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ADAMS silencing suppresses the migration =

and invasion of fibroblast-like synoviocytes
via FSCN1/MAPK cascade in osteoarthritis
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Abstract

Objective Osteoarthritis (OA) is a degenerative joint disease that affects elderly populations worldwide, causing
pain and disability. Alteration of the fibroblast-like synoviocytes (FLSs) phenotype leads to an imbalance in the syno-
vial inflammatory microenvironment, which accelerates the progression of OA. Despite this knowledge, the specific
molecular mechanisms of the synovium that affect OA are still unclear.

Methods Both in vitro and in vivo experiments were undertaken to explore the role of ADAMS playing in the syno-
vial inflammatory of OA. A small interfering RNA (siRNA) was targeting ADAMS to intervene. High-throughput
sequencing was also used.

Results Our sequencing analysis revealed significant upregulation of the MAPK signaling cascade and ADAM8
gene expression in IL-13-induced FLSs. The in vitro results demonstrated that ADAMS8 blockade inhibited the inva-
sion and migration of IL-13-induced FLSs, while also suppressing the expression of related matrix metallomatrix
proteinases (MMPs). Furthermore, our study revealed that inhibiting ADAM8 weakened the inflammatory protein
secretion and MAPK signaling networks in FLSs. Mechanically, it revealed that inhibiting ADAM8 had a significant
effect on the expression of migration-related signaling proteins, specifically FSCN1. When siADAM8 was combined
with BDP-13176, a FSCN1 inhibitor, the migration and invasion of FLSs was further inhibited. These results suggest
that FSCN1 is a crucial downstream factor of ADAMS in regulating the biological phenotypes of FLSs. The in vivo
experiments demonstrated that ADAMS inhibition effectively reduced synoviocytes inflammation and alleviated
the progression of OA in rats.

Conclusions ADAMS could be a promising therapeutic target for treating OA by targeting synovial inflammation.
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Introduction

Osteoarthritis (OA) is the most prevalent degenerative
disease affecting both axial and peripheral joints in the
human body [1-3]. It is marked by the gradual deterio-
ration of articular cartilage, bone growth in the articular
margin and subchondral area, and abnormal immune
inflammation in the synovial microenvironment. Joint
pain and swelling, along with dysfunction, are the pri-
mary symptoms experienced by patients [4-6]. Cur-
rently, the exact cause of OA remains unclear, and there
are multiple clinical approaches to treating it. While oral
NSAIDs are frequently utilized, their effectiveness cannot
be improved through excessive use and may even lead to
harmful side effects [7-9]. Thus, it is crucial to continue
researching the pathogenesis and potential therapeutic
targets of osteoarthritis.

In a joint, the two primary tissues are hyaline cartilage
and synovium. Research has demonstrated that synovial
inflammation is a significant pathological characteristic
in the early stages of OA and is closely linked to the clin-
ical symptoms experienced by patients [10, 11]. The pri-
mary manifestation of synovial lesions in OA is chronic
and low-grade inflammation, and the microenvironment
of synovial inflammation is involved in repairing tissue
damage [12, 13]. Fibroblast-like synoviocytes (FLSs) are
mesenchymal cells that reside in the synovium. Their
abnormal activation and altered biological function are
crucial in the formation and development of OA [14, 15].
Recent studies have shown that OA-FLSs share simi-
lar biological characteristics with FLSs in rheumatoid
arthritis [16, 17]. Changes in their biological phenotype
lead to abnormal proliferation and secretion of inflam-
matory factors in synovium, which accelerates the pro-
gression of OA.

