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Abstract
It is known that gynecological cancers remain a worldwide problem and as shown by 
the statistics, there is a need for new gynecological cancer treatments. Cannabinoids, 
the pharmacologically active compounds of the Cannabis sativa plant, have been used 
for many centuries by individuals as a symptomatic treatment to alleviate pain, nausea, 
vomiting, and to help stimulate appetite. Research has revealed that cannabinoids also 
exert anti-cancer activity such as anti-proliferative and pro-apoptotic effects through 
a variety of mechanisms. There is significant value in the development of these com-
pounds as anti-cancer therapies in clinical practice as they do not produce the typi-
cal toxic side effects that exist with conventional therapies and recent clinical trials 
have shown their great tolerability by patients at high doses. Cannabinoids can induce 
psychoactive effects that could limit their progression. Therefore, non-psychoactive 
cannabinoids are attracting pharmacological interest due to their inability to produce 
psychological effects. Recent studies have focussed on non-psychoactive cannabi-
noids in ovarian cancer and have revealed promising pre-clinical results that indicate 
that these compounds may have potential benefits in the treatment of these cancers. 
However, there are still unanswered questions and research gaps that need to be 
addressed. This review summarizes the current understanding of this topic and iden-
tifies the current gaps in knowledge that provide a useful direction for future work.
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1  |  INTRODUCTION

Gynecological cancers are cancers of the female reproductive sys-
tem and consist of cancers of the cervix, ovaries, vagina, vulva, and 
uterus.1 Among gynecological cancers, ovarian cancer has the high-
est morbidity and mortality rates.2 Globally, the number of patients 
diagnosed in 2018 with gynecological cancers was >295 000 for 
ovarian. In 2018, approximately 185 000 women died from ovar-
ian cancer.3 It is clear that there are unfavorable outcomes and that 
today, there are still unmet clinical needs.

Despite improvements in treatment strategies (Table 1), tumor 
recurrence, drug resistance, and toxic effects remain a major chal-
lenge, indicating the need for a new approach to the treatment of 
ovarian cancer. Recently, cannabinoids have gained attention as 
potential anti-cancer therapies due to their ability to modulate the 
intracellular signaling pathways involved in cancer progression.4 
However, the presence of psychoactive effects of cannabinoids 
could limit their progress in this field, therefore recent studies have 
highlighted the value of non-psychoactive cannabinoids such as can-
nabidiol (CBD).5 CBD has been shown to demonstrate a broad array 
of anti-carcinogenic properties, such as anti-proliferative action to-
ward breast cancer cells,6 anti-invasive and anti-metastatic effects 
on lung cancer cells7 as well as induction of apoptosis.8

In this review, the current knowledge on ovarian cancer treatment 
and the rationale for new therapies are discussed. In addition, this re-
view provides a summary of the endocannabinoid system, the action 
of cannabinoids in cancer settings, and their anti-tumor properties, as 
well as the effects of non-psychoactive cannabinoids in ovarian can-
cer. Finally, recommendations for future work will be included in rela-
tion to their potential as a novel gynecological cancer treatment.

2  |  CURRENT CLINICAL STATUS OF 
OVARIAN CANCER AND RATIONALE FOR 
NOVEL THERAPIES

The current standard of care for patients with ovarian cancer is a 
combination of optimal cytoreductive surgery and platinum-based 
chemotherapy.10 Ovarian cancer usually metastasizes within the 
peritoneal cavity within the abdomen first and in these cases, 

surgical debulking is used to inform staging and adjuvant therapy. 
Key advances in radical surgery and chemotherapy strategies have 
led to improved, yet modest, clinical outcomes. Despite this, there 
remains a significant risk of resistance to drug therapy and tumor re-
currence. Due to the site of presentation and the shortage of prom-
ising screening tools for early-stage detection, ovarian cancer often 
presents at a late stage, resulting in a poor 5-year survival rate for 
these patients even with optimal care.10 Patients with stage III or 
IV disease have a 70%–75% chance of recurrence within 2 years of 
diagnosis. Treatment options are less effective at each recurrence, 
highlighting the need for novel maintenance therapies (Table  1).10 
Further treatments after relapse are more intense, resulting in in-
creased drug toxicity, drug resistance, and financial burden to pa-
tients with poor quality of life.11 Thus, there is a clear need for new 
and improved therapies to address the issues that remain with cur-
rent conventional treatments.

3  |  THE HISTORY OF CANNABINOIDS

The first discovered and most important source of cannabinoids was 
the Cannabis sativa plant, which has been used as a herbal remedy for 
centuries. The earliest archeological evidence of the use of medicinal 
cannabis use was in ancient China where it was recommended for 
rheumatic pain, constipation, disorders of the female reproductive 
tract, and malaria, among other conditions.12 In Western medicine, 
the use of cannabis was introduced by William B. O'Shaughnessy (an 
Irish physician) and Jacques-Joseph Moreau (a French psychiatrist) 
in the mid-19th century. They described positive effects of cannabis 
preparations on pain, vomiting, convulsions, rheumatism, tetanus, 
and mental ability. From 1851, cannabis was recognized as a medi-
cine in the United States (US) Pharmacopeia, in the form of tinctures, 
extracts, and resins. However, at the beginning of the 20th century, 
cannabis use decreased due to its increased use as a recreational 
drug, abuse potential, variability in the quality of herbal material, 
unidentified active compounds, and alternative medications with 
known efficacy being introduced to treat the same symptoms.13,14 In 
1941, as the result of many legal restrictions, cannabis was consid-
ered to be in the same group as other illicit drugs and was removed 
from the American Pharmacopeia.14 Consequently, the exploration 

TABLE  1 Current treatment strategies for ovarian cancer.a

Surgery First-line chemotherapy Maintenance treatment

Stage I Yes Only for stage Ic or grade 3—six cycles of carboplatin Not recommended

Stage II Yes Paclitaxel plus platinum-based compound or platinum-
based therapy alone (cisplatin or carboplatin)

Not recommended

Stage III Yes Paclitaxel plus platinum-based compound or platinum-
based therapy alone (cisplatin or carboplatin)

Olaparib plus bevacizumab or niraparib alone
Olaparib for BRCA mutation-positive ovarian cancer

Stage IV Yes Paclitaxel plus platinum-based compound or platinum-
based therapy alone (cisplatin or carboplatin)

Olaparib plus bevacizumab or niraparib alone
Olaparib for BRCA mutation-positive ovarian cancer

aNational Institute for Health and Care Excellence (NICE) Guidance Ovarian Cancer: Recognition and Initial Management (2011).9
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of medicinal uses of cannabis considerably slowed down for more 
than half a century.

However, in the late 20th century, studies conducted on can-
nabis led to the identification and extraction of pharmacolog-
ically active components named cannabinoids.15 The principal 
psychoactive constituent (or cannabinoid) of the cannabis plant is 
Δ9-tetrahydrocannabinol (THC). This compound was first isolated, 
identified, and synthesized in 1964.16 Its discovery subsequently led 
to the identification of cannabinoid receptors and their endogenous 
ligands. Various therapeutic actions of these compounds have been 
reported and were thought to be mediated through the endocan-
nabinoid system (ECS).17 Current legislative changes that allow can-
nabis for medical and/or recreational use, the progress in scientific 
research, and public awareness of the benefits of medicinal cannabis 
have all contributed to the increasing interest in the therapeutic po-
tential of cannabinoids.18,19

4  |  TYPES OF CANNABINOIDS

As of 2020, over 150 cannabinoids have been identified.20 
Cannabinoids comprise of (a) the active compounds of the Cannabis 
sativa plant (known as phytocannabinoids), (b) endogenous cannabi-
noids that are produced in our body (known as endocannabinoids), 
and (c) synthetic cannabinoids.21

Phytocannabinoids occur naturally in significant quantities in 
the cannabis plant and are concentrated in a viscous resin that is 
produced in glandular structures known as trichomes. Of all phy-
tocannabinoids discovered so far, THC and CBD are the most 
abundant.22 Other phytocannabinoids include cannabigerol (CBG), 
cannabichromene (CBC), cannabicyclol (CBL), cannabivarin (CBV), 
tetrahydrocannabivarin (THCV), cannabidivarin (CBDV), cannabi-
chromevarin (CBCV), cannabigerovarin (CBGV), and cannabigerol 
monoethyl ether (CBGM).21 As well as their analgesic, neuropro-
tective, and anxiolytic effects, studies have highlighted the thera-
peutic potential of phytocannabinoids for a variety of widespread 
skin conditions including acne, psoriasis, atopic dermatitis, and 
pruritis.23

Endocannabinoids are produced in our body and consist of 
lipid molecules containing long-chain polyunsaturated fatty acids, 
amides, esters, and ethers that bind to cannabinoid receptors.24 
Endocannabinoids act mainly as neuromodulators that affect the 
release of various neurotransmitters in the peripheral and neural 
tissues.25 They also play an important role in inflammation, insu-
lin sensitivity, and fat and energy metabolism.26 Two of the best-
characterized endocannabinoids are N-arachidonoylethanolamine 
(AEA-anandamide) and 2-arachidonoylglycerol (2-AG), which are 
derived from arachidonic acid and affect our mood, appetite, pain 
sensation, inflammatory response, and memory.27,28

Synthetic cannabinoids such as the CB2 synthetic agonist, JWH-
133, and the CB1 and CB2 agonist, WIN-55 have been widely used as 
a pharmacological agent, both in vitro and in vivo to obtain a more 

detailed understanding of cannabinoid action in order to evaluate 
their potential clinical use.29,30

5  |  THE ENDOCANNABINOID SYSTEM 
(EC S)

Historically, the two main cannabinoid receptors: cannabinoid recep-
tor 1 (CB1) and cannabinoid receptor 2 (CB2), the main endocannabi-
noids: AEA-anandamide and 2-AG and the enzymes that produce 
and degrade these endocannabinoids have been known as ECS.31

In recent years, further components have widened this origi-
nal definition of the ECS. These components consist of newly dis-
covered endocannabinoid receptor ligands such as 2-arachidonoyl 
glyceryl ether (noladin ether, 2-AGE), O-arachidonoylethanolamine 
(virodhamine), N-arachidonoyldopamine (NADA) and oleic acid 
amide (oleamide, OA). In addition, newly discovered receptors such 
as G protein-coupled receptor 55 (GPR55) and PPARs.32 However, 
other receptors have been recognized to participate in cannabinoid 
signaling. For example, it has been discovered that cannabinoids 
can affect a subset of transient receptor potential (TRP) channels.33 
TRP subfamilies have been found to contain channels that can be 
modulated by endogenous, phytogenic and synthetic cannabinoids. 
TRP channels from these subfamilies have been reported to mediate 
cannabinoid activity.33 In addition to receptors and their cannabi-
noid ligands, the ECS encompasses several enzymes that regulate 
the biosynthesis and degradation of endocannabinoids. The cat-
abolic enzyme primarily responsible for the degradation of AEA-
anandamide is fatty acid amide hydrolase (FAAH), while the main 
enzyme responsible for the degradation of 2-AG is monoacylglycerol 
lipase (MAGL).31

The ECS plays an important role in the organism's physiology. 
Dysregulation of the ECS due to variation in the expression and 
function of cannabinoid receptors, enzymes, or the concentration of 
endocannabinoids, has been associated with several diseases, such 
as neurodegenerative disorders, multiple sclerosis, inflammation, 
epilepsy, schizophrenia, glaucoma, cardiovascular diseases, obesity, 
and cancer.34,35

6  |  CANNABINOID RECEPTORS

Insights into the mechanism of action of phytocannabinoids led 
to the identification of two G protein-coupled receptors, CB1 and 
CB2.

