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Activation of cannabinoid CB, receptor negatively regulates
IL-12p40 production in murine macrophages: role of 1L-10
and ERK1/2 kinase signaling
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1 Cannabinoid (CB) receptor agonists have potential utility as anti-inflammatory drugs for the
treatment of many disease conditions. In the present study, we investigated the effects of the synthetic
CB, ligand, JWH-133 on the production of interleukins (ILs), IL-12 and IL-10 by lipopolyssacharide
(LPS) or Theiler’s virus (TMEV)-activated macrophages.

2 JWH-133 evoked a concentration-related inhibition (10 nM—5 uM) of LPS/IFN-y induced IL-12p40
release. The effect of JWH-133 (100 nM) was significantly blocked by the CB, antagonist SR-144528
(1 um). Macrophages infected with TMEV increased IL-12p40 production and activation of CB,
receptors by JWH-133 (100 nM) inhibited it.

3 The inhibitory effect of JWH-133 (100 nM) on IL-12p40 production may involve extracellular-
regulated kinase (ERK1/2) signaling: (i) JWH-133 induced a greater and sustained activation of
ERK1/2 kinase in comparison with the level of activation observed following LPS; (ii) the inhibition
of ERK1/2 by the specific inhibitor PD98059 increased LPS-induced IL-12p40 production in the
presence or absence of JWH-133 suggesting a negative regulation of ERK pathway on IL-12p40
biosynthesis.

4 Activation of CB, receptors by JWH-133 (10 nM—5 uM) enhanced IL-10 release by LPS/IFN-y-
activated macrophages and addition of SR144558 (1 uM) totally blocked the effect of JWH (100 nm).
5 Inhibition of ERK by PD98059 significantly suppressed IL-10 production by LPS-activated
macrophages. Endogenous IL-10 plays a modulatory role in IL-12 production. Blocking IL-10 with
neutralizing antibody resulted in increased IL-12p40 secretion by LPS-activated macrophages in the
absence or presence of JWH-133. In contrast, the addition of exogenous mIL-10 reduced the secretion
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of IL-12p40 in response to LPS.
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Introduction

The effects of both synthetic and endogenous cannabinoids
(CBs) upon the immune system have acquired a great interest
during the last years, because of their possible usefulness in
chronic immune inflammatory diseases. However, the role of
CB receptors and the molecular mechanisms involved in the
modulation of immune reactivity by CBs remain unclear. Two
CB G protein-coupled receptors have been cloned until now,
CB, receptors (Matsuda et al., 1990) expressed primarily by
neurons, and CB, receptors (Munro et al., 1993) expressed
primarily by immune cells. Besides, there is evidence support-
ing the presence of yet uncloned CB receptors mainly on the
basis of pharmacological activity of CBs in CB, and CB,
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receptor-deficient mice (Jarai et al., 1999; Di Marzo et al.,
2000; Breivogel et al., 2001). In addition, two endocannabinoid
ligands have been identified and characterized: anandamide
(Devane et al, 1992) and 2-arachidonoylglycerol (2-AG)
(Mechoulam et al., 1995; Sugiura et al., 1995). Another recently
identified endocannabinoid includes N-arachidonoyl-dopamine
(NADA), which binds to the vanilloid subfamily member 1
(TRPV1) and CB, receptor and which shows anti-inflamma-
tory and immunosuppressive activities (Sancho et al., 2004).
Macrophages are activated early in response to immune
challenge and are major players in both innate and adaptive
immunity. The finding that a CB, synthetic agonist elicited
benefits in a viral model of multiple sclerosis (MS), in terms of
motor improvement, down-inflammation and remyelination
(Arévalo-Martin et al., 2003), prompted us to investigate
the immunodulatory actions of the synthetic CB, ligand,
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JWH-133 in bacterial endotoxin (LPS) or Theiler’s virus
(TMEV)-activated macrophages. IL-12 is a heterodimeric
cytokine composed of two disulfide-linked glycosylated chains
of 40kDa (p40) and 35kDa (p35) encoded by two distinct
genes (Gubler er al., 1991). IL-12 is produced primarily by
monocytes, macrophages and dendritic cells in response to
bacterial or intracellular pathogens (D’Andrea et al., 1993) or
upon interaction with activated T cells (Shu ez al., 1995). It
also induces the development of Thl responses and has an
important role in maintaining the balance between Thl and
Th2 responses in vivo (Trinchieri, 2003). IL-12 has been
implicated in the pathogenesis of infectious, inflammatory and
autoimmune diseases such as MS. A relationship between
cannabinoids and T-helper cell biasing has been established
by several lines of evidence (Klein et al., 2003). In vivo
experiments showed that THC injection suppressed the
development of Thl cell-mediated immunity to Legionella
pneumophila infection, with decreased IFN-y and IL-12 levels
in the serum (Klein et al., 2000). However, the cellular targets,
the specific contribution of CB receptors and the molecular
mechanisms involved in these effects remain unknown. Cells of
the macrophage lineage seem to express CB, receptors at low
level and, mainly CB, receptors (Carlisle ez al., 2002; Walter
et al., 2003). In this report, we show that JWH-133 inhibits IL-
12p40 production and enhances IL-10 release by activated
macrophages through a CB, receptor-mediated pathway. In
this study, we also focused on the role of extracellular signal-
regulated kinase (ERK1/2) in IL-12p40 and IL-10 regulation
by the activation of CB, receptors. Finally, we suggest a
contribution of endogenous IL-10 in mediating CB-induced
downregulation of IL-12p40 production.

