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New Jersey Department of Health
Medicinal Marijuana Program
PO 360
Trenton, NJ 08625-0360

MEDICINAL MARIJUANA PETITION
(N.J.A.C. 8:64-5.1 et seq.)

INSTRUCTIONS

This petition form is to be used only for requesting approval of an additional medical condition or treatment thereof as a
“‘debilitating medical condition” pursuant to the New Jersey Compassionate Use Medical Marjjuana Act, N.J.S.A. 24.6/-3. Only
one condition or treatment may be identified per petition form. For additional conditions or treatments, a separate petition form
must be submitted.

NOTE: This Petition form tracks the requirements of N.J.A.C. 8:64-5.3. Note that if a petition does not contain all
information required by N.J.A.C. 8:64-5.3, the Department will deny the petition and return it to petitioner without
further review. For that reason the Department strongly encourages use of the Petition form.

This completed petition must be postmarked August 1 through August 31, 2016 and sent by certified mail to:

New Jersey Department of Health

Office of Commissioner - Medicinal Marijuana Program
Attention: Michele Stark

369 South Warren Street

Trenton, NJ 08608

Please complete each section of this petition. If there are any supportive documents attached to this petition, you should
reference those documents in the text of the petition. If you need additional space for any item, please use a separate piece of
paper, number the item accordingly, and attach it to the petition.

Petitioner Information

Name: |

street Address: __ [

City, State, Zip Code: ___ NN

Telephone Number: _

Emai Address: |

Identify the medical condition or treatment thereof proposed. Please be specific. Do not submit broad categories (such
as “mental illness”).

Rheumatoid Arthritis

Do you wish to address the Medical Marijuana Review Panel regarding your petifion?
[ Yes, in Person

[] Yes, by Telephone

X No

Do you request that your personally identifiable information or health information remain confidential?
Yes
I No

If you answer “Yes" to Question 4, your name, address, phone number, and email, as well as any medical or health information
specific to you, will be redacted from the petition before forwarding to the panel for review.
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MEDICINAL MARIJUANA PETITION
{Continued)

5. Describe the extent to which the condition is generally accepted by the medical community and other experts as a valid,
existing medical condition.

Rheumatoid Arthritis (RA) is accepted by the medicai communily as an existing medical condition with the [CD-10-CM code MO5.
Being a chronic disease, Rheumatoid artrhitis does not go away.

6. If one or more treatments of the condition, rather than the condition itself, are alleged to be the cause of the patient's
suffering, describe the extent to which the treatments causing suffering are generally accepted by the medical
community and other experts as valid treatments for the condition.

Conventional treaiments (DMARDS, including biotogics, NSAIDS, and painkillers) for RA have adverse effects that can cause
more suffering than the benefit it provides,

Biologic agents that block the tumeor necrosis factor alpha production and lower the immune systems ability to fight off infections
and can also lead to other condifions related to the immune system such as Tuberculosis, inflammatory bowel, lupus, and
lymphoma. Long-term safety is not known. Methotrexate can cause many side effects including gastrointestinal distress,
biistering of the skin, and neurological damage. Some side effects of Plaguenil are gastrointestinal problems and permanent eye
damage, maybe blindness. Steroids and NSAIDS are known to have adverse effects upon the {iver functions and gastrointestinal
system. Painkillers such as opiates have adverse effects upon the liver and gastrointestinal system, plus these become highly
addictive when used fo treat chronic pain.

7. Describe the extent to which the condition itself and/or the treatments thereof cause severe suffering, such as severe
and/or chronic pain, severe nausea andfor vomiting or otherwise severely impair the patient's ability to carry on
activities of daily living.

Rheumatoid arthritis causes severe and chronic pain as well as fatigue. Chronic pain and fatigue caused by arthritis affects all
aspects of daily living including sleep. Patients suffering from RA freguently become disabled from the disease, and arthritis is
the most common reason for disability in the US. The adverse effects from the treaiments for RA contribute to gastrointestinal
issues and pain, which negafe the benefits of the ireatments. The longer the use of 3 treatment, the chances for side effects
increases. Eventuslly patients run out of options.

8. Describe the availability of conventional medical therapies other than those that cause suffering to alleviate suffering
caused by the condition and/or the treatment thereof.

Therapeutic heat and gentle exercise such as swimming can help those suffering from RA.

9. Describe the extent to which evidence that is generally accepted among the medical community and other experts
supports a finding that the use of marijuana alleviates suffering caused by the condition and/or the treatment thereof.
[Note: You may attach articles published in peer-reviewed scientific journals reporting the resuits of research on the effects of
mmarijuana on the medical condition or treatment of the condition and supporting why the medical condition should be added to
the list of debilitating medical conditions.]

Rheumatoid arthritis is accepted as a qualifying condition for the use of medical marijuana in lllinois. New Mexico accepts
inflammatory immune arthritis and California accepts arthritis as & qualifying conditions for using medical marijuana, RA causes
chronic pain and this condition is listed in many states as a qualifying condition for the use of medical marijuana.

Huan Gui et al. (2014} found marijuana to be anti-inflammatory and benefit patients with rheumatoid arthritis.

Blake et al (2008) found cannabis-based medicine (Sativex) to help relieve RA related pain on movement, pain at rest, and
increase the quality of sleep.
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MEDICINAL MARIJUANA PETITICN
(Continued)

10. Attach letters of support from physicians or other licensed health care professionals knowledgeable about the
condition. List below the number of letters attached and identify the authors.