In our experiment, we utilized IL-1f to disrupt FLSs
and replicate the inflammatory microenvironment of
OA. Through transcriptome sequencing, we discov-
ered that the mitogen-activated protein kinase (MAPK)
signaling pathway was notably upregulated in the IL-1p-
interfered FLSs group relative to the control group.
Previous studies have demonstrated that the MAPK sign-
aling pathway, which serves as a vital cell information
transmission pathway, plays a critical role in regulating
a range of physiological and pathological effects, includ-
ing cell growth and differentiation, and the inflamma-
tory response. Numerous studies have demonstrated that
MAPK signaling cascades play a crucial role in the pro-
liferation and migration of FLSs, as well as the secretion
of inflammatory factors [18-20]. Thus, we hypothesize
that regulating the MAPK signaling pathway can effec-
tively prevent the expression of FLS-specific biological
phenotypes.
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Furthermore, it was found that disintegrin and metal-
loproteinase domain-containing protein 8 (ADAMS)
was significantly expressed in both IL-1p-induced FLSs
and human synovial tissue. ADAMS is a gene that codes
for a protein. Research has demonstrated that this pro-
tein is involved in both calcium ion binding and metal-
lopeptidase activity [21]. ADAMS8 has been revealed
to play a role in cancer cell invasion through its media-
tion of the MAPK pathway [22, 23]. Additionally, it has
been reported that the expression of ADAMS8 remains
relatively stable under normal physiological condi-
tions [24]. However, increased ADAMS8 expression has
been observed in response to inflammatory processes
and in different types of cancers. Previously, Awan and
colleagues found that ADAMS plays a crucial role in
promoting the proliferation, survival, and migration
of hepatocellular carcinoma cells, ultimately leading
to metastasis of the cancer [25]. In addition, Liu et al.
reported that ADAMS activates the NF-kB/MMP-13
signaling axis, leading to increased migration and inva-
sion of chondrosarcoma cells [26]. These studies offer
valuable insights into the regulation of OA-FLSs prolif-
eration, invasion, and inflammatory factor secretion by
ADAMS in OA, which we can further explore. In our
study, we blocked ADAMS8 both in vivo and in vitro to
observe how it affects the FLSs phenotype mediated by
IL-1pB and OA synovial inflammation in OA. Collectively,
our aim was to offer fresh and valuable perspectives on
the management of OA.

Materials and methods

Chemicals and reagents

Rat IL-1p protein (purity >90%) was acquired from Sino
Biological company (Beijing, China). RNA interference
sequences for ADAMS8 were purchased from GeneP-
harma in Suzhou, China. Thermo Fisher Scientific (St.
Louis, USA) provided DMEM/F12 for cell culture, as well
as fetal bovine serum (FBS) and phosphate buffer saline
(PBS). Monosodium iodoacetate (MIA) was obtained
from Sigma in Gillingham, UK. Antibodies included anti-
MMP-13, TNF-q, IL-6, COX2, P-JNK, JNK, P-ERK, ERK,
P-P38, P38, and P-actin antibodies were obtained from
Abcam, UK. The antibodies included anti-ADAMS8 and
MMP-1 were obtained from ThermoFisher, USA. BDP-
13176, a FSCN1 inhibitor, was purchased from Med-
ChemExpress (New Jersey, USA).

Cell culture

Rat primary synoviocytes were obtained from Procell Life
Science & Technology Company (Procell, Wuhan, China)
and cultured in DMEM/F12 medium supplemented with
10% fetal bovine serum. The cells were cultured at 37°C
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with 5% CO, and cells from passages 4—6 were selected
for use in experiments.

Cell transfection

The transfection process was carried out using GP-trans-
fect-Mate from GenePharma, China, following the man-
ufacturer’s protocol. Initially, FLSs were seeded in a plate
at the appropriate density and allowed to adhere over-
night. The cells were then transfected with 20 nM siRNA,
and the medium was changed to complete DMEM/F12
culture medium overnight, which was maintained for
72 h. Total samples were harvested, and the knockdown
efficiency of ADAMS8 was detected using immunofluo-
rescence staining and RT-PCR. The siRNA sequences
used in this study can be found in Table S1.

RNA sequencing

In our studies, we utilized IL-1B as an intervention for
FLSs over a period of 6 h. Subsequently, we extracted
total RNA by a TRIzol reagent (Beyotime, China). The
extracted samples were then sent to OE Biotech in
Suzhou, China, for further sequencing. The FPKM of
each gene was calculated using Cufflinks, and the read
count of the detected gene was obtained. Differential
expression genes were analyzed using the R package.
And the significance threshold was P<0.05 and the fold
change threshold was>1.5 or<0.5. To detect ADAMS8
downstream, we utilized the same sequencing operation
following successful transfection of siADAMS with high
efficiency.

Quantitative real-time PCR assay

In this study, we isolated total RNA from FLSs subjected
to different interventions using TRIzol reagent (Beyo-
time, China) and quantified the RNA density with a Nan-
oDrop 2000 system (Thermo Fisher Scientific). Then, we
extracted complementary DNA (cDNA) from the iso-
lated RNA through reverse transcription. To amplify the
reaction system, we combined 10 ul of qPCR Master Mix,
0.5 ul of forward and reverse primers, 2 ul of cDNA, and
7 ul of nuclease-free ddH,O. We used the comparative 2~
AACY method to determine the folding changes in mRNA
expression. The gene primer sequences used in this study
are listed in Table S2.

