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Abstract

The plant Cannabis sativa L. has been used as an herbal remedy for centuries and is the most important
source of phytocannabinoids. The endocannabinoid system (ECS) consists of receptors, endogenous
ligands (endocannabinoids) and metabolizing enzymes, and plays an important role in different
physiological and pathological processes. Phytocannabinoids and synthetic cannabinoids can interact
with the components of ECS or other cellular pathways and thus affect the development/progression of
diseases, including cancer. In cancer patients, cannabinoids have primarily been used as a part of
palliative care to alleviate pain, relieve nausea and stimulate appetite. In addition, numerous cell culture
and animal studies showed antitumor effects of cannabinoids in various cancer types. Here we
reviewed the literature on anticancer effects of plant-derived and synthetic cannabinoids, to better
understand their mechanisms of action and role in cancer treatment. We also reviewed the current
legislative updates on the use of cannabinoids for medical and therapeutic purposes, primarily in the
EU countries. In vitro and in vivo cancer models show that cannabinoids can effectively modulate
tumor growth, however, the antitumor effects appear to be largely dependent on cancer type and drug
dose/concentration. Understanding how cannabinoids are able to regulate essential cellular processes
involved in tumorigenesis, such as progression through the cell cycle, cell proliferation and cell death,
as well as the interactions between cannabinoids and the immune system, are crucial for improving
existing and developing new therapeutic approaches for cancer patients. The national legislation of the
EU Member States defines the legal boundaries of permissible use of cannabinoids for medical and
therapeutic purposes, however, these legislative guidelines may not be aligned with the current
scientific knowledge.
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INTRODUCTION

The first discovered and most important source of cannabinoids was the plant Cannabis sativa L.,
which has been used as an herbal remedy for centuries. The earliest archaeological evidence of
cannabis medical use dates back to the Han Dynasty in ancient China, where it was recommended for
rheumatic pain, constipation, disorders of the female reproductive tract, and malaria among other
conditions. In traditional Indian Ayurvedic medicine, cannabis was used to treat neurological,
respiratory, gastrointestinal, urogenital, and various infectious diseases [1]. The plant was also
cultivated in other countries in Asia as well as in Europe, especially for making ropes, clothes/fibres,
food and paper [2]. In Western medicine, the use of cannabis was notably introduced by the work of
William B. O’Shaughnessy (an Irish physician) and Jacques-Joseph Moreau (a French psychiatrist) in
the mid-19™ century, who described positive effects of cannabis preparations, including hashish (the
compressed stalked resin glands), on pain, vomiting, convulsions, rheumatism, tetanus and mental
abilities. Cannabis was recognized as a medicine in the United States (US) Pharmacopoeia from 1851,
in the form of tinctures, extracts and resins. However, in the beginning of the 20t century, cannabis use
decreased in Western medicine due to several reasons: increased use as a recreational drug, abuse
potential, variability in the quality of herbal material, individual (active) compounds were not identified
and alternative medications, with known efficacy, were introduced to treat the same symptoms [2,3]. In
1941, as the result of many legal restrictions, cannabis was removed from the American
Pharmacopoeia and considered to be in the same group as other illicit drugs [3]. Consequently, the
exploration of medical uses of cannabis has been significantly slowed down for more than a half of
century. In 2013, a step forward was made with the inclusion of a monograph of Cannabis spp. in the
American Herbal Pharmacopoeia [4]. Moreover, the current legislative changes in the European Union
(EU), US and Canada that allow cannabis for medical and/or recreational use, the progress in scientific
research and public awareness on the benefits of medical cannabis all contributed to the rising interest
in the therapeutic potential of cannabinoids [5,6].

In recent years, cannabinoids have been extensively studied for their potential anticancer effects and
symptom management in cancer patients [7-9]. One of the first studies describing antineoplastic
activity of cannabinoids was published in 1975 [10]. Potential antitumor activity of plant-derived or
phytocannabinoids, e.g., (—)-trans-A9-tetrahydrocannabinol (THC), cannabinol (CBN), A8-THC,
cannabidiol (CBD) and cannabicyclol (CBL), as well as of synthetic cannabinoids, such as WIN-
55,212-2, is the focus of current research [7,8,11].

