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Simple Summary: Ovarian cancer is the most lethal gynecological malignancy. Cancer stem cells
have been implicated in tumor initiation, progression, and invasion, as well as tumor recurrence,
metastasis, and drug resistance. Cannabis is used worldwide to alleviate numerous symptoms associ-
ated with various medical conditions. Phytocannabinoids, produced by cannabis, were shown to
have anti-cancer activity in cell lines and animal models, but also the potential to increase other drugs’
adverse effects. Yet, very few studies have examined the effectiveness of cannabis compounds against
ovarian cancer. Cannabis compounds have been shown to affect genetic pathways and biological
processes related to development of ovarian cancer stem cells. Phytocannabinoid-based treatments
might be used to disrupt cancer stem cell homeostasis and thereby to prevent chemotherapy resis-
tance. The potential benefits of the combination of chemotherapy with phytocannabinoid treatment

could be examined in ovarian cancer patients.

Abstract: Ovarian cancer (OC) is the most lethal gynecological malignancy, with about 70% of cases
diagnosed only at an advanced stage. Cannabis sativa, which produces more than 150 phytocannabi-
noids, is used worldwide to alleviate numerous symptoms associated with various medical condi-
tions. Recently, studies across a range of cancer types have demonstrated that the phytocannabinoids
A9—trans—tetrahydrocannabinol (THC) and cannabidiol (CBD) have anti-cancer activity in vitro and
in vivo, but also the potential to increase other drugs” adverse effects. THC and CBD act via several
different biological and signaling pathways, including receptor-dependent and receptor-independent
pathways. However, very few studies have examined the effectiveness of cannabis compounds
against OC. Moreover, little is known about the effectiveness of cannabis compounds against cancer
stem cells (CSCs) in general and OC stem cells (OCSCs) in particular. CSCs have been implicated in tu-
mor initiation, progression, and invasion, as well as tumor recurrence, metastasis, and drug resistance.
Several hallmarks and concepts describe CSCs. OCSCs, too, are characterized by several markers
and specific drug-resistance mechanisms. While there is no peer-reviewed information regarding the
effect of cannabis and cannabis compounds on OCSC viability or development, cannabis compounds
have been shown to affect genetic pathways and biological processes related to CSCs and OCSCs.
Based on evidence from other cancer-type studies, the use of phytocannabinoid-based treatments to
disrupt CSC homeostasis is suggested as a potential intervention to prevent chemotherapy resistance.
The potential benefits of the combination of chemotherapy with phytocannabinoid treatment should
be examined in ovarian cancer patients.

Keywords: ovarian cancer; stem cells; ovarian cancer stem cells; cannabis; phytocannabinoids;
signaling pathways; resistance mechanisms; therapeutic properties
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1. Introduction

Ovarian cancer (OC) is the most lethal and the second most common gynecological
malignancy in the western world. Around 70% of OC cases are only diagnosed at an
advanced stage, and late-stage OC is incurable in most cases [1]. OC is the fifth leading
cause of cancer-related deaths among women and the seventh most common cancer globally
(15-20 cases per 100,000) [2]. Initially, epithelial OC is associated with subtle symptom:s,
including abdominal pain and distension. OC typically presents in postmenopausal women,
and many women go at least six months before being diagnosed. No routine screening
test has been found to be effective for OC, and mortality is not reduced by population-
level monitoring [3]. The standard of care for the advanced disease remains surgery
and platinum-based cytotoxic chemotherapy [4]. Additional treatments include targeted
therapies that disrupt cancer-related processes necessary for tumor growth, division, and
spread. These include, for example, the use of neovasculature and angiogenesis inhibitors,
both processes of tumor growth and progression; the use of Poly (ADP-ribose) polymerase
(PARP) inhibitors that block DNA damage repair; inhibitors of inhibitors (e.g., tropomyosin
receptor kinase (TRK)) of survival pathway activators (e.g., MAPK/ERK and PI3K/AKT
pathways); and hormone therapy [5,6]. Nevertheless, disease relapse is expected in about
80% of cases, on average, after 24 months. Eventually, multidrug resistance develops, and
very few women survive five years after diagnosis.

2. Cannabis Compounds

Cannabis sativa is used worldwide to lessen various symptoms accompanying medical
conditions [7]. In each C. sativa strain, several dozen compounds are produced, and in
total, around 600 different molecules are biosynthesized in the species, including more than
150 phytocannabinoids and hundreds of terpenes and flavonoids [8-10]. Several phyto-
cannabinoids have anti-cancer activity in vitro and in vivo, including in skin, prostate, lung,
breast, and glioma cancer cells [11-13]. Phytocannabinoids act in many ways against cancers,
e.g., by inhibiting cell proliferation and migration, inhibiting angiogenesis, and inducing
apoptosis [11-13]. However, to exploit the full potential of cannabis, the active molecules
should be defined and the cellular and molecular mechanisms that underlie cannabis’s
anti-cancer activity should be better understood (see Appendix A for methodology).

