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Abstract
Objective
Recent studies showed that the expression of cannabinoid receptor 2 (CB2), not CB1, is upregulated at both the mRNA
and protein levels in rheumatoid arthritis synovial fibroblasts (RASFs), however, little is known about its endogenous role
in pro-inflammatory cytokine signalling in RASFs. Our aim was to investigate the role of CB2 receptor in mediating
IL-1[-induced inflammation in human RASFs.

Methods
Human RASFs were pretreated with CB2 selective agonist (JWH-133), followed by stimulation with interleukin-13 (IL-1[,
10 ng/mL). The role of CB2 in IL-1 signalling was examined using small interfering RNA (siRNA) or an overexpression
plasmid specific for CB2.

Results
Pretreatment with JWH-133 did not reduce IL-1[-induced IL-6 and IL-8 production and amplified the cellular expression
of cyclooxygenase-2 (COX-2) by >2-fold in human RASFs. Furthermore, the knockdown of CB2 using siRNA markedly
inhibited IL-15-induced IL-6, IL-8, ENA-78, and RANTES production by more than 50% and completely abrogated
COX-2 expression in human RASFs. MMP-2 and MMP-9 activity was also reduced by 50% with CB2 knockdown.

On the contrary, overexpression of CB2 in human RASF's further increased IL-1B-induced IL-6, IL-8, and RANTES by
approximately 3-fold whereas ENA-78 expression increased by 1.5-fold. Immunoprecipitation analysis to study the
protein-protein interactions revealed that JWH-133 coordinates CB2 association with TGF[3-activated kinase 1 (TAKI),
a key signalling molecule, to increase IL-1[3-induced nuclear translocation of transcription factors nuclear factor-xBp65
(NF-xBp65) and activation protein-1 (AP-1).

Conclusion
Overall, our results indicate for the first time that CB2 mediates IL-1f-induced signalling pathways in RASFs and may
serve as a potential target to manage pain and inflammation in RA.
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Introduction

Rheumatoid arthritis (RA) is an autoim-
mune disease characterised by inflam-
mation and joint degradation. Rheu-
matoid arthritis synovial fibroblasts
(RASFs) are active contributors of RA
by producing inflammatory mediators,
chemotactic factors, and matrix met-
alloproteinases (MMPs) that degrade
bone and joints. Current therapies for
RA alleviate symptoms (non-steroidal
anti-inflammatory drugs, NSAIDs) and
slow down disease progression (dis-
ease-modifying anti-rheumatic drugs,
DMARDs). However, these therapies
do not fully manage pain as suggested
by the studies showing that disease ac-
tivity score-28 (DAS-28) scores do not
reflect a reduction in pain in RA pa-
tients on current treatment options (1).
The endocannabinoid system (ECS) is
made up two evolutionally conserved
receptors, cannabinoid receptor 1 and
2 (CBI and CB2), both G, protein-
coupled receptors. The ECS regulate
several physiological and pathological
conditions, including immunomodula-
tion, inflammation, analgesia, and ad-
diction (2-4). The two thoroughly stud-
ied endogenous ligands to the ECS are
anandamide (AEA) and 2-arachago-
nlyglycerol (2-AG). Binding of these
ligands to CB receptors releases G
which reduces adenylyl cyclase activ-
ity. This causes a reduction in cyclic
AMP (cAMP) levels, which results in
analgesic and anti-inflammatory ef-
fects (5). CB1 is mainly expressed in
the central nervous system and primar-
ily responsible for the psychoactive ef-
fects of cannabinoids concomitant to
the neuroprotective effects (6). CB2
is mainly expressed peripherally with
its highest expression being on im-
mune cells, where it is thereby associ-
ated with the anti-inflammatory effect
of cannabinoids (5, 6). Currently, only
two FDA approved xenobiotics tar-
get the ECS. Dronabinol (Marinol®),
a synthetic THC analogue, has been
FDA approved for HIV/AIDS patients
as an appetite stimulating agent (7). Sa-
tivex, a combination of tetrahydrocan-
nabinol (THC) and cannabidiol (CBD),
is approved in Europe and Canada as a
treatment for pain in cancer and multi-
ple sclerosis patients (8).

