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Abstract: Arthritis is a common clinical disease that affects millions of people in the world. The most common types of arthritis are 
osteoarthritis and rheumatoid arthritis. Inflammatory arthritis (IA), a chronic painful disease, is characterized by synovitis and cartilage 
destruction in the early stages. Pathologically, IA causes inflammatory changes in the joints and eventually leads to joint destruction. Pain 
is associated with inflammation and abnormal regulation of the nervous system pathways involved in pain promotion and inhibition. In 
addition, the occurrence of pain is associated with depression and anxiety. We found that there are many factors affecting pain, in addition 
to inflammatory factors, glutamate receptor may be the possible cause of long-term chronic pain caused by IA. N-methyl-d-aspartate 
receptor subunit 2B (NR2B) has been reported to involved in IA and nervous system diseases, especially peripheral neuropathic pain. In 
this review, we summarized the mechanisms of the NR2B subunit of the N-methyl-D-aspartate (NMDA) receptor in peripheral nerve 
sensitization during IA and chronic pain. 
Keywords: inflammatory arthritis, peripheral sensitization, neuropathic pain, inflammatory factors, NR2B subunit

Introduction
Arthritis is a general term for a class of conditions that include aseptic inflammation of the joints and degenerative 
osteoarthritis caused by immunological diseases.1 Inflammatory arthritis (IA), a form of joint inflammation caused by 
overacted immune system, is characterized by synovitis and cartilage destruction in the early stages. Rheumatoid arthritis 
(RA) and osteoarthritis (OA) are the two most common types of arthritis. Often associated with genetic factors, RA is 
a primarily aggressive joint inflammation. From an immunological perspective, RA is caused by increased inflammation level 
in the body, which is due to autoimmune dysfunctions and stimulation of inflammatory factors (IFs) in the joints. Clinical 
incidence of RA is lower than that of OA,2 which mainly occurs in multiple large joints3,4 of the whole body and joints that 
support relatively lightweight, such as sternoclavicular, acromioclavicular, and wrist joints.5–7 The incidence of OA is 
significantly associated with age-related synovial degeneration,8 genetic susceptibility and epigenetic regulatory factors.9

Over 20% of patients seek medical assistance because of chronic pain10 that often lasts for more than three months.11 The 
leading cause of chronic pain is destruction of the articular cartilage and the resulting inflammation from biomechanical 
damage of joints in IA. When the course of the disease reaches a specific duration, the condition turns to chronic pain,12,13 and 
the degree of chronic pain is positively correlated with levels of IFs. Wall et al14 reported that pro-inflammatory cytokine 
signaling between immune cells, glial cells, and nerve cells plays critical role in the development of pathological pain; and 
modulating pro-inflammatory cytokine communication could offer substantial pain relief. However, even completely regular 
laboratory examinations such as erythrocyte sedimentation rate and C-reactive protein for expression of inflammatory 
activities are administrated, patients still show pain symptoms,15,16 which indicates that in addition to IFs, there are other 
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factors that contribute to pain occurrence. When RA patients are in the inactive stage, they still report pain, especially for that 
linked to the central nervous system (CNS) and neuropathic pain (NP).17,18

Long-term chronic pain is associated with peripheral sensitization that is the key condition for NP. Treatment of 
chronic pain has gradually shifted towards improving peripheral nerve functions in recent years.19 Peripheral sensitiza-
tion occurs when immune cells lead to plastic changes in the dorsal root ganglion (DRG) and spinal dorsal horn.20 As 
a result of ectopic implantation of nerves, peripheral sensitization develops to NP or central pain that could further cause 
disease complications.21,22 With an incidence rate about 15.7%, NP is a chronic pain syndrome that is caused by 
peripheral nerve injuries.23 It is also associated with degradation of neurological functions.24 The best treatment 
strategies for neuralgia involve a multidisciplinary team approach that includes cognitive behavior intervention and 
rehabilitation for treating psychosomatic complications.25 Although the N-methyl-D-aspartic acid (NMDA) receptor 
subunit 2B (NR2B) has been postulated as one of the proteins involved in both IA and NP; the role of the NR2B subunit 
has not been fully examined. Therefore, the purpose of this study is to provide a state-of-the-art review for studies 
focusing on NR2B subunits in IA and NP; and propose a theoretical signal pathway of NR2B in IA and NP.