I certify, under penalty of perjury, that | am 18 years of age or older; that the information provided in this petition is
tfrue and accurate to the best of my knowledge; and that the attached documents are authentic.

Date

v-3/-20/6
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RHEUMATOLOGY

Original article

Expression of cannabinoid receptor 2 and its
inhibitory effects on synovial fibroblasts in
rheumatoid arthritis

Huan Gui''?*, Xia Liu®*, Zhi-Wei Wang"', Dong-Yi He®, Ding-Feng Su? and
Sheng-Ming Dai’

Absiract

Objective. Recent studies have suggested immunomoedulatory and anti-inflammatory effects of cannabin-
oid receptor 2 {CB2R) activation, which shows ne psychoactivity. However, it is still unclear whether CB2R
is expressed in fibroblast-like synoviocytes (FLS) of BA. In this study we investigated whether GB2R is
expressed in FLS of RA, and whether CB2R activation modulates the function of RA-FLS.

Methods. Expression of CB2R in synovial tissue and FLS was studied by immunohistochemistry, western
blotting and RT-PCR. mRNA expression levels of CB2R, IL-6 and MMPs were analysed by quantitative
real-time RT-PCR. The protein concentrations of IL-6 and MMPs in culture supermatants were determined
by ELISA. The protein levels of signal fransducing molecules were assayed by western blotting.

Results. Both mRNA and protein expression of CB2R were found in synovial tissue and cultured FLS with
slightly higher levels in BA patients than in OA patients. In cutured RA-FLS, the expression level of CB2R
was up-regulated by stimulation with IL-1p, TNF-u or lipopolysaccharide. In vitro, HU-308, a selective
CB2R agonist, inhibited iL-1p-induced proliferation of RA-FLS as well as IL-1B-induced production of
MMP-3, MMP-13 and IL-6 in RA-FLS in a dose-dependent manner. HU-308 also suppressed [L-1B-
induced activation of extracellular signal-regulated kinase 1/2 and p38 mitogen-activated protein kinase
in FLS.

Conclusion. In RA-FLS, proinflammatory mediators up-regulate the expression of CB2R, which negatively
regulates the production of proinflammatory cytokines and MMPs. These data suggest that CB2R may be
a potential therapetitic target of RA.

Key words: cannabincid receptor 2, fibroblast-like synoviocytes, interleukin 8, matrix metalloproteinases,
rheumateid arthritis.

inflammatory infiltration of the synovium, leading to even-
tual cartilage and bone destruction [1]. In spite of signifi-
RA is an immune-mediated inflammatory disease of  gant improvements in the treatment of RA, there is still a
unknown aefiology that Is characterized by chronic  need for the identification of new pathways involved in the
medulation of inflammation in order 1o further increase
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efficacy, particularly in patients in whom the disease
does not respond to current therapies.

Recently, discovery of the endocannabinoid system,
especially two subtypes of cannabincid receptors, has
elicited a great deal of interest in inflammatory diseases,
including multiple scierosis and RA [2]. Two types of
cannabinoid receptors—cannabinoid receptor 1 (CB1R)
and cannabinoid receptor 2 (CB2R)—were discovered in
the early 1990s [3, 4]. CB1R exists primarily on central
and peripheral neurons and is associated with the
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Cannabinoid receptor 2 in rheumatoid arthritis

psychoactive effects of cannabinoids. CB2R is predomin-
antly expressed by cells of haematopoietic origin and is
thought to mediate cannabincid-induced immune modu-
lation [5]. This type of distribution supports the prospect
that anti-inflammatory and immunosuppressive CB2ZR-
selective drugs without psychoactivity can be developed
for the management of chronic inflammatory diseases
such as RA.

In 2008 the endocannabincids anandamide and
2-arachidenoylglycerol were identified in the synoviai
fluids of RA patients; neither of these were detected in
the synovial fluids of normal volunteers [8). This finding
makes the endocannabinoid system an attractive thera-
peutic target of RA. Fibroblast-like synoviocytes {FL.S) are
recognized as both propagators of the immune response
and the engine of joint damage in RA [7, 8]. However, it
remains unclear whether CB2R is expressed in FLS.

In the present study, we revealed the expression of
CBZR and its up-regulation by proinflammatory mediators
in RA-FLS and demonstrated the inhibitory effects of
CB2R activation on the production of proinflammatory
cytokine I1.-6 and MMPs.

Materials and methods

Reagents

HU-308, a selective agonist for CB2R [8], was purchased
from Tocris Bicscience (Bristol, UK), lipopolysaccharide
{LPS) from Sigma {St Louis, MO, USA) and human [L-13
and TNF-a from R&D Systems {Minneapolis, MN, USA}.
GCollagenase type Il was purchased from Worthington
Biochemicat {Lakewood, NJ, USA}. Recombinant rabbit-
polyclonal antibodies to human CB2R, menoclonal anti-
bodies to glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and «-tubulin, and HRP-conjugated goat
anti-rabbit [gG were purchased from Santa Cruz
Biotechnology (Dallas, TX, USA). Monoclonal antibodies
against extracellular signal-regulated kinase 1/2 (ERK1/2),
phospho-ERK1/2, p38 mitegen-activated protein kinase
(MAPK}) and phospho-p38 MAPK were purchased from
Cell Signailing Technology (Boston, MA, USA). IRDye-
conjugated donkey anti-rabbit IgG and goat
anti-mouse 1gG were purchased from Rockland
immunochemicals (Gilbertsville, PA, USA)L Alexa Fluor
488-conjugated donkey anti-rabbit IgG was purchased
from Life Technologies {Carlsbad, CA, USA). Trizol, dligo
d(Tg primers, dNTP mixture, ribonuclease inhibitor,
reverse transcriptase M-MLV, premix Ex Taq and SYBR
premix Ex Taq were all purchased from TaKaRa
Biotechneclogy {Dalian, China}.

