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Abstract: Numerous studies have been conducted in the previous years with an objective to determine
the ideal biomarker or set of biomarkers in temporomandibular disorders (TMDs). It was recorded that
tumour necrosis factor (TNF), interleukin 8 (IL-8), IL-6, and IL-1 were the most common biomarkers
of TMDs. As of recently, although the research on TMDs biomarkers still aims to find more diagnostic
agents, no recent study employs the biomarker as a targeting point of pharmacotherapy to suppress
the inflammatory responses. This article represents an explicit review on the biomarkers of TMDs
that have been discovered so far and provides possible future directions towards further research
on these biomarkers. The potential implementation of the interactions of TNF with its receptor 2
(TNFR2) in the inflammatory process has been interpreted, and thus, this review presents a new
hypothesis towards suppression of the inflammatory response using TNFR2-agonist. Subsequently,
this hypothesis could be explored as a potential pain elimination approach in patients with TMDs.
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1. Introduction

Temporomandibular disorder (TMD) is a musculoskeletal disorder that is manifested through
continuous pain in the temporomandibular joint (TMJ), masticatory muscle, and the periauricular
region [1]. Meanwhile, the most common non-odontogenic orofacial pain is a result of the pain in the
temporomandibular area [2,3]. Other related symptoms, including hyoid bone tenderness, abnormal
swallowing, and tinnitus have an impact on an individual’s sleep, quality of life, and psychological
well-being [4]. Therefore, these symptoms also result in depression, stress, anxiety, adverse impacts on
energy level, emotional condition and social function [5,6]. The occurrence of TMD symptoms ranges
from 21.5% to 50.5%, with a higher occurrence among women compared to men [4]. This difference is
due to constitutional, hormonal, psychosocial, biological, anatomical and behavioural factors, although
no conclusion has been made [7–9]. The etiopathogenesis of TMD has not been specified. Given the
perception that the origin of TMD is multifactorial, which includes biopsychosocial, neuromuscular,
biomechanical, and biological factors [4,10], treatment for TMD is a multidisciplinary method [11–14].

TMD does not have a single anatomic origin; generally, it can result from degeneration of the TMJ,
painful displacement of the TMJ disc, and pain within the mastication muscles [15]. Degeneration
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of TMJ may occur via various pathologies, such as osteoarthritis (OA), degenerative joint disease or
autoimmune arthritis, as well as mechanical stressors exacerbation [16,17]. Mechanical nociceptor
stimulation results in increased rates of neuropeptides, inflammatory mediators and local hypoxia;
these changes can lead to pain and dysfunction, potentially exacerbating joint and mastication muscle
degeneration and mechanical stress [15,18,19]. Thus, TMD involves joint pain and related myalgia,
myofascial pain, tendonitis, spasm, and myositis [20].

TMD is a heterogeneous category of pathologies as illustrated in Figure 1. Diagnosis of issues
related to TMJ is not only challenging, but the proper treatment is also controversial [21]. In addition,
the differences in the TMD findings between the individuals at diverse points of time contribute to more
challenges in TMD diagnosis [22]. Adequate knowledge is essential to develop a proper treatment in
response to the established diagnosis.
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Figure 1. The taxonomic classification of temporomandibular disorders (TMDs). There are 4 main
types of TMDs including temporomandibular joint (TMJ) disorders, masticatory muscle disorders,
headache attributed to TMD, and coronoid hyperplasia [23,24].
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Several issues at the diagnostic level emerged from the heterogeneity of TMD symptoms,
which may be indicated through the challenges in treatment planning and responsibility for the
taxonomic complexity of such disorders [25]. In most cases, diagnosis is based on history and physical
examination. The standard processes come with primary limitations such as the dependency on the
human factor (mainly clinicians and patients) [26]. These limitations may lead to misinterpretation of
some symptoms and misdiagnosis. Therefore, the development of better approaches is essential to
enable the large-scale screening of TMD and specific detection of subjects with or without the disease,
which may contribute to development in this area. In addition, the acknowledgement regarding the
relationship between TMD and increased degree of biochemical or inflammatory markers enable the
exploration of more sensitive and novel diagnostic biomarkers in this field [27]. Accordingly, this
article presents a comprehensive review of the recent updates on TMD biomarkers and a promising
aspect of the use of biomarkers for the suppression of inflammation and pain elimination, besides
case diagnosis.

2. TMDs Inflammatory Biomarkers

Biomarker refers to “a characteristic that is objectively measured and evaluated as an indicator
of normal biological process, pathogenic processes, or pharmacologic responses to a therapeutic
intervention” [28]. Several critical features should be present in an ideal biomarker, such as the
required presence in all diagnosed patients (e.g., high sensitivity and specificity), disease specificity,
detection before obvious clinical symptoms are present and reversibility after the proper treatment [29].
Furthermore, the ideal biomarkers must not only indicate the seriousness of the illness, but it should
also provide information illustrating the cumulative history of the illness and allow a cut-off value with
minimal overlap between the normal health condition and disease [30]. In addition, it is predicted that
an optimal diagnostic policy, which involves the biomarkers, reduces the overall cost of the diagnosis.
In this case, the economic value would comprise the combination of two financially-driven elements,
including the costs of measurement and misdiagnosis [31].

Following the acquirement of acceptable specificity and sensitivity, a distinguished set of disease
biomarkers would contribute to context-relevant, user-friendly and highly simplified methods of TMD
diagnosis. However, there is no applicable and direct disease markers panel for TMDs used in the
clinical practice as a routine. Adequate progress is present, which indicates the attempts of conducting
a thorough evaluation of this field and future research directions based on the previously discussed
cumulative evidence. Moreover, several synovial, serum and urinary proteins were found to exhibit
important diagnostic tool for TMDs (Table 1).
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Table 1. List of studies investigated the potential diagnostic markers in patients with TMDs.

Study ID [Reference] Diagnostic Criteria Type of Sample(s) Potential Diagnostic Markers

Xiong et al., 2019 [32] RDC-TMD and CBCT scan TMJ synovial fibroblasts IL-6, leptin and its receptor (Ob-Rb)
Yang et al., 2019 [33] Wilkes classification Synovial fluid IL-8, sTNFR1, sTNFR2 and sIL-6R
Ok et al., 2018 [34] RDC-TMD Urine PYD and DPD

Watanabe et al., 2017 [35] Arthroscopy of the TMJ TMJ synovial fibroblasts IL-1β, IL-6, and IL-8

Ahmed et al., 2015 [36] The 1987 diagnostic criteria of the American
College of Rheumatology. Synovial fluid and blood TNF, sTNFR2, and ACPA

Wake et al., 2013 [37] Clinical symptoms, MRI and arthroscopy Synovial fluid Aggrecan, IL-6 and VEGF-A
Nogami et al., 2013 [38] Panoramic transcranial view and CT scan Synovial fluid IL-6

Kim et al., 2012 [39] RDC-TMD and MRI Synovial fluid GM-CSF, INF, IL-1β, IL-2, IL-6, IL-8, IL-10, and TNF-α
Herr et al., 2011 [40] Wilkes classification Synovial fluid EG-VEGF/PK1 and D6
Slade et al., 2011 [41] RDC-TMD Blood MCP-1, IL-1ra, IL-8, and TGFβ1

Kaneyama et al., 2010 [42] MRI Synovial fluid sTNFR1, sTNFR2, sIL-6R, and sIL-1R
Lee et al., 2010 [43] Clinical symptoms Synovial fluid IL-6 and TNF-α

Hamada et al., 2008 [44] Clinical symptoms and MRI Synovial fluid IL-6 and IL-8

Vernal et al., 2008 [45] Clinical symptoms and MRI Synovial fluid IL-1b, IL-2, IL-12p35, IL-12p40, IL-17,IFN-c, TNF-α and
TNF-β mRNAs

Kardel et al., 2006 [46] Clinical symptoms, tomogram Synovial biopsies IL-1α, IL-1β and TGF-β

Matsumoto et al., 2006 [47] And MRI Synovial fluid Angiogenin, BDNF, FGF-4, FGF-9, IGFBP-2, IL-8,
MIP-1beta, OPG, PARC, TGF-beta2, TIMP-2, and VEGF

Matsumoto et al., 2005 [48] Clinical symptoms, tomogram, MRI, arthroscopy,
lateral oblique and orbit- condylar Synovial fluid Angiogenin, FGF-9 and MIP-1β

Kaneyama et al., 2005 [49] Clinical symptoms and MRI Synovial fluid IL-1β, TNF-α, IL-6, sTNFR1, and sTNFR2
Kaneyama et al., 2004 [50] Clinical symptoms and MRI Synovial fluid IL-6 and IL11
Nishimura et al., 2004 [51] Clinical symptoms and MRI Synovial fluid IL-1β and IL-6

Kardel et al., 2003 [52] Clinical symptoms and tomogram Synovial biopsies IL-1α, IL-1β, IFN-γ, and IL-ra
Kaneyama et al., 2003 [53] Clinical symptoms and MRI Synovial fluid OCIF/OPG
Kaneyama et al., 2002 [54] Clinical symptoms and MRI Synovial fluid IL-1β, TNF-α, IL-6, and IL-8

Shinoda et al., 2000 [55] Clinical symptoms and MRI Synovial fluid IL-6 and TIMP-1
Fang et al., 1999 [56] Clinical symptoms and radiologic examination Synovial fluid TGF-β1

Takahashi et al., 1998 [57] Clinical symptoms, panoramic and transcranial
views, tomography, MRI and arthroscopy Synovial fluid IL-1β, IFN-γ, and TNF-α

Kubota et al., 1998 [58] Clinical symptoms and MRI Synovial fluid IL-1β and IL-6
Fu et al., 1995 [59] Clinical symptoms and plain radiograph Synovial fluid IL-6
Fu et al., 1995 [60] Clinical symptoms and plain radiograph Synovial fluid TNF-α

PYD: pyridinoline, DPD: deoxypyridinoline, ACPA: anti-citrullinated peptide antibodies, sIL-6R: soluble IL-6 receptor, GM-CSF: granulocyte macrophage colony stimulating factor,
EG-VEGF/PK1: endocrine gland-derived vascular endothelial growth factor/prokineticin-1, MCP-1: monocyte chemotactic protein-1, BDNF: brain-derived neurotrophic factor, PARC:
pulmonary and activation-regulated protein, OCIF: steoclastogenesis inhibitory factor, OPG: osteoprotegerin, FBG: fibroblast growth factors, TIMP: tissue inhibitors of metalloproteinases,
VEGF: vascular endothelial growth factor, RDC-TMD: research diagnostic criteria for TMD, CT: computed tomography, CBCT: cone beam CT, MRI: magnetic resonance imaging. The clinical
symptoms include: pain, limitation of mouth opening and clicking.
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Cytokines are the essential polypeptide mediators of critical and severe inflammation [61]. These
molecules function as complex immunological networks containing pro-inflammatory cytokines,
including interleukin 1 (IL-1), IL-6, and TNF, and anti-inflammatory mediators, such as IL-10
and transforming growth factor-beta (TGF-β) [61]. Despite several controversial results related
to cytokines, the high degrees of pro-inflammatory cytokines were generally associated with the TMDs
symptoms, including OA and internal derangement (ID) [62]. These mediators contribute to the
degradation of cartilage and bone joint by releasing proteinases and other inflammatory molecules.
Although pro-inflammatory cytokines are clearly associated with the inflammation of TMJ tissue [62],
no explanation has been made regarding the pathophysiology and its mechanism.