In the 1990s, the main components of the endocannabinoid system (ECS) were identified as follows: (i)
two types of cannabinoid (CB) receptors, CB1 and CB, receptor; (ii) two main endogenous ligands
(endocannabinoids) in mammals, anandamide or N-arachidonoyl ethanolamine (AEA) and 2-
arachidonoylglycerol (2-AG); and (iii) endocannabinoid metabolic enzymes, fatty acid amide hydrolase
(FAAH) and monoacylglycerol lipase (MAG lipase). FAAH is the primary catabolic enzyme for fatty
acid amides (FAAs), a class of bioactive lipids including AEA, while MAG lipase is a key enzyme in
the hydrolysis of 2-AG [12-16]. Subsequent studies demonstrated the important role of the ECS and
endocannabinoids in different physiological and pathological processes, such the regulation of
excitatory and inhibitory synaptic transmission in the central nervous system (CNS), food intake,
nociceptive signaling, analgesia, immunomodulation, inflammation, and cancer cell signaling [17-19].

In cancer patients, cannabinoids have primarily been used as a part of palliative care to alleviate pain,
relieve nausea and stimulate appetite [8,20]. In addition, numerous cell culture and animal studies
showed antitumor effects of cannabinoids and suggested new therapeutic opportunities for cancer
patients [20]. However, recent research also emphasizes the importance of safety measures when using
cannabinoids, since these compounds can potentially impair cognitive functions, especially in
adolescents [21].
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The aim of this article is to review the relevant literature on anticancer effects of plant-derived and
synthetic cannabinoids, to increase our understanding of their potential mechanisms of action and
possible role in cancer treatment. We also reviewed the current legislative updates on the use of
cannabinoids for medical and therapeutic purposes, primarily in the EU countries.

MOLECULAR BASIS FOR CANNABINOID TREATMENT OF CANCER

The role of the endocannabinoid system in cancer

Endocannabinoids interact with different types of receptors, including the two Gj/,-coupled CB
receptors, CB1 and CB, [18]. While CBj receptors are mainly located in the CNS and, to a lesser
degree, in some peripheral tissues, CB» receptors are primarily expressed on the surface of immune
cells [22]. Due to the low expression of CB, receptors in the CNS they represent a promising
pharmacological target, as selective CB, ligands potentially would not have psychotropic effects [23].
In addition, other CB receptor types and isoforms or completely different pharmacological targets of
cannabinoids have been described, for example transient receptor potential vanilloid receptor 1
(TRPV1), orphan G-protein coupled receptor (GPR)55, peroxisome proliferator-activated receptors
(PPARSs) [24,25], transient receptor potential melastatin 8 (TRPMS), TRP vanilloid 2 (TRPV2) and
TRP ankyrin 1 (TRPA1) channel [26]. It is important to note that cannabinoids may also exert their
antitumor effects independent of the CB receptors, for example as demonstrated in human pancreatic
cancer cell line MIA PaCa-2 [27].

The biological role of the ECS in cancer pathophysiology is not completely clear [20] but most studies
suggest that CB receptors and their endogenous ligands are upregulated in tumor tissue [28,29,31,34-
39,41,48] and that the overexpression of ECS components (i.e., receptors, ligands, and enzymes)
correlates with tumor aggressiveness [49-51]. However, a tumor-suppressive role of ECS was also
indicated by some studies, e.g., the upregulation of endocannabinoid-degrading enzymes was observed
in aggressive human cancers and cancer cell lines [51]. Moreover, experimental studies showed that the
activation of CB receptors by cannabinoids is antitumorigenic in most cases, i.¢., it inhibits tumor cell
proliferation, induces apoptosis in vitro, and blocks angiogenesis and tumor invasion/metastasis in vivo
[35,46,51,52]. The effects of CB receptor (over)expression in selected human tumor cell lines are
described in more detail in Table 1.
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TABLE 1

Cannabinoids in cancer treatment: Therapeutic potential and legislation

Expression of cannabinoid (CB) receptors in selected human cancer types

Cancer cell type

Regulation of CB /CB,

Mechanisms and other relevant circumstances

Reference

Breast cancer

Prostate cancer

Chemically induced
hepatocellular
carcinoma
Hepatocellular
CArcinoma
Mon-small cell lung
cancer

Chronic rmphocytic

leukemia

Pancreatic cancer

Melanoma

Elevated CB, receptor expression in
HER2+breast tumors,
Presence of TRPV 1 in human breast

adenocarcinoma cell line (MCF
Flevated CB, receptor expression.

