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ABSTRACT 

 The expression of the cannabinoid CB2 receptor on peripheral immune cells 

suggests that compounds specific for CB2 might be effective anti-inflammatory agents.  

In this report we present the initial biological profiling of a novel triaryl bis-sulfone, 

Sch.336 which is selective for the human cannabinoid CB2 receptor (hCB2).  Sch.336 is 

an inverse agonist at hCB2, as shown by its ability to decrease GTPγS binding to 

membranes containing hCB2, by the ability of GTPγS to left-shift Sch.336 binding to 

hCB2 in these membranes, and by the compound’s ability to increase forskolin-stimulated 

cAMP levels in CHO cells expressing hCB2. In these systems, Sch.336 displays a greater 

potency than that reported for the CB2-selective dihydropyrazole SR144528.  In vitro, 

Sch.336 impairs the migration of CB2-expressing recombinant cell lines to the 

cannabinoid agonist 2-arachidonylglycerol.  In vivo, the compound impairs migration of 

cells to cannabinoid agonist HU210.  Oral administration of the Sch.336 significantly 

inhibited leukocyte trafficking in several rodent in vivo models, induced either by 

specific chemokines or by antigen challenge.   Finally, oral administration of Sch.336 

blocked ovalbumin-induced lung eosinophilia in mice, a disease model for allergic 

asthma.  We conclude that selective cannabinoid CB2 inverse agonists may serve as novel 

immunomodulatory agents in the treatment of a broad range of acute and chronic 

inflammatory disorders in which leukocyte recruitment is a hallmark of disease 

pathology. 
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INTRODUCTION 

 The identification of a second cannabinoid receptor present primarily in 

peripheral immune tissues and cells (Munro et al., 1993) suggested an 

immunomodulatory role for endocannabinoids independent of the effects mediated by 

their interaction with the “brain” cannabinoid CB1 receptor.  Libraries of selective 

compounds now exist, based either on the structure of known ligands for the cannabinoid 

receptors, or on results of random compound library screening (Huffman, 2000).  With 

the help of CB2-specific compounds, and by characterization of a CB2 
-/- mouse strain 

(Buckley et al., 2000), several functions have been reported for CB2.  These functions 

include modulation of B-cell differentiation (Carayon et al., 1998), altered macrophage 

migration (Sacerdote et al., 2000), altered antigen processing (McCoy et al., 1999), and 

altered cannabinoid-mediated anti-tumor activity (Zhu, et al., 2000).  The proposed native 

ligand for CB2, 2-arachidonoylglycerol, may stimulate both chemotaxis (directional 

migration) and chemokinesis (random migration) in vitro (Jorda et al., 2002), and was 

recently shown to modulate 12-O-tetradecanoylphorbol-13-acetate-induced acute 

inflammation in the mouse ear (Oka et.al., 2005).  The CB2 receptor has also been 

implicated in pain sensitivity (Malan et al., 2003).  

  

 We recently reported the discovery of a new class of CB2-specific ligands, the 

triaryl bis-sulfones, an example of which is designated Sch.336.  This compound exhibits 

nanomolar potency for the human cannabinoid CB2 receptor and marked selectivity 

versus the human CB1 receptor.  We also showed that the compound behaves as an 

inverse agonist in a recombinant membrane–based GTPγS binding assay (Lavey et al., 
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2005).  Here we demonstrate that Sch.336 effectively blocks the migration of cells in 

response both to the cannabinoid agonist 2-arachidonylglycerol in vitro, and to more 

complex chemotactic signals in vivo.  We show that oral administration of Sch.336 

significantly impairs leukocyte trafficking in three diverse models of inflammation.  

These data suggest that the cannabinoid CB2 receptor plays a critical role in leukocyte 

recruitment to sites of inflammation and indicates that CB2-selective inverse agonists 

may provide a novel immunotherapeutic treatment of inflammatory diseases. 
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MATERIALS AND METHODS   

 Mice.  Female B6D2/F1 and CF-1 mice were obtained from Charles River 

Laboratories (Wilmington, Mass.) and were used at 6-10 weeks of age. Male B6D2F1/J 

mice weighing 20-25 g were purchased from Jackson Laboratories (Bar Harbor, ME).  

All experiments were carried out according to protocols and guidelines established by the 

Schering-Plough Research Institute Animal Care and Use Committee, Schering-Plough 

Research Institute and are in accordance with appropriate AAALAC guidelines.   

  

Reagents.  The CB2-selective bis-sulfone Sch.336 (N-[1(S)-[4-[[4-methoxy-2-[(4-

methoxyphenyl)sulfonyl]phenyl]sulfonyl]phenyl]ethyl]methanesulfonamide and the 

related CB2-selective bis-sulfones Sch.A (N-[1(S)-[4-[[4-methoxy-2-[(4-methoxyphenyl) 

sulfonyl]phenyl]sulfonyl]phenyl]ethyl]benzenemethanesulfonamide) and Sch.B (N-[1(S)-

[4-[[2-[(4-chlorophenyl)sulfonyl]-4-methoxyphenyl]sulfonyl]phenyl]ethyl]-2,2-dimethyl 

propanamide) were prepared by the Schering-Plough Research Institute Department of 

Chemical Research.  Recombinant cytokines and fluorochrome-conjugated anti-

chemokine receptor antibodies were purchased from R&D Systems (Minneapolis, MN.).  

Anti-mouse leukocyte antibodies were purchased from BD-Pharmingen (San Diego, Ca).  

Methotrexate, piroxicam and rolipram were obtained from Aldrich/Sigma (St. Louis, 

MO.).   Radioligands [3H] (-)-cis-3-[2-Hydroxy-4-(1,1-dimethylheptyl)phenyl]-trans-4-

(3-hydroxypropyl)cyclohexanol (CP55,940) and [35S]GTPγS, as well as  Sf9 membranes 

exogenously expressing G i3, 1 2, and hCB2 (7-14 pmol/mg) or hCB1 (0.7 pmol/mg) 

were purchased from Perkin Elmer Life and Analytical Sciences (Shelton, CT).  Tissue 

culture media components RPMI-1640, heat-inactivated fetal bovine serum (FBS); L-
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GlutaMax, 2-mercaptoethanol and gentamicin were purchased from GIBCO-BRL (Grand 

Island, NY). 

