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Background: Chondrocyte inflammation is a major driver of osteoarthritis (OA). The cholinergic anti-inflammatory pathway (CAP)
exhibits significant anti-inflammatory effects, with the o7 nicotinic acetylcholine receptor (a7nAChR) playing a pivotal role. However,
it remains unclear whether a7nAChR alleviates chondrocyte inflammation through the regulation of the high mobility group box 1
(HMGBI1)/TLR4/NF-kB signaling pathway.

Methods: An in vitro model of chondrocyte inflammation was established by lipopolysaccharide (LPS) treatment of mouse cartilage
cells. The protective effects of various concentrations of nicotine (Nic) on chondrocytes were assessed using the CCK-8 assay. To
verify the critical role of a7nAChR, groups treated with methyllycaconitine (MLA, an a7nAChR antagonist) and siRNA-a7nAChR
were included. Immunofluorescence was employed to observe the localization and expression of a7nAChR, HMGBI, and P65.
Additionally, qRT-PCR, Western blot, and ELISA were employed to detect the expression of inflammation-related factors, cytokines,
and MMPs.

Results: The CCK-8 assay indicated that 1000 nmol/L Nic significantly restored chondrocyte proliferation activity reduced by LPS
stimulation (P < 0.01). Immunofluorescence, Western blot, and qRT-PCR results demonstrated that Nic markedly enhanced a7nAChR
expression and inhibited LPS-induced nuclear translocation of HMGBI1, as well as the expression of TLR4 and P65. The anti-
inflammatory effects of Nic were significantly diminished following MLA treatment or siRNA-mediated knockdown of a7nAChR
(P < 0.01). Furthermore, ELISA assays demonstrated that Nic suppressed the secretion of IL-18, TNF-a, MMP-2, and MMP-9, an
effect dependent on a7nAChR activation.

Conclusion: This study reveals that Nic alleviates chondrocyte inflammatory responses by activating a7nAChR and inhibiting the
HMGBI1/TLR4/NF-«B signaling pathway. These findings not only enhance the understanding of CAP’s role in OA inflammation
regulation but also provide a theoretical basis for exploring a7nAChR as a potential anti-inflammatory target. However, since the
research is currently limited to in vitro cellular studies, further animal experiments are necessary to validate its clinical translational
potential.
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Introduction

Osteoarthritis (OA) is a prevalent degenerative joint disorder, impacting approximately 10% to 15% of the adult
population worldwide.! Recent data indicate that the global prevalence of OA was 7.96% in 2020, marking an increase
of over 130% since 1990.%> The pathological characteristics of OA include articular cartilage degradation and synovial
inflammation, with chondrocyte-mediated inflammatory responses recognized as key drivers of OA progression.*® In
patients with OA, pro-inflammatory mediators such as tumor necrosis factor-alpha (TNF-o) and interleukin-1 beta
(IL-1B) are significantly elevated in the cartilage. These cytokines activate chondrocytes to produce matrix-degrading
enzymes, including matrix metalloproteinases (MMPs) and a disintegrin and metalloproteinase with thrombospondin
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motifs (ADAMTS). These enzymes degrade extracellular matrix (ECM) like type II collagen and proteoglycans,
perpetuating a detrimental cycle that disrupts the equilibrium between cartilage degradation and repair.””