It is noteworthy that IL-8 is another pro-inflammatory cytokine consisting of multifunctional actions
in severe and critical inflammation, which indicates the presence of chemotactic activity [62]. Segami
and Miyamaru [63] also found a high association between the levels of IL-6 and IL-8 in the synovial
fluid of the same patients, indicating that a collaborative activation of theses cytokines is possible in
TMDs. Moreover, higher degrees of IL-1α and IL-1β in the synovial fluid of patients with TMD were
indicated in various works of research [27]. Meanwhile, few studies examined fibroblasts, which were
cultured from TMJ synovial fluid [32,35] and TMJ synovial biopsies (immunohistochemistry) [46,52],
leading to consistent results. Furthermore, a study by Ok et al. 2018 [34] demonstrated that the level
of urinary pyridinoline (PYD) and deoxypyridinoline (DPD) were increased in patients with TMDs.
Additionally, based on the investigation of the blood samples of patients with TMD by Slade and his
colleagues, a significant increase was found in the TGF-β1, IL-8, IL-1 receptor antagonist (IL-1ra) and
monocyte chemotactic protein (MCP-1) [41]. Overall, it could be seen that these TMD biomarkers
have been addressed since 1995; studies have mainly discovered that IL-6, IL-8, IL-1 and TNF were
the most potential biomarkers (Table 1). The most important characteristics of these biomarkers are
summarized in Table 2. However, due to the disparity among cases and researchers, the results
of previous studies could be quite dissimilar even when the same assay methods were used [64],
and thus it seems impossible to rely on previous studies in the comparison between the diagnostic and
prognostic power of these biomarkers. Further details are provided in the next sections.

Table 2. A summary comparing the most common biomarkers in TMDs [64–68].

IL-8 IL-6 IL-1 TNF

Type Chemokine Cytokine Cytokine Cytokine

Role Chemoattractant
molecule Signalling molecule Signalling molecule Signalling molecule

Sources
T cells, B cells,

monocytes,
and PMNs

Monocytes and
macrophages

Variety of cells,
including epithelial
cells, macrophages,
dendritic cells and

B cells

Multiple cell types,
including

macrophages and
T-cells

Signalling
pathway(s) STAT3 MAPK3 NF-κB NF-κB

Action(s)
Induces

chemotaxis and
active neutrophils

Induces synthesis
of acute phase

proteins such as
CRP, and inhibits

TNF and IL-1
production by
macrophages

Initiates and
regulates

inflammatory
responses; IL-1α
and IL-1β lead to
pro-inflammatory

impacts, while
IL-1ra prevents it

Regulates immune
cells and induce

apoptosis

NF-κB: nuclear factor kappa-light-chain-enhancer of activated B cells, STAT3: signal transducer and
activator of transcription 3, MAPK3: mitogen-activated protein kinase 3, CRP: C-reactive protein, PMNs:
polymorphonuclear leukocytes.
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2.1. IL-8

Among the types of cytokine is IL-8, which is created through macrophages and other cells,
including endothelial, airway smooth muscle and epithelial cells [69]. Previously identified as
neutrophil-activating protein-1 or monocyte-derived neutrophil chemotactic factor, IL-8 is a chemokine
with the ability to induce chemotaxis and active neutrophils [70]. This chemokine was indicated in
some types of diseases, especially angiogenic diseases, including rheumatoid arthritis (RA) [71,72].
In this case, IL-8 was found to contribute to the infiltration of neutrophils into the synovial fluid
and joint inflammation [71]. It was also illustrated that hypoxia may have a positive impact on the
generation of this chemokine [73].

Following the inflammation of TMJ with ID, the involvement of IL-8 was assumed [74]. It was
also previously found that IL-8 was present at appropriate degrees in the synovial fluid extracted from
the patients with ID of the TMJ, including the posterior disk attachment in the patients [74]. Although
up-regulation was performed on IL-8 in the inflamed synovial tissues from patients with ID, IL-8 was
not indicated in the clinical variables. Furthermore, IL-8 has a secondary function in the pathogenesis
of TMJ disorders; the pathological mechanisms leading to the joint disorders are highly complex [75].
Therefore, the possible involvement of IL-8 in the pathological conditions could not be excluded [75].
Further studies were required to specify the potential benefits of IL-8 to the pathological states of
patients with ID of the TMJ [75]. Following the inflammation of TMJ in ID cases, IL-8 possibly leads to
the induction of inflammatory cells in TMJ [75,76].

2.2. IL-6

IL-6 is a circulating cytokine produced by some cells (endothelial cells, adipose tissue, T-cells,
smooth muscle cells, and macrophages) [77]. It contributes to myeloid cell differentiation, growth of
smooth muscle cells and production of acute-phase proteins [78]. Although IL-6 initiates the reaction
of the acute phase and mainly regulates the generation of hepatic C-reactive protein (CRP), there is a
constant contradiction regarding IL-6 levels [79]. The association between inflammatory processes and
destruction of TMJ elements were illustrated in previous research. As a result, IL-6 was regarded as
among the crucial proinflammatory cytokines, which lead to the pathogenesis of TMJ with ID [80,81].

With IL-6, the regulation of oncogenesis, hematopoiesis, inflammation, and immunological
responses takes place, followed by the mediation of the induction of osteoclast activity and osteoclast
progenitor differentiation [81]. Notably, IL-6 is an essential element in the transformation of acute
inflammation to chronic, which exhibits a double impact [82]. In this case, this impact may be
pro-inflammatory at several degrees and it may also display an anti-inflammatory profile at other
degrees [80]. The IL-6 plasma concentrations could be identified within 60 min after the occurrence
of tissue injury, with a peak ranging from four to six hours to 10 days [80]. Moreover, IL-6
contributes to the maturation of macrophages, activation, and maturation of neutrophils, and the
differentiation/maintenance of cytotoxic T-lymphocytes and natural killer cells [83]. Overall, IL-6 was
described in the literature as the major pro-inflammatory cytokines, which results in the pathogenesis
of the TMDs and inflammation [27].

2.3. IL-1

The IL-1 system consists of a minimum of 21 separate molecules, which lead to the formation of IL-1
receptors, co-receptors, legends, and endogenous antagonists [84]. The IL-1 comprises three categories
of legends, namely IL-1α, IL-1β, and IL-1ra. To be specific, IL-1α and IL-1β lead to pro-inflammatory
impacts, while IL-1ra prevents the pro-inflammatory functions by playing its role as the competitive
receptor inhibitor [85]. Two separate receptors, namely type 1 and type 2 IL-1 receptors, included
in IL-1 family [86]. To be specific, type 1 IL-1 receptor plays its role in the induction of intracellular
signal transductions after the formation of bond with IL-1, while type 2 IL-1 receptor functions as
the decoy receptor [86]. The role of type 2 IL-1 receptor is to form a bond with IL-1 without creating
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any impacts, which decreases the overall availability of IL-1 for the development and binding of the
inflammatory reaction [84]. This type of receptor could also be emitted from the cell surface in a soluble
form, which forms a bond with the IL-1 ligands [87]. This bond takes place for the inactivation of the
ligands prior to the production of a pro-inflammatory response [88]. Notably, the complex balance
between the molecules and receptors of the IL-1 family significantly impacts the TMJ homeostasis,
as indicated in many research, which illustrated the presence of higher degrees of IL-1α and IL-1β in
the synovial fluid of patients with TMDs [27]. In this study, the synovial fluid samples were extracted
from patients with TMDs at diverse phases, which led to the conclusion that the increased degrees of
these cytokines result in the development and progress of TMD [89].

2.4. TNF

Generally, TNF is regarded as the master pro-inflammatory cytokine [90]. The presence of TNF
takes place in the forms of membrane TNF (mTNF), or pro-TNF, and soluble TNF (sTNF) [91,92].
Specifically, mTNF is a transmembrane protein of 26 KDa, which is then transformed into sTNF
when divided by TNF-converting enzyme (TACE) [91,93]. Furthermore, TNF plays an essential
role in leukocyte recruitment, monocyte chemo-attraction, development of apoptosis, and enhanced
management of adhesion molecule expression [94]. Immune cells, such as natural killer (NK) cells,
activated macrophages/monocytes and activated T cells, and other non-immune cells, such as fibroblasts
and endothelial cells represent TNF [95]. The inflammatory stages lead to the development of TNF as
one of the first cytokines, which improves the production of cascade and other inflammatory mediators,
such as transcription factors, interleukin IL-1 and IL-6 [96,97].

