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Periodontitis is a chronic inflammatory disease that affects more than 40% of the adult population
aged over 30 years in the United States, indicating a high prevalence [1]. It impairs the integrity of the
tooth-supporting tissue with clinical manifestations featured of gingiva bleeding, periodontal ligament
degradation, and alveolar bone resorption. Periodontitis is a multifactorial disease, involving
interactions of bacterial pathogens, host immune responses and environmental factors such as
smoking [2]. Many studies in the periodontal field indicate that the abnormal immune response is
actually excessive inflammatory reactions resulting in the periodontal tissue and alveolar bone
destruction [3]. Treatment options for periodontitis can be divided into nonsurgical therapy and
periodontal surgical therapy. Periodontal initial therapy is basically nonsurgical, including home care
review and scaling and root planing. If active periodontitis still exists, a regenerative or resectional
surgical therapy can be received subsequently [2]. Nonsurgical periodontal therapy can mechanically
remove dental plaque, whereas targeting only bacteria does not always lead to satisfying outcomes,
indicating that current anti-infective therapies of periodontitis have limited efficacy. Thus, it is
necessary to seek for breakthroughs from host immune modulation field focused on resolution of
inflammation and restoration of tissue homeostasis [4]. Dopamine, a major neurotransmitter,
transmits signals via two receptor families: the D1-like receptor (D1R) and the D2-like receptor
(D2R). Wang et al. have identified an intracellular secondary signaling pathway for dopamine,
revealing its inhibitory role in osteoclast differentiation mediated by the D2R/cAMP/PKA/CREB
axis. This study offers new insights into the potential for nervous system’s direct regulation of bone
remodeling and supports the clinical potential of dopamine receptor agonists and antagonists in
managing bone metabolic disorders [5]. While D2R suppresses osteoclast differentiation, activation
of DIR facilitates osteogenic differentiation and reduces bone loss by the ERK1/2 pathway [6].
Moreover, new evidence from a recent study indicates that dopamine exerts its osteogenic effects on
periodontal ligament stem cells through both D1 and D2 receptors. This discovery underscores the
complexity of dopaminergic signaling in stem cell osteogenesis, as these receptors modulate specific
osteogenic markers in distinct ways [7]. Additionally, dopamine derivatives, such as polydopamine,
have demonstrated promising applications in bone defect reconstruction and bone regeneration [8,9].
These findings suggest that dopamine receptor agonists and antagonists may have significant
therapeutic potential in managing bone metabolic disorders and periodontal diseases. Ropinirole, a
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D2-like receptor agonist commonly used to treat Parkinson’s disease
(PD) and restless legs syndrome, has recently shown potential in
treating periodontitis. Isozaki e @l demonstrated that ropinirole
suppresses inflammatory cytokine production in gingival tissue
through the D2 receptor, thereby reducing neutrophil inflammation
and alveolar bone loss in a rat model of periodontitis [10].
Accordingly, ropinirole may be effective in addressing alveolar bone
resorption caused by periodontitis. Nevertheless, the precise
molecular mechanism underlying these effects remains unclear.
Exploring the mechanism from the perspective of epitranscriptomics
may reveal novel findings. N4-acetylcytosine (ac4C), acetylation of
the N4 position of cytosine, is a post-transcriptional RNA
modification catalyzed by N-acetyltransferase 10 (NAT10). Initially
discovered in tRNA and rRNA, ac4C modification was later
identified on mRNA by Arango ez /. in 2018 [11]. ac4C modification
in the mRNA coding sequence (CDS) region notably enhances
mRNA stability, facilitates mRNA expression, and participates in
critical immune and inflammatory signaling in pathogenesis process
[12]. NAT10, as the sole confirmed ac4C writer, possesses both
acetyltransferase and RNA binding activities [11]. Recently, it was
identified that PCBP1/2 and TDP43 function as NAT10 adaptors
mediating mRNA acetylation. While NAT10 acts as the core
catalytic subunit, PCBP1/2 and TDP43 assist in substrate selection,
mRNA binding, and complex stabilization [13]. NAT10 has been
implicated in diverse disease processes, including cancer, immune
regulation, and viral infections. NAT10 plays an integral role in
these disease processes by modulating mRNA stability and translation
efficiency of target genes via ac4C modifications, thereby influencing
prognosis, cell behavior, stem cell properties, and metabolism [14].