Expression of CB, and CB, receptor
significantly higher in human prostate
Cancer

Expression of € Iil and ¢ -H: receptor
significantly higher in human prostate
Cancer

Upregulation of CB, receptors

Cwerexpression of CB, and CB, receptors
Owerexpression of CB and CB, receptors.

Cwverexpression of CB and CB, receptors

CB1 and CE, receptors expressed in
normal and pancreatic cancer cells (higher
expression of CB ).

CB, is overexpressed in human melanoma
tissues and cell lines

HER2 induces CB. expression activating FLK1 (FRE/MATPK cascade);

activated pro-oncogenic signaling through tyrosine kinase c-Src.
TRPY 1 agonists/antagonists induce significant inhibition of MCF-7
cell growth

Activation of Akt signaling pathway was proposed. Increased B, and
FAAH levels correlate with severity of the disease

Additionally: Presence of TRPVI and TRPAL in all prostate cancer
cells fexcept LNCaP cells), TRPV2 in DU- 145 and PC-3 cells only,
TRPMS in AR-dependent prostate cell lines (eg, LNCaP)

Expression of GPRS5 in
PC-3 and DU-145 cell lines has been reported, mediating effects of LPI

Diethylnitrosamine induced liver cancer

Overexpression of CB, and CB, receptors is associated with improved
prognosis

Activation of Akt signaling pathway, MM P9 expression and activity
CB receptor expression correlated with high-risk markers

Cannabinoids induced apoptosis via CB, receptor (ceramide
dependent pathway)

Mat reported

(28,29]

[30]
[31-34]
[35.36]

13739

J40]

J41]

[42]

43]

[44]

l45-47]

18]

HER2: Human epidermal growth factor receptor 2; ELK1: ETS domain-containing protein; c-5rc: Tyrosine-protein kinase Src;
ERK: Extracellular-signal-requlated kinase; MAPK: Mitogen-activated protein kinase; TRPVY: Transient receptor patential vanilloid receptor 1; Akt Protein
Kinase B; FAAH: Fatty acid amide hydrolase; TRPA1: Transient receptor potential ankyrin 1; GPRS5: Orphan G-protein coupled receptor 55; AR: Androgen
receptor; LPI: Lysophosphatidylinosital; MMPS: Matrix metallopeptidase 9

Antitumor effects of cannabinoids

By targeting the ECS, cannabinoids affect many essential cellular processes and signaling pathways
which are crucial for tumor development [51,53,54]. For example, they can induce cell cycle arrest,

promote apoptosis, and inhibit proliferation, migration and angiogenesis in tumor cells (Figure 1)

[53,54]. In addition to CB receptor-mediated (CB| and CB, receptors) cannabinoid effects, it appears
that these processes can also be CB receptor-independent (e.g., through TRPV1, 5-hydroxytryptamine
[5-HT]3, or nicotinic acetylcholine receptor [nAChR] among others) [53], suggesting that molecular
mechanisms underlying the antitumor activity of cannabinoids are even more complex than originally
thought. Moreover, it is expected that future studies will discover novel molecular targets of
cannabinoids [53].

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6387667/
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FIGURE 1

Example of different signaling pathways induced by cannabinoids in cancer cells [46,51,53-55]. By
targeting the endocannabinoid system (ECS), cannabinoids affect many essential cellular processes and
signaling pathways which are crucial for tumor development. For example, they can induce cell cycle
arrest, promote apoptosis, and inhibit proliferation, migration and angiogenesis in tumor cells. AEA:
Anandamide; 2-AG: 2-Arachidonoylglycerol; Akt: Protein Kinase B; AMPK: 5’ adenosine
monophosphate-activated protein kinase; Bad: Bcl-2-associated death promoter; Bax: Apoptosis regulator;
CaMKK: Calcium/calmodulin-dependent protein kinase kinase; Cdk 2: Cyclin-dependent kinase 2;
CHOP: C/EBP homologous protein; CycD: Cyclin D; Cyc E: Cyclin E; ELK1: ETS domain-containing
protein; ERK: Extracellular-signal-regulated kinase; FAAH: Fatty acid amide hydrolase; GPR55: Orphan
G-protein coupled receptor 55; MAG lipase: Monoacylglycerol lipase; MAPK: Mitogen-activated protein
kinase; p8: Candidate of metastasis 1; p21: Cyclin-dependent kinase inhibitor 1; p27: Cyclin-dependent
kinase inhibitor 1B; PI3K: Phosphoinositide 3-kinase; PKA: Protein kinase A; ROS: Reactive oxygen
species; TRPV1: Transient receptor potential vanilloid receptor 1; TRPV2: Transient receptor potential
vanilloid receptor 2; TRPMS: Transient receptor potential melastatin §; mTORC1: Mammalian target of
rapamycin complex 1; mTORC2: Mammalian target of rapamycin complex 2; TRIB3: Tribbles homolog
3.