2.4.1. TNF Receptors (TNFRs)

Two categories of TNF receptors (TNFR1 and TNFR2) are restricted at the cellular surface with
separate intracellular regions [98]. It was found in a study of the model of inflammation that the
up-regulation of TNFR2 was performed over TNFR1, while the treatment with the anti-TNF monoclonal
antibody decreased the amount and size of tumour [99]. Therefore, TNF-TNFR2 axis was involved
in the suppression of immune response and impacted cell proliferation [100]. Meanwhile, previous
studies indicated that the formation of the bond between TNF and TNFR2 was due to stronger
connection compared to TNFR1 [101,102]. TNFR1 is the main mediator of TNF-induced apoptosis,
which uses its death domain (DD) for the activation of nuclear factor kappa B (NF-κB) pathway [103],
while TNFR2 is represented by immunosuppressive cells, especially regulatory T cells (Tregs) [104].
Upon the activation of TNF-TNFR2 axis, the intracellular domains initiate the complexes, which consist
of cIAP2, TNF receptor-associated factor-2 (TRAF-2), and cellular inhibitor of apoptosis protein-1
(cIAP-1). As a result, canonical and non-canonical activations of three main pathways take place,
which involves mitogen-activated protein kinases (MAPK), activator protein 1 (AP1), and NF-κB
pathways [105,106]. These pathways then progress into phosphoinositide 3-kinases/protein Kinase B
pathway (PI3K/Akt) signal transduction pathway, which contributes to the development and survival
of immunosuppressive cells [107].

The NF-κB pathway contributes to the transcription of genes for the spreading and survival
of cells [108]. Inflammation is prevented by the suppressive Tregs as the inflammatory cells are
suppressed and the tolerogenic dendritic cells (DCs) are induced by the suppressive MDSCs, allowing
the suppression of inflammation manifestations [109]. Figure 2 presents a complete description of the
implication of TNFR2 activation in building immunosuppressive cells [110].
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Figure 2. Overview of the TNF-TNFR2 signalling pathway in the immunosuppressive cells. The TNFR2
does not interact with an intracellular DD, while it interacts with complex I that consists of TRAF2 with
cIAP1 and cIAP2, and induction of homeostatic signals. The signals travel from complex I either via
receptor-interacting serine/threonine-protein kinase 1 (RIPK1) or Etk (a member of the Btk tyrosine
kinase family). RIPK1 trigger NF-κB via the IkB kinase (IKK) complex, which results in increasing
the transcription of several genes associated positively with cell survival and proliferation. However,
the Etk, through the PI3K/Akt pathway, is able to activate both AP1 and MAPK signalling pathways,
which activate the promoter of proliferation, survival and other transcription factors. Further, it is
associated with enhancing the phosphorylation of signal transducer and activator of transcription 5
(STAT5) that play a crucial role in immunosuppression (Adopted from Al-Hatamleh et al., 2019 [110]).

Essentially, Tregs are prototypical immunosuppressive cells, which reduce the excessive immune
reactions and prevent the growth of effector T cell (Teffs) and cytokine to maintain immune homeostasis.
In this case, tissue destruction and the growth of autoimmune diseases are inhibited [111]. Tregs
could perform the secretion of cytokines, including IL-10, TGF-β and IL-35 or create a direct cell-cell
contact to mediate suppressive function [112]. These cells function through the direct suppression of
Teffs at the target site and the DC in the regional lymph nodes or direct recruitment of mast cells to
the site, which would inhibit the growth of T cells in the regional lymph nodes [113,114]. Therefore,
the modulation of TNF-TNFR2 interactions, which are presented on Tregs would be a potential method
of enhancing the development of Tregs and suppressing the inflammatory immune reactions.

2.4.2. TNF in TMDs

It was found in a recent study that TMJ pain might have a relation to the deficiency in local
cytokine control, which enhanced the inflammatory activity and susceptive to mechanical stimuli over
the TMJ [36]. Another study also investigated the influence of TNF in synovial fluid as a determinant
of the treatment impact of intra-articular injection of glucocorticoid on TMJ among patients with
TMD [115]. This study showed that the high pre-treatment level of TNF was related to the reduction of
TNF and absence of pain during the maximal opening of the mouth, while the absence of TMJ pain
was related to the reduced TNF levels [115]. A positive relation between TNF levels and TMJ pain
was indicated by another research conducted on patients with chronic inflammatory connective tissue
disease and its relation to TMJ pain [116]. The proposed mechanisms that correlate the elevated TNF
expression with increased TMJ pain are summarized in Figure 3.
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Figure 3. The modulatory effects of TNF on pain and tissue degradation in TMDs. Elevated TNF levels
are considered pathological and positively correlated with the inflammatory response and pain in
TMDs. The modulatory effects of TNF are divided to direct and indirect effects. The direct effect is
based on the interaction of TNF with TNFR1 and TNFR2 as explained in the previous section, while the
indirect effect is divided to two main pathways; through inducing production of other proinflammatory
cytokines (IL-1, IL-6 and IL-8, mainly) and prostaglandin (PGE) synthesis. PGE in turn plays a vital
role in supporting local acute inflammation by regulation of effector T cells (Teffs) vs. regulatory T cells
(Tregs), and also by suppression of the T helper 1 (Th1) cells and natural killer (NK) cells [115,117,118].

2.4.3. TNF-TNFRs Interactions in TMDs

Although the anti-inflammatory soluble TNFR2 (sTNFR2) was within the endogenous cytokine
control system and the concentration of it enhanced during inflammation, it was inadequate for the
management of inflammation-related increase in TNF levels [119]. Additionally, besides being present
in the blood and synovial fluid of the patients with TMJ pain in RA, the sTNFR2 was related to
significant joint destruction and inflammatory activity [119]. However, no investigation was conducted
on the relative contribution of sTNFR2 and its endogenous control, including articular pain.

An investigation was conducted on severe chronic inflammatory arthritis, which took place
in a mice model of RA as a result of the overexpression of TNF [120]. Meanwhile, the enhanced
TNFR1 expression was related to the elimination of arthritic impacts, in which the inadequate TNFR2
expression was related to the exacerbated state of arthritic [120,121]. Based on another research
conducted on rat TMJ disc cells, which was exposed to cyclic tensile strain, it was found that the
expression of TNFR2 was regulated by biomechanical signals regulate. However, this regulation did
not occur to TNFR1 under inflammatory conditions [122].

New findings were recently developed into the pathogenesis and therapeutic approaches of
cartilage degenerative diseases, including TMJ OA [123]. Cortistatin deficiency was associated with
OA development. It was found in research on TNFRs-knockout mice that TNFRs was possibly related
to the protective role of cortistatin as a cyclic neuropeptide with an endogenous anti-inflammatory
potential [123,124]. This research also demonstrated that cortistatin prevented the activation of the
NF-κB signalling pathway, which occurred in the TNF-TNFRs interactions and led to the suppression
of pro-inflammatory activity on TNF [123,124]. Overall, it was indicated from these limited results that
the responses between TNF and TNFR2 among patients with TMDs would be a potential research area
for the diagnosis and the management of inflammation and pain.
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3. Future Directions

Biomarkers appear to be involved in synovial inflammation during internal TMJ derangement,
while the association between these levels and TMJ pain level is unclear [125]. Although there
are currently no validated pain biomarkers, promising genetic, molecular, neuroradiological,
and psychophysical strategies are currently being explored in TMD. Under these conditions, most of
the potential biomarkers continue to be in the early stages of discovery and verification. The clinical
heterogeneity of pain patient populations, small sample sizes and inadequately characterized TMDs
clinical cohorts may present challenges for successful verification and validation of biomarkers.
Moreover, it remains to be unclear whether these potential biomarkers can accomplish reliability
and practicality considerations (e.g., cost and speed) to bridge the gap from biomarker validation to
implementation [126].

The synovium facilitates the restriction and concentrations of distinct biomarkers, which presents
real-time information regarding joint health [127]. However, the unavailability of the information in
relation to blood samples indicates that synovial fluids are possibly optimum for the evaluation of
TMDs [128]. Levels of TNF in the TMJ synovial fluid are known to significantly exceed TNF levels
in blood plasma samples within the same patient [116]. However, aspiration of the correct volume
of synovial fluid from a small joint is a challenging process. Given the importance of the specific
equipment and biochemical element, the application of these processes in daily practice is challenging
in the practical and technical terms [128]. Although the biomarkers tested from blood may not indicate
significant information as those tested from synovial fluids, blood samples must not be disregarded
due to it can be used for diagnostic and prognostic in certain circumstance of local and systemic
inflammatory disorders.

On the other hand, it is worth to mention that recent in-silico, ex-vivo (human samples)
and in-vivo (mouse model) studies have shown TNFR2-agonists as potential approach for the
treatment of autoimmune diseases and graft-versus-host disease (GvHD) [129–131]. These studies
have recorded that TNFR2-agonist activation results in expanding Tregs and thus suppressing the
immune response [129–131]. Furthermore, there were no clinical trials performed to determine the
efficacy of TNFR2-agonists in humans. More clarification is still required to learn how to administer
the TNFR2-agonists.

We hypothesised that levels of TNFR2 in the patients with TMDs would be constitutively expressed
on their Tregs at lower levels. Therefore, the use of potential biological agents (TNFR2-agonist) as
immune boosters to maintain the immune homeostasis would be a potential method of enhancing
TNFR2 expression. As a result, TNF-TNFR2 interactions would be enhanced leading to further
development of Tregs and stronger immune suppression. The TNFR-agonists could also contribute to
similar impacts to achieve the main target, immune response suppression, less inflammatory reactions,
and pain elimination. The hypothesis is illustrated in Figure 4.
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Figure 4. The hypothesized role of TNF-TNFR2 interactions in suppression the inflammatory response
in TMDs (Partially adapted from Dimitroulis, 2018 [132]). (A) Owning to their role in suppression
the immune response (i.e., Teffs), the inhibition of Tregs growth and development expected to be
negatively associated with the severity of inflammation and pain in patients with TMD. (B) Using of
TNFR2-agonists would results in upregulation of TNFR2 on Tregs, and then acceleration of cell growth,
development, and extending the immune suppression effects of Tregs. Thus, the weaker inflammatory
response will results in pain relief.