 

Membrane binding assays.  Membrane binding assays were performed as 

previously described (Lavey et al., 2005).  Compound dilutions were carried out in 

triplicate in binding buffer (25 mM Tris, 3 mM MgCl2, 1 mM EDTA, and 0.1% (w/v) 

BSA (fraction V, lipid free), pH 7.4) containing 10% DMSO and 0.4% methyl cellulose 

(Sigma, #M-6385).  Aliquots were added in 1/10 volume to [3H] CP55,940 (0.4 nM, 

specific activity = 180 Ci/mmol; Perkin Elmer) and cell membranes (6-8 µg/point; Perkin 

Elmer) in binding buffer.  After incubation at room temperature for two hours, the 

reaction was terminated by rapid filtration through microfiltration plates coated with 

0.5% polyethylenimine (UniFilter GF/C filter plate; Packard, Meriden, CT).  Bound 

radioactivity was analyzed for Ki using nonlinear regression analysis (Prism 2.0b, 

GraphPad, San Diego, CA), with the Kd
 values for [3H] CP55,940 determined from 

saturation experiments. 

 

 GTPγS Binding assays  Triplicate serial dilutions of test compound were 

incubated with 2 µg Sf9 cell membranes expressing G i3, 1γ2, and hCB2 (7-14 pmol/mg, 

Perkin Elmer) or hCB1 (1.5 pmol/mg, Perkin Elmer) and 0.3 nM [35S]GTPγS in 20 mM 

HEPES, 100 mM NaCl, 5 mM MgCl2,
 and 0.2% (w/v) BSA, pH 7.4 supplemented with 1 

µM GDP.  Following incubation for 30 min at 30 °C the reaction was filtered through 

UniFilter GF/C microfiltration plates, washed 10 times at room temperature with 20 mM 
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HEPES and 10 mM sodium pyrophosphate, and membrane-bound radioactivity was 

measured by liquid scintillation counting.   

 

 cAMP Accumulation Assay.  Cells, grown in 96-well plates at a density of 2.5 x 

104 cells/ml, were chilled on ice and washed twice with cold F-12 nutrient mixture 

medium containing 10 mM HEPES and 0.2% (w/v) BSA, pH 7.4. Cells were then 

incubated for 15 min at 37°C in the above-mentioned medium supplemented with 200 µM 

3-isobutyl-1-methylxanthine (cAMP assay media), 5 µM forskolin, and the indicated 

concentrations of cannabinoids. After the medium was removed by aspiration, cells were 

lysed with 0.1 N HCl and rapidly frozen. Intracellular cAMP levels in thawed cell lysates 

were measured by cAMP enzyme immunoassay (Biomol Research Laboratories, 

Plymouth Meeting, PA) according to manufacturer’s instructions. 

 

 Recombinant cell chemotaxis assays.  Recombinant BaF3 cells expressing 

human CB1 or CB2 were generated using standard molecular biology techniques.  

Resulting clonal isolates were propagated in RPMI-1640 supplemented with heat-

inactivated fetal bovine serum (FBS; 10%); HEPES (1%); L-GlutaMax (1%); 2-

mercaptoethanol (1mM); gentamicin (G418) and mouse interleukin-3 (3 ug/L; R&D 

Systems). All tissue culture reagents were purchased from GIBCO-BRL, Grand Island, 

NY. CB1 or CB2 transfectants at 1.5x106/ml were pre-incubated with designated test 

compounds in assay buffer (phenol red free-RPMI supplemented with 10% FBS) for 30 

minutes at 37oC. Chemoattractants (30 µl) diluted in assay buffer were dispensed into the 

bottom wells of disposable microchemotaxis plates (ChemoTx 101-5 sp, Neuroprobe 
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Inc., Gaithersburg, MD.). 25µl cell aliquots (50,000 cells) were then applied to filters (5 

µm pore size) in the top plate. After incubation for 90 min., non-migrated cells were 

removed using a cell scraper. Filters were washed with 25 µl of assay buffer. Migrated 

cells were collected in the bottom well by centrifuging the microplate assembly for 10 

minutes at room temperature in a Sorvall RT Legend centrifuge equipped with an H-

1000B microplate rotor at 241.6 x g. As per the manufacturer’s instructions, cells in the 

bottom well were transferred to wells of a flat bottom Microlite (1+) luminometer plate 

(Thermo Labsystems) by centrifugation at 241.6 x g for 5 minutes. 80 µl of assay buffer 

and 100 µl CellTiter Glo Reagent (Promega) were added per well. Following incubation 

at room temperature for 10 minutes luminescence intensity was measured using a 

luminometer (LabSystems) at an excitation time of 100 ms per well. In preliminary 

experiments we have shown a linear relationship exists between luminescence intensity 

and cell number. Relative migration is reported as a percentage of total input cell number. 

Data is presented as the mean of triplicate determinations. 

 

 Sponge implantation and cell preparation.  In vivo chemotaxis to chemokine-

soaked sponges was carried out as previously described (Fine et al., 2000).  Briefly, 

sterile 1 cm2 gelfoam sponges (Henry Schein, Port Washington, NY) were soaked (1 hr) 

with desired agent, then implanted into the peritoneal cavity of anesthesized female 

B6D2F1 mice. Sch.336 or vehicle (0.4% methylcellulose) were administered by oral 

gavage 1 hour prior to and 3-4 hours after sponge implantation. After 18 hours, the 

sponges removed, incubated for 1 hour at 37oC in Cell Dissociation Buffer (GIBCO-

BRL, Grand Island, NY) followed by mincing.  Resulting single cell suspensions were 
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recovered by centrifugation, washed with Ca/Mg free Dulbecco’s PBS and fixed with 

2.5% glutaraldehyde containing crystal violet dye (Sigma/Aldrich).  Cell numbers were 

quantified microscopically using a hemocytometer and expressed as mean +/- SEM, with 

at least 5 mice used per treatment group. Multiparameter flow cytometric evaluation was 

performed as described (Fine et al., 2000). 

  

 Delayed-type hypersensitivity model.  The model was carried out as previously 

described (Fine et al., 2003).  Female CF-1 mice were immunized subcutaneously near 

the axilla with 0.2 ml of a 1:1:1 mixture of methylated bovine serum albumin (mBSA; 50 

mg/ml in saline), complete Freund’s adjuvant (Sigma/Aldrich) and 0.5 mg 

Mycobacterium tuberculosis dried cell walls (strains C, DT, and PN; Veterinary 

Laboratory Agency, Surrey, UK).  Fourteen days later, anesthetized mice were 

challenged intrapleurally with 200 µg mBSA in 0.2 ml endotoxin-free saline (Abbot 

Labs, N.Chicago, IL).  At specified times mice were euthanized, the pleural cavity 

exposed surgically, and exudates harvested using 1 ml chilled cell dissociation buffer 

(GIBCO-BRL, Grand Island, NY). Cell recovery, processing and enumeration, as well as 

flow cytometric analyses were performed as described (Fine et al., 2003).  