The ability of plant-derived and synthetic cannabinoids to control cancer cell growth, invasion, and
death has been demonstrated in numerous experimental studies using cancer cell lines and genetically
engineered mouse models. Also, different types of cannabinoids may have different modes of action.
For example, a phytocannabinoid THC promotes apoptosis in a CB-receptor dependent manner, while
CBD exerts this effect independently of CB1/CB; receptors and possibly includes the activation of
TRPV2 receptor, at least in some cancer types. Also, some CB receptor agonists are less efficient in
promoting cancer cell death although they demonstrate higher affinity for CB receptors than THC, such
as synthetic CB receptor agonist WIN-55,212-2. Better understanding of homo- or hetero-
oligomerization of CB receptors, their interactions with lipid rafts for example, and mechanisms of
selective G-protein coupling may clarify these differences [54]. Finally, because molecular changes are
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tumor-specific in most cases (i.c., the presence of intra- and inter-tumor heterogeneity), CB-receptor
mediated antitumor effects largely depend on the type of cancer that is being investigated and
characteristics of derived tumor cell line, including the donor characteristics, tumor site of origin and
hormonal responsiveness [53-55].

PLANT-DERIVED CANNABINOIDS AND THEIR ANTITUMOR ACTIVITY

Phytocannabinoids are a group of C,| terpenophenolic compounds predominately produced by the
plants from the genus Cannabis. Different resources indicate that there are more than 90 different
cannabinoids together with their breakdown products, although some report that > 60 compounds is a
more accurate estimation. Among these, the most abundant are THC, CBD, CBN and cannabichromene
(CBC) followed by A8-THC, cannabidiolic acid (CBDA), cannabidivarin (CBDV) and cannabigerol
(CBG). The highest content of cannabinoids is located in the flowering tops of the plant and small,
young leaves around the flowers [56].

Pharmacologically, THC is a partial agonist at CB and CB, receptor with inhibitory constant (Ki) of
40.7 nM for CB; and 36.4 nM for CB, [57]. A8-THC is a stable isomer of THC with similar Ki [58].
The most studied non-psychotropic phytocannabinoid is CBD which does not have psychotomimetic
activity. CBD has a low affinity for CB; and CB,; it was suggested that it acts as an antagonist of
CB1/CBy agonists but also as a CB» inverse agonist (an inverse agonist binds to the same receptor-
binding site as an agonist and it does not only antagonize the effects of the agonist but exerts the
opposite effect). Other mechanisms of action of CBD, that are independent of CB receptors, include
FAAH inhibition, inhibition of AEA reuptake, it acts as an agonist at PPARy, TRPV1, TRPA1 and an
antagonist at GPR55 and TRPMS (Table 2). CBN is a weak partial agonist at CB1 (Ki of 308 nM) and
CB»> (Ki 0f 96.3 nM); CBG is a potent TRPMS antagonist, TRPV1 and TRPAT1 agonist, and CB partial
agonist; while CBC is a potent TRPA1 agonist and weak inhibitor of AEA reuptake [59].