In the context of inflammation, NAT 10 has been shown to accelerate
lipopolysaccharide (LPS)-induced responses in macrophages through
the NOX2-ROS-NF-kB pathway [15]. Besides, NAT10 promotes
osteoclast differentiation in inflammatory bone loss by mediating
Fos mRNA ac4C modification and upregulating MAPK signaling
pathway [16]. Consequently, it can be inferred that NAT10 is crucial
to immune modulation and may serve as a potential therapeutic
target for managing periodontitis. Given ropinirole’s demonstrated
ability to suppress periodontal inflammation and bone resorption,
an intriguing question arises: Does ropinirole’s therapeutic effect in
periodontitis involve modulation of NAT10 activity? To clarify this
question, an 7z vitro study was carried out to further investigate the
pharmacological and molecular mechanism of ropinirole [17]. We
measured the inflammatory factor levels of human gingival
fibroblasts (HGFs) before and after ropinirole treatment along with
the NAT10-mediated ac4C modification regulated by ropinirole.
Kruppel-like factor 6 (KLF6), a broadly expressed nuclear
transcription regulator, plays a role in regulating cell apoptosis and
other physiological process. Served as a direct downstream target of
miR-543-3p, KLF6 has been reported to escalate LPS-induced
damage in periodontal ligament cells, implying that KLF6 may be a
target for periodontitis treatment [18]. Therefore, our study also
explored the impact of NAT10-mediated ac4C modification on
KLF6. In order to simulate periodontitis, HGFs were treated with
LPS. Molecular docking analysis was used to predict the potential
binding site between ropinirole and NAT10. The protective effects
of ropinirole against LPS-induced injury in HGFs were investigated
through assessments of cell viability, cell apoptosis, and inflammatory
factor levels. Cell viability was measured using the CCK-8 assay, and
cell apoptosis was analysed via flow cytometry. Inflammatory

cytokine concentrations (IL-1f, IL-6, and TNF-a) were quantified
using ELISA. NAT10 expression and KLF6 mRNA stability were
assessed through RT-qPCR, and acRIP-PCR was employed to detect
the ac4C modification levels of KLF6 mRNA. The interaction
between NAT10 and KLF6 was further confirmed with a dual-
luciferase reporter assay. Molecular docking analysis revealed that
ropinirole potentially interacts with the catalytic pocket of NAT10,
suggesting that this interaction could inhibit its acetyltransferase
activity. Our results indicated that LPS significantly reduced cell
viability, promoted cell apoptosis and upregulated inflammatory
factors, while ropinirole effectively counteracted these negative
effects, underlining ropinirole’s protective role in alleviating
inflammatory damage. The expression of NAT10 was upregulated by
LPS and was downregulated by ropinirole. Overexpression of
NAT10 reversed the protective effects of ropinirole on HGFs by
inhibiting cell viability, increasing cell apoptosis, and upregulating
inflammatory factors. On the contrary, inhibition of NAT10
weakened the effects of LPS on HGFs. The interaction relationship
between KLF6 and NAT10 was verified by dual-luciferase reporter
assay. NAT10 was shown to increase both the total and ac4C-
modified mRNA levels of KLF6 and promote KLF6 mRNA stability.
Upregulation of KLF6 reversed the effects of NAT10 inhibition on
HGEFs. In conclusion, LPS-induced injury in HGFs appears to be
associated with NAT10-mediated ac4C modification of KLFG6, and
ropinirole protects HGFs by inhibiting the NAT10-ac4C-KLFG6 axis
(Figure 1).