36,37 CB1 is mainly expressed in the human CNS and is the main 
receptor responsible for the psychotropic effects of THC.38,39 
Although to a lesser extent, CB1 receptors are also expressed at 
peripheral tissue sites where they aid in the regulation of local 
tissue functions.39 CB1 expression has been reported in adipose 
tissue, skeletal muscle, bone, skin, eye, reproductive system, and 
several types of cancer cells.40 A principal role for CB1 receptors 
is to inhibit neurotransmitter release. Strongly associated with 
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GABAergic (inhibitory) and glutamergic (excitatory) cells, activa-
tion of CB1 receptors inhibits the release of GABA and glutamate, 
respectively.41 This decrease in excitability and neurotransmitter 
release may underlie some of the psychoactive and anti-convulsant 
action of cannabinoids.

In contrast, CB2 receptors are predominantly expressed in pe-
ripheral tissues, such as the immune system, where they modulate 
immunological function, cell migration, and cytokine release.39,42 
However, CB2 receptor expression has also been detected in the 
brain, however to a much lower extent compared to the immune 
system or the level of CB1 expression.39 CB2 activation is associated 
with neurodefense functions, ensuring the maintenance of bone 
mass and reduction of inflammation.43

In addition to the first discovered cannabinoid receptors CB1 
and CB2, other cannabinoid receptors have since been identified 
that have responded to cannabinoid ligands, thus suggesting the 
existence of additional cannabinoid receptors.44 GPR55 has been 
identified as a novel cannabinoid receptor and has shown to in-
teract with and be modulated by endogenous, plant, and synthetic 
cannabinoid ligands. AEA-anandamide, the predominant circulating 
endocannabinoid, has been shown to activate GPR55 with a po-
tency equivalent to that activating CB1 and CB2 receptors, demon-
strating that this ligand has the potential to influence signaling by 
all three receptors equally.45 In addition, Overton et al.46 identi-
fied GPR119 as a cannabinoid receptor and it has been shown to 
be activated by endocannabinoids. 2-AG has also been identified 
as a GPR119 agonist.47 GPR18 has been identified as a candidate 
cannabinoid receptor, but its classification is controversial. Several 
cannabinoid ligands have been described to be active as agonists 
or antagonists.48 N-arachidonylglycine (NAGly) has been identified 
as an endogenous ligand for GPR18. However, NAGly does not 
have activity on the classical cannabinoid receptors CB1 and CB2.

49 
Therefore, it is difficult to determine whether GPR18 is a cannabi-
noid receptor.

7  |  CANNABINOIDS AND THEIR 
ANTI-TUMOR EFFECTS

Cannabinoids have an established role in exerting palliative effects 
in cancer patients and have been used to alleviate nausea, vomit-
ing, pain and to help stimulate appetite.5,50 Besides from providing 
symptomatic treatment for cancer patients, cannabinoids have been 
shown to exert anti-tumor actions through modulation of the intra-
cellular signaling pathway implicated in cancer progression.4,5 The 
first report on anti-proliferative properties of cannabinoids was in 
1975 when Munson et al.51 demonstrated that THC inhibits lung ad-
enocarcinoma cell growth of in vitro cell lines and in murine models 
after oral administration. Cannabinoids can exert anti-tumor effects 
directly through the inhibition of cell proliferation and induction of 
apoptosis or indirectly through the inhibition of angiogenesis, inva-
sion, and metastasis.52 Numerous studies using synthetic/endo-/
phyto-cannabinoids and ECS regulators in various cancer cell lines 

support this notion.53 The anti-tumor effects of cannabinoids have 
also been observed in various animal tumor models.52

Endocannabinoids such as AEA-anandamide have been found 
to have anti-proliferative effects in prostate carcinomas. Through 
activation of CB1, AEA-anandamide inhibited EGF-induced prolifer-
ation of prostate carcinoma cells by decreasing the expression of 
the EGF receptor (EGFR) and increasing the production of ceramide 
(a powerful tumor suppressor).54 Phytocannabinoids such as THC 
have shown to reduce tumor proliferation and lung metastases, in-
hibit angiogenesis and cause apoptosis in a mouse model of ErbB2-
driven metastatic breast cancer. Caffarel et al. showed that these 
anti-tumor actions relied at least partially on the inhibition of the 
pro-tumorigenic AKT pathway, the signal transduction pathway that 
promotes cell growth, cell survival, and proliferation.55 This shows 
that cannabinoids can modulate certain pathways involved in cancer 
development and exert their anti-tumor effects at the intracellular 
signaling level. Synthetic cannabinoids such as WIN-55 have also 
shown anti-proliferative effects on tumor progression.56

As cannabinoids are generally well tolerated and do not pro-
duce the typical toxic effects of conventional chemotherapy, there 
is considerable merit in their development as potential anti-cancer 
therapies. However, the presence of psychoactive effects of canna-
binoids could limit their progress in this field. Unfortunately, THC-
based drugs produce both therapeutic and undesirable psychotropic 
actions by activating CB1 receptors in the CNS. However, other 
cannabinoids such as CBD are devoid of the typical psychological 
effects. CBD constitutes up to 40% of cannabis extracts with phar-
macological effects without producing undesirable psychoactive 
side effects.57 Non-psychoactive cannabinoids have gained atten-
tion due to preclinically established anti-cancer properties and a fa-
vorable risk–benefit profile. Recent studies have indicated the value 
of non-psychoactive cannabinoids such as CBD.5

8  | NON-PSYCHOACTIVE CANNABINOIDS 
AND THEIR ANTI-TUMOR ACTIVITY

CBD has demonstrated a broad array of anti-carcinogenic proper-
ties. In glioma cells, CBD has been shown to successfully induce 
tumor cell death, inhibit cell migration and invasion in vitro, decrease 
tumor size, vascularization, growth, and weight, and induce tumor 
regression in vivo.8,58–64 CBD induced anti-proliferative effects on 
breast cancer cells through a variety of mechanisms including ap-
optosis, autophagy, and cell cycle arrest.6,65,66 In aggressive breast 
cancer in vivo and in vitro, CBD has inhibited migration, invasion, 
and metastasis.6,67–69 Moreover, in lung cancer cells, CBD has 
demonstrated anti-invasive and anti-metastatic effects.7 In leuke-
mias/lymphomas, CBD has mediated cell death by the mechanism 
of apoptosis.70–73 In prostate cancer cells, CBD has induced anti-
proliferative effects and apoptosis-mediated cell death via the in-
trinsic pathway.74,75

CBG, another non-psychoactive cannabinoid has also been 
shown to exhibit anti-tumor properties in carcinomas. A recent study 
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by Lah et al.76 was the first study to report the anti-tumor effects of 
CBG in glioblastoma. They found that CBG effectively impaired the 
relevant hallmarks of glioblastoma progression and inhibited the in-
vasion of glioblastoma cells. Borrelli et al. investigated whether CBG 
protects against colon tumourigenesis. The study showed that CBG 
stimulated ROS production, promoted apoptosis, and reduced cell 
growth in colorectal cancer cells.77 Table 2 provides a summary of 
the anti-tumor effects of cannabinoids in different cancers.

The accumulated data show that non-psychoactive cannabi-
noids such as CBD and CBG have illustrated a range of anti-cancer 
effects in a multitude of different cancer cell lines. Therefore, CBD 
and CBG are attracting pharmacological interest due to their non-
psychotropic nature, ability to inhibit cancer cell proliferation, and 
induction of apoptosis.

9  |  THE ROLE OF CANNABINOIDS IN 
MEDIATION OF APOPTOSIS

Apoptosis is a form of programmed cell death that is essential for 
the development and survival of organisms.78,79 Defects in the regu-
lation of apoptotic cell death contribute to many diseases, includ-
ing disorders in which cell accumulation occurs, such as cancer. The 
molecular machinery responsible for apoptosis has been revealed, 
uncovering a family of proteases, the caspases, which are account-
able for the morphological and biochemical changes that charac-
terize apoptosis.80,81 Regulators of the caspases have also been 
identified including activators and inhibitors of these cell death 

proteases. Through the discovery of inputs from signal transduction 
pathways into the core of the cell death machinery, ways of linking 
environmental stimuli to cell death responses or maintenance of cell 
survival have been demonstrated.81 The characteristics of the ap-
optotic cell include chromatin condensation, nuclear fragmentation, 
plasma membrane blebbing, and cell shrinkage. Eventually, the cell 
breaks into small membrane-surrounded fragments known as apop-
totic bodies which are cleared by phagocytosis without provoking 
an inflammatory response. Understanding the molecular mecha-
nisms of apoptosis provides insight into the causes of pathologies 
where abnormal cell death regulation occurs, such as in cancer, and 
is beginning to provide novel approaches to the treatment of human 
diseases.81

Cannabinoids have been shown to activate apoptosis through 
CB1 or CB2 receptors. New evidence has reported that CBD pro-
motes cell death in various gastric cancer cell lines.78,79,82 CBD has 
been shown to induce apoptotic cell death by suppressing X-linked 
inhibitor of apoptosis (XIAP), a well-characterized anti-apoptotic pro-
tein, in a dose- and time-dependent manner. CBD inhibited XIAP by 
stimulating stress-related genes of the endoplasmic reticulum (ER) in 
gastric cancer cells.78,79 Zhang et al.82 showed that CBD treatment 
increased the protein levels of cleaved caspase-3 and caspase-9, 
subsequently inducing apoptosis cell death in gastric cancer cells. 
CBD increased Bax and decreased Bcl-2 expression levels, causing a 
reduction of the Bcl-2/Bax ratio. This in turn, determined an increase 
in mitochondrial membrane permeability and a decrease in mito-
chondrial transmembrane potential, thus allowing the release of cy-
tochrome C into the cytosol and consequently, triggering apoptosis. 

TABLE  2 A summary of the anti-tumor effects of cannabinoids in different cancers.