Immunohistechernistry

Synovial tissues were obtained at the time of knee joint
replacement surgery or synovectomy from RA or OA
patients (see supplementary Table S1, available at
Rheumatology Online). All the diagnoses of the patients
met the ACR criteria for RA [10] or DA [11}, respectively.
Informed consent was obtained from each patient accord-
ing to the Declaration of Helsinki. The study design was

v sheunaldlogy oxfordjoumnals.org

approved by the ethics committee of Changhai Hospital,
Second Military Medical University, Shanghal.

Fresh synovial tissues were fixed in 4% paraformalde-
hyde for 48h and then embedded in paraffin. Serial
sections (4pm) were incubated overnight at 4°C with
anti-CB2R antibodies and then incubated with HRP-
conjugated goat anti-rabbit 1gG as a secondary antibody
far 1 h at room temperature, The peroxidase activity was
visualized with 3,3-diaminobenzidine and then the sec-
fions were counterstained with haematoxylin, Negative
controls were stained with isotype-matched non-specific
IgG at the same concentration.

For immunocytochemistry, cultured RA-FLS were incu-
bated overnight at 4°C with anti-CB2R antibodies and
then incubated with Alexa Fluor 488-conjugated donkey
anti-rabbit ig&G as a secondary antibody for 1h at
room temperature. 4',6-diamidino-2-phenylindole (DAPI)
solution was applied for 5 min for nuclear staining. The
staining was photographed with a CKX41 inverted
fluorescence microscope {Clympus, Tokyo, Japan).

tsolation and cuiture of human FLS

Human FLS were isolated and cultured as previously {12},
After careful removat of the adipose and fibrous tissue,
fresh synovial tissue was minced and then digested over-
night with 1.0 mg/ml collagenase in serum-free DMEM at
37°C on a horizontal shaker. The cell suspensions were
filtered through a stainless steel fitter to remove the un-
digested tissue. The filtrate was centrifuged and the cell
precipitation was washed twice with PBS, After that, the
celis were resuspended in complete media containing
0% fetal calf serum (FCS), 100U/mi of penicillin,
100 ug/ml streptomycin and 100 pg/mi amphotericin B,
The celis were counted, seeded inte culture fasks
(2.5 x 10% cells/cm® and cultured overnight in a humidi-
fied, 5% CO, atmosphere at 37°C. The non-adherent cells
were then washed out. Adherent cells were cultured in
compiete medium, and the culture medium was replaced
every week, Upon confluence, cells were dispersed with
trypsinization and then transferred to new plastic dishes in
a split ratio of 1:3. Passages 3-8 of the FLS were used in
subsequent experiments, at which time they were a
homogeneous population of fibroblasts. Before each
experiment, the FLS were starved for 12h with DMEM
containing 1% FCS.

RT-PCR and guantitative real-time RT-PCR

Totat RNA was extracted from cultured FLS with Trizol.
RNA was evaluated spectrophotomettically for quantity
and purity. After reverse franscription, complementary
DNA was used as templates for PCR. PCR ampiification
was performed using specific primers (Table 1), The con-
stitutively expressed gene encoding GAPDH was used as
an internal controt in RT-PCR to normalize the amounts of
mRNA in each sample. The PCR products were analysed
by electrophoresis in 2% agarose gels stained with
ethidium bromide and bands were visualized and photo-
graphed under uitraviolet excitation. Quantitative real-time
RT-PCR was carded out on an Applied Biosystems
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Huan Gui et af.

TasLe 1 Sequences of specific PCR primers

CB2R fw: TGG CAG CGT GAC TAT GAC
rv. AAA GAG GAA GGC GAT GAA
IL-8 fw: CCA GGA GAA GAT TCC AAA GAT G
v: GGAAGG TTCAGGTIGTITTCT G
MMP-3 fw. TAT GGA CCT CCC CCT GAC TCC

v AGG TTC AAG CTT CCT GAG G
MMP-13 fw: GCT GCC TTC CTCTTC TIG A

rv: TGC TGC ATT CTC CTt CAG GA
GAPDH fw: GAA GGT CGG AGT CAA CGG

rv: GGA AGATGG TGATGG GATT

CB2R: cannabincid recepior 2; fw: forward, n: reverge;
MMP: matrix metalloproteinase; GAPDH: glyceraldehyde
3-phosphate dehydrogenase.

7506 Real-Time PCH System (Life Technologies,
Carlsbad, CA, USA). The housekeeping gene of GAPDH
was used to normalize all tested genes and quaniification
of the mRBRNA level was performed using the AACt
method. The value of each control sample was set at
ane and used to calculate the fold change of target genes.