Western blotting

After collecting FLSs with different interventions, the
cells were rinsed twice with PBS and lysed using RIPA
buffer (Beyotime, China). The resulting lysate super-
natant lysate was collected, and the protein concentra-
tion was determined by the use of a BCA kit (Beyotime,
China). Next, all proteins from the various experimental
groups were transferred onto a polyvinylidene chloride
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(PVDF) membrane. After the barrier buffer was sealed
in, the membrane was incubated with primary antibody
solutions for 12 h. Following this, the membrane was
rinsed for 20 min and the corresponding secondary anti-
body solution was added for another 1 h. Finally, protein
band images were visualized and the protein gray was
quantified by Image Lab software version 3.0 (Bio-19
Rad, USA).

Wound-healing assay

In this study, we prepared single-cell suspensions of FLSs
under various treatment conditions and inoculated them
into 6-well plates at a density of 1x10° cells per well.
We then used a P-200 pipette tip to create a scratch on
the surface of the plates, allowing the FLSs to adhere to
the walls of the orifice plate. Any shed FLSs cells were
washed away by PBS, and the remaining cells were then
incubated in serum-free DMEM/F12. We observed the
cells at scratch site under an inverted microscope (Carl
Zeiss, Germany) after 0 and 24 h.

Migration and invasion assay

After treating FLSs with IL-1f and siADAMS, we
implanted them into the upper chamber of a transwell at
a concentration of 2x 10 cells per well, using 100 pl of
serum-free DMEM/F12. Simultaneously, we added 600 pl
of DMEM/F12 with 20% FBS to the lower lumen of a
24-well plate (BD Bioscience, USA). In contrast to migra-
tion analysis, detecting the invasion of FLSs involves an
extra layer of matrix glue in the upper chamber of the
transwell. Following a 24-h period, the FLSs were fixed
with 4% paraformaldehyde for 20 min and rinsed. Sub-
sequently, the upper cells were carefully wiped with a
damp cotton swab, while the FLSs in the lower chamber
were stained with crystal violet solution for half an hour.
Finally, the FLSs in the lower chamber were rinsed with
PBS for 5 min. Pictures were taken under an inverted
microscope (Carl Zeiss, Germany) and the number of
migrating and invading FLSs was evaluated and calcu-
lated with Image] software (Media Cybernetics, USA).

Immunofluorescence assay

After treating FLSs with various interventions, the cells
were fixed using 4% paraformaldehyde and permeabi-
lized with 0.2% Triton X-100 (Beyotime, China) on ice.
Then, cells were blocked with QuickBlock buffer (Beyo-
time, China) for another hour. The cells were incubated
primary antibodies against ADAMS, IL-6, and TNF-«
protected from light at 4 °C overnight, followed by incu-
bation with F-actin (Yeasen, China). To stain cell nuclei,
DAPI (Beyotime, China) was used for a duration of
10 min. The FLSs were then observed and photographed
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using a Zeiss laser scanning microscope (LSM 510,
Zeiss).

Management of the synovial tissue in OA patients

All human experiments conducted in this study were in
compliance with the ethical standards set by the Hai'an
People’s Hospital. Synovial tissues were obtained from
two groups of patients: those who underwent total knee
arthroplasty due to knee OA (OA group, n=5, 4 females,
1 male; median age, 73 years; age range, 62—81 years) and
those who got arthroscopic knee surgery because of ante-
rior cruciate ligament injury (ACL group, n=5, 2 females,
3 males; median age, 42 years; age range, 31-49 years).
The synovial tissue was excised and sectioned into uni-
form pieces. which were then washed three times with a
PBS solution before being embedded and cut into blocks
for subsequent staining.

Animals and OA model induction

This study was conducted in accordance with the ethi-
cal guidelines set forth by the Soochow University Ethics
Committee, which approved all animal experiments and
procedures. Eighteen 8-week-old male Sprague Dawley
rats were chosen as subjects for this study. They were all
fed and maintained under standard conditions, which
included maintaining a temperature range of 22-25C,
ensuring proper ventilation, and providing a 12-h light
and dark cycle. In our study, animals were divided into
three groups through random assignment: the sham sur-
gery group, the MIA group, and the ADAMBS interven-
tion group (MIA +siADAMS, joint cavity injection). The
OA model group undertook a single intraarticular injec-
tion of MIA (Sigma, USA) 50 pl, while the sham opera-
tion group got an equivalent amount of saline. In the
drug intervention group, rats were injected with 50 ul of
siADAMS at a concentration of 300 uM into their knee
joint on the 7th, 14th, and 21st day of modeling. The
modeling process lasted for 28 days until the rats were
euthanized.