 

 Ovalbumin-induced lung eosinophilia model.  The model was carried out as 

previously described (Kung et al., 1994).  Male B6D2F1/J mice were sensitized by 

intraperitioneal injection of 0.5 ml antigen containing 8 µg ovalbumin adsorbed to 2 mg 

aluminum hydroxide (alum).  Booster injections of ovalbumin-alum were given at day 5.  

Non-sensitized animals received alum injections. At selected times after sensitization, 
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animals were exposed to aerosolized ovalbumin (0.5%) for 1 hour in the morning and the 

afternoon within 12”x14”x10” Plexiglas chamber using an ultrasonic nebulizer (5 

liters/min.; UltraNeb 99, DeVilbiss, Somerset, PA).  At either 6 or 24 h after challenge 

animals were sacrificed by CO2 inhalation. The lungs were lavaged with 0.3 ml PBS 

using ball-tipped 24-guage needle.  Approximately 0.2 ml instilled fluid was retrieved, 

and assayed as described previously (Kung et al., 1994). 

 

 Statistical Analysis.  Differences between treatment groups were compared by 

Student’s t-test using GraphPad InStat version 3.00 for Windows 95 (GraphPad Software, 

San Diego, Ca., www.graphpad.com), with a p < 0.05 being considered as a statistically 

significant difference. 
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RESULTS 

Pharmacology of Sch.336. 

 The initial characterization of Sch.336 as an inverse agonist was based on the 

ability of this compound to decrease GTPγS binding to membranes containing 

recombinant human CB2 receptors in vitro (Lavey et al., 2005).  We have expanded upon 

this observations using three independent assay systems. Figure 1A shows that Sch.336 

competes with [3H] CP55,940 for binding to human CB2 on Sf9 cell membranes with Ki 

= 1.8 nM.  This value is near equivalent to that of the cannabinoid agonist (6aR)-trans-3-

(1,1-Dimethylheptyl)-6a,7,10,10a-tetrahydro-1-hydroxy-6,6-dimethyl-6H-dibenzo [b,d] 

pyran-9-methanol (HU210; Ki = 3.2 nM) and superior to the CB2-selective inverse 

agonist N-[(1S)-endo-1,3,3-trimethylbicyclo [2.2.1]heptan-2-yl]-5-(4-chloro-3-

methylphenyl)-1-[(4-methylphenyl)methyl]-1H-pyrazole-3-carboxamide (SR144528; Ki 

= 14.9 nM) and the CB1-selective inverse agonist 5-(4-chlorophenyl)-1-(2,4-

dichlorophenyl)-4-methyl-N-(1-piperidinyl)-1H-pyrazole-3-carboxamide (SR141716A; 

Ki = 2596 nM).  These same compounds were then analyzed for ligand-induced GTPγS 

binding to these same membranes.  Figure 1B shows that Sch.336 decreases GTPγS 

binding on human CB2-containing membranes with an EC50 = 2 nM.  SR144528 

decreases GTPγS binding with a decreased potency (EC50 = 8.9 nM) and roughly 50% 

decreased efficacy.  In contrast, the cannabinoid agonist HU210 increases GTPγS binding 

with an EC50 = 0.9 nM.  As expected, Sch.336 shows decreased potency on CB1-

containing membranes (Panel C), with EC50 = 200 nM versus that of the CB1-specific 

inverse agonist SR141716A (EC50 = 5.6 nM).   
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 Competitive ligand binding in the presence of GTPγS is expected to increase the 

affinity of inverse agonists for its receptor (de Ligt et al., 2000).  Figure 2 shows that the 

addition of 100 µM GTPγS increased the potency of Sch.336 binding to the human CB2, 

from an EC50 of 3.2 nM to 0.23 nM (Panel A).  A similar experiment carried out using 

SR 144528 (Panel B) shows a similar property, with the EC50 value shifting from 8.1 nM 

in the absence of GTPγS to 1.8 nM in the presence of GTPγS.  As expected, the presence 

of GTPγS had the opposite effect on the EC50 of the cannabinoid agonist (R)-(+)-[2,3-

dihydro-5-methyl-3-(4-morpholinylmethyl)pyrrolo[1,2,3-de]-1,4-benzoxazin-6-yl]-1- 

naphthalenylmethanone mesylate (WIN55,212-2), causing an increase from 1.7 nM to 7.4 

nM (Panel C).  We next tested the ability of Sch.336 to modulate forskolin-stimulated 

cAMP accumulation in recombinant CHO cells expressing human CB2, as described in 

Materials and Methods.  Figure 3 shows that the Sch.336 potentiates or increases the 

forskolin-stimulated cAMP accumulation in the recombinant CHO cells with an EC50 = 

1.9 nM.  This result is similar to the IC50 = 0.6 nM value obtained using GTPγS binding 

to recombinant Sf9 membranes (Lavey et al., 2005), and is more potent than the Sanofi 

CB2 inverse agonist SR144528, which exhibits an EC50 = 23 nM.  In contrast, the two 

cannabinoid agonists WIN55,212-2 and HU210 inhibited the accumulation of cAMP in 

the forskolin-stimulated recombinant CHO cells, exhibiting IC50 values of 4.6 nM and 2.9 

nM, respectively.  Thus, Sch.336 appears to be a more effective CB2-selective inverse 

agonist than SR144528 (Rinaldi-Carmona et al., 1998).  

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 28, 2005 as DOI: 10.1124/jpet.105.093500

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #93500 

 14

Sch.336 inhibits recombinant cell chemotaxis in vitro. 

Having documented the potency, selectivity and pharmacology of Sch.336 for the 

human CB2 receptor, we examined the effect of Sch.336 on human peripheral blood 

mononuclear cell and murine T cell proliferation and T cell and monocyte cytokine 

production and surface marker up regulation.  These activities are associated with 

immune modulation ascribed to cannabinoid CB2 agonists (Kaplan et al., 2003).  In each 

case, Sch.336 and related congeners were either inactive or demonstrated limited activity 

at concentrations > 5 µM, which is inconsistent with a CB2-mediated response.  The 

compound showed no apparent toxicities in any in vitro cellular system tested (data not 

shown).   

