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Abstract 

 

Introduction: Skin melanoma is a malignant neoplasm of melanocytes and is the 

deadliest of all skin cancers. It is a highly metastatic neoplasia, for which conventional 

therapy is often ineffective. The endocannabinoid system is implicated in proliferation, 

differentiation and survival of skin melanocytes. In this study, we collect published data 

regarding the role of cannabinoids, cannabinoid 1 (CB1) and cannabinoid 2 (CB2) 

receptors in the treatment of skin melanoma. 

 

Methods: PRISMA guidelines were followed for a systematic literature review of 

published data accessing the role of cannabinoids on melanoma treatment. A PUBMED 

search was conducted, for published studies until January 2020, using the queries: 

“Cannabinoid AND Melanoma”, “CB1 AND Melanoma” and “CB2 AND Melanoma”. 

 

Results: Of the 116 articles retrieved, 11 were included in this review. 

 

Conclusion: CB1 and CB2 activation is responsible for inhibiting melanoma cell growth 

in vitro, mostly by cell-cycle arrest and induction of apoptosis. Membrane lipid rafts and 

GPR55 are also involved in cannabinoid action. Cannabinoids decrease tumor growth and 

metastasis in vivo. The endocannabinoid system may be a relevant target of melanoma 

treatment. 

 

Key words: Endocannabinoid system, cannabinoid, melanoma, CB1, CB2. 
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Introduction 

 

The Endocannabinoid System in the Skin 

 

The Endocannabinoid System (ECS) in any tissue is composed of several 

elements. It includes endocannabinoids, which are cannabinoids produced endogenously 

on demand from membrane lipids. These are structurally related to D9-

tetrahydrocannabinol (THC, the main active ingredient of the Cannabis sativa plant) and 

exert similar effects to THC [1, 2]. The most studied endocannabinoids are anandamide 

(N-arachidonoylethanolamide; AEA) and 2-arachidonoylglycerol (2-AG). The ECS also 

includes the enzymes required to synthetize, transport and degrade endocannabinoids. 

AEA synthesis is carried out by the enzyme phospholipase D, and 2-AG by diacylglycerol 

lipase (DAGL). AEA is mainly degraded by fatty acid amide hydrolase (FAAH), and 2-

AG by monoacylglycerol lipase (MAGL) [1, 2]. Finally, the ECS includes both CB1 and 

CB2 receptors, which are the two main G protein-coupled membrane cannabinoid 

receptors (GPCRs) responsible for the cellular effects of cannabinoids [1]. CB1 and CB2 

receptors are coupled to Gi/o proteins [3]. 

 A fully functional ECS comprised of the above elements has already been 

described in skin tissue [1, 2, 4]; namely in skin fibroblasts, keratinocytes and 

melanocytes [2]. CB1 and CB2 receptors have also been found in cells of dermal 

appendages, specifically in hair follicles and sebaceous glands [2, 5]. CB1 and CB2 

expression has also been documented in cells of the skins’ immune system, in resident 

mast cells and macrophages, as well as in T and B lymphocytes [2]. 

 The ECS is involved in many biological functions. The expression of CB1 and 

CB2 receptors was first described in the central nervous system and in peripheral immune 
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cells respectively [1]. ECS has been involved in learning, memory, neuroprotection, 

immune response, among others [2]. The ECS has been implicated in well-balanced skin 

cell proliferation, differentiation, and survival; mainly by CB1 and CB2 activation [1, 2, 

6]. Immune and inflammatory responses initiated in skin tissue are mostly mediated by 

the CB2 receptor [2]. Nevertheless, the physiological functions of the ECS in the skin are 

also mediated by a series of other membrane and nuclear receptors, such as the Transient 

Receptor Potential Vanilloid-1 Channel (TRPV1) and Peroxisome Proliferator Activated 

Receptor Gamma (PPARγ). The TRPV1 channel is a membrane channel that appears to 

be responsible, under physiological conditions, for the same functions above described 

for the CB1 and CB2 receptors [1, 2].  

