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Abstract
Background: Degenerative joint disease (DJD) of the temporomandibular joints 
(TMJs) in adolescents and young adults is closely associated with disc displacement 
without reduction (DDw/oR).
Objective: This study aimed to determine the pathogenesis of early-stage TMJ DJD 
induced by DDw/oR.
Methods: 31 female subjects aged 12-30 years were enrolled, comprising 12 patients 
with DDw/oR without DJD, 13 with DDw/oR and early-stage DJD, and 6 healthy vol-
unteers. The synovial fluid samples of the subjects were screened for 27 inflamma-
tory-related cytokines using multiple cytokine array. Significantly increased cytokines 
and a key regulator of osteoclastogenesis “receptor activator of nuclear factor-κB 
ligand” (RANKL) were further determined by sandwich immunoassay. These fac-
tors were also assessed for the possible pathophysiologic actions on RAW264.7 cell 
proliferation, migration, osteoclastogenesis and bone-resorbing activity using Cell 
Counting Kit-8, Transwell system, tartrate-resistant acid phosphatase staining and 
osteo assay plates.
Results: Macrophage-derived inflammatory protein-1 beta (MIP-1β) and regulated 
upon activation normal T cell expressed and secreted (RANTES) were found to vary 
significantly in relation to the controls. In contrast to an unchanged concentration 
of RANKL, a strong increase in the level of RANTES was detected in subjects with 
DDw/oR and early-stage DJD. MIP-1β concentrations were only elevated in subjects 
with DDw/oR without DJD. Functionally, both MIP-1β and RANTES could enhance 
macrophage migration in a concentration-dependent manner, while only RANTES 
exhibited a promoting effect on osteoclast formation and bone-resorbing activity.
Conclusions: Chemokine RANTES was significantly upregulated and might be a key 
regulator of osteoclastogenesis contributing to DDw/oR-induced early-stage TMJ 
DJD.
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1  | INTRODUC TION

Degenerative joint disease (DJD) of the temporomandibular joints 
(TMJs) is a significant subtype of TMJ disorders with prevalence 
ranging from 18% to 77% among patients with temporomandibu-
lar disorders (TMDs).1 It is characterised by deterioration of artic-
ular tissue with concomitant osseous changes in the condyle and/
or articular eminence.2 Clinical manifestations of TMJ DJD include 
oro-facial pain, joint sounds and limited jaw movements.3 TMJ 
DJD may interfere with normal condylar development, leading 
to mandibular asymmetry, retrognathia and anterior open bite if 
it occurs during adolescence.4 The aetiology of TMJ DJD is com-
plex and multifactorial in nature involving trauma, parafunction, 
occlusal instability, functional overloading and increased joint 
friction.5,6 The TMJ disc offers lubrication and distributes func-
tional as well as parafunctional loads over the condyle surface.7 
TMJ disc displacements, especially disc displacement without re-
duction (DDw/oR), appear to play an essential role in the onset 
and progression of DJD.8 Displaced discs might interfere with 
condylar mobility and lead to overloading of the anterior surfaces 
of condyle.9 Articular cartilage and subarticular bone destruction 
gradually occur over time.10 Based on high-resolution cone-beam 
computed tomography (CBCT), our earlier study showed a close 
association between recent-onset DDw/oR and early-stage de-
generative TMJ changes.10 However, the molecular mechanisms 
underlying this phenomenon remain unclear.

Soluble mediators, for example cytokines, chemokines and 
growth factors, are thought to play significant roles in the patho-
genesis of degenerative joint changes.11 Previous studies showed 
that several inflammatory and immune mediators of TMJs can be 
found in synovial fluid.12,13 Specifically, the levels of pro-inflam-
matory mediators including interleukin (IL)-1β, IL-6, IL-8, IL-17, IL-
22, tumour necrosis factor (TNF)-α and interferon (IFN)-γ, which 
are associated with synovitis and connective tissue destruction, 
were raised in the synovial fluid of patients with TMDs.13-16 
Furthermore, IL-10, osteoprotegerin (OPG) and vascular endothe-
lial growth factor (VEGF) found in the synovial fluid of TMJs could 
have an anti-inflammatory effect.13 Although these findings indi-
cate that several mediators may be involved in the pathogenesis 
of degenerative joint changes, the characterisation of mediators 
involved in the initiation and/or progression of TMJ DJD has not 
been widely performed.