Cancer type Cannabinoid Experimental system Effect Reference

Lung carcinoma THC In vitro and in vivo 
(mouse)

Anti-proliferative 51

CBD In vitro and in vivo 
(mouse)

Anti-invasive and anti-metastatic 7

Prostate carcinoma AEA-anandamide In vitro Anti-proliferative 54

CBD In vitro and in vivo Anti-proliferative and apoptosis 74,75

Breast carcinoma CBD In vitro and in vivo 
(mouse)

Anti-proliferative, apoptosis, cell cycle 
arrest, and autophagy

6,65,66

Aggressive breast 
carcinoma

CBD In vitro and in vivo Inhibition of migration, invasion, and 
metastasis

6,67–69

ErbB2-driven metastatic 
breast carcinoma

THC In vivo (mouse) Anti-proliferative, reduced lung 
metastases, inhibition of angiogenesis, 
apoptosis

55

Glioma CBD In vitro Apoptosis, inhibition of cell migration and 
invasion

8,58–64

In vivo Decreased tumor size, vascularization, 
growth and weight, induction of tumor 
regression

Glioblastoma CBG In vitro Anti-invasive 76

Leukemias/lymphomas CBD In vivo and in vitro Apoptosis 70–73

Colorectal carcinoma CBG In vivo Anti-proliferative, apoptosis 77
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Results from a recent study by Jeong et al.78,79 suggest that CBD 
can cause Noxa-induced cell death in colorectal cancer cells. They 
reported that Noxa, a pro-apoptotic member belonging to the Bcl-2 
protein family, is important for CBD-induced apoptosis. In this study, 
CBD induced apoptotic cell death via ROS/ER stress-regulated Noxa 
activation. Treatment with CBD increased Noxa in a dose- and time-
dependent manner. Noxa stimulated ROS production, which further 
exacerbated apoptosis. Endocannabinoids such as AEA-anandamide 
and 2-AG have shown to produce a dose-dependent cell growth 
inhibitory effect in prostate cancer cells via the activation of CB1 
receptors. Using Annexin V assays, it was shown that endocanna-
binoids induced apoptosis causing an increase in the levels of acti-
vated caspase-3 and a reduction in the levels of Bcl-2. In addition, 
endocannabinoid treatment activated the ERK pathway and simul-
taneously produced a decrease in the activation levels of the AKT 
pathway.83 Apoptosis by cannabinoids is not exclusively carried 
out by CB1 and CB2 receptors. Endocannabinoids such as AEA-
anandamide have been shown to induce apoptosis through transient 
receptor potential vanilloid subtype 1 (TRPV1) activation in human 
neuroblastoma and lymphoma cells. This effect occurred through 
oxidative stress, increased calcium influx, and activation of caspases 
3 and 9.84,85 Furthermore, in cholangiocarcinoma cell lines, AEA-
anandamide exerted pro-apoptotic activity, through the activation 
of GPR55 and induced apoptosis by the recruitment and activation 
of the death complex Fas/FasL.86

10  |  ECS IN THE OVARIES AND THEIR 
INTERACTIONS WITH FEMALE HORMONES

Studies have shown that CBD induced a reduction in cell prolifera-
tion in epithelial ovarian cancer cells, Kuramochi cell lines. Results 
from this study demonstrated that Kuramochi cell proliferation was 
15% that of controls at CBD concentrations of 40 and 50 μM.87

CB1 receptors have been identified in normal, non-cancerous 
ovaries.88 The presence of CB2 receptors has also been reported 
in the ovarian cortex, ovarian medulla, and ovarian follicles from 
human samples.88 Research has shown that expression of cannabi-
noid receptors changes as cancer progresses, specifically in ovarian 
cancer. Messalli et al. determined CB1 receptor expression in 66 
human epithelial ovarian tumors and concluded that CB1 expression 
increased from benign and borderline to malignant tumors. They 
hypothesized that while low levels of cannabinoids may activate 
proliferative pathways in non-cancerous cells, a higher cannabinoid 
concentration results in anti-proliferative and apoptotic events in 
cancerous cells.89 Expression of the CB1 and CB2 receptors in can-
cerous cells, including the increase which was reported by Messalli 
et al. does not necessarily correlate with the expression pattern of 
the healthy tissue of origin.90 It is known that cannabinoid recep-
tors and their endogenous ligands are generally upregulated in can-
cerous cells compared to non-cancerous cells. Increased levels of 
cannabinoid receptor expression suggest that the administration of 
exogenous cannabinoids may impair tumor progression by inducing 

apoptosis.21,90 It is clear that the expression of cannabinoid recep-
tors varies but these contradictory observations highlight the gap in 
the knowledge of the mechanism behind the regulation of cannabi-
noid receptors in malignancy. By achieving clarity in the regulation 
of the CB1, CB2, and GPR55 receptors at different stages and grades 
of the disease, this will aid in a more accurate understanding of the 
mechanism of action of non-psychoactive cannabinoids on these re-
ceptors in ovarian cancer cells.

It can be argued whether the change in expression of canna-
binoid receptors and their endogenous ligands such as endocan-
nabinoids is causing cancer or if this change occurs as a result of 
cancer progression. A study by Hofman et al. investigated the in-
volvement of the cancer cell-derived GPR55 receptor agonist, 
L-α-lysophosphatidylinositol (LPI), on angiogenesis in ovarian 
cancer cell lines. They found that the GPR55 receptor agonist, L-
α-lysophosphatidylinositol, mediated angiogenesis as pharmaco-
logical inhibition of GPR55 reduced the pro-angiogenic potential 
of L-α-lysophosphatidylinositol in these cell lines. Interestingly, LPI 
activated only GPR55 receptors and not CB1 and CB2 receptors.91,92 
Therefore, it can be concluded that inhibiting the pro-angiogenic 
L-α-lysophosphatidylinositol/GPR55 pathway may be a promising 
target against angiogenesis in ovarian cancer.93 The expression of 
different components of the ECS is not uniform across all cancers; 
therefore, pharmacological manipulations of the ECS in further 
studies allow investigation into the link between the ECS and cancer 
progression.89,94

Events in the ovarian cycle are controlled by hormones secreted 
by the hypothalamus, the anterior pituitary, and the ovaries, col-
lectively known as the hypothalamic–pituitary-gonadal axis.95 The 
ECS has been closely linked to the hypothalamic–pituitary-gonadal 
axis. CB1 receptors have been identified in the hypothalamus and 
anterior pituitary and CB1 and CB2 receptors are present in the ova-
ries.88,96,97 In multiple studies, cannabinoids such as WIN-55, AEA-
anandamide, and THC have been shown to reduce the release of 
gonadotropin-releasing hormone (GnRH) through a variety of mech-
anisms. For example, by indirectly modifying GnRH release by re-
ducing the activity of neurotransmitters that facilitate GnRH release 
such as glutamate, whilst stimulating the activity of those known 
to down-regulate GnRH secretion such as GABA, as well as by di-
rectly inhibiting hypothalamic release of GnRH.97–103 This reduction 
in GnRH, in turn, causes decreased release of luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH) from the anterior pitu-
itary, resulting in decreased release of estrogen from the ovaries.104 
Therefore, it is evident that endocannabinoids down-regulate 
hypothalamic–pituitary-gonadal activity and consequently, cause a 
reduction in estrogen levels.

Not only has research highlighted the effects of cannabinoids 
on gonadal hormones such as estrogen, but studies have also 
demonstrated the effects of estrogen on the ECS. In a study by 
MacCarrone et al., it was shown that in mouse uterus, estrogen 
decreased the activity of FAAH, the major enzyme responsible for 
the degradation of the endocannabinoid AEA-anandamide, and, 
therefore, led to increased concentrations of cannabinoid.84,85 In 
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another study, the administration of estradiol in ovariectomized 
female rats increased the levels of synthesized AEA-anandamide in 
the medial basal hypothalamus indicating that estradiol could also 
increase endocannabinoid levels by directly interacting with endo-
cannabinoid synthesis.102 Furthermore, another study showed that 
there was a positive correlation between the plasma peak levels of 
AEA-anandamide and peak plasma 17β-estradiol and gonadotrophin 
levels at ovulation.105 A possible underlying mechanism responsible 
for this could be that elevated levels of estrogens at ovulation inhibit 
FAAH activity, and as a consequence, increase plasma levels of en-
docannabinoids. Taken together, these studies show that, unlike the 
down-regulation of hypothalamic–pituitary-gonadal activity by en-
docannabinoids, it is evident that estrogen plays a role in modulating 
endocannabinoid signaling by up-regulating cannabinoid content.106

Considering the well-documented interactions between the ECS 
and gonadal hormones such as estrogens and the fact that these 
studies show that estrogen can modify cannabinoid levels and vice 
versa, it is not evident that the manipulation of the level of estrogen 
and, therefore, modification of the level of endocannabinoids may 
contribute to the progression of cancer. For example, in women who 
develop cancer while taking hormone-replacement therapy or con-
traceptive pills, it could be argued that the manipulation of estrogen 
levels and therefore modification in the level of endocannabinoids 
could contribute to the progression of cancer. Although there is ev-
idence that shows an interaction between estrogen and the ECS, 
more studies are required to investigate the link between estrogen 
manipulation and modification of endocannabinoid levels and the 
contribution of this to the development of gynecological cancers. 
This would ultimately enable us to establish the therapeutic poten-
tial of targeting the estrogen and ECS interaction as an approach for 
the treatment of gynecological cancers.

