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Abstract

Parkinson'’s disease (PD) is a neurodegenerative disorder as-
sociated with multiple comorbidities, including seborrheic
dermatitis (SD), which develops in more than half of PD pa-
tients. SD in patients with PD can be severe and frequently
intractable by traditional topical therapy. Cannabinoids pos-
sess anti-inflammatory and neuromodulatory properties
working within the intrinsic endocannabinoid system, the
activation of which may alleviate the motor symptoms of PD.
The effect of cannabinoids on SD is unknown. Here we ex-
plore the pathophysiological mechanisms and possible
therapeutic role of oral cannabinoids in PD patients with SD,
and review speculative mechanisms underlying the associa-
tion of PD and SD. Current data supporting the use of can-
nabinoids in both PD and SD, as well as oral cannabinoid

safety and tolerability, are presented. Cannabinoids may
provide the possibility of simultaneous treatment of both SD
and PD. Specific SD studies and additional safety data on oral
cannabinoids are needed. ©2020S. Karger AG, Basel

Introduction

Parkinson’s disease (PD) is a progressive neurodegen-
erative disorder affecting 1-2% of adults over the age of 65
years [1]. The pathophysiology of PD involves deteriora-
tion of dopaminergic neurons in the extrapyramidal tract
of the midbrain. Motor symptoms, particularly akinesia,
resting tremor, and rigidity, are a hallmark of the disease.

Premotor symptoms, such as constipation and chang-
es in mood, have been recognized to precede classic PD
presentation [2]. Several studies have also demonstrated
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an increased prevalence of skin diseases, such as sebor-
rheic dermatitis (SD) and melanoma among PD patients
[3]. In particular, SD occurs in as many as 50-59% of PD
patients and is therefore considered to be a premotor fea-
ture of the disease [4, 5].

SD is a chronic, relapsing dermatitis characterized by
erythema and scaly patches and has a predilection to sym-
metrically affect sebum-rich areas of the scalp, face, hair-
line, nasolabial folds, ears, and upper chest [6]. It is esti-
mated to affect 1-3% of immunocompetent individuals
and is more prevalent in men than women. SD is also
characterized by a bimodal age distribution and is pri-
marily seen in infants and adults over the age of 50 [6].

The most commonly recognized theory for the patho-
genesis of SD is a nonspecific immune response to Malas-
sezia yeast species [7]. Malassezia is a commensal organ-
ism that is present in lipid-rich and sebaceous skin areas.
Development of SD is associated with the presence of
Malassezia, ultraviolet radiation exposure, skin surface
lipid composition, and overactivity of the sebaceous
glands. In addition, it requires host susceptibility, e.g. im-
munocompromised individuals, as seen in organ trans-
plants, human immunodeficiency virus infection, and
cancer [6, 8]. These observations suggest that defects in
the immune system are important to the pathogenesis of
the disease.

SD exerts a significant burden on patients due to its
predilection to cosmetically apparent skin areas, which
may lead to psychosocial distress with a negative impact
on patients’ quality of life [9]. The psychological distress
has resulted in consumer incentive for disease treatment
with an estimate of USD 1.2 billion spent for symptom-
atic relief. In fact, the total costs paralleled those associ-
ated with atopic dermatitis and pruritus at USD 339 mil-
lion [10].

Although topical antifungals and corticosteroids are
effective in mild-moderate SD, individuals with immune
dysfunction, including PD, often develop severe forms of
SD refractory to traditional therapy thus creating the
need for systemic agents such as oral fluconazole and itra-
conazole [8, 11]. However, these medications can be tox-
ic and have variable levels of efficacy [8]. This indicates
an unmet need of alternative therapy, ideally beneficial to
patients with both PD and SD.

Neurocutaneous signaling is now recognized to be im-
portant in the pathogenesis of dermatological conditions
such as atopic dermatitis and psoriasis [12]. In addition
to their anti-inflammatory properties, cannabinoids are
considered to have neuromodulatory properties and thus
are able to target the neurocutaneous pathway [13]. A
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previous review has highlighted studies demonstrating
the potential efficacy of cannabinoids in PD treatment
[14]. Due to the increase in accessibility of cannabidiol
(CBD) products on the market, a better understanding of
the possible pathophysiological mechanisms and thera-
peutic role of oral cannabinoids in PD patients afflicted
with SD is therefore of interest.