As such, the aim of this study was to establish the key molecular 
mediators involved in early-stage TMJ DJD associated with DDw/
oR via multiple cytokine array, enzyme-linked immunosorbent assay 
(ELISA) and electrochemiluminescence technique. More specifically, 
we verified and quantified C-C family-derived chemokines “macro-
phage-derived inflammatory protein-1 beta” (MIP-1β) and “regulated 
upon activation normal T cell expressed and secreted” (RANTES) 
in the synovial fluid of subjects with DDw/oR and early-stage TMJ 
DJD, and that of normal controls. The possible effects of the two 
chemokines on joint inflammation and bone resorption were also 
investigated.

2  | MATERIAL S AND METHODS

2.1 | TMJ synovial fluid analysis

2.1.1 | Subject selection

The approval for the study was obtained from the Biomedical 
Institutional Review Board of the Peking University School and 
Hospital of Stomatology (PKUSSIRB-201947100), and written in-
formed consents were attained from all participants.

Subject inclusion criteria were as follows: (i) female adoles-
cents and young adults aged 12-30 years old; (ii) patients diagnosed 
with TMJ DDw/oR, in accordance with the Diagnostic Criteria for 
Temporomandibular Disorders (DC/TMD)2 and confirmed by mag-
netic resonance imaging (MRI), who had current or prior TMJ lock-
ing with limited opening; (iii) onset of less than 12 months; and (iv) 
indication for arthrocentesis due to limited mouth opening and/or 
pain. Subject exclusion criteria were as follows: (i) history of prior 
TMD therapy; (ii) presence of TMD signs/symptoms in the contra-
lateral or bilateral TMJs; (iii) presence of systematic joint diseases 
(eg rheumatoid arthritis); and (iv) manifestation of late-stage DJD 
based on CBCT such as deviation in form, extensive sclerosis, osteo-
phyte formation and cyst-like lesions.10,17-20 Clinical evaluation and 
data collection were carried out by a single TMD specialist, who was 
trained and calibrated in accordance with the DC/TMD training and 
calibration guidelines.

A total of 30 patients were screened in 3 months. Ultimately, 25 
samples from 25 eligible patients were analysed, and the remaining 5 
samples were rejected due to insufficient volume (less than 0.9 mL) 
or blood contamination. The patients were further divided into two 
subgroups: DDw/oR without DJD (n  =  12) and DDw/oR with ear-
ly-stage DJD (n  =  13), based on CBCT assessment. Radiographic 
appearances of discontinuity of the articular cortex and/or surface 
erosion/destruction of the condyle were considered as early-stage 
degenerative changes (Figure 1).10,18-20 Six healthy volunteers with 
no history of TMD, regular jaw movements/functioning and normal 
TMJ appearance on CBCT were recruited as normal controls.

2.1.2 | Sample collection

Synovial fluid samples were collected during arthrocentesis of 
the TMJs. Local anaesthetic (0.5-1.0  mL 2% lidocaine) was first 
injected into the preauricular area using a 21-gauge needle and 
syringe. The needle was then adjusted and inserted anteriorly, 
superiorly and medially into the superior joint space. 1.0  mL of 
saline solution was injected into the upper compartment of the 
TMJ and mixed with synovial fluid three times by repeated aspira-
tion and reinjection. Almost all lavage fluid (1.0 mL) was retrieved 
(estimated recovery rate of 90%-100%), and the few samples that 
had less than 0.9 mL of collected fluid or were contaminated with 
blood were rejected. As for healthy volunteers, arthrocentesis was 
not performed after synovial fluid sample collection. All samples 
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were centrifuged at 1500 g for 10 min at 4°C to remove cells and 
debris, stored in aliquots at −80°C and analysed with the follow-
ing assays.

2.1.3 | Protein quantification

Total protein concentration in the synovial fluid was utilised 
as the standard for normalising cytokine levels in the different 
samples. Protein quantification was performed using the bicin-
choninic acid (BCA) assay method (Pierce, Thermo Scientific, 
Rockford, IL, USA).

2.1.4 | Cytokine screening

To determine multiple cytokine levels in the synovial fluid, 18 sam-
ples from the three different groups (6 samples/group) were ran-
domly selected, which included 6 “without DJD” samples from 12 
patients with DDw/oR without DJD, 6 “with DJD” samples from 13 
patients with DDw/oR with DJD and another 6 “control” samples 
from the 6 healthy volunteers.

The 27 cytokines screened by the Bio-Plex Human Cytokine 
27-Plex Panel (Bio-Rad Laboratories, Hercules, CA, USA) were as 
follows: IL-1β, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-12 (p70), 
IL-13, IL-15, IL-17A, IFN-γ, TNF-α, granulocyte colony-stimulating 

factor (G-CSF), granulocyte-macrophage colony-stimulating factor 
(GM-CSF), PDGF-BB, fibroblast growth factor (FGF)-2, VEGF, IL-8, 
interferon-inducible protein (IP)-10, eotaxin, monocyte chemotactic 
protein (MCP)-1, MIP-1α, MIP-1β and RANTES.