The cholinergic anti-inflammatory pathway (CAP), governed by vagal signaling, has recently been recognized as
a crucial mechanism for chronic inflammatory responses.'”'' CAP functions through the release of acetylcholine from
vagus nerve endings, which activates the a7 nicotinic acetylcholine receptors (a«7nAChR) on immune cells.'*"?
Activation of a7nAChR suppresses pro-inflammatory cytokine expression and dampens inflammatory cascades, demon-
strating robust anti-inflammatory effects in diverse disease models, including sepsis and rheumatoid arthritis.'*'®
Activation of a7nAChR downregulates Toll-like receptor 4 (TLR4) expression in macrophages and inhibits the produc-
tion and release of high mobility group box 1 (HMGBI1), thereby attenuating continuous TLR4/NF-«B pathway
activation and mitigating local tissue damage and systemic inflammation.'”'® HMGBI, a prototypical damage-
associated molecular pattern (DAMP), is upregulated in OA cartilage and synovium. By binding to TLR4, it activates
NF-«B signaling, induces downstream cytokine release, and exacerbates local inflammation and tissue destruction.'® In
summary, the a7nAChR-mediated cholinergic pathway exerts potent anti-inflammatory effects by repressing mediators
such as HMGBI and signaling cascades like TLR4/NF-kB. However, the role of the a7nAChR-HMGBI1/TLR4/NF-«B
axis in modulating chondrocyte inflammation has not been fully elucidated.

Nicotine (Nic) is a classic exogenous agonist of a7nAChR. Compared with newly developed agonists, Nic offers
advantages such as a simple structure and widespread availability. Its immunomodulatory effects are complex and
context-dependent, influenced by factors including site of action, route of administration, and dosage.”’ Numerous
investigations have demonstrated that Nic exerts significant anti-inflammatory effects in various diseases, notably in
ulcerative colitis, sepsis, and rheumatoid arthritis, where it effectively downregulates inflammatory mediators like
HMGBI and TNF-q, ameliorates tissue damage, and improves survival rates.”' ?* In collagen-induced arthritis (CIA)
models, Nic suppresses Th17 cell-mediated inflammation and inhibits HMGBI1 nuclear translocation in synovial tissues
via a7nAChR activation, thereby alleviating synovitis and joint destruction.”>2® Furthermore, in monosodium iodoace-
tate-induced OA models, Nic has been shown to reduce joint pain and cartilage degradation through the a7nAChR-
mediated PI3K/Akt-NF-kB pathway.?” However, these studies primarily focus on the effects of Nic on immune cells like
macrophages, leaving its direct impact on chondrocyte inflammation, as well as the involvement of HMGB1 and related
pathways, largely unexplored.

Currently, research on the direct anti-inflammatory effects of Nic on OA chondrocytes is limited, particularly
regarding whether it alleviates chondrocyte inflammation by activating a7nAChR to inhibit the HMGB1/TLR4/NF-«xB
signaling cascade. Therefore, this study established an in vitro chondrocyte inflammation model induced by lipopoly-
saccharide (LPS) to examine how nicotine modulates inflammatory responses and to clarify the involvement of
a7nAChR in regulating the HMGB1/TLR4/NF-kB axis. This research is expected to provide theoretical and experi-
mental support for a deeper understanding of OA inflammatory mechanisms and the development of novel therapeutic
strategies.

Materials and Methods

Cell Preparation

Primary chondrocytes were obtained in accordance with the protocol reported by Jiansen Lu et al.*®

Costal cartilage was
harvested from 72-hour-old neonatal male C57BL/6J mice under a stereomicroscope. After removing surrounding soft
tissues with a cell scraper, the cartilage was washed with sterile PBS and minced into approximately 1 mm® pieces using
ophthalmic scissors. The tissue fragments were subjected to enzymatic digestion: initially with 0.25% trypsin (Cat.
No. 25200072, Gibco, USA) for 30 minutes, followed by 0.1% type II collagenase (Cat. No. C6885, Sigma-Aldrich,
USA) in medium containing 10% FBS (Cat. No. G8003, Servicebio, China) for an additional 4 to 6 hours. Then, the
suspension was passed through a 200-mesh sieve and centrifuged to remove debris. The harvested chondrocytes were
resuspended in DMEM/F12 (Cat. No. 11320033, Gibco, USA) supplemented with 10% FBS and seeded into 24-well
plates. Cultures were maintained at 37 °C with 5% CO,. The first medium change occurred 24 hours post-seeding,
followed by medium changes every 2-3 days until cells achieved nearly 80% confluency for subsequent experiments.
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CCK-8 Assay