Recent studies suggest that the ECS
may reduce both pain and inflamma-
tion in RA (9, 10). Both CB1 and CB2
expression have been characterised in
RASFs, where CB2 was shown to be
upregulated in RA synovial tissue and
fibroblasts compared to osteoarthritis
samples. The endogenous ligands AEA
and 2-AG are found at detectable lev-
els in the synovial fluid of RA patients,
whereas they are undetectable in healthy
joints suggesting the ECS is more active
in RA. However, the reason for CB2
upregulation and the effects of CB2-tar-
geted therapies remains unknown. The
effects of CB2 specific agonists seems
to be dependent on the cell type. JWH-
133 is a specific CB2 agonist which has
over 200 times more affinity for CB2
than CBI1, therefore is a useful ago-
nist to study the role of CB2 in various
diseases (11). Interestingly, JWH-133
administration reduced pain-related be-
haviour in a rat monosodium iodate-in-
duced osteoarthritis model (12). JWH-
133 also showed anti-inflammatory
and bone-protective effects in a mouse
collagen induced arthritis model (13).
However, JWH-133 administration in
retinal pigment epithelium (RPE) cells
is pro-inflammatory (14). This suggests
that endocannabinoid signalling via
CB2 can be either beneficial or harmful
depending on the system. Therefore, in
order to determine how beneficial ECS
targeted therapies will be for RA, it is
essential to understand how endocan-
nabinoid signalling via CB2, which is
expressed peripherally and specifically
upregulated in the RA synovium, may
modulate the production of inflamma-
tory mediators by resident synovial fi-
broblasts in RA joints.

In this study, we characterised the role
of the CB2 receptor in inflammatory
signalling in RASFs, using both siRNA
knockdown and plasmid-based overex-
pression of CB2, as well as direct ac-
tivation of CB2 by its specific agonist
JWH-133. By modulating its expres-
sion levels, we demonstrated that CB2
may enhance inflammatory signals as-
sociated with pain in RASFs. Using
the CB2-specific agonist JWH-133, we
showed that CB2 signalling contributes
to the production of IL-1f-induced pro-
inflammatory molecules, and propose a
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possible mechanism through which it
exacerbates IL-1B-induced signalling
in RASFs.

Materials and methods

Chemicals and reagents

Antibodies used in this this study are
as follows: MyD88, TRAF6, p-TAK-
Thr184/187’ p_IRAK4Thr345/Ser346’ p_IRAK_
1209 TRAK4, p65-NFkB, p-cJuns’3
and anti-DYKDDDDK (FLAG) Tag
were purchased from Cell Signal-
ing Technologies (Danvers, MA; cat.
no. 4283, 8028S, 90C7, D6D7, T209,
4363P, 82425, D47G9, and 23688, re-
spectively). TAK1 and CB2 antibodies
were purchased from Abcam (Cam-
bridge, MA; cat. no. ab109526, ab3561)
IRAK1 and p-Actin were purchased
from Santa Cruz Biotechnology (Santa
Cruz, CA; sc-47778; H273). All anti-
bodies were diluted in 5% BSA/TBST
according to the manufacturers’ recom-
mendation. JWH-133 was purchased
from Tocris (Cat: 1343; =98% HPLC)
and dissolved in DMSO at a stock con-
centration of 10 mM. Recombinant hu-
man IL-1P and TNF-o were purchased
from R&D systems (cat. no. 201-LB
and 210-TA).

Culturing of human RASFs

De-identified human synovial tissues
from patients diagnosed with RA ac-
cording to the American College of
Rheumatology (ACR) guidelines were
obtained from Cooperative Human Tis-
sue Network (CTHN; Columbus, OH)
and National Disease Research Inter-
change (NDRI; Philadelphia, PA). Tis-
sues used in this study were collected
from 8 females and 2 males with an
average age of 50+5.7 years. Samples
were acquired according to an Institu-
tional Review Board (IRB) approved
protocol in compliance with the Dec-
laration of Helsinki. To isolate fibro-
blasts, synovial tissue was digested in
Dispase, collagenase, and DNAse be-
fore being seeded in 72 cm? flasks. Cells
were grown in RPMI 1640 medium
supplemented with 10% fetal bovine
serum (FBS), 5000 U/ml penicillin, 5
mg/ml streptomycin, and 10 pg/ml gen-
tamicin. Upon confluency (>85%) cells
were passaged with brief trypsinisation
as previously described (15, 16). Exper-
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iments were done using cells that were
passed at least 4 to 5 times to ensure
pure fibroblast population by confirm-
ing presence of RASF specific markers
such as Cadherin-11,CD55,and CD106
(17). For experimental purpose, RASFs
between passages 5—10 were used. All
treatments were done in serum free me-
dia. Each experiment was performed on
cell lines established from at least 3 or
more different RA patients in this study.

