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TREATMENT OF NEOPLASIA

The present invention relates to the targeting of CB2 cannabinoid receptors as

a novel therapy to treat malignant lymphoblastic disease, particularly by
adminsitration of active molecules possessing at least some effective CB2 receptor
5 agonist activity to patients suffermng from such disease.

Marijuana is one of the oldest drugs of abuse, although its medicinal value has
also been known for several centuries. Delta-9-tetrahydrocannabinol (THC) is the
major psychoactive component in marijuana (see reference 1). THC and other
synthetic cannabinoids have been used as potential therapeutic agents in alleviating

10  such complications as intraocular pressure in glaucoma, cachexia, nausea, and pain
(see reference 2). Interest in the potential medicinal use of cannabinoids grew recently
with the discovery of 2 cannabinoid receptors, CB1 and CB2 (references 3 and 4
incorporated herein by reference). CB1 receptors are expressed predominantly in the
brain, whereas CB2 receptors are found primarily in the cells of the immune system.

15 Furthermore, endogenous ligands for these receptors capable of mimicking the
pharmacologic actions of THC have also been discovered. Such ligands were
designated endocannabinoids and include anandamide and 2-arachidonoyl glycerol.
(reference 5-7). The physiologic function of endocannabinoids and cannabinoid
receptors remains unclear.

20 Recently, anandamide was shown to inhibit the proliferation of human breast
cancer cell lines MCF-7 and EFM-19 in vitro (reference 8). Also, THC was shown to
induce apoptosis in human prostate PC-3 cells and in C6 glioma cells in culture
(references 9 and 10). THC-induced apoptosis- involved cannabinoid receptor—
dependent (references 8,11) or ~independent pathways (references 9,10). Such studies

25  have triggered interest in targeting cannabinoid receptors in vivo to induce apoptosis
in transformed cells. To this end, cannabinoids were shown rccently to inhibit the
growth of C6 glioma cells in vivo (references 12,13)

The present inventors have noted that cells of the immune system express high

Jevels of CB2 receptors which they considered might be implicated i induction of
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apoptosis in normal or transformed immune cells. By using both murine and human
leukemia and lymphoma lines as well as primary acute lymphoblastic leukemia
(ALL) cells they have demonstrated that ligation of CB2 rcceptors can induce
apoptosis in a wide range of cancers of immune-cell ongin. Furthermore, they
demonstrate that THC can inhibit the growth of murine lymphoma cells in vivo by
inducing apoptosis and, in test experiments, completely cure approximately 25% of
the mice bearing that tumor. Current data suggest that CB2 agonists that are devoid of
psychotropic effects may constitute a novel and effective modality to treat
malignancies of the immune system. .-

The inventors have particularly found that exposure of munne tumors EL-4,
LSA, and P815 to dclta~9-telrahydrocahnabino1 (THC) in vitro led to a significant
reduction in cell viability and an increase in apoptosis. Exposure of BL-4 tumor cells
to the synthetic cannabinoid HU-210 and the endogenous carmabinoid anandamide
led to significant induction of apoptosis, whercas exposure to WIN55212 was not
effective. Treatment of EL-4 fumor bearing mice with THC in vivo led to a significant
reduction in tumor load, increase in tumor-cell apoptosis, and increase in survival of
tumor-bearing mice. )

The inventors have examined of a ﬁumbcr of human leukemia and lymphoma
cell lines, including Jurkat, Molt-4, and Sup-T], and have determined that they
expressed CB2 but not CB1 receptors. These human tumor cells were also susceptible
to apoptosis induced by THC, HU-210, anandamide, and the CB2-selective agonist
JWH-015. This effect was mediated at least in part through the CB2 receptors because
pretreatment with the CB2 antagonist SR144528 partially reversed the THC-induced
apoptosis. Culture of primary acute lymphoblastic leukemia cells with THC in vitro
reduced cell viability and induced apoptosis. Thus CB2 cannabinoid receptors
expressed on malignancies of the imimune system are capable of serving as potential
targets for the induction of apoptosis. CB2 agomists lack psychotropic effects, they
can serve as novel anticancer agents to selectively target and kill tumors of immune

origin.
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One example of a CB2 specific agonist, JWH-015, has formula (2-Methyl-1-
propyl-1H-indol-3-yl)-1-naphthalenylmethanone, having M.W. 327.43. It is soluble to
10 mM in DMSO and to 25 mM in ethanol. This is a selective CB; agonist (K, values
are 13.8 and 383 nM as measured at human cloned CB; and CB, receptors expressed
in CHO cells). See Griffin et f (1999) Evidence for the presence of CB,-like receptor
on peripheral perve terminals. Bur.JPharmacol. 339 53. Pertwee et al (1999)
Pharmacology of cannabinoid receptor ligands. Curr.Med.Chem. 6 635. Chin et al
(1999) The third transmembrane helix of the cannabinoid receptor plays a role in the
selectivity of aminoalkylindoles for CB2, peripheral cannabinoid receptor.
J.Pharmacol. Exp.Ther. 291 837. All these references are incorporated herein by
reference.

Other selective CB2 agonists are taught by Wiley et al (incorporated herein by
reference-. J Pharmacol Exp Ther 2002 301: 679-689), particular compounds being
resorcinols. Preferred selective CB2 agonists for use on the present invention have an
affinity for CB2 receptors that is at least five times that for CB1, more preferably at
Jeast 10 times, still more preferably at Jeast 20 times and most advantageously 100 or
more times.

Thus a first aspect of the present invention provides a method of treating a
patient in need of therapy for an abnormality of cells of the immune system
comprising adminsitration of a therapeutically effective dose of a compound having
CB2 cannabinoid receptor activity.

Preferably the abnormality is a malignancy of the immune system,autoimmune
disease, septic shock, trausplantation reaction and allergy. Most preferably the
abnormality is leukemia or lymphoma, particularly primary acute lymphoblastic
leukemia (ALL).