Discussion

Parkinson’s Disease and Its Relationship to SD
The exact mechanism underlying the association of
PD and SD is not fully clear. An increasing amount of
evidence indicates direct involvement of Malassezia in
the pathogenesis of PD [5, 15]. This yeast species is also
recognized as a factor in SD development, thereby consti-
tuting a common denominator in the pathogenesis of
both SD and PD. Other possibilities for the strong asso-
ciation between SD and PD include gene polymorphisms
GBA, LRRK2 and PINK1, which both play a role in lipid
regulation and have been shown to confer an increased
risk for PD development [16-18]. In particular, LRRK2
promotes formation of large lipid droplets while PINK1
increases their number and size [17, 18]. Additionally, a
variant of the SNCA gene, which encodes for a-synuclein,
is dysregulated in PD and leads to the abnormal coating
of lipid droplets, making them more susceptible to lipas-
s [19]. This is of clinical importance as Malassezia is
known to secrete lipases and it has been suggested that
SNCA variants facilitate easier access to essential nutri-
ents, allowing the fungus to infiltrate host tissue [19]. Fur-
ther research is needed to elucidate Malassezia’s potential
direct contribution to the pathogenesis of both SD and
PD, but it may help explain the increased prevalence of
SD among PD patients.

Cannabinoids

There are three classes of cannabinoids: phytocanna-
binoids (derived from plants), synthetic cannabinoids,
and endogenous cannabinoids (also known as endocan-
nabinoids) [20]. Tetrahydrocannabinol (THC) is one of
the best-known types of phytocannabinoids. THC has
been recognized for its psychoactive effects and is com-
monly used both recreationally and medicinally, with po-
tential therapeutic effects in the treatment of PD [21].

CBD is a phytocannabinoid, which, in contrast to
THC, has no psychoactive properties. It has been increas-
ingly recognized for its potential efficacy in treating vari-
ous inflammatory skin disorders. Although human stud-
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Fig. 1. Adapted from figures provided by
Oléh et al. [37] and Téth et al. [38], a sim-
plified pathway of select CBD interactions
with skin cells is illustrated. Downstream
effects include maintenance and restora-
tion of the skin barrier via reduction in in-
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tion, as well as inhibition of sebaceous
gland proliferation. CB1R, cannabinoid re-
ceptor; TRPV4, transient receptor poten-
tial vanilloid-4; NRP1, nuclear receptor
protein 1; PPAR-y, peroxisome prolifera-
tor-activated receptor y.

cytokines

Immune cell
/ o
CB2R

PPAR-y

activation
\

| Proinflammatory

t Lipid production

4 \

Lipostatic Antiproliferative

| NRP1 Cell cycle arrest

Induce apoptosis

ies in the use of CBD are limited, animal studies have
demonstrated potential therapeutic benefits of CBD in
treating atopic dermatitis and pruritus [22].

The Role of Cannabinoid Use in the Treatment of PD

The physiological role of the endocannabinoid system
in modulating mood, behavior, and motor functions has
been well documented in several literature reports [23-
25]. Endocannabinoid system dysregulation has been im-
plicated in the pathogenesis of movement disorders in-
cluding PD [26]. In experimental studies, it was shown
that hypokinetic movements, as seen in PD, are charac-
terized by elevated endocannabinoid levels and a decrease
in dopaminergic activity. The opposite effect was ob-
served in hyperkinetic movements [27].

In one randomized control trial, the cannabinoid re-
ceptor (CBIR) agonist nabilone (oral CBD) was effective
in the treatment of motor symptoms and improved dys-
kinesia secondary to levodopa [28]. Parallel to this, in a
clinical study by Chagas et al. [29], CBD (300 mg/day)
resulted in a significant improvement of quality of life
measures and activity of daily life among PD patients
without psychiatric comorbidities (p < 0.05). On the oth-
er hand, few clinical studies failed to demonstrate a sig-
nificant difference in improvements of both motor and
non-motor symptoms among PD patients [30]. It is im-
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portant to recognize, however, that there are limited stud-
ies investigating the efficacy of oral cannabinoids in PD
treatment. Hence, it can be challenging to objectively
conclude the efficacy of cannabinoids. Most recently, a
clinical trial is investigating the safety and efficacy of CBD
on tremor, motor symptoms, pain, depression, and ad-
ditional symptoms in patients with PD [31].

The Role of Cannabinoid Use in the Treatment of SD

Considering Malassezia’s implication in the pathogen-
esis of SD, mitigating fungal proliferation and localized
inflammation is essential to treatment. Hence, topical an-
tifungals (ketoconazole, ciclopirox) are often used to re-
duce the proliferation of Malassezia while topical cortico-
steroids are used to minimize skin inflammation. Addi-
tional level A recommended treatments include lithium
(gluconate and succinate), which works by reducing the
release of fatty acids in the skin, and tacrolimus [32]. For
severe recalcitrant SD, as seen in neurological disorders
such as PD, only systemic antifungal therapies (itracon-
azole, terbinafine) have been shown to have some efficacy
[33]. They are also known, however, to be hepatotoxic,
and alternative therapies could be of benefit. Currently,
both in vitro and in vivo reports support the potential use
of cannabinoids in the treatment of inflammatory skin
disorders although studies are few [34].

