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A B S T R A C T

Rheumatoid arthritis (RA) is a chronic, inflammatory, synovitis-dominated systemic disease with unknown
etiology. RA is characterized by the involvement of multiple affected joints, symmetry, and invasive arthritis of
the limbs, which can lead to joint deformity, cartilage destruction, and loss of function. Cannabinoid receptor 2
(CB2) has potent immunomodulatory and anti-inflammatory effects and is predominantly expressed in non-
neuronal tissues. In the current study, the role of CB2 in the process of inflammatory bone erosion in RA was
examined. The selective agonist or high-affinity ligand of CB2 (4-quinolone-3-carboxamides CB2 agonist, 4Q3C
CB2 agonist, 4Q3C) significantly reduced the severity of arthritis, decreased histopathological findings, and
markedly reduced bone erosion in collagen-induced arthritis (CIA) mice. In addition, 4Q3C prevented an in-
crease in the nuclear factor-κB ligand (RANKL)/osteoprotegerin (OPG) ratio and inhibited the formation of
osteoclasts in CIA mice. Furthermore, the expression of tumor necrosis factor-alpha, interleukin-1β, cycloox-
ygenase-2, and inducible nitric oxide synthase was lower in 4Q3C-treated CIA mice than in control CIA mice.
Micro-computed tomography corroborated the finding that 4Q3C reduced joint destruction. These data clearly
indicate that the CB2-selective agonist, 4Q3C, may have anti-inflammatory and anti-osteoclastogenesis effects in
RA and may be considered to be a novel treatment for RA.

1. Introduction

Rheumatoid arthritis (RA) is a chronic, inflammatory, synovitis-
dominated systemic disease with unknown etiology. RA is characterized
by the involvement of multiple affected joints, symmetry, and invasive
arthritis of the limbs, which can lead to joint deformity, cartilage de-
struction, and loss of function [1]. Macrophage lineage cells, and their
derived pro-inflammatory and anti-inflammatory cytokines, play a role
in triggering chronic synovial inflammation and are present during the
entire RA disease process [2]. Inflammation is considered to be the
main pathological symptom of RA, and the expression of many in-
flammation-related cytokines, such as interleukins (ILs), tumor necrosis
factor-alpha (TNF-α), and their receptors, is increased in RA [3–6].
Although the pathophysiology of RA-induced bone destruction has not
yet been elucidated, growing evidence indicates that the balance be-
tween osteoprotegerin (OPG) and receptor activator of nuclear factor
kappa B ligand (RANKL) plays a critical role in RA-induced bone de-
struction [7,8]. Although significant progress has been made in RA
therapy, new pathways that are involved in the modulation of in-
flammation must be identified in order to find a cure or even to achieve
a therapeutic effect, particularly for those patients who are insensitive
to current treatment.

In recent years, interest in the role of the endocannabinoid system,
particularly the two subtypes of cannabinoid receptors, in inflammatory
diseases including RA has been increasing [9–11]. In the 1990s, two
recognized cannabinoid receptor types, cannabinoid receptor 1 (CB1)
and cannabinoid receptor 2 (CB2), were discovered [12,13]. CB1 exists
mainly in central and peripheral neurons and is thought to regulate
cannabinoid-induced psychoactive effects. CB2 is expressed mainly by
hematopoietic origin cells and is related to cannabinoid-induced im-
mune modulation [14,15].

CB2 expression is related to the type of stimulus and the activation
state of the cell [16,17]. This distribution type suggests the potential for
anti-inflammatory and immune CB2-selective drugs to be developed to
manage chronic inflammatory diseases such as RA. Previous research
has shown that selective CB2 agonists have anti-inflammatory effects on
atherosclerosis [18], endotoxin-induced sepsis [19], cystitis [20], liver
disease [21], pancreatitis [22], inflammatory bowel disease [23], and
uveitis [24]. In 1998, Zurier et al. reported that ajulemic acid reduced
the severity of adjuvant-induced joint inflammation and synovitis in
rats [25]. However, ajulemic acid, which binds to CB1, has been shown
to have psychotropic effects [26]. Research into the role of selective CB2

agonists in arthritis remains scarce.
Endocannabinoids, 2-arachidonoylglycerol, and anandamide have

been identified in joint synovial fluid of RA patients [27]. The discovery
of the endocannabinoid system provides a potential target for new RA
treatments. The expression of CB2 increases in response to proin-
flammatory mediators. The agonist of CB2 has been found to inhibit IL-
1β-induced proliferation of RA-fibroblast-like synoviocytes (FLS) and
IL-1β-induced production of matrix-metalloproteinases (MMP)-3, MMP-
13, and IL-6 in a dose-dependent manner [28], in vitro.