Advantageously, the compound is a CB2 agonist that has reduced
psychotrophic activity as compared with classical CB1 reccptor agonists such as

THC.
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Administration of the aforementioned CB2 agomst compounds or a
formulation thereof need not be restricted by route. Options include enteral (for
examplc oral and rectal) or parenteral (for example delivery into the nose or lung or
injection into the veins, arteries, brain, spine, bladder, peritoneum, muscles or
subcutaneous region). The treatment may consist of a single dose or a plurality of
doses over a period of time. The dosage will preferably be determined by the
physician but may be between 0.01 mg and 1.0 g/kg/day, for cxample between Q.1
and 500 mg/kg/day. In terms of dose per square meter of body surface, the compound
can be administered at 1.0 mg to 1.5 g per m? per day, for example 3.0-200.0
mg/m’/day.

Whilst it is possible for a compound of the invention to be administered alone,
it is preferable tb present it as a pharmaceutical formulation, together with one or
more acceptable carriers and/or excipients. The carrier(s) and/or excipients must be
“acceptable” in the sense of being compatible with the compound of the invention and
not deleterious to the recipients thereof.

The formulations may conveniently be presented in unit dosage form and may
be prepared by any of the methods well known in the art of pharmacy. A unit dosage
form may comprise 2.0 mg to 2.0 g, for example 5.0 mg to 300.0 mg of active
ingredient. Such methods include the step of bringing into association the active
ingredient, i.e. the compound of the invention, with the carrier and/or gxcipients
which constitute one or more accessory ingredients. In general the formulations are
prepared by upniformly and intimatcly bringing into association the active mgredient
with liquid carriers or finely divided solid camiers and/ox excipients and/or two or all
of these, and then, if necessary, shaping the product. ‘ '

Formulations in accordance with the present invention suitable for oral
administration may be presented as discrete units such as capsules, cachets or tablets,
each containing a predetermined amount of the active ingredient; as a powder or

granules; as a solution or a suspension in an aqueous liquid or 2 non-aqueous liquid;
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or as an oil-m-water liquid emulsion or a water-in-0il liquid emulsion. The active
ingredient may also be presented as a bolus, electuary or paste.

A tablet may be made by compression or moulding, optionally with one or
more accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder (e.g. povidone, gelatin, hydroxypropyl-
methyl cellulose), lubricant, inert diluent, preservative, disintegrant (e.g. sodium
starch glycolfate, PVP, cross-linked povidone, cross-linked sodium carboxymethyl
cellulose), surface~acti;/e or dispersing agent. Moulded tablets may be made by
moulding in a suitable machine a mixture of the powdered compound moistened with
an inert hquid diluent. The tablets may optionally be coated or scored and may be
formulated so as to provide slow or controlled release of the active ingredient tﬁerex’n
using, for example, hydroxypropylmethylcellulose in varying proportions to provide
desired release profile.

Formulations suitable for topical administration in the mouth include lozenges
comprising the aclive ingredient in a flavoured basis, usually sucrose and acacia or
tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin
snd glycenn, or sucrose and acacia; and wmouth-washes comprising the active
ingredient in a suitable liquid carrier.

Formulations suitable for parenteral administration include aqueous and non-~
aqueous sterile imjection solutions which may contain anti-oxidants, buffers,
bactenostats and solutes which may render the formulation isotonic with the blood of
the intcndéd recipient; and aqueous and non-aqueous sterile suspensions which may
include suspending agents and thickening agents. The formulations may be presented
in unit-dose or muiti-dose containers, for example scaled ampoules and vials, and may
be stored in a freeze-dried (lyophilised) condition requinng only the addition of the
sterile liquid carrer, for example water for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared from sterle

powders, granules and tablets of the kind previously described.
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Preferred unit dosage formulations are those containing a daily dose or unit,
daily sub-dose or an appropriate fraction thereof, of an active ingredient.

It should be understood that in addition to the ingredients particularly
mentioned above the formulations of this invention may include other agents
conventional in the art having regard to the type of formulation in question, for
example those suitable for oral administration may include flavouring agents.

In a second aspect of the present invention there is provided the use of a
compound of the first aspect of the invention for the manufacture of 2 medicament for
the treatment of abnormalities of the immune system, particularly malignancies of the
immune suystem, such as jeukemia and lymphoma.

The present inventors have demonstrated that THC and other cannabinoids can
induce apoptosis in murine and human leukemia and lymphoma cell lines as well as
primaxy ALL cells. The human tumor-cell lines screened expressed CB2 but not CB1
receptors, whereas the murine tumors expressed both CB1 and CB2 receptors.

Ligation of CB2 receptors is sufficient to induce apoptosis inasmuch as CB2-
selective agonists can jnduce apoptosis in tumor cells. THC-induced apoptosis in
human tumor-cell lines is now shown to be reversed by CB2 antagonists. THC was
effective not only in vitro but also in vivo, as demonstrated by its ability to induce
apoptosis and decrease the tumor load. Moreover, THC treatment could cure
approximately 25% of the mice bearing a syngeneic tumor. Thus targeting CB2
receptors on tumor cells of immune origin provides a novel and relatively non-toxic
approach to treating such cancers.

The interactions between cannabinoids and their receptors in regulating
neurobehavioral functions have been extensively studied. Cannabinoids have also
been shown to alter jmmune functions, although the precise mechanisms remain
unclear. Also, the physiologic functions of cannabinoid receptors on immune cells
and the role played by endocannabinoids in immune-cell regulation rermain

unresolved. The inentors have also demonstrated that administration of THC to
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C57BL/6 mice led to a marked decrease in the cellularity of the thymus and spleen
that resulted from the induction of apoptosis in immune cells.