Cannabis produces a large number of compounds, including more than 150 phyto-
cannabinoids, a vast array of terpenes, and cannflavins, which are geranylated (C10) and
prenylated (C5) flavones [8-10,14]. Phytocannabinoids derive from meroterpenoids with
a resorcinyl core structure and are aromatic oxygenated hydrocarbons. They bear either
isoprenyl, alkyl, or aralkyl substitutions. The alkyl side chain usually contains an odd
number of carbon atoms [8,9]. Phytocannabinoids are produced in the plant in their acid
form [9]. Cannabigerolic acid (CBGA; Table 1) is the core intermediate that diverges to
form the phytocannabinolic acids [8,15]. Phytocannabinoids may be decarboxylated to
the active form, most commonly by heat treatment. Among the decarboxylated phyto-
cannabinoids, cannabidiol (CBD; Table 1) and the primary psychoactive molecule A%-trans-
tetrahydrocannabinol (THC; Table 1) are the most abundant [8,15]. Cannabichromenic
acid (CBCA; Table 1), which decarboxylases to cannabichromene (CBC; Table 1), is another
CBGA-derived phytocannabinolic acid; CBC is usually less abundant than THC or CBD in
cannabis products [8-10].
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Table 1. Representative structures of the relevant phytocannabinoids.

Phytocannabinoid Chemical Structure
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Abbreviations: CBDA, cannabidiolic acid; CBD, cannabidiol; CBGA, cannabigerolic acid; CBG, cannabigerol;
THCA, A9-tetrahydrocannabinolic acid; THC, Ag-tetrahydrocannabinol; CBDVA, cannabidivarinic acid; CBDYV,
cannabidivarin; CBCA, cannabichromenic acid; CBC, cannabichromene. R=COOH in the case of acids. R=H
following decarboxylation. Chemical structures were drawn by Dr. Seegehalli M Anil.

3. The Endocannabinoid System and Cancer

The endocannabinoid system (ECS) is widely distributed in the body. It serves as a
signaling network that is important in maintaining homeostatic balance. It regulates vari-
ous physiological processes, including immunomodulation and synaptic transmission [16].
The ECS consists of endocannabinoids that are endogenous ligands to cannabinoid re-
ceptors (receptors are detailed below) and metabolic enzymes [16]. Various diseases are
associated with dysregulation of the ECS, including diabetes, obesity, depression and
anxiety, neurodegenerative disorders, inflammation, schizophrenia, multiple sclerosis, car-
diovascular diseases, glaucoma, and cancer [17,18]. In numerous types of cancers, ECS
activity is altered [18-20]. It has been suggested that targeting the ECS could lead to new
approaches to the treatment of various pathological conditions, including cancer [18,21,22].

4. Cannabinoid Receptors and Their Activation

Activation of the ECS partially depends on the binding of endo-, phyto- or synthetic
cannabinoids to the cannabinoid receptors, members of the seven-transmembrane G-protein
coupled receptor (GPCR) superfamily. Two types of cannabinoid receptors are recognized and
abundant in the body: cannabinoid receptor types 1 and 2 (CB1 and CB2, respectively) [23].
The CB1 receptor is highly expressed in the brain, including in the hippocampus, basal ganglia
nuclei, cortex, and cerebellum. These receptors are mainly localized to neuron terminals,
where they mediate the inhibition of the release of neurotransmitters. The CB1 receptor is
also expressed in other cell types and organs, but to a lesser extent [13]. The CB2 receptor
is abundantly expressed in several organs, including the lung and testes, and in immune
system organs and cells including the spleen, thymus, tonsils, macrophages, and leukocytes.
Its presence in the adult brain is somewhat controversial [13].

Other phytocannabinoid receptors include GCPRs and ion channels such as G-protein-
coupled receptor 55 (GPR55), the TRP ankyrin (TRPA) family, the transient receptor poten-
tial vanilloid (TRPV) family, and peroxisome proliferator-activated receptors (PPARs) [24,25].

THC binds to both CB1 and CB2 receptors as an agonist (activator). CB1 activation by
THC is associated with catalepsy, hypothermia, desensitization of pain, the suppression
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of locomotor activity, and appetite enhancement. CB2 activation by THC is thought to
have pain relief and anti-inflammatory effects [26]. CBD binds CB1 as an antagonist and
may counteract THC activity. This counter activity is suggested to reduce the unwanted
side effects associated with THC treatment, including intoxication, tachycardia, anxiety,
and sedation. CBD also acts as an agonist for TRPV1 and 5-HT1A receptors, leading to
anti-inflammatory, anti-psychotic, and anti-convulsive effects [26].

