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Osteoarthritis (OA) is the most common joint disorder and a
major contributor to chronic pain and disability worldwide,
with knee OA in particular posing a substantial clinical and
socioeconomic burden [1,2]. Although historically viewed as
a degenerative cartilage disease, it is now clear that
pain—rather than joint structural loss—is the primary driver
of functional impairment and healthcare utilization. Howev-
er, pain correlates only weakly with the severity assessed by
radiographic imaging, highlighting the multifactorial and in-
completely understood nature of OA pain [3]. Early OA is
characterized by subtle changes such as low-grade synovitis,
meniscal pathology, and early subchondral bone remodeling,
while late-stage OA involves extensive cartilage loss, osteo-
phyte formation, persistent inflammation, and bone marrow
lesions. Increasing evidence shows that OA pain encompass-
es nociceptive, inflammatory, neuropathic-like, and centrally
sensitized components, with neuropathic features including
burning sensations, allodynia, and hyperalgesia arising from
aberrant nerve growth, nerve injury, and altered pain pro-
cessing within peripheral and central pathways [4]. Peripher-
al sensory neurons responsible for transmitting joint pain re-
side in the dorsal root ganglia (DRG) and innervate all joint
tissues except cartilage, which is normally aneural and there-
fore insensitive to noxious stimuli [5]. In OA, however, senso-
ry neurites can aberrantly sprout into cartilage, potentially
producing pain, although the mechanisms driving such patho-
logical innervation remain unclear. Sensory neuron excitabili-
ty is strongly influenced by the expression and function of vol-
tage-gated sodium channels; in pain-sensitive TRPV1-positive
neurons, Navl.7, Nav1.8, and Nav1.9 represent the predomi-
nant isoforms, each contributing distinct kinetic properties
essential for nociceptive signaling [6]. Notably, OA chondro-
cytes produce high levels of inflammatory mediators which
may alter neuronal excitability by modulating ion channel ac-
tivity. This suggests that joint-derived cytokines might pro-
mote peripheral sensitization and neuropathic-like symptoms
by affecting ion channel expression and neuronal firing
thresholds. To explore this hypothesis, chondrocytes from
end-stage OA and healthy donors were analyzed for cytokine
secretion, revealing markedly elevated IL-6, IL-8, and MCP-1
in OA cultures. DRG neurons isolated from 3-6-month-old
rats were cultured on poly-D-lysine and treated for 24-48
hours with 10 ng/mL of each cytokine. Whole-cell patch-

-clamp recordings were performed using reduced extracellu-
lar sodium (70 mM) and intracellular Cs-gluconate to isolate
sodium currents and assess changes in neuronal excitability.
In parallel, conditioned medium from OA chondrocytes and
synoviocytes was applied to MHH neuroblastoma cells to de-
termine whether OA-derived factors alter electrophysiologi-
cal properties or ion channel expression. DRG neurons ex-
posed to OA-associated cytokines exhibited marked changes
in electrophysiological behavior, including alterations in Na*
currents consistent with a shift in sodium channel subtypes.
Conditioned media from OA chondrocytes produced similar
effects in neuroblastoma cells, affecting both Na+* and K+ cur-
rents and indicating a rearrangement of ion channel composi-
tion. These electrophysiological modifications were accom-
panied by changes in channel expression, suggesting tran-
scriptional regulation driven by cytokine - receptor interac-
tions. Together, these findings support a model in which ele-
vated inflammatory mediators in the OA joint microenviron-
ment influence sensory neuron ion channel dynamics, en-
hance neuronal excitability, and contribute to peripheral sen-
sitization and neuropathic-like pain features. In summary,
the inflammatory milieu created by OA chondrocytes and syn-
oviocytes may directly modulates sensory neuron function
through alterations in voltage-gated ion channels, providing
a mechanistic link between joint pathology, aberrant neuron-
al sensitization, and complex OA pain. These insights unders-
core the need for continued mechanistic research, supported
by emerging tools such as single-cell transcriptomics, tissue -
neuron co-culture systems, biomimetic loading models, and
targeted manipulation of ion channels. A deeper understand-
ing of these pathways may facilitate the development of
mechanism-based analgesics and novel disease-modifying
therapies for OA that address both structural pathology and
the multifaceted nature of pain. The graphical abstract sum-
marizes how structural joint changes in early and late knee
osteoarthritis contribute to pain through inflammatory, me-
chanical, and neuropathic mechanisms. It highlights neuron-
al sensitization driven by altered ion channels (e.g., TRPV1,
TRPA1, Piezo2, Nav1.7/1.8), aberrant nerve growth, and in-
flammatory mediators such as NGF and cytokines. Together,
these processes converge to produce chronic, disproportio-
nate pain and identify key molecular targets for mechanistic
study.
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OA Joint Inflammation Drives Sensory Neuron Sensitization
Through lon Channel Modulation
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