Methods

Animals

Balb/c and SJL/J mice, susceptible to TMEV-induced demye-
lination development (TMEV-IDD), from our in-house colony
(Cajal Institute, Madrid, Spain) were used. Animals were
housed in cages with filter tops in a laminar flow hood and
maintained on food and water ad libitum in a 12-h dark-light
cycle. Handling of animals was performed in compliance with
the guidelines of animal care set by the European Union
(86/609/EEC).

Macrophage cultures

Peritoneal macrophages were harvested by peritoneal lavage
with Hanks Balanced Salt Solution (HBSS; Gibco BRL,
Life Tech. Ltd, Germany) 3 days after intraperitoneal (i.p.)
injection of mice with 2ml of 5% thioglycollate broth (Sigma,
Spain). Cells were centrifuged at 800r.p.m., 10 min at room
temperature (RT) and resuspended in Gey’s red cells lysis
buffer. After 20 min of incubation at RT, cells were centrifuged
and resuspended in fresh Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% inactivated fetal bovine
serum (FBS, Gibco BRL, Life Tech. Ltd, Germany),
100 Uml™" penicillin and 100 uygml™"' streptomycin (Gibco
BRL, Life Tech. Ltd, Germany). Cells were seeded in 12-well
plates (0.5 x 10° cells/well) and incubated overnight at 37°C in
a humified atmosphere containing 5% CO,. At 1h prior to

stimulation, nonadherent cells were removed by washing twice
with DMEM and macrophages were resuspended in fresh
culture medium supplemented with antibiotics and 5% FBS.
At Smin previous to LPS/IFN-y exposure, JWH-133 (10 nM,
100nM, 1puM and SpM) and the CB, and CB, receptor
antagonists SR141716A and SR144528, respectively, were
added at a dose of 1uM. LPS and IFN-y were diluted in
DMEM, and added to each well at a final concentration of
50ngml™" and 100Uml™', respectively. JWH-133 stock
solution was prepared in DMSO and aliquots (I mM) were
diluted in PBS and 1% DMSO. Control cells were cultured
with the relevant amounts of DMSO. Cells stimulated were
incubated 18h at 37°C in a humidified atmosphere with 5%
CO,. After this time, cells were harvested for protein
measurement, and supernatants collected for cytokine deter-
mination. Trypan blue dye exclusion testing or the 3.,4,5-
dimethylthiazol 2-5-diphenyltetrazolium bromide thiazol blue
test indicated that the cannabinoid-related compounds at the
highest concentrations used (5 uM) did not affect macrophage
cell viability. In the experiments involving ERK 1/2 inhibition,
cells were preincubated with the inhibitor of MEK 1, PD98059
(10 uMm) for 30 min in the presence or absence of JWH-133 (100
nM), and then stimulated with LPS 50 ngml~' for 18 h. In a set
of experiments, murine neutralizing IL-10 antibody or
exogenous murine IL-10 (10 ngml~! was added to macrophage
cultures before LPS stimulation for 18 h in order to collect cell
supernatants to measure IL-12p40.

Murine macrophage cell line RAW 264.7

The murine macrophage cell line RAW 264.7 was purchased
from Center of Biological Sciences (CIB, CSIC, Madrid,
Spain). Low passage number cells were grown in DMEM
medium supplemented with 2mM glutamine, 100U ml™!
penicillin, 100 uygml~"' streptomycin and 10% FBS.

