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Abstract: There is a growing amount of evidence suggesting that cannabinoids may be neuroprotective in CNS
inflammatory conditions. Advances in the understanding of the physiology and pharmacology of the
cannabinoid system have increased the interest of cannabinoids as potential therapeutic targets. Cannabinoid
receptors and their endogenous ligands, the endocannabinoids, have been detected in cells of the immune
system, as well as in brain glial cells. In the present review it is summarized the effects of cannabinoids on
immune reactivity and on the regulation of neuroinflammatory processes associated with brain disorders with
special attention to chronic inflammatory demyelinating diseases such as multiple sclerosis.
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INTRODUCTION

Cannabis has been widely used as a recreational drug and
as a therapy for a variety of disorders. The discovery of the
psychoactive principle of Cannabis Sativa L. plants, delta 9-
tetrahydrocannabinol [1] initiated research into the
physiological role of cannabinoids. In the last years our
understanding has been modified significantly by new
discoveries.

Cannabinoids are best known for their effects on CNS
functions. They produce euphoria, alterations in cognition
and analgesia, have anticonvulsant properties, and affect
temperature regulation, sleep and appetite. However,
cannabinoids also possess immunomodulatory activity and
anti-inflammatory properties. Many diseases of the nervous
system, including Alzheimer disease, Parkinson’s disease
AIDS dementia, and mainly multiple sclerosis (MS) involve
inflammation, and cause an upregulation of cytokines and
other inflammatory mediators in the CNS. Within the brain,
glial cells, microglia and astroglia, participate in
immunological responses and surround the brain
microvasculature to constitute the blood-brain-barrier.
Because of the lack of a lymphatic drainage system, the
brain has been considered an immune privileged site.
However, under certain inflammatory conditions, such as the
case of MS, the blood brain barrier is less restrictive to the
migration of activated monocytes, T and B lymphocytes,
and other immune cells. Therefore, a bi-directional
communication can be established between immune-derived
cells and glial cells, through soluble factors (cytokines,
chemokines, etc) and by direct cell-cell interactions. This
review aims to improve understanding of immunomodula-
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tory effects of cannabinoids, specifically in relation to CNS
inflammation and their potential role as therapeutic agents in
neurological diseases.

Two cannabinoid receptors have been identified: the
cannabinoid CB1 receptor [2] mainly expresed in the CNS,
and the CB2 receptor [3] mainly expressed in cells of the
immune system. Both receptors are members of the large
seven transmembrane G-protein-coupled receptors family.
Besides, there is evidence indicating the possible presence of
yet uncloned cannabinoid receptors on the basis of
pharmacological studies and results obtained using CB1 and
CB2 receptor-deficient mice [4-6]. Moreover, two
endogenous ligands have been identified and characterized:
anandamide and 2-arachydonoylglycerol (2-AG) [7, 8],
whereas a number of cannabinoid-like compounds exhibit
cannabimimetic activities without activating CB1 and CB2
receptors. Biosynthesis of endocannabinoids occurs via
hydrolysis of membrane lipid precursors [9], and are
degraded into arachidonic acid through the fatty acid amide
hydrolase (FAAH) or the monoglyceride lipase [10]. There is
also evidence for the existence of specific transporters for
endocannabinoids, but they have not been cloned yet.