Treatment of RASFs

RASFs were seeded in 6-well plates
and grown to >85% confluency. Cells
were pretreated with 10 or 20 pM of
JWH-133 for 10 minutes prior to the ad-
dition of IL-1f (10 ng/mL) for 30 min-
utes for signalling studies or 24 hours
to evaluate the production of IL-6 and
IL-8 and examine COX-1 and COX-
2 expression. Conditioned media was
used for the quantification of IL-6, IL-
8, and PGE, by ELISA and cell lysates
were prepared for the analysis of IL-1p
signalling proteins like p-P38, p-JNK,
p-ERK, and p-TAK-1(Thr!'8¥1%7) using
Western immunoblotting.

gRT-PCR

RASFs were treated with IL-1f3 (10 ng/
mL) or TNF-a (20ng/mL) or non-stim-
ulated (NS) for 8 hours prior to termina-
tion. Cells were collected in ImL of TRI-
zol Reagent (ThermoFisher Scientific,
cat. no. 15596026). RNA was extracted
using the company provided protocol.
150 ng of RNA was used to make cDNA
using Superscript II ¢cDNA kit (Ther-
mokFisher, cat. no. 11904018). SYBR
Green quantitative real-time PCR was
used for analysis of CB1 (PPHO1504A)
and CB2 (PPH02723A) expression us-
ing Qiagen RT? primers with GAPDH
(QT00079247) as a control. Quantifica-
tion of the relative expression was done
using the AACt method.

Western immunoblotting

Whole cell extract was prepared using
RIPA buffer (50 mM Tris pH 7.6, 150
mM CaCl, 1% Triton X-100, 1 mM
EDTA, 1 mM DTT, 0.5% sodium de-
oxycholate, and 0.1% SDS) containing
protease and phosphatase inhibitors
(Roche Basel, Switzerland). Protein
was measured using DC Protein Assay

™ (Bio-Rad, Hercules, CA). An equal
amount of protein (25 pg) for each sam-
ple was loaded and separated on a 10%
acrylamide gel and transferred onto
PVDF membrane (EMD Millipore,
Billerica, MA). Blots were then blocked
in TBST containing 5% nonfat dry milk
for two hours prior to overnight incuba-
tion with respective primary antibody
with dilution according to manufactur-
er. Protein bands were visualised using
chemiluminescence and analysed using
Image Lab software (Bio Rad) for band
intensity. Blots were probed for B-actin
to ensure equal loading.

Nuclear and cytosolic fractions
Nuclear and cytosolic fractions were
isolated as previously described (18).
Briefly, cells were treated with JWH-
133 and/or IL-1P for 30 minutes prior
to the addition of buffer containing
HEPES (10 mM pH 7.9), EDTA (0.1
mM), EGTA (0.1 mM), DTT (1 mM),
and PMSF (0.5 mM). Cells were in-
cubated in buffer for 30 minutes, then
10% Triton-X 100 was added. Cells
were collected and spun at 12,700 rpm
for 5 minutes, after which the superna-
tant was collected as cytosolic fraction.
Nuclear extraction buffer containing
HEPES (10 mM), NaCl (0.4 M) and 1
mM of EDTA, EGTA, DTT, and PMSF
was added to the remaining cell pellet
and vortexed at 4°C for an hour. The su-
pernatant was collected as nuclear frac-
tion after centrifugation at 10,000 rpm
for 15 minutes.

Assay for IL-6, IL-8, ENA-78,

and RANTES production

The conditioned media was collected
from IL-18 stimulated samples with
or without JWH-133, spun down at
10,000 rpm for 10 minutes at 4°C to re-
move particulate matter, and collected
in fresh Eppendorf tubes. The collected
supernatants were analysed for human
IL-6 (DY2006), IL-8 (DY208), ENA-78
(DY254), and RANTES (DY278) lev-
els using colorimetric sandwich ELISA
kits (R&D Systems, Minneapolis, MN)
as per manufacturer’s instructions.

Insect cell expression system

TAK1-TAB2 fusion plasmid was pur-
chased from University of Dundee
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Fig. 1. Charactering CB1 and CB2 Expression in RA.
(A) Normal and RA synovial tissues (NLST and RAST) were digested and evaluated for CB1 and CB2 expression. RASTs had higher CB2 expression that
normal tissue. * p<0.05, Student’s #-test, n=4 of RA and normal tissue. Normal and RA synovial fibroblasts were isolated from tissue and grown to conflu-
ency before being serum starved overnight. (B and D) Cell lysates were collected and probed for CB1 (B) and CB2 (D) expression. Representative blot of
3 RASFs, OASFs, and NLSFs is shown, however, analysis was performed on SF cell lines obtained from 5 donors for each condition. (C and E) RNA was
isolated from RASFs, OASFs, and NLSFs and subjected to mRNA analysis of CB1 (C) and CB2 (E) using SYBR green qRT-PCR. (F) RASFs were then
stimulated with IL-1f (10 ng/ml) and TNF-a (20 ng/ml) for 24 hours then lysates were assayed for CB1 and CB2 expression or (G) for 8 hours for mMRNA
analysis. *p<0.05 n=5, one-way ANOVA. NS = non-stimulated.
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(United Kingdom). V5 tag was insert-
ed into the multiple cloning site of the
plasmid using BamHI. Plasmid was
transformed into DH10Bac™ compe-
tent cells (ThermoFisher Scientific)
and selected for using kanamycin and
ampicillin resistance. Bacmid was pu-
rified and sequenced using PCR before
being transfected into Sf9 cells with
Cellfectin (ThermoFisher Scientific).
Ten days after transfection, recombi-
nant baculovirus particles were col-
lected and used to transfect Sf9 cells.
Sixty-six hours after the third transfec-
tion, cells were lysed to collect whole
cell extract and TAK1-TAB2_VS5 fu-
sion protein was purified for use in fur-
ther experiments.