Infection of macrophage cultures

The Daniel’s (DA) strain of TMEV was plaque purified on
BHK-21 cells, and the virus titers were determined by standard
plaque assay on BHK-21 cells. Cell cultures were infected with
the DA strain of TMEV at a multiplicity of infection (MOI)
of 5-plaque format units (PFU) per cell. Cell cultures were
washed twice to remove serum components and 0.25ml of
appropriately diluted virus stock solution was added to each
well. After adsorption of the virus for 2h at 37°C cells, we
added 0.75ml of new medium containing only 2% FBS. The
supernatants from infected and noninfected cultures were
collected in parallel after 24h postinfection for cytokines
determination.

Western blot analysis

Cells were lysed in 200 ul of Tris-buffered saline (TBS) pH 7.6
containing 10% glycerol, 1% Nonidet P-40, 1mM EDTA,
ImM EGTA, 1mM phenylmethylsulfonyl fluoride (PMSF),
50 ugml~" leupeptin, 10 ugml~', aprotinin, 5 mM benzamidine,
I mM sodium orthovanadate, 2mM NaF and 5mm DTT.
Whole-cell lysates were mixed with 5 x Laemmli sample bufter
and boiled for Smin. Equal amounts of protein (30 ug) were
resolved in 10% SDS-polyacrylamide gel electrophoresis and
electroblotted to nitrocellulose at 4°C. The membrane blots
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were blocked for 1 h with 5% dry milk in TBS containing 0.1%
Tween-20 and then incubated with primary antibodies, at a
dilution of 1:1000 (phosphospecific and total ERK1/2 from
New England Biolabs, Beverly, MA, U.S.A.). Then, the blots
were incubated with horseradish peroxidase-conjugated sec-
ondary antibodies and visualized by chemiluminescence using
an ECL Western Blotting Detection Kit (Amersham Pharma-
cia Biotech). The blots were stripped using a 2% SDS and
0.7% p-mercaptoethanol solution in 62.5mM Tris buffer, pH
6.8 and reprobed.

Measurement of IL-10 and IL-12p40 production
by ELISA

IL-10 content in macrophage culture supernatants was
measured by solid phase sandwich ELISA, using a monoclonal
antibody specific for mIL-10 (Diaclon, CA, U.S.A.). The
minimum detectable dose of mIL-10 was less than 7 pgml™
and the intra- and inter-coefficient of variation were
4.4+0.5% and 8.94+0.9% respectively. Levels of 1L-12p40 in
macrophage supernatants were quantified using specific
ELISA kits purchased from Biosource Int (CA, U.S.A.),
according to the manufacturer’s instructions. The assay
detected >2pgml~' and the intra- and inter-assay coefficients
of variations were between 3.3—4.5 and 5.6-6.4%, respectively.

Drugs

LPS was from Escherichia coli (Serotype 026:B6, Sigma,
Spain), IFN-y was from PeproTech (London U.K.). JWH-
133 was purchased from Tocris Cookson Ltd (U.K.).
SR141716A (N-piperidino-5-(4-chlorophenyl)-1-(2,4-dichloro-
phenyl)-4-methyl-3-pyrazol-carboxamide and SR144528 (N-
[1S)-endo-1,3,3,-trimethylbicyclo [2.2.1]heptan-2-yil-5-(4-chloro-
3methylphenyl)-1-(4-methylbenzyl)-pyrazole-3-carboxamide)
were a gift from Sanofi Recherche (Montpellier, France). The
MEK inhibitor PD98059 was obtained from New England
Biolabs (Beverly, MA, U.S.A). Neutralizing mAb to IL-10 and
murine IL-10 were from Genzyme (Cambridge, U.K.).

Statistics

Results are presented as means+s.e.m. of at least three
experiments performed with different cell preparations.
Analysis of variance followed by the Tukey test for multiple
comparison were used to determine statistical significance
(95%; P<0.05).

Results

Effects of the activation of CB, receptors by the agonist
JWH-133 on the production of IL-12p40 by activated
macrophages

THC administration in mice subjected to immunological
challenge has been shown to drive a reduction in Thl
immunity. This process has been suggested to be induced by
downregulation of IL-12 through activation of both CB, and
CB, receptors (Klein et al., 2000). IL-12 is a cytokine primarily
produced by monocytes and macrophages, and plays an
essential role in the development of cell-mediated immunity.