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6387667/ 6/17
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TABLE 2

Antitumor activity of selected plant-derived cannabinoids in different cancer cell lines

Cancer cell line

Compound

Effect

Major mechanism

Reterence

Human breast cell lines

MCF-7 THC Decreased proliferation Mot reported |63
MDAME-231 CRD Reduced cell viability, Induced Induced endoplasmic reticulum stress, inhibits |65
et e : apoptosis and autophagy Akt and mTOR signaling
Human glioma cell lines
1'-.{._ MG, THC [ncreased proliferation Through TACE/ADAMI17 |64]
NCI-H292 2 :
LUa7-MG, Downregulation of FRK and Akt signaling 66
e CED [nhibits proliferation and invasion - bt = - (66l
T98G pathway, inhibits HIF- 1
SF-126, THC+CBD (enhances THC Synergic inhibition of cell Meodulation of cell cvcle, induction of ROS, |68
251 inhibitory effect) |-|--I|I'.-|-|1|--n apoptosis, modulation of ERK, ¢ aspase activities
Human prostate cancer cell lines
D 1 cell viabilit Decreased AR mRNA expression, decreased 39
g , ccreased cell viability 2 5 #
LNCaP Cannabis extract (CBD enriched) s et : mRMNA expression of CB and CB, receptor,
PSA reduction, apoptosis
PC-3 Cannabis extract (CBD enriched)  Decreased cell viability Not reported [39]
CBD, CBC, CBG, Induced apopt Wirinsic apoptoti [34]
$ B " N €0 apoy SIS N NSIC AP (RN} 5
D145 THC [according to decreased Decreased cell viability OMCE ARop. S BRORNC
. pathways
potency)
T'HC, CBD, CBC, CBG (according .
LNCaP = Decreased coll viability Induced apoptosis, activation of TRPMS 39
1o decreased potency '
Human pancreatic cancer cell lines
Capan-2,
PANC-1, - Induction of ps-ATF-4-TRIB3 pro-apoptoti [47]
WA P 3 THC Decreased cell viability # I I poptotk
MIA PaCa-2, pathway.
BxPC-3
THC: (=)t rocannabinal; CBD: Cannabidiol; CBC: Cannabichremene; CBG: Cannabigercl; Akt: Protein Kinase B; mTOR: Mammalian target
of raparr urnor necrosis factor-alpha-converting en RK: Extracellular-signal-regulated kin F-1a:l wia-inducible fac-

1 species; AR: Androgen recep

s incid; PSA: Prostate-specific antigen; TRPM
8; p&: Candidate of metastasis 1; ATF-4: Activating transcrig

actor 4; TRIB3: Tribbles homolog 3

:Transient receptor potential

Plant-derived cannabinoids are approved only for some indications, but additionally have been used
off-label. For example, a standardized alcoholic cannabis extract nabiximols, which has the THC: CBD
ratio of 1:1 and is available as an oromucosal spray, was approved in Germany for the treatment of
moderate to severe refractory spasticity in multiple sclerosis. Examples of off-label use of this
medication are of chronic pain in several medical conditions and symptomatic treatment of selected
neuropsychological disorders (e.g., anxiety and sleeping disturbances). Common side effects of
cannabinoids are tiredness and dizziness (in more than 10% of patients), dry mouth, and psychoactive
effects among others. Nevertheless, tolerance to these side effects develops within a short time in
almost all cases. Withdrawal symptoms are rarely observed in the therapeutic setting [60].

An exciting area of research is the technological improvement of existing pharmaceutical formulations,
especially the development of new cannabis-based extracts. Romano et al. [57] found that a CO»
extracted cannabis extract, with a high content (64.8%) in A9-tetrahydrocannabivarin (THCV), inhibits
nitrite production induced by lipopolysaccharides (LPS) in murine peritoneal macrophages, and thus
may have a potential to modulate the inflammatory response in different disease conditions [57].
Another study compared in vitro antioxidant activity and gene expression of antioxidant enzymes
between ethanol and supercritical fluid (SF) extracts of dehulled hemp seed. SF extract exhibited
higher radical scavenging activities compared to ethanol extract. Both extracts upregulated the
expression of the antioxidant enzymes superoxide dismutase (SOD), glutathione peroxidase (GPx), and
catalase (CAT) in human hepatoma (HepG2) cells challenged with HyO», and this effect was greater
for SF extracts at the concentration of 500 ug/mL [61].