Immunoprecipitation (IP)

IP method was adapted from the meth-
od previously described (19). Briefly,
RASFs were grown to 80% confluen-
cy in 150 mm plates and treated with
JWH-133 (20 uM) for 10 minutes prior
to the addition of IL-1p for 30 minutes.
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Whole cell lysates were collected with
RIPA buffer as previously described.
One hundred and twenty pl of V5 affin-
ity gel volume equivalent (Sigma) was
incubated with TAKI-TAB2 fusion
protein overnight at 4°C on a rotator,
then added evenly to the samples with
equivalent protein (1 mg). Mixture was
incubated for 4 hours to capture associ-
ated proteins. The protein complex was
eluted out with 2X sample buffer for 15
minutes at 70°C.

Small-interfering RNA (siRNA)

siRNA sequences for CB2 were pur-
chased from Sigma MISSION prede-
signed siRNA [Catalogue SASI_Hs01_
00041077, SASI_Hs01_00041084,
Sigma] and RASFs were transfected
as previously described (20). RASFs
were transfected with 120 pmoles of
negative (SIC001) or CB2 siRNA with
Lipofectamine 2000 (Thermo Fisher
Scientific) in Opti-MEM media for 8
hours. Media was replaced with RPMI
media supplemented with the next day.

Forty-eight hours after transfection,
RASFs were serum starved overnight
prior to IL-1f simulation for 24 hours.

Overexpression

CB2 (Cat: U446D5DA300) and con-
trol plasmids were purchased from
GenScript (Piscataway, NJ). Plasmids
were inserted into TOP10 cells and am-
plified in lysogeny broth (LB) supple-
mented with ampicillin. Plasmid was
purified with MidiPrep Kit (Qiagen)
and cells were transfected with 100 ng
of plasmid with Lipofectamine for 24
hours prior to serum starvation and IL-
1 stimulation.

Gelatin zymography

MMP-2 and MMP-9 activity was deter-
mined as previously described (18, 21).
Briefly, conditioned media from siRNA
and overexpression experiments was
resolved under non-reducing conditions
on SDS-polyacrylamide gels polymer-
ised with 1 mg/ml gelatin (type B from
bovine skin). Gels were washed in 2.5%
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Fig. 2. JWH-133 treatment
up regulates or maintains IL-
1P induced IL-6, IL-8, and
COX-2 production.

(A) RASFs were grown
to confluency and serum
starved overnight. Next
morning JWH-133 was add-
ed to RASFs at 10 and 20uM
concentrations 10 minutes
) prior to IL-1f (10 ng/ml)

q\‘?‘\ stimulation for 24 hours.

Whole cell lysate was as-
sayed for COX-1 and COX-
2 (A) and the conditioned
media was used to determine
IL-6 (B) and IL-8 (C) pro-
duction. Densitometric anal-
ysis was performed on COX-
2 which was normalised to
[3-actin loading control.
*p<0.05, one-way ANOVA
n=3 where 3 different cell
lines derived from 3 differ-
ent RA patients was used.
NS= non-stimulated.

*p<0.05; n=3

)
>
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Triton X-100 for 30 minutes with gentle
shaking, then washed again in 1X de-
veloping buffer (50 mM Tris HCI [pH
8.0], 5 mM CaCl,, and 0.02% NaNj,)
for 30 minutes. Afterwards, gels were
incubated overnight in fresh developing
buffer at 37°C, stained in Coomassie
brilliant blue R250 for two hours then
destained using a solution of 7% glacial
acetic acid and 5% methanol.