Furthermore, the number of osteoclasts has been found to increase
in CB2-deficient mice [29]. Activation of CB2 inhibits the expression of
RANKL in bone marrow-derived osteoblasts/stromal cells and prevents
osteoclast precursors from proliferating to suppress trabecular osteo-
clastogenesis [29]. CB2 agonists also reduce osteoclast number and
stimulate endocortical bone formation, thus attenuating ovariectomy-
induced bone loss [30,31]. These data suggest that selective activation
of CB2 may suppress bone destruction by inhibiting the proliferation of
osteoclasts in RA. However, the precise mechanism, inhibition of in-
flammation or protection against bone destruction, responsible for se-
lective activation of CB2 in RA is still unclear.
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In this study, the effect of a CB2 agonist (4-quinolone-3-carboxamide
furan CB2 agonist, 4Q3C CB2 agonist, 4Q3C, a high affinity ligand of
CB2) on the macro- and microscopic severity of arthritis was in-
vestigated. To elucidate the potential mechanisms involved in the ef-
fects of CB2 in RA, the protein levels of TNF-α, IL-1β, IL-6, COX-2, iONS,
RANKL, and OPG were determined. In addition, the extent of joint
destruction was assessed using three-dimensional micro-computed to-
mography (micro-CT).

2. Materials and methods

2.1. Animals

All of the experiments were conducted according to the Ethics
Committee of the First Affiliated Hospital of Soochow University and
the Guidelines for Care and Use of Laboratory Animals. Forty male
DBA/1 mice (8–10 weeks) were randomly divided into four groups:
sham control (n= 20), vehicle (vehicle, n= 20), low-4Q3C treated
group (1mg/kg/day, n= 10), high-4Q3C treated group (10mg/kg/
day, n= 10), AM630 treated group (10mg/kg/d, n=10) and
AM630+4Q3C treated group (treated with AM630 10min prior to
4Q3C, n=10). Bovine type II collagen (4mg/mL, Biolead, Beijing,
China) was blended with the same amount of Freund’s complete ad-
juvant (2 mg/mL, Biolead). On day 0, 100 μL of emulsion (100 μg col-
lagen) was administered to all of the mice, except those in the sham
group, via intradermal injection into the base of the tail. On day 21,
100 μg of bovine type II collagen in incomplete Freund’s adjuvant (1:1,
v/v) was administered via intradermal injection to all of the mice, ex-
cept those in the sham group; Freund’s adjuvant with no bovine type II
collagen was given to mice in the sham control group. At the indicated
time, all the animals were sacrificed at indicated time by in-
traperitoneal injection of 100mg/kg chloral hydrate. All the knee joints
were removed for histological and immunohistochemical analysis, and
the hind paws and ankles were harvested for micro-CT. Serum was
taken from the eyes and stored at −80 °C.

2.2. Drug treatment

CB2 agonists (4Q3C) and CB2 antagonists (AM630) were dissolve in
ethanol for 50mg/ml, then diluted to the specified concentration with
sterilized water. Mice in 4Q3C-treated groups were treated with either
1mg/kg/d or 10mg/kg/d 4Q3C (Tocris Bioscience, Bristol, UK), and
mice in AM630-treated groups were treated with 10mg/kg/d AM630
(Tocris) via intraperitoneal injection, beginning on the 21th day until
euthanasia. Mice in the sham and vehicle groups were treated, as
above, with an equivalent volume of PBS. In addation, designated an-
imals were treated with AM630 (10mg/kg/d) 10min prior to 4Q3C.

2.3. Assessment of collagen-induced arthritis (CIA)

Collagen-induced arthritis were scored twice a week independently
by 3 experienced researchers who were blinded to the order of the
visits. The observations were recorded manually on specially designed
forms. All of the legs were assessed and scored from 0 to 4 using the
methods established by Brand [32]. A Vernier caliper was used, as
previously described [33], to measure paw thickness. Arthritis scoring
and paw thickness measurements were independently carried out by
three observers.

