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The skin serves as the foremost barrier between the internal body and the external world, providing crucial protection

against pathogens and chemical, mechanical, and ultraviolet damages. The skin is a central player in the intricate

network of immune, neurologic, and endocrine systems. The endocannabinoid system (ECS) includes an extensive

network of bioactive lipid mediators and their receptors, functions to modulate appetite, pain, mood, and memory,

and has recently been implicated in skin homeostasis. Disruption of ECS homeostasis is implicated in the pathogenesis

of several prevalent skin conditions. In this review, we highlight the role of endocannabinoids in maintaining skin health

and homeostasis and discuss evidence on the role of ECS in several eczematous dermatoses including atopic dermatitis,

asteatotic eczema, irritant contact dermatitis, allergic contact dermatitis, and chronic pruritus. The compilation of evidence

may spark directions for future investigations on how the ECS may be a therapeutic target for dermatologic conditions.

The skin serves as the foremost barrier between the internal
body and the external world. Besides serving as a protective

barrier, the skin is composed of an intricate network of immune,
neurologic, and endocrine systems. Recent research has demon-
strated that the skin and its associated pilosebaceous units function
as neuroimmunoendocrine organs operating through amulticellular
communication network via external stimuli, neuropeptides, and
mediators released by neighboring cells.1 This delicate orchestra is
essential in maintaining skin homeostasis through regulating cell
growth, survival, and death and modulating immune responses.2

Endocannabinoids, phytocannabinoids, and synthetic cannabinoids
belong toaclass of ligands called ‘‘cannabinoids’’ that act oncannabinoid
receptors and inhibit neurotransmitter release in central and peripheral
neural tissues. Phytocannabinoids, such as tetrahydrocannabinol
(THC), are produced in plants such as Cannabis sativa. Examples of
synthetic cannabinoids include HU-210, nabilone, and dronabinol.
Dronabinolwas approvedbyFoodandDrugAdministration in1985
to treat nausea and vomiting induced by cancer treatment3 and in
1992 as an appetite stimulant for patients with acquired immuno-
deficiency syndrome.4 Nabilone is approved to treat nausea in pa-
tients with cancer5 and is being studied for treating fibromyalgia.6 A
synthetic endocannabinoid antagonist called rimonabant candecrease
appetite in obese patients but is associated with suicidal thoughts.7

THE ENDOCANNABINOID SYSTEM

The endocannabinoid system (ECS) includes an extensive net-
work of bioactive lipid mediators and their receptors that
function to modulate appetite, pain, mood, and memory and
have been implicated in skin homeostasis.8 Examples of endogenously
produced endocannabinoids include 2-arachidoynyl-glycerol (2-AG),
anandamide (AEA), andN-palmitoylethanolamine (PEA). CB1 and
CB2 are G proteinYcoupled cannabinoid receptors.9 CB1 is con-
centrated in the brain and central nervous system, whereas CB2 is
found in peripheral neural tissue and is especially involved in
modulating the immune system. CB1 activation heightens
psychoactivity, increases inflammation, and is associatedwith risk
for metabolic syndrome. Conversely, CB2 overactivation decreases im-
mune activation and impedes wound healing. Therefore, a delicate bal-
ance between CB1 and CB2 signaling and the overall endocannabinoid
tone are essential for physiologic homeostasis (Fig. 1).

Both CB1 and CB2 activities have been characterized in dermal
nerve cells, keratinocytes, hair follicular epithelial cells, and sebocytes
(Fig. 2).10Y13 Endocannabinoids are also ligands for nonselective
ion channels called transient receptor potential cation channel
subfamily V member 1 (TRPV1), which are expressed in immune
cells, keratinocytes, and neurons supplying sensation to the skin.14

TRPV-1 mediates cutaneous pain sensation to chemicals and tempera-
ture.15Humankeratinocytes express TRPV-1, and endocannabinoid
binding to TRPV-1 is suggested to play an important role in pain
perception and inflammation in response to epidermal insult.16

REGULATIONOFENDOCANNABINOIDSIGNALING

After neurotransmitters bind their receptors, the activated post-
synaptic neurons synthesize membrane-bound endocannabinoid
precursors that are cleaved to form endocannabinoids in response
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Figure 1. CB1 and CB2 homeostasis. CB1 and CB2 activation leads to different end-effector functions. A finely-tuned balance in CB1/CB2

signaling is crucial to physiologic homeostasis.