All samples were assayed according to the manufacturer's pro-
tocol, which allows for the determination of cytokines with coef-
ficients of variation <15%. Each assay was performed in duplicate 
with eight standards. The levels of cytokines in the samples were 
expressed as pg/mg.

2.1.5 | Cytokine determination

Electrochemiluminescence technique and enzyme-linked immu-
nosorbent assay were used to analyse all 31 synovial fluid sam-
ples from 12 patients with DDw/oR without DJD, 13 patients with 
DDw/oR with DJD and 6 healthy volunteers. Inflammatory me-
diators MIP-1β, RANTES and a key regulator of osteoclastogen-
esis RANKL were evaluated using the V-PLEX Human MIP-1β Kit 
(Meso Scale Discovery, Rockville, MD, USA), the Human RANTES 
ELISA Kit (R&D Systems, MN, USA) and the Magnetic Luminex 
Human RANKL Assay Kit (R&D Systems, MN, USA), respectively. 
The sensitivity of the assays was 0.37 pg/mL for MIP-1β, 2.0 pg/
mL for RANTES and 4.7  pg/mL for RANKL. The measurements 
were carried out using freshly thawed aliquots of synovial fluid 
in duplicates.

F I G U R E  1   CBCT and MRI images of TMJs with DDw/oR without DJD (A-C) and DDw/oR with early-stage DJD (D-F). (A) Bilateral 
condyles demonstrating continuity of the articular cortex (without DJD). (B) Displaced disc in closed-mouth position. (C) Displaced disc in 
open mouth position. (D) Left condyle with early-stage DJD showing subchondral bone destruction (arrowhead). (E) Displaced disc in closed-
mouth position. (F) Displaced disc in open mouth position with the absent cortical bone and a focal abnormal signal area in the subarticular 
region (arrow head) [Colour figure can be viewed at wileyonlinelibrary.com]

(A) (B) (C)

(D) (E) (F)

www.wileyonlinelibrary.com
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2.2 | Cytological studies

2.2.1 | Cell culture

The RAW264.7 murine macrophage cell line was purchased from 
Peking Union Medical College (Beijing, China). Cells were cultured 
in Dulbecco's modified Eagle's medium (DMEM; Gibco, Carlsbad, 
CA, USA) supplemented with 10% foetal bovine serum (FBS; Gibco, 
Carlsbad, CA, USA) and 1% penicillin-streptomycin (Gibco, Carlsbad, 
CA, USA) at 37°C in a humidified 5% CO2 atmosphere. The medium 
was changed every 2 days.

2.2.2 | Cell proliferation assay

To evaluate the effects of MIP-1β and RANTES on macrophage 
proliferation, cell proliferation assay was performed using Cell 
Counting Kit-8 (CCK-8; Dojindo, Tokyo, Japan) according to the 
manufacturer's instructions. Briefly, the cells were seeded at a 
density of 1  ×  103 per well in 96-well plates in 100  μL per well 
of DMEM/10% FBS supplemented with different concentrations 
of recombinant mouse MIP-1β (0, 5, 50 and 100  ng/mL) (R&D 
Systems, MN, USA) or RANTES (0, 5, 50 and 100  ng/mL) (R&D 
Systems, MN, USA) for 6, 24, 48, 72 and 96 hours, respectively. 
After incubating the cells with CCK-8 solution for 2 hours, optical 
density (OD) was read at 450 nm using an absorbance microplate 
reader (ELx808; BioTek, Winooski, VT, USA).

2.2.3 | Cell migration assay

The Transwell migration assay was performed to investigate mac-
rophage migration after treatment with different concentrations 
of MIP-1β or RANTES. The system consisted of 24-well Transwell 
plate and 8.0-μm pore polyethylene terephthalate membrane inserts 
(Falcon, Corning, NY, USA). After starvation with serum-free DMEM 
for 24 hours, the cells were seeded at a density of 1 × 105 per well 
in 100 μL serum-free DMEM in the upper chamber of the Transwell 
system. The lower chamber was filled with 650  μL serum-free 
DMEM containing different concentrations of MIP-1β or RANTES 
(0-100 ng/mL). After incubation for 20 hours at 37°C, cells that mi-
grated to the bottom side of the Transwell membrane were fixed 
with 95% ethanol and stained with 0.1% crystal violet. For each well, 
five random fields were selected and counted under a light micro-
scope (×200 magnification; Olympus, Tokyo, Japan).