2.4. Histopathological examination

Specimens were fixed with 4% paraformaldehyde for 24 h, and 10%
EDTA was used for 25 days to decalcify, ahead of paraffin embedding. A
5-micron square sample of the knee was cut sagittal using a microtome.
The sections were stained with hematoxylin and eosin. Images were
acquired at a magnification of 100× with the knee joint centrally

placed. Two individual pathologists performed semi-quantitative
scoring, on a four-point scale, of the different markers expressed in the
synovial tissue of the knee joints, and their scores were averaged.
Representative scores were as follows: 0=minimal; 1=mild; 2=mod-
erate; and 3=abundant marker expression. Differences in scores be-
tween observers were solved through mutual consultation.

A commercial tartrate-resistant acid phosphatase (TRAP) kit (Sigma,
St. Louis, MO, USA) was used to stain the knee joint sections to confirm
the effect of 4Q3C on osteoclastogenesis. TRAP-positive, multinucleated
cells on the surface of the destructed bone were regarded as osteoclasts
and were counted microscopically.

In addition, sections were stained with Safranin O-fast green to
evaluate cartilage degradation. A semi-quantitative scoring system of 0
(no loss of proteoglycan) to 3 (total loss of proteoglycan) was used to
score Safranin O staining [34].

2.5. Immunohistochemical staining

Sections were treated with 3% hydrogen peroxidase for 5min to
block endogenous peroxidase. Sections were then incubated with pri-
mary antibodies for RANKL (Abcam, Shanghai, China, 1:500), OPG
(Abcam, 1:1000), TNF-α (Abcam, 1:500), IL-1β (Abcam, 1:500), iONS
(Abcam, 1:600), or COX-2 (Abcam, 1:600) at 4 °C about 16 h.
Specimens were subsequently incubated with corresponding secondary
antibodies for 40min.

2.6. Micro-CT analysis

Hind paws and ankles were analyzed by micro-CT (SkyScan1176,
Aartselaar, Belgium). The Micro-CT program had an equidistant re-
solution of 9 μm, 60 kV, and 170 μA. Three-dimensional (3D) image
reconstructions were obtained using the associated software. Bone vo-
lume (BV), bone volume to bone volume fraction (BV/TV), bone surface
to volume ratio (BS/BV), and trabecular thickness (Tb.Th) were mea-
sured and calculated, as described previously [35].

2.7. Measurement of serum marker levels

The concentrations of TNF-α, IL-1β, RANKL, and OPG in the sera of
experimental CIA mice were measured using a sandwich ELISA (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), according to the manu-
facturer’s instructions.

2.8. Statistical analysis

All of the obtained results and measurements are expressed as the
mean ± standard deviation and were assessed statistically using a one-
way analysis of variance (one-way ANOVA). A P-value<0.05 was
considered significant.

3. Results

3.1. The CB2 agonist alleviated the severity of arthritis in CIA mice

Significant erythema and/or swelling was observed in untreated
mice (Fig. 1A, Supplementary Fig. 1A). The severity of arthritis in CIA
mice treated with low- and high- 4Q3C was significantly decreased. The
average arthritis score and foot thickness in CIA model were obviously
higher than in the 4Q3C-treated mice (Fig. 1B and C). However, there
was no significant difference in arthritis improvement with 1mg/kg vs.
10mg/kg 4Q3C. In addition, the average arthritis score and foot
thickness in AM630-treated mice were also obviously higher than in the
4Q3C-treated mice, and pre-treatment with AM630 (10min prior to
4Q3C) blocked the protective effects of 4Q3C (Supplementary Fig. 1B
and 1C).
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3.2. Micro-CT scan proved function of 4Q3C in CIA mice

To investigate the role of 4Q3C in arthritis, micro-CT and 3D re-
construction were employed to analyze the paws of mice in the four
different groups. Extensive bone erosion was observed in vehicle group
mice vs. control group mice (Fig. 2A, Supplementary Fig. 2A). By
contrast, treatment with 1mg/kg or 10mg/kg 4Q3C significantly re-
duced CIA joint destruction, particularly in the 10mg/kg 4Q3C group.
BV, BV/TV, BS/BV, and Tb.Th are functionally related (Fig. 2B–D).
Micro-CT analysis of paws revealed approximately 15%, 8%, and 3%
reductions in BV/TV in the vehicle, low 4Q3C, and high 4Q3C groups,
respectively, compared to the control group (Fig. 2F and G). The BS/BV
in 1mg/kg and 10mg/kg 4Q3C-treated CIA mice was markedly and
dose-dependently lower than in untreated mice (Fig. 2E), suggesting a
higher volume and quality of preserved trabecular bone (Fig. 2H), de-
spite joint inflammation. Whereas, AM630 didn’t impair bone de-
struction in CIA mice, and pre-treatment with AM630 (10min prior to
4Q3C) significant reversed the protective effects of 4Q3C on bone de-
struction (Supplementary Fig. 2B–E).