Rietcheck et al.
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Lipid production by sebaceous glands is important in
understanding the pathogenesis of SD. It has been shown
that patients had more extensive skin desquamation than
healthy individuals. Oleic acid has irritant and desquama-
tive effects and is a byproduct of host lipid consumption
by Malassezia [35]. Sebum dysregulation appears to play
an important role in the pathogenesis of SD. Studying the
effects of cannabinoids on sebum production may aid in
understanding the potential benefits of oral cannabinoids
in SD treatment.

Oral CBD and other non-psychoactive phytocannabi-
noid agents such as cannabichromene and tetrahydrocan-
nabivarin use on human SZ95 sebocytes have resulted in a
reduction in sebaceous gland proliferation and inhibition
of lipid function [36]. This process appears to be mediated
via the activation of transient receptor potential vanil-
loid-4. CBD was also shown to act through the nuclear re-
ceptor interacting protein 1, which led to a decrease in lip-
id synthesis [37]. Furthermore, endocannabinoids are
found within sebocytes and appear to mediate lipid synthe-
sis and induce apoptosis via the CB2 pathway [38]. A sim-
plified version of this mechanism is illustrated in Figure 1.

The activation of peroxisome proliferator-activated
receptor y that results from cannabinoids binding to CB1
and CB2 receptors promotes not only the downregula-
tion of proinflammatory cytokines, but also the upregula-
tion of lipid production [39]. The latter was shown to be
essential in restoring and maintaining the skin barrier. As
discussed previously, disruption of the skin-lipid inter-
face plays an important role in the pathogenesis of SD.
Given the increased evidence on the role of the endocan-
nabinoid system in regulating sebaceous gland function
and lipid synthesis, its application to SD is promising.

Even though data is limited, both in vivo and in vitro
studies have demonstrated that oral cannabinoids may be
effective in treating a wide array of dermatological condi-
tions as well as neurodegenerative disorders such as PD
[40-43]. Patients with PD can present with severe SD and
may benefit from a regimen that has the potential to tar-
get the endocannabinoid system found in both piloseba-
ceous units and the basal ganglia. Due to the increased
burden of SD among PD patients, it may be of clinical
utility to also assess the efficacy of CBD in SD treatment
in these patients with a particular focus on symptoms of
SD such as erythema, pruritus and scale, which can heav-
ily impact a patient’s quality of life.

Safety and Tolerability of Cannabinoids
While the use of oral cannabinoids is promising, lim-
ited safety profile data exist. However, recent studies
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have illustrated that CBD has a favorable safety profile.
In one study, PD patients treated with oral CBD experi-
enced an improvement in quality of life as assessed by the
Parkinson’s Disease Questionnaire PDQ-39, a question-
naire which assesses PD-specific effects on dimensions of
functioning and well-being; no adverse side effects were
reported [29]. Currently, there is an ongoing phase 2
clinical trial assessing tolerability, safety and efficacy of
oral cannabinoid in the treatment of dermatomyositis
[43].

Due to variation in quality and processing of canna-
binoid products, certain products may contain different
active agents with various potencies such as synthetic
cannabinoids, which have been shown to cause abdomi-
nal pain, hyperemesis syndrome, cannabinoid sensitiza-
tion and/or allergy, and acute kidney injury [44]. While
cannabinoids have antineoplastic effects, an in vivo study
has demonstrated that tumor growth may occur during
early stages following exposure to CBD [45]. Despite the
conflicting data on potential adverse effects, it is impor-
tant to understand the pharmacokinetics of cannabi-
noids and how drug-drug interaction can be of clinical
concern.

There have been numerous reports on CBD and its ef-
fect on the CYP450 enzymes. Of most importance are iso-
forms CYP3A4and 2CY19, as they are largely responsible
for the biotransformation of CBD to its main and active
metabolite [46]. When co-administered with a CYP3A4
inhibitor, such as oral ketoconazole, CBD bioavailability
increases by 89% [47].

In the setting of severe, recalcitrant SD treated with
known CYP inhibitors such as oral ketoconazole [48], cli-
nicians should consider reducing CBD dosage to prevent
any potential side effects. This is particularly important
as ketoconazole is a known hepatotoxic agent and canna-
binoids have been shown to result in an elevation of he-
patic enzymes [46].

Conclusion

The intercommunication between the nervous sys-
tem and the skin is now recognized to play a role in the
pathogenesis of skin disorders and may shed light onto
the link between SD and PD. Although the exact mech-
anism between the two entities is unclear, cannabinoids
may be a promising therapy for the treatment of both
PD and SD.
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Key Message

Seborrheic dermatitis (SD) is an inflammatory skin disorder
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