Figure 2. The cutaneous ECS. Endogenous endocannabinoids, such as AEA and 2-AG, are produced in the epidermis and pilosebaceous unit.
These endocannabinoids bind CB1, CB2, and TRPV receptors present on keratinocytes, sebocytes, neurons, and hair follicular cells to maintain
proper function and homeostasis within the skin and its appendages.
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to an increase in free Ca2+ in the cytosol. Endocannabinoids then
act in a retrograde manner and bind to presynaptic CB1, leading to
inhibition of Ca2+ influx, thereby blocking future neurotransmitter
release (Fig. 3).17

N-Palmitoylethanolamine has a weaker affinity for the CB1 and
CB2 receptors than 2-AG and AEA and may have an ‘‘entourage’’
effect, by augmenting the effects of other endocannabinoids on
TRPV-1 receptors.18 It may do this by increasing the TRPV-
1Ymediated Ca2+ entry in response to AEA, acting as an endog-
enous enhancer of AEA actions via TRPV-1.19

Degradation of AEA is primarily mediated by fatty acid amide
hydrolase (FAAH),20 and 2-AG is degraded by monoacylglycerol
lipase (MAGL).21 N-Palmitoylethanolamine is hydrolyzed by N-
acylethanolamine hydrolyzing acid amidase (NAAA) and FAAH-
2.22Y24 Anandamide membrane transporter controls AEA levels
by decreasing extracellular AEA.25 The ECS may be modulated
by inhibiting degradation enzymes, such as FAAH, resulting
in longer lasting or robust effects on the endocannabinoid
receptors.

ENDOCANNABINOID IMPLICATIONS IN
ECZEMATOUS DERMATOSES
Endocannabinoids are produced naturally in many cell types.9

Dysregulation of endocannabinoid homeostasis may contribute
to skin pathology such as impaired skin barrier function in
atopic dermatitis (AD).26 In this review, we discuss the role
of endocannabinoid signaling on the skin cell growth, regulation,
proliferation, apoptosis, and communication and how perturbation
of ECS homeostasis contributes to dermatologic diseases such as
asteatotic eczema (AE), AD, irritant contact dermatitis (ICD), al-
lergic contact dermatitis (ACD), and chronic pruritus (Table 1).
Finally, we highlight emerging treatments for dermatologic condi-
tions via ECS modulation.

Asteatotic Eczema
Asteatotic eczema is characterized by dry, scaly, and itchy skin that
is often exacerbated during dry and cold weather. It commonly
affects the older people and is associated with skin exposure to
environmental irritants, such as water, soap, and shaving.35

Figure 3. Endocannabinoid signaling and degradation. 1, Neurotransmitters released from the presynaptic neuron bind their receptors on the
postsynaptic neuron. 2, Activation of the postsynaptic neuron causes an intracellular increase in free calcium, which induces the synthesis of
membrane-bound endocannabinoid precursors. 3, Endocannabinoid precursors are cleaved and endocannabinoids (eg, AEA and 2-AG) are
released into the synaptic cleft. Endocannabinoids act in a retrograde manner to bind presynaptic cannabinoid receptors. This results in inhibition
of calcium movement into the cell, leading to blocked neurotransmitter release.
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Prevention is key to controlling itch and irritation, and patients are
counseled to avoid harsh cleansers, opt for short lukewarm water
showers, and use daily emollients.36 Severe cases may require
topical corticosteroid treatment.37 A meshwork of corneocytes,
cholesterol, free fatty acids, and ceramides contributes to the skin
barrier, and the epidermal and sebaceous lipids are essential in
providing moisture and a permeability barrier.38 Symptoms seen
in AE and other forms of xerotic dermatitis are partially due to
impaired skin barrier repair.

Endocannabinoids have been identified within the stratum
granulosum, and abnormally low levels of endocannabinoids may
lead to xerosis. Cutaneous ECS responds to xerosis by increasing
lipid synthesis within the stratum granulosum.27 Topical endo-
cannabinoid treatment has been studied in xerotic skin.39 In a 4-
week clinical trial, 60 patients with AE were randomized to receive
either an emollient containing PEA and AEA or a standard
emollient devoid of endocannabinoids. Subjects who received the
PEA/AEA cream had significant improvement in itching and skin
hydration, as well as decrease in erythema, scaling, and dryness.
Because naturally occurring endocannabinoids in the skin may
augment skin barrier function by increasing epidermal lipid
production, the authors hypothesized that a topical formulation
containing PEAandAEA stimulates lipid synthesis for skin barrier
repair, thereby reducing symptoms of itchy and flaky skin. Other
authors have suggested that a topical formulation inhibiting local
endocannabinoid degradation, in the form of FAAH or mono-
acylglycerol lipase inhibitors, may also improve dry skin and itch
by augmenting the barrier repair benefits of endocannabinoids.8

The current evidence suggests that cutaneous endocannabinoid
system modulation may be a promising therapeutic approach
for asteatosis.