4. Conclusions

TMDs are among the most common maxillofacial disorders. Despite the variation of diagnostic
procedures, some limitations are still remarkable. The biomarker profile of patients with TMDs,
as a critical part of the diagnostic process, is still needed further research to identify gold standard
biomarkers. Therefore, this review recommends the TNF and TNFR2 as possible biomarkers not
only for diagnostic purposes but also for inflammation and pain relief in patients with TMD. Future
extended research is recommended to assess the expression levels of two types of TNFR2 (sTNFR2 and
mTNFR2) in TMDs patients’ blood. This review offers a new approach for future studies focusing on
targeting the TNF-TNFR2 interactions to suppress the immune response and to reduce the pain in
patients with TMDs.

Author Contributions: Conceptualization, A.Z., Z.A.-G. and N.K.K.; writing—original draft preparation, A.Z.
and M.A.I.A.-H.; writing—review and editing, W.M.A.W.A., J.A.A., S.P.K., A.H., Z.A.-G. and N.K.K. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Both the first (A.Z.) and second (M.A.I.A.-H.) authors gratefully acknowledge Universiti
Sains Malaysia (USM) Fellowship Scheme for the financial support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Gil-Martínez, A.; Paris-Alemany, A.; López-de-Uralde-Villanueva, I.; La Touche, R. Management of pain
in patients with temporomandibular disorder (TMD): Challenges and solutions. J. Pain Res. 2018, 11, 571.
[CrossRef] [PubMed]

http://dx.doi.org/10.2147/JPR.S127950
http://www.ncbi.nlm.nih.gov/pubmed/29588615


Diagnostics 2020, 10, 303 12 of 18

2. Zakrzewska, J.M. Temporomandibular disorders, headaches and chronic pain. J. Pain Palliat. Care Pharm.
2015, 29, 61–63. [CrossRef] [PubMed]

3. Conti, P.C.; Pinto-Fiamengui, L.M.; Cunha, C.O.; Conti, A.C. Orofacial pain and temporomandibular
disorders: The impact on oral health and quality of life. Braz. Oral Res. 2012, 26, 120–123. [CrossRef]
[PubMed]

4. Xu, G.-Z.; Jia, J.; Jin, L.; Li, J.-H.; Wang, Z.-Y.; Cao, D.-Y. Low-Level Laser Therapy for Temporomandibular
Disorders: A Systematic Review with Meta-Analysis. Pain Res. Manag. 2018, 2018, 1–13. [CrossRef]

5. Oliveira, L.K.; Almeida Gde, A.; Lelis, E.R.; Tavares, M.; Fernandes Neto, A.J. Temporomandibular disorder
and anxiety, quality of sleep, and quality of life in nursing professionals. Braz. Oral Res. 2015, 29, 1–7.
[CrossRef]

6. Schierz, O.; John, M.T.; Reissmann, D.R.; Mehrstedt, M.; Szentpetery, A. Comparison of perceived oral health
in patients with temporomandibular disorders and dental anxiety using oral health-related quality of life
profiles. Qual. Life Res. 2008, 17, 857–866. [CrossRef]

7. Mohlin, B.; Axelsson, S.; Paulin, G.; Pietila, T.; Bondemark, L.; Brattstrom, V.; Hansen, K.; Holm, A.K. TMD
in relation to malocclusion and orthodontic treatment. Angle Orthod. 2007, 77, 542–548. [CrossRef]

8. Poveda Roda, R.; Bagan, J.V.; Diaz Fernandez, J.M.; Hernandez Bazan, S.; Jimenez Soriano, Y. Review of
temporomandibular joint pathology. Part I: Classification, epidemiology and risk factors. Med. Oral Patol.
Oral Cirugía Bucal 2007, 12, E292–E298.

9. Bagis, B.; Ayaz, E.A.; Turgut, S.; Durkan, R.; Ozcan, M. Gender difference in prevalence of signs and
symptoms of temporomandibular joint disorders: A retrospective study on 243 consecutive patients. Int. J.
Med. Sci. 2012, 9, 539–544. [CrossRef]

10. Chisnoiu, A.M.; Picos, A.M.; Popa, S.; Chisnoiu, P.D.; Lascu, L.; Picos, A.; Chisnoiu, R. Factors involved in
the etiology of temporomandibular disorders—A literature review. Clujul Med. 2015, 88, 473–478. [CrossRef]

11. Albertin, A.; Kerppers, I.I.; Amorim, C.F.; Costa, R.V.; Ferrari Correa, J.C.; Oliveira, C.S. The effect of manual
therapy on masseter muscle pain and spasm. Electromyogr. Clin. Neurophysiol. 2010, 50, 107–112. [PubMed]

12. Gomes, N.C.; Berni-Schwarzenbeck, K.C.; Packer, A.C.; Rdrigues-Bigaton, D. Effect of cathodal high-voltage
electrical stimulation on pain in women with TMD. Rev. Bras. Fisioter. 2012, 16, 10–15. [CrossRef] [PubMed]

13. Zhou, F.H.; Zhao, H.Y. Acupuncture and ultrasound therapy for temporomandibular disorders. Di Yi Jun Yi
Da Xue Xue Bao 2004, 24, 720–721. [PubMed]

14. Rodrigues, D.; Siriani, A.O.; Berzin, F. Effect of conventional TENS on pain and electromyographic activity of
masticatory muscles in TMD patients. Braz. Oral Res. 2004, 18, 290–295. [CrossRef]

15. Cairns, B.E. Pathophysiology of TMD pain—Basic mechanisms and their implications for pharmacotherapy.
J. Oral Rehabil. 2010, 37, 391–410. [CrossRef]

16. Tanaka, E.; Detamore, M.S.; Mercuri, L.G. Degenerative disorders of the temporomandibular joint: Etiology,
diagnosis, and treatment. J. Dent. Res. 2008, 87, 296–307. [CrossRef] [PubMed]

17. Zarb, G.A.; Carlsson, G.E. Temporomandibular disorders: Osteoarthritis. J. Orofac. Pain 1999, 13, 295–306.
18. Castrillon, E.E.; Ernberg, M.; Cairns, B.E.; Wang, K.; Sessle, B.J.; Arendt-Nielsen, L.; Svensson, P. Interstitial

glutamate concentration is elevated in the masseter muscle of myofascial temporomandibular disorder
patients. J. Orofac. Pain 2010, 24, 350–360.

19. Louca Jounger, S.; Christidis, N.; Svensson, P.; List, T.; Ernberg, M. Increased levels of intramuscular cytokines
in patients with jaw muscle pain. J. Headache Pain 2017, 18, 30. [CrossRef]

20. de Leeuw, R.; Klasser, G.D. Orofacial Pain: Guidelines for Assessment, Diagnosis, and Management, 5th ed.;
Quintessence Publishing: Chicago, IL, USA, 2018; pp. 141–207.

21. Zwiri, A.M.; Al-Omiri, M.K. Prevalence of temporomandibular joint disorder among North Saudi University
students. Cranio 2016, 34, 176–181. [CrossRef]

22. Cooper, B.C.; Kleinberg, I. Examination of a large patient population for the presence of symptoms and signs
of temporomandibular disorders. Cranio 2007, 25, 114–126. [CrossRef] [PubMed]

23. Peck, C.C.; Goulet, J.P.; Lobbezoo, F.; Schiffman, E.L.; Alstergren, P.; Anderson, G.C.; de Leeuw, R.; Jensen, R.;
Michelotti, A.; Ohrbach, R. Expanding the taxonomy of the diagnostic criteria for temporomandibular
disorders. J. Oral Rehabil. 2014, 41, 2–23. [CrossRef] [PubMed]

http://dx.doi.org/10.3109/15360288.2014.1003678
http://www.ncbi.nlm.nih.gov/pubmed/25643229
http://dx.doi.org/10.1590/S1806-83242012000700018
http://www.ncbi.nlm.nih.gov/pubmed/23318754
http://dx.doi.org/10.1155/2018/4230583
http://dx.doi.org/10.1590/1807-3107BOR-2015.vol29.0070
http://dx.doi.org/10.1007/s11136-008-9360-3
http://dx.doi.org/10.2319/0003-3219(2007)077[0542:TIRTMA]2.0.CO;2
http://dx.doi.org/10.7150/ijms.4474
http://dx.doi.org/10.15386/cjmed-485
http://www.ncbi.nlm.nih.gov/pubmed/20405786
http://dx.doi.org/10.1590/S1413-35552012000100003
http://www.ncbi.nlm.nih.gov/pubmed/22441222
http://www.ncbi.nlm.nih.gov/pubmed/15201103
http://dx.doi.org/10.1590/S1806-83242004000400003
http://dx.doi.org/10.1111/j.1365-2842.2010.02074.x
http://dx.doi.org/10.1177/154405910808700406
http://www.ncbi.nlm.nih.gov/pubmed/18362309
http://dx.doi.org/10.1186/s10194-017-0737-y
http://dx.doi.org/10.1179/2151090315Y.0000000007
http://dx.doi.org/10.1179/crn.2007.018
http://www.ncbi.nlm.nih.gov/pubmed/17508632
http://dx.doi.org/10.1111/joor.12132
http://www.ncbi.nlm.nih.gov/pubmed/24443898


Diagnostics 2020, 10, 303 13 of 18

24. Schiffman, E.; Ohrbach, R.; Truelove, E.; Look, J.; Anderson, G.; Goulet, J.P.; List, T.; Svensson, P.; Gonzalez, Y.;
Lobbezoo, F.; et al. Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) for Clinical and Research
Applications: Recommendations of the International RDC/TMD Consortium Network and Orofacial Pain
Special Interest Groupdagger. J. Oral Facial Pain Headache 2014, 28, 6–27. [CrossRef] [PubMed]

25. Manfredini, D.; Bucci, M.B.; Nardini, L.G. The diagnostic process for temporomandibular disorders.
Stomatologija 2007, 9, 35–39. [PubMed]

26. Gauer, R.; Semidey, M.J. Diagnosis and treatment of temporomandibular disorders. Am. Fam. Physician 2015,
91, 378–386. [PubMed]

27. Poluha, R.L.; Grossmann, E. Inflammatory mediators related to arthrogenic temporomandibular dysfunctions.
Braz. J. Pain 2018, 1, 60–65. [CrossRef]

28. Gozal, D. Serum, urine, and breath-related biomarkers in the diagnosis of obstructive sleep apnea in children:
Is it for real? Curr. Opin. Pulm. Med. 2012, 18, 561–567. [CrossRef]

29. Mayeux, R. Biomarkers: Potential uses and limitations. NeuroRx 2004, 1, 182–188. [CrossRef]
30. Wong, T.-K. The search on an ideal disease marker for childhood obstructive sleep apnea syndrome. Sleep

2011, 34, 133–134. [CrossRef]
31. Gozal, D.; Kheirandish-Gozal, L. New approaches to the diagnosis of sleep-disordered breathing in children.