11  |  CANNABINOIDS IMPLICATION IN 
CELL DEATH THROUGH APOPTOSIS ,  CELL 
CYCLE ARREST,  AND AUTOPHAGY IN 
OVARIAN CANCER

Research has highlighted key proteins and pathways involved in ap-
optosis that have been altered to evade cell death in ovarian can-
cer. Through comparing caspase-3 and caspase-8 levels in normal 
ovary, benign mass, and ovarian cancer, in vitro studies showed that 
caspase-3 and caspase-8 levels were lower in the benign mass and 
malignant group compared to the normal ovary group.107 Similarly, 
another study also showed that ovarian cancer tumors had low levels 
of caspase-8 and were associated with shorter overall survival com-
pared to tumors from patients that had high levels of caspase-8.108 
Therefore, since ovarian tumors have been shown to exhibit lower 
levels of these caspases, activating this pathway and thus increas-
ing the levels of these caspases could provide a therapeutic strategy 
for inducing apoptosis in ovarian cancer cells. Survivin, a member of 
the Inhibitors of Apoptosis Proteins (IAP) family, blocks apoptosis by 
inhibiting caspase-3 and caspase-7. The over-expression of survivin 

and, therefore, increased inhibition of caspase-3 and caspase-7 in 
ovarian cancer cell lines, IGROV-1 and OAW42, highlighted its role 
in influencing cell sensitivity to taxanes.109 Histone deacetylase 
(HDAC) enzymes are a group of enzymes that are known to silence 
genes via catalyzing the removal of acetyl groups from histones as 
well as non-histone proteins.110 In ovarian cancer, HDAC6 is often 
elevated leading to the inactivation of p53 apoptotic function. This 
was reversed when Bitler et al. used a small molecule HDAC6 inhibi-
tor, ACY1215.111 The PI3K/AKT pathway is a key intracellular signal 
transduction pathway and has an important role in the regulation 
of apoptosis and cell survival. The loss of PTEN together with other 
mutations causes this pathway to be over-expressed, resulting in re-
duced apoptosis.112,113 Enhanced expression of the PI3K/AKT path-
way has been recognized as a hallmark of many cancers, including 
ovarian cancer.114

Key proteins involved in the regulation of cell cycle arrest have 
been identified to be exploited in ovarian cancer to promote cell cycle 
progression and inhibit cell cycle arrest. Cyclin E1 mainly coordinates 
with cyclin-dependent kinase 2 (CDK2) to facilitate the progression 
of the G1/S cell cycle.115 In ovarian cancer cells, enforcing cyclin E1 
expression stimulates cell proliferation,116 and over-expression of 
cyclin E1 has been linked to the development of chemo-resistance in 
ovarian cancer.117,118 It has been shown that ovarian tumors with el-
evated cyclin E1 levels often exhibit higher CDK2 expression.119,120 
Studies show that the abundance of cyclin E1 correlates with tumor 
progression in patients with ovarian cancer.121–124 Mutations in the 
tumor suppressor gene, p53, have been detected in all histological 
types of epithelial ovarian cancer, and serous carcinomas, have been 
detected at higher frequencies. Alterations in the p53 network rep-
resent up to 96% of patients with high-grade serous ovarian carci-
noma.125 The loss of p53 function is another exploited mechanism 
that ovarian cancer cells deploy to inhibit cell cycle arrest and apop-
tosis. Dysregulation of the cell cycle signaling pathway CDK4/6-
cyclin D/p16-Rb is one of the most common abnormalities in human 
cancer.126 Studies have identified that in ovarian cancer, p16 expres-
sion is most commonly altered due to promoter methylation.127–129 
Overexpression of cyclin D1 has been described in ovarian cancer 
tumors and has been associated with a more aggressive tumor phe-
notype and poor prognosis.130 Mutations of the Rb gene have been 
reported in ovarian cancers.131,132 Together, these altered proteins 
and signaling pathways involved in the cell cycle regulation contrib-
ute to uncontrolled cell proliferation in ovarian cancer by avoiding 
cell cycle arrest.

Autophagy, from the Greek, meaning self-eating refers to a 
cellular process committed to the lysosomal degradation of self-
constituents.133 Dysregulation of autophagy plays a significant 
role in the pathogenesis and resistance to radiotherapy and che-
motherapy in ovarian cancer. A plethora of signaling pathways 
and proteins whose expression has been found altered in ovarian 
cancers have an impact on autophagy.134 For example, alterations 
in LC3, a component of the autophagy machinery. Compared to 
benign tissues and borderline ovarian tumors, highly malignant 
ovarian cancer cells were shown to express very low levels of 
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LC3.135 Another example is an alteration in the signaling pathway, 
PI3K-AKT-mammalian target of rapamycin (mTOR). In ovarian can-
cer patients, a hyperactive state of mTOR has been associated 
with a poor prognosis.136 There is also sustained up-regulation of 
the PI3K-AKT–mTOR pathway in ovarian cancers that results in 
increased suppression of the autophagic process.137,138 Moreover, 
deletion of the gene that encodes Beclin-1, another component 
of the autophagy machinery, has been identified in ovarian can-
cers.139 The expression of Beclin-1 has been shown to be dramat-
ically higher in benign and borderline ovarian tumors than those 
in malignant ovarian cancers.135 Inhibition of autophagy contrib-
uted to ovarian cancer development and was required to suppress 
Beclin-1 and up-regulate Bcl-2.140

From the accumulated literature it is evident that cannabinoids 
affect many of the pathways and proteins involved in the evasion 
of apoptosis, cell cycle arrest, and autophagy in ovarian cancer 
(Figure 1). For example, in ovarian cancer, there are reduced levels 
of caspase-3 and caspase-8 contributing to inhibition of apopto-
sis. Cannabinoids can activate these caspases and thus activate 
apoptosis.4 The increased expression of the PI3K/AKT pathway 
contributing to inhibition of apoptosis in ovarian cancer cells is a 
pathway that is affected by cannabinoids. Cannabinoids can inhibit 
this pathway leading to activation of apoptosis. Some of the key 
proteins and pathways involved in cell cycle arrest that have been 
exploited in ovarian cancer to enable cell survival have also been 

shown to be affected by cannabinoids. For example, the increased 
activation of cyclin D leads to loss of Rb-E2F, and thus inhibition of 
cell cycle arrest in ovarian cancer is a pathway that is affected by 
cannabinoids. Through activation of p27, cannabinoids can inhibit 
cyclin D that leads to activation of Rb-E2F and therefore activa-
tion of cell cycle arrest. Similarly, the increased activation of cy-
clin E and, consequently, increased activation of CDK2 in ovarian 
cancer are proteins that are affected by cannabinoids. Through 
multiple mechanisms, cannabinoids can inhibit the activity of cy-
clin E and CDK2 and therefore allow activation of cell cycle arrest. 
It has also been shown that cannabinoids can affect some of the 
key proteins and pathways involved in autophagy that have been 
exploited in ovarian cancer to enable cell survival. One of these 
proteins being LC3. The reduced levels of LC3 in ovarian cancer 
inhibit autophagy, however, cannabinoids such as CBD and AEA-
anandamide have been shown to activate this protein, resulting in 
the activation of autophagy. Another pathway that cannabinoids 
can affect is the PI3K-AKT–mTOR pathway. In ovarian cancer, this 
pathway is upregulated as a mechanism of inhibiting autophagy, 
however, it has been shown that cannabinoids inhibit this pathway 
leading to activation of autophagy. Therefore, the accumulated 
data indicate that cannabinoids have a role in the mediation of cell 
death through apoptosis, cell cycle arrest, and autophagy in ovar-
ian cancer and could provide a therapeutic strategy that targets 
the ability to evade cell death in ovarian cancer (Figure 1).

F IGURE  1 A summary of the altered signaling pathways and proteins leading to evasion of cell death via apoptosis, cell cycle arrest, and 
autophagy in ovarian cancer that are affected by cannabinoids.
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12 | CONCLUSION AND FUTURE DIRECTION

The current clinical status of gynecological cancers inevitably moti-
vates researchers to identify and explore new and improved thera-
pies for patients. Pre-clinical studies suggest that cannabinoids may 
exert favorable outcomes in the treatment of cancers. Although the 
presence of psychoactive effects limits the progression of cannabi-
noids into clinical practice, the use of non-psychoactive cannabi-
noids that are devoid of these adverse effects such as CBD provides 
a solution.

The anti-proliferative and pro-apoptotic effects of cannabinoids 
are well established. However, the relationship between the effects 
of cannabinoids and the expression of cannabinoid receptors in gyne-
cological malignancy needs further investigation. The introduction of 
cannabinoid-based medications such as sativex and epidiolex (CBD) is 
encouraging. Currently, sativex and epidiolex are the only cannabinoid-
based medications that are licensed for use in the UK (British National 
Formulary, 2022).141 Sativex is available in the form of an oromucosal 
spray and contains both THC and CBD in an approximate 1:1 ratio. 
Sativex is indicated for adjunctive therapy in the treatment of mod-
erate to severe spasticity in multiple sclerosis (Electronic Medicines 
Compendium, 2022).142 Epidiolex is in the form of an oral solution 
and contains CBD. Epidiolex is indicated for adjunctive therapy in the 
treatment of seizures associated with Lennox–Gastaut syndrome or 
Dravet syndrome to be used in conjunction with clobazam. Epidiolex 
is also indicated for adjunctive therapy in the treatment of seizures 
associated with the tuberous sclerosis complex (Electronic Medicines 
Compendium, 2022).143 Both drugs were well tolerated with minimum 
and manageable side effects.144–151 This has encouraged a UK ran-
domized clinical trial to test the use of sativex in patients with glio-
blastoma. The trial is aimed at measuring whether adding sativex to 
chemotherapy extends overall patient survival, delays the progression 
of the disease, or improves quality of life.

With the encouraging pre-clinical results on anti-tumor effects 
of cannabinoids in ovarian cancer, further research is needed to 
complement the existing knowledge and enable the translation of 
cannabinoids for cancer treatment into the clinic. This should be 
followed by the initiation of clinical trials to re-purpose sativex and 
epidiolex in ovarian cancer patients.

In addition, future work should aim to understand the change in 
the level of estrogen on the level of the cannabinoid system and vice 
versa in gynecological cancers. Nevertheless, the accumulated data 
support further studies on the use of cannabinoids as a potential 
candidate in the treatment strategy for ovarian cancer. This review 
serves as a platform upon which existing knowledge and research 
can be built upon to ultimately establish if non-psychoactive canna-
binoids have the potential of becoming a part of an effective ovarian 
cancer strategy.

AUTHOR CONTRIBUTIONS
Both authors contributed to all aspects of writing.

ACKNO​WLE​DGE​MENTS
Not applicable.

CONFLICT OF INTEREST STATEMENT
The authors declare that they have no conflict of interest.

DATA AVAILABILITY STATEMENT
Not applicable.

ETHICS STATEMENT
Not applicable.

