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Abstract

We investigated the effects of cannabinoid receptor agonists on (1) oral cancer cell viability in
vitro and (2) oral cancer pain and tumor growth in a mouse cancer model. We utilized
immunohistochemistry and western blot to show that human oral cancer cells express CBrl and
CBr2. When treated with WIN55,212-2 (non-selective), ACEA (CBrl-selective) or AM1241
(CBr2-selective) agonists in vitro, oral cancer cell proliferation was significantly attenuated in a
dose-dependent manner. In vivo, systemic administration (0.013M) of WIN55,212-2, ACEA, or
AM1241 significantly attenuated cancer-induced mechanical allodynia. Tumor growth was also
significantly attenuated with systemic AM1241 administration. Our findings suggest a direct role
for cannabinoid mechanisms in oral cancer pain and proliferation. The systemic administration of
cannabinoid receptor agonists may have important therapeutic implications wherein cannabinoid
receptor agonists may reduce morbidity and mortality of oral cancer.
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Oral cancer represents 3% of all cancers and its overall survival rate of 50% places it among
the worst of all cancers [18,31]. Approximately 50,000 new cases of head and neck cancer
are diagnosed each year in the United States [11]. Therefore, there is a concerted effort to
discover its cure. Many different agents are currently being investigated for their palliative
or anti-proliferative properties on cancer. Of particular interest are cannabinoids, a group of
chemicals found in Cannabis sativa Linnaeus plant and their derivatives [2,8,27]. The two
widely recognized cannabinoid receptors, CBrl and CBr2, are G-protein-coupled receptors
[22]. CBrl is expressed mainly in the central nervous system (CNS). CBr2 is mainly
expressed in the immune system and peripheral tissues. Additionally CBr1 and CBr2 are
also present in keratinocytes [2]. Several studies provide evidence that cannabinoids may be
effective in treatment of cancer pain and/or inhibition of tumor growth in cancers such as
glioma, bone and skin squamous cell carcinoma [2,4,15,25,27]. Here we demonstrate the
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anti-nociceptive and anti-proliferative effects of systemic administration of cannabinoid
receptor agonists on human oral cancer cells.

The human oral cancer cell lines HSC3 (ATCC, Manassas, VA) and SCC9 (generous gift of
Dr. Randall Kramer, UCSF) were cultivated in Dulbecco’s Modification of Eagle’s Medium
with 4.5 g/L glucose, I-glutamine, and sodium pyruvate, supplemented with 10% fetal
bovine serum. Primary normal oral keratinocytes (NOK) were harvested from normal
gingival tissues and cultured as previously described [24]. Tissue collection was approved
by the UCSF Committee on Human Research and consent was obtained from patients. NOK
were cultured in Defined Keratinocyte Serum-free media (Invitrogen, Carlsbad, CA). All
three cell lines were supplemented with100 pug/mL streptomycin sulfate, 100 U/mL
penicillin and 25 pg/mLfungizone and cultivated at 37°C with 5% CO».

We investigated the presence of cannabinoid receptors on human oral cancer cells using
immunofluorescence. HSC3 cells were grown on cover slips overnight, then washed with
PBS and fixed in cold acetone for 10 minutes. Incubation with primary goat polyclonal anti-
CBrl antibody (1:500) (Santa Cruz Biotechnology, Santa Cruz, CA) and rabbit polyclonal
anti-CBr2, (1:500) (Abcam, Cambridge, MA) was performed at 4°C overnight. The cells
were incubated with the secondary anti-goat IgG-FITC (1:500) (Santa Cruz Biotechnology,
Santa Cruz, CA) and anti-rabbit Texas Red-conjugated antibody (1:500) (Abcam,
Cambridge, MA) for 1 hour at room temperature. The nuclei were stained with
Hoechst-33342 (Molecular Probes, Carlsbad, CA). Cover slips were mounted on in Gel-
Mount (Biomeda Corp., Foster City, CA) and visualized on a Nikon Eclipse E600
microscope using epi uorescence. The images were captured and analyzed with a RT Spot
Camera and RT Spot Software (Diagnostics Instruments Inc., Sterling Heights, Ml).
Controls included the omission of the primary antibodies for CBrl1 and CBr2 during
incubation.

We used western blot to confirm CBr1 and CBr2 expression. HSC3, SCC9 and NOKs were
lysed in Nonidet P-40 lysis buffer. Protein concentration was determined by BCA Protein
Assay Kit (Pierce, Rockford, IL). Proteins were separated by SDS-polyacrylamide gel
electrophoresis and transferred to a nitrocellulose membrane (Micron Separation Inc,
Westborough, MA) using a semi-dry blotting apparatus (Bio-Rad, Hercules CA). The
membranes were developed using ECL Chemiluminescence Kit (Amersham) and bands
were detected by exposure to X-ray film. The blots were quantified and assigned rvu using
an image analysis program (NIH Image, http://www.rsb.info/nih-image).