Sleep Med. 2010, 11, 708–713. [CrossRef]
32. Xiong, H.; Li, W.; Li, J.; Fang, W.; Ke, J.; Li, B.; Cheng, Y.; Wei, L. Elevated leptin levels in temporomandibular

joint osteoarthritis promote proinflammatory cytokine IL-6 expression in synovial fibroblasts. J. Oral
Pathol. Med. 2019, 48, 251–259. [CrossRef] [PubMed]

33. Yang, M.C.; Wang, D.H.; Wu, H.T.; Li, W.C.; Chang, T.Y.; Lo, W.L.; Hsu, M.L. Correlation of magnetic
resonance imaging grades with cytokine levels of synovial fluid of patients with temporomandibular joint
disorders: A cross-sectional study. Clin. Oral Investig. 2019, 23, 3871–3878. [CrossRef] [PubMed]

34. Ok, S.M.; Lee, S.M.; Park, H.R.; Jeong, S.H.; Ko, C.C.; Kim, Y.I. Concentrations of CTX I, CTX II, DPD, and PYD
in the urine as a biomarker for the diagnosis of temporomandibular joint osteoarthritis: A preliminary study.
Cranio 2018, 36, 366–372. [CrossRef] [PubMed]

35. Watanabe, S.; Ogura, N.; Akutsu, M.; Kawashima, M.; Hattori, T.; Yano, T.; Ito, K.; Kondoh, T. Pro-inflammatory
Cytokine Production in Co-culture of Human Monocytes and Synovial Fibroblasts from the Human
Temporomandibular Joint. Int. J. Oral—Med. Sci. 2017, 15, 107–113. [CrossRef]

36. Ahmed, N.; Catrina, A.I.; Alyamani, A.O.; Mustafa, H.; Alstergren, P. Deficient cytokine control modulates
temporomandibular joint pain in rheumatoid arthritis. Eur. J. Oral Sci. 2015, 123, 235–241. [CrossRef]

37. Wake, M.; Hamada, Y.; Kumagai, K.; Tanaka, N.; Ikeda, Y.; Nakatani, Y.; Suzuki, R.; Fukui, N. Up-regulation
of interleukin-6 and vascular endothelial growth factor-A in the synovial fluid of temporomandibular joints
affected by synovial chondromatosis. Br. J. Oral Maxillofac. Surg. 2013, 51, 164–169. [CrossRef]

38. Nogami, S.; Takahashi, T.; Ariyoshi, W.; Yoshiga, D.; Morimoto, Y.; Yamauchi, K. Increased levels of
interleukin-6 in synovial lavage fluid from patients with mandibular condyle fractures: Correlation with
magnetic resonance evidence of joint effusion. J. Oral Maxillofac. Surg. 2013, 71, 1050–1058. [CrossRef]

39. Kim, Y.K.; Kim, S.G.; Kim, B.S.; Lee, J.Y.; Yun, P.Y.; Bae, J.H.; Oh, J.S.; Ahn, J.M.; Kim, J.S.; Lee, S.Y. Analysis
of the cytokine profiles of the synovial fluid in a normal temporomandibular joint: Preliminary study.
J. Cranio-Maxillofac. Surg. 2012, 40, e337–e341. [CrossRef]

40. Herr, M.M.; Fries, K.M.; Upton, L.G.; Edsberg, L.E. Potential biomarkers of temporomandibular joint
disorders. J. Oral Maxillofac. Surg. 2011, 69, 41–47. [CrossRef]

41. Slade, G.D.; Conrad, M.S.; Diatchenko, L.; Rashid, N.U.; Zhong, S.; Smith, S.; Rhodes, J.; Medvedev, A.;
Makarov, S.; Maixner, W.; et al. Cytokine biomarkers and chronic pain: Association of genes, transcription,
and circulating proteins with temporomandibular disorders and widespread palpation tenderness. Pain
2011, 152, 2802–2812. [CrossRef]

42. Kaneyama, K.; Segami, N.; Yoshimura, H.; Honjo, M.; Demura, N. Increased levels of soluble cytokine
receptors in the synovial fluid of temporomandibular joint disorders in relation to joint effusion on magnetic
resonance images. J. Oral Maxillofac. Surg. 2010, 68, 1088–1093. [CrossRef] [PubMed]

43. Lee, J.K.; Cho, Y.S.; Song, S.I. Relationship of synovial tumor necrosis factor alpha and interleukin 6 to
temporomandibular disorder. J. Oral Maxillofac. Surg. 2010, 68, 1064–1068. [CrossRef] [PubMed]

http://dx.doi.org/10.11607/jop.1151
http://www.ncbi.nlm.nih.gov/pubmed/24482784
http://www.ncbi.nlm.nih.gov/pubmed/17637525
http://www.ncbi.nlm.nih.gov/pubmed/25822556
http://dx.doi.org/10.5935/2595-0118.20180013
http://dx.doi.org/10.1097/MCP.0b013e328358be2d
http://dx.doi.org/10.1602/neurorx.1.2.182
http://dx.doi.org/10.1093/sleep/34.2.133
http://dx.doi.org/10.1016/j.sleep.2009.12.012
http://dx.doi.org/10.1111/jop.12819
http://www.ncbi.nlm.nih.gov/pubmed/30597628
http://dx.doi.org/10.1007/s00784-019-02817-z
http://www.ncbi.nlm.nih.gov/pubmed/30729345
http://dx.doi.org/10.1080/08869634.2017.1361624
http://www.ncbi.nlm.nih.gov/pubmed/28782462
http://dx.doi.org/10.5466/ijoms.15.107
http://dx.doi.org/10.1111/eos.12193
http://dx.doi.org/10.1016/j.bjoms.2012.03.004
http://dx.doi.org/10.1016/j.joms.2013.01.021
http://dx.doi.org/10.1016/j.jcms.2012.02.002
http://dx.doi.org/10.1016/j.joms.2010.05.013
http://dx.doi.org/10.1016/j.pain.2011.09.005
http://dx.doi.org/10.1016/j.joms.2009.10.027
http://www.ncbi.nlm.nih.gov/pubmed/20149511
http://dx.doi.org/10.1016/j.joms.2009.08.007
http://www.ncbi.nlm.nih.gov/pubmed/20031289


Diagnostics 2020, 10, 303 14 of 18

44. Hamada, Y.; Kondoh, T.; Holmlund, A.B.; Sakota, K.; Nomura, Y.; Seto, K. Cytokine and clinical predictors
for treatment outcome of visually guided temporomandibular joint irrigation in patients with chronic closed
lock. J. Oral Maxillofac. Surg. 2008, 66, 29–34. [CrossRef] [PubMed]

45. Vernal, R.; Velasquez, E.; Gamonal, J.; Garcia-Sanz, J.A.; Silva, A.; Sanz, M. Expression of proinflammatory
cytokines in osteoarthritis of the temporomandibular joint. Arch. Oral Biol. 2008, 53, 910–915. [CrossRef]
[PubMed]

46. Kardel, R.; Ulfgren, A.K.; Reinholt, F.; Hamada, Y.; Holmlund, A. Inflammatory cell and cytokine patterns in
patients with chronic polyarthritis and temporomandibular joint involvement. Acta Odontol. Scand. 2006, 64,
221–226. [CrossRef] [PubMed]

47. Matsumoto, K.; Honda, K.; Ohshima, M.; Yamaguchi, Y.; Nakajima, I.; Micke, P.; Otsuka, K. Cytokine profile
in synovial fluid from patients with internal derangement of the temporomandibular joint: A preliminary
study. Dentomaxillofac. Radiol. 2006, 35, 432–441. [CrossRef] [PubMed]

48. Matsumoto, K.; Ohshima, M.; Yamaguchi, Y.; Honda, K.; Otsuka, K. Cytokine profile in temporomandibular
joint synovial fluid: Correlation with the degree of joint effusion. In International Congress Series; Elsevier:
Amsterdam, The Netherlands, 2005; pp. 225–226.

