pM for 2 h. Phosphorylated JAK1 and STAT3 was determined by western blot analysis (#, &, *, P < 0.01

Vs. previous column group).

pression of IL-13 and IL-6 at both the mRNA and
protein levels in FLSs stimulated with TNF-q,
thus implying the potential of P2X7R antago-
nism using A804598 as a novel therapy for RA,
especially in patients with partial or no response
to TNF-a inhibitors. TNF-« is well-recognized as
an activator of MMP enzyme expression, which
plays a major role in joint destruction in RA [32-
34]. In the present study, we show that antago-
nism of P2X7R significantly inhibits expression
of MMP-1, MMP-3 and MMP-13. While MPP-1
and MMP-3 are the major MMPs produced in
fibroblasts and macrophage-like synoviocytes,
these two enzymes not only drive degradation
of cartilage and subchondral bone, but also
induce expression of other MMPs including
MMP-13 [35]. MMP-13 plays a pivotal role in
cartilage degradation in RA, with one experi-
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ment reporting a 75% reduction in cartilage
destruction after inhibition of MMP-13 in an RA
mouse model [36]. Our findings demonstrate a
powerful ability of P2X7R antagonism to reduce
expression of MMP-1, MMP-3 and MMP-13
induced by TNF-«, with the higher dose of A8-
04598 reducing expression of these enzymes
by nearly 75%. Finally, we show that A804598
also significantly reduced TNF-a-induced phos-
phorylation of JAK1/STAT3. Activation of the
JAK1/STAT3 cellular signaling pathway plays a
critical role in IL-6 signaling and blockade of
JAK1/STAT3 signaling has recently been sug-
gested as a promising target for the treatment
of RA [37, 38]. The findings of the present study
demonstrate a strong capacity of P2X7R antag-
onism by A804598 to prevent phosphorylation
of JAK1/STAT3, with the higher dose reducing
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the level of p-JAK1/STAT3 by roughly 75%. Th-
us, selective inhibition of P2X7R activation by
A804598 may serve as a novel therapeutic
strategy for preventing oxidative stress, expres-
sion of key proinflammatory cytokines, carti-
lage degradation, and activation of the proin-
flammatory JAK1/STAT3 signaling pathway in-
duced by TNF-a in RA.

The major limitation of the present study is that
our findings are based on an in vitro primary
FLSs culture model. However, it should be real-
ized that the pathological mechanisms of RA
are complex. In this study, we treated FLSs wi-
th TNF-a to induce inflammatory conditions.
However, there are a variety of risk factors
involved in the pathological development of RA,
including aging, genetics, and joint injuries.
Additionally, other pro-inflammatory cytokines
such as interleukin-13 (IL-1p) and IL-6 are asso-
ciated with the pathogenesis of RA. Animal
models have been widely used to explore the
pathological mechanisms and therapy of RA.
Therefore, future in vivo investigations will fur-
ther verify the biological function of P2X7R in
RA.
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