Recently, cannabinoids have been shown to induce apoptosis in tumor cells in
vitro. (see references 9,10,12,18,19) Together, such studics suggest the possible use of
cannabinoids as anticancer agents. The exact mechanism by which THC induces
apoptosis in normal and transformed lymphocytes remains unclear. It is believed that
THC and other cannabinoids can act by two distinct mechanisms. Because of its
lipophilic propertics, it was thought that THC acted through direct intercalation into
the cell membrane. However, it was soon realized that the activity of cannabinoids
was highly stereospecific, suggesting that the lipophilic properties were not solely
responsible for the cannabinoids’ activity. Since then, receptors for cannabinoids have
been characterized. These receptors share only 44% homology, but most cannabinoids
tested show similar binding affinity to both reccptors (reference 20).

Both receptors are coupled to G-protein, suggesting that endogenous
cannabinoids may play a role in cell signaling (reference 1). Therefore, it is possible
that the observed effects of THC on the immune response, including the induction of
apoptosis, may be mediated by signals initiated through these receptors. For example,
Galve-Roperh et al (reference 12) demonstrated that apoptosis induced by THC in C6
glioma cells in vivo involved a cannabinoid receptor-dependent pathway.

In contrast, others have shown in C6 glioma or a prostate cancer cell model
that THC-induced apoptosis was independent of the involvement of the CB1 and CB2
receptors. In the current study, several observations suggested that ligation of the CB2
receptor can induce apoptosis in tumors of immune origin. For example, the human:
tumor cells such as Jurkat and Sup-T1 expressed only CB2 réceptors, and the THC-
jnduced apoptosis in these tumor cells was inhibited at least in part by CB2
antagonists. These studies, however, did not rule out the possibility that ligation of
CB1 receptors on murine tumors of immune origin would also induce apoptosis. In
fact. The inventors have observed that addition of CB1 antagonist to the EL-4 tumor

cells can also inhibit the apoptosis. It should be noted, however, that the cannabinoid
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receptor antagonists can act as inverse agonists (references 21,22) and thereby prevent
apoptosis through ap alternate pathway. It is for this reason that the inventors used
human cell lines that expressed only the CB2 receptors and showed using CB2
antagonists that ligation of CB2 receptors alone is sufficient to induce apoptosis.

THC is well known for its impact on the cytokine network (reference 23). For
cxample, the pres;:ncc of THC or activation of the CB1/CB2 receptors can block
forskolin-induced accumulation of cyclic adenosine monophosphate (cAMP)
(references 24-26) and reduced cAMP levels correlate with the repression of
interleukin-2 (IL-2) transcription and secretion (refernce 27). IL-2 plays an important
role in the regulation of apoptosis (references 28-30). Therefore, reduction in the
levels of IL-2 or other cytokines following exposure to THC may partly account for
increased apoptosis. The inventors have demonstrated that IL-2 can act as an
autocrine growth factor in the autonomous proliferation of transformed T cells
(references 31, 32). Thus, inhibition of IL-2 production by THC could lead to
decreased proliferation and apoptotic cell death.

‘CB1 receptors are expressed in the central nervous system as well as the
pituitary gland, immune cells, reproductive tissues, gastrointestinal tissues, heart,
lungs, urinary bladder, and adrenals (reviewed by Berdy-shev reference 1). In
contrast, CB2 receptors are found prmarily in immune cells, including T celis, B
cells, natural killex cclls, macrophages, neutrophils, and mast cells (references 33,34).

Thus, the selective expression of CB2 receptors on the immune cells provides
a unique opportunity to target malignancies of the immune system by using CB2
agonists to induce apoptosis and thereby provide new avenues to treat such cancers.
The advantage in using CB2-selective agonists also stems from the fact that such a
treatment is devoid of the psychotropic effects that are characteristic of CB1 agonists.
It should be noted that in the current study, we randomly selected a few murine and
human tumor-cell lines of immune origin that were all found to be sensitive to

cannabinoid-induced apoptosis.
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The dose of THC that induced apoptosis in vitro mn the current study was
found to be 10 pM or greater using serum-containing medium and 3 pM or higher in
serum-free medium. Similar observations were made by others who also noted that
THC was less effective in inducing cell death in the presence of serum (reference 17)
This is believed to be the result of direct interactions between serum proteins, such as
albumin, and cannabinoids (refercnce 16). The doses of THC used in vitro in the
current study were pharmacologically relevant because in an earlier study, rats
injected with 50 mg/kg THC were shown to exhibit 10 uM THC in the serum within
10 hours of administration (reference 35) Also, in these studies, mice were given as
high as 500 mg/kg 5 times a week for 2 years. Interestingly, despite such high doses,
the survival of dosed rats was higher than in controls. Also, the incidence of a wide
range of cancers in mice and rats treated with THC was reduced in a dose-dependent
manner (reference 35).

In most previous studics, the effect of THC or other cannabinoids in inducing
apoptosis in nonlymphoid tumor-cell lines was seen oply after exposure for 2 or more
days (references 9,10,12,13). In contrast, in the cument study, we were able to
demonstrate marked induction of apoptosis in lymphoid tumors as early as 4 hours
following culture with THC. These data suggest that lymphoid tumors may be highly
sensitive to THC-induced apoptosis. Anandamide was shown recently to induce
apoptosis in human neuroblastoma (CHP100) and lymphoma (U937) cells (reference
18 incorporated by reference). These authors demonstrated that anandamide-induced
apoptosis was independent of cannabinoid receptors and was induced through
vanillod recéptors. ‘In the current study, ‘we also obsérved that anandamide was
effective at inducing apoptosis in lymphoid cell lines that were screened.