49. Kaneyama, K.; Segami, N.; Sun, W.; Sato, J.; Fujimura, K. Analysis of tumor necrosis factor-alpha, interleukin-6,
interleukin-1beta, soluble tumor necrosis factor receptors I and II, interleukin-6 soluble receptor, interleukin-1
soluble receptor type II, interleukin-1 receptor antagonist, and protein in the synovial fluid of patients with
temporomandibular joint disorders. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2005, 99, 276–284.
[CrossRef]

50. Kaneyama, K.; Segami, N.; Sato, J.; Nishimura, M.; Yoshimura, H. Interleukin-6 family of cytokines as
biochemical markers of osseous changes in the temporomandibular joint disorders. Br. J. Oral Maxillofac. Surg.
2004, 42, 246–250. [CrossRef]

51. Nishimura, M.; Segami, N.; Kaneyama, K.; Sato, J.; Fujimura, K. Comparison of cytokine level in synovial
fluid between successful and unsuccessful cases in arthrocentesis of the temporomandibular joint. J. Oral
Maxillofac. Surg. 2004, 62, 284–287. [CrossRef]

52. Kardel, R.; Ulfgren, A.K.; Reinholt, F.P.; Holmlund, A. Inflammatory cell and cytokine patterns in patients
with painful clicking and osteoarthritis in the temporomandibular joint. Int. J. Oral Maxillofac. Surg. 2003, 32,
390–396. [CrossRef]

53. Kaneyama, K.; Segami, N.; Nishimura, M.; Sato, J.; Suzuki, T.; Fujimura, K. Osteoclastogenesis inhibitory
factor/osteoprotegerin in synovial fluid from patients with temporomandibular disorders. Int. J. Oral
Maxillofac. Surg. 2003, 32, 404–407. [CrossRef]

54. Kaneyama, K.; Segami, N.; Nishimura, M.; Suzuki, T.; Sato, J. Importance of proinflammatory cytokines
in synovial fluid from 121 joints with temporomandibular disorders. Br. J. Oral Maxillofac. Surg. 2002, 40,
418–423. [CrossRef]

55. Shinoda, C.; Takaku, S. Interleukin-1 beta, interleukin-6, and tissue inhibitor of metalloproteinase-1 in the
synovial fluid of the temporomandibular joint with respect to cartilage destruction. Oral Dis. 2000, 6, 383–390.
[CrossRef] [PubMed]

56. Fang, P.K.; Ma, X.C.; Ma, D.L.; Fu, K.Y. Determination of interleukin-1 receptor antagonist, interleukin-10,
and transforming growth factor-beta1 in synovial fluid aspirates of patients with temporomandibular
disorders. J. Oral Maxillofac. Surg. 1999, 57, 922–928. [CrossRef] [PubMed]

57. Takahashi, T.; Kondoh, T.; Fukuda, M.; Yamazaki, Y.; Toyosaki, T.; Suzuki, R. Proinflammatory cytokines
detectable in synovial fluids from patients with temporomandibular disorders. Oral Surg. Oral Med. Oral
Pathol. Oral Radiol. Endod. 1998, 85, 135–141. [CrossRef]

58. Kubota, E.; Kubota, T.; Matsumoto, J.; Shibata, T.; Murakami, K.I. Synovial fluid cytokines and proteinases as
markers of temporomandibular joint disease. J. Oral Maxillofac. Surg. 1998, 56, 192–198. [CrossRef]

59. Fu, K.; Ma, X.; Zhang, Z.; Pang, X.; Chen, W. Interleukin-6 in synovial fluid and HLA-DR expression in
synovium from patients with temporomandibular disorders. J. Orofac. Pain 1995, 9, 131–137.

60. Fu, K.; Ma, X.; Zhang, Z.; Chen, W. Tumor necrosis factor in synovial fluid of patients with temporomandibular
disorders. J. Oral Maxillofac. Surg. 1995, 53, 424–426. [CrossRef]

61. Feghali, C.A.; Wright, T.M. Cytokines in acute and chronic inflammation. Front. Biosci. 1997, 2, d12–d26.
[CrossRef]

http://dx.doi.org/10.1016/j.joms.2007.06.627
http://www.ncbi.nlm.nih.gov/pubmed/18083412
http://dx.doi.org/10.1016/j.archoralbio.2008.04.004
http://www.ncbi.nlm.nih.gov/pubmed/18508030
http://dx.doi.org/10.1080/00016350600573183
http://www.ncbi.nlm.nih.gov/pubmed/16829497
http://dx.doi.org/10.1259/dmfr/77288976
http://www.ncbi.nlm.nih.gov/pubmed/17082335
http://dx.doi.org/10.1016/j.tripleo.2004.06.074
http://dx.doi.org/10.1016/S0266-4356(03)00258-4
http://dx.doi.org/10.1016/j.joms.2003.08.012
http://dx.doi.org/10.1054/ijom.2002.0357
http://dx.doi.org/10.1054/ijom.2002.0363
http://dx.doi.org/10.1016/S0266-4356(02)00215-2
http://dx.doi.org/10.1111/j.1601-0825.2000.tb00131.x
http://www.ncbi.nlm.nih.gov/pubmed/11355271
http://dx.doi.org/10.1016/s0278-2391(99)90009-5
http://www.ncbi.nlm.nih.gov/pubmed/10437719
http://dx.doi.org/10.1016/S1079-2104(98)90415-2
http://dx.doi.org/10.1016/S0278-2391(98)90868-0
http://dx.doi.org/10.1016/0278-2391(95)90717-3
http://dx.doi.org/10.2741/a171


Diagnostics 2020, 10, 303 15 of 18

62. Campos, M.I.G.; Campos, P.S.F.; Line, S.R.P. Inflammatory cytokines activity in temporomandibular joint
disorders: A review of literature. Braz. J. Oral Sci. 2006, 5, 1054–1062. [CrossRef]

63. Segami, N.; Miyamaru, M.; Nishimura, M.; Suzuki, T.; Kaneyama, K.; Murakami, K.-I. Does joint effusion on T2
magnetic resonance images reflect synovitis? Part 2. Comparison of concentration levels of proinflammatory
cytokines and total protein in synovial fluid of the temporomandibular joint with internal derangements and
osteoarthrosis. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2002, 94, 515–521. [CrossRef] [PubMed]

64. Gulen, H.; Ataoglu, H.; Haliloglu, S.; Isik, K. Proinflammatory cytokines in temporomandibular joint synovial
fluid before and after arthrocentesis. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2009, 107, e1–e4.
[CrossRef] [PubMed]

65. Alstergren, P. Cytokines in temporomandibular joint arthritis. Oral Dis. 2000, 6, 331–334. [CrossRef]
[PubMed]

66. Opal, S.M.; DePalo, V.A. Anti-inflammatory cytokines. Chest 2000, 117, 1162–1172. [CrossRef]
67. Tanaka, T.; Narazaki, M.; Kishimoto, T. IL-6 in inflammation, immunity, and disease. Cold Spring Harb.

Perspect. Biol. 2014, 6, a016295. [CrossRef]
68. Ibi, M. Inflammation and temporomandibular joint derangement. Biol. Pharm. Bull. 2019, 42, 538–542.

[CrossRef]
69. Hedges, J.C.; Singer, C.A.; Gerthoffer, W.T. Mitogen-activated protein kinases regulate cytokine gene

expression in human airway myocytes. Am. J. Respir. Cell Mol. Biol. 2000, 23, 86–94. [CrossRef]
70. Sato, J.; Segami, N.; Kaneyama, K.; Yoshimura, H.; Fujimura, K.; Yoshitake, Y. Relationship of calcitonin

gene-related peptide in synovial tissues and temporomandibular joint pain in humans. Oral Surg. Oral Med.
Oral Pathol. Oral Radiol. Endod. 2004, 98, 533–540. [CrossRef]

71. Koch, A.; Kunkel, S.; Burrows, J.; Evanoff, H.; Haines, G.; Pope, R.M.; Strieter, R. Synovial tissue macrophage
as a source of the chemotactic cytokine IL-8. J. Immunol. 1991, 147, 2187–2195.

72. Koch, A.E.; Polverini, P.J.; Kunkel, S.L.; Harlow, L.A.; DiPietro, L.A.; Elner, V.M.; Elner, S.G.; Strieter, R.M.
Interleukin-8 as a macrophage-derived mediator of angiogenesis. Science 1992, 258, 1798–1801. [CrossRef]

73. Hirani, N.; Antonicelli, F.; Strieter, R.M.; Wiesener, M.S.; Ratcliffe, P.J.; Haslett, C.; Donnelly, S.C. The regulation
of interleukin-8 by hypoxia in human macrophages—A potential role in the pathogenesis of the acute
respiratory distress syndrome (ARDS). Mol. Med. 2001, 7, 685–697. [CrossRef] [PubMed]

74. Nishimura, M.; Segami, N.; Kaneyama, K.; Suzuki, T.; Miyamaru, M. Proinflammatory cytokines and
arthroscopic findings of patients withinternal derangement and osteoarthritis of the temporomandibular
joint. Br. J. Oral Maxillofac. Surg. 2002, 40, 68–71. [CrossRef] [PubMed]

75. Sato, J.; Segami, N.; Nishimura, M.; Yoshitake, Y.; Kaneyama, K.; Kitagawa, Y. Expression of interleukin 8 in
synovial tissues in patients with internal derangement of the temporomandibular joint and its relationship
with clinical variables. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2007, 103, 467–474. [CrossRef]
[PubMed]

76. Murphy, P.M.; Tiffany, H.L. Cloning of complementary DNA encoding a functional human interleukin-8
receptor. Science 1991, 253, 1280–1283. [CrossRef] [PubMed]

77. Yudkin, J.S.; Kumari, M.; Humphries, S.E.; Mohamed-Ali, V. Inflammation, obesity, stress and coronary heart
disease: Is interleukin-6 the link? Atherosclerosis 2000, 148, 209–214. [CrossRef]

78. Tedgui, A.; Mallat, Z. Cytokines in atherosclerosis: Pathogenic and regulatory pathways. Physiol. Rev. 2006,
86, 515–581. [CrossRef]

79. Archontogeorgis, K.; Nena, E.; Papanas, N.; Steiropoulos, P. Biomarkers to improve diagnosis and monitoring
of obstructive sleep apnea syndrome: Current status and future perspectives. Pulm. Med. 2014, 2014, 930535.
[CrossRef]

80. de Alcântara Camejo, F.; Azevedo, M.; Ambros, V.; Caporal, K.S.T.; Doetzer, A.D.; Almeida, L.E.; Olandoski, M.;
Noronha, L.; Trevilatto, P.C. Interleukin-6 expression in disc derangement of human temporomandibular
joint and association with osteoarthrosis. J. Cranio-Maxillofac. Surg. 2017, 45, 768–774. [CrossRef]

81. Gunson, M.J.; Arnett, G.W.; Milam, S.B. Pathophysiology and pharmacologic control of osseous mandibular
condylar resorption. J. Oral Maxillofac. Surg. 2012, 70, 1918–1934. [CrossRef]

82. Kaplanski, G.; Marin, V.; Montero-Julian, F.; Mantovani, A.; Farnarier, C. IL-6: A regulator of the transition
from neutrophil to monocyte recruitment during inflammation. Trends Immunol. 2003, 24, 25–29. [CrossRef]