Different plant-derived cannabinoids and cannabis-based pharmaceutical drugs have been the subject
of intensive research for their potential antitumor activity, especially in cancer cells that overexpress
CBj and,or CB» receptors compared to normal tissues [62]. Many studies were conducted in different

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6387667/ 717
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cell lines with cannabis extracts or individual isolated compounds and the results are sometimes
confounding, because efficient anticancer effects, such as decreased proliferation of cancer cells,
activation of apoptosis, inhibition of cell migration and decreased tumor vascularization are mainly
recorded in breast, prostate and glioma cancer cell lines. In contrast, protumorigenic activity of natural
cannabinoids, i.e., increased cell proliferation, has been reported in lung, breast, and hepatoma cell
lines [63]. It appears that the balance between protumorigenic and antitumor effects of cannabinoids
critically depends on their concentration, among other factors. For example, Hart et al. [64] showed
that the treatment of glioblastoma U373-MG and lung carcinoma NCI-H292 cell line with nanomolar
concentrations of THC (instead of commonly used micromoral concentrations) led to increased cell
proliferation. The authors also emphasized that nanomolar concentrations of THC are more likely to be
detected in the serum of patients after drug treatment [64]. Therefore, in cancer therapy, it is very
important to consider the risk of acceleration of tumor growth due to the concentration-dependent
proliferative potential of cannabinoids [64].

In addition to THC, CBD is another plant-derived cannabinoid that has been extensively studied for its
potential antitumor effects [39,65-68]. In a panel of human prostate cancer cell lines, Sharma et al. [67]
showed that CBD is a potent inhibitor of cancer cell growth, while this potency was significantly lower
in non-cancer cells. Moreover, CBD downregulated CB1, CB», vascular endothelial growth factor
(VEGF) and prostate-specific antigen (PSA) in prostate cancer cells, as well as pro-inflammatory
interleukin (IL)-6 and IL-8 in LPS-stimulated dermal fibroblasts, suggesting its anti-inflammatory
properties [67]. Other studies showed that CBD preferentially inhibited the survival of breast cancer
cells by inducing apoptosis and autophagy [65] and inhibited proliferation and cell invasion in human
glioma cell lines [66].

The expression of CB1 and CB; receptors on immune cells suggests their important role in the
regulation of the immune system. Recently, it was demonstrated that the administration of THC into
mice induced apoptosis in T cells and dendritic cells, leading to immunosuppression. Several studies
suggested that cannabinoids are able to suppress inflammatory responses by downregulating cytokine
and chemokine production and upregulating T-regulatory cells. Similar results were obtained with
endocannabinoids, i.e., the administration of these compounds or the use of inhibitors of enzymes that
break down endocannabinoids had an immunosuppressive effect and resulted in the recovery from
immune-mediated injury to organs, e.g., in the liver [69]. As indicated in previous paragraphs,
cannabinoids were able to stimulate cell proliferation in in vitro and/or in vivo models of several types
of cancer. For example, a treatment with THC in the mouse mammary carcinoma 4T1 expressing low
levels of CB; and CB; led to enhanced growth of tumor and metastasis, due to the inhibition of the
antitumor immune response, primarily via CB,. Moreover, THC led to an increased production of IL-4
and IL-10 in these mice, indicating that it suppresses the Th1 response by enhancing Th2-associated
cytokines as confirmed by their microarray data (Th2-related genes were upregulated and Th1-related
genes downregulated). Lastly, the injection of anti-IL-4 and anti-IL-10 monoclonal antibodies partially
reversed the THC-induced suppression of the immune response [70]. In another study, THC promoted
tumorigenicity in two weakly immunogenic murine lung cancer models by inhibiting their antitumor
immunity; namely, the inhibitory cytokines IL-10 and transforming growth factor beta (TGF-) were
upregulated, while interferon gamma (IFN-y) was downregulated at the tumor site and in the spleens of
the mice treated with THC [71]. These findings suggest that THC could decrease tumor
immunogenicity and promote tumor growth by inhibiting antitumor immunity, probably via CB»
receptor-mediated, cytokine-dependent pathway. Additional studies on the interactions between
cannabinoids and immune cells will provide crucial data to improve the efficacy and safety of
cannabinoid therapy in oncology [72].