Bioactive IL-12 (IL-12p70) is a heterodimer formed by p35
and p40 subunit, and here, we examined the effect of JWH-133
on the production of IL-12 subunit p40, which is secreted
by LPS/IFN-y stimulated macrophages. To evaluate this, we
measured IL-12p40 levels in the supernatants of LPS/IFN-y
stimulated macrophage cultures in the presence or absence of
the selective CB, agonist JWH-133. Cells were preincubated
with different doses of JWH-133 or vehicle for 5min, before
activation with LPS/IFN-y for 18h, and tested for IL-12p40
levels in cell supernatants. JWH-133 inhibited LPS/IFN-y
induced IL-12 production in a dose-dependent manner
(Figure 1a), but the higher dose used (5 uM) was less effective
than the dose of 100 nM, suggesting an inverted U-shaped dose
effect. In Figure 1b it is shown that the effect of JWH-133
(100 nM) on IL-12 production was significantly blocked by the
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Figure 1 JWH-133 inhibits LPS-induced IL-12 p40 production by
murine macrophages. (a) Macrophages (0.5 x 10°cells/well) were
pretreated with JWH-133 at concentrations ranging from 0 to 5 uM
for 5min before LPS (50 ngml~")/IFN-y (100 Uml™") stimulation
for 18h following which cell supernatants were harvested and
analyzed for IL-12p40 production. The results shown are the
mean+s.e.m. of three independent experiments in triplicate.
Statistics: *P<0.001 vs control; *P<0.001 vs LPS/IFN-y. (b)
Macrophages were pretreated with the CB, antagonist SR144558 for
30min before CB, activation with JWH-133 (100nM) and then
subjected to LPS (50ngml™")/IFN-y (100 Uml™") stimulation for
18 h, following which supernatants were collected and analyzed for
IL-12p40 production. The results shown are the mean+s.e.m. of
three independent experiments performed in triplicate. Statistics:
*P<0.001 vs control; *P<0.001 vs LPS/IFN-y; #P<0.01 vs LPS/
IFN-y plus JWH-133.
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CB, antagonist SR144528 (Figure 1b), while the addition of
the CB1 antagonist SR141716A did not modify IL-12 levels
(data not shown). In all cases, the results obtained using the
two CB antagonists alone in normal or activated macrophages
were not significantly different from those obtained in the
absence of antagonists. Interestingly, the infection of macro-
phages from SJL/J mice with TMEV also elicited the
biosynthesis of IL-12p40 (non-infected: non detectable;
TMEV: 119.20+12.3pgml™"; P<0.001), and the treatment
with the CB, agonist, JWH-133 (100 nM) significantly reduced
its release to cell medium culture (TMEV:130.1+10.6 pgml~';
TMEYV 4 JWH-133: 23.66+4.8 pgml™'; P<0.001). This effect
was also significantly antagonized by the CB2 antagonist SR
144528 (IL-12 levels: 77.5+8.1 pgml~'; P<0.001).

ERK1/2 activation is associated with JWH-133-mediated
IL-12p40 inhibition by LPS-activated macrophages

The molecular mechanisms underlying regulation of IL-12
production in macrophages are not fully understood. It has
been suggested that MAPKs regulate IL-12 production in
APC cells (Feng et al., 1999; Utsugi et al., 2003). To elucidate
the mechanisms involved in the effects of JWH-133 on IL-
12p40 production by LPS-stimulated murine macrophage cell
line (RAW 264.7), we assessed the activation state of ERK1/2,
after LPS treatment in the absence or presence of JWH-133.
As expected, the level of phosphorylated ERK 1/2 was
significantly increased by LPS, with a peak at 30 min, whereas
at 60 min it showed a tendency to diminish (Figure 2a). The
treatment with JWH-133 significantly enhanced the levels of
phosphorylated ERK1/2 at 30 min in comparison with those
obtained after LPS alone and this significant activation was
maintained at 60 min (Figure 2b). This sustained activation
of ERK1/2 may be involved in the decreased production of
IL-12p40 accordingly to results showing that ERK activation
negatively regulates the production of IL-12p40 in activated
APC cells (Yanagawa et al., 2002). Therefore, the increased
and sustained ERK /2 following JWH-133 treatment may be,
in part, responsible for the inhibition of IL-12p40 in LPS-
activated macrophages. To confirm the role of ERK1/2 MAP
kinases, we analyzed IL-12p40 production in LPS-stimulated
macrophages treated with the specific inhibitor of MEK,
PD98059. The pharmacological inhibition of ERK1/2 MAP
kinase by PD98059 (10uM) significantly enhanced the
production of IL-12p40 by LPS-stimulated macrophages in
the absence or presence of JWH-133 (Figure 3). These data
point to ERK1/2 MAP kinase as a possible mediator of the
inhibitory action of CB, activation on IL-12p40 production.