5. Cannabinoids Anti-Cancer Activity

Phytocannabinoids have been demonstrated by multiple studies to have potential anti-
cancer properties. They inhibit cell migration and proliferation, induce cell death, reduce
angiogenesis, and inhibit the invasiveness of cancer cells of, e.g., the skin, breast, lung,
prostate, and brain [19,20,27]. Phytocannabinoids trigger cancer cell death via several signal
transduction pathways, including cell cycle arrest, ER stress, oxidative stress, autophagy,
and apoptosis [19,20,27].

More specifically, evidence has been accumulated regarding the anti-cancer activity of
the most abundant phytocannabinoids of C. sativa: THC and CBD, and related synthetic
compounds (e.g., the CB1/CB2-mixed agonists HU-210 and WIN-55 212-2). THC induces
apoptosis in different cancer cell types in vitro and in vivo and inhibits angiogenesis and
the growth of some tumors [20,27-30]. For example, through the activation of CB1 and
CB2 receptors, THC reduces cell survival and proliferation and induces apoptosis of
glioblastoma multiforme (GBM) cells in vitro [31]. It was also shown to inhibit the GBM
cell-based xenograft growth in mice and rats in vivo [13,32].

CBD inhibits cancer cell proliferation, induces apoptosis, and inhibits cell invasion,
metastasis, and angiogenesis in many cancer types in vitro and in vivo [13,19]. For example,
CBD inhibits the invasiveness of breast cancer cells [33] and reduces the growth of GBM
tumors [34]. However, in most cases, CBD does not interact with CB1 and CB2 receptors
with high affinity. Thus, the initial target site (s) of CBD anti-cancer activity is/are not
well-defined [13]. CBC was demonstrated to be potent against breast and prostate cancer
cells [35] and act synergistically with THC against bladder cancer cells [36].

It should be noted, however, that a considerable fraction of information on the effects
of phytocannabinoids has been obtained from studies in cancer cell cultures in which THC
and CBD are directly added to culture media. Therefore, pharmacological information and
metabolism of these compounds should be considered for any phytocannabinoids-based
anti-cancer treatment.

THC is metabolized in the liver by cytochrome P450 (CYP450) enzymes to the active
metabolites 11-hydroxy-THC (11-OH-THC) and THC-COOH; 11-OH-THC is pharmacolog-
ically active as THC, and THC-COOH modulates THC'’s effects [37]. THC interacts with
various drug transporters and drug-metabolizing enzymes and may thereby alter the dispo-
sition of co-administered drugs, enhancing, in some cases, their adverse effects [37]. CBD,
too, is metabolized by CYP450 enzymes to multiple metabolites [38]. Drug-drug interac-
tions have been reported between CBD and other drugs. For example, the co-administration
of CBD and the anti-epileptic drug clobazam leads to an increased metabolism of this drug,
associated with an increase in adverse effects [38].

6. Concepts and Hallmarks of Cancer Stem Cells

A subpopulation of cancer stem cells (CSCs) can be identified in many malignant solid
tumors. CSCs have been implicated in tumor initiation, progression, infiltration, and inva-
sion, as well as tumor recurrence and metastasis, tumor angiogenesis, and chemotherapy
resistance [39,40]; CSCs show resistance to radiotherapy and various types of conventional
chemotherapy [40].

CSCs have relatively high clonogenic and tumorigenic potential and possess, similar
to stem cells, a capacity for self-renewal through the self-generation of more stem cells.
Importantly, CSCs are not discrete entities. Instead, a range of attributes in the CSC state
is identified as a result of some CSC plasticity. In various cancer types, a “bidirectional
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interconversion” mode, i.e., the transition in daughter cells from stem to non-stem and
non-stem to stem is constantly taking place [41]. Transition includes the de-differentiation
of cancer cells towards stem-like phenotypes, ensuring the progression of cancer, and the
multilineage differentiation of CSCs to increase genetic heterogeneity within the tumor
mass [39—42]. Multilineage differentiation drives tumor growth and heterogeneity, and
the heterogeneous, differentiated cancer cells form the bulk of the tumor [39-42]. Several
different cell surface markers, including clusters of differentiation (CD) markers (e.g., CD24,
CD133, and CD44), were shown in various cancers to be associated with CSC state and
with aspect(s) of stem cell-like behavior [40—44].