Western blotting

Cultured human FLS were lysed with lysis buffer.
Protein  concentrations were determined using the
Bradford method. The lysates were fractionated by Tris-
glycine-buffered 10% SDS-peolyacrylamide gei electro-
phoresis, transferred onte nitrocellhilose membranes and
incubated overnight at 4°C with antibodies against CB2R,
ERK1/2, phospho-ERK1/2, p38, phospho-p38 and
GAPDH or «-tubulin. After washing, the membranes
were incubated with 1RDye-conjugated secondary anti-
bodies and then scanned using the Odyssey Infrared
Imaging System (LI-COR, Lincoln, NE, USA}L In some
cases, densitometry of the signal bands was analysed
with Image Gauge version 4.0 software (Fuji Photo Film,
Tokyo, Japan).

ELISA

Cultured FLS were pre-treated with HU-308 (1-10 uM} for
15 min followed by 24-h stimulation with IL-15 (1 ng/mi). In
the collected culture supernatants, the concentrations of
human iL-8, total MMP-3 and pro-MMP-13 were deter-
mined with ELISA kits purchased from R&D Systems
(Minneapolis, MN, USA).

Proliferation assay with cell counting kit 8

Cultured RA-FLS (5 x 10% were pre-treated with different
concentrations of HU-308 for 30 min prior 1o the additicn
of IL-13 (1 ng/mi) and then incubated for 48 h. Cell prolif-
eration was measured as previcusly described using cell
counting kit 8 (GCK-8; Dojindo Laboratories, Kumamote,
Japan) [13]. Briefly, 10l of CCK-8 reageni were added to
each weil and 4h later the absorbance at 450nm was

© . 804

determined using an ELISA plate reader (Muitiskan MK3,
Labsystems, Vantaa, Finland).

Statistical analysis

Data were analysed using SPSS 16.0 software (IBM,
Armonk, NY, USA). One-way analysis of variance with
Tukey's post-test for multiple comparisons was used to
determine the stalistical significance of comparisons,
P-values <0.05 were considered statistically significant.

Resuits

Higher expression level of CB2R in RA than OA

We first investigated the expression of CB2R in the syno-
vium of RA patients. Synovial membranes were obtained
from RA and CA patients and stained with anti-CB2R anti-
bodies. Positive staining of anti-CB2R antibodies was evi-
dent in all RA tissues as well as OA tissues examined in
the fining layer and in the interstitial sublining iayer areas
(Fig. 14). Furthermore, the expression level in RA samples
was slightly higher than that in CA samples.

Woe next examined CB2R expression in cultured FLS. As
a result, constitutive expression of CB2R in resting FLS
was confirmad at the mBNA [evel by RT-PCR (Fig. 1B)
and at the protein level by western blotting (Fig. 1C).
Compared with the FLS from OA patlents, a slightly
higher level of CB2R expression in the FL.S from RA pa-
tients was also found. The expression of CB2R protein in
RA-FLS was further confirmed by IF staining of anti-CB2R
antibodies (Fig. 1D).

Up-regulated expression level of CB2R by
proinflammatory mediators

To determine whether an inflammatory environment
modulates the expression level of CB2R, cultured
RA-FLS were stimulated with proinflammatory mediators,
such as TNF-« (25ng/mi), IL-1p (10ng/ml) or LPS
(100ng/ml).. As a result, real-time RT-PCR analysis
showed that all of these proinflammatory mediators sig-
nificantly enhanced the mRNA expression level of CB2R
by 3.3-7.5-old (Fig. 2).

Inhibitory effects of HU-308 on IL-1p-induced
proliferation of RA-FL.S

In this step we tested the bidlogical function of HU-308, a
selective CB2R agoenist [9), in cultured RA-FLS. IL-1f is
present in RA synovial fluid and participates in joint inflam-
mation and Joint destruction. As expected, stimulation
with IL-1B (1 ng/ml) resulted in an enhanced proliferation
rate of RA-FLS. Pre-treatment with HU-308 (1-10pM)
significantly inhibited the IL-1p-induced proliferation of
RA-FLS in a dose-dependent manner {Fig. 3).

Inhibitory effects of HU-308 on IL-8, MMP-3 and
MMP-13 production in RA-FLS

To determine whether HU-308 can medulate cytokine and
MMP production in human RA-FLS, cells were incubated
with IL-1B (1 ng/ml) in the presence or absence of HU-308.
In IL-1p-stimulated RA-FLS, HU-308 {1-10pb} inhibited
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Cannabineid receptor 2 in rheumatoid arthritis

Fte. 1 Expression of GBZR in RA synovium and FLS

A HE

anki-CB2R(-) anti-CBZR{+)

OA

B
CB2R
GAPDH
c OA RA
CBIR [Frte 7ot iy soteems o s i = |
L g p—m—.Y
D Fluor 488 DAPI Merge
anti-CB2R(+)
anti-CB2R(-}

£A) Synovial membranes from the patients with RA or OA
were stained with anti-CB2R antibodies or isotype-
matched control 1gG. The left lane shows haesmatoxylin
and eosin (HE) staining and the other two lanes show
immunohistochemical staining (original magnification
4003). (B} Expression of CB2R mRNA in FLS isolated from
four OA patients and four RA patients, as determined by
AT-PCR. {C) Expression of CB2R protein in FLS isolated
from the above patients, as determined by western blot-
ting. {D) The expression of CB2R protein in RA-FLS was
detected by IF staining of Alexa Fluor 488-conjugaied
anti-CB2R antibodies. The nuclei were counterstained
with DAFR| (original magnification 200x).

the mRNA expression levels of Ii.-6, MMP-3 and MMP-13
in a dose-dependent manner (Fig. 4A). Moreover, HU-308
also significantly decreased the amounts of IL-6, MMP-3
and MMP-13 proteins released into the culture medium of
Il.-18-stimulated RA-FLS in a dose-dependent manner
(Fig. 4B).