 

Several laboratories (Sacerdote et al., 2000; Kishimoto et al., 2003) have shown 

that cannabinoid agonists can induce cellular migration.  Of particular note, Jorda 

demonstrated that splenic B lymphocytes migrate to 2-arachidonylglycerol, an effect 

blocked by CB2 antagonists but not by CB1 antagonists (Jorda et al., 2002).  We 

therefore tested the affect of Sch.336 on directional cell migration of cells expressing 

cannabinoid receptors.  Figure 4A shows that BaF/3 cells expressing recombinant human 

CB1 or CB2 can migrate towards 2-arachidonylglycerol (2-AG), with BaF/3-CB1 

migrating with an EC50 = 189 nM and BaF/3-CB2 migrating with an EC50 = 9 nM.  

Sch.336 inhibits BaF3/CB2 migration to 100 nM 2-AG with an IC50 = 34 nM, while 

SR144528 inhibits the migration with an IC50 = 199 nM (Fig. 4B).  In contrast, Sch.336 

inhibits BaF3/CB1 migration to 100 nM 2-AG with an IC50 = 324 nM, while SR141716A 

inhibits the migration with an IC50 = 525 nM (Fig. 4D), consistent with the CB2-selective 
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nature of Sch.336.  We found potency of this inhibitory effect to be dependent on the 

concentration of the chemoattractant - increasing 2-AG concentration to 1 µM results in a 

corresponding increase in IC50 for both selective inverse agonists (Fig. 4C and 4D).    

 

Sch.336 inhibits leukocyte migration in vivo. 

 Having demonstrated that Sch.336 blocks chemotaxis to cannabinoid agonists in 

vitro, we sought to extend this activity to an in vivo setting.  For these experiments, we 

utilized an implantable sponge model for cell recruitment, which allowed us to control 

the distribution of the chemotactic agent and allowed easy quantification of infiltrating 

cells (Fine et al., 2000).  Sch.336 and SR144528 was administered to female B6D2/F1 

mice 3 hours after intraperitoneal implantation of a 1 cm diameter gelfoam sponge 

soaked with HU210 (30 µg/ml).  After eighteen hours, the mice were sacrificed and the 

sponges retrieved.  Cells entering the sponges were quantified as described in the 

Methods Section. In Figure 5 we show that both Sch.336 and the CB2-selective 

dihydropyrazole SR144528 attenuate total cell recruitment to HU210 in a dose-dependent 

manner, with a maximal effect at 0.2 mg/kg.  We next examined whether oral 

administration of Sch.336 could attenuate migration mediated by a chemokine, CCL2.  

This monocyte and macrophage chemoattractant has been implicated in the pathogenesis 

of various chronic inflammatory immune diseases including atherosclerosis (Charo and 

Taubman, 2004), multiple sclerosis (Mahad et al., 2003), arthritis (Quinones et al., 2005) 

and inflammatory airway disease (Owen, 2001).  Figure 6A shows that oral 

administration of Sch.336 significantly inhibited the migration of leukocytes into the 

CCL2-soaked gelfoam sponge, with an IC50 at 2-5 mg/kg, equivalent to the non-steroidal 
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anti-inflammatory drug indomethacin.  Flow cytometric analysis of cells recovered from 

CCL2-soaked sponges (Fine et al., 2000) revealed that recruitment of monocyte/ 

macrophages (Gr-1- CD11b+), granulocytes (Gr-1+ CD11b+) and lymphocytes (CD3+ 

CD11b-) was inhibited in a dose-dependent manner (Fig. 6B).  This effect does not 

appear to be mediated by a direct effect on the CCR2 receptor since we have found that 2 

µg/ml Sch.336 did not alter [125I] CCL2 binding to membranes expressing recombinant 

CCR2 (data not shown).  The CB1-selective inverse agonist SR141716A (Shire et al., 

1999) at 10-20 mg/kg had no effect on cell influx to the CCL2-soaked sponge nor was it 

able to interfere with the ability of 2 mg/kg Sch.336 to inhibit recruitment.  These results 

reinforce the notion that inverse agonism at CB2, but not CB1, is responsible for the 

blockade of leukocyte migration (Fig. 6C).  Moreover, the ability of Sch.336 to block cell 

migration was directly dependent on its relative potency for CB2, since structurally 

related congeners of Sch.336 did not ameliorate cell recruitment (Fig. 7). We emphasize 

that compounds in this experiment were given intraperitoneally to ensure adequate drug 

availability.  

 

Sch.336 also inhibited leukocyte recruitment in a murine model of delayed-type 

hypersensitivity (Fine et al., 2003).  In this model, a local inflammatory cellular response 

is elicited by intrapleural challenge with mBSA in sensitized animals.  Figure 8A shows 

that oral administration of 10 mg/kg Sch.336 significantly inhibited leukocyte 

accumulation in the pleural space as early as 6 hours after antigen challenge, and that this 

response persisted through 72 hours.  This effect was equivalent to that obtained with the 

dihydropyrazole CB2 inverse agonist SR144528 and with methotrexate (Fig. 8B), as well 
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as with the non steroidal anti-inflammatory compound piroxicam (data not shown).   

These data indicate that CB2-selective inverse agonists can impair leukocyte recruitment 

in vivo in an antigen-mediated response. 

 

Antigen-induced lung eosinophilia is suppressed by Sch.336. 

Finally, we tested the efficacy of Sch.336 in an antigen-induced allergic mouse 

model in which sensitized animals are challenged with aerosolized ovalbumin (Kung et 

al., 1994).  The ovalbumin-induced lung model is an accepted model for the 

inflammatory component of human asthma featuring hall marks of the disease, such as 

lung eosinophilia and pulmonary influx of CD4+ Th2 T lymphocytes (Gonzalo et al., 

1996; Munitz and Levi-Schaffer, 2004; Cohn et al., 2004; Kasserra, et al., 2004).  Oral 

administration of Sch.336 at 2 mg/kg bid. one hour before OVA challenge resulted in a 

significant decrease in the total number of cells (Fig. 9A) and eosinophils (Fig. 9B) 

present in the bronchoalveolar lavage (BAL) of allergic mice.  The efficacy of Sch.336 

was similar to that observed following treatment with the PDE4 inhibitor rolipram. No 

effect of cell recruitment was observed in animals dosed with 0.5 mg/kg Sch.336. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 28, 2005 as DOI: 10.1124/jpet.105.093500

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #93500 

 18

DISCUSSION 

 It is a general contention that pharmacological manipulation of leukocyte 

recruitment in target tissues will have broad application for modulating chronic 

inflammatory diseases such as asthma, multiple sclerosis and rheumatoid arthritis.  For 

example, antibodies targeting α4β1/α4β7 integrin-dependent pathways have been shown 

to block leukocyte recruitment and to dampen cell influx in a variety of preclinical 

models of chronic inflammation (Sircar et al., 2002).  In addition, administration of a 

humanized anti-α4 monoclonal antibody has demonstrated efficacy in the treatment of 

multiple sclerosis and Crohn’s disease (Miller et al., 2003; Ghosh et al., 2003). 