SYNTHETIC CANNABINOIDS WITH POTENTIAL ANTITUMOR EFFECTS

Most synthetic cannabinoids, including dronabinol, nabilone, and synthetic CBD are CB1 and CB»
receptor ligands [73]. Studies in cells and animals show that they produce similar qualitative
physiological, psychoactive, analgesic, anti-inflammatory, and anticancer effects to plant-derived

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6387667/ 8/17
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cannabinoids, but they can be up to 100x more potent than THC [73,74]. Similar to naturally occurring
cannabinoids, synthetic cannabinoid agonists also demonstrated anticancer effects in certain cancer cell
lines in vitro [17,75]. Oil and alcohol-based drops or capsules of dronabinol and nabilone (synthetic
THC) as well as synthetic CBD are approved to treat cytostatic-induced nausea/vomiting in cancer
patients and to stimulate appetite in patients with acquired immune deficiency syndrome [57].

Recently, a subclass of compounds emerged that act on metabolic enzymes involved in the regulation
of ECS activity, such as inhibitors of FAAH which increase the levels of endogenous cannabinoid
AEA. They were developed with the purpose to treat a variety of neurological diseases, chronic pain,
obesity, and cancer [76]. A study investigating the combination of the synthetic analogue of AEA Met-
F-AEA and the selective irreversible carbamate-based FAAH inhibitor URB597 showed that they
synergistically inhibited epidermal growth factor (EGF)-induced proliferative and chemotactic activity
of non-small cell lung cancer cell lines A549 and H460 [77]. Moreover, the two FAAH inhibitors
URBS597 and arachidonoyl serotonin (AA-5HT) had antimetastatic effects on A549 lung cancer cell
metastasis [78]. However, recently in France, the first-in-human phase I clinical trial of an
experimental FAAH inhibitor BIA 10-2474, for neuropathic pain treatment, ended up tragically; one
person died and other four had irreversible brain damage [79,80]. The magnetic resonance imaging
(MRI) showed evidence of deep cerebral hemorrhage and necrosis in the affected patients [79]. Other
clinical trials conducted on FAAH inhibitors are Merck’s MK-4409, Pfizer’s PF-04457845, and
Vernalis’ V158866; no adverse effects were reported with these agents and they were considered safe
in humans [79,81,82]. Thus, it could be speculated that the negative effects of BIA 10-2474 occurred
because the drug may have interacted with a wrong and unexpected molecular target [79].
Nevertheless, no FAAH inhibitor is yet approved for therapeutic use.

To summarize, the antitumor effects of synthetic cannabinoids such as the inhibition of cell growth,
viability, proliferation and invasion, enhanced apoptosis, and suppression of specific proinflammatory
cytokines are generally similar to the antitumor effects of plant-derived cannabinoids. Moreover,
synthetic cannabinoids have the potential to be even more selective and potent than their natural
counterparts and, thus, represent a promising therapeutic approach [73,74].

INTERNATIONAL AND NATIONAL LEGAL BASIS FOR THE USE OF
CANNABINOIDS

As the number of studies investigating the medical and therapeutic potential of cannabinoids has
increased in recent years, it is necessary to change the legislation on the use, cultivation, and marketing
of cannabinoids. This should, however, be done with extreme care. In the Republic of Slovenia, the
legislator made a significant progress in this area in 2017, which will be elaborated below.

In the EU Member States, the basis for developing and passing the legislation on cannabinoid use is
provided by international conventions, including: 1) the United Nations Single Convention on Narcotic
Drugs, 1961 [83] and the 1972 Protocol amending the Single Convention on Narcotic Drugs, ii) the
Convention on Psychotropic Substances 1971 [83], and iii) the United Nations Convention against
[llicit Traffic in Narcotic Drugs and Psychotropic Substances 1988 [83].