Inhibitory effect of HU-308 on IL-183-induced
activation of ERK1/2 and p38 in RA-FLS

in cultured RA-FLS, iL-18 (1 ng/mi) enhanced intracellular
protein levels of both ERK1/2 and phosphorylated ERK1/2
{p-ERK1/2), as well as levels of both p38 MAPK and phos-
phorylated p38 (p-p38) MAPK, HU-308 (10 pM} blunted
the IL-1p-induced activation of ERK1/2 for >2 h and tem-
porarily inhibited il-1B-induced activation of p38 MAPK
for <30min (Fig. ).

www, theumatalogy-axfardjocumals.org }

Fie. 2 Proinflammatory mediators up-regulated the
expression level of CB2R mRNA in RA-FLS
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Cultured RA-FLS were stimulated with TNF-a (25 ng/mi),
IL-1B (10ng/ml) or LPS (100 ng/ml) for 61 and the
expression lavel of CBZR mRNA was analysed by
quantitative real-time RT-PCR. Data are expressed as the
mean (5.0.) (7 =4). Compared with the control group,

P <0.01.

Fis. 3 Inhibitory effects of HU-308 con ihe proliferation of
iL~1[3-stimulated RA-FLS

1.6
1.2
0.8

0.4

lative proliferation raie

2 oo ARR
LAB(ing/mi} - + s 3+
HUS0B (M) - 0 1 3 10

Cultured RA-FLS were pre-treated with different concen-
trations of HU-308, a selective agonist for CB2R, for
30min and then incubated with IL-18 (1 ng/ml) for 48h.
Cell proliferation was measured using CCK-8. Data are
expressed as the mean (s.0.) (r=4). *P <0.05; *P < 0.01
vs IL-1f alone; "P < 0.01 vs negative contro! {absence
of IL-1p}.

Biscussion

The results reported here demonstrate for the first time
that RA-FLS constitutively express CB2R, which may be
up-regulated by inflammation. Moreover, activation of
CB2R inhibits the production of IL-6, MMP-3 and MMP-
13 by attenuating the activation of ERK1/2 and p38 MAPK
in FLS. These data offer a promising therapeutic target for
the development of novel pharmacological approaches to
treat RA.

CB2ZR is expressed by all immune cells, but its expres-
sion level varies among immune cell popuiations and
activation states [14]. Recently CB2R has been identified
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Huan Gui et al.

Fis. 4 Inhibitory sffects of HU-308 on the production of
IL-6 and MMPs in [L-1B-stimulated RA-FLS
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Cultured RA-FLS were pre-treated with different concen-
frations of HU-308 for 30 min and then incubated with
1L-1B (1 ng/ml) for 3 or 24 h. (A) Expression levels of mRNA
assayed by quantitaiive real-time RT-PCR 3h after IL-18
stimulation. (B} Protein concentrations in culture super-
natants determined by ELISA 24 h after IL-1p stimulation.
Data are expressed as the mean (s.0.} (n=4). *P <0.05;
**£2 < 0.01 vs IL-1p alone.

molecularly and pharmacologically in numerous other cell
types, including articular chondrocytes [15], osteccytes,
ostecblasts and osteoclasts [16]. In the present study,
immunohistochemical studies showed localization of
CB2R in the lining layer and in the interstitial sublining
layer of all RA synovial tissues. This finding is consistent
with a previous report in which CB2R protein in the hom-
ogenates of BA synovial tissues was revealed by westen
blofting [6]. In RA synovium infiltrated with massive
immune cells, the existence of CB2R is not uncommon.
In the following experiments we confirmed the expression
of CB2R in RA-FLS at both the mRANA and protein levels
by RT-PCR, western blotting and immunocytochemical
studies. Furthermore, we demonstrated that proinflamma-
tory mediators, e.g. TNF-g, IL-1p and LPS, significantly
up-regulated the expression level of CB2R in FLS, We
also found that the expression level of CB2R in RA syn-
ovial tissues and FLS was higher than that in OA. These
data suggest that the up-regulated expression of CB2R
may play a counteracting role in the process of RA syno-
vitis, which is also supported by increased concentrations
of endocannabinoids in RA synovial fluid [6]. In addition, it
has also been demonstrated that the expression level of
CB2R can be increased under certain conditions and dis-
ease states {14]. For example, increased GB2R has been

806 .

found in muiltiple sclerosis [17], allergic contact dermatitis
{18} and acute and chronic biadder inflammation {19]. The
increasing receptor number is alsc important for increas-
ing the efficacy of CB2R agonists.

HU-308 is a synthetic cannabinoid, and the affinity of
HU-308 binding to CB2R is almost 300 times the affinity
to CB1R. Functional studies show it inhibits forskolin-
stimulated ¢yclic adenosine monephosphate [cAMP) pro-
duction in CB2R-transfected cells, wheraas it shows little
effect in CB1R-transfected cells. So HU-308 is a specific
agonist of CB2R [91.