In the current study, we observed that THC was able to induce apoptosis In
wmor cells not only in vitro, but also in vivo. Furthermore, THC was effective in
reducing the tumor load, prolonging the mean survival time of tumor-bearing mice, as
well as curing a significant proportion of such mice. Because THC is

immunosuppressive and EL-4 is an immunogenic tumor (refeernce 36) it is possible
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that the immunosuppressive effects of THC may have interfered with the host’s
antitumor immunity, which may account for a lower percentage of cures. Thus,
further manipulations of the dose of THC that would induce significant apoptosis
without causing significant suppression of antitumor immunity providing
development of a treatment regimen that improves cure rate further.

The current study demonstrates that targeting CB2 receptors to induce
apoptosis provides a novel approach to treating malignancies of the immune system.
The advantage in using CB2 receptor agonists is that they do not exhibit psychoactive
properties. Thus preferred compounds for use in the method have relatively low CB1
activity and more preferably have relatively Jow vanilloid receptor activity (eg. having
greater than 5 times CB2 than vanniloid activity). Because CB2 receptors axe
expressed exclusively on immune cells, use of CB2 receptor agonists will not be toxic
to non-immune cells.

The present invention will now be described by way of illustration only by
reference to the following non-limiting examples, figures and sequences. Fuxther
embodiments falling within the scope of the invention will occur to those skilled in

the art in the light of these.

EXPERIMENTAL.

Materials and methods

Mice: Adult (6-8 weeks of age) female C57BL/6 mice were purchased from the
National Institutes of Health, Bethesda, MD. The mice were housed in polycthylen;

cages and given rodent chow and water ad libium. Mice were housed in rooms

maintaining a temperature of 74 % 2°F and on a 12-hour light/dark cycle.
Reagents: THC was obtained from the National Institute of Drug Abuse (Rockville,

MD) and was initially dissolved in dimethyl sulfoxide (DMSO; Sigma, St Louis, MO)
to 2 concentration of 20 mM and stoxed at -20°C. THC was further diluted with tissue

10



WO 03/049727 PCT/US02/39310

culture medium for in vitro studies and phosphate-buffered saline (PBS) for in vivo
studies. SR141716A and SR144528 were obtained from Sanofi Recherche
(Montpellier, France). HU-210, anandamide, WINS55212, and JWH-015 were
obtained from Tocris Cookson (Ellisville, MO).

Cell lines: The murine lymphomas (EL-4 and LSA), the murine mastocytoma (P815),
the murine melanoma (B16F10), Sup-T1, a T-lymphoblastic leukemia cell hne
developed from an 8-year-old male, Jurkat, an acute T-lymphoblastic leukemia cell
line generated from a 14-year-old male, Molt-4, an acute T-lymphoblastic leukemia
10 cell line established from a 19-year-old male, and human glioma U251 cell line were
all maintained in RPMI 1640 medium (Gibco Laboratories, Grand Island, NY)
supplemented with 5% fetal calf serum (FCS), 10 mM HEPES, 1 mM glutamine, 40
pg/mL gentamicin sulfate, and 50pM 2-mercaptoethanol. In assays examining the
effect of cannabinoid agonists on tumor-cell viability and apoptasis, the concentration
15  of FCS ranged from 0% to 5%.

Primary leukemic cells: Peripheral blood samples were obtained from 2 patients
diagnosed with ALL. The samples were referred to as ALL no. 1 and ALL no. 2. ALL
no. 1 was obtained from a male patient newly diagnosed with common acute
20  lymphoblastic leukemia antigen (CALLA) (CD10)-positive non-B, non~T ALL. ALL

no. 2 was obtained from a female patient newly diagnosed with terminal

deoxynucleotidyl transferase (TdT)-positive T-cell ALL. Informed consent was
obfained following institutional ‘guidelines and approval ‘was obtained from the
institutional review board of Virginia Commonwealth University. Consent was

25  provided according to the Declaration of Helsinki.
The content of the lymphoblasts was greater than 70% as determined by flow
cytometric analysis. Mononuclear cells were isolated by Ficoll-Paque density gradient

centrifugation. In this study, the samples were cryopreserved and stored in liquid

11
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nitrogen before use. Viability after thawing was determined by trypan blue dye

exclusion and was greater than 90%.

Measurement of the effect of cannabinoid receptor agonistson tumor-cel]l viability in

vitro: Tumor cells were adjusted to 1x10° cells/mL in medium containing 5% FCS or
serum-free medium. The cells (1x10%) were cultured in 24-well plates in 2 mL
medium 1n the presence or absence of various concentrations of cannabinoid receptor
agonists for 2 to 24 hours. Finally, the cells were harvested and washed twice in PBS,

and the viable cell count was determined by trypan blue dye exclusion.

Detection of cannabinoid-induced apoptosis in vitro: Tumor cells (1x10° cells/well)

were cultured in 24-well plates in the presence or absence of various concentrations of
THC or other cannabinoid rcceptor agonists for 2 to 24 hows, as described above.
Next, the cells were harvested, washed twice in PBS, and analyzed for the induction
of apoptosis using ecither the terminal deoxynucleotidyl transferase-mediated end
labeling (TUNEL) method or annexin V/propidium iodide (PI) method, as described
elsewhere (references 14,15 incorporated herein by reference). To detect apoptosis
using the TUNEL method, we washed the cells twice with PBS and fixed them with
4% p-formaldehyde for 30 minutes at room temperature. The cells were next washed
with PBS, permeabilized on ice for 2 minutes, and incubated with fluorescein
isothiocyanate—dUTP and TdT (Bochringer Mannheim, Indianapolis, IN) for 1 hour at
37°C and 5% CO2. To detect apoptosis using the annexin V/PI method, we washed
the cells twice with PBS and stained them with annexin V and PI for 20 minutes at
room temperature. The cells were washed twice with PBS. The levéls of apoptosis in
both the TUNEL and annexin/Pl assays were determined by measunng the
fluorescence of the cells by flow cytometric analysis. Five thousand cells were

analyzed per sample.