The United Nations Convention against Illicit Traffic in Narcotic Drugs and Psychotropic Substances
provides additional legal mechanisms for enforcing the 1961 Single Convention on Narcotic Drugs and
the 1971 Convention on Psychotropic Substances. Much of the treaty is devoted to fighting organized
crime, but it also prohibits possession of drugs for personal use saying that “Subject to its constitutional
principles and the basic concepts of its legal system, each Party shall adopt such measures as may be
necessary to establish as a criminal offence under its domestic law, when committed intentionally, the
possession, purchase or cultivation of narcotic drugs or psychotropic substances for personal
consumption contrary to the provisions of the Conventions”, and this includes the cultivation of opium
poppy, coca bush and cannabis plant for the production of narcotic drugs [83].
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The United Nations Single Convention on Narcotic Drugs, 1961 sets out four Schedules. Substances
controlled by the state are set out in Schedule I and Schedule 11, preparations in Schedule 111, whereas
Schedule IV defines drugs, such as heroin. The Single Convention’s Schedules range from most
restrictive to least restrictive, as follows: Schedule IV, Schedule 1, Schedule II, Schedule III. Cannabis,
cannabis resin, extracts and tinctures are included in the Schedule IV of The Single Convention on
Narcotic Drugs. Tetrahydrocannabinol (THC, synonym delta-9-THC) is included in the Schedule I of
the Convention on Psychotropic Substances. Delta-9-THC and its stereoisomers, including dronabinol,
are listed in the Addendum 2 to the Convention on Psychotropic Substances. Nabilone is not controlled
under international law [84].

Under the EU regulatory framework, the subject matter is regulated by Directive 2001/83/EC of the
European Parliament and of the Council of 6 November 2001 on the Community code relating to
medicinal products for human use [85]. Pursuant to the Article 3 of Directive 2001/83/EC, this
Directive shall not apply to medicinal products prepared in a pharmacy in accordance with a medical
prescription, medicinal products prepared in a pharmacy in accordance with the prescriptions of a
pharmacopoeia, and medicinal products intended for research and development trials. This Directive
also allowed the use of medicinal products for human use, intended to be placed on the market in the
Member States and either prepared industrially or manufactured by a method involving an industrial
process. This made cannabinoid-based medicinal products available in all the Member States, provided
they are permitted by the national legislation [84].

In the Republic of Slovenia, illicit drugs including cannabis, are governed by the following regulations:
1) Production of and Trade in Illicit Drugs Act [86], ii) Act Regulating the Prevention of the Use of
[llicit Drugs and the Treatment of Drug Users [87], iii) Criminal Code of the Republic of Slovenia [88],
iv) Decree on the classification of illicit drugs [89], v) Rules on method and form of record-keeping
and of reports on illicit drugs [90], and vi) the Rules governing the procedures for the issue of licenses
for illicit drugs marketing [91].

As previously mentioned, in 2017 the adoption of the Decree amending the Decree on the classification
of illicit drugs [92] was made. This Decree removed cannabis from Schedule I and placed it under
Schedule II, with the note that the use of cannabis for medicinal purposes is permitted in accordance
with the Medicinal Products Act [93] and Pharmacy Services Act [94], and in accordance with the rules
and regulations governing the prescribing of cannabinoid-based drugs.

The aforementioned amendment to the Decree on the classification of illicit drugs now allows patients
to use medicinal cannabis as a means of treatment, including the cannabis plant and cannabis resin.
Medicinal products are thus not limited anymore to products containing nabilone or cannabis extracts,
but also extend to tinctures adjusted and harmonized to delta-9-THC, as long as they meet the
conditions laid down in the Medicinal Products Act.

Changes in the legislation on the use of cannabinoids for medical purposes and inclusion of these
compounds in the list of medicinal products needs to be coordinated with the changes in both labor law
and the regulation of workplace drug testing. Naturally, any change should be adopted in strict
agreement with work, health, and safety regulations and ensure smooth workflow for the employees.

CONCLUSION

Cannabinoids are a large and important class of complex compounds that have a promising therapeutic
potential for the treatment of variety of diseases, including cancer. In this review, we focused on studies
that provided evidence for anticancer effects of plant-derived and synthetic cannabinoids and their
potential mechanisms of action. Cannabinoids were able to effectively modulate tumor growth in
different in vitro and in vivo cancer models, however, these anticancer effects appears to be dependent
on cancer type and drug dose. Understanding how cannabinoids are able to modulate essential cellular
processes involved in tumorigenesis, such as the progression through the cell cycle, cell proliferation
and cell death, as well as the interactions between cannabinoids and immune system are crucial for
improving existing medications and developing new therapeutic approaches.
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Although still strict, the legislation on the use of cannabis-based medications has been improved,
especially following the promising results of related basic research. The Republic of Slovenia
established a legal basis for the use of cannabinoids in the years 2016 and 2017. The increasing
popularity of cannabis and cannabis-based medication should lead to clear regulatory guidelines on
their use, in the near future.
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