Glutamic Acid and Structural Composition of the NR2B Subunit
Activity and expression of protein glutamate receptor play an important role in human CNS diseases. Although NMDAR 
has no specific cations that can pass through its membrane, it is involved in the transfer of excitatory inputs from primary 
sensory neurons to the brain via the spinal cord. In chronic inflammatory pain and neuropathic pain, activation of 
NMDAR promotes central sensitization. For instance, glutamic acid is closely involved in CNS toxicity, Alzheimer’s 
disease, epilepsy, and other CNS disorders.26–28 There are two types of glutamate receptors: metabolic receptors 
(mGluRs) that are G protein-coupled metabolic receptors belonging to the 3G protein-coupled receptor (GPCRs) 
family;29 and ionic receptors (iGluRs) that are composed of four subfamilies, including NMDA receptor (NMDAR), 
kainic acid receptor (KAR), α-amino-3hydroxy-5methyl-4isoxazole receptor (AMPAR), and δ receptor (GluD).30

As members of glutamate receptors, NMDARs play a critical role in CNS development and functioning (Figure 1).31 

NMDARs, including AMPA and KAR receptors,32 form a tetramer structure consisting of three subfamilies that share 
substantial homology and are closely related in structure,33 e.g., two GluN1 subunits and two GluN2 or GluN3 subunits. 
Among them, GLuN1 is the basic unit of NMDA. The NMDA receptor is usually composed of two GLuN1 that is 
associated with the performance of human mental symptoms. Its auto antibodies often cause autoimmune encephalitis,34 

Figure 1 NMDA is composed of a highly homologous extracellular amino-terminal (ATD), a bilobal ligand-binding domain (LBD), three transmembrane regions, 
a membrane helix (MD) composed of a reentrant ion pore-lining ring, and a more dispersed intracellular carboxy-terminal domain (CTD). Picture excerpt from Vyklicky 
et al (PDB code 4TLM).
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which mainly target the extracellular region of GLuN1, showing a highly specific immune syndrome.35 Different from 
GLuN1 and 3, GLuN2 consists of four subunits that play related roles in the central nervous system, and binds 
glutamate.36 Through the c-terminal domain of the GluN2 subunit, NMDA connects to a huge signal transduction and 
scaffold protein network on the cytoplasmic side.37 The network interaction builds the basis for the downstream signal 
cascades of NMDA.38 Among them, GluN2A and GluN2B are linked to membrane-associated guanosine kinase (PSD- 
MAGUKs) of the postsynaptic density family. Ca2+/calmodulin-dependent kinase II (CaMKII) interacts with synuclein 
messengers and plays a key molecular role in gene transcription.39 Composed of two subunits–GluN3A and GluN3B, 
GluN3 has multiple roles in general biophysics, and signal transmission,40 and is associated with addiction and 
neurodegenerative diseases. In the CNS, there are four different GluN2 subunits (NR2A-D), which are categorized by 
their spatially and developmentally regulated expression in cellular and synaptic specific ways.

The NR2B subunit, a widely studied NMDAR, is made up of 1456 amino acids with molecular weight of 170–180kDa. 
Structurally, the extracellular NR2B subunit has an NH2-terminal peptide and four transmembrane sums (M1-M4), of 
which M1-M3 belong to the transmembrane helix structure, M2 faces the cytoplasm, and the inner membrane is reversely 
folded to form an ion channel.41 The NR2B cells have the C2-terminal region of the basic structure of GLuN2, and the 
crucial part of the ligand is spherical, which is divided into two areas, S1 and S2. NMDARs play important roles in neurons 
and dendrites. For instance, NR2B-related structures are closely associated with NP, and NR2B plays a critical role in 
formation of dendrogram branches. Ras-specific guanine nucleotide-releasing factor 1 (RasGRF1) is a guanine nucleotide 
exchange factor that directly interacts with NR2B. The NR2B/RasGRF1 signaling pathway induces superoxide production 
and promotes dendrite formation.42 Plasticity of the dendritic structure is correlated with nervous system diseases.43 In CNS 
diseases, such as stroke, Alzheimer’s disease, and epilepsy (Parkinson’s disease, PD), among other conditions, the levels of 
the NR2B subunit have been shown to be significantly increased.44–46