Cell proliferation under varying concentrations of Nic was evaluated through the CCK-8 assay. Post-treatment, cells were
harvested and transferred into 96-well plates (5x10° cells/mL). To minimize edge effects, PBS was added to the
peripheral wells. Medium was refreshed every 24 hours. At 0, 24, 48, and 72 hours after the first medium change, the
medium was replaced with fresh medium supplemented with 10% CCK-8 (Cat. No. G4103, Servicebio, China) and cells
were incubated for an additional 2 hours. Absorbance was measured at ODyso using an ELISA reader.

LPS is a major pro-inflammatory inducer and is commonly used to establish arthritis models in chondrocytes.?*° The
experiment included five groups, each with six parallel samples: Control, LPS, LPS+Nic10, LPS+Nic100, and LPS
+Nic1000. (1) Control group: cells were maintained under standard culture conditions without any experimental
intervention. (2) LPS group: cells treated with 1 mg/L LPS (from E. coli 055:B5, Cat. No. L2880, Sigma-Aldrich,
USA) for 9 hours. (3) LPS+Nic10 group: cells were pretreated with 10 nmol/L Nic (Cat. No. N3876, Sigma-Aldrich,
USA) for 10 minutes, and without washing, subsequently treated with 1 mg/L LPS for 9 hours. (4) LPS+Nic100 group:
cells were pretreated with 100 nmol/L Nic for 10 minutes, and without washing, subsequently treated with 1 mg/L LPS
for 9 hours. (5) LPS+Nic1000 group: cells were pretreated with 1000 nmol/L Nic for 10 minutes, and without washing,
subsequently treated with 1 mg/L LPS for 9 hours.

Grouping and Treatments

Primary chondrocytes were assigned to six groups, each with at least three replicates: Control, LPS, LPS+Nic, LPS+Nic
+MLA, LPS+Nic+siRNA-a7nAChR, and LPS+Nic+siRNA-NC. (1) Control group: cells were maintained under standard
culture conditions without any experimental intervention. (2) LPS group: cells treated with 1 mg/L LPS for 9 hours. (3)
LPS+Nic group: cells pretreated with 1000 nmol/L Nic for 10 minutes, and without washing, subsequently treated with
1 mg/L LPS for 9 hours. (4) LPS+Nic+tMLA group: cells pretreated with 1 umol/L methyllycaconitine (MLA, Cat.
No. 1029, Tocris Bioscience, UK) for 30 minutes, then with 1000 nmol/L. Nic for 10 minutes, and without washing,
subsequently treated with 1 mg/L LPS for 9 hours. (5) LPS+Nic+siRNA-a7nAChR group: cells transfected with siRNA-
a7nAChR were plated into 6-well plates and maintained for 39 hours, then treated with 1000 nmol/L Nic for 10 minutes,
and without washing, subsequently treated with 1 mg/L LPS for 9 hours. (6) LPS+Nic+siRNA-NC group: cells
transfected with siRNA-NC were treated identically to the LPS+Nic+siRNA-a7nAChR group.

Immunofluorescence Staining

Cells were divided into four experimental groups: Control, LPS, LPS+Nic, and LPS+Nic+MLA (outlined in Section
“Grouping and Treatments”). Chondrocytes were cultured on glass coverslips placed in 24-well plates. Once the cell
confluence reached approximately 70%—-80%, they were rinsed with sterile PBS and fixed using 4% paraformaldehyde
for 30 minutes. After fixation, the cells were permeabilized with 0.3% Triton X-100 (Cat. No. T8787, Sigma-Aldrich,
USA) and blocked with 5% BSA (Cat. No. G5001, Servicebio, China), then were incubated overnight at 4 °C with the
primary antibody. The following day, cells were treated with Goat Anti-Rabbit [gG H&L (1:1000, Alexa Fluor™ 488,
ab150077, Abcam). Nuclei were counterstained with 20 uL DAPI (Cat. No. D9542, Sigma-Aldrich, USA) for 5 minutes,
followed by PBS washing and mounting with 20 pL of antifade solution (Cat. No. P0126, Beyotime, China). Images
were acquired using a fluorescence microscope. Six microscopic fields were randomly selected, and the mean fluores-
cence intensity was quantified using ImageJ software.

