Introduction

Cannabis sativa L. is an herbaceous plant, which is generally found
in temperate and tropical regions of the world [1]. Since ancient
times, this plant has been an important source of fibers for the
preparation of ropes, textiles, or paper. Among the different hu-
man applications, a special mention should be made of the thera-
peutic use of C. sativa, which finds its roots in traditional Chinese
medicine about 5000 years ago as a remedy for pain and inflam-
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mation [2]. Today, the major clinical evidence shows that C. sativa
is a valuable support to ease certain types of chronic pain, to re-
duce chemotherapy-induced nausea, and to improve anxiety [3].

Nevertheless, old and recent evidence suggests the extension
of C. sativa benefits to dermatological disorders. The first Western
observations on topical use were recorded at the end of the 19th
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cannabinodiol
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of activated B cells

NK natural killer

NLRP3 NLR family pyrin domain containing 3
NRF-2 nuclear factor erythroid 2-related factor 2

PBQ parabenzoquinone

PI3K phosphoinositide 3-kinase or phosphatidylinositol
3-kinases

p-lkB phosphor-nuclear factor of kappa B inhibitor

PKA protein kinase A

PPAR peroxisome proliferator-activated receptor

PUFA polyunsaturated fatty acids

Ref-1 redox effector factor 1

ROS reactive oxygen species

TGase5 transglutaminase 5
THCV tetrahydrocannabivarin
THCVA tetrahydrocannabivarinic acid

TIMP tissue inhibitor of metalloproteinases

TLR toll-like receptor

i the amount of time that a drug is present
at the maximum concentration

TPA tissue polypeptide antigen

TRP transient receptor potential

TRPA transient receptor potential channel,
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TRPM transient receptor potential channel,
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VEGF vascular endothelial growth factor

a2-AR o2-adrenergic receptor

A3-THC  (-)-A3-trans-tetrahydrocannabinol
A%-THC  THC, (-)-A%trans-tetrahydrocannabinol

century for the reduction of itching [4]. Subsequently, several
studies have evaluated the cutaneous effects of this plant, focus-
ing mainly on the individual cannabinoids.

Cannabinoids are a group of bioactive compounds, classified as
endocannabinoids (physiologically synthesized in our organism),
phytocannabinoids (produced by plants), or synthetic cannabi-
noids (artificially synthesized in laboratories), according to their
source.

The endocannabinoids act as neuro- or immunomodulatory
agents in humans and interact with several targets in a specific
context-dependent way, thanks to their lipophilic nature [5]. Phy-
tocannabinoids have different affinities toward human receptors;
furthermore, the biological effects are often the result of the in-
teraction with several molecular targets [3].

The biological activities of phytocannabinoids include the psy-
choactive effects of C. sativa, and other adverse effects of recrea-
tional use, which have been extensively reviewed [6]. Neverthe-
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» Fig. 1 Chemical structures of the main phytocannabinoids inves-
tigated at cutaneous level.

that A°-THC acts as an agonist of PPARy, TRPA1, TRPV2, TRPV3,
and TRPV4, and as an antagonist of TRPMS. Furthermore, A°-THC
can modulate the activity of u/6 opioid- and GlyRa1/a3 receptors
[27]. THCV is the homolog of THC characterized by a propyl chain
instead of a pentyl chain.

CBD type

CBD is a non-psychotropic phytocannabinoid, and the CBD type
class is the third most abundant in C. sativa, after A°-THC and
CBG [28]. This molecule has a low binding affinity for CB; and
CB, receptors [29-31], but through the modulation of multiple
targets, it reduces pain, inflammation, and anxiety and displays
potential antitumor activities [32]. Despite the low affinity in vitro,
a recent meta-analysis concluded that CBD may affect CB; recep-
tor activity in vivo via an indirect mechanism [33-35]. Also, CBD
can reduce the uptake of anandamide at the cellular level, but at
concentrations far from those relevant for a physiological effect in
vivo [18], and antagonize GPR55 [36-38] and GPR18 [39].