3.3. CB2 agonist improved histopathological findings in inflamed joints of
CIA mice

Histopathological results of knee joint sections from vehicle group
mice showed obvious hyperplasia of the synovial membrane, in-
flammatory cell infiltration and segmental bone defection. Conversely,
the degree of bone destruction and inflammatory cell infiltration was
markedly lower in CIA mice treated with 10mg/kg 4Q3C (Fig. 3A).
However, some inflammatory indicators were found in mice treated
with 1mg/kg 4Q3C. Semi-quantitative analysis of histopathological
features, as indicated by erosion and infiltration scores, was observed to
be somewhat dose-dependent (Fig. 3D, E). Significant functional defi-
cits in osteoclasts can be observed through TRAP staining. Many TRAP-
positive cells had accumulated along the eroded bone surface in un-
treated CIA mice as evidenced by Trap staining (Fig. 3B). The number of
osteoclasts in 4Q3C-treated mice was significantly lower than in un-
treated CIA mice, and this reduction tended to be dose-dependent
(Fig. 3F). In addition, the loss of proteoglycan was significantly lower in
the knee joints of 4Q3C-treated mice compared with vehicle group mice
as shown by Safranin O-fast green staining (Fig. 3C, G). Interestingly,
the bone protection effects of 4Q3C was altered after pre-treatment
with AM630 (Supplementary Fig. 3), which further demonstrated that

Fig. 1. CB2 agonist reduced the severity of ar-
thritis in CIA mice. (A) Representative photo-
graphy of the front of the hind paws from mice
without any treatment (sham), mice receiving
collagen only (vehicle), and CIA mice treated
with 4Q3C at 1 mg/kg/day (low) and 10mg/
kg/day (high). (B, C) Concentrations of 1mg/
kg and 10mg/kg 4Q3C markedly decreased
the mean arthritis score and paw thickness in a
dose-dependent manner compared with ve-
hicle group mice. n= 10 per group. Data are
expressed as the mean ± SD, *p<0.05,
**p<0.01.

Fig. 2. CB2 agonist prevented bone destruction
in CIA mice as shown by the micro-CT scan. (A)
Severe bone erosions were observed in un-
treated CIA mice; however, 10mg/kg 4Q3C
treated CIA mice showed less joint destruction.
CIA mice treated with 1mg/kg 4Q3C also
showed some improvement compared with
untreated mice. (B, C, D) Bone volume (BV),
bone volume fraction (BV/TV), bone surface
density (BS/BV), and trabecular thickness
(Tb.Th) significantly correlated well with one
another. (E, F, G, H) BV, BV/TV, and Tb.Th in
4Q3C-treated CIA mice were significantly
higher than that in vehicle group mice. In ad-
dition, BS/BV in 10mg/kg 4Q3C-treated CIA
mice was significantly lower compared with
untreated mice. n= 10 per group. Data are
expressed as the mean ± SD, *p<0.05,
**p<0.01.
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4Q3C reduced RA-induced inflammatory cell infiltration, bone and
cartilage destruction via activation of CB2 signaling pathway.

3.4. CB2 agonist decreased marker expression in inflamed joints of CIA mice

Immunohistochemical analysis of knee joint sections showed that

positive staining for TNF-α (Fig. 4A) and IL-1β (Fig. 4B), located mainly
in inflammatory cells, was significantly increased around the knee
joints of mice in the vehicle group compared to the sham group (Fig. 4E,
F). On the contrary, the levels of TNF-α or IL-1β observed in mice
treated with 10mg/kg 4Q3C were similar to those in control mice.
iONS (Fig. 4C) and COX-2 (Fig. 4D) staining were markedly positive in

Fig. 3. Histological staining and histomorpho-
metric analysis in CIA mice. (A) Hematoxylin
and eosin (H&E), (B) tartrate-resistant acid
phosphatase (TRAP), and (C) Safranin O-
stained histological slices (original magnifica-
tion × 100). (D) Histomorphometric analysis
of erosion score, (E) infiltrate score, (F) osteo-
clast number, and (G) histological score were
measured by two independent pathologists.
n= 10 per group. Data are expressed as the
mean ± SD, *p<0.05, **p<0.01.