Atopic Dermatitis
Atopic dermatitis is a chronic relapsing-remitting itchy inflam-
matory skin condition characterized by weepy red plaques in the
acute stage and lichenified thick plaques in the chronic stage.
Atopic dermatitis affects up to 20% of children and adolescents and
up to 5% of the population in developed countries.40 Although the
pathogenesis of AD is not completely elucidated, it is believed to be
due to a constellation of factors, including immune dysregulation,
epidermal and sebaceous barrier disruption, altered sensation to itch
stimuli, and impaired microbial defense. The mainstay of AD
treatment focuses on anti-inflammation using topical steroids and
calcineurin-inhibitors, barrier repair using moisturizers, and re-
ducing microbial colonization. Several clinical studies have dem-
onstrated the therapeutic benefit of topical preparations containing
endocannabinoid receptor agonists or degradation inhibitors in AD.
In a randomized controlled study involving children and adults with
AD, the cohort that usedPEA-containing cream incombinationwith
a class IV topical steroid cream (0.1% clocortolone pivalate) had a
prolonged time to AD flare-up compared to the cohort that used
topical steroid cream alone.28 Another study involving 2000 patients
with AD reported that subjects using a PEA-containing cream had a

statistically significant improvement in itch and reduction of weekly
topical steroid use by 62%.26 Furthermore, in a pilot study of 20 pe-
diatric patients with mild AD, subjects who used a 2% adelmidrol
(PEAanalogue)-containingproduct had 80%resolutionof symptoms,
on the basis of thephysician’s Investigator’sGlobalAssessment score.29

Allergic Contact Dermatitis
Allergic contact dermatitis affects approximately 11% of women
and 5% of men in industrialized countries and is one of the leading
causes of occupational diseases.11 When the skin is first exposed to
an allergenic molecule, dendritic cells present the foreign molecule
to naive Tcells, which thenmount an inflammatory response upon
repeat contact with the same allergen, termed a delayed hyper-
sensitivity reaction.11 The current treatment for ACD surrounds
trigger avoidance, topical corticosteroids and calcineurin in-
hibitors, and systemic immunosuppressive agents in severe cases.41

Therapeuticmodulation of the ECSmay offer an important avenue of
investigation.42 Although human studies are lacking, mouse studies
shed light on the therapeutic potential of endocannabinoids for ACD.

Petrosino et al33 demonstrated that cutaneous PEA levels inmice
can be increased after cutaneous exposure to 2,4-dinitrofluorbenzene
(DNFB). When PEA was injected into the peritoneum of mice, the
DNFB-induced ear allergic dermatitis was inhibited. These findings
suggest that endogenous production and exogenous administration
of PEA may be protective against ACD development; however, hu-
man studies are needed to demonstrate clinical safety and usefulness.

In a study by Karsak et al,11 double-knockout mice lacking both
CB1 and CB2 developed allergic reaction to nickel ear tags, char-
acterized by intense scratching and skin ulcerations. On the other
hand, wild-type mice and single knockouts deficient in either CB1
or CB2 did not develop signs of allergy to the nickel ear tags. In
addition, when a contact allergen, DNFB, was applied onto the skin,
single-knockout mice had a significantly more severe allergic reac-
tion compared with the wild-type mice.11 The authors hypothesized
that a functional ECSmay offer protection against developing ACD.
The mice also demonstrated increased ear swelling and inflamma-
tion after injection of a CB2 antagonist, SR144528. This experiment
was extrapolated by treating themicewith injected and topical THC;
both treatments significantly decreased ear swelling. Lastly, FAAH-
knockoutmice exposed toDNFBhad a significantly lowerACDrate,
suggesting that in the absence of AEA degradation, higher levels of
AEA may prevent ACD.11 These findings shed light on the use of
FAAH inhibitors as potential therapy for ACD.