We investigated the effects of cannabinoid receptor agonists on human oral cancer cell
proliferation using the MTS assay (CellTiter 96® Aqueous One Solution Cell Proliferation
Assay, Promega Corporation). HSC3 cells (1x103/well) were plated on a 96-well plate. The
cells were serum-starved for 24 hours to allow synchronization. Serial dilutions (0.1, 1, 2.5,
5, 10 and 50 uM) of WIN55,212-2 (non-selective), ACEA (CBrl-selevtive), and
AM1241(CBr2-selective) were prepared in 0.2% DMSO/water and delivered to each group.
Vehicle (0.2% DMSO) served as the control. The plates were incubated and assayed every
24 hours for a period of 4 days. At the time of assay, 20 ul of MTS reagent was added to
each well. Plates were incubated for 2 hours in the dark. Absorbance was recorded using a
microplate reader (Biorad, Model 680) calibrated to 490 nm.

The oral cancer mouse model was produced by inoculating HSC3 cancer cells into the
hindpaw of mice as previously described [21,28]. Experiments were performed on female
Foxn1™, athymic, immunocompromised mice ranging from 4-5 weeks old and weighing
20-25¢ at the time of inoculation. Mice were housed in a temperature-controlled room on a
12:12 h light cycle with ad libitum access to food and water. The UCSF Committee on
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Animal Research approved all procedures and researchers were trained under the Animal
Welfare Assurance Program.

We used Alzet-2000 constant flow rate pumps (Durect Corporations, Cupertino, CA) to
administer the cannabinoid receptor agonists systemically over a period of 2 weeks. Mice
were divided into four experimental groups. The pumps were filled with 50% DMSO/water
as control or 0.013 M concentrations of WIN55,212-2, ACEA or AM1241 dissolved in 50%
DMSO/water (65, 48 and 65 mg/kg dosages, respectively). The pumps were placed in the
back of each animal 4 days after tumor inoculation, when gross tumor formation was
evident. Under general anesthesia with isoflurane, a small incision was made in the skin of
the back. The pump was placed subcutaneously and the incision was closed using surgical
clips.

Behavioral testing for mechanical allodynia was performed as described previously [21,28].
Testing was performed by an observer blinded to the experimental groups, in the evening
between 16:00-19:00 h. Mice were placed in a plastic cage with a wire mesh floor, allowing
access to the paws. The tumor-bearing paw was tested using an electronic von Frey
anesthesiometer (IITC Life Sciences, Woodland Hills) after thirty minutes was allowed for
acclimatization. A positive response was noted if the paw was sharply withdrawn and if
there was an immediate inching upon application of an increasing force with the von Frey
rigid probe tip. The withdrawal threshold was de ned as the force (g) that was sufficient to
elicit the above withdrawal response. The mechanical stimuli were presented at least 3
minutes apart to allow resolution of previous stimuli. Each animal was tested five times and
the measurements were averaged and compared to the baseline measurements for each
animal which was obtained 24 hours and on the day of inoculation prior to tumor
inoculation.

Tumor growth was measured using a 520M Plethysmometer (11TC Life Sciences, Woodland
Hills) to determine the paw volume. The animal’s tumor-bearing paw was inserted into a
water cell, which measures the change in pressure due to immersion. Paw volume
measurements were repeated 3 times and the results were averaged. The measurements for
paw withdrawal and tumor growth were recorded on days 4, 7, 9, 11, 13, 15, and 18 days
post-inoculation.

Data are reported as mean + SE. Statistical analysis was performed using ANOVA and post-
hoc Tukey’s test (P<0.05 considered statistically significance).

Immunohistochemistry of HSC3 cells shows that human oral cancer cells produce CBrl and
CBr2 in abundance as evidenced by the homogeneous cytoplasmic immunoreactivity
(Figure 1a). The results of the western blot (Figure 1b) confirms the expression of CBrl and
CBr2 on two human oral cancer cell lines and shows that the cancer cell lines have a higher
level of CBr expression compared to human NOKSs.

WINB5-212-2, ACEA, and AM1241 reduced cell viability significantly in a dose-dependant
manner after four days (Figure 2). The lowest dose that showed a significant decrease in
viability on day 4 with each agonist was 2.5 uM (Tukey’s test). At this concentration,
WINBS5,212-2, decreased proliferation to 36% (p<0.05) and ACEA decreased proliferation
to 74% (p<0.05). The same concentration of AM1241 initially increased proliferation to
125% (p<0.05) after one day of treatment but ongoing treatment reduced proliferation to
84% after 4 days (p<0.05).