Effects of the activation of CB, receptors by the agonist
JWH-133 on the production of IL-10 by activated
macrophages. Role of ERKI/2

In mouse models of endotoxemia, it has been reported that
CBs exert modulatory effects on cytokine responses, including
the anti-inflammatory cytokine IL-10 (Smith ez al., 2000)
and suggested a role for the CB, receptor in this modulation.
Thus, to study whether activation of CB, receptor affects
IL-10 production by LPS/IFN-y-activated macrophages, we
performed a set of experiments in the presence or absence of
JWH-133. In Figure 4a, it is shown that after treatment with
LPS/IFN-y, IL-10 production was increased in murine
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Figure 2 Time course of ERK1/2 activation by LPS in presence or
absence of JWH-133 (100 nM). Macrophage cell line RAW 264.7
cultures (0.5 x 10°cells/well) were pretreated or not with JWH-133
(100 nM) 5min before LPS (1 ugml™") stimulation for 30 and 60 min.
(a) Whole-cell lysates (proteins 30 ug) were prepared and subjected
to SDS-PAGE followed by Western blot analysis using antipho-
spho-ERK1/2 kinase (dilution 1:1000) as described in Methods. To
control for equal loading, membranes were stripped and reprobed
with antibody recognizing total ERK1/2 kinase (dilution 1:1000).
The experiments were repeated at least three times with similar
results. Bands were visualized by the ECL method. It is shown as a
representative Western blot. (b) Densitometric analysis showing the
means+s.e.m. of three independent experiments of pP42/p42 and
pP44/p44 band densities. *P<0.001 vs control; * P<0.02 vs control;
#P<0.001 vs LPS (30 and 60 min).

macrophages, and that JWH-133 at doses of 100nM, 1uM
and 5SuM significantly enhanced the release of IL-10 as
indicated by the levels of this cytokine in cell supernatants.
In addition, by using the CB, antagonist SR144528, we
confirmed the involvement of CB, receptors in the modulatory
action of JWH-133 on IL-10 production (Figure 4b), as the
pretreatment with SR144528 completely abolished the en-
hancement of IL-10 release induced by JWH-133 at the dose
of 100nM. To determine whether inhibition of ERK1/2 is
also effective in modifying IL-10 responses to LPS, we used
the specific inhibitor PD98059 (10 uM).The inhibitor added
to LPS-activated macrophages significantly decreased 1L-10
production in the presence or absence of JWH-133, when
compared with their corresponding controls (Figure 5).

Endogenous IL-10 is involved in the suppressive effect of
JWH-133 on the production of IL-12p40 by activated
macrophages

Since IL-10 is a potent biological inhibitor of IL-12 synthesis
by activated macrophages (D’Andrea et al., 1993), we assessed
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Figure 3 Increased production of IL-12 after inhibition of ERK1/2
signaling. Murine macrophages (0.5 x 10° cells/well) were pretreated
with PD98059 (10 uM) 1 h before LPS (50 ngml™"), in the absence or
presence of JWH-133 (100 nM) and the supernatants were harvested
after 24h and analyzed by ELISA for IL-12p40 production. The
results shown are the mean+s.e.m. of three independent experi-
ments performed in triplicate. Statistics: *P<0.001 vs control;
+P<0.001 vs LPS; #P<0.001 vs LPS; 2P<0.01 vs LPS +JWH-133.