 

Melanoma and the Endocannabinoid System 

 

Skin cancer can be divided in two subtypes, Melanoma and Non-Melanoma Skin 

Cancer (NMSC) [7]. Melanoma is a malignant neoplasia originated in melanocytes; 

which are found not only in the skin, but also in mucosae, meninges and the eye uvea [8]. 

More than 90% of cases of melanoma occur in the skin [9]. The vast majority of 

melanoma cases are sporadic and related to a single predisposing risk-factor: exposure to 

ultraviolet radiation (UVR), either UV-A or UV-B [8, 10]. UVR can arise from exposure 

to sunlight, tanning beds and sun lamps, although exposure to sunlight is the main source 

[10]. In addition, it appears that severe sunburns in early ages is the most important risk 

factor [8]. UVR induces DNA damage and can lead to oncogenes activation and tumor 

suppressor genes inactivation [11]. UV-B also stimulates cell proliferation, at least partly 

by activation of cell surface receptors for epidermal growth factor (EGF), TNF-α and IL-

1 [11].  
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While NMSC is by far the most common skin cancer, standing as the 5th most 

common cancer worldwide in women and men [12]; melanoma is the deadliest of all skin 

cancers, albeit only being the 19th most common cancer worldwide [12, 13]. This 

difference can be explained by the fact that melanoma is a highly metastatic neoplasia, 

often resistant to conventional chemotherapy and radiation therapy, explaining the low 

survival rates once metastization occurs (mean survival of 6 to 9 months) [7, 13-15]. 

According to treatment guidelines from the NCCN (Nacional Comprehensive Cancer 

Network), the basis of melanoma treatment is surgery. Wide excision technique is the 

gold-standard, even for stage 0 tumors (in situ melanomas). For unresectable metastatic 

tumors (stage IV), there are several immunotherapies and targeted therapies (for BRAF 

mutated melanomas) available, but prognosis remains poor [16]. Melanoma still remains 

a surgical disease, since the best chance of cure is still the removal of thin, biologically 

early tumors [17]. 

The ECS in healthy skin and melanocytes plays an important role in proliferation, 

differentiation and survival; but its role in melanoma is slightly more controversial. In 

vitro studies using human melanoma cell lines suggest that the ECS is involved in the 

pathogenesis of melanoma [3, 11, 18]. On the other hand, in vivo studies with mice 

suggest that both CB1 and CB2 receptors are not involved in the pathogenesis of 

chemically induced melanomas [19].  

Despite the conflicting data, research has been focusing on the therapeutic use of 

cannabinoid-based drugs or ECS-modulating drugs, in the treatment of melanoma and 

other cancers [20]. The use of cannabinoid-based drugs in the palliative treatment of 

cancer has already been established. These compounds have been approved for palliative 

therapy of cancer-associated symptoms as anorexia, weight lost and pain. They have also 

been used for chemotherapy-associated nausea and vomiting [21].  
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We therefore searched how targeting the ECS in melanoma can be useful as an 

alternative treatment in advanced melanoma.  

 

Methods 

This systematic review was conducted according to the PRISMA (Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [22]. 

A systematic search in PUBMED for studies published in English until January 

2020 on cannabinoids and melanoma was conducted. Articles in the PUBMED online 

database were searched using the queries: “Cannabinoid AND Melanoma”, “CB1 AND 

Melanoma”, “CB2 AND Melanoma”. Two independent authors identified the articles and 

extracted the data. Given the preliminary stage of research in this area, all manuscripts 

that directly pertain to the topic were included in this review. Only minimal exclusion 

criteria were used, and no restrictions on the design of the study were applied. We 

excluded reviews, letters, editorials and case reports. Of the original 116 articles, a total 

of 11 were included in this review. 

 

Results 

The initial data base search yielded 113 citations, from which 35 duplicate studies 

were excluded. When the bibliographies of relevant papers were screened, 3 further 

studies were considered relevant. Based on an initial screening of the titles and abstracts 

of the remaining 81 articles, 59 were excluded and 22 were selected for full text 

examination. Of these 22 publications, 9 did not address any of the outcomes of interest 

and 2 were reviews of the existing literature. Those 11 publications were excluded. 