Fig. 4. Immunohistochemical staining for
tumor necrosis factor alpha (TNF-α), IL-1β, IL-
6, inducible nitric oxide synthase (iONS), and
cyclooxygenase 2 (COX-2) in CIA mice. (A, B,
C) Immunohistochemical analysis of untreated
CIA mice showed significantly positive staining
for TNF-α, IL-1β, and IL-6, localized mainly in
the inflamed cells around the joints. In con-
trast, few remarkable positive staining reac-
tions for TNF-α, IL-1β, or IL-6 were found in
4Q3C-treated mice as with controls. Positive
staining reactions for TNF-α, IL-1β, or IL-6
occurred in a dose-dependent manner. Staining
for iONS and COX-2 showed a similar pattern
in CIA mice (original magnification ×100). (E,
F, G, H) Semiquantitative analysis was per-
formed by two independent pathologists and
showed that 10mg/kg 4Q3C markedly reduced
inflammation in the joints. n= 10 per group.
Data are expressed as the mean ± SD,
*p<0.05, **p<0.01.
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vehicle mice but lower in 4Q3C-treated mice. Semi-quantitative ana-
lysis by two independent pathologists found more significant staining in
untreated mice compared to 1mg/kg and 10mg/kg 4Q3C-treated mice
(Fig. 4G, H).

3.5. CB2 agonist decreased the serum levels of inflammatory cytokines

To investigate whether 4Q3C can reduce the serum levels of in-
flammatory cellular factors, the concentrations of TNF-α (Fig. 5A,
Supplementary Fig. 4A), IL-6 (Fig. 5B, Supplementary Fig. 4B), and IL-
1β (Fig. 5C, Supplementary Fig. 4C) were measured in serum from CIA
mice. The results showed that 4Q3C markedly and dose-dependently
reduced the serum levels of these cytokines. Serum levels of TNF-α, IL-
6, and IL-1β were over 60% lower in mice in the 10mg/kg 4Q3C group
compared to mice in the vehicle group. In addition, pre-treatment with
AM630 obviously increased the serum levels of TNF-α, IL-6, and IL-1β
even in the presence of 4Q3C.

3.6. Effects of 4Q3C on RANKL and OPG expression

To further research the mechanism by which 4Q3C suppresses bone
destruction caused by inflammation in CIA mice, the levels of RANKL,
OPG, and the OPG/RANKL ratio were confirmed in both local and
serum sections. As shown in Fig. 6A and B, levels of RANKL and OPG
were higher in the vehicle group compared with the sham group
(Fig. 6C, D). This could be because OPG has a self-regulatory me-
chanism and adjusts its own expression level in order to prevent bone
destruction by RANKL. As a result, the ratio of OPG to RANKL was
decreased (Fig. 6E). After 5 weeks of treatment with 4Q3C, expression
of RANKL was significantly reduced and expression of OPG was slightly
increased both in the 1mg/kg and 10mg/kg treated groups compared
to the vehicle group. Interestingly, 4Q3C was found to reverse the
RANKL to OPG ratio.

The serum levels of RANKL (Fig. 6F) and OPG (Fig. 6G) were de-
tected via ELISA. RANKL levels in the vehicle group were remarkably
increased, while OPG levels were only slightly increased. The above
results indicate that treatment with 4Q3C reduced RANKL secretion and
increased OPG secretion, resulting in a reverse of the RANKL and OPG
ratio (Fig. 6H).

4. Discussion

The endocannabinoid system clearly exists in the joints, bones,
spleen, gut, vessels, brain [10], as well as in many peripheral tissues.
Hence, cannabinoid-based drugs may have significant impacts on pro-
cesses within these tissues. However, CB1-mediated psychotropic side
effects are the main drawback to the extensive use of cannabinoids.
Therefore, CB2-selective agonists have drawn special pharmacological
attention since they do not have psychotic effects. Results of the current
study indicate that the joint inflammation and bone erosion in RA are
markedly reduced by the activation of CB2 signaling in mice treated
with 4Q3C. These data provide promising therapeutic targets for the
development of specific pharmacological approaches to efficiently treat

RA.
Although CB2 is found in all immune cells, the expression level is

different between the non-activated and activated state. Moreover, CB2

has been identified in many other cell types, such as endothelial cells
[36], articular chondrocytes [37], osteocytes, osteoblasts, and osteo-
clasts [29]. Recently, CB2 protein was found in RA synovial tissue
homogenate [27]. In RA synovium, which contains a large amount of
immune cell infiltration, it is common to find CB2. FLS are thought to be
the driving force for the spread of immune responses and joint damage
in RA [38]. It has been confirmed that CB2 can be upregulated by
proinflammatory mediators expressed in RA-FLS [28]. These data in-
dicate that CB2 is expressed in many cells involved in the pathophy-
siology of RA.