whether stimulated endogenous synthesis of IL-10 by JWH-
133 may contribute to the observed decreases on IL-12p40. To
this end, we examined the effects of the addition of IL-10
neutralizing antibody (mIL-10Ab) to stimulated macrophages
in order to avoid negative feedback regulation of IL-12p40.
The results showed that mIL-10Ab resulted in a higher
production of IL-12p40 in comparison with the levels obtained
in cells stimulated with LPS alone (Figure 6). Indeed, the
addition of exogenous murine IL-10 (10ngml™" exerted the
opposite effect by blocking IL-12p40 secretion in a significant
manner (P<0.001; Figure 6). Following the activation of CB,
receptors by JWH-133, the blockade of endogenous IL-10
induced a significantly (P<0.001) diminished response to the
CB, consistent with the proposed regulatory role of IL-10
upon IL-12p40 synthesis. By contrast, the addition of murine
IL-10 (10ngml ™' increased the degree of IL-12p40 inhibition
evoked by JWH-133 (P <0.001). Therefore, these data strongly
suggested that the increase in IL-10 production induced by
JWH-133 contributed to the downregulation of IL-12p40
biosynthesis.

Discussion

CB receptor agonists have potential utility as anti-inflamma-
tory drugs for the treatment of many disease conditions. We
have previously shown the efficacy of the CB, agonist JWH-
015 in diminishing macrophage/microglia reactivity and
inducing recovery of motor function in a viral (TMEV) model
of MS (Arévalo-Martin et al., 2003). These effects may be
justified based on the influence of CBs on the motor pathways
together with their immunomodulatory activity. Although
numerous reports indicate that CBs alter the functional
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Figure 4 JWH-133 enhances LPS-induced IL-10 production by
murine macrophages. (a) Macrophages (0.5 x 10°cells/well) were
pretreated with JWH-133 at concentrations ranging from 0 to 5uM
for 30 min before LPS (50 ngml~")/IFN-y (100 Uml~") stimulation
for 18h, following which cell supernatants were harvested and
analyzed for IL-10 production. The results shown are the mean +
s.e.m. of three independent experiments perfomred in triplicate.
Statistics: *P<0.001 vs control; #P<0.001 vs LPS/IFN-y. (b)
Macrophages were pretreated with the CB, antagonist SR144558,
prior CB, activation with JWH-133 (100 nM) and then subjected to
LPS stimulation for 18h, following which supernatants were
collected and analyzed for IL-10 production. The results shown
are the mean +s.e.m. of three independent performed experiments in
triplicate. Statistics: *P<0.001 vs control; *P<0.01 vs LPS/IFN-y;
*P<0.001 vs LPS/IFN-y + JWH-133.

activities of immune cells (Berdyshev, 2000; Klein er al.,
2003), the cellular basis for these CB actions remain unclear.
The results presented in this study show that the activation of
CB, receptors by JWH-133 evoked a concentration-related
inhibition of LPS/IFN-y-induced IL-12p40 release from
murine macrophages. IL-12p40 inhibition by JWH-133
(100 nM) was significantly antagonized by SR144528, confirm-
ing the involvement of CB, receptors. Other groups have
reported that THC inhibited the production of IL-12, as
detected in serum of mice subjected to L. pneumoniae infection,
but this effect appeared to involve both type of receptors, CB,
and CB, receptors (Klein er al., 2000). Later studies using
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Figure 5 Decreased production of IL-10 after inhibition of ERK1/
2 signaling. Murine macrophages (0.5 x 10°cells/well) were pre-
treated with PD98059 (10 uM) 1h before LPS (50ngml~"), in the
absence or presence of JWH-133 (100 nM) and the supernatants were
harvested after 24 h and analyzed by ELISA for 1L-10 production.
The results shown are the mean+s.e.m. of three independent
experiments performed in triplicate. Statistics: *P<0.001 vs control;
+P<0.001 vs LPS; #P<0.001 vs LPS; *P<LPS +JWH-133.
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Figure 6 Endogenous IL-10 inhibits IL-12p40 production by
stimulated macrophages. Murine macrophages (0.5 x 10°cells/well)
were pretreated with neutralizing antibody (mAb-IL-10) or added
exogenous murine IL-10 (10ngml~') before LPS (50ngml~")
activation and supernatants were collected after 24 h for assessing
IL-12p40 release. Results are the means+s.e.m. of three indepen-
dent experiments performed in triplicate. *P<0.001 vs control;
#P<0.001 vs LPS; “P<0.02 vs LPS; * P<0.05 vs LPS +JWH-133.