Outside of the endocannabinoid system, the mechanisms by
which CBD possibly mediates anti-inflammatory and immunosup-
pressive effects include the activity at the A;, adenosine receptor
[40], the inhibition of the equilibrative nucleoside transporter [40,
41], and the activation of strychnine-sensitive a; and a;f8 Glyrs
[20,21,42]. CBD interacts differently with the serotonin recep-
tors, as a full agonist, a weak agonist, and a noncompetitive an-
tagonist (respectively for 5SHTa, 5HT2a, and 5HT3p) [43,44]. In vi-
tro, CBD has been reported by numerous studies to activate the
TRPV1, TRPV2, and TRPA1 channels [18,45,46], while antagoniz-
ing TRPM8 in vitro [47]. In vivo, CBD shows possible activity at the
TRPV1 channels in mice and rats and the TRPA1 channels in rats
[48]. In addition, CBD acts as an agonist of PPARy receptors and
as an allosteric modulator of p/é opioid receptors [49] and
GlyRa1/a3 receptors [20,21]. CBDV is the homolog of CBD with
the propyl chain.

CBG type

CBG has been the first compound to be isolated in a pure form
from the resin of C. sativa. Many novel cannabinoids belonging to
the CBG-type have been reported recently [50], most of them iso-
lated from the buds of the mature female plant of a high-potency
variety of C. sativa [51-53]. As opposed to CBD, CBG acts as a par-
tial agonist for CB; and CB,, but in common they share a weak af-
finity for these receptors [54] and the inhibition of anandamide
uptake [55]. CBG is an agonist of TRP channel receptors (TRPA1,
TRPV1, and TRPV2) and an antagonist of TRPM8, TRPV4 [19,55],
and 5HT4a receptors [56]. CBGV is the homolog of CBG with the
propyl chain.

CBC type

CBC was discovered in 1966 [57] as an agonist of CB, receptors
[58] and is recognized as one of the strongest TRPAT agonists
among the phytocannabinoids, together with CBD and CBN [55].
It also displays agonism to TRPV3 and TRPV4 channels [19] and
antagonism for TRPM8. CBC is also able to increase anandamide
levels by inhibiting its uptake [55].

CBN type

Seven cannabinol derivatives, which are aromatized derivatives of
THC, have been described. CBN is commonly found in the aged
plant of C. sativa or in related products, in which the concentration
increases during storage [50]. Compared to A°-THC, CBN shows a
higher and lower affinity for CB, and CB, receptors, respectively
[59].

Awider and detailed comparison of the molecular mechanisms
of phytocannabinoids and their specific affinities towards human
receptors can be found in recently published reviews [25,27].

Almost all the works concerning the cutaneous effects of phy-
tocannabinoids are based on the study of pure or isolated com-
pounds. The scientific data were collected and commented be-
low, divided according to the evidence on cellular models, in vivo
or human.

Search Strategy

This review aimed to collect in vitro, in vivo, and clinical evidence
of the role of phytocannabinoids and C. sativa extracts in skin
health, as well as their use against skin diseases.

A systemic search of electronic databases, including PubMed,
Scopus, Embase, and Web of Science, was conducted in October
2020, for papers reporting in vitro, in vivo, or clinical evidence of
the effects of phytocannabinoids at a cutaneous level, using the
following search terms: (“cannabis” OR “cannabichromene” OR
“cannabidiol” OR “cannabigerol” OR “cannabicyclol” OR “canna-
binol” OR “cannabidivarin” OR “tetrahydrocannabinol”) AND
(“skin” OR “keratinocytes” OR “fibroblasts”). In a second step,
duplicate articles were removed, and the references listed in the
remaining ones were sifted through to identify documents that
might have eluded the primary search. The search limit was the
English language, whereas no limit was applied for the year of
publication. This review includes only published articles and does
not consider unpublished works or non-peer-reviewed articles.
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transdermal patch system. On the contrary, Touitou et al. under-
lined a great difference in the diffusion of A3-THC among human
and rat skin: A8-THC was 13-fold more permeable in the latter
[71]. Moreover, the cannabinoid accumulated in the upper epi-
dermis.