Immunohistochemical staining

We obtained knee tissues from three groups of rats and
subjected them to decalcification for a period of 30 days,
utilizing 10% ethylenediaminetetraacetic acid (EDTA,
Sigma, USA). Subsequently, we performed gradient dehy-
dration and embedding. The resulting embedded tissue
wax blocks were sliced into 7-pm sections and stained
with hematoxylin and eosin (H&E), as well as safranin O,
in accordance with established protocols. Subsequently,
we utilized immunohistochemical (IHC) staining to
detect the presence of ADAMS, IL-1B, TNF-a, IL-6,
MMP-1, and MMP-13. These primary antibodies were
chosen for incubation and staining purposes. To quantify
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the number of positive cells, we utilized Image] software
(Media Cybernetics, USA) for analysis.

Statistical analysis

The data values were expressed as mean * standard devia-
tion. To determine whether there was a significant dif-
ference between the two groups, a t-test was utilized
for analysis. Additionally, multiple comparisons were
determined through the use of a Tukey test following a
one-way analysis of variance. GraphPad Prism8 was used
for all statistical analysis. A p-value of less than 0.05 was
considered statistically significant, while a p-value of less
than 0.01 was deemed highly significant.

Results

The MAPK signaling cascade is involved in the processes

of FLSs treated with IL-13

To model the synovial inflammatory microenviron-
ment of OA, we utilized IL-1p to intervene FLSs. We
report on our sequencing results which indicate the
presence of 183 differentially expressed genes (DEGs)
in IL-1B-interfered FLSs. Specifically, we found that 81
of these genes were upregulated, while 102 were down-
regulated (Fig. 1A). The volcano diagram illustrates the
distribution of unaffected and DEGs in FLSs, both with
and without IL-1p intervention. Additionally, the dia-
gram includes the names of the top 10 upregulated and
downregulated DEGs (Fig. 1B). The expressions of these
DEGs were detected using PCR, and the results obtained
were consistent with those demonstrated by sequenc-
ing (Figure S1). The gene ontology classification analy-
sis showed that there were differences in the enrichment
of FLSs biological processes, intracellular components,
and molecular functions following IL-1p intervention
(Fig. 1C-D). As shown, we observed a significant impact
on the biological adhesion function and binding abil-
ity of the FLSs. Though KEGG pathway classification,
we observed that IL-1B-induced FLSs intervention was
associated with the development of infectious diseases,
the immune system, and cell growth and death (Fig. 1E-
F). Upon analyzing the up-regulated signaling pathways,
we observed a significant increase in MAP kinase activ-
ity. This increase is attributed to the differential genes
involved, such as Gperl, ADAMS, and Tert, among
others. This observation suggests that the MAPK sign-
aling cascade MAY play a crucial role in IL-1B-induced
inflammation models in vitro (Fig. 1G).

ADAMS is upregulated in FLSs after treatment with IL-1p.

In our study, we conducted an experiment using IL-1
with varying concentrations (0, 5, and 10 ng/ml) to
intervene with FLSs. To evaluate cell migration activity
in vitro, we utilized a scratch assay, which proved to be
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of different samples and MAP kinase activity and bone resorption-related markers in different samples

an effective simulation. Our findings indicate that IL-1j
promotes FLSs migration in a concentration-dependent
manner (Fig. 2A and D). Upon conducting additional
in vitro crystal violet staining, it was observed that IL-1p
enhances the invasion and migration of FLSs in a concen-
tration-dependent manner (Fig. 2B-C and E-F). Matrix
metalloproteinases (MMPs) are enzymes that break down
collagen and have various functions, including promoting