CANNABINOID SYSTEM AND IMMUNE FUNCTION

The cannabinoid CB2 receptor is expressed abundantly in
various types of inflammatory cells and immune competent
cells at levels 10-100 times higher than CB1 receptor
mRNA [11, 12]. The rank order of cannabinoid CB2
receptor expression on human blood leukocytes is B cells
>NK cells>monocytes>neutrophils> T8 cells >T4 cells. The
CB2 receptor has been associated with most of the
immunomodulatory activity of cannabinoids [13], but
several reports indicate that the CB1 also may be linked to
cannabinoid-mediated alterations of immune cell reactivity.
Most of the actions of cannabinoids are related to the
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downregulation of immune system. [14, 15]. Cannabinoids
exhibit immunosuppressive properties by interfering with
humoral immunity, cell-mediated immunity and cellular
defenses against infectious agents [16]. A number of in vitro
studies reported that cannabinoids inhibit T cell mitogenesis
and IL-2 production from lymphocyte cell lines [17]. In
general, IL-2 regulates both antigen-specific and non-antigen-
specific proliferation of T cells, natural killer cells and B
cells. One of the most significant observations is that the
expression level of CB2 receptors depends on the state of
activation of the cells. Thus, differentiation of B cells is
followed by decreased expression of CB2 receptor, and
activation of B cells by anti-CD40 antibody increases its
levels [18]. Peripheral and bone marrow-derived dendritic
cells as well as macrophages, which play a key role in the
initiation and development of the immune response express
CB2 receptors which may be related to the reduction of
antigen presentation by cannabinoids described in vitro [19].
The possibility that cannabinoids may modulate the TRC-
class 1l MHC interactions which trigger multiple signaling
pathways leading to expression of co-stimulatory molecules
(CD40, CD40L, B7-1 and B-72) and various chemokines
and cytokines, raised important implications on both, innate
and acquired immunity (Fig. 1). Levels of CB2 receptors in
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cells of macrophage lineage undergo changes depending on
cell activation by increasing its expression under
inflammatory conditions [20, 21]. Moreover, dendritic cells
as well as macrophages generate anandamide and 2-AG in
response to inflammatory conditions and express CB
receptors and the enzyme responsible for endocannabinoid
hydrolysis, the fatty acid amide hydrolase (FAHH), pointing
out the existence of a complete endocannabinoid system [21,
22, 23]. The above data suggest a physiological role of the
endocannabinoid system in the functions of immune system
which may have important implications in pathological
inflammatory conditions including brain-immune related
disorders.

CANNABINOIDS AND CYTOKINE NETWORK IN
GLIAL CELLS: ANTI-INFLAMMATORY PROPE-
RTIES

There are two groups of glial cells in the CNS: the
macroglia, including astrocytes, oligodendrocytes, and
ependymal cells, and the microglia. Astrocytes are the major
glial cells within the CNS and have a critical role in CNS
homeostasis. Astrocytes and especially microglia are
considered as immunocompetent cells within the brain, due

Cannabinoids and innate immunity: implications
on adaptive immunity
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Fig. (1). Proposed actions of cannabinoids upon innate and adaptive immunity: Antigen presenting cells (APC) recognise pathogens
or pathogen-associated molecular patterns (PAMP) by toll-like receptors (TLR), leading to the upregulation of cell surface expression
of co-stimulatory molecules and major histocompatibility complex class Il (MHC class I1). APC express CB1, CB2 receptors and
putative new receptors (Abn-Chd) and their activation by selective cannabinoid agonists interfere with MHC class Il antigen
expression, inhibit the generation of proinflammatory cytokines (IL-1b; TNF-a, IL-12), and increase the production of
antiinflamatory cytokines (IL-4, 1L-10). Because IL-12 contributes to the differentiation of naive or activated T-cells into T helper
(Th1) cells, cannabinoids could diminish Th1 responses. Cannabinoids could also play a role in the induction of Th2 responses by
activating IL-4 generation. Thus, establishment of adaptive immunity may be influenced by cannabinoid compounds.
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to their capacity to express class 1l major histocompatibility
complex (MHC) antigens and costimulatory molecules (B7
and CD40) that are critical for antigen presentation and T-
cell activation. The ability of astrocytes and microglia to
produce a wide array of chemokines and cytokines with the
immunological properties of these mediators point to the
importance of these cells in neurological diseases with an
immunological component. Glial cell function can be
modulated by cannabinoid compounds. CB1 as well as CB2
receptors have been described to be present in glial cells such
as astrocytes, and astrocytome cells [24, 25], microglial cells
[12, 26, 27, 28], and oligodendrocytes [29]. Moreover,
astrocytes and microglia produce anandamide and 2-AG
under several stimulatory conditions [28, 30, 31], and
astrocytes have been shown to express FAAH, the enzyme
which catabolizes endocannabinoids [32]. Antigen-presenting
cells (APC), dendritic cells and macrophages express mRNA
for FAAH [23, 33, 34], then, it would be possible that the
main APC within the brain, the microglial cells, also have
endocannabinoid mechanisms of inactivation. The role of
glial endocannabinoid system in the modulation of
neuroinflammation awaits a more complete analysis of glial
cannabinoid molecules expression patterns in vivo and in
vitro.