ORCID
Farideh A. Javid   https://orcid.org/0000-0002-2775-6276 

REFERENCES
	 1.	 Royal College of Obstetricians & Gynaecologists. Gynaecological can-

cers. 2021. Accessed November 23, 2021. https://www.rcog.org.uk/
en/patie​nts/menop​ause/gynae​colog​ical-cance​rs/

	 2.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. Cancer J Clin. 
2018;68(1):7-30. doi:10.3322/caac.21442

	 3.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. 
Global cancer statistics 2018: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. Cancer J 
Clin. 2018;68(6):394-424. doi:10.3322/caac.21492

	 4.	 Pagano C, Navarra G, Coppola L, Bifulco M, Laezza C. Molecular 
mechanism of cannabinoids in cancer progression. Int J Mol Sci. 
2021;22(7):3680-3701. doi:10.3390/ijms22073680

	 5.	 Javid FA, Phillips RM, Afshinjavid S, Verde R, Ligresti A. 
Cannabinoid pharmacology in cancer research: a new hope for 
cancer patients? Eur J Pharmacol. 2016;15(775):1-14. doi:10.1016/j.
ejphar.2016.02.010

	 6.	 Ligresti A, Moriello AS, Starowicz K, et al. Antitumor activity of 
plant cannabinoids with emphasis on the effect of cannabidiol on 
human breast carcinoma. J Pharmacol Exp Ther. 2006;318(3):1375-
1387. doi:10.1124/jpet.106.105247

	 7.	 Ramer R, Bublitz K, Freimuth N, et al. Cannabidiol inhibits lung 
cancer cell invasion and metastasis via intercellular adhesion 
molecule-1. FASEB J. 2012;26(4):1535-1548. doi:10.1096/fj.​
11-198184

	 8.	 Massi P, Vaccani A, Ceruti S, Colombo A, Abbracchio MP, 
Parolaro D. Antitumor effects of cannabidiol, a nonpsychoactive 
cannabinoid, on human glioma cell lines. J Pharmacol Exp Ther. 
2004;308(3):838-845. doi:10.1124/jpet.103.061002

	 9.	 National Institute for Health and Care Excellence. Ovarian Cancer: 
Recognition and Initial Management. 2011 [NICE Guidance CG122]. 
Accessed May 30, 2022. https://www.nice.org.uk/guida​nce/CG122

	 10.	 Gogineni V, Morand S, Staats H, et al. Current ovarian cancer main-
tenance strategies and promising new developments. J Cancer. 
2021;12(1):38-53. doi:10.7150/jca.49406

	 11.	 Chandra A, Pius C, Nabeel M, et al. Ovarian cancer: current status 
and strategies for improving therapeutic outcomes. Cancer Med. 
2019;8(16):7018-7031. doi:10.1002/cam4.2560

	 12.	 Touw M. The religious and medicinal uses of cannabis in China, 
India and Tibet. J Psychoactive Drugs. 1981;13(1):23-34. doi:10.10
80/02791072.1981.10471447

	 13.	 Robinson SM, Adinoff B. The classification of substance use disor-
ders: historical, contextual, and conceptual considerations. Behav 
Sci. 2016;6(3):18. doi:10.3390/bs6030018

https://orcid.org/0000-0002-2775-6276
https://orcid.org/0000-0002-2775-6276
https://www.rcog.org.uk/en/patients/menopause/gynaecological-cancers/
https://www.rcog.org.uk/en/patients/menopause/gynaecological-cancers/
https://doi.org//10.3322/caac.21442
https://doi.org//10.3322/caac.21492
https://doi.org//10.3390/ijms22073680
https://doi.org//10.1016/j.ejphar.2016.02.010
https://doi.org//10.1016/j.ejphar.2016.02.010
https://doi.org//10.1124/jpet.106.105247
https://doi.org//10.1096/fj.11-198184
https://doi.org//10.1096/fj.11-198184
https://doi.org//10.1124/jpet.103.061002
https://www.nice.org.uk/guidance/CG122
https://doi.org//10.7150/jca.49406
https://doi.org//10.1002/cam4.2560
https://doi.org//10.1080/02791072.1981.10471447
https://doi.org//10.1080/02791072.1981.10471447
https://doi.org//10.3390/bs6030018


10 of 13  |     KAUR and JAVID

	 14.	 Zuardi AW. History of cannabis as a medicine: a re-
view. Rev Bras Psiquiatr. 2006;28(2):153-157. doi:10.1590/
S1516-44462006000200015

	 15.	 Ashton CH. Biomedical benefits of cannabinoids? Addict Biol. 
1999;4:111-126. doi:10.1080/13556219971623

	 16.	 Gaoni Y, Mechoulam R. Isolation, structure and partial synthesis 
of an active constituent of hashish. J Am Chem Soc. 1964;86:1646-
1647. doi:10.1021/ja01062a046

	 17.	 Alswat KA. The role of endocannabinoids system in fatty 
liver disease and therapeutic potentials. Saudi J Gastroenterol. 
2013;19(4):144-151. doi:10.4103/1319-3767.114505

	 18.	 Bifulco M, Pisanti S. Medicinal use of cannabis in Europe: the fact 
that more countries legalize the medicinal use of cannabis should 
not become an argument for unfettered and uncontrolled use. 
EMBO Rep. 2015;16(2):130-132. doi:10.15252/embr.201439742

	 19.	 Ko GD, Bober SL, Mindra S, Moreau JM. Medical cannabis -  the 
Canadian perspective. J Pain Res. 2016;9:735-744. doi:10.2147/
JPR.S98182

	 20.	 Citti C, Linciano P, Forni F, et al. Analysis of impurities of cannabi-
diol from hemp. Isolation, characterization and synthesis of canna-
bidibutol, the novel cannabidiol butyl analog. J Pharm Biomed Anal. 
2019;175:1-13. doi:10.1016/j.jpba.2019.06.049

	 21.	 Chakravarti B, Ravi J, Ganju RK. Cannabinoids as therapeutic 
agents in cancer: current status and future implications. Oncotarget. 
2014;5(15):5852-5872. doi:10.18632/oncotarget.2233

	 22.	 Reekie TA, Scott MP, Kassiou M. The evolving science of phytocanna-
binoids. Nat Rev Chem. 2017;2:1-12. doi:10.1038/s41570-017-0101

	 23.	 Martinelli G, Magnavacca A, Fumagalli M, DellʼAgli M, Piazza 
S, Sangiovanni E. Cannabis sativa and skin health: dissecting 
the role of Phytocannabinoids. Planta Med. 2021;88:492-506. 
doi:10.1055/a-1420-5780

	 24.	 Di Marzo V, Melck D, De Petrocellis L, Bisogno T. Cannabimimetic 
fatty acid derivatives in cancer and inflammation. Prostaglandins 
Other Lipid Mediat. 2000;61(1–2):43-61. doi:10.1016/
S0090-6980(00)00054-X

	 25.	 Christie MJ, Vaughan CW. Neurobiology cannabinoids act back-
wards. Nature. 2001;410(6828):527-530. doi:10.1038/35069167

	 26.	 Ruminska A, Dobrzyn A. The endocannabinoid system and its role 
in regulation of metabolism in peripheral tissues. Postepy Biochem. 
2012;58(2):127-134.

	 27.	 Devane WA, Hanus L, Breuer A, et al. Isolation and structure of a 
brain constituent that binds to the cannabinoid receptor. Science. 
1992;258(5090):1946-1949. doi:10.1126/science.1470919

	 28.	 Mechoulam R, Ben-Shabat S, Hanus L, et al. Identification of an 
endogenous 2-monoglyceride, present in canine gut, that binds 
to cannabinoid receptors. Biochem Pharmacol. 1995;50(1):83-90. 
doi:10.1016/0006-2952(95)00109-D

	 29.	 Nasser MW, Qamri Z, Deol YS, et al. Crosstalk between chemok-
ine receptor CXCR4 and cannabinoid receptor CB2 in modulating 
breast cancer growth and invasion. PLoS One. 2011;6(9):e23901. 
doi:10.1371/journal.pone.0023901

	 30.	 Qamri Z, Preet A, Nasser MW, et al. Synthetic cannabinoid recep-
tor agonists inhibit tumor growth and metastasis of breast cancer. 
Mol Cancer Ther. 2009;8(11):3117-3129. doi:10.1158/1535-7163.
MCT-09-0448

	 31.	 Laezza C, Pagano C, Navarra G, et al. The endocannabinoid sys-
tem: a target for cancer treatment. Int J Mol Sci. 2020;21(3):747. 
doi:10.3390/ijms21030747

	 32.	 Ramer R, Schwarz R, Hinz B. Modulation of the endocannabi-
noid system as a potential anticancer strategy. Front Pharmacol. 
2019;10:430. doi:10.3389/fphar.2019.00430

	 33.	 Muller C, Morales P, Reggio PH. Cannabinoid ligands targeting 
TRP channels. Front Mol Neurosci. 2019;11:487. doi:10.3389/
fnmol.2018.00487

	 34.	 Khan MI, Sobocinska AA, Czarnecka AM, Krol M, Botta B, Szczylik 
C. The therapeutic aspects of the endocannabinoid system (ECS) 

for cancer and their development: from nature to laboratory. Curr 
Pharm Des. 2016;22:1756-1766. doi:10.2174/1381612822666151
211094901

	 35.	 Maurya N, Velmurugan BK. Therapeutic applications of can-
nabinoids. Chem Biol Interact. 2018;293:77-88. doi:10.1016/j.
cbi.2018.07.018

	 36.	 Matsuda LA, Lolait SJ, Brownstein MJ, Young AC, Bonner 
TI. Structure of a cannabinoid receptor and functional ex-
pression of the cloned cDNA. Nature. 1990;346:561-564. 
doi:10.1038/346561a0

	 37.	 Munro S, Thomas KL, Abu-Shaar M. Molecular characterization of 
a peripheral receptor for cannabinoids. Nature. 1993;365:61-65. 
doi:10.1038/365061a0

	 38.	 Cristino L, Bisogno T, Di Marzo V. Cannabinoids and the expanded 
endocannabinoid system in neurological disorders. Nat Rev Neurol. 
2020;16:9-29. doi:10.1038/s41582-019-0284-z

	 39.	 Zou S, Kumar U. Cannabinoid receptors and the endocannabinoid 
system: signaling and function in the central nervous system. Int J 
Mol Sci. 2018;19:833. doi:10.3390/ijms19030833

	 40.	 Maccarrone M, Bab R, Biro T, et al. Endocannabinoid signal-
ing at the periphery: 50 years after THC. Trends Pharmacol Sci. 
2015;36:277-296. doi:10.1016/j.tips.2015.02.008

	 41.	 Baker D, Pryce G, Giovannoni G, Thompson AJ. The therapeutic 
potential of cannabis. Lancet Neurol. 2003;2:291-298. doi:10.1016/
S1474-4422(03)00381-8

	 42.	 Jordan CJ, Zheng XX. Progress in brain cannabinoid CB2 recep-
tor research: from genes to behaviour. Neurosci Biobehav Rev. 
2019;98:208-220. doi:10.1016/j.neubiorev.2018.12.026

	 43.	 Maccarrone M, Battista N, Centonze D. The endocannabinoid 
pathway in Huntington's disease: a comparison with other neu-
rodegenerative diseases. Prog Neurobiol. 2007;81:349-379. 
doi:10.1016/j.pneurobio.2006.11.006

	 44.	 Begg M, Pacher P, Bátkai S, et al. Evidence for novel cannabinoid 
receptors. Pharmacol Ther. 2005;106:133-145. doi:10.1016/j.
pharmthera.2004.11.005

	 45.	 Ryberg E, Larsson N, Sjögren S, et al. The orphan receptor GPR55 
is a novel cannabinoid receptor. Br J Pharmacol. 2007;152(7):1092-
1101. doi:10.1038/sj.bjp.0707460

	 46.	 Overton HA, Babbs AJ, Doel SM, et al. Deorphanization of a G 
protein-coupled receptor for oleoylethanolamide and its use in 
the discovery of small-molecule hypophagic agents. Cell Metab. 
2006;3(3):167-175. doi:10.1016/j.cmet.2006.02.004