Recent studies suggest that CSC plasticity allows them to differentiate into multiple
phenotypic lineages and acquire alternate functions [45]. The tumor microenvironment
(TME), including hypoxia-induced physical pressures, neighboring cell populations, exo-
somes, low pH, nutritional deficiencies, chemical signals, or inflammatory environments,
was important in increasing CSC and neighboring cell plasticity. An example is vasculo-
genic mimicry (VM), a hallmark process by which cells in the vicinity of CSCs transdiffer-
entiate to acquire endothelial cell-like properties [45]. TME induces non-CSCs to obtain
CSC properties, altering the trajectory of the non-stem subpopulation on malignant tumor
growth [41]. TME also increases immune escape by inducing immune or stromal cells to se-
crete cytokines and exosomes and to activate stemness pathways in CSCs [45]. In the case of
triple-negative breast cancer, stemness pathways include Notch, JAK-STAT, Wnt/ 3-catenin,
and Hedgehog, all of which are involved in CSC proliferation and differentiation [40,46].
These stemness-related signaling pathways are also involved with chemo-resistance pro-
cesses in CSCs [40,47]. For example, increased expression of Notch3, a transmembrane
receptor, is important for CSC platinum resistance, whereas the y-secretase inhibitor (GSI)
that inhibits Notch activity increases CSC platinum sensitivity [48]. In addition, activity
on the Wnt pathway is correlated to cisplatin resistance in tumorigenic liver progenitor
cells [49].

The Wnt pathway is inhibited by hypoxia-induced endoplasmic reticulum (ER) stress
in human colorectal tumor cells [50]. ER stress is a series of cellular responses that lead
to the disruption of ER homeostasis. In many cases, ER stress is induced by cellular Ca®*
overload and reactive oxygen species (ROS) accumulation and involves the accumulation
of unfolded/misfolded proteins [51]. Various drug treatments induce ER stress in solid
tumors [51]. ER stress reduces the population and invasion of stem cell-like cancer cells.
This was demonstrated on a CD44+/CD24— subpopulation of breast cancer cells following
tunicamycin treatment [52]. However, in another case, it was suggested that intercellular
signaling leading to transmissible ER stress (TERS) induces Wnt signaling in recipient
human prostate cancer cells [53].

Some CSC populations are also characterized by epithelial-mesenchymal transition
(EMT). EMT is the change from epithelial to mesenchymal cellular phenotypes. These phe-
notypic changes are associated with the high expression of vimentin and N-cadherin. EMT
plays a role in cell plasticity, intra-tumor heterogeneity, and cell migration, among other
properties [54].

Several aspects link the EMT phenotype and CSC state. One aspect relates to the
genetic pathways altered in both the CSC and EMT, including the MAPK/ERK, JAK/STAT,
TGFB-SMAD, Wnt/ 3-catenin, and PI3K-AKT-NF«B pathways [54,55]. The EMT is also
linked to CSCs in immune modulation, including the resistance to cytotoxic T lymphocytes
and the presence of tumor-associated macrophages in both the EMT phenotype and CSC
states [54,56]. Acquiring EMT phenotypes in CSCs probably promotes the metastatic prolif-
eration of these cells [54]. The EMT can induce cancer cells that are non-tumorigenic into a
CSC-like state, whereas CSCs can modulate their niche for maintaining EMT homeosta-
sis [54].
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7. Ovarian Cancer Stem Cells and Drug Resistance Mechanisms

Spheroids are often found within the peritoneal ascites associated with OC tumors.
These spheres survive and proliferate in a substrate non-adherent status [47]. Cells sorted
for positive CSC markers such as CD44+/CD117+ and CD133+ were designated as stem-
like cells of ovarian cancer (ovarian cancer stem cells; OCSC) and were found to have a
higher ability to form spheres and higher tumorigenesis compared to cells without CSC
markers [47,57].

CD44 is a cell surface receptor, an integral membrane glycoprotein that binds several
extracellular matrix (ECM) components, including hyaluronan [58], and which plays a
diverse role in ovarian cancer progression, cell proliferation, migration, invasion, and metas-
tasis [44]. The chemotherapy resistance displayed by CD44-positive OCSCs is suggested
to be due to the expression of myeloid differentiation factor 88 (MyD88), which leads to
the activation of the nuclear factor kappa B (NF-«B) signaling pathway and the production
of various cytokines (Table 2; [59]). NF-«B signaling is suggested to promote intratumoral
heterogeneity and, in OCSCs, to contribute to chemotherapy drug resistance [44].

Table 2. Ovarian cancer stem cells and drug resistance mechanisms.