The systemic administration of cannabinoid receptor agonists significantly attenuated cancer

pain. WIN55,212-2 treatment significantly increased mean paw withdrawal threshold on
days 7 (19%, p<0.05), 15 (21%, p<0.01) and 18 (34%, p<0.01) compared to control. ACEA
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treatment significantly increased paw withdrawal threshold on day 18 (24%, p<0.05) and
AM1241 treatment resulted in a significant increase on days 15 (27%, p<0.05) and 18 (26%,
p<0.05) (Tukey’s test).

Hindpaw tumors in the AM1241 group were significantly smaller than the control group on
days 7 (26%, p<0.05), 9 (39%, p<0.001), 11 (21%, p<0.05) and 18 (40%, p<0.01) (Tukey’s
test). The tumors in the WIN55,212-2 treated mice were significantly smaller than control
on day 9 (21%, p<0.01). After day 9, there was a trend of tumor volume reduction, but the
difference was not statistically significant. The ACEA treated group also showed a trend of
tumor volume reduction, however, the difference was not statistically significant.

This is the first study to show the presence of CBrl1 and CBr2 on human oral cancer cells.
Application of synthetic cannabinoid receptor agonists dose-dependently attenuated oral
cancer cell viability in vitro. We also demonstrated that systemic administration of synthetic
cannabinoids attenuated chronic cancer pain and proliferation in a mouse cancer model. The
three agonists used in this study are highly selective for their target receptors, indicating the
likelihood that our findings are due to the activation of the targeted cannabinoid receptors.
WIN55,212-2 is highly specific (>90%) with a high affinity (1.9 nM) for functional
receptors in rat cerebellar membranes [14]. This agonist has been shown to bind both CBr1
and CBr2 with K;j values of 62.3 and 3.30 nM respectively [3]. ACEA has been shown to
bind to CBr1 with K; value of 1.4 nM with a 2000-fold selectivity for CBr1 over CBr2 [10].
In contrast, AM1241 has high affinity for the human CBr2 with a K; value of 7 nM and its
affinity for the human CBr2 is more than 80-fold stronger than CBr1 [32]. These agonists
have proven efficacy and receptor selectivity in many studies on cancer pain and
proliferation [2,15,23,25].

Our current results agree with those shown previously by us as well as others. Local
administration of WIN55,212-2 or AM1241 can attenuate mechanical allodynia in head and
neck cancer [7] and systemic administration of cannabinoid receptor agonists reduce pain in
other cancer models such as fibrosarcoma and bone cancer [13,15]. Here we showed that the
systemic route of administration of cannabinoid receptor agonists is also effective in
decreasing oral cancer pain. The anti-nociceptive effects of cannabinoids can manifest
through multiple routes. The two subtypes of cannabinoid receptors are expressed in
different tissues. CBrl is mostly expressed in the CNS while the CBr2 is mostly expressed
in the immune system and peripheral tissues [2,8]. CBr2 is also present in some areas of the
CNS [17,30] such as spinal cord and dorsal root ganglia [19]. Furthermore, CBrl1 and CBr2
are both expressed in keratinocytes [2] and oral cancer cells. In this study, since the agonists
were administered systemically, the analgesic effect may have been through the activation of
cannabinoid receptors in the local tissues and/or the CNS [15]. Cannabinoids can induce
anti-nociception through CBr1 of the CNS [20]. WIN55,212-2 can penetrate the blood brain
barrier (BBB) although the penetration is low (0.0060%) [20]. BBB penetration for ACEA
and AM1241 is not quantified. Although present, the functional role of CBr2 in the CNS
remains unclear and requires further investigation [15]. In local tissue, activation of CBr2 on
keratinocytes results in the release of endogenous opioids that may contribute to the local
anti-nociceptive effects of CBr2 receptor agonists [12,23]. Based on the presence of CBrl
and CBr2 on head and neck cancer cells and our previous finding that cannabinoids locally
reduce cancer pain, it is possible that the activation of these receptors on cancer cells may
result in a similar mechanism of endogenous opioid release.

Cannabinoids have been shown to have anti-proliferative effects in different cancers
including skin cancer [2,27]. Casanova et al. showed that local administration of
WIN55,212-2 or JWH-133 (CBr2-selective) inhibited skin tumor growth in mice [2]. In our
study, in vitro administration of WIN55,212-2, ACEA, or AM1241was effective in reducing
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human cancer cell viability in a dose-dependant manner. We unexpectedly found that
AM1241 treatment resulted in an increase in cell counts after 24 hours. There are few
reports suggesting that cannabinoids may have pro-proliferative effects in cancer [6,9,29].
This pro-proliferative effect is mediated through cleavage of growth factor precursors by
metalloproteinases, which leads to trans-activation of the epidermal growth factor receptor
and is not due to CBr activation [4,9]. These effects were seen at 1/10 of the pro-apoptotic
concentration that may occur during intermittent treatment with a drug [4,9]. In our study,
this proliferative effect was observed with AM1241 24 hours following drug treatment.
However, this agonist decreased proliferation significantly over the 4-day course of the in
vitro experiment. Furthermore, AM1241 also decreased proliferation significantly in vivo.