Similarly, Stinchcomb et al. compared the permeability of
A8-THC with CBN and CBD [73]; in line with the previous work
[71], they observed the accumulation of A8-THC in skin tissue,
while CBN and CBD exhibited 10-fold higher permeability. THC ac-
cumulation in the epidermis suggests its preferential interaction
with keratinocytes. Gaffal et al. [74] exploited this possibility in in
vitro studies on skin allergy: A%>-THC (0.1-1 uM) suppressed the se-
cretion of pro-allergenic chemokines (CCL2, CCL8, CXCL10) by
IFNy -activated wild type and Cnr1/2-/- (murine CBy, receptor
genes) keratinocytes cultured from the respective knock-out
mice. The inhibitory effect resulted in the impairment of macro-
phage migration in co-culture experiments with IFNy -activated
keratinocytes. These results indicated that A°>-THC decreased the
production of chemokines in a CByj-independent manner. In line
with this evidence, Glodde et al. [75] demonstrated that the
growth of murine melanomas is not affected by CBy), depletion;
thus A%-THC (5-10 uM) was not able to inhibit the tumor in a CB-
dependent manner. However, as reported in the next section de-
voted to in vivo studies, THC showed anti-cancer activity through
anti-inflammatory effects on infiltrating immune cells.

A°-THC is also well known for its anti-nociceptive effect. Engel
et al. [76] validated the effect of A°>-THC in skin explants from rats
and mice, pointing out the role of TRPV1 and CB; receptors.
A®-THC, in comparison with anandamide, exerted moderate in-
hibitory activity at low (0.1 pM) and high (100 uM) concentrations
on heat and capsaicin-induced calcitonin CGRP release from noci-
ceptive nerve endings in skin. On the contrary, lower (10 nM) and
intermediate (1-10 uM) concentrations of the cannabinoid were
not sufficiently effective on CGRP release. Specific experiments
on knock out animals revealed that the inhibitory effect at low
concentrations was entirely CB;-dependent, while, at higher con-
centrations, TRPV1 desensitization occurred as major mechanism.

Several authors performed a biological comparison among dif-
ferent cannabinoids within the same experimental setting. Due to
their common anti-inflammatory properties, cannabinoids were
investigated for their potential application in inflammatory-based
skin diseases [77-79]. However, Petrosino et al. [79] observed dif-
ferent behaviors in poly(l: C)-activated keratinocytes, an immuno-
genic model that mimics viral infection and hypersensitivity
through TLR3 and IFNy induction. CBD, CBC, CBG, and THCV ex-
hibited a concentration-dependent (5-20 uM) inhibitory effect
on IL-6 and MCP-2, while the respective carboxylic forms (CBDA
and CBGA) were inactive. The effect of CBD was further investi-
gated, thus including IL-8 and TNF-a inhibition. The biological ac-
tivity correlated with anandamide elevation and depended on CB,
and TRPV1 agonism. Accordingly, further experiments [77] re-
garded the role of CBD, CBG, and anandamide in keratinocyte dif-
ferentiation, a fundamental step for skin barrier constitution. CBD
inhibited the expression of all the considered differentiation
markers (K1, K10, involucrin, TGase5), while CBG decreased the
levels of K10 and TGase5, only. Both compounds acted at the
epigenetic level by increasing the methylation state of genes via

