TABLE OF CONTENTS

CHAPTER 1. INTRODUCTION ...uuuiiiiviiiisercsssneccsneicsssencsssescssssscsssssssssssssssssssssssssssas 1
Origins 0of Modern Day DISCOVETY ......cccvuiiriiiiiiieeeeiiiieeeeeiiieeeerineeeeesireeeeeereeeeeneeneas 1
History and Background of Cannabinoid Receptors..........cccccvviiiiiiiiiieiiiiiiieeeiiieeeees 3

Cannabinoid Receptor Type 1 (CB1) ..cccuviiiiiiiiiiieeiiiie e 5
Cannabinoid Receptor Type 2 (CB2) ..ccuuviiiieiiiiiieeiieee ettt 5
G-Protein Receptor 18 (GPR18), a Putative Cannabinoid Receptor...........c.cc.cen.ee. 6
Putative Cannabinoid Receptor (GPRSS) ....coooviiiiiiiiiieeieeeeeeeeeeee e 7
Putative Cannabinoid Receptor (GPRI19) ......ccccviviiiiiiiiiieeeeeeeee e 7
Cannabinoids and Inflammatory DiS€ase .........cccuuvviiieeeiiiiiiiiiiiiieee e 8
CB2 Receptor in AtheTOSCIETOSIS ...uvvviiiieeieiiiiiiiiiieeeeeeeeeiiieeee e e e e e e e e e e e e e e 8
CB2 Receptor in Inflammatory Neuropathic Pain ............cccccceveeiiiniiiiiiiiiieeeeee, 9
CB2 Receptor in Autoimmune and Neurodegenerative Disorders ...........ccccoeueeeeee. 10
CB2 Receptor in Bone DiSOTAETS ......eiiiiiieiiciiiiiiiiee ettt 11
CB2 Receptor in Immune Cell Population during Inflammation............................. 11
CB2 Receptor Activation and Anti-Inflammatory Pathway Induction .................... 13
Current ProJects OVEIVIEW......cceeeiiiiiiiiieeeeeeeiiiteee e e e e e e ettt eeeeeeeeesennsrneeaeeeesannnnnens 15

CHAPTER 2. CYTOKINE IL-6 AND CHEMOKINE MCP-1 LEVELS ARE
REDUCED VIA CB2 RECEPTOR IN AN IN VITRO PERIODONTITIS

IMODEL ..uccnuuiiiineiiiiniicssaeissssenssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 17
Introduction t0 PeriOdONItIS .....c.coiuuuiiiiiiiiiiiiiiiiee et 17
Rationale of Cannabinoid Therapy for Periodontal Inflammation .................ccc........ 17
The Potential of SMM-189 in Periodontitis ..........ccoeoiieieiiiiiiiiiiiiieeeeiiiee e 19
IMEEEROMS ...ttt e et e et e e e e e e 19

Cell Culture of Primary Human Periodontal Ligament Fibroblasts......................... 19

CYLOLOXICIEY ASSAY .uuvvvrrrrreeeeeeeiiiirreteeeeeeeeaiessrrseeeeaesesssssssseesaaseesssssssssseesseseesssssnns 19

Determination of IL-6 and MCP-1 ... 20
RESULLS ettt e e et e e et ee e 20

Evaluation of hPDLFs Responses to P.g. LPS, IL-1f3, and TNF-a.........cccvvvveeeennnn. 20

Effects of CB2 Activation by Anandamide on LPS, IL-1p and TNF-a Induced

IL-6 and MCP-1 Production in hPDLFS........ccccciiiiiiiiiiiiieeee e 22

Effects of Synthetic CB2 Ligands SMM-189 and HU-308 on LPS, IL-1f and

TNF-a Induced IL-6 and MCP-1 Production in hPDLFs........ccocccociiiiiiiiiiinen. 22
Discussion and SUMMATY .......coccueiiriiiiriiteniieeniiee ettt eeeeeeeeaeeees 28

CHAPTER 3. THE DOWNREGULATION OF CYTOKINE IN AN IN VITRO

PERIODONTITIS MODEL VIA CB2 RECEPTOR LIGANDS ......ccccevverinueesnccnnee 32
StUAY OVETVIEW ...ceeiuiiiiiieeiiiiie ettt ettt e e et e e ettt e e e et e e e ennbeeeeennneeas 32
CYLOKINES ...eeeeeiiitie ettt ettt e ettt e e ettt e e e ettt e e e e bt eeeeenbeeeeeennnbeeaeenes 32
IMETROMS ..ttt ettt 33

Cell Culture of Primary Human Periodontal Ligament Fibroblasts......................... 33
CYLOTOXICIEY ASSAY 1euuuvtieeeeiiiieeeeiitieeeeeeitteeeeeittteeeantteeeesnbeeeeeaassaeeesennsneeesannsneeeeas 33
Effects of IL-1B = SMM-189, HU-308, and AEA on Cytokine ..........ccccceevvuveennne. 33

vii



Figure 2-5. Measurement of Cytotoxicity of AEA, SMM-189, and HU308 on
hPDLFs

hPDLFs were exposed to concentrations of drug ranging from 10'4- 10'6'5 M and cell

viability was measured 18 hours later via the CCK-8 assay. AEA, SMM-189, and HU308
exhibited ECso values of 16uM, 13uM, and 7.3uM respectively. The data are presented as
the mean of 3 experiments and error is the SEM.
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Figure 2-6. The Effects of AEA on Bg. LPS, TNF-0, IL-1p Stimulated Production
of IL-6 (A) and MCP-1 (B) in hPDLFs