2.2.4 | Osteoclast differentiation assay and 
tartrate-resistant acid phosphatase (TRAP) staining

To determine whether MIP-1β and RANTES could directly induce 
osteoclast differentiation from macrophages, RAW264.7 cells 
were plated at a density of 1 × 104 per well in 24-well plates in 

500  μL per well of DMEM/10% FBS supplemented with differ-
ent concentrations of MIP-1β or RANTES (0-100  ng/mL) in the 
absence or presence of 5  ng/mL “receptor activator of nuclear 
factor kappa-B ligand” (RANKL; R&D Systems, MN, USA). After 
4 days, cells were fixed with 4% paraformaldehyde for 15 minutes 
and then subjected to TRAP (Sigma-Aldrich, St. Louis, MO, USA) 
staining. Osteoclasts were determined to be TRAP-positive multi-
nuclear (three or more nuclei) cells. For each well, nine random 
fields of vision were examined and counted under a light micro-
scope (×100 magnification).

2.2.5 | Bone resorption pit assay

The bone resorption function of osteoclasts derived from RAW264.7 
cells induced by RANKL with or without RANTES was analysed using 
osteo assay plates (Corning Inc, Corning, NY, USA). Briefly, cells were 
plated at a density of 1 × 104 per well in 24-well osteo assay plates 
in 500 μL per well of DMEM/10% FBS supplemented with 5 ng/mL 
RANKL with or without 50 ng/mL RANTES. After 7 days, each well 
was washed with bleach solution to remove cells completely. For 
each well, nine random fields of vision containing bone resorption 
pits were observed under a light microscope (×100 magnification). 
The percentage of resorption area relative to total area of each field 
was quantified using Image-Pro Plus version 6.0 (Media Cybernetics 
Inc, Rockville, MD, USA).

2.3 | Statistical analysis

Demographic and clinical characteristics of the subjects were pre-
sented as frequency and mean ±  SD. As cytokine levels were not 
normally distributed, data of cytokine assay were presented as me-
dian and interquartile range and analysed using the Kruskal-Wallis 
with post hoc Mann-Whitney U tests. Correlations between data 
sets were evaluated by Spearman's rank correlation coefficient. 
For cytological studies, data were expressed as mean ± SEM of 6-8 
independent experiments with duplicate wells. One-way ANOVA 
with post hoc Bonferroni's multiple comparison test or unpaired t 
test was employed to analyse these data sets. All statistical analy-
ses were performed using Prism version 7.0 (GraphPad Software, La 
Jolla, CA, USA) with significance level set at P < .05.

3  | RESULTS

3.1 | Clinical findings

Demographic information and clinical information of the three 
groups including gender, age, maximum unassisted mouth opening 
(MMO), TMJ pain visual analogue scale (VAS) score and duration of 
illness were collected and listed in Table 1. Only “duration of illness” 
was significantly different between the three groups (P < .001).
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3.2 | Protein quantification

No significant difference in total protein concentration was ob-
served among the three groups (P = .405) (Figure 2A). As the total 
protein concentration of samples varied considerably (260-2140 μg/
mL), cytokine levels were calibrated to protein concentrations.

3.3 | Screened cytokines in synovial fluid

Out of the 27 inflammatory-related cytokines assessed, a total of 
26 were detectable in the synovial fluid. Table 2 shows the median 
cytokine concentrations for the three groups. Concentrations of 
MIP-1β and RANTES were observed to differ significantly among the 
control, “without DJD” as well as “with DJD” groups (P =  .005 and 
P =  .011, respectively). For the concentrations of other cytokines, 
no significant difference was found among the three groups. Based 
on the cytokine array, RANTES levels were found to be strongly 
and positively correlated with IL-9 (rs = 0.810, P < .001) and MIP-1β 
(rs = 0.833, P < .001). The correlation between RANTES and MIP-1α 
was moderately strong (rs = 0.419, P =  .084). There was, however, 
no significant correlation between these cytokine levels and pain.

3.4 | Identification of MIP-1β, RANTES and RANKL

To further assess the variances of inflammatory mediators MIP-1β 
and RANTES among the three groups, sandwich immunoassay tech-
nology was used. MIP-1β was detected in all samples with median 
values of 1.28, 3.80 and 2.33 pg/mg in the control, “without DJD” 
and “with DJD” groups. MIP-1β content was statistically different 
among the groups (P = .013). Moreover, it was significantly higher in 
the “without DJD” group than in the control group (P = .010). MIP-1β 

TA B L E  1   Demographic and clinical characteristics of the study 
subjects

Control
DDw/oR 
without DJD

DDw/oR 
with DJD

No. of subjects 6 12 13

Age (years) 23.2 ± 1.9 
(21-26)

20.9 ± 4.4 
(16-29)

19.4 ± 5.0 
(12-26)

Gender (F/M) 6/0 12/0 13/0

Maximal mouth 
opening (mm)

NA 30.8 ± 5.7 
(22-42)

35.2 ± 8.5 
(24-52)

Pain VAS score 0 1.7 ± 1.6 (0-4) 2.8 ± 1.8 
(0-5)

Duration of disease 
(months)

NA 1.3 ± 1.2 
(0.2-4.0)

4.8 ± 3.6 
(0.3-12.0)*

Note: VAS, visual analogue scale, from 0 (no pain) to 10 (intolerable 
pain); NA, not available. Values were mean ± SD (range) or the number 
of subjects.
*P < .05. 