Eleven publications met our eligibility criteria and were included in our review.  
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A PRISMA flow diagram (Figure 1) demonstrates the procedure followed to 

select the papers used in this systematic review. Table 1 summarizes relevant data found 

in the included articles. 

 

Discussion 

 

In vitro Results 

 

CB1 and CB2 targeting 

Only three studies were found studying CB1 and CB2 receptors simultaneously, 

in cultured melanoma cells from human and murine origins [14, 17, 19]. Two of these 

found that stimulation of the CB1 and CB2 receptors reduces cell viability [14, 17]. THC 

and WIN-55,212–2 (CB1 and CB2 agonists) were able to reduce the number of viable 

cells in vitro [14, 17]. THC and WIN-55,212–2 action was selective for melanoma cells 

[14, 17]. 

Blazquez, Carracedo [17] showed that THC and WIN-55,212–2 inhibit cell-cycle 

progression in tumor cells by inhibiting the prosurvival protein Akt. Inhibition of Akt 

protein decreases phosphorylation of the pRb retinoblastoma protein [17], a regulator of 

the G1-S transition in cell-cycle. This increased the number of cells in the G1 phase and 

reduced the number of cells in the S phase [17]. Armstrong, Hill [14] later confirmed that 

THC exerts its effect by inhibiting the Akt protein. These studies found that, at higher 

concentrations, both agonists were able to induce apoptosis in tumorigenic cells [14, 17].  

Armstrong, Hill [14] further enlightened the cellular mechanism of action of THC. 

THC induces apoptosis in melanoma cells by the activation of non-canonical autophagy. 

In response to endoplasmic reticulum stress, Tribbles homolog 3 (TRIB3) protein 
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inhibited the Akt protein and the mammalian target of rapamycin complex 1 (mTORC1)  

[14]. The same author found that THC activates autophagy in melanoma cells through 

the autophagy-related 7 (Atg7) protein, which activates the caspase 3 protein, an effector 

of the proapoptotic pathway. The knockdown of TRIB3 and Atg7 by small interfering 

RNA abrogated the apoptotic effects of THC [14]. Nevertheless, the molecular 

mechanisms connecting autophagy to cell death remains poorly understood [23]. 

Armstrong, Hill [14] also found that THC effects were enhanced when combined with 

cannabidiol (CBD), a non-psychoactive cannabinoid [14]. CBD is believed to exert its 

proapoptotic effect through the production of reactive oxygen species [24]. This indicates 

that the proapoptotic effect is enhanced due to different mechanisms of action [14]. 

Despite these findings, Glodde, Jakobs [19] couldn’t replicate the results using 

THC to inhibit cell growth [19]. The author suggested that the lack of results was due to 

a poor expression level of the two receptors. This highlights the important role of both 

cannabinoid receptors in the effectiveness of THC activity [19]. 

 

CB1 targeting 

Kenessey, Banki [25] targeted the CB1 receptor after identification of the 

cannabinoid receptor 1 gene (CNR1) and its mRNA [25]. Selective CB1 activation was 

accomplished by the use of the agonist anandamide (AEA), and the selective CB1 

agonists Arachidonyl-2-chloroethylamide (ACEA) and 2-methyl-2-fluoro-anandamide 

(Met-F-AEA). CB1 inactivation was achieved by using the selective antagonist N-

piperidinyl-iodophenyl-dichlorophenyl-methylpyrazole-carboxamide (AM251). All of 

these CB1 modulators induced apoptosis in HT168-M1, HT199 and WM35 human 

melanoma cell lines. The most potent effect was seen with the use of AM251. At higher 

concentrations, all CB1 modulators induced cell necrosis, parallel to apoptosis. AM251 
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was also able to arrest cell-cycle at the G2/M transition in the WM983B lineage. CB1 

stimulation with AEA also had an antimigratory effect, demonstrated by a migration 

assay. This may contribute to an antimetastatic effect in vivo [25]. Notwithstanding, 

Kenessey, Banki [25] doesn’t disclaim if the examined melanoma cell lines express the 

CB2 receptor. Since AEA is referred in literature as a CB1 and CB2 agonist [26], this 

may be a confounding factor. 