Statistical analysis

Statistical analysis was performed using
GraphPad Prism Software. Student’s #-
test was used between RA and NL tissue
(Fig. 1). One-way ANOVA was used to
evaluate differences of means between
NS, IL-1f, TNF-a (Fig. 1) and NS, IL-
18 +JWH-133,JWH-133 (Figs. 2,3 and
5). Two-way ANOVA was used between
siRNA and overexpression groups (Fig.
4). All ANOVA tests were followed with
Tukey’s multiple-comparison test. Due
to large variability in protein expres-
sion, data was either normalised to posi-
tive control (IL-1f) or negative control
(NS). All tests assumed normal distri-
bution where oo = 0.05 was considered
significant. All data are presented as the
mean = SEM where error bars in the
figures represent the SEM. Mean was
taken from data obtained from RASFs
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derived from 3 or more RA patients un-
less otherwise noted.

Results

CB?2 is upregulated in RASFs

Previous studies suggest higher expres-
sion of CB2 in RA compared to OA at
the tissue and synovial fibroblast levels
(9,22),however, the changes compared
to normal/non-diseased (NL) samples
were not previously published. West-
ern blot analysis showed RA synovial
tissues (RASTs) had 1.5-fold higher
expression of CB2 compared to NLSTs
(Fig. 1A; p<0.05; n=3). As reported in
previous studies, CB2 was seen as 60,
55, and 40 kDa bands in RASTs due to
various glycosylation states and CBI
has been observed at 65 kDa (22). Fur-
thermore, the evaluation of CB1 and
CB2 expression in NLSFs, OASFs, and
RASFs showed no change in CB1 ex-
pression at the protein level (Fig. 1B),
but there was an increase in CB1 ex-
pression at the mRNA level (Fig. 1C).
Nevertheless, there was a consistent
increase of CB2 expression in RASFs
compared to NLSFs or OASFs at the
mRNA and protein levels (Figs. 1D
and E, p<0.05, n=5). RASFs stimulat-
ed with IL-1p for 8 hours showed an
upregulation of CB2 mRNA (Fig. 1G,

p<0.05,n=5). RASFs stimulated for 24
hours with IL-1f resulted in a mod-
est upregulation in CB2 expression
by ~20% in RASFs compared to the
non-stimulated (NS) control. (Fig. 1F;
p<0.05, n=5). Because TNFa did not
have a pronounced effect, we conduct-
ed further studies using IL-1f only.

JWH-133 upregulates IL-1{-induced
COX-2, IL-6 and IL-8 expression

in RASFs

Next, we studied the effect of CB2 ago-
nist JIWH-133 on IL-1f3-induced inflam-
matory mediators in human RASFs.
Our Western immunoblotting results
and densitometric analysis showed that
IL-1B-induced COX-2 expression was
further increased by ~70% and ~150%
with the pretreatment of JWH-133 at
10 and 20 pM, respectively (Fig. 2A;
p<0.05). COX-1 expression remained
unchanged, suggesting that JWH-133
selectively enhances IL-1fB-induced
COX-2 expression in human RASFs
(Fig. 2A). Furthermore, we analysed
IL-6 and IL-8 production in the condi-
tioned media collected after 24 hours of
IL-1f stimulation alone or in the pres-
ence of JWH-133 at 10 and 20 pM.
Results of the ELISA assay showed
that JWH-133 significantly enhanced

Clinical and Experimental Rheumatology 2019
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immunoblotting. (B) Nuclear and Cytosolic fractions from similarly treated samples were analysed for nuclear translocation of p-cJun and NF-kBp65.

Densitometric analysis was performed on COX-2 which was normalised to NS.
*p<0.05 one-way ANOVA, n=3 where 3 different cell lines derived from 3 different RA patients was used. NS= non-stimulated.
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IL-1p-induced IL-6 production by
~21% and IL-8 production by ~12% in
RASFs (Figs. 2B and C). Surprisingly,
the highest tested dose of JWH-133 (20
M) either maintained or deceased when
treated IL-6 and IL-8 levels with the
highest dose whereas the lower dose
(10 pM) seemed to upregulate them.

JWH-133 does not affect IL-15
signalling pathways in human RASF's
Since we observed upregulation in in-
flammatory mediators, we sought to
examine the level of expression or ac-
tivation of signalling proteins that play
a pivotal role in the IL-1f3 signalling
pathway in human RASFs (19). RASFs
were stimulated with IL-13 alone or
with JWH-133 (20 uM) for 30 minutes
to study the expression pattern of IL-1f3
signalling proteins. Our results showed
that the expression levels of many of
the IL-1 signalling phosphorylated pro-
teins did not change with JWH-133 in
combination with IL-13 without chang-
ing the levels of total protein (Fig. 3A).
However, JWH-133 by markedly af-

Clinical and Experimental Rheumatology 2019

fected the basal phosphorylation of
MAPKSs, including p-JNK/p46 and p-
ERK, and exhibited slightly activation
of P38, suggesting JWH-133 activation
of CB2 may have the capability to co-
operate with IL-1f signalling pathways
(Figs 3B-D). This correlates with a
modest increase in basal IL-8 produc-
tion observed in Fig. 2C.