IL-12p40 ( pg ml)

+
+

+ + +

activated peripheral blood T-cell cultures showed that treat-
ment with THC inhibited cell proliferation and the generation
of Thl cytokines, including I1L-12, by CB,-mediated mechan-
isms (Yuan et al., 2002). IL-12 plays a central role as a link

between the innate and adaptive immunity, and polarizes the
immune system toward a Th-1 response required for protec-
tion against intracellular microorganisms. The role of IL-12 in
the protective and pathological processes during viral infec-
tions depends on the type of virus, but macrophages from
susceptible strain of mice (SJL/J), which develop demyelinat-
ing disease after TMEV infection (TMEV-IDD), showed
increased levels of IL-12p40 when infected with the virus.
Under these conditions, the application of JWH-133 abolishes
the generation of IL-12 by TMEV-infected macrophages. This
is of special interest in TMEV-IDD, since infiltrating macro-
phages and microglia are the viral reservoir and constitute the
main APCs in the CNS (Martinat et al., 2002). IL-12 is critical
for the induction of clonal expansion and differentiation of
TMEV-specific MHC class II-restricted effector delayed-type
hypersensitivity DTH (Thl) cells (Pope et al., 1998; Olson
et al., 2001). Therefore, blunting IL-12 production by
macrophages following activation of CB, receptors may have
important implications for the pathogenesis of TMEV-IDD.
In this regard, previous studies demonstrated that treatment
with anti-IL-12 shifted Th1-Th2 balance to Th2 dominance
and led to a significant attenuation of symptomatology and
demyelination in TMEV-infected mice (Inoue et al., 1998).
The results of our study also showed that ERK1/2 MAP
kinases play a negative regulatory role in the production of IL-
12p40 by LPS-stimulated macrophages. The MEK 1 inhibitor
that selectively targets the ERK MAP kinase signaling cascade
promoted IL-12p40 production, a finding consistent with
earlier reports (Wittmann et al., 2002; Yanagawa et al., 2002;
Tang et al., 2004). Moreover, activation of CB, receptors
by JWH-133 induced a greater and sustained activation of
ERK1/2 MAP kinase for up to at least 60min, perhaps
contributing to the downregulation of IL-12p40. In addition,
we find that JWH-133 enhanced the release of IL-10 by
LPS/IFN-y-stimulated macrophages and this effect was
blocked by the CB, antagonist SR144558. Since inhibition of
ERK by PD98059 significantly suppressed IL-10 and exogen-
ous IL-10 reversed the upregulated production of IL-12
induced by PD98059, it is suggested a unidirectional negative
autocrine regulation of IL-12 by IL-10, as well as that
activation of ERK involves the differential production of IL-
10 and IL-12 by activated macrophages. Thus, the regulation
of differential production of IL-10 and IL-12 may play an
important role for macrophages in priming Thl or Th2 in the
immune responses. In vivo experiments have shown that other
CB agonists, WIN 55212-2 and HU-210, decreased 1L-12 and
increased levels of IL-10 in the serum of LPS-treated mice
through a CB, receptor action (Smith et al., 2000). However,
the mechanisms by which the CB agonists produced their
modulatory effects on LPS-induced serum cytokines are
unknown as well as the cellular source of these cytokines,
since cytokine alterations may be secondary to changes in
cellular targets other than immune cells. According to other
studies (Yi et al., 2002), our data show that endogenous IL-10
acts as a crucial factor for maintenance of the balance of
appropriate macrophage responses to LPS by limiting the
production of synthesis of IL-12. We also provided evidence
that the negative regulation of IL-12 by endogenous IL-10 may
be a relevant mechanism involved in the suppressive effect of
JWH-133 upon IL-12 production. It is conceivable that the
cytokine profile reported here in macrophages may occur
during induction of an immune response as a consequence of
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activation of CB, receptors. Direct effects of CB, agonists
targeting macrophages revealed a reduction in the production
of IL-18 and TNF-« following activation with LPS/IFN-y
(Klegeris et al., 2003) and a decrease of neurotoxicity of culture
supernatants. In addition, activation of CB, receptors also
decreases the expression of MHC class II antigens by activated
macrophages (unpublished results). The overall actions due to
activation of CB, receptors in cells of macrophage lineage may
prevent the generation of a Th-1 immune response affecting
the required immunity to combact a particular pathogen or,
alternatively, reduce inflammation/pathology associated with
certain chronic disease states, such as MS.

In summary, the results of this study show that (i) activation
of CB, receptors inhibits 1L-12p40 production and enhances
IL-10 biosynthesis by activated macrophages, (ii)) JWH-133
may exert its inhibitory effect on IL-12p40 production by a
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