Significant efforts have been devoted to the discovery and development of antagonists for 

specific chemokine receptors (Chen et al., 2004), such as CCR1 for multiple sclerosis, 

rheumatoid arthritis and transplantation (Horuk, 2003); CCR3 for eosinophil migration 

accompanying asthma (Varnes et al., 2004); CXCR2 antagonists for chronic obstructive 

pulmonary disease, arthritis and reperfusion injury (Widdowson et al., 2004); CCR5 

(Horuk, 2003) and CXCR4 (De Clercq et al., 2003). 

 

Several laboratories have reported the ability of cannabinoid agonists to affect the 

chemotactic activity of immune cells.  For example, the cannabinoid agonist CP55,940 

enhanced rat peritoneal macrophage chemotaxis by a mechanism which was shown to be 

CB2-dependent (Sacerdote et al., 2000).  Two groups (Jorda et al., 2002; Kishimoto et al., 

2003) have reported enhanced chemotactic activities in mouse splenocytes and human 

peripheral blood monocytes to 2-arachidonoylglycerol. Both studies concluded these 

responses were mediated through the cannabinoid CB2 receptor.  More recently, it was 
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shown by Oka and co-workers (Oka et al., 2004) that 2-arachidonylglycerol could 

stimulate human eosinophil migration, again through the CB2 receptor. These studies 

point to a role for CB2 agonism in mediating enhanced cell migration.  Our studies 

support the contention that CB2 inverse agonists can directly inhibit cellular chemotaxis, 

both in vitro and in vivo.  In this report, we demonstrate that a novel class of CB2-specific 

compounds, the triaryl bis-sulfones, modulates endocannabinoid-induced chemotaxis of 

recombinant cells in vitro (Fig.4), modulates endocannabinoid-induced and chemokine-

induced cell recruitment to an implanted gelfoam sponge in vivo (Fig. 5 & 6) and 

modulates antigen-induced cell influx into the peritoneal cavity and into the lung (Fig. 8 

& 9).  The compounds, identified through by compound library screening and 

exemplified by Sch.336, behave as inverse agonists in vitro, as shown by; (1) an ability to 

decrease ligand-induced GTPγS binding to the hCB2 receptor (Fig. 1), (2) sensitivity to 

binding in the presence of GTPγS (Fig. 2) and (3) their capacity to increase forskolin-

stimulated cAMP production (Fig. 3).  Moreover, the compound can also attenuate the 

cell chemotaxis in vitro to a potent cannabinoid agonist 2-arachidonylglycerol in a CB2-

dependent fashion (Fig. 4). 

 

Our contention that Sch.336 functions through mediation of cellular chemotaxis 

relies primarily in vivo models of cellular recruitment.  We chose this approach to insure 

that the compound could impact the complex chemokine environments and diverse 

cytokine signals that influence efficacy in vivo (Paoletti et al., 2005).  To this end, in vivo 

models selected were designed to evaluate potencies in systems of increasing biological 

complexity. We were able to demonstrate that HU210, a cannabinoid agonist, would 
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induce cell migration into the sponge, and that this effect was attenuated by the CB2 

inverse agonist Sch.336 (Fig.5).  We next demonstrated that oral administration of 

Sch.336 attenuated monocyte/macrophage, granulocyte and lymphocyte migration to a 

CCL2-soaked gelfoam sponge (Fig.6).  This effect was dose dependent, unaffected by   

co-administration with a CB1-specific antagonist SR141716A and required that the triaryl 

bis-sulfone bind to the CB2 receptor (Fig. 7).  These results, when coupled with the 

inability of Sch.336 to alter binding of CCL2 to CCR2 or to downregulate CCR2 

expression (data not shown), support our contention that Sch.336 exerts its bioactivity 

through the CB2 receptor.  We next demonstrate that SCH 336 can dampen pleuritis 

induced in a murine model of delayed type hypersensitivity (Fig. 8).  Finally, we show 

that oral administration of Sch.336 attenuates ovalbumin-induced lung eosinophilia, a 

system that mimics certain pathobiological hallmarks of human asthmatic disease.  In 

each of these models, Sch.336 demonstrated efficacy similar to that seen with more 

traditional anti-inflammatory agents.  These data underscore the potential utility of CB2-

selective inverse agonists in the treatment of human asthma (Kasserra et al., 2004) as well 

as other inflammatory diseases.  

 

Unlike selective chemokine receptor antagonists, Sch.336 appears to interfere 

with the ability of diverse leukocyte populations to migrate to sites of inflammation (Fig. 

6).  Treatment with the compound did not completely eliminate chemotactic activity, 

however, which may suggest that immunosuppression may not be an overriding issue 

with chronic treatment.  To date, the biochemical mechanism by which Sch.336 exerts its 

activity is unclear.  We have been unable to demonstrate an effect of Sch.336 on any 
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secondary chemotactic effector – though not conclusive, we hypothesize that Sch.336 

functions directly on leukocytes.  Sch.336 (at 2 µg/ml) was unable to block chemokine 

interaction with its cognate receptor, and does not appear to modulate expression of a 

panel of chemokine receptors on white blood cells (data not shown).  Initial studies have 

shown effects of Sch.336 on chemokine-induced polarization of human peripheral blood 

mononuclear cells (Bober, data not shown).  Mechanisms involving modification of 

heterologous interactions between cannabinoid and chemokine receptors, and/or 

modulation of downstream receptor signaling have been proposed.  For example, the first 

CB2 inverse agonist, the biarylpyrazole SR-144528, was shown to alter p42/p44 MAPK 

signaling mediated by receptors to insulin and LPA (Bouaboula et al., 1999).  