	 47.	 Hansen KB, Rosenkilde MM, Knop FK, et al. 2-Oleoyl glycerol is a 
GPR119 agonist and signals GLP-1 release in humans. J Clin Endocrinol 
Metab. 2011;96(9):E1409-E1417. doi:10.1210/jc.2011-0647

	 48.	 McHugh D, Page J, Dunn E, Bradshaw HB. Δ(9)-
tetrahydrocannabinol and N-arachidonyl glycine are full 
agonists at GPR18 receptors and induce migration in human en-
dometrial HEC-1B cells. Br J Pharmacol. 2012;165(8):2414-2424. 
doi:10.1111/j.1476-5381.2011.01497.x

	 49.	 Sheskin T, Hanus L, Slager J, Vogel Z, Mechoulam R. Structural 
requirements for binding of anandamide-type compounds to the 
brain cannabinoid receptor. J Med Chem. 1997;40(5):659-667. 
doi:10.1021/jm960752x

	 50.	 Davis MP. Cannabinoids for symptom management and cancer 
therapy: the evidence. J Natl Compr Cancer Netw. 2016;14(7):915-
922. doi:10.6004/jnccn.2016.0094

	 51.	 Munson AE, Harris LS, Friedman MA, Dewey WL, Carchman 
RA. Antineoplastic activity of cannabinoids. J Natl Cancer Inst. 
1975;55(3):597-602. doi:10.1093/jnci/55.3.597

	 52.	 Velasco G, Sanchez C, Guzman M. Towards the use of cannabi-
noids as antitumour agents. Nat Rev Cancer. 2012;12:436-444. 
doi:10.1038/nrc3247

	 53.	 Pisanti S, Picardi P, D'Alessandro A, Laezza C, Bifulco M. The en-
docannabinoid signaling system in cancer. Trends Pharmacol Sci. 
2013;34:273-282. doi:10.1016/j.tips.2013.03.003

https://doi.org//10.1590/S1516-44462006000200015
https://doi.org//10.1590/S1516-44462006000200015
https://doi.org//10.1080/13556219971623
https://doi.org//10.1021/ja01062a046
https://doi.org//10.4103/1319-3767.114505
https://doi.org//10.15252/embr.201439742
https://doi.org//10.2147/JPR.S98182
https://doi.org//10.2147/JPR.S98182
https://doi.org//10.1016/j.jpba.2019.06.049
https://doi.org//10.18632/oncotarget.2233
https://doi.org//10.1038/s41570-017-0101
https://doi.org//10.1055/a-1420-5780
https://doi.org//10.1016/S0090-6980(00)00054-X
https://doi.org//10.1016/S0090-6980(00)00054-X
https://doi.org//10.1038/35069167
https://doi.org//10.1126/science.1470919
https://doi.org//10.1016/0006-2952(95)00109-D
https://doi.org//10.1371/journal.pone.0023901
https://doi.org//10.1158/1535-7163.MCT-09-0448
https://doi.org//10.1158/1535-7163.MCT-09-0448
https://doi.org//10.3390/ijms21030747
https://doi.org//10.3389/fphar.2019.00430
https://doi.org//10.3389/fnmol.2018.00487
https://doi.org//10.3389/fnmol.2018.00487
https://doi.org//10.2174/1381612822666151211094901
https://doi.org//10.2174/1381612822666151211094901
https://doi.org//10.1016/j.cbi.2018.07.018
https://doi.org//10.1016/j.cbi.2018.07.018
https://doi.org//10.1038/346561a0
https://doi.org//10.1038/365061a0
https://doi.org//10.1038/s41582-019-0284-z
https://doi.org//10.3390/ijms19030833
https://doi.org//10.1016/j.tips.2015.02.008
https://doi.org//10.1016/S1474-4422(03)00381-8
https://doi.org//10.1016/S1474-4422(03)00381-8
https://doi.org//10.1016/j.neubiorev.2018.12.026
https://doi.org//10.1016/j.pneurobio.2006.11.006
https://doi.org//10.1016/j.pharmthera.2004.11.005
https://doi.org//10.1016/j.pharmthera.2004.11.005
https://doi.org//10.1038/sj.bjp.0707460
https://doi.org//10.1016/j.cmet.2006.02.004
https://doi.org//10.1210/jc.2011-0647
https://doi.org//10.1111/j.1476-5381.2011.01497.x
https://doi.org//10.1021/jm960752x
https://doi.org//10.6004/jnccn.2016.0094
https://doi.org//10.1093/jnci/55.3.597
https://doi.org//10.1038/nrc3247
https://doi.org//10.1016/j.tips.2013.03.003


    | 11 of 13KAUR and JAVID

	 54.	 Mimeault M, Pommery N, Wattez N, Bailly C, Henichart JP. Anti-
proliferative and apoptotic effects of anandamide in human 
prostatic cancer cell lines: implication of epidermal growth fac-
tor receptor down-regulation and ceramide production. Prostate. 
2003;56(1):1-12. doi:10.1002/pros.10190

	 55.	 Caffarel MM, Andradas C, Mira E, et al. Cannabinoids reduce 
ErbB2-driven breast cancer progression through Akt inhibition. 
Mol Cancer. 2010;9:196. doi:10.1186/1476-4598-9-196

	 56.	 De Petrocellis L, Di Marzo V. An introduction to the endocan-
nabinoid system: from the early to the latest concepts. Best 
Pract Res Clin Endocrinol Metab. 2009;23(1):1-15. doi:10.1016/j.
beem.2008.10.013

	 57.	 Mechoulam R, Peters M, Murillo-Rodriguez E, Hanus LO. 
Cannabidiol—Recent advances. Chem Biodivers. 2007;4(8):1678-
1692. doi:10.1002/cbdv.200790147

	 58.	 De La Ossa DHP, Lorente M, Gil-Alegre ME, et al. Local delivery 
of cannabinoid-loaded microparticles inhibits tumor growth in a 
murine xenograft model of glioblastoma multiforme. PLoS One. 
2013;8(1):e54795. doi:10.1371/journal.pone.0054795

	 59.	 López-Valero I, Saiz-Ladera C, Torres S, et al. Targeting glioma ini-
tiating cells with a combined therapy of cannabinoids and temo-
zolomide. Biochem Pharmacol. 2018;157:266-274. doi:10.1016/j.
bcp.2018.09.007

	 60.	 López-Valero I, Torres S, Salazar-Roa M, et al. Optimization of a 
preclinical therapy of cannabinoids in combination with temo-
zolomide against glioma. Biochem Pharmacol. 2018;157:275-284. 
doi:10.1016/j.bcp.2018.08.023

	 61.	 Massi P, Valenti M, Vaccani A, et al. 5-lipoxygenase and anandamide 
hydrolase (FAAH) mediate the antitumor activity of cannabidiol, a 
non-psychoactive cannabinoid. J Neurochem. 2008;104(4):1091-
1100. doi:10.1111/j.1471-4159.2007.05073.x

	 62.	 Scott KA, Dalgleish AG, Liu WM. The combination of cannabidiol 
and Δ9-tetrahydrocannabinol enhances the anticancer effects of 
radiation in an orthotopic murine glioma model. Mol Cancer Ther. 
2014;13(12):2955-2967. doi:10.1158/1535-7163.MCT-14-0402

	 63.	 Solinas M, Massi P, Cinquina V, et al. Cannabidiol, a non-psychoactive 
cannabinoid compound, inhibits proliferation and invasion in 
U87-MG and T98G glioma cells through a multitarget effect. PLoS 
One. 2013;8(10):e76918. doi:10.1371/journal.pone.0076918

	 64.	 Torres S, Lorente M, Rodríguez-Fornés F, et al. A combined pre-
clinical therapy of cannabinoids and temozolomide against glioma. 
Mol Cancer Ther. 2011;10(1):90-103. doi:10.1158/1535-7163.
MCT-10-0688

	 65.	 Shrivastava A, Kuzontkoski PM, Groopman JE, Prasad A. 
Cannabidiol induces programmed cell death in breast cancer cells 
by coordinating the cross-talk between apoptosis and autophagy. 
Mol Cancer Ther. 2011;10(7):1161-1172. doi:10.1158/1535-7163.
MCT-10-1100

	 66.	 Sultan AS, Marie MA, Sheweita SA. Novel mechanism of 
cannabidiol-induced apoptosis in breast cancer cell lines. Breast. 
2018;41:34-41. doi:10.1016/j.breast.2018.06.009

	 67.	 Elbaz M, Nasser MW, Ravi J, et al. Modulation of the tumor mi-
croenvironment and inhibition of EGF/EGFR pathway: novel anti-
tumor mechanisms of Cannabidiol in breast cancer. Mol Oncol. 
2015;9(4):906-919. doi:10.1016/j.molonc.2014.12.010

	 68.	 McAllister SD, Murase R, Christian RT, et al. Pathways mediating 
the effects of cannabidiol on the reduction of breast cancer cell 
proliferation, invasion, and metastasis. Breast Cancer Res Treat. 
2011;129(1):37-47. doi:10.1007/s10549-010-1177-4

	 69.	 Murase R, Kawamura R, Singer E, et al. Targeting multiple canna-
binoid anti-tumour pathways with a resorcinol derivative leads 
to inhibition of advanced stages of breast cancer. Br J Pharmacol. 
2014;171(19):4464-4477. doi:10.1111/bph.12803

	 70.	 Gallily R, Even-Chena T, Katzavian G, Lehmann D, Dagan A, 
Mechoulam R. γ-Irradiation enhances apoptosis induced by 
Cannabidiol, a non-psychotropic cannabinoid, in cultured HL-60 

myeloblastic leukemia cells. Leuk Lymphoma. 2003;44(10):1767-
1773. doi:10.1080/1042819031000103917

	 71.	 McKallip RJ, Jia W, Schlomer J, Warren JW, Nagarkatti PS, 
Nagarkatti M. Cannabidiol-induced apoptosis in human leukemia 
cells: a novel role of Cannabidiol in the regulation of p22phox 
and Nox4 expression. Mol Pharmacol. 2006;70(3):897-908. 
doi:10.1124/mol.106.023937

	 72.	 Olivas-Aguirre M, Torres-López L, Valle-Reyes JS, Hernández-
Cruz A, Pottosin I, Dobrovinskaya O. Cannabidiol directly targets 
mitochondria and disturbs calcium homeostasis in acute lym-
phoblastic leukemia. Cell Death Dis. 2019;10:1-19. doi:10.1038/
s41419-019-2024-0

	 73.	 Scott KA, Dalgleish AG, Liu WM. Anticancer effects of phyto-
cannabinoids used with chemotherapy in leukaemia cells can be 
improved by altering the sequence of their administration. Int J 
Oncol. 2017;51(1):369-377. doi:10.3892/ijo.2017.4022

