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Allergic Contact Dermatitis and the
Endocannabinoid System: From Mechanisms to
Skin Care
Didier M. Lambert*[a]

The cloning of the first cannabinoid re-
ceptor followed by the discovery of one
of the major endocannabinoids, ananda-
mide, at the beginning of the nineties,
are two important milestones of the can-
nabinoid research. Since that, in a quite
short period of time, the knowledge of
the endocannabinoid system has mas-
sively increased[1] and its implications in
health and disease have been widely ex-
plored.[2,3] The set of biosynthetic en-
zymes, of endocannabinoids themselves,
of molecular targets (at the membrane
and in the nucleus), and of endocannabi-
noid hydrolyzing enzymes nowadays
considered part of the endocannabinoid
system is continually expanding. Regard-
ing the molecular targets, at the mem-
brane level, two G protein-coupled re-
ceptors, that is, the CB1 cannabinoid re-
ceptor and the CB2 cannabinoid recep-
tor, seem to mediate most of the effects
of endocannabinoids and exogenous
cannabinoids. A nonselective cation
channel, the transient receptor potential
vanilloid type 1 (TRPV1) has been pro-
posed to mediate some of the effects of
anandamide and of some N-acylethanol-
amines.[4] In the nucleus, cannabinoids
may interact to some extent with two
peroxisome proliferator-activated recep-
tors—PPAR-a and PPAR-g—and regulate
fatty acid metabolism and inflamma-
tion.[5] Several enzymes participate in the
termination of endocannabinoid signal-
ing. Four hydrolases have been cloned,
namely and in chronological order of

their cloning, fatty acid amide hydrolase
(nowadays termed FAAH-1),[6] monoacyl-
glycerol lipase (MAGL),[7,8] N-acylethanol-
amine acid amidase (NAAA),[9] and a
fatty acid amide hydrolase-2 (FAAH-2).[10]

Based on the the diverse components of
the endocannabinoid system and taking
into account the wide distribution of the
molecular targets, a therapeutic endo-
cannabinoid-based strategy could be
useful in numerous and diverse patho-
logical conditions: mood and anxiety dis-
orders, movement disorders such as Par-
kinson’s and Huntington’s diseases, in-
flammatory and neuropathic pains, mul-
tiple sclerosis and spinal cord injury,
cancer, atherosclerosis and cardiovascu-
lar diseases, stroke, glaucoma, obesity
and metabolic syndrome, addictions (to-
bacco, alcohol, drug of abuse), and os-
teoporosis are among the most cited in
the literature.[2,3] Blocking the CB1 canna-
binoid receptor presents several thera-
peutic outcomes. Rimonabant from
Sanofi-Aventis was the first CB1 receptor
antagonist to enter clinical trials. It has
been now approved in 42 countries and
marketed in 20 to treat obesity and over-
weight patients with associated cardio-
vascular risk factors.[11,12] Other indica-
tions have been identified for this class
of compounds such as treatment of ad-
diction (smoking, alcohol, and drug ad-
dictions),[13] hepatic diseases such as liver
fibrosis,[14] chronic bronchitis and chronic
obstructive bronchopneumopathy,[15] in-
flammation, and arthritis.[16] Considerable
medicinal chemistry endeavors have
been pursued in the last ten years,
mainly seeking CB1 cannabinoid receptor
antagonists, selective CB2 cannabinoid
receptor agonists, and inhibitors of en-
docannabinoid hydrolysis. Despite the
fact that some cannabinoid drugs are

marketed, psychoactive effects mediated
by CB1 receptors hamper a wide use of
CB1 agonists as pain killers, and restrict
them to treating nausea and vomiting
associated with cancer chemotherapy or
to promote appetite in acquired immu-
nodeficiency syndrome patients. In the
June eighth issue of Science, Karsak
et al.[17] have explored a poorly investi-
gated area: the endocannabinoid system
appears to elicit a protective role in aller-
gic contact dermatitis. In industrialized
countries, contact allergy affects nearly
10–15% of population, women seem to
be more sensitive than men. Sensitiza-
tion is caused by skin contact with low
molecular-weight haptens, which after
repeated allergen contacts induce re-
cruitment of T cells, leading to the pro-
duction of inflammatory cytokines and
chemokines. Risk factors include the sen-
sitizing potential of an allergen, elevated
allergen concentration, high frequency
of and duration exposure, occlusion, the
presence of penetration-enhancing fac-
tors, and an altered skin barrier function.
Before this study, little was known about
the role of cannabinoid receptors in skin,
even though both CB1 and CB2 have
been described on keratinocytes.[18,19]