12



WO 03/049727 PCT/US02/39310

10

15

20

25

Measurement of tumor-cell viability and induction of apoptosis in vivo:Groups of 5

C57BL/6 mice were injected intraperitoneally (IP) with 1x10° EL-4 tumor cells
suspended in 0.2 mL PBS. The control mice received PBS alone. Ten days later, the
mice were injected with various concentrations of THC (0, 1, 3, or S mg/kg IP). The
mice were killed 24 hours later and the EL-4 tumor cells were harvested from the
peritoneal cavity by injecting 5.0 mL PBS, followed by aspiration of the peritoneal
fluid from the cavity. The contaminating red blood cells were removed with red blood
lysing solution (Sigma), and the tumor cells were washed twice with PBS. The
number of viable cells was determined by trypan blue dye exclusion, and apoptosis
was determined using the TUNEL assay. The presence of tumor cells in the pentoneal
cavity was confirmed by the ability of the cells to grow in vitro and by the phenotype
(Thyl-, CD4-, CD8-).

Effect of THC on survival of EL-4—challenged mice: Groups of 8 C57BL/6 mice were
injected IP with 1x 10 EL-4 tumor cells in a volume of 100 uL PBS. One day

following tumor injection, the mice received daily IP injections for 14 days with 5

mg/kg THC in a volume of 500uL PBS. Control mice received injections with the
vehicle control. The mice were observed daily for signs of morbidity and were
euthanized. Mice that survived for more than 60 days were rechallenged with live EL-

4 cells (1x10°) and tested for their ability to reject tumor and survive.

RNA isolation and reverse transcriptase—polymerase chain reaction (RT-PCR): RNA.

was isolated from approximately 1 x 107 cells using the RNeasy Mini Kit (Qiagen,
Valencia, CA). Because CB1 and CB2 arc encoded by single exons, a DNase
digestion was included in the isolation procedure to limit the possibility of PCR
amplification of CB1 and CB2 from genomic DNA. cDNA was prepared with the
Qiagen OmniScript RT kit using 1 pg RNAas template for first-strand synthesis.
Mouse and human CBl was amplified using primers H CBl U (5™
CGTGGGCAGCCTGTTCCTCA-3") and H CB1 L (5-CATGCGGGCTTGGTCTGG-

13
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3"), which yield a product of 403 bp. Human CB2 was amplified using primers H CB2
U  (5-CGCCG-GAAGCCCTCATACC-3) and H CB2 L (5"-
CCTCATTCGGGCCATTC-CTG-3", which yield a product of 522 bp. Mouse CB2
was amplified using M CB2 U (5'-CCGGAAAAGAGGATGGCAATGAAT-3") and
M CB2 L (5-CTGCTGAGCGCCCTGGAGAAC-3"), which yield a product of 479bp.
B-Actin was used as a positive copirol, with primers M BA U(5-
AAGGCCAACCGTGAAAAGATGACC-3%nd M BAL(5'-ACCGCTCGTT
GCCAATAGTGATGA-3"), with a product size of 427 bp. PCR reactions were
carried out using the folloWing parameters: 95°C for 15 seconds, 58°C for 15 seconds,
and 72°C for 30 seconds for 35 cycles; followed by a final 5 minutes at 72°C in an
Applied Biosystems GeneAmp 9700 (Foster City, CA). The resulting PCR products

were separated on a 1% agarose gel.

Results:

Expression of CB1 and CB?2 receptors in EL-4. LSA, and P§15 munne tumor cells:

The expression of CB1 and CB2 cannabinoid receptor mRNA was determined by RT-
PCR (Figure 1). This analysis revealed that all 3 murine tumor-cell lines expressed
both CB1 and CB2 mRNA.

Exposure of BL-4, 1. SA, and P815 tumor cells to THC leads to a reduction in viability

and induction of apoptosis in vitro: We examined whether THC exposure had an

effect on the viability of EL-4, LSA, and P815 tumor cells in vitro. To this end, the

tumor cells were cultured in medium containing 5% FCS and exposed to various
concentrations of THC (0, 1, 10, and 20uM) for 24 hows, and the viability was
determined by trypan blue dye exclusion (Figure 2A). The results showed that
exposure to THC at concentrations of 10uM or greater led to a significant reduction in
the number of viable cells. Next, we analyzed the THC-treated tumor cells for
induction of apoptosis by TUNEL staining (Figure 2B).
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The results demonstrated that THC induced significant apoptosis in all 3 cell
lines in vitro. Together these results suggest that exposure of EL-4, LSA, and P815

tumor cells to THC in vitro led to significant cell killing by induction of apoptosis.

THC-induced effect on cellularity is dependent on exposure time and serum

concentration: Previous studies suggested that the efficacy of THC may be directly

related to the concentration in serum (reference 16, 17). Therefore, the inventors
examined whether culturing tumor cells in serum-free medium would have an effect
on THC-induced killing of tumor cells. This was accomplished by exposing EL-4
tumor cells to various concentrations of THC (1, 3, and SuM) or the vehicle for 4, §,
or 12 hours in serom-free medium and determining the cell viability. The results
showed that by culturing the cells in serum-free medium, we dramatically reduced the
concentration of THC needed to decrease tumor-cell viability (Figure 3A). For
example, exposure of EL-4 tumor cells to as low as SpM THC for 4 hours led to a
signficant decrease in tumor-cell viability (Figurc 3A) and an increase in the
imduction of apoptosis (Figure 3B,C). Also, at 12 hours, THC at a concentration of 3
MM was able to cause a significant decrease in tumor-cell viability (Figure 3A). The
data shown in Figure 3B and 3C demonstrate that apoptosis induced by THC was
evident using both the TUNEL and annexin/PI methods. Previous studies have shown
that cells positive for annexin alone represent early apoptotic cells, whereas those
positive for both anpexin and PI are late apoptotic/necrotic cells, and cells positive for
PI alone are necrotic cells.( see reference 15). Thus, the majority of THC-treated cells
appeared to be in an early or late apoptotic stage of death (Figure 3C). It was also
noted that in serum-free medium, the time required to induce tumor-cell killing was
decreased significantly to 4 hours at a concentration of 5uM THC (Figure 3A).
Because serum interfered with THC-induced apoptosis, all subsequent experiments