Marker/Protein Suggested Drug Resistance Mechanism(s) References

CD44, a cell surface receptor, an integral

Activation of NF-«kB signaling pathway and the

membrane glycoprotein that binds several ECM . . . [44,58,59]
. - production of various cytokines
components, including hyaluronan
Activation of PI3K/AKT and Wnt/ 3-catenin
CD117 (c-Kit), a type III tyrosine kinase receptor signaling pathway and increased expression of [44,47,60,61]
ABC transporters.
ABC transporters ABC transporters pump out.of the cell various [44,4760]
chemotherapies.
ALDH, aldehyde dehydrogenase Enhanced drug metabolism. [44,47,61,62]
CD133, a member of the pentaspan Expression of ID1 proteins transcriptional
. . [44,57,63,64]
transmembrane protein family regulators.
Bcl-xL, BCL-2 protein family Inhibition of the activation of the BAX and BAK [47,65]

pro-apoptotic proteins.

CD117 (c-Kit), involved in cellular survival and cancer cell differentiation, is a type III
tyrosine kinase receptor, a member of the platelet-derived growth factor receptor subfam-
ily [44]. CD117, via activation of the PI3K/AKT and Wnt/ 3-catenin signaling pathways,
is associated with increased expression of ATP-binding cassette subfamily G member 2
(ABCG2), an ABC transporter [60]. The Wnt/ 3-catenin pathway also induces aldehyde dehy-
drogenase (ALDH) 1A1 activity in platinum-resistant OC cells [44,61]. High ALDH activity is
associated with OCSC marker expression, self-renewal, colony and tumor formation, and EMT
processes [47]. ALDH likely confers drug resistance by enhancing drug metabolism (Table 2).
For example, ALDH metabolizes cyclophosphamide, an alkylating agent used against
leukemic stem cells, to the inactive excretory product 4-hydroperoxycyclophosphamide,
conferring specific drug resistance to these cells [62]. Similarly, CD117 has been demon-
strated to mediate OCSC chemotherapy resistance to paclitaxel and cisplatin [60] and
platinum resistance in OC patient-derived xenograft cells by exhibiting a marked increase
in the expression of certain Wnt/ (3-catenin target genes [61]. The expression of several can-
cer stem cell markers, including ALDH1A1, is also enhanced in these OC patient-derived
platinum-resistant xenograft cells [61].

Another drug-resistance mechanism in OCSCs is associated with the increased expres-
sion of ATP-binding cassette (ABC) transporters. In some chemotherapy-resistant cancer
cells, ABC transporters pump various chemotherapies out of the cell, such as doxorubicin
and paclitaxel (Table 2). In particular, ABC subfamily A member 1 (ABCA1), ABC subfam-
ily B member 1 (ABCB1/MDR1/P-GP), and ABC subfamily G member 2/breast cancer
resistance protein (ABCG2/BCRP) are highly expressed in OCSCs [47]. Hedgehog-GLI
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(HH-GLI) is involved in the upregulation of ABCB1 and ABCG2 gene expression via the
Glil-BMI-1 signaling pathway. The activity of HH-GLI is closely associated with cisplatin
resistance in OC cells [44].

As described above, the marker CD133, a member of the pentaspan transmembrane
protein family, is positive in OCSCs [44,57]. The expression and display of CD133 in
colorectal cancer cells is associated with the upregulation of an inhibitor of DNA binding
(ID)1 proteins expression (Table 2; [63]). ID proteins are highly conserved transcriptional
regulators. They are essential components of oncogenic pathways and maintain self-
renewal and multipotency in stem cells while inhibiting their differentiation [64]. It was
shown that knockdown of ID1 impairs cell proliferation and sphere formation capacity and
reverses EMT-associated traits. It was also suggested that ID1 maintains colorectal cancer
stemness partially via the Wnt/3-catenin signaling pathway [63].

Activity of the B-cell lymphoma-2 (BCL-2) protein family, potential oncogenes, is another
mechanism that may lead to chemo-resistance in OCSCs (Table 2; [47]). Overexpression
of Bcl-xL, a member of the BCL-2 protein family, has been observed in most recurrent
chemo-resistant ovarian cancers, and inhibition of Bcl-xL in preclinical studies increased
the chemo-sensitivity of OC cells [47]. These proteins inhibit the activation of the BAX
and BAK pro-apoptotic proteins [47]. BAX and BAK, upon activation, are converted from
inert monomers into oligomers that lead to membrane permeability and the release of
cytochrome c (cyt c) from mitochondria. The release of cyt ¢ induces caspase activity and
ensures apoptosis [65].

8. Studies That Have Examined the Effectivity of Cannabis Compounds against OC
8.1. Preclinical

Only a few studies have examined the effectivity of phytocannabinoids against OC.
In an OC cell line and in a chick embryo model (i.e., in ovo), CBD was shown to have
anti-proliferative activity [66]. The administration of CBD carried by nanoparticles or in
solution also increased paclitaxel treatment effectivity in vitro and in ovo [66,67]. However,
there is no peer-reviewed information on the effect of cannabis and cannabis compounds
on OCSC development or properties.