 Carpi, Fogli [27] later confirmed the AM251 antiproliferative effects in melanoma 

cells [27]. Here, AM251 reduced melanoma cell viability in a time and concentration-

dependent manner. The involved mechanism was, again, cell-cycle arrest at the G2/M 

transition [27]. AM251 was also able to induce apoptosis. This was achieved by 

decreasing the expression of antiapoptotic BCL2 and Survivin protein expression and 

increasing the expression of the BAX proapoptotic gene. The effects of AM251 were 

GPR55 independent. AM251 action was selective for cancer cells in the implemented 

concentrations [27]. Carpi, Fogli [27] also reported that celecoxib (a COX-2 selective 

inhibitor) was equally able to induce cell toxicity. Celecoxib effect was independent of 

COX-2 inhibition, and none of the other COX-2 selective and non-selective COX 

inhibitors were able to reduce cell viability, alone or in combination with AM251 [27]. It 

has been described that celecoxib effect may rely on apoptosis-induction and cell-cycle 

arrest at the G2/M transition [28, 29].The toxicity of celecoxib and AM251 was amplified 

when both were used simultaneously, illustrating a possible synergic effect.  

Adinolfi, Romanini [30] confirmed AEA proapoptotic effect found by Kenessey, 

Banki [25]. The authors found no traces of CB2 receptor expression, despite using the 

same melanoma cell line as Blazquez, Carracedo [17]. This was attributed to a clonal 

difference [30]. Through caspase 3 and caspase 7 activation, AEA induced apoptosis in a 

dose-dependent fashion. The effect was partially CB1 dependent. Co-incubation of AEA 
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with selective COX-2 and LOX inhibitors (two enzymes capable of AEA oxidation) 

reduced AEA cytotoxicity. This suggest that COX-2 and LOX AEA metabolites 

contribute to the effects of AEA. COX-2 metabolites of AEA have been suggested to be 

prostaglandin E2-ethanolamides, which have cytotoxic activity. Nevertheless, the precise 

biological role of these metabolites needs to be further elucidated [30, 31].  

Hamtiaux, Masquelier [32] found that inhibiting FAAH, the main enzyme 

degrading AEA [1, 2], decreases cell viability. Cell toxicity was achieved by using the 

selective FAAH inhibitor URB597 and other two dual FAAH/MAGL inhibitors (MAFP 

and CAY10499). AEA and 2-AG also decreased tumoral cell viability, albeit without 

mentioning the mechanisms behind this effect [32]. Hamtiaux, Masquelier [32] found no 

expression of CB2 receptors in the cultured cells. Adinolfi, Romanini [30] later confirmed 

that co-incubation of AEA with URB597 potentiated the cytotoxicity of AEA. However, 

in this study, URB597 did not affect cell viability per se [30].  

 

CB2 targeting 

Only one study specifically targeted the CB2 receptor [33]. CB2 activation has 

been previously cited in literature to be able to improve barrier properties of the 

endothelial layer [34], downregulate adhesion molecules [35] and matrix 

metalloproteinases [36]. Hasko, Fazakas [33] showed that selective CB2 agonist JWH-

133 was able to reduce the adhesion of human melanoma cells to human brain endothelial 

cells. This was accomplished when both lineages were pre-treated with JWH-133 and 

treated with the same compound during an adhesion assay. Pre-treatment of primary brain 

endothelial cells with JWH-133 also reduced the migration rate of melanoma cells, with 

a bigger reduction when both cell types were pre-treated with JWH-133 [33]. CB2 

activation is therefore a potential target to prevent melanoma brain metastasis [33]. 
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Other receptors/mechanisms 

Hamtiaux, Masquelier [32] demonstrated that N-palmitoylethanolamine (PEA), 

an endogenous mediator associated to the ECS, exerts its effects without binding to the 

CB1 and CB2 receptors [32]. This cannabinoid was reported to act as an “entourage” 

agent, able to increase AEA antiproliferative effects [37, 38]. Hamtiaux, Masquelier [32] 

demonstrated that PEA has a cytotoxic effect on melanoma cells in a dose-dependent 

manner [32]. The mechanism behind this effect remains to be explained; since inhibition 

of the classical CB1, TRPV1, PPARα, PPARγ and GPR55 receptors did not reduce the 

effect of PEA. PEA is degraded in the cells by the FAAH enzyme. URB597 was able to 

increase PEA cellular levels, and co-incubation of PEA and URB597 increased cell 

apoptosis and necrosis [32].  