RNA Interference

Based on the target sequence of C57BL/6J mice from the GenBank database, siRNA-07nAChR oligonucleotides were designed
and synthesized, with siRNA-NC obtained as negative control (Genomeitech, Shanghai, China). The sequences were: siRNA-
a7nAChR-sense-5-AAGAGCUCCUGCUACAUCGAU-3' and antisense-5-AUCGAUGUAGCAGGAGCUCUU-3'. siRNA-
NC-sense-5-CGUACGCGGAAUACUUCGA-3' and antisense 5'-UCGAAGUAUUCCGCGUACG-3' (Genomeitech, China).
24 hours prior to transfection, chondrocytes were seeded into 6-well plates and cultured until reaching 70-80% confluence. The
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transfection procedure was carried out using Lipofectamine 2000 (Cat. No. 11668027, Invitrogen, USA) in accordance with the
manufacturer’s protocol. Cells were harvested at 48 hours to extract proteins for assessing knockdown levels.

Enzyme-Linked Immunosorbent Assay (ELISA)

Culture supernatants from each group were collected and centrifuged to obtain cell-free supernatants. The levels of TNF-
a (Cat. No. BMS607) and IL-1pB (Cat. No. BMS6002, Thermo Fisher Scientific, USA), MMP-2 (Cat. No. MMP200), and
MMP-9 (Cat. No. MMPT90, R&D Systems, USA) were then quantified through mouse-specific ELISA Kkits.

qRT-PCR

Total RNA was isolated using the TRIzol reagent (Cat. No. G3013, Servicebio, China). cDNA synthesis was conducted
with the PrimeScript™ RT reagent Kit integrated with gDNA Eraser (Cat. No. RR047A, Takara, Japan). Quantitative
real-time PCR was carried out utilizing the TB Green® Premix Ex Taq™ kit (Cat. No. RR420A, Takara, Japan),
following the manufacturer’s instructions, with each sample run in triplicate. GAPDH served as the reference gene.

Z*AACt

The relative expression levels of mRNA were determined using the method. All primer sequences applied in this

study are detailed in Table 1.

Western Blot (WB)

Chondrocytes were cultured in 6-well plates until they reached approximately 80% confluence. The cells were then subjected
to the interventions described above. Upon completion of the treatments, the cells were immediately collected, and proteins
were extracted using RIPA lysis buffer (Cat. No. R0020, Solarbio, China) containing both protease and phosphatase inhibitors
(Cat. No. P1045, Beyotime, China). Protein samples were subjected to SDS-PAGE for electrophoretic separation and
subsequently transferred onto PVDF membranes for immunoblotting analysis. The expression levels of HMGBI1, TLR4,
phosphorylated P65 (p-P65), and NF-kB (P65) were detected, with GAPDH serving as the loading control. Primary antibodies
used included: GAPDH (1:2000, ab9485, Abcam), HMGB1 (1:1000, ab18256, Abcam), TLR4 (1:1000, ab13556, Abcam),
p-P65 (1:500, ab86299, Abcam), and t-P65 (1:1000, ab16502, Abcam). The secondary antibody was horseradish peroxidase
(HRP)-conjugated Goat Anti-Rabbit I[gG H&L (1:5000, ab6721, Abcam).