Activation Mechanisms of the NR2B Subunit in Pain
Under normal physiological conditions, the NR2B subunits are stable and are post-synoptically located. Activation of the 
NR2B subunit results in separation of ions from NR2B, which alters ion permeability. Persistence of chronic pain induces 
NR2B subunit activation through presynaptic glutamate release and related excitatory postsynaptic potentials (EPSPs). 
The increased EPSPs further lead to separation of Mg2+ from the NR2B subunit, elevating EPS level,47 which aggravates 
chronic pain. The S-nitrosation of Src is caused by the nNOS/nitric oxide signal. Ca2+ influx of the NR2B subunit is 
excessively activated, promoting tyrosine phosphorylation of Src, which further phosphorylates NR2B.48 Since the 
NR2B structure is specific for switching ion channels, activation of the NR2B subunit results in changes in concentra-
tions of intracellular and extracellular ions under actions of voltage-gated ion channels,49 leading to pain occurrence. 
GPCRs stimulation induces NR2B subunit activation and promotes CNS plasticity.

Phosphorylated expressions of the NR2B subunits are also involved in pain occurrence. The binding of NMDA 
receptors and transmitters induces intracellular cascade reactions, triggering a series of biochemical reactions, leading to 
changes in synaptic structures and functions. These synaptic changes enhance excitatory synaptic transmissions, resulting 
in chronic pain. Studies of the CNS have shown that the NR2B subunit is the most important tyrosine phosphorylated 
protein, and calcium influx is the main outcome of NR2B phosphorylation.50 In addition, tyrosine phosphorylation 
(ThetyrosinephosphorylationofNR2B, NR2B-pTyr) of NR2B is involved in pain occurrence through central sensitization 
caused by synaptic plasticity. During phosphorylation, expressions of pNR2B-Y1472 and pNR2B-Y1252 as well as 
synaptic-related proteins (PSD95, SYP and SYT-1) are significantly increased. Thus, phosphorylation of NR2B subunits 
plays an important role in the occurrence of central nervous system pain.51 Post-synaptic activation of NMDA leads to 
calcium influx, which causes activation of Ca(2+)/calmodulin-dependent protein kinase (CaMKII) and expressions on 
NR2B subunits. In vivo, the main binding site of CaMKII on NR2B undergoes Ser1303 phosphorylation, which enables 
NR2B subunits to distinguish between Ca(2+)/calmodulin activated forms and self-activated thr286-CaMKII autopho-
sphorylation forms. The intracellular NR2B non-mutant binds calcium ions, promoting calcium influx and neuropathic 
pain occurrence. NMDAR is controlled by GPCR to regulate NMDA-mediated current effects, which may provide a new 
therapeutic target for chronic pain.52
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NMDA and NR2B Receptor Antagonists
Mechanical ectopic pain related to oxaliplatin is a common side effect. Applications of the NR2B antagonist, Ro25-6981, 
and fendil can significantly reduce oxaliplatin-induced pain, and the effect is more noticeable when nitric oxide synthase 
(NOS) inhibitor is used as the downstream target of NR2B.53 Pain occurrence is positively correlated with oxaliplatin 
dose. Oral administration of the traditional Chinese medicine (Kei-kyoh-zoh-soh-oh-shin-bu-toh, KSOT) reduced the 
number of astrocytes and the level of inhibited NR2B.54 For cancer-induced neuropathic pain, especially bone cancer 
pain (BCP), in addition to the above mechanisms, NR2B is present in astrocytic cells. Interactions between Cx43 and 
neuronal NMDARs play important roles in astrocyte-neuronal signaling in the spinal cord.55 For instance, when 
phosphorylated NR2B (p-NR2B) activities are high, the Cx43/p-NR2B signaling pathway affects BNP occurrence. In 
BCP treatment, etanercept has a good therapeutic effect on bone cancer-induced mechanical ectopic pain,56 by reducing 
the expressions of NR2B through the MrgC-NR2B signaling pathway and relieving neuralgia for bone cancer pain. 
Dopamine D1 and D2 receptors eliminate glutamate receptor-mediated spinal cord neuronal activation via Src kinase in 
a g α Q protein-dependent manner, resulting in suppressed NR2B activities.52 In a study involving chronic contractile 
injury animal models (CCI), the number of NR2B immune reactive cells are significantly increased with low-frequency 
acupoint electro acupuncture stimulation.57 In Spared Nerve Injury (SNI) animal models,58 two types of NP models, 
tibial-SNI variant and sural-SNI, were used. Animal behavior tests and immune studies revealed that elevated 
NR2BmRNA levels are associated with persistent hypersensitivity in sural-SNI. Increased suppression of 
NR2BmRNA and retention of NR2B proteins around the somatic nucleus of neurons is associated with the recovery 
of tibial-SNI hypersensitivity.