 It was previously mentioned that WIN-55,212–2 (a mixed CB1 and CB2 agonist) 

reduced cell viability in a CB dependent manner [14, 17]. Scuderi, Cantarella [39] 

suggests a different mechanism for the proapoptotic effect of WIN-55,212–2. The author 

claims that WIN-55,212–2 mediates cell death due to a mechanism involving membrane 

lipids rafts and activation of the intrinsic caspase pathway, leading to cell apoptosis. The 

lipid raft disruptor methyl-beta-cyclodestrin (MCD) was able to partially rescue 

melanoma cell lines from apoptotic death [39]. WIN-55,212–2 induced phosphorylation 

of the extracellular signal-regulated kinase (ERK) [39], which literature suggests has a 

proapoptotic action [40]. Inhibition of CB1 and CB2 receptors was not able to abolish 

WIN-55,212–2 cell death induction [39]. In Adinolfi, Romanini [30] study, MCD 

treatment was able to rescue AEA treated melanoma cells from death. This demonstrates 

the possible role of lipid rafts in cannabinoid action [30, 39]. 

Adinolfi, Romanini [30] found another mechanism for melanoma cell death. 

Direct stimulation of GPR55 (a G-protein-coupled receptor associated with the ECS) by 
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a selective agonist (O-1602) was also able to induce dose-dependent cell death [30]. MCD 

was also able to fully reverse O-1602-induced cytotoxicity [30]. Again, this indicates a 

role of lipid rafts in GPR55 cell death mechanism [30]. 

N-(Adamantan-1-yl)-4-ethoxy-6-(4-methylpiperazin-1-yl)-1,3,5-triazin-2-amine; 

a 1,3,5-triazine derivative and strong CB2 receptor agonist, was able to reduce tumor cell 

proliferation in a CB independent receptor pathway [41]. The exact mechanism behind 

this effect remains unclear, but neither CB1 nor CB2 receptor antagonists were able to 

reverse it [41]. 

 

In vivo Results 

 

Murine melanoma models 

The benefits of ECS modulation in the treatment of this skin cancer have also been 

shown in in vivo studies with murine melanoma models. In these models, melanomas are 

induced by the subcutaneous inoculation of tumorous cells. In vivo stimulation of ECS 

receptors by a variety of cannabinoids was able to decrease tumor cell proliferation, tumor 

growth and metastasis, and increase overall survival of mice [14, 17, 19, 25, 32, 42]. 

 

Blazquez, Carracedo [17] was the first author to demonstrate the benefits of 

targeting the ECS in vivo. The author showed the peritumoral administration of WIN-

55,212–2 and JWH-133 was able to reduce the growth of melanoma cells, resulting in 

decreased tumor volume [17]. Both cannabinoids were able to induce in vivo apoptosis 

of cancerous cells, and decreased tumor vascularization (lower vascular density) 

compared to controls. The efficacy of JWH-133 is relevant as it is devoid of psychoactive 

side effects. These are mediated by CB1 receptors in the brain [17]. As demonstrated in 

vitro, both cannabinoids decreased phosphorylation of the pRb protein. WIN-55,212–2 
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action was independent of immune related responses, since the antitumoral effects were 

also observed in nude mice [17]. 

Armstrong, Hill [14] later demonstrated the antitumoral action of THC and CBD 

in nude mice. Here, oral treatment with THC or Sativex (a 1:1 mixture of THC with CBD) 

decreased tumor cell proliferation, increased autophagy and apoptosis. The obtained 

results were compared with mice treated with vehicle solution or temozolomide (a 

chemotherapeutic agent) [14]. Glodde, Jakobs [19] also proved that systemic THC 

administration was able to reduce tumor growth in immunocompetent mice bearing CB1 

and CB2 receptors. THC action was CB receptor-dependent, since tumor growth wasn’t 

inhibited in mice lacking CB1 and CB2 receptors [19]. Histological analysis of THC 

treated melanomas in Glodde, Jakobs [19] study showed reduced infiltration of CD45+ 

immune cells (macrophages and neutrophils), believed to have a pro-tumorigenic effect. 