Statistical Analysis

All experiments were repeated at least three times. Statistical analyses were performed using SPSS 19.0 and GraphPad
Prism 5.0. Results are expressed as mean + standard deviation (SD). The Shapiro—Wilk test was used to assess the
normality of the data. For normally distributed data, comparisons between two groups were performed using Student’s
t-test, while one-way analysis of variance (ANOVA) was used for comparisons among multiple groups. When significant
differences were detected by ANOVA, Tukey’s post hoc test was applied to identify intergroup differences. Statistical
significance was defined as P < 0.05.

Table | Primer Sequences

Primers Sequence (5'-3")

HMGBI-qF | GGGTGTTCATCCATTCTC
HMGBI-qR | GGAAAGCCCATTTGAGT

TLR4-qF ATGGCATGGCTTACACCACC
TLR4-qR GAGGCCAATTTTGTCTCCACA
P65-qF GCTACACAGGACCAGGAACAGTTC
P65-qR CTTGCTCCAGGTCTCGCTTCTTC
GAPDH-qF | TGTGTCCGTCGTGGATCTGA
GAPDH-qR | TTGCTGTTGAAGTCGCAGGAG
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Results

Effects of LPS and Nic on Chondrocyte Proliferation

To verify the cytotoxic effect of LPS and the protective effects of Nic at different concentrations, CCK-8 assays were
conducted to monitor chondrocyte proliferation (Figure 1). At the initial time (0 h), no differences were observed
(P>0.05), indicating comparable starting conditions. As incubation time progressed, LPS markedly suppressed cell
proliferation. At 24, 48, and 72 h, ODyso values in the LPS group were markedly lower than those observed in the
Control group (P <0.001), confirming the inhibitory effect of LPS. The LPS+Nic100 and LPS+Nic1000 groups showed
significantly higher proliferation than the LPS group at 48 and 72 h (P <0.05), with Nic1000 restoring proliferation to
near-control levels at 72 h (P>0.05). This suggests that 1000 nmol/L Nic provides superior protection against LPS-
induced cytotoxicity compared to lower concentrations.

Nic Activates CAP and Regulates a7nAChR, HMGBI, and P65 Expression and

Nuclear Localization

We assessed the cellular localization and expression of a7nAChR, HMGBI, and P65 using immunofluorescence,
quantifying fluorescence intensity. DAPI staining was used to identify nuclei and evaluate nuclear translocation.
Immunofluorescence revealed a7nAChR localized to the plasma membrane and HMGBI1 to the nucleus in untreated
chondrocytes. LPS stimulation significantly increased a7nAChR fluorescence intensity (P <0.05), indicating CAP
activation (Figure 2A). Nic treatment further amplified this effect relative to the LPS group (P<0.01), yet the
intervention of MLA prior to Nic effectively abolished it (no significant difference from LPS alone, P> 0.05). LPS
also significantly elevated HMGBI1 expression and induced its translocation from the nucleus to the cytoplasm. Nic
effectively suppressed both the translocation and expression (P <0.01), whereas MLA reversed Nic’s suppression,
allowing HMGBI1 levels to rise again (Figure 2B). Additionally, Nic significantly inhibited LPS-induced P65 nuclear
translocation and downregulated its expression (P<0.01), but MLA treatment disrupted this inhibitory effect
(Figure 2C). These results indicate that LPS activates CAP in chondrocytes, Nic enhances this pathway, and Nic, via
a7nAChR, suppresses HMGB1 and P65 expression and nuclear translocation.
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Figure | Effects of LPS and different concentrations of Nic on cell proliferation activity detected by CCK-8. n=5. (Data are presented as mean * SD, and relative ODyso
values were calculated using the Control group as the baseline. “*” indicates a significant difference compared with the Control group, and “*" indicates a significant
difference compared with the LPS group. “*, * represents P < 0.05, “**, * represents P<0.01, and “*** represents P <0.001).
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Figure 2 Immunofluorescence detection of a7nAChR, HMGBI, and P65 expression and nuclear translocation. (A) Representative immunofluorescence images of a7nAChR
and the corresponding quantitative analysis (n=6). (B) Representative immunofluorescence images of HMGBI and the corresponding quantitative analysis (n=6). (C)
Representative immunofluorescence images of P65 and the corresponding quantitative analysis (n=6). Scale: 100 um. (Data are presented as mean * SD. “*” indicates
a significant difference compared with the Control group, and “** indicates a significant difference compared with the LPS group. “*, ™ represents P < 0.05, ‘¥, ##
represents P<0.01, and “***” represents P<0.001).