cell proliferation, migration, and differentiation. Further-
more, western blot results found that the expressions
of inflammation-related markers, including IL-6, TNEF-
a, and COX2 were significantly higher in experimental
FLSs compared to the control group (Fig. 2G), which
was consistent with our PCR results (Fig. 2H-J). To fur-
ther investigate the impact of the MAPK signaling cas-
cade on FLS-specific biological phenotypes, we utilized
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adezmapimod, a potent inhibitor of MAPK, to intervene
in IL-1B-induced FLSs. Based on the CCK8 results, we
employed a concentration of 50 uM of adezmapimod
for this intervention. Western blot analysis revealed that
adezmapimod effectively inhibited the expression of
P-ERK and P-P38 in FLSs. Moreover, we observed that
the inhibition of MAPK significantly suppressed the inva-
sion, migration, and inflammatory expression of FLSs
stimulated by IL-1p (Figure S2), which further illustrated
the role of the MAPK cascade in IL-1p stimulated FLSs.
The transcriptome differential gene analysis revealed that
IL-1p increased the expression of ADAMS. Additionally,
we conducted RT-PCR and observed a gradual upregu-
lation of ADAMS following the intervention of IL-1p
(Fig. 2K). Immunofluorescence staining confirmed the
upregulation of ADAMS in FLSs that had been stimu-
lated by IL-1p (Fig. 2L).

ADAMS expression was also detected in synovial tis-
sues of patients with OA. Studies have revealed varia-
tions in the biological characteristics of synovial tissue
between patients with ACL injuries and patients with
OA [27, 28]. In our study, we utilized ACL patients as a
model to simulate the condition of individuals without
OA as reported in previous studies [29]. Following the
acquisition of informed consent from the patients, we
surgically procured synovial tissue from ACL patients.
This enabled us to distinguish it from postoperative syn-
ovium obtained from patients with severe OA. The aim
was to observe the genes that exhibit significant changes
during the progression of OA. We found that the expres-
sions of inflammatory cytokines TNF-a and IL-1p were
significantly increased in the synovium of OA patients
compared with ACL (non-OA) patients, as well as the
expression of ADAMS, suggesting that ADAMS8 may be
involved in the synovium progression of OA (Fig. 3).

ADAMS blockade suppresses FLS migration and invasion
by inhibiting MMPs

To further investigate whether ADAMS8 regulates
the biological behavior of FLSs, we utilized siRNA to
manipulate the expression level of ADAMS in FLSs
(Fig. 4A). The RT-PCR results indicated that siADAMS
3 had the most significant impact on ADAMS
knockdown in FLSs, which was consistent with the

(See figure on next page.)
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immunofluorescence findings (Fig. 4B-C). Further-
more, our results indicate that ADAMS inhibition led
to a significant decrease in the migration of FLSs, as
demonstrated by scratch assays and migration analy-
sis (Fig. 4D-E and G-H). Additionally, our FLS invasion
assays revealed that siADAMS8 treatment attenuated
the invasive properties of FLSs under IL-1p interven-
tion (Fig. 4F and I). Previous research has demonstrated
a correlation between the invasion and migration abil-
ity of cells and the expression and secretion of MMPs.
In this study, we further investigated the impact of
siADAMBS intervention on the expression of MMPs
in FLSs. Our western blot results indicated ADAMS8
silencing inhibited the expression of MMP-1 and MMP-
13, which was consistent with the RT-PCR results
(Fig. 4J-K). Our findings indicate that ADAMS has the
potential to impede the invasion and migration of FLSs
by regulating the levels of MMPs.

ADAMS blockade suppresses FLS-mediated inflammation
by inhibiting MAPK signaling cascades

The development of OA is heavily influenced by inflam-
matory disorders within the synovial microenvironment
[30]. To expand on this, we conducted an investigation
into the impact of ADAMS intervention on the regulation
of FLSs inflammation. In our study, we discovered that
inhibiting ADAMS was effective in reducing the expres-
sion of various inflammatory cytokines, including TNE-
a, IL-6, and COX2 under IL-1f intervention (Fig. 5A-B).
Furthermore, our RT-PCR analysis revealed that ADAMS8
blockade inhibit gene expression of TNF-«, IL-6, COX2,
and PGE2 (Fig. 5C). Our immunofluorescence results
also showed that inhibition of ADAMS suppressed the
expression of TNF-a and IL-6 (Fig. 5D-F). The GSEA
analysis revealed that the MAPK signaling pathway played
a role in the inflammatory response of FLSs induced by
IL-1B (Figure S3). We then investigated the impact of
ADAMS inhibition on the MAPK pathway. The western
blot results, as illustrated in Fig. 5G-H, indicate that the
expression levels of P-JNK, P-ERK, and P-P38 were con-
siderably upregulated following IL-1p intervention. How-
ever, after ADAMS8 knockdown treatment by FLSs, the
expressions of these phosphorylated signaling proteins
were significantly inhibited. This finding suggests that