F I G U R E  2   Measurement of molecular mediators in the synovial fluid. (A) Total protein concentration of synovial fluid samples (median 
with 25th and 75th percentiles) for the control (n = 6), DDw/oR without DJD (n = 12) and DDw/oR with DJD (n = 13) groups. No significant 
difference was observed among the three groups. (B-D) Concentrations of MIP-1β, RANTES and RANKL (median with 25th and 75th 
percentiles) for the control (n = 6), DDw/oR without DJD (n = 12) and DDw/oR with DJD (n = 13) groups. (B) The levels of MIP-1β for the 
“without DJD” group were significantly higher than the control group. (C) The levels of RANTES for the “with DJD” group were significantly 
higher than the control group. (D) The levels of RANKL were not exhibited significant difference in the different three groups. Concentration 
was calculated per 1 mg of synovial fluid sample total protein. * indicates significant difference at P < .05
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in the “without DJD” group tends to be higher than the “with DJD” 
group, and that of the “with DJD” group was higher than control 
group, but differences were not statistically significant (Figure 2B). 
As for RANTES, it was detected in 29 synovial fluid samples (29/31) 
and undetectable in 2 healthy controls (2/31). The median values 
were 4.38, 23.09 and 61.31  pg/mg for the control, “without DJD” 
and “with DJD” groups. Statistically significant difference in RANTES 
concentration was noted among the three groups (P <  .001). It was 
significantly higher in the “with DJD” group than in the control group 
(P <  .001). While RANTES concentration for the “with DJD” group 
tends to be higher than the “without DJD” group, which in turn was 
higher than control group, variations were not statistically significant 
(Figure 2C).

As a key regulator of osteoclastogenesis, RANKL was also de-
termined in all samples. Although RANKL was detectable (around 
2.8-22.0 pg/mg protein), the levels of RANKL in the synovial fluid of 
DDw/oR patients with or without DJD showed no significant differ-
ence from those in the controls (P = .365) (Figure 2D).

3.5 | Effects of MIP-1β and RANTES on RAW264.7 
cell proliferation and cell migration

Neither MIP-1β nor RANTES caused significant changes in RAW264.7 
cell proliferation at concentrations up to 100 ng/mL. When compared 
to the control group, the number of migrated RAW264.7 cells treated 
with MIP-1β (Figure  3A and C) or RANTES (Figure  3B and D) was 
significantly enhanced in a dose-dependent manner (P  =  .013 and 
P = .001, respectively). When the concentration of chemokines rose, 
the number of migrated cells increased. The results showed that both 
MIP-1β and RANTES could promote RAW264.7 cell migration.

3.6 | Effects of MIP-1β and RANTES on osteoclast 
differentiation in RAW264.7 cells

RAW264.7 cells were treated with MIP-1β or RANTES for 4 days, in 
the absence or presence of RANKL (5 ng/mL). MIP-1β plus RANKL 

TA B L E  2   Cytokine concentrations (median with 25th and 75th percentiles) in synovial fluid samples

Cytokine Control (n = 6) DDw/oR without DJD (n = 6) DDw/oR with DJD (n = 6) P-value