were performed in serum-free medium.
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HU-210 and anandamide, but not WIN-55212, induce apoptosis in EL-4 tumor cells

in vitro: Three additional cannabinoid receptor agonists were tested for their ability to
induce apoptosis in EL-4 tumor cells. In Figure 4A, EL-4 tumor cells were exposed to
3uM THC, WINS5212, and HU-210 for 4 hours. The cells were then analyzed for
apoptosis using the annexin/Pl method (Figure 4A). The results showed that exposure
to THC or HU-210 led to a significant increase in apoptosis when compared with the
controls. In contrast, exposure to 3uM WINS5212 had no significant effect on the
induction of apoptosis. In addition, we examined the effects of anandamide exposure
on the induction of apoptosis (Figure 4B). EL-4 tumor cells were exposed to 5 and 10
uM anandamide for 4 hours. The cells were analyzed for apoptosis using the TUNEL

assay. The results showed that exposure to 5uM led to a slight increase in apoptosis;

Figure 1. The expression of CB1 and CB2 mRNA jn EL-4, LSA, and P815 tumor
cells. The expression of CB1 and CB2 mRINA was determined by RT-PCR analysis.
Total RNA was isolated from EL-4, LSA, and P815 tumnor cells. mRINA was reverse
transcribed and amplified by PCR with primers specific for CB1 and CB2. A

photograph of ethidium bromide-stained amplicons is depicted.

Figure 2. Exposure of murine tumor cells of immune origin to THC in vitro leads to 2

reduction in cell vigbility and induction of apoptosis. (A) The effect of THC on

tumor-cell viability was determined by culturing EL-4, LSA, and P815 tumor cells for
24 hours in medium containing 5% FCS in the presence of various concentrations of
THC (1, 10, and 20uM) or the vehicle. The viable cell number was determined by
trypan blue dye exclusion. The data were expressed as percentage of control viable
cell number. (B) The effect of THC on the induction of apoptosis in EL-4, LSA, and
P815 tumor cells was determined by culturing the tumor cells for 24 hours in medium
containing 5% FCS in the presence of 20uM THC (filled histogram) or the vehicle
(empty histogram). Apoptosis was quantified using the TUNEL method, and the cells
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were analyzed using a flow cytometer. Exposure to 10pM anandamide led to

significant levels of apoptosis.

THC treatment leads to reduced tumor burden and apoptosis in vivo: We examined
whether treatment of tumor-bearing mice with THC was effective at killing tumor

cells in vivo. To this end, C57BL/6 mice were injected with EL-4 tumor cells (1x10°).
On day 10 of tumor growth, the mice were injected IP with various doses of THC (1,
3, or 5 mg/kg) or the vehicle. One day later, the mice were killed and injected with 5
mL PBS into the peritoneal cavity. The peritoneal fluid was aspirated and analyzed
for viable tumor cells and for apoptosis. The data demonstrated that THC caused a
dose-dependent decrease in the viable tumor-cell number found in the peritoneal
cavity (Figure 5A). THC failed to cause a decrease in cellularity at 1 mg/kg, but it was
effective at 3 and 5 mg/kg.

Furthermore, when cells collected from mice treated with 5 mg/kg were
analyzed for apoptosis, a significant proportion (77.3%) of the tumor cells showed
apoptosis (Figure 5B). These data suggest that THC was effective in vivo to mnduce
apoptosis and kill the EL-4 tumor cells.

THC treatment can cure tumor-bearing mice: Ncxt we tested whether THC treatment

can cure EL-4 tumor bearing mice. To this end, mice were injected with EL-4 tumor
cells (1x10 6 ) and then given a daily injection of 5 mg/kg THC for 14 days. The mice
were observed for survival and, upon exhibiting signs of morbidity, were immediately
euthanized. The results showed that treatment with THC led to-a significant increase
in survival (Figure 6). Interestingly, 25% of the mice survived the

tumor challenge (Figure 6). Also, they were completcly cured in asmuch as they were
resistant to rechallenge with the specific tumor (data not shown). Taken together,

these results suggest that THC can exert anticancer properties in vivo.
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Expression of CB1 and CB2 cannabinoid receptors on human Molt-4, Jurkat, and

Sup-T1 tumor-cell lines: Next, we tested whether human leukemia/lymphoma cell

lines express cannabinoid receptors. The expression of CB1 and CB2 cannabinoid
receptor mRNA was deténnined using RT-PCR analysis (Figure 7). The results
showed that all 3 cell lines screened expressed significant levels of CB2 mRNA.
However, unlike in the murine tumor-cell lines, CB1 mRINA was not detected in these
3 cell lines. In these experiments, we used 2 human glioma cell line, U251, as a
positive control for CB1 expression.

[

THC. HU-210. and anandamide induce apoptosis in human leukemia and lymphoma

cell lines in vitro: Next, we examined whether exposure of human leukemia and

lymphoma cell lines to THC or HU-210 would lead to induction of apoptosis. To this
end, human tumor-cell lines Jurkat, Molt-4, and Sup-T1 were exposed to various
concentrations of THC, HU-210 (2.5, 5, and 10uM), or the vehicle for 4 hows, and
the induction of apoptosis was determined using the TUNEL method. The results

showed that exposure of the Jurkat, Molt-4, and Sup-T1 cell lines (Figure 3).