The role of Thl and Th2 responses in the CNS is
important in regulating immune responses, inflammation
and ultimately repair during a variety of CNS diseases. The
types of Th cells are defined by the profiles of cytokines that
they produce. Thl cells produce IL-2, IFN-g and TNF-a,
leading to macrophage activation, inflammation, and tissue
damage. Thl cells have been implicated in the pathogenesis
of CNS autoimmune diseases, such as MS. In contrast Th2
cells produce IL-4, IL-5, IL-6, IL-10 and IL-13, cytokines
that mediate humoral immune responses and inhibit
numerous macrophage inflammatory functions. Within the
CNS Th2 type cytokines play a role in down-regulating Thl
responses and macrophage/microglial activation.
Cannabinoids not only modulate Thl and Th2 cytokine
responses [35], but also within the CNS are able to regulate
cytokine production in glial cells. In a cell culture
preparation of Theiler’s virus-infected astrocytes anandamide
potentiated the synthesis of IL-6, a potentially anti-
inflammatory cytokine [36] and suppressed the production of
the pro-inflammatory cytokine TNF-a [37]. Later studies
also reported reductions of TNF-a as well as of IL-1b by
LPS-stimulated microglia in response to cannabinoids [38,
39]. In mixed glial cultures non selective cannabinoid
agonists increase LPS-induced synthesis of IL-1 receptor
antagonist, an endogenous blocker of IL-1 actions [39].
Upregulation of inducible nitric oxide synthase (iNOS) in
glial cells or invading macrophages or both, is regarded as a
source of extensive oxygene radical production, with
particular interest in MS, Alzheimer’s disease, Parkinson’s
disease, stroke and inflammatory conditions. Several studies
pointed to a suppressive effect of cannabinoids in the
generation of nitric oxide (NO) by glial cells, microglia [40,
41] and astrocytes [25, 37]. There is evidence supporting a
role of NO in oligodendrocyte injury, demyelination and
axonal degeneration, but NO may also affect the clearance of
inflammation in the CNS [42]. Taken together, these
observations suggest that cannabinoid agonists are able to
counteract inflammatory responses by glial cells.
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Nevertheless, it remains to know whether CB1 and/or CB2
receptors are involved in the above effects, or if other new
CB receptors and mechanisms are implicated.

CANNABINOIDS AND MULTIPLE SCLEROSIS

Multiple sclerosis (MS) is the most important chronic
inflammatory demyelinating disorder of the CNS. The
permanent neurological impairment observed in later phases
of the disease is due to axonal loss resulting from recurrent
episodes or progressive immune-mediated demyelination.
There is growing amount of evidence to suggest that
cannabis and cannabinoid agonists may be effective in
ameliorating symptomatology of MS, especially spasticity
and pain [43]. Results from the first large-scale randomized
trial to assess the potential benefits of cannabis in MS
indicated some improvement in patients” mobility and pain
perception [44]. Results obtained with animal models of MS
also provide support for the beneficial effects of
cannabinoids in this disease. The earlier studies about
cannabinoids actions on experimental autoimmune
encephalomyelitis (EAE) indicate that THC treatment prior
to inoculation prevented EAE symptomatology, while THC
treatment after inoculation delayed the onset and reduced
symptoms severity and inflammation in the spinal cord [45].
In the same line are the results obtained by Wirguin et al.,
[46] which showed that 8 and 9 delta THC decrease clinical
signs of EAE. Dexanabinol, a synthetic cannabinoid which
blocks NMDA receptors and has antioxidant properties,
without acting on CB1 or CB2 receptors, also decreased
signs of EAE in rats, perhaps through the inhibition of
TNF-a release [47]. Baker et al., [48] have investigated the
role of cannabinoid receptors in the acute effects of
cannabinoids in spasticity and tremor of mice with chronic
EAE (CREAE). They described that THC and WIN55212-2,
a synthetic, non-specific cannabinoid agonist suppressed the
above symptoms and that these effects were attenuated by
pretreatment with either the CB1-selective antagonist
SR141716A or the CB2 receptor antagonist SR144528.
They also reported beneficial effects by treatment with
methanandamide, a CB1 agonist; but also with JWH-133, a
selective CB2 agonist. Interestingly, spastic CREAE mice
have elevated concentrations of the endocannabinoids,
anandamide and 2-AG [49], suggesting the possible
existence of a tonic control of spasticity by the
endocannabinoid system. Changes in CB receptors
expression and function have been also described in the CNS
of EAE mice [50], supporting the participation of the
cannabinoid system in neuroinflammatory disorders.