In bone marrow-derived primary menocytic cultures
derived from wild-type mice, HU-308 dose-dependently
suppressed the formation of osteoclasts. The deficiency
of CB2R completely abolished the inhibitory effect of
HU-308 on osteoclast formation [16]. In vive, HU-308
also attenuated ovariectomy-induced bone loss through
suppression of osteoclast formation. No protective effects
of HU-308 were observed in ovariectomized CB2R knock-
out mice [20]. These data further support that CB2R
rnediates the effect of HU-308, and also imply that seleci-
ive activation of CB2R may inhibit bone erosion caused by
ostecclasts in RA.

Accumulating evidence demonstrates that proinflam-
matory cytokines such as TNF-«¢ and IL-6 play pivotal
roles in the physicpathology of RA, and the biologics of
TNF inhibitors and anti-IL-6 receptor monoclenal antibody
have shown dramatic efficacy in RA treatment [1, 21, 22].
TNF-z and I1.-8 in RA synovitis joints are produced mainly
from macrophage-like synoviocytes and FLS. In the pre-
sent study, the in vitro effect of HU-308 on proinflamma-
tory cytokine preduction was investigated in RA-FLS.
HU-308 significanily decreased IL-1B-induced production
of IL-6 from RA-FLS in a dose-dependent manner. In add-
ition, HU-308 significantly inhibited LPS-induced IL-6 and
TNF-2 production from peritoneal macrophages isolated
from wild-type mice, whereas HU-308 fatled o suppress
LPS-induced cytokine production from CB2R gene
knockout macrophages (unpublished data). Taken to-
gether, these results indicate that HU-308 inhibits the
inflammatory process by decreasing the production of
proinflammatory cytokines in RA synovitis, which is
mediated by CB2R.

In a previous study, two synihetic cannabinoids—
CP55940 (10uM) and Wind5212-2 {(10pM)—were
reported to attenuate IL-6 and IL-8 secretion from IL-1f-
stimulated RA-FLS, and the inhibitory effects were not
counteracted by CB1R antagonist AM-281 (BOuM) or
CB2R antagonist AM-630 (80 uM}. So it was concluded
that CP55940 and Win55212-2 exert a potent anti-inflam-
matory effect on RA-FLS via a non-CB1R/CB2R-mediated
mechanism [23]. Although AMB30 was used as a CB2R
antagonist, 10 uM of AM-830 was also an inverse agonist
at CB2R and a partial agonist at CB1R [24]. So up to
80 uM of AM-830 is not a solely specific antagonist of
CB2R, and may also activate CB1R. in some studies,
SR 144528 was used as a selective antagonist of CB2R
[25], but there was evidence for the inverse agonist prop-
erty of SR 144528 and the constitutive activation of CB2R

vavw.theum aldlugy.o_xfwdi’uwnals.qrg
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Fie. § Suppressicn of HU-308 on IL-1p-induced signalling pathways in FLS
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(A} Westem blotting analysis of the intracelfular levels of ERK1/2 and p-ERK1/2, as well as the levels of p38 and p-p38
MAPK in the presence of IL-1f and/or HU-308. Densitometry analysis of the western blotting bands of (B) p-ERK1/2 and
(C) p-p38 MAPK from three independent experiments, Data are expressed as the mean (s.0.) (n=3). *P < 0.05; "P < 0.01

vs 10 alone.

in Chinese hamsier ovary-expressing cells [26]. At this
time there is no pure specific antagonist of CB2R, so we
did not use any pharmacological antageonists to interrupt
the hinding of HU-308 to CB2R in the present study.

In RA, the MMP family is related to the invasiveness of
FLS and the erosion of cartilage [27]. In the present study,
HU-308 significantly inhibited the IL-13-induced produc-
tion of MMP-3 and MMP-13 in RA-FLS. Our results were
consistent with the finding that Win-55212-2, a non-se-
lective agonist o CB1R and CB2R, significantly inhibited
IL-1-induced proteoglycan and coilagen breakdown in
bovine cartilage explants [15). These data suggest that
HU-308 may protect cartilage from damage in RA by
inhibiting the production of MMPs. In addition, we also
found that HU-308 inhibited IL-1B-induced proliferation
of FL.S.

The cellular processes that contribute to the pathogen-
esis of RA are regulated by three families of MAPKSs,
namely, ERK1/2, JNK, and p38 {7, 28]. In the present
study, IL-1p stimulated phospherylation of ERK1/2 and
P38 MAPK, but did not affect JNK in RA-FLS, which is
consistent with previous reports that IL-1p stimulated
FLS via activating intracellular ERK1/2 and p38 MAPK
[29, 301, In the present study, HU-308 effectively inhibited
IL-1p-induced activation of ERK1/2 and p38 MAPK

wéri theumatolopy.oxfordjourrisiorg — © L

in RA-FLS. This finding was indirectly supported by the
finding that HU-308 dose-dependently attenuated TNF-
a-induced activation of ERK1/2 and p38 MAPK in vascutar
smooeth muscle cells [31). However, it was also reported
that the activation of CB2R results in activation of ERK1/2
and p38 MAPK in monocytes [32]. These data infer that
signalling of CB2R activation may vary substantially
depending on celi type and stimulus.