Nic Regulates the Expression Levels of HMGBI, TLR4 and P65 via a7nAChR

To elucidate the essential role of a7nAChR in Nic-induced CAP activation and NF-kB regulation, RNA interference was
performed. WB verified that a7nAChR expression was knocked down by 58% in comparison with the control group (Figure 3A
and B). We then assessed expression levels of HMGB1, TLR4, and P65 via qRT-PCR and WB upon a7nAChR silencing. LPS
stimulation significantly elevated HMGB1, TLR4, and P65 mRNA and protein levels, as well as P65 phosphorylation (P < 0.05),
indicating NF-kB pathway activation and an inflammatory response (Figure 3C-K). Nic intervention in LPS-treated cells
markedly suppressed these increases (P <0.01). Crucially, this suppression was largely reversed when a7nAChR was inhibited
—either by MLA or siRNA interference—with HMGB1, TLR4, and P65 levels rebounding significantly versus the LPS+Nic
group. The siRNA-NC (negative control) group exhibited no significant difference from LPS+Nic, supporting the reliability of
knockdown results. These findings underscore a7nAChR as a necessary mediator for Nic’s inhibition of the NF-«B signaling via
the CAP pathway.

Nic Can Inhibit LPS-Induced IL-13 and TNF-a Secretion

To further clarify the regulatory effects of Nic on inflammation via CAP activation, levels of IL-1p and TNF-a in the cell
supernatants were assessed using ELISA (Figure 4A and B). The levels of both cytokines were significantly increased in the
LPS group relative to those in the Control group (P <0.01), indicating successful induction of an inflammatory response. Nic
treatment significantly decreased the concentrations of IL-1p and TNF-a in LPS-stimulated cells compared with the LPS group
(P <0.05), suggesting an anti-inflammatory effect of Nic. When a7nAChR was specifically antagonized by MLA or silenced
with siRNA-a7nAChR, the anti-inflammatory effect of Nic was markedly weakened: cytokine levels in both cases significantly
higher than those in the LPS+Nic group and comparable to the LPS group (P> 0.05). Conversely, the LPS + Nic + siRNA-NC
group exhibited cytokine levels comparable to those of the LPS + Nic group, further validating the reliability of the transfection.
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Figure 3 Expression analysis of key HMGBI/TLR4/NF-«kB pathway proteins following a7nAChR knockdown. (A and B) WB and statistical results after si-a7nAChR
transfection (n=3). (C-H) WB and statistical results of HMGBI, TLR4, p-P65, t-P65 and p-P65/t-P65 (n=3). (I-K) qRT-PCR statistical results of HMGBI, TLR4 and P65
(n=3). (Data are presented as mean * SD, and relative protein expression was calculated using the Control group as the baseline. “*” indicates a significant difference
compared with the Control group, and “*” indicates a significant difference compared with the LPS group. “*, #' represents P < 0.05, “**, # represents P<0.01, and %,
### represents P<0.001).

These findings indicate that Nic has a notable inhibitory effect on LPS-induced inflammation, which is dependent on a7nAChR
expression. Blocking or silencing a7nAChR significantly diminishes the anti-inflammatory effect of Nic.