THC inhibited the growth of transplanted melanoma by CB receptors modulation and by 

tumor microenvironment blocking. This may explain the lack of effect seen in vitro. 

Unlike previous experiments, THC did not affect tumor angiogenesis [19]. 

Simultaneous administration of PEA and URB597 intraperitoneally was also able 

to inhibit tumor growth in vivo [32]. Co-treatment with PEA and URB597 reduced tumor 

size and weight in comparison to control treated mice. PEA and URB597 induced tumor 

necrosis, but no difference was seen in tumor apoptosis and angiogenesis. The lack of 

effect on angiogenesis suggests that treatment-induced necrosis is not due to a lack of 

oxygen or nutrients supply [32]. Simmerman, Qin [42] more recently demonstrated the 

benefit of CBD intraperitoneal injections, demonstrating a decrease in tumor growth rate 

in comparison with control mice. CBD treatment prolonged mice lives’ [42]. CBD wasn’t 

as effective as cisplatin (a chemotherapeutic agent) in decreasing tumor growth and 

increasing survival curves. Nonetheless, CBD treated mice appeared to be have a better 
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life quality in comparison to cisplatin-treated mice. This data suggest CBD has the 

potential to be a suitable adjunct for current therapeutic regimens [42].  

 

ECS modulators have also shown antimetastatic properties in vivo [19, 25].  

 

Glodde, Jakobs [19] showed that intraperitoneal WIN-55,212–2 administration in 

immunocompetent and nude mice reduced lung and liver metastasis, after systemic 

inoculation of melanoma cells [19]. Kenessey, Banki [25] also demonstrated the 

antimetastatic properties of ACEA. In this experiment, a spleen liver metastasis model of 

mice with severe combined immunodeficiency and metastatic human melanoma cells was 

used [25]. Intraperitoneal administration of ACEA reduced the number of liver 

metastasis, after melanoma cell inoculation into the spleen of mice. AEA administration 

was not able to inhibit liver colonization. AEA and ACEA were not able to inhibit primary 

tumor growth in the spleen, only liver metastasis [25]. 

 

Evidences in humans 

With respect to the efficiency of cannabinoids in the treatment of melanoma in 

humans, no data was found in our research.  
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Conclusions 

 Recent studies have shown how targeting the endocannabinoid system may be 

useful in skin melanoma treatment. CB1 and CB2 receptors activation in neoplastic 

melanoma cells in vitro plays a pivotal role in growth inhibition. This is mostly 

accomplished by the induction of cell-cycle arrest and cell apoptosis. The classical 

cannabinoid receptors also play a role in the antimigratory effect induced by 

cannabinoids. Membrane lipid rafts and GPR55 receptor activation are also involved in 

cannabinoid effect on melanoma cells. Nonetheless, a significant amount of research is 

still needed to decipher the underlying cell mechanisms responsible for the antitumoral 

effects discussed. 

 Through the same aforementioned mechanisms, cannabinoids have also been 

shown to reduce tumor cell proliferation, tumor growth and to decrease metastasis in vivo. 

In spite of these results, there are still no evidences in humans.   

In conclusion, the endocannabinoid system may be an interesting target of 

melanoma treatment. Unlike other cancers that typically affect an elder population, 

melanoma targets a younger demographic, which contributes to the burden of this 

pathology. Alternative forms of treatment are needed. More pre-clinical and clinical 

studies should be conducted to verify efficiency, security and tolerance of these 

compounds. 
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Figure Legends 

Figure 1. Flow diagram of the literature search process.   
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Table 1. Main results of published studies on endocannabinoid system and melanoma 

treatment. Cannabinoid (CB), Cannabinoid 1 receptor (CB1), Cannabinoid 2 receptor 

(CB2), G protein-coupled receptor 55 (GPR55), Fatty acid amide hydrolase (FAAH). 
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