Fig. 2 ADAMS8 is up-regulated in FLSs after treatment with IL-13. A, D Wound healing assays and quantitative analysis of the migration abilities
of FLSs with different concentrations of IL-1(. B, E Transwell assays and quantitative analysis of the migration ability of FLSs with different
concentrations of IL-1B. C, F Transwell assays and quantitative analysis of the invasion abilities of FLSs with different concentrations of IL-13. G
Western blot and quantitative analysis of IL.-6, TNF-a, and COX-2 in FLSs after treatment with IL-13. H-J gRT-PCR analysis of the mRNA expression
levels of IL-6, TNF-a, and COX2. K gRT-PCR analysis of the mRNA expression levels of ADAM8. L Immunofluorescence staining of ADAMS in FLSs.

Scale bar=200 um. *P<0.05; **P<0.01
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ADAMBS8 may act as an inhibitor of FLS-mediated inflam-
mation through the MAPK signaling pathway.

ADAMS blockade prevents IL-1B-stimulated biological
phenotypes specific to FLSs by targeting FSCN1

To investigate the molecular mechanism of ADAMS
in regulating the biological behavior of FLSs, RNA
sequencing was conducted. In this study, we designated
the IL-1p intervention FLSs as the control group and
the IL-1p+siADAMS group as the experimental group
for treatment comparison. Our study presents sequenc-
ing results that demonstrate the existence of 762 DEGs
in FLSs subjected to the siADAMS intervention com-
pared with FLSs only stimulated by IL-1p. Further anal-
ysis revealed that 130 of these genes were upregulated,
while 632 were downregulated (Fig. 6A). GO enrichment
analysis showed that the DEGs were mainly classified in
the cell migration signal category, where we observed
34 enriched DEGs (Fig. 6B). Among these differentially
expressed genes, FSCN1 showed significant downregu-
lation, which has previously been shown to be involved

in regulation of the FLS biological phenotype (Fig. 6C).
Furthermore, we used BDP-13176, a potent inhibitor
of FSCN1, in combination with siADAMS to intervene
in the IL-1B-induced FLSs. Our results indicated that
siADAMS significantly inhibited FLS migration and
invasion. Interestingly, the inhibitory effect was further
enhanced when combined with BDP-13176 (Fig. 6D-I).
These findings suggest that FSCN1 may play a crucial
role downstream of ADAMS in regulating the biologi-
cal behavior of FLSs. Our RT-PCR results indicate that
siADAMS inhibited FSCN1, MMP1, and MMP13 expres-
sion. Moreover, when combined with BDP-13176, the
gene expression levels of FSCN1, MMP1, and MMP13
were further downregulated (Fig. 6]). Furthermore, we
investigated the impact of intervening in FSCN1 on the
MAPK signaling cascade. Our western blot analysis dem-
onstrated that inhibition of FSCN1 in IL-1B-stimulated
FLSs led to a significant reduction in the expression of
P-ERK and P-P38 (Figure S4). These findings suggested
that MAPK cascade may play a crucial role in ADAMS/
FSCN1-mediated regulation of FLSs.
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Inhibition of ADAMS alleviates OA progression an interventional therapy by injecting siADAMS. The
and synovial inflammation in vivo experimental procedure is depicted in Fig. 7A. In order
As previously reported, we created a rat model of OA by  to assess inflammation and bone erosion, H&E staining
injecting MIA into the joint. In addition, we administered ~ was performed on the knee joints of rats in every group
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(Fig. 7B-C). Additionally, to evaluate cartilage damage,
safranin O staining was also conducted (Fig. 7D). After
conducting our study, we discovered that the knee carti-
lage experienced severe erosion as a result of MIA mode-
ling. However, we found that ADAMS treatment was able
to effectively reverse this phenomenon and delayed the
progression of OA (Fig. 7C and E). The results of ADAMS8
immunohistochemical staining showed that injecting
siRNA into the articular cavity effectively reduced the
expression of ADAMS in the synovium (Fig. 7F-G).

Our findings align with the in vitro results, as we
observed a significant decrease in the expression of the
inflammation-related factors TNF-a, IL-1p, and IL-6 in
the synovium of OA rats following ADAMS inhibition
(Fig. 8A-F). siADAMS8 was injected into the articular
cavity of MIA-treated rats, and subsequent immuno-
histochemical staining revealed a significant decrease in
MMP-1 and MMP-13 expressions in the rats’ synovium
(Fig. 8G-]). These findings align with our in vitro results
and suggest that ADAMS could serve as a potential
regulator of synoviocyte invasion and migration activity
in OA. Collectively, these results indicate that targeting
ADAMS in the synovium could potentially have a benefi-
cial impact on the treatment of OA.