83. Lipsky, P.E. Interleukin-6 and rheumatic diseases. Arthritis Res. Ther. 2006, 8, S4. [CrossRef] [PubMed]

http://dx.doi.org/10.20396/bjos.v5i18.8641896
http://dx.doi.org/10.1067/moe.2002.126697
http://www.ncbi.nlm.nih.gov/pubmed/12374930
http://dx.doi.org/10.1016/j.tripleo.2009.02.006
http://www.ncbi.nlm.nih.gov/pubmed/19426899
http://dx.doi.org/10.1111/j.1601-0825.2000.tb00125.x
http://www.ncbi.nlm.nih.gov/pubmed/11355265
http://dx.doi.org/10.1378/chest.117.4.1162
http://dx.doi.org/10.1101/cshperspect.a016295
http://dx.doi.org/10.1248/bpb.b18-00442
http://dx.doi.org/10.1165/ajrcmb.23.1.4014
http://dx.doi.org/10.1016/j.tripleo.2004.02.057
http://dx.doi.org/10.1126/science.1281554
http://dx.doi.org/10.1007/BF03401959
http://www.ncbi.nlm.nih.gov/pubmed/11713368
http://dx.doi.org/10.1054/bjom.2001.0742
http://www.ncbi.nlm.nih.gov/pubmed/11883975
http://dx.doi.org/10.1016/j.tripleo.2006.06.058
http://www.ncbi.nlm.nih.gov/pubmed/17395064
http://dx.doi.org/10.1126/science.1891716
http://www.ncbi.nlm.nih.gov/pubmed/1891716
http://dx.doi.org/10.1016/S0021-9150(99)00463-3
http://dx.doi.org/10.1152/physrev.00024.2005
http://dx.doi.org/10.1155/2014/930535
http://dx.doi.org/10.1016/j.jcms.2017.02.019
http://dx.doi.org/10.1016/j.joms.2011.07.018
http://dx.doi.org/10.1016/S1471-4906(02)00013-3
http://dx.doi.org/10.1186/ar1918
http://www.ncbi.nlm.nih.gov/pubmed/16899108


Diagnostics 2020, 10, 303 16 of 18

84. Krumm, B.; Xiang, Y.; Deng, J. Structural biology of the IL-1 superfamily: Key cytokines in the regulation of
immune and inflammatory responses. Protein Sci. 2014, 23, 526–538. [CrossRef] [PubMed]

85. Garlanda, C.; Dinarello, C.A.; Mantovani, A. The interleukin-1 family: Back to the future. Immunity 2013, 39,
1003–1018. [CrossRef] [PubMed]

86. Garlanda, C.; Riva, F.; Bonavita, E.; Gentile, S.; Mantovani, A. Decoys and regulatory “Receptors” of the
IL-1/Toll-like receptor superfamily. Front. Immunol. 2013, 4, 180. [CrossRef] [PubMed]

87. Mantovani, A.; Locati, M.; Vecchi, A.; Sozzani, S.; Allavena, P. Decoy receptors: A strategy to regulate
inflammatory cytokines and chemokines. Trends Immunol. 2001, 22, 328–336. [CrossRef]

88. Tominaga, K.; Habu, M.; Sukedai, M.; Hirota, Y.; Takahashi, T.; Fukuda, J. IL-1β, IL-1 receptor antagonist and
soluble type II IL-1 receptor in synovial fluid of patients with temporomandibular disorders. Arch. Oral Biol.
2004, 49, 493–499. [CrossRef] [PubMed]

89. Sorenson, A.; Hresko, K.; Butcher, S.; Pierce, S.; Tramontina, V.; Leonardi, R.; Loreto, C.; Bosio, J.; Almeida, L.E.
Expression of Interleukin-1 and temporomandibular disorder: Contemporary review of the literature. Cranio
2018, 36, 268–272. [CrossRef]

90. Schulte, W.; Bernhagen, J.; Bucala, R. Cytokines in sepsis: Potent immunoregulators and potential therapeutic
targets—An updated view. Mediat. Inflamm. 2013, 2013, 165974. [CrossRef]

91. Black, R.A.; Rauch, C.T.; Kozlosky, C.J.; Peschon, J.J.; Slack, J.L.; Wolfson, M.F.; Castner, B.J.; Stocking, K.L.;
Reddy, P.; Srinivasan, S.; et al. A metalloproteinase disintegrin that releases tumour-necrosis factor-alpha
from cells. Nature 1997, 385, 729–733. [CrossRef]

92. Kriegler, M.; Perez, C.; DeFay, K.; Albert, I.; Lu, S.D. A novel form of TNF/cachectin is a cell surface cytotoxic
transmembrane protein: Ramifications for the complex physiology of TNF. Cell 1988, 53, 45–53. [CrossRef]

93. Cawthorn, W.P.; Sethi, J.K. TNF-alpha and adipocyte biology. FEBS Lett. 2008, 582, 117–131. [CrossRef]
[PubMed]

94. Bemelmans, M.; van Tits, L.; Buurman, W. Tumor necrosis factor: Function, release and clearance.
Crit. Rev. Immunol. 1996, 16, 1–11. [CrossRef] [PubMed]

95. Vanamee, É.S.; Faustman, D.L. Structural principles of tumor necrosis factor superfamily signalling. Sci. Signal.
2018, 11, eaao4910. [CrossRef] [PubMed]

96. Wojdasiewicz, P.; Poniatowski, Ł.A.; Szukiewicz, D. The role of inflammatory and anti-inflammatory
cytokines in the pathogenesis of osteoarthritis. Mediators Inflamm. 2014, 2014, 561459. [CrossRef]

97. Bazzoni, F.; Beutler, B. The tumor necrosis factor ligand and receptor families. N. Engl. J. Med. 1996, 334,
1717–1725. [CrossRef]

98. MacEwan, D.J. TNF ligands and receptors–a matter of life and death. Br. J. Pharmacol. 2002, 135, 855–875.
[CrossRef]

99. Onizawa, M.; Nagaishi, T.; Kanai, T.; Nagano, K.-i.; Oshima, S.; Nemoto, Y.; Yoshioka, A.; Totsuka, T.;
Okamoto, R.; Nakamura, T. Signaling pathway via TNF-α/NF-κB in intestinal epithelial cells may be directly
involved in colitis-associated carcinogenesis. Am. J. Physiol. Gastrointest. Liver Physiol. 2009, 296, G850–G859.
[CrossRef]

100. Mantovani, A.; Allavena, P.; Sica, A.; Balkwill, F. Cancer-related inflammation. Nature 2008, 454, 436–444.
[CrossRef]

101. Tartaglia, L.A.; Pennica, D.; Goeddel, D.V. Ligand passing: The 75-kDa tumor necrosis factor (TNF) receptor
recruits TNF for signaling by the 55-kDa TNF receptor. J. Biol. Chem. 1993, 268, 18542–18548.

102. Tartaglia, L.A.; Goeddel, D.V. Two TNF receptors. Immunol. Today 1992, 13, 151–153. [CrossRef]
103. Liu, Z.-g.; Hsu, H.; Goeddel, D.V.; Karin, M. Dissection of TNF receptor 1 effector functions: JNK activation

is not linked to apoptosis while NF-κB activation prevents cell death. Cell 1996, 87, 565–576. [CrossRef]
104. Al-Hatamleh, M.A.; Ahmad, S.; Boer, J.C.; Lim, J.; Chen, X.; Plebanski, M.; Mohamud, R. A Perspective

Review on the Role of Nanomedicine in the Modulation of TNF-TNFR2 Axis in Breast Cancer Immunotherapy.
J. Oncol. 2019, 2019, 6313242. [CrossRef] [PubMed]

105. Wang, J.; Al-Lamki, R.S. Tumor necrosis factor receptor 2: Its contribution to acute cellular rejection and clear
cell renal carcinoma. Biomed. Res. Int. 2013, 2013, 821310. [CrossRef] [PubMed]

106. Cohen, J.L.; Wood, K.J. TNFR2: The new Treg switch? Oncoimmunology 2018, 7, e1373236. [CrossRef]
[PubMed]

107. Arcaro, A.; Guerreiro, A.S. The phosphoinositide 3-kinase pathway in human cancer: Genetic alterations
and therapeutic implications. Curr. Genom. 2007, 8, 271–306. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/pro.2441
http://www.ncbi.nlm.nih.gov/pubmed/24677376
http://dx.doi.org/10.1016/j.immuni.2013.11.010
http://www.ncbi.nlm.nih.gov/pubmed/24332029
http://dx.doi.org/10.3389/fimmu.2013.00180
http://www.ncbi.nlm.nih.gov/pubmed/23847621
http://dx.doi.org/10.1016/S1471-4906(01)01941-X
http://dx.doi.org/10.1016/j.archoralbio.2003.12.008
http://www.ncbi.nlm.nih.gov/pubmed/15099807
http://dx.doi.org/10.1080/08869634.2017.1342890
http://dx.doi.org/10.1155/2013/165974
http://dx.doi.org/10.1038/385729a0
http://dx.doi.org/10.1016/0092-8674(88)90486-2
http://dx.doi.org/10.1016/j.febslet.2007.11.051
http://www.ncbi.nlm.nih.gov/pubmed/18037376
http://dx.doi.org/10.1615/CritRevImmunol.v16.i1.10
http://www.ncbi.nlm.nih.gov/pubmed/8809470
http://dx.doi.org/10.1126/scisignal.aao4910
http://www.ncbi.nlm.nih.gov/pubmed/29295955
http://dx.doi.org/10.1155/2014/561459
http://dx.doi.org/10.1056/NEJM199606273342607
http://dx.doi.org/10.1038/sj.bjp.0704549
http://dx.doi.org/10.1152/ajpgi.00071.2008
http://dx.doi.org/10.1038/nature07205
http://dx.doi.org/10.1016/0167-5699(92)90116-O
http://dx.doi.org/10.1016/S0092-8674(00)81375-6
http://dx.doi.org/10.1155/2019/6313242
http://www.ncbi.nlm.nih.gov/pubmed/31239840
http://dx.doi.org/10.1155/2013/821310
http://www.ncbi.nlm.nih.gov/pubmed/24350291
http://dx.doi.org/10.1080/2162402X.2017.1373236
http://www.ncbi.nlm.nih.gov/pubmed/29296530
http://dx.doi.org/10.2174/138920207782446160
http://www.ncbi.nlm.nih.gov/pubmed/19384426