IL-1β 0.03 (0.00; 0.11) 0.02 (0.00; 0.16) 0.04 (0.00; 0.11) .993

IL-1ra 20.55 (0.00; 32.92) 16.72 (0.00; 44.75) 14.13 (0.00; 23.48) .891

IL-2 0.20 (0.00; 1.01) 0.30 (0.00; 0.48) 0.12 (0.00; 0.53) .939

IL-4 0.00 (0.00; 0.20) 0.00 (0.00; 0.05) 0.00 (0.00; 0.02) .657

IL-5 13.68 (4.57; 24.77) 14.17 (0.11; 18.77) 12.19 (3.43; 20.11) .823

IL-6 0.55 (0.15; 1.02) 0.35 (0.00; 3.19) 0.78 (0.44; 2.62) .419

IL-7 0.00 (0.00; 0.43) 0.00 (0.00; 1.19) 0.00 (0.00; 1.54) .804

IL-8 1.01 (0.00; 3.27) 1.14 (0.31; 3.22) 0.52 (0.00; 1.08) .456

IL-9 0.69 (0.00; 2.30) 3.13 (2.24; 7.15) 3.52 (1.07; 14.60) .061

IL-10 1.73 (1.19; 2.18) 1.02 (0.29; 1.89) 1.16 (0.69; 1.91) .353

IL-12 0.66 (0.00; 1.42) 0.53 (0.00; 0.71) 0.49 (0.00; 1.46) .785

IL-13 0.38 (0.00; 1.37) 0.00 (0.00; 0.00) 0.00 (0.00; 1.43) .194

IL-15 206.77 (76.64; 459.39) 113.83 (0.00; 192.72) 128.92 (14.70; 265.94) .460

IL-17A 1.65 (0.00; 4.16) 0.81 (0.00; 1.82) 1.47 (0.00; 3.10) .589

Eotaxin 3.20 (1.64; 4.92) 2.15 (1.03; 4.07) 3.06 (1.64; 7.18) .470

FGF basic 5.09 (1.51; 11.36) 6.16 (1.23; 9.13) 8.96 (1.80; 16.19) .778

G-CSF 312.76 (16.89; 995.84) 179.54 (5.08; 501.08) 275.04 (11.37; 615.91) .548

GM-CSF 0.00 (0.00; 2.09) 0.00 (0.00; 0.66) 0.00 (0.00; 1.34) .957

IFN-γ 1.45 (0.31; 1.99) 0.78 (0.00; 1.54) 0.91 (0.00; 2.49) .581

IP-10 184.02 (77.96; 394.16) 148.47 (117.88; 539.08) 146.62 (98.38; 281.23) .949

MCP-1 11.21 (4.56; 18.81) 9.89 (6.06; 18.78) 7.78 (5.08; 10.61) .641

MIP-1α 0.03 (0.00; 0.15) 0.20 (0.11; 0.54) 0.08 (0.00; 0.26) .058

PDGF-BB 0.00 (0.00; 0.00) 0.00 (0.00; 0.00) 0.00 (0.00; 0.00) 1.000

MIP-1β 0.95 (0.38; 1.74) 3.48 (2.27; 9.80) 3.08 (1.90; 11.25) .011*

RANTES 4.39 (2.85; 9.57) 64.23 (44.21; 133.27) 90.94 (20.41; 364.96) .005*

TNF-α 0.84 (0.00; 2.43) 0.92 (0.23; 2.20) 0.52 (0.00; 3.35) .855

VEGF 279.00 (159.98; 369.66) 175.32 (36.20; 258.89) 191.16 (88.83; 314.07) .343

Note: Each cytokine concentration (pg/mg) was calculated per 1 mg of synovial fluid sample total protein.
*P < .05. 
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did not show any advantage in promoting osteoclast formation com-
pared with RANKL single stimulation (P =  .730) (Figure 4A and C). 
Interestingly, RANTES promoted osteoclast formation in RANKL-
induced RAW264.7 cells (P  <  .001) (Figure  4B and D). When the 
concentration of RANTES reached 50 ng/mL, the number of TRAP-
positive multinucleated cells was significantly increased compared 
with the control and “5 ng/mL RANTES” group, which in turn was simi-
lar to the “100 ng/mL RANTES” group (P = 1.000). MIP-1β or RANTES 
alone did not induce osteoclast differentiation from RAW264.7 cells 

in the absence of RANKL. Therefore, we selected 5 ng/mL RANKL 
with or without 50 ng/mL RANTES for bone resorption pit assay.

3.7 | Effect of RANTES on bone-resorbing activity 
in RANKL-induced RAW264.7 cells

RAW264.7 cells were cultured in 24-well osteo assay plates in the 
presence of RANKL with or without RANTES. After culturing for 