Cells were treated with stimuli 1 h before addition of 16uM of AEA then assayed
24 hr later. AEA alone significantly increased IL-6 levels compared to control.
Treatment with AEA in Pg.LPS stimulated cells had no significant effect on IL-6
expression. IL-6 expression was significantly decreased for AEA + TNF-a, AEA
+ IL-1P -stimulated. AEA alone were not significantly affected MCP; however,
AEA + Pg. LPS, AEA + TNF-0, AEA + IL-18 resulted in a significantly reduction
following stimulus. The data are presented as the mean of 3 experiments and error
is the SEM. *P<0.05, **P<0.01, ****P<0.0001
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(p<0.0001) treatment groups (Figure 2-7). Treatment of hPDLFs with SMM-189 alone
did not affect expression levels of IL-6 (Figure 2-7) or MCP-1(Figure 2-7). MCP-1
expression in stimulated cells was significantly reduced or abolished in the SMM-189 +
P.g. LPS (p<0.0001), SMM-189 + TNF-a (p<0.0001), SMM-189 + IL-1p (p<0.0001)
treatment groups (Figure 2-7).

HU308 was also effective in suppressing IL-6 and MCP-1 induced by P.g. LPS,
TNF-a, and IL-1B. The hPDL fibroblasts treated with HU-308 1 hour post P.g. LPS,
TNF-a, and IL-1p stimulation resulted in a significant decrease in IL-6 in the HU308 +
P.g. LPS (p<0.001), HU308+ TNF-a (p<0.05), HU308+ IL-1B (p<0.0001) groups with
no effect observed with HU-308 alone (Figure 2-8). Treatment with HU-308 also
significantly inhibited the expression of MCP-1 in HU308+ P.g. LPS (p<0.0001),
HU308+ TNF-a (p<0.0001), HU308+ IL-1p (p<0.0001) (Figure 2-8) with no effect
using HU-308 alone (Figure 2-8.).

Discussion and Summary

The objective of this study was to determine if targeting the endocannabinoid
system, specifically the CB2 receptor, could offer a new therapeutic approach for treating
chronic inflammation in periodontal disease. Our studies were prompted by reports that
the CB1 and CB2 receptors are upregulated in inflamed gingival fibroblasts [231]. While
mRNA for CB1 was detected in gingival tissue from healthy, gingivitis and periodontitis
patients, levels were higher in gingivitis and periodontitis patients. On the other hand,
CB2 mRNA was not detected in healthy donors but was upregulated in gingivitis and
periodontitis patients. Additionally, hPDL cells taken from a healthy donor exhibited a
significant increase in CB2 mRNA when induced with LPS [230, 231, 257].
Endocannabinoids AEA and 2-arachidonoyl glycerol (2-AG) were detected in gingival
crevicular fluid (GCF) of patients who underwent periodontal surgery. However, only
AEA levels were significantly increased 3 days after surgery when compared to 2-AG.
These reports suggested that the endocannabinoid system is active in patients with PD.
These proofs of principle studies demonstrate that ligands of CB2 act as effective anti-
inflammatory agents in stimulated hPDLFs

The significant inhibition of IL-6 and MCP-1 production in P.g. LPS-, IL-1f-,
and TNF-a- stimulated primary hPDLFs by SMM-189 and HU-308 in our studies has
important implication in the progression of PD. The production of cytokines after
exposure to LPS plays an important role in periodontal disease. In periodontitis, the
destruction of the bone is initiated via the pro-inflammatory response to bacterial
components such as LPS and pathogen associated molecular pattern (PAMP) [223, 258].
The proinflammatory cytokines IL-18 and TNF-a are pivotal in the context that they are
involved with tissue destruction and alveolar bone resorption [259]. IL-1p and TNF-a
amplify the effects of other inflammatory markers within fibroblasts [260, 261] and are
upregulated during periodontal inflammation and in gingival crevicular fluid [262-264].
IL-6 is a potent activator of osteoclastogenesis and induces bone resorption
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Figure 2-7. The Effects of SMM-189 on Pg. LPS, TNF-a, IL-1p Stimulated
Production of IL-6 (A) and MCP-1 (B) in hPDLFs

Cells were treated with stimuli 1 h before addition of 13pM of SMM-189 then assayed 24
hr later. SMM-189 alone had no significant effects on IL-6 of MCP-1 expression.
Significant decreases in expression were measured in the SMM-189 + Pg. LPS, SMM-189
+ TNF-a, SMM-189 + IL-1f groups for IL-6-and MCP-1. The data are presented as the
mean of 3 experiments and error is the SEM. **P<(.01, ***P<0.001, ****P<0.0001
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Figure 2-8. The Effects of HU308 on Pg. LPS, TNF-a, IL-1f Stimulated
Production of IL-6 (A) and MCP-1 (B) in hPDLFs

Cells were treated with stimuli 1 h before addition of 7.3 uM of HU-308 then assayed 24 hr
later. HU308 alone had no significant effects on the expression of IL-6 and MCP-1.
Significant decreases in expression were measured in the HU308 + Pg. LPS, HU308 +
TNF-a, HU308 + IL-1B - groups for IL-6 and MCP-1. The data are presented as the mean
of 3 experiments and error is the SEM. *P<0.05, ***P<0.001, ****P<(0.0001
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