In other experimental models of MS, such as the
Theiler’s murine encephalomyelitis virus (TMEV) infection
of CNS, which serves as a relevant model for progressive
human MS, cannabinoids have been found to affect its
pathogenesis. Arévalo-Martin et al., [51] described that
treatment with CB1 and CB2 agonists once established
symptomatology in the infected mice, improved motor
function, decreased microglial reactivity, MHC class Il
antigen expression and CD4 T cell infiltrates. These effects
were accompanied by enhanced spinal cord remyelination
(Fig. 2). Evidence for the importance of immunomodulatory
activity of cannabinoids in the TMEV model was also
provided by the work of Croxford and Miller [52] which
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ANTI-INFLAMMATORY STRATEGIES IN CNS
CHRONIC INFLAMMATORY DEMYELINATING PATHOLOGIES

0% (o0 @@

\\- NO, IFN-y, TNF-a, IL-1,IL-1ra; IL-6; free

radicals

Inflammatory environment

Cannabinoids \:{

(e

<o

(e

Demyelination

Fig. (2). Summary of potential anti-inflammatory actions of cannabinoids on different cellular components of the immune system and
on glial cells: The anti-inflammatory properties of cannabinoid compounds may be important not only to restrain the demyelination
process, but also to enhance the endogenous reparative remyelination.

showed that WIN55212-2 under different administration
schedules attenuated clinical disease signs and also decreased
MRNA expression of several cytokines, like TNF-a, L-1b
and IL-6.

It is also noteworthy that induced chronic relapsing EAE
in CB1 receptor-deficient mice showed several differences in
comparison with wild type mice, as a delayed remission,
joined to a more accumulated axonal lost, with a decreased
expression of neurofilament and increased caspase 3 activity
as index of apoptotic level [53]. This suggested that the
presence of CB1 receptors is mediating a degree of
neuroprotection during autoimmune attack, which indicates a
role of endocannabinoids in neuroprotection. However, the
nature and the mechanisms through the endogenous CBs
exert this neuroprotective action has yet to be further
investigated.

CONCLUSIONS

There is increasing amount of evidence suggesting that
cannabinoids may be neuroprotective in  several
compromised conditions. Regarding the CNS inflammation,
the summary of the above studies suggest that cannabinoids
are effective against the symptomatology associated with
chronic inflammatory demyelinating pathologies. The
beneficial effects of cannabinoids may be exerted at multiple

levels i) by improving motor function; ii) by limiting
neuroinflammation, iii) by promoting remyelination.
Therefore, an important area for future research is to find
treatment strategies which avoid unwanted effects of these
drugs, particularly their psychotropic effects. The
endocannabinoid system is a valuable target for drug
discovery because it is involved in the regulation of
neuroinflammatory responses associated with brain disease
as well as brain injury. The use of drugs that activate the
endogenous cannabinoid system, increasing extracellular
levels of endocannabinoids, through inhibition of their
membrane transporter or metabolism may be one possibility
for modulation CNS inflammation. Another possibility is to
use CB2 selective agonists, expected to lack psychotropic
properties, or even combined treatments. However, much
basic research is still needed to understand neuroprotective
effects of cannabinoids in  relation to  their
immunomodulatory-antiinflammatory properties, in order to
delineate, in a valuable manner, the potential use of
cannabinoids in brain inflammatory disorders.
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