8.2. A Single Patient Case Study and Epidemiological Overview

Only a single patient case study has been published in the scientific literature. This
study demonstrated that treatment of a low-grade serous ovarian cancer patient with “CBD
oil” improved the expression of markers associated with the disease [68]. Nevertheless,
multiple compounds might be present in the “CBD oil” since, in many cases, “CBD oils” are
full extracts of high CBD cannabis inflorescence (notably, this information is not provided
in [68]). As a result, the actual cannabis molecules and their combination(s) that might
be active against OC markers have not been identified. In contrast, an epidemiological
overview and survey of cannabis and phytocannabinoid users in the USA between 2003
and 2017 on the occurrence of prostate and ovarian cancers suggested that CBD might be
considered a community carcinogen, additive to the effects of tobacco [69].

9. Preclinical Evidence on the Cannabis Mode of Action on Genetic Pathways Related
to OCSC

Since there is no peer-reviewed information on the effect of cannabis and cannabis
compounds on OCSC development and properties, we sought to summarize the known
effects of phytocannabinoids on genetic pathways and biological processes related to CSCs
and OCSCs. Indeed, several of the major phytocannabinoids have been shown to affect
signaling pathways that are mainly involved with OC stemness.

CBD, cannabidivarin (CBDV; Table 1), and the 2,3-epoxy derivative of CBD exhibited,
in a dose-dependent manner, considerable inhibitory activity against the Wnt/3-catenin
pathway [70]. In general, enhanced Wnt/ 3-catenin pathway activity is a hallmark of the
stemness and drug resistance of OCSC and other cancers [46,47,49]. In addition, in vivo
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intraperitoneal administration of “cannabis smoke” (in the form of condensate cannabis
resin extract collected in a smoking machine and dissolved in olive oil) inhibited ALDH
activity in a rat model [71]. ALDH activity, induced by the Wnt/3-catenin pathway, is
another marker closely associated with the OCSC state [44,47,61]. In this case, it might be
that inhibition of the Wnt/3-catenin signaling pathway promoted the inhibition of ALDH
activity (Figure 1).
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Figure 1. Some of the genetic pathways and mechanisms affected by phytocannabinoids: THC
and CBCA (a) and CBD (b) that are associated with ovarian cancer stem cell state. Receptors
are illustrated in cases where receptor involvement in activity was suggested. ABC, ATP-binding
cassette transporter; ALDH, aldehyde dehydrogenase; BCL-2, the activity of B-cell lymphoma-2; CB1,
cannabinoid receptor type 1; CB2, cannabinoid receptor type 2; CBCA, cannabichromenic acid; CBD,
cannabidiol; CD, clusters of differentiation; cyt ¢, cytochrome ¢; ECM, extracellular matrix; ER stress,
endoplasmic reticulum stress; FZD, Wnt frizzled receptor; HH-GLI, Hedgehog-GLI; ID1, an inhibitor
of DNA binding; THC, A9-trans—tetrahydrocannabinol; TRPV2, transient receptor potential cation
channel subfamily V member 2. Created with BioRender.com (accessed on 29 August 2022).
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THC (via CB1 activation) and CBD were shown to inhibit Akt phosphorylation in
colorectal cancer cells and to induce apoptosis in these cells via inhibition of the PI3K-Akt
survival signaling cascade (Figure 1; [72,73]). In contrast, CBD and THC were suggested
to promote PI3K/Akt signaling and thereby downregulate the expression of GSK3-3,
a serine/threonine kinase and an inhibitor of the Wnt/{3-catenin pathway in various
glaucoma-related models [74]. However, these trends of upregulation of PI3K/ Akt signal-
ing by CBD or THC were primarily shown in non-cancerous cells (e.g., mesenchymal stem
cells derived from gingiva; non-cancerous mice brain [74]) and are opposite to what was
reported for cancer cells [72,73]. Perhaps the activity of CBD or THC on malignant and
non-malignant cells differs with their effect on the PI3K/ Akt and related pathways.

As detailed above, the HH-GLI signaling pathway is involved with OC and OCSC
drug resistance and upregulation of the ABC transporters’, ABCB1 and ABCG2, gene
expression [44]. THC is a direct inhibitor of the HH-GLI signaling pathway in vitro, and in
mice that bear a subthreshold defect in HH signaling. The inhibitory activity of the HH-GLI
pathway by THC was not mediated via the CB1 receptor (Figure 1; [75]). HH-GLI pathway
inhibition by phytocannabinoids may suggest the alteration of ABC transporter expression
and activity by these compounds. Increased sensitivity to THC-induced hypothermia was
evident in ABC transporter knockout mice in comparison to wild type mice [76], further
solidifying a connection between the THC and ABC transporter expression or activity. In
contrast, using the in vitro bidirectional transport assay, it was shown that neither CBCA
nor CBC inhibited the ABC transporter activity. CBCA only served as a substrate for the
ABCBI transporter (Figure 1; [77]). CBD is also not a substrate of the ABC transporters
ABCB1 or ABCG2 [78].