	 74.	 De Petrocellis L, Ligresti A, Schiano Moriello A, et al. Non-THC can-
nabinoids inhibit prostate carcinoma growth in vitro and in vivo: 
pro-apoptotic effects and underlying mechanisms. Br J Pharmacol. 
2013;168(1):79-102. doi:10.1111/j.1476-5381.2012.02027.x

	 75.	 Sharma M, Hudson JB, Adomat H, Guns EST, Cox ME. In vitro 
anticancer activity of plant-derived cannabidiol on prostate can-
cer cell lines. Pharmacol Pharm. 2014;5:806-820. doi:10.4236/
pp.2014.58091

	 76.	 Lah TT, Novak M, Pena Almidon MA, et al. Cannabigerol is a po-
tential therapeutic agent in a novel combined therapy for glioblas-
toma. Cell. 2021;10(2):340. doi:10.3390/cells10020340

	 77.	 Borrelli F, Pagano E, Romano B, et al. Colon carcinogenesis is in-
hibited by the TRPM8 antagonist cannabigerol, a cannabis-derived 
non-psychotropic cannabinoid. Carcinogenesis. 2014;35(12):2787-
2797. doi:10.1093/carcin/bgu205

	 78.	 Jeong S, Jo MJ, Yun HK, et al. Cannabidiol promotes apopto-
sis via regulation of XIAP/Smac in gastric cancer. Cell Death Dis. 
2019;10:1-13. doi:10.1038/s41419-019-2001-7

	 79.	 Jeong S, Yun HK, Jeong YA, et al. Cannabidiol-induced apoptosis 
is mediated by activation of Noxa in human colorectal cancer cells. 
Cancer Lett. 2019;447:12-23. doi:10.1016/j.canlet.2019.01.011

	 80.	 Alnemri ES, Livingston DJ, Nicholson DW, et al. Human ICE/
CED-3 protease nomenclature. Cell. 1996;87(2):171. doi:10.1016/
s0092-8674(00)81334-3

	 81.	 Reed JC. Mechanisms of apoptosis. Am J Pathol. 2000;157(5):1415-
1430. doi:10.1016/S0002-9440(10)64779-7

	 82.	 Zhang X, Qin Y, Pan Z, et al. Cannabidiol induces cell cycle ar-
rest and cell apoptosis in human gastric cancer SGC-7901 cells. 
Biomolecules. 2019;9(8):302. doi:10.3390/biom9080302

	 83.	 Orellana-Serradell O, Poblete CE, Sanchez C, et al. Proapoptotic 
effect of endocannabinoids in prostate cancer cells. Oncol Rep. 
2015;33(4):1599-1608. doi:10.3892/or.2015.3746

	 84.	 MacCarrone M, De Felici M, Bari M, Klinger F, Siracusa G, Finazzi-
Agrò A. Down-regulation of anandamide hydrolase in mouse 
uterus by sex hormones. Eur J Biochem. 2000;267(10):2991-2997. 
doi:10.1046/j.1432-1033.2000.01316.x

	 85.	 Maccarrone M, Lorenzon T, Bari M, Melino G, Finazzi-Agro A. 
Anandamide induces apoptosis in human cells via vanilloid recep-
tors. Evidence for a protective role of cannabinoid receptors. J Biol 
Chem. 2000;275(41):31938-31945. doi:10.1074/jbc.M005722200

	 86.	 Huang L, Ramirez JC, Frampton GA, et al. Anandamide exerts 
its antiproliferative actions on cholangiocarcinoma by activa-
tion of the GPR55 receptor. Lab Investig. 2011;91(7):1007-1017. 
doi:10.1038/labinvest.2011.62

	 87.	 Rush S, Kapur AK, Patankar MS, Barroilhet LM. Cannabidiol: 
Assessing preclinical safety in ovarian and endometrial carci-
noma cell lines. J Clin Oncol. 2020;38(15):e24130. doi:10.1200/
jco.2020.38.15_suppl.e24130

	 88.	 El-Talatini MR, Taylor AH, Elson JC, Brown L, Davidson AC, Konje 
JC. Localisation and function of the endocannabinoid system in 

https://doi.org//10.1002/pros.10190
https://doi.org//10.1186/1476-4598-9-196
https://doi.org//10.1016/j.beem.2008.10.013
https://doi.org//10.1016/j.beem.2008.10.013
https://doi.org//10.1002/cbdv.200790147
https://doi.org//10.1371/journal.pone.0054795
https://doi.org//10.1016/j.bcp.2018.09.007
https://doi.org//10.1016/j.bcp.2018.09.007
https://doi.org//10.1016/j.bcp.2018.08.023
https://doi.org//10.1111/j.1471-4159.2007.05073.x
https://doi.org//10.1158/1535-7163.MCT-14-0402
https://doi.org//10.1371/journal.pone.0076918
https://doi.org//10.1158/1535-7163.MCT-10-0688
https://doi.org//10.1158/1535-7163.MCT-10-0688
https://doi.org//10.1158/1535-7163.MCT-10-1100
https://doi.org//10.1158/1535-7163.MCT-10-1100
https://doi.org//10.1016/j.breast.2018.06.009
https://doi.org//10.1016/j.molonc.2014.12.010
https://doi.org//10.1007/s10549-010-1177-4
https://doi.org//10.1111/bph.12803
https://doi.org//10.1080/1042819031000103917
https://doi.org//10.1124/mol.106.023937
https://doi.org//10.1038/s41419-019-2024-0
https://doi.org//10.1038/s41419-019-2024-0
https://doi.org//10.3892/ijo.2017.4022
https://doi.org//10.1111/j.1476-5381.2012.02027.x
https://doi.org//10.4236/pp.2014.58091
https://doi.org//10.4236/pp.2014.58091
https://doi.org//10.3390/cells10020340
https://doi.org//10.1093/carcin/bgu205
https://doi.org//10.1038/s41419-019-2001-7
https://doi.org//10.1016/j.canlet.2019.01.011
https://doi.org//10.1016/s0092-8674(00)81334-3
https://doi.org//10.1016/s0092-8674(00)81334-3
https://doi.org//10.1016/S0002-9440(10)64779-7
https://doi.org//10.3390/biom9080302
https://doi.org//10.3892/or.2015.3746
https://doi.org//10.1046/j.1432-1033.2000.01316.x
https://doi.org//10.1074/jbc.M005722200
https://doi.org//10.1038/labinvest.2011.62
https://doi.org//10.1200/jco.2020.38.15_suppl.e24130
https://doi.org//10.1200/jco.2020.38.15_suppl.e24130


12 of 13  |     KAUR and JAVID

the human ovary. PLoS One. 2009;4(2):e4579. doi:10.1371/journal.
pone.0004579

	 89.	 Messalli EM, Grauso F, Luise R, Angelini A, Rossiello R. Cannabinoid 
receptor type 1 immunoreactivity and disease severity in human 
epithelial ovarian tumors. Am J Obstet Gynecol. 2014;211(3):234.
e1-234.e6. doi:10.1016/j.ajog.2014.04.004

	 90.	 Velasco G, Sánchez C, Guzmán M. Anticancer mechanisms of 
cannabinoids. Curr Oncol. 2016;23(2):S23-S32. doi:10.3747/
co.23.3080

	 91.	 Henstridge CM, Balenga NA, Ford LA, Ross RA, Waldhoer M, 
Irving AJ. The GPR55 ligand L-alpha-lysophosphatidylinositol 
promotes RhoA-dependent Ca2+ signaling and NFAT activation. 
FASEB J. 2009;23:183-193.

	 92.	 Oka S, Nakajima K, Yamashita A, Kishimoto S, Sugiura T. 
Identification of GPR55asalysophosphatidylinositolreceptor. 
Biochem Biophys Res Commun. 2007;362(4):928-934.

	 93.	 Hofmann NA, Yang J, Trauger SA, et al. The GPR 55 agonist, L-
α-lysophosphatidylinositol, mediates ovarian carcinoma cell-
induced angiogenesis. Br J Pharmacol. 2015;172(16):4107-4118. 
doi:10.1111/bph.13196

	 94.	 Pyszniak M, Tabarkiewicz J, Łuszczki JJ. Endocannabinoid sys-
tem as a regulator of tumor cell malignancy - biological pathways 
and clinical significance. Onco Targets Ther. 2016;9:4323-4336. 
doi:10.2147/OTT.S106944

	 95.	 Meccariello R, Chianese R, Fasano S, Pierantoni R. 
Endocannabinoids and kisspeptins: two modulators in fight for 
the regulation of GnRH activity. In: Vizcarra J, ed. Gonadotropin. 
IntechOpen; 2013:57-88. doi:10.5772/48443

	 96.	 Cecconi S, Rossi G, Castellucci A, D'Andrea G, Maccarrone M. 
Endocannabinoid signaling in mammalian ovary. Eur J Obstet Gynecol 
Reprod Biol. 2014;178:6-11. doi:10.1016/j.ejogrb.2014.04.011

	 97.	 Gammon CM, Freeman GM Jr, Xie W, Petersen SL, Wetsel WC. 
Regulation of gonadotropin-releasing hormone secretion by can-
nabinoids. Endocrinology. 2005;146(10):4491-4499. doi:10.1210/
en.2004-1672

	 98.	 Chakravarty I, Shah PG, Sheth AR, Ghosh JJ. Mode of action of 
delta-9-tetrahydrocannabinol on hypothalamo-pituitary func-
tion in adult female rats. J Reprod Fertil. 1979;57(1):113-115. 
doi:10.1530/jrf.0.0570113

	 99.	 Gorzalka BB, Hill MN, Chang SC. Male-female differences in the 
effects of cannabinoids on sexual behaviour and gonadal hor-
mone function. Horm Behav. 2010;58(1):91-99. doi:10.1016/j.
yhbeh.2009.08.009

	100.	 Ottem EN, Godwin JG, Krishnan S, Petersen SL. Dual-phenotype 
GABA/glutamate neurons in adult preoptic area: sexual di-
morphism and function. J Neurosci. 2004;24(37):8097-8105. 
doi:10.1523/JNEUROSCI.2267-04.2004

	101.	 Rodríguez-Muñoz M, Sánchez-Blázquez P, Merlos M, Garzón-Niño 
J. Endocannabinoid control of glutamate NMDA receptors: the ther-
apeutic potential and consequences of dysfunction. Oncotarget. 
2016;7(34):55840-55862. doi:10.18632/oncotarget.10095

	102.	 Scorticati C, Fernández-Solari J, De Laurentiis A, et al. The inhib-
itory effect of anandamide on luteinizing hormone-releasing hor-
mone secretion is reversed by estrogen. Proc Natl Acad Sci U S A. 
2004;101(32):11891-11896. doi:10.1073/pnas.0404366101

	103.	 Tomaszewska-Zaremba D, Wojtulewicz K, Paczesna K, et al. The 
influence of anandamide on the anterior pituitary hormone secre-
tion in ewes-ex vivo study. Animals. 2020;10(4):706. doi:10.3390/
ani10040706