F I G U R E  3   Effects of MIP-1β and RANTES on RAW264.7 cell migration. (A) MIP-1β enhanced RAW264.7 cell migration in a 
concentration-dependent manner. (B) RANTES enhanced RAW264.7 cell migration in a concentration-dependent manner. (C) Percentage of 
cell migration with different concentrations of MIP-1β. (D) Percentage of cell migration with different concentrations of RANTES. Data were 
presented as mean ± SEM (n = 6 wells/group). * indicates significant difference compared with 0 ng/mL chemokine-treated RAW264.7 cells 
at P < .05. # indicates significant difference compared with 5 ng/mL chemokine-treated RAW264.7 cells at P < .05. + indicates significant 
difference compared with 50 ng/mL chemokine-treated RAW264.7 cells at P < .05. Scale bar: 50 μm [Colour figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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F I G U R E  4   Effects of MIP-1β 
and RANTES on RAW264.7 cell 
osteoclastogenesis and bone-resorbing 
activity. (A) MIP-1β did not substantially 
affect osteoclastogenesis in RAW264.7 
cells. (B) RANTES stimulated osteoclast 
formation in RANKL-treated RAW264.7 
cells, but did not induce osteoclast 
differentiation from RAW264.7 
cells without RANKL. (C) No. TRAP-
positive cells per well with different 
concentrations of MIP-1β and 5 ng/
mL RANKL. (D) No. TRAP-positive cells 
per well with different concentrations 
of RANTES and 5 ng/mL RANKL. (E) 
RANTES enhanced the resorptive activity 
of RANKL-induced osteoclasts. (F) The 
percentage of resorption area relative 
to total area. Data were presented as 
mean ± SEM (n = 6-8 wells/group). * 
indicates significant difference compared 
with 5 ng/mL RANKL plus 0 ng/mL 
chemokine-treated RAW264.7 cells at 
P < .05. # indicates significant difference 
compared with 5 ng/mL RANKL plus 5 ng/
mL chemokine-treated RAW264.7 cells at 
P < .05. Scale bar: 100 μm 
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7 days, more resorption pits on the bottom of plates were observed 
in the RANTES group (P <  .001) (Figure 4E and F), suggesting that 
RANTES could enhance the resorptive activity of RANKL-induced 
osteoclasts.

4  | DISCUSSION

In this study, we screened the synovial fluid of DDw/oR subjects 
without and with early-stage DJD and healthy controls for 27 inflam-
matory mediators. Results of the multiple cytokine array performed 
indicated that the concentrations of MIP-1β and RANTES were 
significantly different between subjects with DDw/oR and healthy 
controls. In addition, through the sandwich immunoassay technique, 
RANTES was found to be the only mediator discriminating DDw/
oR subjects with early-stage DJD from controls. Although RANKL 
as a key osteoclastogenesis regulator was detectable in all synovial 
fluid samples, there was no significant difference between the three 
groups. When investigating the effects of MIP-1β and RANTES on 
macrophage proliferation, migration and osteoclastogenesis, both 
MIP-1β and RANTES enhanced macrophage migration, while only 
RANTES could promote RANKL-induced osteoclast formation. 
Collectively, the findings indicated that RANTES may contribute to 
the pathogenesis of DDw/oR-induced early-stage TMJ DJD and pro-
vided new insights for the early diagnosis and management of TMJ 
degeneration.

TMJ DJD is generally considered a chronic disease character-
ised by cartilage lesions. However, other joint structures, including 
subchondral bone and synovial tissue, also play crucial roles in the 
pathogenesis of DJD. Emerging studies have implicated that remod-
elling in subchondral bone may precede cartilage degradation and 
contribute to the initiation and/or progression of DJD.21,22 Our pre-
vious study found that about 60% of young patients (10-30 years 
old) with recent-onset DDw/oR (within a year) presented with ra-
diographically visible early-stage TMJ DJD.10 Osteoarthritic condy-
lar changes would eventually reach a stable end stage in 1-4 years 
in most cases.23-26 In the present study, we selected subjects with 
DDw/oR onset of less than a year and divided them into two sub-
groups, that is without or with DJD. Only early-stage degenerative 
changes that presented radiographically as discontinuity of the ar-
ticular cortex and/or surface erosion/destruction of the condyle 
were involved. The average duration of DDw/oR without and with 
DJD was 1.3 and 4.8 months correspondingly. As this was the active 
phase of subchondral bone resorption, the occurrence of molecular 
changes associated with early-stage DJD was anticipated.

The initiation and progression of DJD have been found to be 
associated with inflammatory factors. Inflammatory mediators are 
responsible for the loss of metabolic homeostasis of the tissues 
forming joints by promoting catabolic and destructive processes.27 
The type of inflammatory mediators varies depending on the stage 
of DJD.28 Considering the importance of inflammatory mediators 
in the pathogenesis of DJD, we selected a high-sensitivity multi-
ple cytokine array method to screen key inflammatory mediators 