Discussion
OA is a chronic disease characterized by degenera-
tive changes in the knee cartilage, with or without bone
hyperplasia and chronic synovitis [31, 32]. In a surveyed
population in China, the prevalence of OA was high,
reaching up to 8.1%. OA has become the leading cause
of disability among middle-aged and elderly individu-
als in China [33, 34]. Unfortunately, this problem is only
expected to worsen due to the aging population and
increasing levels of obesity. This will inevitably lead to a
significant burden on individuals, families, and society as
a whole. The first line of treatment for OA in drug ther-
apy is non-steroidal anti-inflammatory drugs. However,
long-term use of these drugs can easily cause gastrointes-
tinal reactions [35—-37]. Preventing and effectively treat-
ing OA has become a significant challenge in the field of
national public health management.

The synovium plays a crucial role in maintaining joint
cavity homeostasis by communicating with the carti-
lage through an immune inflammatory network [38,

(See figure on next page.)
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39]. In cases of OA, chronic and low-grade inflamma-
tion are the primary symptoms of synovial lesions [40].
Recent evidence suggests that synovial inflammation is
a significant pathological feature in the early stages of
OA and is closely linked to the patient’s clinical symp-
toms [41, 42]. When joints experience stress injuries,
such as degeneration or trauma, the synovium is stimu-
lated, leading to an inflammatory response. This results
in the secretion of numerous inflammatory factors,
such as IL-1, TNF-a, and IL-6, as well as matrix metal-
loproteinases (MMPs). These factors play a crucial role
in the process of repairing articular cartilage injuries.
The inflammatory microenvironment is a key pathologi-
cal feature of tissue repair and is closely linked to tissue
regeneration. IL-1B and other pro-inflammatory factors
have the potential to disturb the equilibrium of chon-
drocytes, leading to their demise and gradual depletion
of the cartilage matrix [43, 44]. Consequently, synovial
inflammation is a crucial factor in the development of
the pathological characteristics of OA.

FLSs are mesenchymal cells that reside in synovial
tissue [45]. Recent studies have shown that the biologi-
cal characteristics of FLSs in OA are similar to those
in rheumatoid arthritis. This is due to changes in their
behavior, which can lead to abnormal synovial hyperpla-
sia [46]. Furthermore, FLSs have been identified as the
primary inflammatory infiltrating cells in the synovium
in OA [47]. Abnormally activated FLSs can acceler-
ate the destruction of osteoarticular cartilage by releas-
ing inflammatory factors, nitric oxide (NO), PGE2, and
MMPs [48, 49]. Moreover, FLSs can activate receptors
in the peripheral nervous system through inflammatory
networks, which can worsen pain in OA patients [50].
This pain and cartilage damage can then escalate syno-
vial inflammation, creating a vicious cycle that ultimately
results in the loss of joint function.

In our experiment, we used IL-1PB to interfere with
FLSs to simulate the OA synovial inflammatory microen-
vironment. Transcriptome sequencing analysis revealed
that the MAPK signaling pathway was activated during
IL-1p-induced FLSs, accompanied by significant upreg-
ulation of ADAMS8 gene. ADAMS is a member of the
ADAM family, which encodes disintegrin and metallo-
proteinase structural domains [51]. This protein has been
implicated in various biological processes that involve

Fig. 6 ADAM8 blockade prevent IL-13-stimulated biological phenotypes specific of FLSs by targeting FSCN1. A The differentially expressed mRNAs
in FLSs between IL-1 group and IL-13 + siADAMS are illustrated as a heat map. B Gene ontology classification. C The heat map shows the detected
differential genes associated with cell migration. D, G Wound healing and quantitative analysis of the migration ability of FLSs. E, H Transwell assays
and quantitative analysis of the migration ability of FLSs. F, I Transwell assays and quantitative analysis of the invasion ability of FLSs with different
concentrations of IL-1B.J gRT-PCR analysis of the mRNA expression levels of FSCN1, MMP-1, and MMP-13. Scale bar=200 pm. *P < 0.05; **P < 0.01
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interactions between cells and the extracellular matrix,
as well as between cells themselves [52, 53]. These pro-
cesses include fertilization, muscle development, and
neurogenesis. Our study revealed that the expression lev-
els of ADAMS gradually increased with IL-1p stimulation
in vitro. Additionally, we observed a significant increase
in synovial ADAMS expression in OA patients compared
with ACL patients.