In vitro, WIN55,212-2 decreased cell viability at a lower concentration relative to AM1241
or ACEA. This finding did not translate to the in vivo studies where AM1241 was more
effective in inhibiting tumor growth over the course of 18 days. This finding might be due to
the differences between in vitro and in vivo experiments. In the in vitro study, the compound
was delivered directly to the cells in a single dose whereas in the in vivo study, the
compound was delivered systemically, at a constant rate and over a period of 2 weeks. In
this systemic route of delivery, some of the compound may have been deposited in other
tissues. Another explanation may be the effects on the tumor microenvironment on the
cancer cells. It is possible that the tumor micro-environment affects the expression levels
and/or the mechanism of action of the two cannabinoid receptors, which may lead to CBr2
agonist being more effective in inhibiting tumor growth.

For many years cannabinoids have been used for medicinal and recreational purposes.
Recently, studies have focused on the therapeutic effects of cannabinoids on different
cancers. The current study was the first to investigate the therapeutic effects of synthetic
cannabinoids on oral cancer. Our results suggest that systemic administration of
cannabinoids decease oral cancer pain. We have previously demonstrated the effects of
morphine, which is the first line of treatment for pain in cancer patients, on paw withdrawal
using the cancer pain mouse model [28]. Morphine reversed cancer-induced reductions in
paw withdrawal threshold by 40-50%. In comparison, cannabinoid receptor agonists
reversed cancer-induced pain (40% of control) with similar efficacy without the sedating/
tolerance side effects of opioids. The present findings suggest that cannabinoid treatment
may be a promising alternative therapy for oral cancer pain management. Furthermore,
CBr2 agonism is not only palliative, but it may also be effective in inhibiting oral cancer
growth, making the agonist a particularly desirable therapeutic agent. CBr1 activation has
been linked to catalepsy and behavior change. Although no behavior change was observed
between groups by the blinded researcher, these behavioral effects may be of concern to
some researchers. Systemic CBr2 administration does not cause the psychoactive effects
demonstrated by activation of CB1 receptors or opiates [12,15]. Based on the results of our
study, CBr2 may be effective in the treatment of head and neck cancer by decreasing the
morbidity as well as the morality of this cancer with out affecting the patient’s behavior or
catalepsy.

Research Highlights
e CBr agonists decrease oral SCC proliferation in vitro
e  Systemic administration of CBr agonists decreases cancer pain in mice

e Systemic administration of CBr2 agonist decreases oral SCC proliferation in
mice
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Figure 1.

CBrl and CBr2 are present in human head and neck cancer cells (a). Immunofluorescence of
human squamous cell carcinoma (SCC) cells revealed homogeneous cytoplasmic and
membrane staining for CBrl and CBr2. Representative bright field (left panel) and
corresponding immunofluorescence images for CBrl (green, middle) and CBr2 (red, right
panel). Scale bar=20um. Western blot analysis of cannabinoid receptor expression in NOK,
HCS3 and SCC9 cells revealed that all three cell lines express CBrl1 and CBr2 (b). The
expression of Actin was also demonstrated as control. Image analysis of the results of
western blot indicates that the cancer cell lines express a higher level of cannabinoid
receptors compared to NOK.
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g Cannabinoid agonists decrease oral cancer cell viability in vitro. Mean percent change in
g cell viability relative to control in oral cancer cells treated with WIN55,212-2(a), ACEA (b),
= or AM1241(c), as measured by MTS assay. WIN55,212-2, ACEA and AM1241 caused a
QZJ dose-dependant decrease in HSC3 viability (n=7/group, * p<0.05 ANOVA).
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Figure 3.

Cannabinoid agonists attenuate oral carcinoma-induced pain. WIN55,212-2, significantly
increased mean paw withdrawal threshold on days 7, 15 and 18 relative to control. ACEA,
showed a significant increase in paw withdrawal threshold on day 18. AM1241, showed
significantly increased mean paw withdrawal threshold on day 15 and 18. (n=6/group,
*p<0.05, ** p<0.01 ANOVA).
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Figure 4.

Cannabinoid agonists attenuate oral cancer growth. WIN55,212-2, significantly reduced
tumor volume compared to control on day 9 (ANOVA). AM1241, significantly reduced
tumor volume compared to control on days 7, 9, 11 and 18. (n=6/group, *p<0.05, **p<0.01,
***n<0.001 ANOVA). There was a trend for ACEA to reduce tumor volume.
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