The radiofrequency technique (radiofrequency ablation, RFA) around the knee joint is used to treat knee joint OA and 
RA pain.59 Peripheral nerves of knee joints mainly include superior medial knee nerves (superior medial genicular nerve, 
SMGN), superior lateral knee nerve (superior lateral genicular nerve, SLGN), intermediate knee nerve (middle genicular 
nerve, MGN), inferior lateral knee nerve (inferior lateral genicular nerve, ILGN), lateral retinaculum nerve (lateral 
retinacular nerve, LRN), medial inferior knee nerve inferior medial genicular nerve (IMGN), and posterior genicular 
nerve plexus (PGN). PGNs are involved in the occurrence of knee joint pain. Treatment of these nerves has been shown 
to have satisfactory clinical effect for relieving knee joint pain, without changing the internal structures of joint cavities, 
synovium degeneration and cartilage injury degree.60 However, the mechanisms involved in this treatment have not been 
elucidated, which may relate to changes of gated ion channels caused by NMDAR activation due to long-term pain. We 
postulated that because activation and expression of the NR2B subunit play an important role in peripheral nerve 
sensitization of the knee joint; thus, the radiofrequency technique that reduces nerve sensitivity and kills painful nerve 
fibers such as the C fiber can effectively reduce the pain. Therefore, the successful relief of knee joint pain provides 
a new piece of evidence supporting theoretical hypothesis of knee joint radio frequency.

In clinical applications of NMDA antagonists, Berman et al61 tested the effect of low-dose ketamine, which is a rapid 
and continuous antidepressant, and found that repeated heavy use of ketamine cause certain neurotoxicity that leads to 
cognitive and memory impairments. Due to these side effects, extensive research efforts have been devoted to developing 
safe and effective drugs in clinical studies. For example, a NR2B selective, moderate NMDA receptor antagonist– 
Neu2000, which is a molecule obtained from derivatives of sulfasalazine and aspirin, shows good, cell membrane 
permeability, spin capture antioxidation effects,62 and achieves promising efficacies in human Phase 1 studies and non- 
clinical trials. The NMDA receptor antagonist EVT101 and the NR2B receptor antagonists TXT-0300 (TraxionTreeutics 
and MK-0657) are also used to treat central nervous system diseases, mental diseases and pain diseases. However, 
clinical trials of the other related drugs have been sparse.63 In contrast, the NR2B receptor antagonists have been widely 
evaluated in animal experiments. Applications of NR2B receptor antagonists in dyskinesia models (levodopa-induced 
dyskinesia, LID) revealed that CP101, 606 can effectively suppress pNR2B-Tyr1472 and its interactions with Fyn, as 
well as inhibit phosphorylations and pCaMKII-Thr286 levels,64 which echoes the mechanisms of pain caused by 
phosphorylated expressions of NR2B. In addition, previous study reported that in trathecal injections of If enprodil 
and Ro25-6981 could effectively suppress NR2B concentrations and reduce the threshold of mechanical pain, but have 
no effect on motor nerves.65 These results indicated that the NMDA receptor NR2B subunit plays a key role in 
development and maintenance of chronic pain, which could be a good target point in pain control therapy. The NR2B 
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receptor antagonists also play an important role in neuralgia. A study of neuronal pain in the central amygdale oid 
nucleus (central nucleus of the amygdala, CEA), found that the NR2B receptor antagonist (Ro-256981) effectively 
inhibits pain occurrence in CEA neuronal pain in joint harmless and harmful stimulations, which offers the potential for 
inducing neuralgia in arthritis models. Studies have also reported that along with other factors NMDA receptors 
containing NR2B subunits contribute to pain-related changes of CEA neurons.66