Previous studies have shown that ADAMS plays a sig-
nificant role in neutrophil migration and infiltration,

which can help alleviate lung failure associated with
acute respiratory distress syndrome [54]. ADAMS has
also been shown to play multiple roles in cancer cell
migration, mechanics, and extracellular matrix remod-
eling. According to Liu et al, the activation of the
NE-kB/MMP-13 signaling axis by ADAMS resulted in
the promotion of chondrosarcoma cell migration and
invasion [26]. Koller also reported on ADAMS as a pos-
sible emerging drug target treating of inflammatory
and aggressive diseases [55]. In our study, we utilized a
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siRNA to suppress ADAMS levels in FLS. Our findings
indicate that ADAMBS inhibition resulted in a decrease
in FLSs migration and invasion, which was accompanied
by a significant reduction in MMPs. Additionally, we
investigated the impact of ADAMS inhibition on IL-1f-
induced inflammation in FLSs. Our results demonstrate

that ADAMS blockade effectively reduced the expression
of TNF-a, IL-6, COX2, and PGE2 in FLSs by regulating
the MAPK signaling pathway. To further investigate the
impact of ADAMS8 knockdown on downstream signal-
ing in IL-1pB-stimulated FLSs, we conducted sequencing
analysis. Our results revealed that cell migration signals
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were significantly downregulated, as evidenced by GO
enrichment. Interestingly, FSCN1, a highly conserved
actin binding protein, was among the downregulated
migration-related differences that we identified. FSCN1
has been previously implicated in tumor cell growth
and metastasis, further highlighting its potential role in
regulating cell migration [56, 57]. Previous studies have
established that FSCN1 plays a crucial role in regulating
the biological function of FLSs [58]. In our research, we
employed a potent inhibitor of FSCN1 in combination
with siADAMS as an intervention in IL-1[B-stimulated
FLSs. Our results indicate that the migration and migra-
tion ability of FLSs was further downregulated, indicating
that ADAMS8 may affect the biological function of FLSs
by regulating FSCN1.

In our study, we conducted in vivo animal experiments
in which we injected siADAMS into the articular cavity
of an OA rat model. Our findings showed that inhibiting
ADAMBS effectively reduced OA progression and bone
erosion in rats. Furthermore, our IHC staining revealed
that inhibiting ADAMS significantly reduced the expres-
sion level of IL-1p, IL-6, and TNF-«a in the synovium of
the rat knee. Previous studies conducted by Duan et al.
have revealed that the notch1-ADAMS8 pathway acceler-
ates the progression of OA by promoting the degrada-
tion of chondrocytes through an extracellular mechanism
[59]. In our study, we aimed to enhance the potential
benefits of ADAMS as a target in the treatment of OA by
inhibiting its activity. Our findings shed new light on the
treatment of OA by alleviating synovial inflammation.

Despite the valuable insights gained from our study,
there are some limitations that should be acknowledged.
One such limitation is that we did not include knock-
out mice, which could provide a more comprehensive
understanding of the role of ADAMS in regulating syno-
vial biological phenotypes. Additionally, our experiment
was conducted solely using the MIA-induced OA model,
and further investigation is needed to determine the
extent to which ADAMS contributes to disease progres-
sion in older rats with OA. Our study indicates that the
ADAMBS/FSCN1/MAPK signaling axis may play a crucial
role in the progression of OA-related synovitis. However,
further investigation is required to verify other targets
related to cell migration in the sequencing results and to
fully understand the specific biological regulatory mech-
anism of ADAMS.

Conclusions

Our study demonstrates the crucial role of MAPK in the
inflammatory activation of FLSs, with the involvement
of ADAMS. Targeted inhibition of ADAMS8 expression
inhibits the invasive and migratory ability of FLSs and
also suppresses the release of inflammatory cytokines
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from FLSs. Our sequencing analysis suggests that there
may be a potential involvement of FSCN1/MAPK sign-
aling. In vitro, ADAMS blockade was also observed to
alleviate the progression of OA by effectively reducing
synovial inflammation and MMP levels. Collectively,
our findings indicate that ADAMS8 administration could
be a beneficial and viable therapeutic approach for
treating OA.
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