Nic Can Inhibit LPS-Induced ECM Degradation
MMP-2 and MMP-9, members of the MMP family, are key enzymes responsible for degrading ECM components.® 1-34 They are

excessively activated upon LPS stimulation, and their expression changes are closely associated with ECM remodeling
(Figure 5A and B).>>*° Similar to the trends observed for IL-1f and TNF-q, the expression levels of MMP-2 and MMP-9
were significantly increased after LPS treatment (P < 0.01), indicating that ECM damage occurs during LPS-induced
inflammatory responses. Nicotine intervention markedly reduced the expression of MMP-2 and MMP-9 (P < 0.05). However,
this effect was reversed by MLA and siRNA-a7nAChR. These results suggest that nicotine attenuates LPS-induced ECM
degradation, and that a7nAChR is likely involved in this process.
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Figure 4 Results of ELISA detection of IL-1B and TNF-a levels in cell supernatants. (A and B) Statistical results of IL-1p and TNF-a expression levels detected by ELISA
(n=3). (Data are presented as mean % SD. “*” indicates a significant difference compared with the Control group, and “*” indicates a significant difference compared with the
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Figure 5 Results of ELISA detection of MMP-2 and MMP-9 levels in cell supernatants. (A and B) Statistical results of MMP-2 and MMP-9 expression levels detected by ELISA
(n=3). (Data are presented as mean % SD. “*” indicates a significant difference compared with the Control group, and “*” indicates a significant difference compared with the
LPS group. “*, " represents P < 0.05, “**, ¥ represents P<0.01, and “***” represents P < 0.001).

Discussion

OA continues to jeopardize the health and quality of life of numerous patients. Research indicates that chondrocyte
inflammation is a key driver of OA pathogenesis. The a7nAChR, a pivotal component of the CAP, plays a critical role in
inflammatory regulation. It has been demonstrated to participate in bone remodeling during OA and exert significant anti-
inflammatory effects. However, few studies have explored whether a7nAChR-mediated CAP modulates chondrocyte
inflammation in OA. Therefore, we established an in vitro chondrocyte inflammation model using LPS stimulation and
investigated Nic as an a7nAChR agonist. Our results show that Nic markedly alleviates chondrocyte inflammation by
activating a7nAChR, with its mechanism linked to suppression of the HMGB1/TLR4/NF-kB inflammatory pathway.
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Nic has long been restricted in clinical applications due to its association with addiction.*”>° However, recent studies
reveal its biphasic, dose-dependent effects. While high doses of Nic exacerbate inflammation and adverse outcomes,
moderate doses exhibit well-documented anti-inflammatory properties, mitigating joint inflammation and cartilage
degradation. For instance, 0.1-1 umol/L Nic reduced mechanical allodynia and synovitis in OA mice.”® Accordingly,
we assessed chondrocyte proliferation under varying Nic concentrations via CCK-8 assay. LPS significantly suppressed
proliferation, whereas Nic restored it dose-dependently, with 1 umol/L Nic normalizing proliferation to control levels
by 72 h.

CAP is a neuroimmune regulatory mechanism mediated by the vagus nerve. Acetylcholine released from vagus nerve
endings binds to a7nAChR on the surface of immune cells such as macrophages, inhibiting the release of proinflamma-
tory cytokines.*** Studies by Han et al showed that the selective a7nAChR agonist PHA-543613 can promote the
secretion of IL-10 by macrophages through a7nAChR, and suppresses the production of TNF-a, IL-1p and IL-6 induced
by LPS through IL-10/STAT3 signaling.** In arthritis, a7nAChR-mediated CAP plays the same role. Studies in rat
models of rheumatoid arthritis have found that the use of galantamine (a cholinesterase inhibitor) to increase endogenous
acetylcholine levels can reduce joint inflammation and damage, while the use of a7nAChR antagonists will block this
anti-inflammatory effect.*> This suggests that a7nAChR is an important receptor that mediates local anti-inflammatory
responses within joint tissues. Liu et al observed that the level of a7nAChR in degenerated cartilage of OA patients was
significantly reduced, accompanied by an imbalance between autophagy and apoptosis. The use of Nic can activate
a7nAChR and protect joints, suggesting that a7nAChR is involved in the regulation of chondrocyte fate in OA.*® In
contrast, the use of PNU-282987 (an a7nAChR agonist) in OA rats led to a reduction in joint concentrations of
inflammatory mediators such as TNF-a and IL-1p, primarily through suppression of the NF-kB signaling and NLRP3
inflammasome pathways.*” Consistent with these results, we found through immunofluorescence and other techniques
that Nic intervention can activate CAP and reduce the secretion of cellular inflammatory factors through suppressing the
TLR4/NF-xB axis. In this regulation context, a7nAChR is an indispensable link. When MLA or siRNA-a7nAChR was
used to antagonize a7nAChR expression, the suppression of Nic on the TLR4/NF-«kB pathway was significantly reduced.