Relationship Between the NR2B Subunit and IFs
Biological Ifs such as interleukin (IL), tumor necrosis factor (TNF), substance P, and prostaglandin E2 (PGE2) are 
positively correlated with pain occurrence.14 Elevated IFs levels are significantly associated with aggravated pain. In 
active periods of disease, increase in expressions of Ifs is coupled with escalation of NR2B levels.67 Moreover, the levels 
of IFs such as TNF-α, NR1 and NR2B were significantly raised in induced neuroinflammation; while NR2A levels were 
suppressed,67 suggesting that inflammation plays a role in regulating the functional activities of the NR2B subunit. In 
a whole-cell patch-clamp experiment, IL-2 reduces the peak amplitude of NMDAR-mediated current containing NR2A 
and NR2B by 54 ± 5% and 30 ± 4%, respectively,68 indicating that NR2B subunit levels vary with IL levels. A study on 
spinal cord injury (SCI) found that TNF-α and NR2B subunit levels that are related to Ifs in neuralgia are significantly 
increased in the second stage of inflammation of SCI.69 Similar findings were also reported in IA.70

The above findings suggested that Ifs are closely associated with NR2B levels, and inhibition of IF expressions 
reduces the expressions of the NR2B subunit, which further alleviates pain. The NR2B subunit plays a key role in pain 
occurrence. For instance, consistent with findings reported byAl-Khrasani,71 during inflammation process, 
a glutamatergic neurotransmitter may be transferred to the NR2B subunit to exert its effects, causing pain occurrence.

Expressions of the NR2B Subunit in IA
Except for a few, previous studies on NMDA in articular cartilage are limited. In IA pathogenesis, NMDA stimulates NMDAR 
in chondrocytes. As a non-selective cation channel, NMDAR increases calcium influx and membrane depolarization, and 
provides a corresponding pathway for the influx of potassium, sodium, calcium and other gated ion channels, facilitating 
transmission of the glutamate signal. Moreover, measurements of calcium influx and cell membrane potential in OA 
chondrocytes evidenced that NMDAR provides an influx pathway for calcium ions and induces depolarization.72

NR2B has been closely linked to IA. Previous study reported that significant increase in NR2B levels is detected in IA, 
while NR2B is involved in IA pathogenesis as an essential protein substance.73 Kalev-Zylinska73 analyzed the articular 
chondrocyte clock gene and the phenotype of chondrocytes using real-time quantitative PCR, and found that when NR2B 
subunit levels are decreased due to conditional knockout, period2 and BMAL1 expressions return to a level similar to that of 
normal chondrocytes, suggesting that NR2B has a significant impact on IA pathogenesis. Suppression of NR2B levels 
contributes to a favorable IA transformation. Previous studies on temporomandibular arthritis (TMJ) found that magnesium 
chloride inhibits NR2B mRNA levels and induces the rearrangement of NMDAR subunits,74 thereby it suppresses joint 
inflammation-mediated facial pain. In immune-mediated arthritis, a large number of pro-inflammatory cytokines are found 
in the synovial fluid of RA patients, and up-regulated expressions of Ifs enhance the activation of the NR2B receptor, 
promoting the occurrence of immune-mediated arthritis.75 In general, NR2B does not exist in normal cartilages. The NR2B 
subunit induces pathological changes in chondrocytes and leads to chondrocyte apoptosis, thereby accelerating IA 
progression. The NR2B subunit also induces peripheral sensitization in long-term chronic pain.76 These findings indicated 
that NR2B is a novel research target for IA pathogenesis and pain management.