CBD treatment downregulated the expression of CD44 in human gingival mesenchy-
mal stem cells in vitro (Figure 1; [79]). A reduction in the number of CD44+ and CD133+
cells was also obtained with CBD treatment of cisplatin-resistant non-small cell lung cancer
compared to controls. This treatment suppressed additional CSC-associated properties,
including sphere formation and protein expression of Snail, Nanog, and Vimentin in cell
lines [80]. The apoptotic activity of CBD on the cell lines was mediated via the TRPV2
receptor. In addition, in a mouse xenograft model of these drug-resistant non-small cell
lung cancer cells, CBD treatment reduced tumor progression and metastasis [80].

In lipopolysaccharide (LPS)-stimulated microglia cells, CBD inhibited NADPH oxidase-
mediated ROS production and NF-«kB-dependent signaling events (Figure 1; [81]). This ac-
tivity was only slightly reduced by blocking the CB2 receptor and was mainly receptor-
independent [81]. This inhibitory activity of CBD on NF-kB-dependent signaling events
might accord with its inhibitory effect on CD44+ expression or display, as the NF-«B
pathway is activated in CD44+ OCSCs [44,59].

CBD and other phytocannabinoids induce endoplasmic reticulum stress [31,32,82]
and, subsequently, in MDA-MB231 breast cancer cells, inhibit AKT and mTOR signaling
(Figure 1; [82]). In these cells, CBD inhibited the association between BCL-2 and beclin1 and
induced Bax elevation (Figure 1; [82]). It also activated caspase-8 and led to the cleavage of
beclin-1 [82]. This cleavage product translocases to mitochondria and enhances the release
of cyt ¢ to the cytosol [82]. In support, in cisplatin-resistant non-small cell lung cancer cells,
an increase in cleaved caspase-3 and cyt c release was evident upon CBD treatments [80].
As indicated above, the release of cyt c to the cytoplasm activates caspase and ensures
apoptosis (Figure 1; [65,82]).

CBD was demonstrated to inhibit the expression of ID1 in breast cancer cells, which
maintains cancer stemness [64], and, as a direct result, leads to anti-metastatic activity [83].
CBD also inhibited the expression of ID1 in head and neck, prostate, and salivary gland
cancers [84]. In vivo, mice with advanced metastatic progression, once treated with the
CBD analog O-1663, had a high survival rate, even beyond that of the group treated with
CBD [13,83].

Lastly, CBD was shown to inhibit EMT and induce reversion to a non-invasive phe-
notype in breast cancer cells [33]. CBD treatment blocked cell migration and inhibited
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the progression of the IL-1f3 /IL-1RI/ 3-catenin signaling pathway [33]. The treatment
re-localized (3-catenin and E-cadherin to the adherent junctions and re-established the ep-
ithelial organization lost by the IL-13-induced dispersion of the cells. It also prevented the
nuclear translocation of 3-catenin and decreased the overexpression of several genes, ID1
proteins included [33]. Here too, CBD treatment inhibited AKT activation (Figure 1; [33]).

10. Conclusions

It is essential to find new means to fight OC, as it is the second most common—and
the most lethal—gynecologic malignancy in the western world. OCSCs are implicated in
tumor recurrence, metastasis, and drug resistance, and it is clear that this subpopulation
of cells should be targeted specifically. To date, many commonly used chemotherapies or
monotherapies stimulate, rather than reduce, this cell subpopulation. For example, PARP
inhibitors (PARPi) are monotherapy agents approved by the FDA for the treatment of re-
current OC in patients with or without a BRCA mutation. Unfortunately, PARPi treatment
induced the enrichment of CD117+ and CD133+ OCSCs in vitro and in vivo, regardless of
BRCA mutation status [85]. OCSCs activate embryonic repair mechanisms, which increase
DNA repair efficiency in these malignant cells [85]. As a result, it was suggested that PARPi
treatment could fail to significantly affect OCSC populations and might lead instead to
difficulties in reducing recurrent OC [85]. Similarly, CD44+ OCSCs survive carboplatin
treatment via the activation of NF-«kB and PI3K/AKT signaling pathways [86]. It was sug-
gested that a rational approach to prevent platinum-resistant relapse is by perturbing CSC
homeostasis, e.g., by blocking PI3K/AKT signaling [86]. From these few examples, it is
clear that the unique state of OCSC needs to be examined, and approaches to target OCSC
specifically might be promising.