THC is more effective in serum-free medinm: (A) EL-4 tumor cells were cultured in

serum-free medium in the presence of various concentrations of THC (1, 3, and SuM)
or the vehicle for 4, 8, or 12 hours. The number of viable cells was determined by
trypan blue dye exclusion. The data represent the mean + SEM of duplicate wells.
(B) EL-4 tumor cells were cultured in serum-free medijum in the presence of vehicle
control (DMSO) or THC (5uM) for 4 hours. The leve] of apoptosis induction was
determined using the TUNEL method. (C) EL-4 cells cultured with THC as described

above were stained with annexin V/PI and analyzed using a flow cytometer Figure 4.

THC, HU-210. and anandamide, but not WINS5212, induce apoptosis in EL-4 tumor

cells in vitro: (A) EL-4 tumor cells were cultured in serum-free medium for 4 hours in

the presence of vehicle, THC (3uM), WIN55212 (3uM), and HU-210 (3uM). The

18



WO 03/049727 PCT/US02/39310

10

I5

20

25

level of apoptosis was quantified by annexin/PI staining, as described in Figure 3. (B)
EL-4 tumor cells were cultured in serum-free medium for 4 hours in the presence of
vehicle or anandamide (5 and 10pM). The level of apoptosis was quantified by
TUNEL assay to greater than or equal to 5pM THC or HU-210 led to significant
levels of apoptosis (Figure 8A). THC at 10pM and HU-210 at 5uM concentrations
caused greater than 80% apoptosis (Figure 8A).

Figure 8B shows a rcpresentative expenment using the TUNEL assay. In
addition, we examined the effects of anandamide expo-sure on the induction of
apoptosis in Molt-4 tumor cells. Molt-4 tumor cells were cultured for 4 hours in the
absence or presente of various concentrations of anandamide (5, 10, 20, and 40 M).
The level of apoptosis was quantified using the TUNEL method (Figure 9). The
results showed that anandamide at concentrations of 20uM or greater induced
significant levels of apoptosis in Molt-4 tumor cells. Together, these data suggest that
THC, HU-210, and anandamide can induce apoptosis in various human leukemia and

Iym-phoma cell lines.

THC-induced reduction in viablc cell number is mediated through the CB1 and CB2

cannabinoid receptors: Because the human tumor-cell lines screened exhibited CB2

but not CB1 receptors, we tested whether THC was acting through CB2 receptors to
induce apoptosis. To this end, Jurkat and Sup-T1 cells were incubated with 5 pM THC
in the presence of CB2 antagonists or the vehicle. After 4 hours, the viable cell
number was determined by trypan blue dye exclusion (Figure 10). The results showed
that exposure to THC led to a dramatic reduction in the number of viable tumor cells.
However, when the cells were cocultured with the CB2 antagonist, the viable cell
numbers increased significantly, thereby reversing the effect of THC. Together, these
results suggest that THC-induced reduction in viable cell number and increase in the

induction of apoptosis were mediated through the CB2 cannabinoid receptors.
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Exposure of Jurkat and Molt-4 tumor cells to CB2 receptor agonist, JWH-015, leads

to a reduction in viability and induction of apoptosis in vitro: Next we examined

whether exposure to a CB2-selective agonist would lead to tumor-cell death and
induction of apoptosis. Jurkat and Molt-4 tumor cells were exposed to various
concentrations of the CB2-selective agonist JWH-015 (1, 5, 10, and 20pM) or the
vehicle in serum-free medium for 24 hours. The results showed that exposure of Molt-
4 and Jurkat rumor cells to 5uM or greater concentrations of JWH-015 led to a
significant decrease in the number of viable tumor cells (Figure 11A). Next, we
examined whether exposure to JWH-015 would lead to the induction of apoptosis.
Jurkat and Molt-4 tumor cells were exposed to JWH-015 for 24 hours, and apoptosis
was determined by TUNEL assay (Figure 11B). The results showed that exposure of
Jurkat and Molt-4 tumor cells to 5 M JWH-015 led to significant induction of
apoptosis. Together these results suggest that treatment of Jurkat and Molt-4 tumor
cells with CB2-selective agonist can lead to a significant reduction in cell viability

and induction of apoptosis.

THC induces apoptosis in primary ALL cells in vitro: Next we examined whether

exposure of primary ALL cells to THC would have any effect on tumor-ce]l viability
or induction of apoptosis. To this end, lymphoblasts isolated from peripheral blood of
2 patients with ALL (ALL no. 1 and ALL no. 2) were cultured in the presence of
various concentrations of THC (1, 5, and 10uM) or vehicle (DMSO) for 2 hours. The
viable cellularity was determined by trypan blue dye exclusion. The results showed
that exposure of the ALL samples to S5uM or greater concentrations of THC resulted
in significant reduction in viability (Figure 12A). In addition, we examined the effect
of THC exposure on the induction of apoptosis using the TUNEL method and
observed that exposure of cells from both ALL patienis to 5pM or greater

concentrations of THC led to significant induction of apoptosis (Figure 12B).
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Figure 5. THC treatment leads to reduced tumorburd en and tumor-cell apoptosis in

vivo, C57BL/6 mice were injected IP on day O with 1 x 10% EL-4 tumor cells. On day
10, the mice were treated with various doses of THC (1, 3, or 5 mg/kg IP) or the
vehicle. One day later, the peritoneal cavity was flushed with S mL PBS, and the

5 tumor cells were collected by aspiration. (A) The cell number was determined by
trypan blue dye exclu-sion. The data represent the mean +SEM from groups of 3
mice. (B) The tumor cells recovered from the peritoneal cavity were tested for
apoptosis using the TUNEL method. Filled histogram shows tumor cells exposed to
THC and open histogram shows cells exposed to the vehicle

10

Figure 6. Treatment with THC increases survival of EL-4 tumor—bearing mice.:

C57BL/6 mice (8 per group) were injected IP with 1 x10® EL-4 tumor cells on day 0.
From day 1 onward, the mice were treated dajly for 14 days with THC (5 mg/kg) or
the vehicle control by the IP route. The mice were observed daily for survival and

15  signs of morbidity. The data depicted are representative of 3 separate experiments.