Expressions of the NR2B Subunit in NP
Apart from its high level of expression in CNS diseases, NR2B has significant activities in NP.77 Studies on mechanisms 
of NR2B against NP have shown that various signaling pathways affect changes in NR2B levels, causing NP 
occurrence.42,78 Dendritic structural plasticity has a clear correlation with NP,79 and the NR2B/RasGRF1 signaling 
pathway induces the generation of superoxide and promotes the formation of dendrites,42 leading to changes in neural 
structures. NR2B is located in layer II of the spinal dorsal horn; and the level of NR2B in DRG significantly increases 
during NP. Studies using animal models of mechanical ectopic pain have reported that the cyclic adenosine 
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monophosphate (cAMP) signal plays a vital role in regulating pain sensitivity through the exchange protein directly 
activated by cAMP (Epac), which significantly increases NR2B protein levels in ipsilateral DRG.80 NR2B was found to 
be an essential downstream expression factor in Epac1-Piezo2 signaling pathway for long-term mechanical ectopic pain 
induced by plantar injection of the Epac agonist, 8-CPT. This indicated that the NR2B subunit is strongly associated with 
signaling pathways during NP, in which inhibits the conduction of signaling pathways and reduces the expressions of 
NR2B, as one of the possible mechanisms that curb further NP development.

The pathogenic role of NR2B in NP has also been investigated in literature. When low-frequency acupoint electroacupuncture 
stimulation was applied in animal models for chronic contractile injury (CCI), the number of NR2B subunits and that of immune 
reactive cells were significantly increased.57 In spared nerve injury (SNI) animal models of NP,58 two variants of SNI–tibial-SNI 
and sural-SNI were studied. Animal behavior tests and immune studies showed that elevated NR2B mRNA levels are associated 
with the occurrence of sural-SNI continuous hypersensitivity. Suppression of NR2B mRNA and retention of NR2B protein levels 
in perinuclear regions of the neuronal somata are coupled with recovery of tibial-SNI hypersensitivity. The NR2B subunit is 
involved in various aspects of nervous system diseases. In CNS diseases or peripheral NP, elevated NR2B levels produce different 
degrees of influence on the structure and functions of neurons, leading to the occurrence of nervous system diseases.

Conclusions
During clinical diagnosis and treatment, there are many OA or RA patients who complained of pain, but little evidence of 
inflammatory-related causes, such as ESR and C-reactive protein can be found. Therefore, it is worthy to explore the 
reasons behind it. Clinical practice showed that the pain symptoms of patients with knee osteoarthritis are significantly 
relieved after the treatment of peripheral nerve, suggesting a potential link between arthralgia and neuralgia. Previous 
studies had reported that NR2B subunit is one of the key reasons for connecting neuralgia and arthralgia, and 
inflammatory arthritis may lead to chronic pain under the influence of early inflammatory factors. Long lasting 
inflammatory factors may result in changes at the level of ionic glutamate, which could in turn develop into NP.

Given the high prevalence of chronic pain in the general population, chronic pain management poses a major clinical 
challenge for medical delivery system. Therefore, understanding the fundamental causes of chronic pain syndromes and 
develop appropriate treatment would provide substantial assistance to alleviate the problem.

Positively associated with levels of IFs including TNF, IL, and P, IA and NP are two common diseases that cause 
chronic pain. As an essential pathogenic factor, NR2B subunit is associated with Ifs and is involved in both IA and NP 
development. Although there is a lack of evidence that up-regulation of Ifs in IA and NP always induces to chronic pain, 
it is related to nerve sensitization processes caused by long-term pain. Thus, IA may be initiated by peripheral 
sensitization, which finally leads to NP transformation (Figure 2).

Figure 2 Induction of immune destruction and degeneration leads to occurrence of inflammatory arthritis and pain. The NR2B subunit is activated and its content as well as 
phosphorylation levels increase, which is associated with the expressions of inflammatory factors. Dorsal root ganglion (DRG) cells exhibit a sensitization reaction under the 
influence of the NR2B signal pathway and phosphorylation. Taking the NR2B subunit as the target, reactivity in DRG causes changes in inflammatory factors and gated ion 
channels in neurons and Ca2+ influx, resulting in peripheral sensitization and long-term chronic pain. Picture excerpt from Buch et al.81
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Therefore, treatment of IA cannot be achieved without considering NP. The NR2B subunit might be an essential 
therapeutic factor. However, the exact mechanisms are still unclear, which requires further studies.
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