In addition to whole cell lysates, nuclear
and cytosolic fractions were analysed to
determine the nuclear translocation of
transcription factors NF-xkBp65 and p-
c-Jun (AP-1). The presence of JWH-133
further enhanced IL-1f-induced nuclear
levels of NF-Bp65 by ~17% and p-cJun
levels by ~21%, respectively (Figs. 3E-
G), which ultimately results in the ob-
served upregulation of COX-2 and in-
crease in IL-6 and IL-8 production.

The CB2 receptor enhances
inflammatory signalling in human
RASFs

To decipher the impact of CB2 receptor
in IL-1B-induced signalling in RASFs,
we knocked down CB2 expression us-

ing siRNA prior to stimulation with IL-
1B for 24 hours. Data was normalised
to IL-1B of control (CTR siRNA) for
clarity of the effect of CB2 knockdown.
Interestingly, evaluation of the condi-
tioned media showed that IL-6 and IL-8
production was significantly reduced to
~50% in CB2 siRNA treated samples as
compared to the control (CTR) siRNA
group (Figs. 4A and 4B). Similarly,
IL-1B-induced RANTES and ENA-78
production were also significantly re-
duced in CB2 siRNA treated RASFs
when compared to CTR siRNA treated
RASFs (Figs. 4C and D). Evaluation of
the conditioned media using gelatin zy-
mography showed that CB2 knockdown
significantly inhibited IL-1(3-induced
MMP-2 and MMP-9 activity in RASFs
by ~40% and ~50%, respectively (Figs.
4] and K). In addition, IL-1p-induced
COX-2 expression was significantly
reduced by ~85% by CB2 knockdown
compared to the CTR siRNA (Fig. 4L),
with no effect on COX-1 expression.

To complement our siRNA experi-
ments, we overexpressed CB2 by trans-
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Fig. 4. Effect of CB2 knockdown and overexpression on IL-1f-induced inflammation in human RASFs.

RASFs were grown to ~80% confluency before being transfected with 120pM CB2-targeted siRNA using Lipofectamine 2000 for 8 hours. Media was
replaced 24 hours after transfection then serum starved overnight 48 hours later. Next morning cells were stimulated with IL-1f (10 ng/ml) for 24 hours.
Conditioned media was assayed for IL-6 (A), IL-8 (B), ENA-78 (D), and RANTES (C) production and whole cell lysates were assayed for COX-1, COX-
2, and CB2 expression (L). Densitometric analysis was performed on COX-2 which was normalised to 3-actin loading control. Finally, the effect of CB2
knockdown on MMP-2 (J) and MMP-9 (K) activity was evaluated using gelatin zymography. In a similar experiment, RASFs were transfected with CB2_
FLAG overexpression plasmid with Lipofectamine 2000 for 24 hours. Cells were then serum starved and stimulated with IL-1f3 for 24 hours. Conditioned
media was assayed for IL-6 (E) and IL-8 (F) ENA-78 (H), and RANTES (G) production. Data was normalised to IL-1[3 of control (CTR or Mock plasmid)
for clarity of the effect of CB2 absence or presence. (I) FLAG tag western was used to confirm the expression of the plasmid.

*#p<0.05 two-way ANOVA n=3 where 3 different cell lines derived from 3 different RA patients was used.

fecting RASFs with a CB2_FLAG plas-
mid followed by IL-1f stimulation for
24 hours. Again, data was normalised
to IL-1f of control (Mock plasmid) for
clarity of the effect of CB2 overexpres-
sion. Transfection of CB2 plasmid was
validated using Western blotting (Fig.
41). Once transfection was confirmed,
we evaluated the conditioned media
which showed that CB2 overexpression
resulted in a ~2-fold increase in IL-6, a
~3-fold increase in IL-8, and ~1.5 fold
increase in ENA-78 compared to IL-1§3
stimulated group transfected with mock
plasmid (Fig. 4E, F and H). We also ob-
served a similar trend with RANTES,
however this increase was not statisti-
cally significant (Fig 4G).