selective DNMT1 up-regulation. All the biological activities were
resembled by anandamide, which was found to be directly ele-
vated by CBD in the previously described work [79]. These results
indicate that CBD and CBG may counteract inflammation while
impairing differentiation in keratinocytes, which is in line with
the discussion from Casares et al. [65], who suggested to take into
consideration the proliferative potential of CBD at skin level. In
fact, although anti-inflammatory, the use of CBD may theoretical-
ly result in undesired effects when proliferation or skin barrier al-
teration occur, such as in plaque psoriasis or atopic dermatitis: in
those patients, the differentiation markers like K10 and involucrin
are downregulated [80,81]. On the other hand, the results from
Pucci et al. [77] prompted the authors to promote the use of
CBD and CBG in skin cancer, which is only apparently contradic-
tory. Indeed, Reichelt et al. clarified the role of K10 in skin papillo-
mas, since Krt107/~ mice exhibited keratinocyte hyperprolifera-
tion, but also lower susceptibility to tumors due to the en-
hancement of skin turnover [22]. Consequently, the inhibition of
K10 levels by CBD and CBG may result in skin tumor repression
and should require further clinical investigation.

Regarding the context of psoriasis, Wilkinson et al. [78] dem-
onstrated that phytocannabinoids (A°-THC, CBD, CBG, CBN) may
counteract the proliferation of human HPV 16-transformed kera-
tinocytes. The effect was independent from TRPV1 or CBy; ago-
nism and was slightly superior for nonpsychotropic cannabinoids
(ICs0 ranging from 2.0 and 2.3 pM) than for THC (ICsg = 2.9 uM).

This evidence seems in conflict with the previously mentioned
one on the proliferative potential of CBD: on the contrary, in vitro
experiments from Casares et al. showed that CBD may up-regu-
late a cluster of genes involved in differentiation and counteract
proliferation, while the in vivo system confirmed an opposite ef-
fect with a proliferative profile [65]. As a consequence, the effect
of CBD on the proliferative/differentiative balance of epidermis
may vary in vitro or in vivo and may depend on the pathological
context under study. In particular, the effect of CBD and CBG on
differentiation may require further validation against skin cancer,
while specific studies are suggested to criticize their role in
psoriasis.

In vivo Evidence

In vivo studies on cannabinoids at skin level, collected in » Table 1,
are few and mostly focused on the anti-inflammatory and anti-
oxidant properties. As mentioned in the previous section, only a
small number of authors translated in vitro evidence to the in vivo
level. Casares at al. [65] characterized the antioxidant effect of
CBD in human keratinocytes, demonstrating that this compound
acts through NRF-2 and BACH1 degradation, thus leading to anti-
oxidant gene expression, such as HO-1. In line with the anti-apo-
ptotic role of HO-1, the authors observed an elevated skin thick-
ness in vivo, due to keratinocyte hyperproliferation, after the top-
ical treatment of BALB/c mice with CBD (0.1-10%). In parallel,
markers of wound repair, inflammation and proliferation (K16,
K17) were increased in the epidermis of mice, but the expression
of pro-inflammatory cytokines (IL-18, IL-6, and TNF-a) was absent.
The results suggested a possible role for CBD in skin protection
but underlining a theoretical risk for the treatment of psoriasis.
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» Table 2 Summary table of cutaneous clinical studies conducted with phytocannabinoids.

Phytocannabinoids Evidence Details about the Concentration/dose Positive Schematic Biological Ref.
model control results context
CBD oil Clinical Observational study ! healing time; Epidermolysis  [86]
(3 case reports) | analgesic need bullosa
CBD in a formulation Phase | Open-label, single- 5% formulation of /l L acne lesions Treatment [88]
called Permetrex clinical trial ~ arm, 28-day evalua- CBD applied twice of acne
(a pure synthetic form tion of the safety of daily to the entire face.
of CBD was manufac- 5% BTX 1503 in
tured for topical deliv- moderate to severe
ery and formulated) acne (n=23)
CBD, THC Clinical 3 case reports Sublingual pharma- /| L pain score; Epidermolysis ~ [87]
ceutical preparation of L pruritus; bullosa
CBD and THC (20 mg/ ! analgesic drug
mL and 13 mg/mL, intake

respectively)

Conclusions

The scientific evidence reported in this review underlines the
complexity of the mechanisms regulating the effects of phytocan-
nabinoids at cutaneous level. Data collected in vitro demonstrate
that the biological effects of phytocannabinoids involve many dif-
ferent cell populations other than immune cells, whose role is still
fundamental in the pathogenesis of numerous skin disorders,
such as keratinocytes and sebocytes, implicated in the etiology
of psoriasis and atopic dermatitis, and acne and dry skin, respec-
tively.