Irritant Contact Dermatitis
Irritant contact dermatitis is a prevalent problem in dermatology
and occupational health worldwide, especially in people who do
‘‘wet work,’’ such as hairdressers, cleaners, health care workers, and
workers handling chemicals.43 It is estimated that between 7% and
11.8% of the general population will be affected with ICD during
their lifetime,44 and ICD is estimated to be the cause of 95% of
occupational skin conditions.45 The role of the ECS in ICD was
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examined by exposing human skin of 10 healthy volunteers to so-
dium lauryl sulfate (SLS), a known irritant.46 Lipid analysis revealed
increased levels of epidermalN-acyl ethanolamides (NAE), PEA, and
hydroxyl fatty acids but no significant change in 2-AG level. This
study suggests that NAE and PEA, but not 2-AG, may be involved
in skin barrier repair after irritant exposure. In a separate study,
oxazolone was applied onto the skin of mice to induce ICD.34

Twenty-four hours after oxazolone challenge, 2-AG level in the ear
was increased by 9.3 (1.7) pmol and ear swelling increased 2.7 fold.
Subsequent exposure to a CB2 antagonist (SR144528) led to de-
creased ear swelling by 18% and significant reduction in eosinophils
recruitment. Conversely, treatment with a CB1 antagonist (AM251)
did not significantly decrease oxazolone-induced ear swelling. These
findings suggest that 2-AG expression increases in response to
topical irritant challenge, perhaps acting as a protective mecha-
nism, and that CB2, but perhaps not CB1, is involved in the anti-
inflammatory response in ICD.

Pruritus
Pruritus is an uncomfortable localized or widespread sensation
that triggers the intense urge to scratch.47 Pruritus is a common
symptom in dermatologic conditions and as a dermatologic mani-
festation of systemic diseases. In a study of nearly 2500 subjects with
AD, application of a PEA-containing cream resulted in a 38.3%
resolution and41% reduction inpruritus.26 In a 4-week clinical study
of healthy volunteers, pruritus was experimentally induced with
histamine via dermal microdialysis.30 The subjects were randomized
to receive either a skin patch containing HU210 (a synthetic
endocannabinoid and CB1/CB2 agonist) or ethanol before histamine.
The subjects who received HU210 experienced significantly less
pruritus for approximately 1.5 minutes after histamine treatment;
however, ongoing recordings revealed no difference in itch between
HU210- andethanol-treated skin. In addition,histamine-induced skin
blood flow and axonal flare responses were both significantly de-
creased in theHU210 patch group comparedwith the ethanol-treated
control group. These findings suggest that ECS activationmay reduce
vasodilation and suppress the early phase of histamine-induced itch.

In patients with lichen simplex chronicus and prurigo nodules
secondary to chronic pruritus, a topical PEA-containing emollient
providedan averageof an 86%reduction in subjective pruritus.31 In a
3-week open-label study involving 21 patients with uremic pruritus,
application of AEA- and PEA-containing cream twice a day for
3 weeks resulted in total elimination of pruritus inmore than 38% of
the subjects and another 52% reported significantly reduced pruri-
tus.32 Because no control group was included in these studies, it is
unclear howmuch improvement in prurituswould be obtained from
applying the emollient vehicle alone. Nevertheless, topical prep-
arations containing endocannabinoids may provide relief from
pruritus by down-regulating mast cell degranulation,48 inhibiting
inflammatory cytokines,49 decreasing tumor necrosis factor >

(TNF->) during inflammation,50 or providing an analgesic effect
on their own.51

CONCLUSIONS

A well-balanced ECS plays an important role in maintaining skin
health. An ECS imbalance has been reported in several derma-
tologic conditions. In this review, we discussed recent advances in
understanding the role of ECS in the pathogenesis and therapeutic
potential of common eczematous dermatoses. Among the reviewed
studies, there is significant evidence for using endocannabinoid
modulators to improve the skin barrier function, regulate the
immune response in skin inflammation, andmodulate histamine-
induced inflammatory and neuroendocrine responses in eczem-
atous skin conditions. In addition, endocannabinoids have been
demonstrated tomodulate sebocyte lipid production, which poses
a novel approach to treating inflammatory skin diseases with known
sebaceous dysfunction including acne, AD, seborrheic dermatitis,
rosacea, and psoriasis.52 The cutaneous ECS seems to communicate
with the immune, neurological, and endocrine systems in a delicate
harmony that is important for skin health and function. Pathological
alterations in the homeostasis of the ECS have been shown to
contribute to thedevelopment of skindiseases, including eczematous
skin conditions. Several early studies have demonstrated the thera-
peutic potential of ECS modulators for use in eczematous derma-
toses, including endocannabinoid analogues, cannabinoid receptor
antagonists and agonists, and degradation enzyme inhibitors. Fur-
ther studies are needed to better elucidate the role of cutaneous ECS
and its potential as a therapeutic target in dermatologic disorders.
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