Heterologous desensitization of chemokine receptors via opioid receptor signaling has 

also been documented (for review, see Steele et al., 2002).  In the case of opioids, 

desensitization of chemokine receptors appears to be mediated by phosphorylation via 

calcium-independent PKC isotypes (Zhang et al., 2003).  Preliminary studies in our 

laboratory indicate that specific phosphorylation events may be modulated by CB2-

specific triaryl bis-sulfones (Lunn, data not shown). 

 

 

 

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 28, 2005 as DOI: 10.1124/jpet.105.093500

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #93500 

 22

REFERENCES 

Bouaboula M, Desnoyer N, Carayon P, Combes T, and Casellas P (1999) Gi protein 

 modulation induced by a selective inverse agonist for the peripheral cannabinoid 

 receptor CB2: implication for intracellular signalization cross-regulation. Mol 

 Pharmacol 55:473-480.  

Buckley NE, McCoy KL, Mezey E, Bonner T, Zimmer A, Felder CC, Glass M, and 

Zimmer A (2000) Immunomodulation by cannabinoids is absent in mice deficient 

for the cannabinoid CB(2) receptor. Eur J Pharmacol 396:141-149. 

Carayon P, Marchand J, Dussossoy D, Derocq JM, Jbilo O, Bord A, Bouaboula M, 

Galiegue S, Mondiere P, Penarier G, Fur GL, Defrance T, and Casellas P (1998) 

Modulation and functional involvement of CB2 peripheral cannabinoid receptors 

during B-cell differentiation. Blood 92:3605- 3615. 

Charo IF and Taubman MB (2004) Chemokines in the pathogenesis of vascular disease. 

Circ Res 95:858-866. 

Chen L, Pei G, and Zhang W (2004) An overall picture of chemokine receptors: basic 

 research and drug development. Curr Pharm Des 10:1045-1055. 

Cohn L, Elias JA, and Chupp GL (2004) Asthma: mechanisms of disease persistence 

 and progression. Ann Rev Immunol 22:789-815.  

De Clercq E (2003) The bicyclam AMD3100 story. Nat Rev Drug Discov. 2:581-587. 

de Ligt RA, Kourounakis AP, and IJzerman AP (2000) Inverse agonism at G protein-

coupled receptors: (patho)physiological relevance and implications for drug 

discovery. Br J Pharmacol 130:1-12.   

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 28, 2005 as DOI: 10.1124/jpet.105.093500

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #93500 

 23

Fine JS, Jackson JV, Rojas-Triana A, and Bober LA (2000) Evaluation of chemokine- 

 and phlogistin-mediated leukocyte chemotaxis using an in vivo sponge model. 

 Inflammation 24:331-346. 

Fine JS, Rojas-Triana A, Jackson JV, Engstrom LW, Deno GS, Lundell DJ, and Bober 

 LA (2003) Impairment of leukocyte trafficking in a murine pleuritis model by IL-

 4 and IL-10. Inflammation 27:161-174. 

Ghosh S, Goldin E, Gordon FH, Malchow HA, Rask-Madsen J, Rutgeerts P, Vyhnálek 

 P, Zádorová Z, Palmer T, and Donoghue S, for the Natalizumab Pan-European 

 Study Group (2003) Natalizumab for active Crohn's disease. N Engl J Med 

 348:24-32. 

Gonzalo JA, Lloyd CM, Kremer L, Finger E, Martinez-A C, Siegelman MH, Cybulsky 

 M, and Gutierrez-Ramos JC (1996) Eosinophil recruitment to the lung in a murine 

 model of allergic inflammation. The role of T cells, chemokines, and adhesion 

 receptors. J Clin Invest 98:2332-2345. 

Horuk R (2003) Development and evaluation of pharmacological agents targeting 

 chemokine receptors Methods 29:369-375.  

Huffman JW (2000) The search for selective ligands for the CB2 receptor. Curr Pharm 

 Des 6:1323-1337. 

Jorda MA, Verbakel SE, Valk PJ, Vankan-Berkhoudt YV, Maccarrone M, Finazzi-Agro 

 A, Lowenberg B, and Delwel R (2002) Hematopoietic cells expressing the 

 peripheral cannabinoid receptor migrate in response to the endocannabinoid 2-

 arachidonoylglycerol. Blood 99:2786-2793. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 28, 2005 as DOI: 10.1124/jpet.105.093500

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #93500 

 24

Kaplan BL, Rockwell CE, and Kaminski NE (2003) Evidence for cannabinoid receptor-

 dependent and -independent mechanisms of action in leukocytes. J Pharmacol

 Exp Ther 306:1077-1085. 

Kasserra CE, Harris P, Stenton GR, Abraham W, and Langlands JM (2004) IPL576,092, 

 a novel anti-inflammatory compound, inhibits leukocyte infiltration and changes 

 in lung function in response to allergen challenge. Pulm Pharmacol Ther 17:309-

 318.  

Kishimoto S, Gokoh M, Oka S, Muramatsu M, Kajiwara T, Waku K, and Sugiura T 

 (2003) 2-arachidonoylglycerol induces the migration of HL-60 cells differentiated 

 into macrophage-like cells and human peripheral blood monocytes through the 

 cannabinoid CB2 receptor-dependent mechanism. J Biol Chem 278:24469-24475. 

Kung TT, Jones H, Adams GK 3rd, Umland SP, Kreutner W, Egan RW, Chapman RW, 

 and Watnick AS. (1994) Characterization of a murine model of allergic 

 pulmonary inflammation. Int. Arch Allergy Immunol 105:83-90. 

Lavey BJ, Kozlowski JA, Hipkin RW, Gonsiorek W, Lundell DJ, Piwinski JJ, Narula S, 

 and Lunn CA (2005) Triaryl bis-sulfones as a new class of cannabinoid CB2 

 receptor inhibitors: Identification of a lead and initial SAR studies. Bioorg Med 

 Chem Lett 15:783-786. 

Mahad DJ and Ransohoff RM (2003) The role of MCP-1 (CCL2) and CCR2 in multiple 

 sclerosis and experimental autoimmune encephalomyelitis (EAE).  Semin

 Immunol 15:23-32.  

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 28, 2005 as DOI: 10.1124/jpet.105.093500

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #93500 

 25

Malan TP Jr, Ibrahim MM, Lai J, Vanderah TW, Makriyannis A, and Porreca F (2003) 

 CB2 cannabinoid receptor agonists: pain relief without psychoactive effects? Curr 

 Opin Pharmacol 3:62-67. 