Dvorak et al. noticed in humans that pe-
ripheral administration of a nonselective
CB1-CB2 agonist by skin patch or dermal
microdialysis attenuated histamine-in-
duced itch.[20] BlEzquez et al.[21] recently
evidenced that activation of the CB1 and
CB2 cannabinoid receptors present in
human melanomas and melanoma cell
lines decreased growth, proliferation, an-
gigogenesism, and metastasis, and in-
creased apoptosis of melanomas in mice,
suggesting a potential cannabinoid ther-
apy for this type of cancer. The working
hypothesis of Karsak and colleagues
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raised from an intriguing observation in
mice lacking both CB1 and CB2 cannabi-
noid receptors (here termed double-
knockout mice). The double-knockout
colony—in contrast to single CB1 defi-
cient mice or to single CB2 deficient
mice—presented skin ulcerations and
scratching behaviour when bearing
nickel-containing ear tags. In mice exhib-
iting ulcerations, histopathological analy-
ses suggested an allergic reaction with
intense mast cells infiltration. To confirm
this observation, a contact allergen chal-
lenge using 2,4-dinitrofluorobenzene
was conducted in the three mice popu-
lations. Contact allergy was observed in
both single knock-out and double
knock-out mice. Administration of canna-
binoid antagonists on wild-type mice
gave similar results and in contrast, treat-
ment with D9-tetrahydrocannabinol atte-
nuated the dermatitis. During the experi-
mental allergy contact dermatitis, levels
of endocannabinoids were increased,
and a downregulation of CB1 cannabi-
noid receptors was observed whereas
CB2 cannabinoid receptors were upregu-
lated. The involvement of the cannabi-
noid CB2 receptor has been previously
suggested by Oka et al.[22] in another
model of contact dermatitis in mice in-
duced by topical administration of oxa-
zolone on the ear five days after first
sensitization. The levels of 2-arachido-
noylglycerol were increased in mouse
ear with oxazolone-induced contact der-
matitis in contrast to those of N-acyle-
thanolamines, including anandamide,
which remain unaffected. The adminis-
tration of a cannabinoid CB2 receptor in-
verse agonist, SR144528, reduced the ear
swelling and the production of different
proinflammatory cytokines. Similarly,
Maekawa et al. reported the antipruritic
activity of JTE-907, a cannabinoid CB2 re-
ceptor inverse agonist, in atopic dermati-
tis.[23] The fact that Karsak et. al[17] ob-
served that cannabinoid CB2 receptor
knock-out mice or a cannabinoid CB2 re-
ceptor antagonist administration can
worsen the 2,4-dinitrofluorobenzene-in-
duced dermatitis gives a puzzling pic-

ture, where both cannabinoid CB2 recep-
tor antagonists and cannabinoid CB2 re-
ceptor agonists seem to be active
against active contact dermatitis. A pos-
sible explanation might originate from
the fact that activation of the cannabi-
noid CB2 receptor can produce chemo-
taxis and attract or remove inflammatory
cells from a site, depending on where in
the body CB2 cannabinoid receptor are
being activated. However this seducing
hypothesis remains to be investigated.
As the levels of endocannabinoids were
increased, the authors investigated the
development of experimental allergy
contact dermatitis in mice lacking FAAH-
1 which exhibit elevated levels of anan-
damide. A significant decrease of the al-
lergy was observed suggesting the po-
tential of fatty acid amide hydrolase in-
hibitors in skin inflammation. Finally, a
microarray analysis indicated that
immune-related genes are modified.
Among them, the monocyte chemotactic
protein 2/chemokine (C-C motif ligand 8)
appears to play a key role in the endo-
cannabinoid mediated skin responses.

In conclusion, substantial evidence has
been accumulated in this study indicat-
ing the role of the endocannabinoid
system in the attenuation of the experi-
mental allergy contact dermatitis. It
opens the way for further pharmacologi-
cal treatments with cannabinoid agonists
or inhibitors of endocannabinoids hydro-
lysing enzymes. Regarding the general
lipophilicity of such agents, topical appli-
cation including transdermal delivery[24]

could be readily achieved.
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