In addition, we found that Nic regulates the inflammation process through CAP, and also involves the regulation of
HMGBI. Joint inflammation is not only mediated by classical cytokines, but also involves the participation of damage-
associated pattern molecules (DAMPs). HMGBI1 is one of the important DAMP molecules and is significantly increased
in OA.*** High levels of HMGBI can be detected in the articular cartilage, synovial tissue and synovial fluid of OA
patients, and increasing concentrations are linked to more severe disease progression and symptomatology.’® HMGBI is
passively released from damaged or stressed chondrocytes, or actively secreted by synovial macrophages. HMGBI can
bind to TLR4, trigger the downstream NF-kB signaling cascade, promote the synthesis of pro-inflammatory mediators
and amplify the inflammatory response.”'* The use of HMGBI antagonists such as A-box fragment peptides can
competitively inhibit the binding of HMGBI to the receptor, reduce IL-1B-induced chondrocyte MMP production
in vitro, and reduce cartilage destruction in OA models.>® Further studies have shown that plant extracts such as
Forsythoside B can inhibit the HMGBI1/TLR4/NF-kB axis, attenuate IL-1B-induced chondrocyte inflammation and
oxidative stress, and reduce cartilage degeneration in OA rats>* These studies suggest that HMGBI is an amplifying
factor of OA inflammation, and blocking its action or signaling pathway can reverse the proinflammatory effect of
chondrocytes to alleviate OA symptoms. However, these studies have not fully explored the upstream regulatory factors
of HMGBI. Therefore, this study further focused on the regulation of HMGBI1 by a7nAChR, which not only confirmed
the key position of the HMGB1/TLR4/NF-«B axis in the regulation of chondrocyte inflammation, but also proved that
Nic can regulate this pathway through a7nAChR.

a7nAChR has been considered a potential anti-inflammatory drug target. Selective a7nAChR agonists are used to
treat inflammation. GTS-21 (also known as DMXBA) is an orally effective partial a7nAChR agonist that can not only
inhibit the production of pro-inflammatory cytokines within the synovial tissue of rheumatoid arthritis patients and
reduce synovial inflammation, but also significantly inhibit NF-xB signaling in a colitis mouse model and enhance
intestinal barrier function.”>”° Given that Nic can exert anti-inflammatory effects through a7nAChR and is easy to
obtain, it also has the potential to treat OA. However, more research is still needed to rule out its addictiveness and
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confirm the dosage. This is also one of the shortcomings of this study. In the future, we will further extend our research to
animal models.

Conclusion

In summary, this study reveals the role of the Nic-a7nAChR/HMGB1/TLR4/ NF-kB pathway in chondrocyte inflamma-
tion at the cellular and molecular levels, and this finding can enrich the understanding of the pathogenesis of OA
inflammation. The confirmation of this mechanism has important theoretical and potential clinical translational value.
The significance of this study is to provide new molecular targets and theoretical basis for the control of inflammation in
OA. It is worth noting that although our research shows the positive effect of Nic on inhibiting inflammatory response,
the experiments are based on the cellular level and clinical verification remains warranted.
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