McCoy KL, Matveyeva M, Carlisle, SJ, and Cabral GA (1999) Cannabinoid inhibition of 

 the processing of intact lysozyme by macrophages: evidence for CB2 receptor 

 participation. J Pharmacol Exp Ther 289:1620-1625. 

Miller DH, Khan OA, Sheremata WA, Blumhardt LD, Rice GPA, Libonati MA, 

 Willmer-Hulme AJ, Dalton CM, Miszkiel KA, and O’Connor PW for the 

 International Natalizumab Multiple Sclerosis Trial Group (2003) A Controlled 

 Trial of Natalizumab for Relapsing Multiple Sclerosis. N Engl J Med 

 348:15-23. 

Munro S, Thomas KL, and Abu-Shaar M (1993) Molecular characterization of a 

 peripheral receptor for cannabinoids. Nature 365:61-65. 

Munitz A and Levi-Schaffer F (2004) Eosinophils: ‘new’ roles for ‘old’ cells. Allergy

 59:268-275. 

Oka S, Ikeda S, Kishimoto S, Gokoh M, Yanagimoto S, Waku K, and Sugiura T (2004)  

2-Arachidonoylglycerol, an endogenous cannabinoid receptor ligand, induces the 

 migration of EoL-1 human eosinophilic leukemia cells and human peripheral 

 blood eosinophils.  J Leukoc Biol 76:1002-1009.  

Oka S, Yanagimoto S, Ikeda S, Gokoh M, Kishimoto S, Waku K, Ishima Y, and Sugiura 

 T (2005) Evidence for the involvement of the cannabinoid CB2 receptor and its 

 endogenous ligand 2-arachidonoylglycerol in 12-O-tetradecanoylphorbol-13-

 acetate-induced acute inflammation in mouse ear. J Biol Chem 280:18488-18497. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 28, 2005 as DOI: 10.1124/jpet.105.093500

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #93500 

 26

Owen C (2001) Chemokine receptors in airway disease: which receptors to target? 

 Pulm Pharmacol Ther 14:193–202. 

Paoletti S, Petkovic V, Sebastiani S, Danelon MG, Uguccioni M, and Gerber BO (2005) 

 A rich chemokine environment strongly enhances leukocyte migration and 

 activities. Blood 105:3405-3412.  

Quinones MP, Estrada CA, Kalkonde Y, Ahuja SK, Kuziel WA, Mack M, and Ahuja SS 

 (2005) The complex role of the chemokine receptor CCR2 in collagen-induced 

 arthritis: implications for therapeutic targeting of CCR2 in rheumatoid arthritis. J. 

 Mol Med 83:672-681. 

Rinaldi-Carmona M, Barth F, Millan J, Derocq JM, Casellas P, Congy C, Oustric D, 

 Sarran M, Bouaboula M, Calandra B, Portier M, Shire D, Breliere JC, and Le Fur 

 GL (1998) SR 144528, the first potent and selective antagonist of the CB2 

 cannabinoid receptor. J Pharmacol Exp Ther 284: 644-650. 

Sacerdote P, Massi P, Panerai AE, and Parolaro D (2000) In vivo and in vitro treatment 

 with the synthetic cannabinoid CP55, 940 decreases the in vitro migration of 

 macrophages in the rat: involvement of both CB1 and CB2 receptors. J

 Neuroimmunol 109:155-163. 

Shire D, Calandra B, Bouaboula M, Barth F, Rinaldi-Carmona M, Casellas P, and Ferrara 

 P (1999) Cannabinoid receptor interactions with the antagonists SR 141716A and 

 SR 144528. Life Sci 65:627-635. 

Sircar I, Gudmundsson KS, Martin R, Liang J, Nomura S, Jayakumar H, Teegarden BR,  

 Nowlin DM, Cardarelli PM, Mah JR, Connell S, Ronald C, Griffith RC, and 

 Lazarides E (2002) Synthesis and SAR of N-benzoyl-L-biphenylalanine 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 28, 2005 as DOI: 10.1124/jpet.105.093500

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #93500 

 27

 derivatives: discovery of TR-14035, a dual α4β7/α4β1 integrin antagonist. 

 Bioorg Med Chem 10:2051–2066. 

Steele AD, Szabo I, Bednar F, and Rogers TJ (2002) Interactions between opioid and 

 chemokine receptors: heterologous desensitization. Cytokine Growth Factor Rev 

 13:209-222.  

Varnes JG, Gardner DS, Santella JB 3rd, Duncia JV, Estrella M, Watson PS, Clark CM, 

 Ko SS, Welch P, Covington M, Stowell N, Wadman E, Davies P, Solomon K, 

 Newton RC, Trainor GL, Decicco CP, and Wacker DA (2004) Discovery of N-

 propylurea 3-benzylpiperidines as selective CC chemokine receptor-3 (CCR3) 

 antagonists. Bioorg Med Chem Lett 14:1645-1649. 

Widdowson KL, Elliott JD, Veber DF, Nie H, Rutledge MC, McCleland BW, Xiang JN, 

 Jurewicz AJ, Hertzberg RP, Foley JJ, Griswold DE, Martin L, Lee JM, White JR ,

 and Sarau HM (2004) Evaluation of potent and selective small-molecule 

 antagonists for the CXCR2 chemokine receptor. J Med Chem  47:1319-1321. 

Zhang N, Hodge D, Rogers TJ, and Oppenheim JJ (2003) Ca2+-independent protein 

 kinase Cs mediate heterologous desensitization of leukocyte chemokine 

 receptors by opioid receptors. J Biol Chem 278:12729-12736. 

Zhu LX, Sharma S, Stolina, M, Gardner B, Roth MD, Tashkin DP, and Dubinett SM 

 (2000) Delta-9-tetrahydrocannabinol inhibits antitumor immunity by a CB2 

 receptor-mediated, cytokine-dependent pathway. J Immunol 165:373-380. 

 

 
 
 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 28, 2005 as DOI: 10.1124/jpet.105.093500

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #93500 

 28

Figure Legends 

 

Figure 1:  Effect of cannabinoids on ligand-induced GTPγS binding to 

recombinant Sf9-hCB1 and Sf9-hCB2 cells.  

Competitive binding experiments (Panel A) were carried out on Sch.336 (□), SR144528 

(■), SR141716A (○) and HU210 (●) using membranes prepared from Sf9-hCB2 cells as 

described.  Designated compounds were then tested for the ability to modulate ligand-

induced GTPγS binding to membranes from Sf9-hCB2 cells (Panel B) and Sf9-hCB1 cells 

(Panel C) as described in Materials and Methods. 