associated with early-stage DJD. Consequently, the levels of two in-
flammatory mediators, namely MIP-1β and RANTES, were found to 
vary significantly in relation to the controls. Supplementary studies 
confirmed that the levels of RANTES were increased in the syno-
vial fluid of DDw/oR subjects with early-stage DJD, while MIP-1β 
concentrations were elevated in those with DDw/oR without DJD. 
Although previous studies as well as ours published in 1990s showed 
that the synovial fluid levels of IL-1β, IL-6 and TNF-α were signifi-
cantly increased in TMJ DJD,13,29,30 the level of these cytokines was 
not found to be significantly different among groups in the present 
study. In earlier studies, Schüllar's projection and transpharyngeal 
radiographs rather than CBCT were used, and the radiographic 
changes in both early- and late-stage DJD were included. However, 
late-stage DJD, such as deviation in form, extensive sclerosis, osteo-
phyte formation and cyst-like lesions, was not included in the present 
study. Moreover, CBCT can detect very early bony changes which 
could not be detected with regular imaging.19 We recruited patients 
with DDw/oR with and without early-stage DJD and not specifically 
those with DJD. Therefore, the disparity could be attributed to the 
stage of TMJ DJD as the subjects in our study only had early-stage 
DJD of less than a year. The increased level of RANTES suggests 
that RANTES is a possible candidate of key molecules involved in the 
initial stage of bone resorption. Conversely, key osteoclastogenesis 
regulator RANKL, which plays an important role in the activation 
of osteoclast precursor cells through interaction with RANK,31,32 
did not differ significantly in the synovial fluid of the three groups. 
Similarly, RANKL level was reported to be weak and unchanged in 
both DJD patients and healthy participants.33-35 The above findings 
suggest that increased levels of MIP-1β and RANTES could be in-
volved in the pathogenesis of DDw/oR-induced early-stage degen-
erative joint disease.

MIP-1β and RANTES are C-C motif chemokines, which could be 
released by chondrocytes, synovial fibroblasts and inflammatory 
cells.36,37 MIP-1β is characterised by its inflammatory and chemoki-
netic properties.38 It has been reported that elevated MIP-1β levels 
in synovial fluid and peripheral blood can predict the risk of rheuma-
toid arthritis (RA), but not osteoarthritis.39,40 RANTES contributes to 
the migration of blood monocytes, T lymphocytes, natural killer cells 
and eosinophils, and is highly expressed in tissues, synovial fluid and 
peripheral blood of patients with RA or osteoarthritis.41,42 Previous 
studies had focused mainly on the role of RANTES in synovial in-
flammatory immune response and cartilage extracellular matrix 
degradation. Specifically, RANTES can trigger and aggravate inflam-
matory immune response by facilitating immunocompetent cells 
infiltration and activating synovial fibroblasts to produce inflamma-
tory mediators.11 Besides, RANTES can also induce matrix metal-
loproteinase (MMP)-1, MMP-3, MMP-13 and inducible nitric oxide 
synthase release from synovial fibroblasts and chondrocytes, which 
contribute to cartilage degradation.43,44 In the present study, the mi-
gration assay identified MIP-1β and RANTES as potent chemotactic 
factors for RAW264.7 cells. This corroborated earlier studies and 
suggests that these cytokines might be responsible for attracting 
macrophages to inflammatory sites. Moreover, RANTES exhibited a 
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direct promoting effect on osteoclast formation and bone-resorbing 
activity, which signified that RANTES may act as a key mediator in 
the pathogenesis of early-stage DJD. To the best of our knowledge, 
this is the first study to show increased RANTES in the synovial fluid 
of subjects with DDw/oR and early-stage DJD and that RANTES had 
a positive effect on osteoclast differentiation from macrophages. 
Collectively, our results indicate that increased RANTES might be 
closely related to the initiation and/or progression of DDw/oR-in-
duced early-stage DJD.

Despite the positive findings, there were some limitations with 
our study. First, the subjects only involved females aged 12-30 years 
that does not represent the entire population with early-stage DJD. 
The female gender was selected due to their higher TMD prevalence, 
odds of disc displacements/TMJ DJD and to limit the possible im-
pact of hormones on findings.45 Second, the samples were mixtures 
of TMJ synovial fluid and saline solution, not native synovial fluid. 
This might also explain the low concentrations of some common 
inflammatory cytokines (eg IL-1β, TNF-α) that did not achieve sta-
tistical significance. Finally, RAW264.7 cells cannot be considered 
equal to macrophages of early-stage DJD. For the above reasons, 
additional studies incorporating male youths, larger patient cohorts, 
more sensitive assays and macrophages from patients are needed to 
validate the role of RANTES in the pathogenesis of early-stage DJD.

5  | CONCLUSIONS

This study determined that chemokine RANTES was significantly 
upregulated and might be a key regulator of osteoclastogenesis 
contributing to DDw/oR-induced early-stage TMJ DJD. The mecha-
nisms of RANTES in TMJ DJD warrant further investigation. The lat-
ter has bearing on the early diagnosis of TMJ DJD and clinical use of 
targeted drugs for modifying subchondral bone resorption.
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