Our research correlates a drug commonly used for Parkinson’s
disease (PD), ropinirole, with the treatment of periodontitis. As
a novel inhibitor for NAT10, ropinirole has shown a protective
effect against periodontal inflammation through the independent
regulation of NAT10-mediated ac4C, suggesting the potential for
ropinirole as an adjunct in therapy of periodontitis. In addition,
our study highlights targeting NAT10 as a promising therapeutic
strategy for managing periodontitis and other inflammation-driven
diseases. By advancing the understanding of NAT10’s molecular
pathways in oral health, our work paves the way for designing novel
therapeutic candidates. Though this study shows promising results,
there still remains space for enhancement. Our research unveiled the
interrelationship between ropinirole and NAT10, nevertheless, the
precise mechanism by which ropinirole interacts with NAT10 on
molecular level is not entirely clear, requiring further investigation.
On top of that, since the experiments used an in vitro model to
simulate periodontitis, animal studies and clinical trials will be a
supplement to strengthen the conclusions. A periodontitis rat model
with local ropinirole injection can be utilized in animal studies. The
ligature-induced periodontitis model is recommended. The main
procedure involves placing retentive ligatures, such as silk, nylon, or
cotton, around maxillary or mandibular molars under anesthesia [19].
‘The dosage of ropinirole injection can be referenced from previous iz
vivo studies. Periodontal destruction and bone resorption could be
assessed by micro-CT imaging and HE staining, while expression of
inflammatory cytokines could be detected by immunohistochemical
staining to further validate our 7z vitro findings. On the other hand,
although ropinirole has a well-established safety profile in Parkinson’s
patients, its use in non-Parkinson’s populations, such as those with
periodontitis, may raise unique safety concerns. Impulse control
disorders (ICDs), including pathological gambling, hypersexuality,
and compulsive shopping, are a relatively common side effect of
dopamine receptor agonists in patients with PD [20,21]. It is widely
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Figure 1. Ropinirole can bind with NAT10, inhibiting its acetyltransferase activity. This inhibition downregulates NAT10 expression and prevents
the LPS-induced upregulation of cell apoptosis, reduced cell viability, and inflammatory factors in HGFs. Overexpression of NAT10 reverses these
protective effects, while NAT10 inhibition weakens LPS-induced damage. Additionally, NAT10 promotes the expression of KLF6 mRNA through ac4C
modification, and upregulation of KLF6 counteracts the effects of NAT10 inhibition. The results suggest that ropinirole protects HGFs by inhibiting

the NAT10-ac4C-KLF6 axis.

acknowledged that dopaminergic medications can lead to addiction
in PD, while PD itself does not inherently increase prevalence of
ICDs and related disorders [20]. Despite its use in treating PD,
ropinirole is also considered as a cause of chronic nausea and
vomiting, particularly when used for treating restless legs syndrome
[22]. Hence, long-term safety evaluation and monitoring would
be necessary in future clinical studies to assess the risk of these side
effects in a non-Parkinson’s cohort. Considering the multifactorial
nature of periodontitis, it is plausible that other signaling pathways,
such as NF-kB and MAPK, may also significantly contribute to
its pathogenesis. Future studies could explore the interactions
between these pathways and the NAT10-ac4C-KLF6 axis to
provide a more comprehensive understanding of the molecular
mechanisms involved. In summary, our study reveals that ropinirole,
a D2-like receptor agonist, suppresses LPS-induced inflammation in
periodontitis by modulating the NAT10-ac4C-KLF6 axis. As a new
inhibitor for NAT10, ropinirole has shown a promising protective
effect against periodontal inflammation, suggesting the potential
for ropinirole as an adjunct in therapy of periodontitis. Moreover,
it highlights targeting NAT10 as a hopeful therapeutic strategy for
managing periodontitis and other inflammation-driven diseases,
advancing the understanding of NAT10’s molecular pathways in
oral health and inspiring novel therapeutic candidates. Future iz vivo
studies are required to validate these findings and assess the broader
applications of ropinirole.
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