 

Figure 2:  Effect of GTPγS on saturation binding to the human CB2 receptor. 

Saturation binding of [3H] CP55,940 to human CB2 receptor was carried out using 

recombinant Sf9 membranes in the absence (□) or presence (●) of 100 µM GTPγS as 

described.  Nonlinear regression analysis of saturation data and of concentration-response 

data was performed with Prism 2.0b software (GraphPad) to calculate Kd and Bmax. Data 

shows [3H] CP55,940 binds to CB2 with a Kd = 1.0 ± 0.3 nM (n=2) in the absence of 

GTPγS, and with Kd = 5.8 ± 0.3 nM (n=2) in the presence of GTPγS.  

 

Figure 3:  Effect of cannabinoids on forskolin-stimulated cAMP accumulation 

in CHO-hCB2.   

Recombinant CHO-hCB2 cells were incubated for 15 min at 37°C in medium 

supplemented with 200 µM 3-isobutyl-1-methylxanthine (cAMP assay media), 5 µM 

forskolin, and the indicated concentrations of cannabinoids. Following cells lysis, 
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intracellular cAMP was determined by immunoassay (see Methods).  The results are 

expressed as pmol cAMP accumulated per well.  SR144528 (■), Sch.336 (□), 

Win55,212-2 (∆), HU210 (●). 

 

Figure 4:  Effect of cannabinoids on recombinant BaF3 cell chemotaxis to 2-

arachidonylglycerol.   

The ability of selected cannabinoid compounds to alter chemotaxis of recombinant BaF3 

cells containing human CB2 or human CB1 to 2-arachidonylglycerol were determined as 

described in Materials.  The reactions were carried out in duplicate and relative migration 

reported as a percentage.  Panel A: Chemotaxis of BaF3/hCB1 (♦) or BaF3/hCB2 (◊) to 2-

AG; Panel B: Ability of Sch.336 (□) or SR144528 (■) to block BaF3/hCB2 chemotaxis to 

0.1 µM 2-AG;  Panel C: Ability of Sch.336 (□) or SR144528 (■) to block BaF3/hCB2 

chemotaxis to 1.0 µM 2-AG;  Panel D: Ability of Sch.336 (□) or SR141716A (▼) to 

block BaF3/hCB1 chemotaxis to 0.1 µM 2-AG;  Panel E: Ability of Sch.336 (□) or 

SR141716A (▼) to block BaF3/hCB1 chemotaxis to 1.0 µM 2-AG.  

 

Figure 5:  Effect of cannabinoids on chemotaxis to HU210 in vivo. 

Mice were dosed intraperitoneally with designated concentrations of Sch.336 or 

SR144528 3 hours after intraperitoneal implantation of a gelfoam sponge soaked in 30 µg 

HU210.  After 18 hours, animals were sacrificed, sponges removed, and sponge-

associated cells collected.  Data represents the mean of two replicate experiments +/- 

SEM, with 10 mice used per treatment group (5 mice per group at 0.02 mg/kg dose).  

Sch.336 (□); SR144528 (■).  * p<0.001. 
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Figure 6:  Orally administered Sch.336 inhibits cell migration into CCL2 soaked  

sponges in vivo.  

Sch.336 (2 or 5 mg/kg) or indomethacin (1 mg/kg) were administered orally 1 hour 

before and 3 hours after implantation of a CCL2-soaked gelfoam sponge in the mouse 

intraperitoneal space.  After 18 hours, animals were sacrificed, sponges removed, and 

sponge-associated cells collected.  Panel A: Total sponge-associated cells following 

treatment with 5 mg/kg Sch.336 or 1 mg/kg indomethacin.  Panel B: Total sponge-

associated cells are expressed as mean +/- SEM.  Cell types, including macrophages (■), 

granulocytes (□), lymphocytes (▲) and dendritic cells (∆) were determined 

immunologically using FACS.  Panel C: Total sponge-associated cells following dosing 

with designated concentrations of Sch.336, SR141716A, or both Sch.336 and 

SR141716A.  Cell number is expressed as mean +/- SEM, with at least 5 mice used per 

treatment group. 

 

Figure 7:  Lowering the affinity for CB2 within the Sch.336 family reduces efficacy 

in the CCL2-induced sponge chemotaxis model.   

Mice were dosed with designated concentrations of Sch.336, Sch.A or Sch.B 

intraperitoneally.  CCL2-soaked sponges were implanted, allowed to accumulate cells for 

18 hours, and then collected.  Total sponge-associated cells expressed as mean +/- SEM, 

with at least 5 mice used per treatment group.   
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Figure 8:  Inhibition of pleural cavity allergic delayed-type hypersensitivity 

reaction. 

Panel A: Methylated BSA sensitized female CF-1 mice were challenged with 200 µg 

mBSA i.p. after being dosed with 10 mg/kg piroxacam or Sch.336 at designated times 

(arrows).  At specified times cells from the pleural cavity were collected as described in 

Materials and Methods and quantified microscopically.   Total cells are expressed as 

mean +/- SEM, with at least 5 mice used per treatment group.  ■: mBSA sensitized, 

mBSA challenge, dose with MC vehicle; □: mBSA sensitized, mBSA challenge, dose 

with piroxicam; ∆: mBSA sensitized, saline challenge, dose with MC vehicle; ▲: mBSA 

sensitized, mBSA challenge, dose with Sch.336.  Panel B:  Methylated BSA sensitized 

female CF-1 mice were challenged with 200 µg mBSA i.p. after being dosed with 

designated concentrations of SR144528 (■), Sch.336 (□) or methotrexate (▲).  As 

described, cells from the pleural cavity were collected and quantified microscopically.   

Total cells are expressed as mean +/- SEM.  *, p<0.01 from control; **, p<0.001 from 

challenge. 

 

Figure 9:  Inhibition of BAL eosinophilia.   

Ovalbumin-sensitized male B6D2F1/J mice were exposed to aerosolized ovalbumin 

(0.5%) after dosing with 0.5 or 2 mg/kg Sch.336 or 10 mg/kg rolipram.  At specified 

time, animals were sacrificed, lungs lavaged with 0.3 ml PBS, and lavage collected.  

Panel A: total cells in BAL were quantified microscopically. Panel B: eosinophils in BAL 

were identified histochemically using differential Wright-Giemsa staining.   
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