The CB?2 receptor interacts with

IL-10 signalling proteins to enhance
inflammation

We performed protein association stud-
ies in order to decipher the potential
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mechanism of CB2 association with
TAKI to increase the IL-1f inflamma-
tory milieu (Fig. 5). TAK1 was select-
ed for further analysis because TAK1 is
a central upstream MAPK for inflam-
matory signalling in RASFs (23). For
association experiments, recombinant
TAK1-TAB2_V5 fusion protein was
purified from Sf9 cells. Upon terminat-
ing transposition experiments, Western
immunoblotting was used to confirm
the correct molecular weight and tag
(Fig 5A). An Equal amount of fusion
protein was incubated with whole cell
lysate stimulated with IL-1f3 or JWH-
133 for 30 minutes. V5 affinity gel was
used to pull down the TAK-TAB fusion
protein and any associated proteins.
Pulldown lysate was assayed for CB1
and CB2 expression using Western
immunoblotting. Interestingly, we ob-
served that CB2 associates with active
TAK-TAB fusion protein upon treat-
ment with IL-1f (Fig. 5B). Important-

ly, JWH-133 treatment also triggered
association of CB2 with TAK-TAB
fusion protein, suggesting that it has
capability to engage TAK1 mediated
signalling in RASFs, similar to IL-1f3.
In contrast, we found only a modest
association of CB1 with TAK-TAB
fusion protein with IL-1f3 stimulation,
whereas no association was observed
in the presence of JWH-133.

Discussion

Medical use of marijuana is on the rise,
yet our current understanding on the
endocannabinoid system and its effects
in the management of pain and inflam-
mation is limited. The current study
provides novel insight of CB2 in me-
diating IL-1B-induced signalling path-
ways in human RASFs to propagate
pain and inflammation. Using CB2
siRNA and overexpression approaches,
we provided preliminary evidence that
CB2 can interact with mediators of
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Fig. 5. CB2 may directly interact with TAK1 to propagate IL-1( signalling in human RASFs. (A) Recombinant TAK1-TAB2_VS5 fusion protein was puri-
fied from Sf9 cells to synthetise an active TAK1 kinase to confirm the correct molecular weight and tag. (B) Equal amount of fusion protein (1 mg) was
incubated with 1 mg of whole cell lysate obtained from IL-1f3 or JWH-133 stimulated samples. V5 affinity gel was used to pull down the TAK-TAB fusion
protein and any associated proteins. Pulldown lysate was assayed for CB1 and CB2 using Western and further densitometric analysis was performed. Den-
sitometric analysis was performed on CB2 which was first normalised to V5 loading control before being normalised to NS.

#*p<0.05 one-way ANOVA, n=3 where different cell lines derived from 3 RA patients was used. NS = non-stimulated CTR = control vector WT = wild type
TAK1-TAB1 plasmid.

Fig. 6. Schematic dia- IL-1B

gram of key findings.

Upon activation  with IL-1R
JWH-133, IL-1p induced

signalling is enhanced as ~ MyD88 IRAK1/4

evident by increased IL-6
and IL-8 production, and
COX-2 expression. This
may result from CB2 in-
teractions with the active
form of TAK-1. The re-
duction of IL-1f-induced
pain and inflammation
mediators ~ with  CB2
knockdown and their up-
regulation in response to
CB2 overexpression sug-
gest CB2 actively partici-
pates in IL-1f3 signalling
to cause RASF-mediated
inflammation.

\
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IL-1p signalling, especially TAK1, and
affect NF-xBp65 and JNK pathways.
Furthermore, our results show that the
CB2-specific agonist JWH-133 has a
pro-inflammatory effect in RASFs as
summarised in Figure 6. These findings
provide a rationale for targeting CB2 as
an adjunct therapeutic approach in the
management of pain and inflammation
in RA.

Previous studies in RA have used other
CB2 agonists to characterise the effects
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of the endocannabinoid system activa-
tion. However, not all CB2 agonists
show the same affinity. A study done
by Gui et al. used the CB2 agonist HU-
308 which has a K, value of 20 nM to
CB2 (9). A more recent study used WIN
55,212-2 which is more specific to CB2
(K;=3.3 nM) however, this compound
has been classified as an aminoalkyl
indole which structurally differs from
classical cannabinoids (THC and CBD)
(24). A recent study by Soethoudt et

al. validated several CB2 agonists and
concluded that HU-910, HU-308, and
JWH-133 should be used to study CB2
specific effects (11). Therefore, we se-
lected JWH-133 for further studies be-
cause it is highly specific to CB2 and is
structurally a part of classical cannabi-
noid family (K;=3.4 nM) (25).

Since our primary interest is pain and
inflammation in RA, we focused on
studying IL-1f signalling pathways.
In RASFs, IL-1P signalling results in
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production of IL-6, IL-8 and increased
expression of COX-2 (15, 26). Inter-
estingly, JWH-133 treatment caused
an upregulation COX-2 without affect-
ing IL-6 or IL-8 production. However,
previous reports with other CB2 ago-
nists shows significantly reduced IL-6
and IL-8 production (9, 24). Another
study done by Fukuda er al. also used
JWH-133 on RASFs and reported anti-
inflammatory effects (13). However,
these effects were seen with TNF-a
stimulation, which suggests that CB2
activation may produce a unique re-
sponse with different pro-inflammatory
cytokines. In our studies, we hypothe-
sised that direct activation of CB2 may
coordinate IL-1B-mediated pain and
inflammation.