In conclusion, CB2R is expressed in RA synoviocyles,
including FLS, and ils expression is up-regutated by proin-
flammatory mediators, Selective activation of CB2R
suppresses the production proinflammatory cytokines
and MMPs from FLS.

« Cannabincid receptor 2 (CB2R) is expressed by RA
synovium, including fibroblast-like synoviocytes
(FLS}, and is up-regulated by inflammation,

« Activation of CB2R inhibits the proliferation and
production of preinflammatory cytokines and
MMPs in RA-FLS.

« Activation of CB2R inhibits IL-1§-induced activation
of extracellular signal-regulated kinase 1/2 and p38
mitogen-activated protein kinase in RA-FLS,
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Clinical vignette

Polymyalgia rheumatica or lymphoma recurrence?
Postiron emission tomography/computed
tomography is a specific imaging technigue

that helps differeniial diagnosis

In November 2011 a 72-year-old retired surgeon was diag-
nosed with Hodgkin's lymphoma. Fluorodeoxygiucose-posi-
tron emission tormography/computed tomography (FRG-PET/
CT) showed cervical lymph node uptake (Fig. 1A, arrow),
which quickly disappeared after two cycles of adryamicin,
blecmycin, vinblastine sulphate, and dacarbazine (ABVD)}
{Fig. 1B). In October 2012 the patient compiained of pain in
the girdies of 75 days duraiion, worsening at night, and
accompanied by fatigue and morning stiffness lasting 3h.
He had fost 1kg in 1 month, but denied fever, headache or
vision impairment. Clinical examination revealed active eleva-
tion of the arms below 80°, slight pain on passive motion of
the shoulders, stiffness of the hips and slight swelling and
tenderness of two MCP joints. ESR was 120mm/h, CRP
was 50.6mg/dl and IgM RF and anti-cyclic citnullinated pep-
tides were absent. The appearance of systemic sympioms
raised the suspicion of a lymphoma relapse, in view also of
the short course of chemotherapy. A third FDG-PET/CT scan
showed involvement of the shoulders (Fig. 1C, arrowheads),
trochanteric bursae {open arrowheads) and ischiatic bursae,
without large-vessel vasculitis. This pattern is ypical of PMR
f1]. After the diagnosis of PMR, freatment with 0.2 mg/kg

Rheumatology 2014;53:808
doir1 (. 1083/rheumatology/keud 38
Advance Access publication 18 March 2014

prednisone was started with prempt and complete resolidion
of symptoms.
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Preliminary assessment of the efficacy, tolerability
and safety of a cannabis-based medicine (Sativex) in
the treatment of pain caused by rheumatoid arthritis

D. R. Blake, P. Robson’, M. Ho?, R. W. Jubb® and C. S. McCabe

Ohjectives. To assess the efficacy of a cannabis-based medicine (CBM) in the treatment of pain due to rheumatoid
arthritis (RA).

Methods. We compared a CBM (Sativex) with placebo in a randomized, double-blind, parallel group study in 58 patients over
5 weeks of treatment. The CBM was administered by oromucosal spray in the evening and assessments were made the foilowing
morning. Efficacy outcomes assessed were pain on movement, pain at rest, morning stiffness and sleep quality measured by a
numerical rating scale, the Short-Form MeGill Pain Questionnaire (SF-MPQ) and the DAS28 measure of disease activity.

Results. Seventy-five patients were sereened and 58 met the eligibility criteria, Thirty-one were randomized to the CBM and
27 to placebo. Mean {s.n.) daily dose achieved in the final treatment week was 5.4 (0.84) actuations for the CBM and 5.3 (1.18)
for placebo. In comparison with placebo, the CBM produced statistically significant improvements in pain on movement, pain
at rest, quality of sleep, DAS28 and the SF-MPQ pain af present component. There was no effect on morning stiffness but
baseline scores were low. The large majority of adverse effects were mild or moderate, and there were no adverse effect-related
withdrawals or serious adverse effects in the active treatment group.

Conclusions. In the first ever controlled trial of a CBM in RA, a significant anaigesic effect was observed and disease activity
was significantly suppressed following Sativex treatment. Whilst the differences are small and variable across the population,
they represent benefits of clinical relevance and show the need for more defailed nvestigation in this indication.

Kzey worps: Cannabis-based medicine, Sativex, Pain, Rheumatoid arthritis, Disease activity.

Evidence from basic science and human trials suggests that
cannabis-based medicines {CBM) may have therapeutic potential
in a range of medical conditions, particuiarly in the treatment
of intractable pain {1, 2]. Cannabis has been used historically
in the treatment of pain due to rheumatoid arthritis (RA), but
this has never been formally evainated in a clinical trial. A-9-
Tetrahydrocannabinol (THC) and cannabidiol (CBD)} are recog-
nized as key therapeutic constituents that act synergistically
together and with other plant constituents [3]. THC has analgesic
ac{ivity in both nociceptive and neuropathic pain [1, 2]. Both
THC and CBD have anti-inflammatory effects [4], and CBD was
found to block progression of disease and produce clinical
improvement in a murine model of RA [5]. In a recent survey
f6] of 2969 people who agreed to fill in a quesfionnaire about
medicinal cannabis, 947 (32%) stated that they had obtained
the druog from the black market for symptom relief. Of these,
155 (16%) gave symptom relief for arthritis (type not specified) as
the reason for smoking cannabis, This was the fifth-commonest
indication after mmitiple sclerosis, neuropathy, chronic pain and
depression.