Diagnostics 2020, 10, 303 17 of 18

108. Yang, S.; Wang, J.; Brand, D.D.; Zheng, S.G. Role of TNF–TNF Receptor 2 Signal in Regulatory T Cells and Its
Therapeutic Implications. Front. Immunol. 2018, 9, 784. [CrossRef]

109. Ahmad, S.; Azid, N.A.; Boer, J.C.; Lim, J.; Chen, X.; Plebanski, M.; Mohamud, R. The Key Role of TNF-TNFR2
Interactions in the Modulation of Allergic Inflammation: A Review. Front. Immunol. 2018, 9, 2572. [CrossRef]

110. Al-Hatamleh, M.A.I.; Engku Nur Syafirah, E.A.R.; Boer, J.C.; Ferji, K.; Six, J.L.; Chen, X.; Elkord, E.;
Plebanski, M.; Mohamud, R. Synergistic Effects of Nanomedicine Targeting TNFR2 and DNA Demethylation
Inhibitor-An Opportunity for Cancer Treatment. Cells 2020, 9, 33. [CrossRef]

111. Zheng, S.G.; Wang, J.; Wang, P.; Gray, J.D.; Horwitz, D.A. IL-2 is essential for TGF-beta to convert naive
CD4+CD25- cells to CD25+Foxp3+ regulatory T cells and for expansion of these cells. J. Immunol. 2007, 178,
2018–2027. [CrossRef]

112. Wang, P.; Zheng, S.G. Regulatory T cells and B cells: Implication on autoimmune diseases. Int. J. Clin.
Exp. Pathol. 2013, 6, 2668–2674.

113. Herman, A.E.; Freeman, G.J.; Mathis, D.; Benoist, C. CD4+CD25+ T regulatory cells dependent on ICOS
promote regulation of effector cells in the prediabetic lesion. J. Exp. Med. 2004, 199, 1479–1489. [CrossRef]
[PubMed]

114. Eller, K.; Wolf, D.; Huber, J.M.; Metz, M.; Mayer, G.; McKenzie, A.N.; Maurer, M.; Rosenkranz, A.R.; Wolf, A.M.
IL-9 production by regulatory T cells recruits mast cells that are essential for regulatory T cell-induced
immune suppression. J. Immunol. 2011, 186, 83–91. [CrossRef] [PubMed]

115. Fredriksson, L.; Alstergren, P.; Kopp, S. Tumor necrosis factor-alpha in temporomandibular joint synovial
fluid predicts treatment effects on pain by intra-articular glucocorticoid treatment. Mediat. Inflamm. 2006,
2006, 59425. [CrossRef] [PubMed]

116. Nordahl, S.; Alstergren, P.; Kopp, S. Tumor necrosis factor-alpha in synovial fluid and plasma from patients
with chronic connective tissue disease and its relation to temporomandibular joint pain. J. Oral Maxillofac. Surg.
2000, 58, 525–530. [CrossRef]

117. Shafer, D.M.; Assael, L.; White, L.B.; Rossomando, E.F. Tumor necrosis factor-alpha as a biochemical marker
of pain and outcome in temporomandibular joints with internal derangements. J. Oral Maxillofac. Surg. 1994,
52, 786–791, discussion 791–782. [CrossRef]

118. Sander, W.J.; O’Neill, H.G.; Pohl, C.H. Prostaglandin E2 as a Modulator of Viral Infections. Front. Physiol.
2017, 8, 89. [CrossRef]

119. Kopp, S.; Alstergren, P.; Ernestam, S.; Nordahl, S.; Bratt, J. Interleukin-1beta influences the effect of infliximab
on temporomandibular joint pain in rheumatoid arthritis. Scand. J. Rheumatol. 2006, 35, 182–188. [CrossRef]

120. Kontoyiannis, D.; Pasparakis, M.; Pizarro, T.T.; Cominelli, F.; Kollias, G. Impaired on/off regulation
of TNF biosynthesis in mice lacking TNF AU-rich elements: Implications for joint and gut-associated
immunopathologies. Immunity 1999, 10, 387–398. [CrossRef]

121. Piguet, P.F.; Grau, G.E.; Vesin, C.; Loetscher, H.; Gentz, R.; Lesslauer, W. Evolution of collagen arthritis in
mice is arrested by treatment with anti-tumour necrosis factor (TNF) antibody or a recombinant soluble TNF
receptor. Immunology 1992, 77, 510–514.

122. Deschner, J.; Rath-Deschner, B.; Wypasek, E.; Anghelina, M.; Sjostrom, D.; Agarwal, S. Biomechanical strain
regulates TNFR2 but not TNFR1 in TMJ cells. J. Biomech. 2007, 40, 1541–1549. [CrossRef]

123. Zhao, Y.; Li, Y.; Qu, R.; Chen, X.; Wang, W.; Qiu, C.; Liu, B.; Pan, X.; Liu, L.; Vasilev, K.; et al. Cortistatin
binds to TNF-alpha receptors and protects against osteoarthritis. EBioMedicine 2019, 41, 556–570. [CrossRef]
[PubMed]

124. Gonzalez-Rey, E.; Chorny, A.; Robledo, G.; Delgado, M. Cortistatin, a new antiinflammatory peptide with
therapeutic effect on lethal endotoxemia. J. Exp. Med. 2006, 203, 563–571. [CrossRef] [PubMed]

125. Ernberg, M. The role of molecular pain biomarkers in temporomandibular joint internal derangement.
J. Oral Rehabil. 2017, 44, 481–491. [CrossRef] [PubMed]

126. Doshi, T.L.; Nixdorf, D.R.; Campbell, C.M.; Raja, S.N. Biomarkers in temporomandibular disorder and
trigeminal neuralgia: A conceptual framework for understanding chronic pain. Can. J. Pain 2020, 4, 1–18.
[CrossRef]

127. Demerjian, G.G.; Sims, A.B.; Stack, B.C. Proteomic signature of Temporomandibular Joint Disorders (TMD):
Toward diagnostically predictive biomarkers. Bioinformation 2011, 5, 282–284. [CrossRef]

http://dx.doi.org/10.3389/fimmu.2018.00784
http://dx.doi.org/10.3389/fimmu.2018.02572
http://dx.doi.org/10.3390/cells9010033
http://dx.doi.org/10.4049/jimmunol.178.4.2018
http://dx.doi.org/10.1084/jem.20040179
http://www.ncbi.nlm.nih.gov/pubmed/15184501
http://dx.doi.org/10.4049/jimmunol.1001183
http://www.ncbi.nlm.nih.gov/pubmed/21115728
http://dx.doi.org/10.1155/MI/2006/59425
http://www.ncbi.nlm.nih.gov/pubmed/17392588
http://dx.doi.org/10.1016/S0278-2391(00)90015-6
http://dx.doi.org/10.1016/0278-2391(94)90217-8
http://dx.doi.org/10.3389/fphys.2017.00089
http://dx.doi.org/10.1080/03009740500483272
http://dx.doi.org/10.1016/S1074-7613(00)80038-2
http://dx.doi.org/10.1016/j.jbiomech.2006.07.013
http://dx.doi.org/10.1016/j.ebiom.2019.02.035
http://www.ncbi.nlm.nih.gov/pubmed/30826358
http://dx.doi.org/10.1084/jem.20052017
http://www.ncbi.nlm.nih.gov/pubmed/16492802
http://dx.doi.org/10.1111/joor.12480
http://www.ncbi.nlm.nih.gov/pubmed/28054366
http://dx.doi.org/10.1080/24740527.2019.1709163
http://dx.doi.org/10.6026/97320630005282


Diagnostics 2020, 10, 303 18 of 18

128. Katsiougiannis, S.; Mallela, V.R.; Schafer, C.A.; Wong, D.T. Serum, Synovial, and Salivary Biomarkers
for Orofacial Pain Conditions. In Orofacial Pain Biomarkers; Springer: Berlin/Heidelberg, Germany, 2017;
pp. 119–131.

129. Chopra, M.; Biehl, M.; Steinfatt, T.; Brandl, A.; Kums, J.; Amich, J.; Vaeth, M.; Kuen, J.; Holtappels, R.;
Podlech, J.; et al. Exogenous TNFR2 activation protects from acute GvHD via host T reg cell expansion.
J. Exp. Med. 2016, 213, 1881–1900. [CrossRef]

130. Okubo, Y.; Torrey, H.; Butterworth, J.; Zheng, H.; Faustman, D.L. Treg activation defect in type 1 diabetes:
Correction with TNFR2 agonism. Clin. Transl. Immunol. 2016, 5, e56. [CrossRef]

131. Shaikh, F.; He, J.; Bhadra, P.; Chen, X.; Siu, S.W.I. TNF Receptor Type II as an Emerging Drug Target for the
Treatment of Cancer, Autoimmune Diseases, and Graft-Versus-Host Disease: Current Perspectives and In
Silico Search for Small Molecule Binders. Front. Immunol. 2018, 9, 1382. [CrossRef]

132. Dimitroulis, G. Management of temporomandibular joint disorders: A surgeon’s perspective. Aust. Dent. J.
2018, 63, S79–S90. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1084/jem.20151563
http://dx.doi.org/10.1038/cti.2015.43
http://dx.doi.org/10.3389/fimmu.2018.01382
http://dx.doi.org/10.1111/adj.12593
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	TMDs Inflammatory Biomarkers 
	IL-8 
	IL-6 
	IL-1 
	TNF 
	TNF Receptors (TNFRs) 
	TNF in TMDs 
	TNF-TNFRs Interactions in TMDs 


	Future Directions 
	Conclusions 
	References