Although very little is known on the activity of phytocannabinoids against OC in gen-
eral and OCSCs in particular, phytocannabinoids affect hallmark signaling pathways and
functional markers that are intimately associated with OCSC, such as the Wnt/ 3-catenin
pathway, ALDH activity, PI3K/Akt, HH-GLI- and NF-«kB-dependent signaling pathways,
and BCL2- and ID1-related processes. It is reasonable to suggest that chemotherapy or
monotherapy treatments could be combined with phytocannabinoid(s) to reduce recurring
OC and resistance relapse.

As detailed above, cannabis produces more than 150 phytocannabinoids, including the
abundant CBD and THC with well-known anti-cancer activities. However, other phytocanna
binoids might possess anti-cancer activity, and it has been shown in other studies that com-
bination(s) of multiple compounds can improve the beneficial effects [87]. THC binds both
to CB1 and CB2 receptors as an agonist, while CBD binds CB1 as an antagonist, but there
are no biochemical indications of the physical association between other phytocannabi-
noids and receptors. On the other hand, most THC and CBD activity on the CSC-related
pathways is not clearly or fully mediated via known CB1 or CB2 (or other) receptors, as
detailed above. This leaves the possibility that other phytocannabinoids might be related
to anti-CSC activity, via various other cell membrane receptors or by intracellular activities.

The activity of several molecules from cannabis has been suggested to be superior
vs. that of a single molecule. This phenomenon was named the “entourage effect” [87-89]
and we recognize today that at least part of the entourage effect is a result of synergy
between cannabis molecules [87]. This synergy might be a result of the co-activation of several
receptors by the various molecules, but could also be the result of co-affecting several
signaling pathways, leading to an increased response [87,90].

For example, it was shown in OC cells (detailed above) that THC affects the HH-GLI
pathway, which may reduce the expression/activity of ABC transporters (Figure 1), and
thereby (potentially) reduce resistance to chemotherapy such as cisplatin. Likewise, CBD
represses PI3K/AKT signaling (Figure 1), which raises cellular sensitivity to cisplatin. In
this example, it might be beneficial to co-treat with THC and/or CBD and cisplatin for
increased sensitivity to the chemotherapy agent.
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The complementary activity of chemotherapy agents and phytomolecules should be
further explored in preclinical and clinical trials. Optimizing phytocannabinoid-based
therapies necessitates an increased understanding of the molecular mechanisms and the
receptors involved in phytocannabinoid anti-tumor activity, as well as designing and
testing in preclinical models the most effective phytocannabinoid combinations, with or
without chemotherapy or monotherapy. Finally, conducting controlled studies on cancer
patients is essential and so far unrealized [13,87].

A note should be given to the publication [69] that suggested, based on an epidemio-
logical overview and survey of USA cannabis and cannabinoid users, that CBD might be
considered a community carcinogen, additive to the effects of tobacco. Due to the consider-
able effect of CBD on cancer-associated genetic pathways, adverse effects from activating
these pathways are possible. To avoid adverse effects and to better control cannabis medical
use, cannabis and CBD-based products should be administered with known and controlled
compositions and dosage [87].

Yet, THC, CBD, and cannabis are used widely for medical purposes today. Cannabis
and cannabis compounds are common palliative treatments for cancer patients, including
anti-nausea and vomiting treatment associated with chemotherapy, appetite stimulation,
and cancer-related pain relief [87]. Rationally, since these compounds are already widely
medically used, they could be combined with chemotherapy or monotherapy relatively
easily (e.g., regulatory-wise). The potential benefit of these combined treatments should
be examined.
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Appendix A

Methodology: To summarize and discuss the hallmarks of CSC and OCSC, and
the effect of cannabis and phytocannabinoids on OC, CSC, OCSC, and biological path-
ways associated with stemness, we conducted a literature review using the following
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terms: “cancer”, “ovarian cancer”, “stem cells”, “ovarian cancer stem cells”, “medical

v voou ”oou

use of cannabis”, “therapy” “Cannabis sativa”, “C. sativa”, “cannabis”, “cannabinoids”,
“phytocannabinoids”, “cannabis 0il”, “endocannabinoid”, “entourage effect”, “stemness”,
“epithelial-mesenchymal transition”, “ER stress”, “MAPK/ERK”, “JAK/STAT”, “Wnt/ 3-
catenin”, and “PI3BK-AKT-NFkB”. The search was conducted on general and multidisci-
plinary research databases for peer-reviewed scientific manuscripts, including PubMed,
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