We present the results of the first controlled trial of a CBM
in the symptomatic treatment of RA in humans.

Patients and methods

This was a preliminary multicentre, double-blind, randomized,
paraliel-group comparison of a CBM (Sativex) and placebo
administered for 5 weeks in the treatment of pain caused by RA.
Sativex consists of a blend of whole plant extracts which delivers
approximately equnal amounts of THC and CBD. This ratio was
selected to reflect the proportions found in cannabis used
historically for medicinal purposes, and to maximize the potential
for synergism [7). Minor cannabinoids, including cannabinol,
cannabichromene and cannabigerol, are also present in trace
quantities. All three of these have been found to have anti-
inflammatory properties in laboratory studies, as have other
plant components, such as terpenoids and flavonoids {3]. Sativex
was administered by oromucosal spray, each activation delivering
2. 7mg THC and 2.5mg CBD. Eligible patients had a diagnosis of
RA meeting ACR criteria, with active arthritis not adequately
controlled by standard medication. NSAID and prednisclone
regimes had to have been stabilized for 1 month and DMARDs
for 3 months prior to enroiment, and were maintained constant
throughout the study. Exclusion criteria included a history of
psychiatric disorders or substance misuse, severe cardiovascular,
renal or hepatic disorder, or a history of epilepsy. Dosing was
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TasLt 2. Efficacy endpoints: difference between change from baseline befween CBM and placebo after 5 weeks of treatment

Baseline {mean/median)®

Endpoint (mean/median)®

Difference

Efficacy endpoint CBM Placebo CBM Placebo (mean/median™) 95% confidence interval P

Morning pain on movement® 7.0 6.7 4.8 5.3 —0.95 —1.83, -0.02 0.044
Morning pain at rest® 53 53 3.1 4.1 —1.04 —1.90, -0.18 0.018
Morning stilfness® 3.5 3.8 5.0 3.2 -0.09 -0,58, 0.23 0.454
Quality of sleep 5.7 58 34 4.6 -1.17 =220, —0.14 0.027
DAS 28 59 6.0 5.0 5.9 -0.76 —-1.23, -0.28 0.002
SE-MPQ), total intensity of pain® (a) 150 20.0 10.5 13.0 3.00 -3.00, 9.00 0.302
SF-MPQ), intensity of pain at present® (b) 480 50.0 33.0 50.0 -3.00 —18.0, 9.00 0.574
SF-MPQ, pain at present {c) 3.2 3.2 2.6 3.3 -0.72 —1.30, —0.14 0.016

*These scores were not normally distributed and were therefore analysed non-parametrically (Wilcoxon rank-sum test, Hodges-Lehmann median
difference and 95% CI). Other outcomes were subjected to analysis of covariance. SF-MPQ was developed to assess three components of pain: the
sensation of pain, its emotional effect and the patient’s cognitive assessment of the pain. Component (a) is 2 score derived from 15 adjectives describing
pain, (b) is a single VAS score and {c) is a verbal rating scale extending from ‘none’ to ‘excruciating’ {10].

Tasre 3. Adverse evenis recorded as ‘possibly’, ‘probably’ or *definitely’
related to study drug occurring in more {han one patient

CBM  Placebo All patients
Adverse cvent (=31 {n=27) (71 = 58)
Dizziness (all mild) 8 (26%) | (4%) 9 (16%)
Light-headedness 3 (10%) 1 (4%) 4 (7%)
Dry mouth 4{13%) © 4 (7%)
Nausea 2 (6%) 1 (4%) 3 (5%)
Arthritic pains 1 (3%) 1 {4%) 2 {4%)
Constipation 1(3%) 14{4%) 2 (4%)
Drowsiness 1(3%) 1 {4%) 2 (4%)
Fall 2{(6%) 0 2 (4%)
Headache 1(3%) 1 (4%) 2 (4%)
Palpitations 0 2 {7%) 2 (4%)
Vomiting 0 2 (7%) 2 (4%
Serions adverse events 0 2 (T%) 2 (4%)
Adverse events leading to withdrawal 0 I{11%) 3 (5%)

nocturnal symptom relief rather than a specific hypnotic effect
since this was not observed in a sleep laboratory study of the
compound at this dosage [8]. There was no effect on morning
stiffness, but baseline scores were surprisingly low. The trial did
not demonstrate significant toxicity and CBM was generally well
tolerated.

We believe this to be the first controlied study of a CBM in
rheumatoid arthritis, and the results are encouraging. The
beneficial effects oeccurred in the coamtext of a dosing regime
restricted to evening dosing in order to minimize any possible
intoxication-type reactions. However, 24-h dosing with this CBM
(Sativex) using a self-fifration regime in the context of muitiple
sclerosis resulted in only minimal intoxication scores [9]. Larger,
more prolonged studies of CBM in rheumatoid arthritis are
indicated.

Key messages

¢ Cannabis-based medicine (CBM; Sativex)
produced significant improvements in
pain scores, sleep quality and DAS28
scores in patients with rheumatoid
arthritis, and was weil {olerated.

o Larger-scale research is indicated.

Rheumatology
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