As expected, the current study demonstrated that CB2 agonists les-
sened arthritis in CIA mice and ameliorated damage as shown by joint
histopathology. Moreover, 4Q3C but not AM630 significantly reduced
inflammatory cell infiltration, synovial hyperplasia, and bone destruc-
tion. In addition, TNF-α, IL-1β, iONS, and COX-2 levels were decreased
in inflamed joints. To confirm these results, BV, BV/TV, BS/BV, and
Tb.Th, which are related to periarticular bone destruction and osteo-
penia, were measured using high quantitative micro-CT and 3D re-
construction [39–41]. The results showed that 4Q3C ameliorated all of
the parameters in a dose-dependent manner, and bone structure with
10mg/kg 4Q3C was comparable to that of controls. These findings raise
questions about the mechanism of action of CB2 agonists in the pre-
vention of bone destruction induced by RA.

One explanation for this is the obvious inhibition of osteoclasto-
genesis in the 4Q3C-treated animals. In this study, the number of TRAP-
positive cells was significantly higher around the joints of vehicle group
mice compared to 4Q3C-treated and sham group mice indicating that
4Q3C inhibited osteoclastogenesis in CIA mice. In line with our results,
other authors have reported that the therapeutic effect of selective CB2

agonists on RA is related to osteoclastogenesis [42,43]. Inhibition of
osteoclast formation by 4Q3C led to a dramatic decrease in the number
of osteoclasts, thus alleviating joint damage. These results indicate that
the prevention or reduction of RA-induced bone destruction by 4Q3C is
mediated by the inhibition of osteoclast formation.

The link between 4Q3C and the imbalance of RANKL and OPG may
also explain the protective effects on RA-induced bone destruction.
During the regulation of osteoclastogenesis, RANKL binds to RANK and
promotes the differentiation and proliferation of osteoclasts, which is
important for bone resorption. OPG, a decoy receptor of RANKL, sup-
presses osteoclastic bone resorption by preventing the interaction of
RANKL and RANK. Thus, the balance between RANKL and OPG is ne-
cessary for the modulation of bone reconstruction by regulating the
activation state of osteoclasts. Studies have shown that RANKL levels
are increased and OPG levels are decreased in RA, which promotes
osteoclast proliferation and bone resorption, indicating that the balance
between RANKL and OPG plays an essential role in RA-induced bone
destruction [44].

Other studies have shown a significant inflammatory response and
an increase in the expression of proinflammatory cytokines in RA
[45–47]. Cytokines, especially TNF-α and IL-1β, stimulate osteoclasts,

Fig. 5. Serum levels of TNF-α, IL-1β, IL-6. (A, B, C) Serum levels of TNF-α, IL-1β, IL-6 in each group. n= 10 per group, the assays were performed at least three times
for each sample. Data are expressed as the mean ± SD, *p < 0.05, **p < 0.01 (n.s.: no significance).
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chondrocytes, neutrophils, and synovial fibroblasts to induce varying
MMPs and joint-destructive enzymes [48], including COX-2 and iONS,
in inflamed joints. These enzymes mediate cartilage degradation and
bone erosion resulting in pain and joint destruction. Considering the
importance of CB2 agonists in inflammatory diseases [49,50], inhibition
of proinflammatory cytokines by 4Q3C was examined in CIA mice. As
expected, 4Q3C effectively reduced the expression of TNF-α, IL-1β,
iONS, and COX-2. TNF-α and IL-1β are among the major cytokines that
are detected in tissues and are known to be potent mediators of bone
destruction associated with RA [51,52]. At the same time, it has been
demonstrated that these proinflammatory cytokines up-regulate the
activity and expression of RANKL [53], denoting their important role in
RA-induced bone destruction. Based on these results, the inhibitory
effect of 4Q3C on pro-inflammatory cytokine production is the main
reason for its protection against RA-induced bone destruction.

Taken together, these data suggest that CB2-selective agonists, like
4Q3C, significantly impair RA-induced bone destruction by inhibiting
osteoclast formation and activation. Their ability to control the anti-
inflammatory, RANKL, and OPG ratios also contributes to this process.
In conclusion, CB2-selective agonists may be excellent candidates for
new therapeutic agents for the treatment of RA.
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