Figure 7. The expression of CB1 and CB2 mRNA in Molt-4, Jurkat, Sup-T1, and
U251 human tumor cells: The expression of CB1 and CB2 was determined by RT-
PCR analysis. Total RNA was isolated from Molt-4, Jurkat, Sup-T1, and U251 tumor

20  cells. mRNA was reverse transcribed and amplified by PCR with primers specific for

CBI and CB2. A photograph of ethidium bromide-stained amplicons is depicted.
These results were further corroborated by staining the ALL cells with annexin V and
P1. Together, these results suggest that exposure of primary ALL cells to THC can
Jead to significant tumor killing mediated by the induction of apoptosis.

25
Figure 8. THC and HU-210 exposure Jeads to the induction of apoptosis in human

lymphoid tumors in vitro. Human tumors Molt-4, Jurkat, and Sup-T1 were cuituxed in

serum-frec medium in the presence or absence of various concentrations of THC, HU-

210 (2.5, 5, and 10uM), or the vehicle for 4 hours. (A) The induction of apoptosis was
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determined by the TUNEL method, and the percentage of apoptotic cells was plotted.
(B) A representative experiment in which human tumor cells cultured with 10 pM of
THC or HU-210 (filled histograms) or the vehicle (open histograms) were analyzed
for apoptosis using TUNEL assay.

Figure 9. Anandamide exposure leads to the induction of apoptosis in Molt-4 tumor
cells in vitro. Molt-4 tumor cells were cultured in serum-free medium in the presence
or absence of various concentrations of anandamide (5, 10, 20, and 40 uM) or the
vehicle for 4 hours. The induction of apoptosis was determined by the TUNEL
method. A representative experiment in which Molt-4 tumor cells were cultured with

anandamide (filled histogram) or the vehicle (open histogram) is depicted.

Figure 10. CB2 receptor antagonists can reverse the toxicity of THC. Jurkat and Sup-

T1 human tumor cells were cultured for 4 hours in the presence of THC (5 pM) or
the vehicle. In addition, the cultures received the CB2 antagonist (5 pM). The vieble
cell number was determined by trypan blue dye exclusion. The data represent the

mean # SEM of triplicate cultures.

Figure 11. Exposure to the CB2-selective agonist JWH-015 leads to reduced cell

viability and induction of apoptosis in Jurkat and Molt-4 tumor cells in vitro:.(A) The

effect of JWH-015 on tumor-cell viability was determined by culturing Jurkat and
Molt-4 tumor cells for 24 hours in serum-free medium in the presence of various
concentrations of JWH-015 (1, 5, 10, and 20 pM) or the vehicle. The viable cell
number was determined by trypan blue dye exclusion. (B) The éffcct of TWH-015 on

the induction of apoptosis in Jurkat and Molt-4 tumor cells was determined by
culturing the tumor cells for 24 hours in serum-free medium in the presence of 5 uM

JWH-015 (filled histogram) or the vehicle (empty histogram). Apoptosis was
quanAtiﬁed using the TUNEL method, and the cells were analyzed using a flow

cytometer.
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Figure 12. THC induces apoptosis in primary ALL cells in vitro: (A) The effect of
THC bn primary ALL cell viability was determined by culturing the cells for 2 hours
in serum-free medium in the presence of various concentrations of THC (1, 5, and 10
5 uM) or the vehicle. The viable cell number was determined by trypan blue dye
exclusion. (B) The effect of THC on the induction of apoptosis in primary ALL cells
was determined by TUNEL assay, as descnbed in Figure 2. Tumor cells were cultured
as described above with THC (filled histogram) or the vehicle (empty histogram).
Apoptosis was quantified using the TUNEL method, and the cells were
10  analyzed using a flow cytometer. The percentage of apoptotic cells following THC

exposure is depicted in each histogram.
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CLAIMS.

L. A method of treating a patient in need of therapy for an abnormality of cells of
the immune system comprising adminsitration of a therapeutically effective dose of a

compound having CB2 cannabinoid receptor activity.

2. A method as claiemd in claim 1 wherein the abnormality is selected from the
group consisting of malignancies of the immune system, an autoimmune disease,

septic shock, transplantation reaction and allergy.

3. A method as claimed in Claim Iwherein the abnormality is selected from the

group consisting of leukemias and [ymphomas.

4. A method as claimed in Clamm 1 wherein the abnormality is primary acute

lymphoblastic leukemia (ALL).

5. A method as claimed in any one of Claims 1 to 4 wheerin the compound is a

CB2 agonist that has reduced psychotrophic activity as compared with THC.
6. A method as claiemd in any onc fo the preceding claims wherein the selective
CB2 agonist is selected from those having an affinity for CB2 receptors that is at least

five times that for CBI.

7. A mcthod as claimed in Claim 6 wherein the selective CB2 agonist is selected

from those having an affinity for CB2 receptors that is at least 10 times that for CB1.

8. A method as claimed in Claim 6 wherein sclective CB2 agonist is selected

from those having an affinity for CB2 receptors that is at least 20 times that for CB1.
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9. A method as claimed in Claim 6 wherein selective CB2 agonist is selected

from those having an affinity for CB2 receptors that is at least 100 times that for CB1.

10.  Use of a compound of the first aspect of the invention for the manufacture of a
5 medicament for the treatment of abnormalities of the immune system, particularly

malignancies of the immune suystem, such as leukemia and lymphoma.

1. A pharmaceutical composition for treating abnormalities of the jmmune

system comprising as active agent a CB2 agonist.
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