Most of the evidence concerns isolated phytocannabinoids
and, as it can be easily seen from » Table 1 and 2, CBD is the most
investigated compound, considering all the clinical and preclinical
studies in several fields of application. CBD protects keratinocytes
from oxidative damage induced by UV rays and stimulates the
production of melanin from melanocytes, thus suggesting multi-
ple photoprotective mechanisms that may be useful for treating
skin disorders such as photo-aging or skin aging.

Despite not always being in agreement, data reported herein
highlight the general anti-inflammatory effect of CBD, which in
addition exploits the concomitant promotion of endogenous anti-
oxidant factors, through the stabilization of NRF-2. The results
from preliminary clinical studies and animal models support the
anti-inflammatory activity of CBD for the skin; however, due to
its inhibitory effects on keratinocyte differentiation, targeted
studies are needed to evaluate the possible consequences in dis-
eases such as psoriasis and atopic dermatitis, in which differentia-
tion and proliferation are already dysregulated. It is important to
point out that in the only 2 investigations in which C. sativa extract
was compared to pure CBD, the extract was superior in terms of
anti-inflammatory effects, both in vitro [64] and in vivo [82]. This
observation is certainly linked to the plurality of action of different
components; in fact, the oral administration of PUFA of C. sativa
seeds also seems to have a role in the improvement of clinical
symptoms of atopic dermatitis [89], but the involvement of other
non-cannabinoid secondary metabolites cannot be excluded [90].
In this context, the topical applications of A3-THC and A®-THC also

obtained good results in terms of skin inflammation reduction,
probably helped by their preferential accumulation in the epider-
mis, but their intrinsic psychotropic activity limits the develop-
ment of new dedicated therapeutic solutions.

One of the most promising applications of phytocannabinoids,
supported by preclinical and clinical evidence, is the treatment of
seborrheic disorders, especially acne. Although only some com-
pounds, such as CBD, CBC, and THCV, reduce lipogenesis in vitro,
a clinical study conducted with a mixture of phytocannabinoids
(a cream based on C. sativa seed extract) confirmed the reduction
of sebum and erythema, even if the actual composition in phyto-
cannabinoids of the formulation was not fully described [91]. In
addition, a hexane extract from C. sativa seeds reduced the in-
flammatory markers of keratinocytes challenged by Propionibacte-
rium acnes in vitro, one of the main etiological agents of acne,
demonstrating also a direct antimicrobial effect [92].

In conclusion, phytocannabinoids possess a great potential for
the treatment of several cutaneous pathological conditions, rang-
ing from photo-aging and inflammatory diseases to seborrheic
and autoimmune disorders. However, this review suggests that
the biological plausibility for the use of phytocannabinoids in hu-
man diseases still needs explanations. Only few molecular mecha-
nisms peculiar to phytocannabinoids have been causally associ-
ated with the improvement of skin diseases. In particular, the ac-
tion on PPARs, GlyRs, and TRP channels was rarely considered in
comparison with CB receptor modulation. In analogy, whole ex-
tracts have been sometimes reported to exert a wider and more
potent bioactivity than single phytocannabinoids, but their tar-
gets were only partially discovered. Moreover, despite the promis-
ing evidence found in the preclinical field, the small number of rig-
orous clinical studies, the lack of data on safety and data specifi-
cally related to C. sativa extracts and their intrinsic complexity lim-
it the understanding of the real benefits for human skin.
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