To confirm our hypothesis, we per-
formed siRNA knockdown and over-
expression studies in RASFs. Looking
specifically at IL-1p signalling, we ob-
served that CB2 siRNA reduced the ex-
pression of inflammatory mediators and
chemokines whereas its overexpression
enhanced them. We further extended
our studies to chemokines (ENA-78
and RANTES) and MMP -2 and MMP-
9 which are important in the RA patho-
genesis and strongly induced by IL-1
and observed a similar result (18, 27).
Altogether, this suggests the CB2 re-
ceptor itself may play a role in inflam-
mation, which has not been described
until now in RA. A previous study done
with CB17- and CB2” mouse embryon-
ic fibroblasts also showed a reduction
in p-JNK and p-ERK expression (28).
In another study, CB2” mice were re-
sistant to LPS driven preterm birth with
lower levels of IL-6 (29). Altogether,
these findings support our conclusion
that CB2 is an important mediator in
pain and inflammation in RA.

While our results are open to interpre-
tation, we postulate that one-way CB2
may work to enhance inflammation is
through association. When CB2 is ac-
tivated, the receptor gets internalised
(30, 31). Indeed, Atwood et al. showed
that JWH-133 does cause internalisa-
tion of CB2 and activates MAPK sig-
nalling (30) with an unknown mecha-
nism. Here we show for the first time
that CB2 associates with the active
form of TAKI1, which is an essential
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MAPKKK for proinflammatory sig-
nalling (19, 23). Because TAK1 is up-
stream of the MAPKs, it is apparent
that CB2 activation may modulate the
MAPK signalling and inflammation by
maintaining or stabilising TAK1 acti-
vation. This is further confirmed by our
analysis of IL-1f proteins where we ob-
served JWH-133 alone could markedly
activate basal expression of MAPKs.
Since JWH-133 alone was also able to
activate CB2 binding to TAK-TAB fu-
sion protein, we suggest that JWH-133
may potentially coordinate CB2 signal-
ling by exploiting mediators of IL-1[
inflammatory signalling. However, this
work further warrants in-depth under-
standing of its nature of interaction.
Despite our findings, there are reports
that suggest CB2 activation is anti-in-
flammatory and is therapeutic target for
RA (10, 32, 33). Based on our results
and previously shown by Lowin et al.,
there is a possibility that CB2 agonists
may exert their anti-inflammatory ef-
fects through other receptor(s) be-
sides CB2 (24). In our study, the high-
est tested dose of JWH-133 (20 uM)
seems to lower or maintain IL-6 and
IL-8 levels whereas the lower dose (10
uM) seemed to upregulate them. Since
IL-1p is a potent inducer is of IL-6 and
IL-8, JWH-133 treatment does not re-
sult in further significant upregulation
of IL-6 and IL-8. Soethoudt et al. re-
ported that JWH-133 does activate Trp
channel receptor TRPA1 and perhaps
at higher doses this effect is further am-
plified (11). Besides off-target effects,
JWH-133 may perform differently in
vivo. The data presented here suggests
that JWH-133 administration would
not reduce pain and inflammation in
animal model of RA that relies heavily
on IL-1f. One in vivo study with JWH-
133 showed an increased hyperemia
in healthy rat joints thus promoting
inflammation (34). Yet in the mono-
sodium iodate-induced OA rat model,
JWH-133 administration reduced pain
related behavior in rats (12). Therefore,
further research is needed using pre-
clinical models of RA to validate the
CB2 specific therapy for RA.

In conclusion, we describe a novel role
of CB2 receptor in mediating IL-1(3-
induced inflammation in human RAS-

Fs. To our knowledge, this study is the
first to show that CB2 receptor and its
signals are proinflammatory in RASFs,
contrary to the current notion that endo-
cannabinoids are only anti-inflammato-
ry. It is worth noting that an increas-
ing number of RA patients are looking
into the uses of medical marijuana as
an alternative therapy (35). Our study
suggests that therapies specific to CB2
may not be beneficial in RA, assuming
that the drug does get to the target (the
joint) before being metabolised. How-
ever, further in vivo research is needed
to confirm these findings before ruling
out CB2-targeted therapies for RA al-
together. Perhaps therapies with some
level of non-specificity such as selec-
tive agonists like the endocannabinoids
or molecules that differentially engage
CB1 or CB2 receptors, may offer a
therapeutic advantage in this context
by triggering different signalling path-
ways that may be beneficial.
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