	104.	 Walker OS, Holloway AC, Raha S. The role of the endocannabinoid 
system in female reproductive tissues. J Ovarian Res. 2019;12:3. 
doi:10.1186/s13048-018-0478-9

	105.	 El-Talatini MR, Taylor AH, Konje JC. The relationship between 
plasma levels of the endocannabinoid, anandamide, sex steroids, 
and gonadotrophins during the menstrual cycle. Fertil Steril. 
2010;93(6):1989-1996. doi:10.1016/j.fertnstert.2008.12.033

	106.	 Gorzalka BB, Dang SS. Minireview: endocannabinoids and go-
nadal hormones: bidirectional interactions in physiology and 
behavior. Endocrinology. 2012;153(3):1016-1024. doi:10.1210/
en.2011-1643

	107.	 Hassan HA, Salem ML, Gouida MS, El-Azab KM. Comparative ex-
pression of caspases and annexin V in benign and malignant ovar-
ian tumors. J Cancer Res Ther. 2018;14(5):1042-1048. doi:10.4103/
0973-1482.187282

	108.	 Kim M, Hernandez L, Annunziata CM. Caspase 8 expression may 
determine the survival of women with ovarian cancer. Cell Death 
Dis. 2016;7(1):e2045. doi:10.1038/cddis.2015.398

	109.	 Zaffaroni N, Pennati M, Colella G, et al. Expression of the anti-
apoptotic gene survivin correlates with taxol resistance in 
human ovarian cancer. Cell Mol Life Sci. 2002;59(8):1406-1412. 
doi:10.1007/s00018-002-8518-3

	110.	 Kim HJ, Bae SC. Histone deacetylase inhibitors: molecular mecha-
nisms of action and clinical trials as anti-cancer drugs. Am J Transl 
Res. 2011;3(2):166-179.

	111.	 Bitler BG, Wu S, Park PH, et al. ARID1A-mutated ovarian cancers 
depend on HDAC6 activity. Nat Cell Biol. 2017;19(8):962-973. 
doi:10.1038/ncb3582

	112.	 Cheng JQ, Lindsley CW, Cheng GZ, Yang H, Nicosia SV. The 
Akt/PKB pathway: molecular target for cancer drug discovery. 
Oncogene. 2005;24(50):7482-7492. doi:10.1038/sj.onc.1209088

	113.	 Mills GB, Lu Y, Fang X, et al. The role of genetic abnormalities of PTEN 
and the phosphatidylinositol 3-kinase pathway in breast and ovar-
ian tumorigenesis, prognosis, and therapy. Semin Oncol. 2001;28(5 
Suppl 16):125-141. doi:10.1016/s0093-7754(01)90290-8

	114.	 Altomare DA, Wang HQ, Skele KL, et al. AKT and mTOR phos-
phorylation is frequently detected in ovarian cancer and can 
be targeted to disrupt ovarian tumor cell growth. Oncogene. 
2004;23(34):5853-5857. doi:10.1038/sj.onc.1207721

	115.	 Siu KT, Rosner MR, Minella AC. An integrated view of cyclin E 
function and regulation. Cell Cycle. 2012;11(1):57-64. doi:10.4161/
cc.11.1.18775

	116.	 Nakayama N, Nakayama K, Shamima Y, et al. Gene amplification 
CCNE1 is related to poor survival and potential therapeutic target 
in ovarian cancer. Cancer. 2010;116(11):2621-2634. doi:10.1002/
cncr.24987

	117.	 Etemadmoghadam D, de Fazio A, Beroukhim R, et al. Integrated 
genome-wide DNA copy number and expression analysis iden-
tifies distinct mechanisms of primary chemoresistance in 
ovarian carcinomas. Clin Cancer Res. 2009;15(4):1417-1427. 
doi:10.1158/1078-0432.CCR-08-1564

	118.	 Etemadmoghadam D, George J, Cowin PA, et al. Amplicon-
dependent CCNE1 expression is critical for clonogenic survival 
after cisplatin treatment and is correlated with 20q11 gain in ovar-
ian cancer. PLoS One. 2010;5(11):e15498. doi:10.1371/journal.
pone.0015498

	119.	 Karst AM, Jones PM, Vena N, et al. Cyclin E1 deregulation occurs 
early in secretory cell transformation to promote formation of fal-
lopian tube-derived high-grade serous ovarian cancers. Cancer Res. 
2014;74(4):1141-1152. doi:10.1158/0008-5472.CAN-13-2247

	120.	 Marone M, Scambia G, Giannitelli C, et al. Analysis of cyclin 
E and CDK2 in ovarian cancer: gene amplification and RNA 
overexpression. Int J Cancer. 1998;75(1):34-39. doi:10.1002/
(sici)1097-0215(19980105)75:1<34::aid-ijc6>3.0.co;2-2

	121.	 Lv H, Shi Y, Zhang L, et al. Polyploid giant cancer cells with bud-
ding and the expression of cyclin E, S-phase kinase-associated 
protein 2, stathmin associated with the grading and me-
tastasis in serous ovarian tumor. BMC Cancer. 2014;14:576. 
doi:10.1186/1471-2407-14-576

	122.	 Pils D, Bachmayr-Heyda A, Auer K, et al. Cyclin E1 (CCNE1) as in-
dependent positive prognostic factor in advanced stage serous 
ovarian cancer patients - a study of the OVCAD consortium. Eur J 
Cancer. 2014;50(1):99-110. doi:10.1016/j.ejca.2013.09.011

https://doi.org//10.1371/journal.pone.0004579
https://doi.org//10.1371/journal.pone.0004579
https://doi.org//10.1016/j.ajog.2014.04.004
https://doi.org//10.3747/co.23.3080
https://doi.org//10.3747/co.23.3080
https://doi.org//10.1111/bph.13196
https://doi.org//10.2147/OTT.S106944
https://doi.org//10.5772/48443
https://doi.org//10.1016/j.ejogrb.2014.04.011
https://doi.org//10.1210/en.2004-1672
https://doi.org//10.1210/en.2004-1672
https://doi.org//10.1530/jrf.0.0570113
https://doi.org//10.1016/j.yhbeh.2009.08.009
https://doi.org//10.1016/j.yhbeh.2009.08.009
https://doi.org//10.1523/JNEUROSCI.2267-04.2004
https://doi.org//10.18632/oncotarget.10095
https://doi.org//10.1073/pnas.0404366101
https://doi.org//10.3390/ani10040706
https://doi.org//10.3390/ani10040706
https://doi.org//10.1186/s13048-018-0478-9
https://doi.org//10.1016/j.fertnstert.2008.12.033
https://doi.org//10.1210/en.2011-1643
https://doi.org//10.1210/en.2011-1643
https://doi.org//10.4103/0973-1482.187282
https://doi.org//10.4103/0973-1482.187282
https://doi.org//10.1038/cddis.2015.398
https://doi.org//10.1007/s00018-002-8518-3
https://doi.org//10.1038/ncb3582
https://doi.org//10.1038/sj.onc.1209088
https://doi.org//10.1016/s0093-7754(01)90290-8
https://doi.org//10.1038/sj.onc.1207721
https://doi.org//10.4161/cc.11.1.18775
https://doi.org//10.4161/cc.11.1.18775
https://doi.org//10.1002/cncr.24987
https://doi.org//10.1002/cncr.24987
https://doi.org//10.1158/1078-0432.CCR-08-1564
https://doi.org//10.1371/journal.pone.0015498
https://doi.org//10.1371/journal.pone.0015498
https://doi.org//10.1158/0008-5472.CAN-13-2247
https://doi.org//10.1002/(sici)1097-0215(19980105)75:1<34::aid-ijc6>3.0.co;2-2
https://doi.org//10.1002/(sici)1097-0215(19980105)75:1<34::aid-ijc6>3.0.co;2-2
https://doi.org//10.1186/1471-2407-14-576
https://doi.org//10.1016/j.ejca.2013.09.011


    | 13 of 13KAUR and JAVID

	123.	 Rosen DG, Yang G, Deavers MT, et al. Cyclin E expression is cor-
related with tumor progression and predicts a poor prognosis in 
patients with ovarian carcinoma. Cancer. 2006;106(9):1925-1932. 
doi:10.1002/cncr.21767

	124.	 Sui L, Dong Y, Ohno M, et al. Implication of malignancy and prog-
nosis of p27(kip1), cyclin E, and Cdk2 expression in epithelial 
ovarian tumors. Gynecol Oncol. 2001;83(1):56-63. doi:10.1006/
gyno.2001.6308

	125.	 López-Reig R, López-Guerrero JA. The hallmarks of ovarian can-
cer: proliferation and cell growth. EJC Suppl. 2020;15:27-37. 
doi:10.1016/j.ejcsup.2019.12.001

	126.	 Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 
2000;100(1):57-70. doi:10.1016/s0092-8674(00)81683-9

	127.	 Katsaros D, Cho W, Singal R, et al. Methylation of tumor suppres-
sor gene p16 and prognosis of epithelial ovarian cancer. Gynecol 
Oncol. 2004;94(3):685-692. doi:10.1016/j.ygyno.2004.06.018

	128.	 Kudoh K, Ichikawa Y, Yoshida S, et al. Inactivation of p16/CDKN2 
and p15/MTS2 is associated with prognosis and response to che-
motherapy in ovarian cancer. Int J Cancer. 2002;99(4):579-582. 
doi:10.1002/ijc.10331

	129.	 Schultz DC, Vanderveer L, Buetow KH, et al. Characterization of 
chromosome 9 in human ovarian neoplasia identifies frequent ge-
netic imbalance on 9q and rare alterations involving 9p, including 
CDKN2. Cancer Res. 1995;55(10):2150-2157.

	130.	 Bali A, O'Brien PM, Edwards LS, Sutherland RL, Hacker NF, 
Henshall SM. Cyclin D1, p53, and p21Waf1/Cip1 expression is pre-
dictive of poor clinical outcome in serous epithelial ovarian cancer. 
Clin Cancer Res. 2004;10(15):5168-5177. doi:10.1158/1078-0432.
CCR-03-0751

	131.	 Dodson MK, Cliby WA, Xu HJ, et al. Evidence of functional RB pro-
tein in epithelial ovarian carcinomas despite loss of heterozygosity 
at the RB locus. Cancer Res. 1994;54(3):610-613.

	132.	 Gras E, Pons C, Machin P, Matias-Guiu X, Prat J. Loss of het-
erozygosity at the RB-1 locus and pRB immunostaining in epi-
thelial ovarian tumors: a molecular, immunohistochemical, and 
clinicopathologic study. Int J Gynecol Pathol. 2001;20(4):335-340. 
doi:10.1097/00004347-200110000-00004

	133.	 Yang Z, Klionsky DJ. Eaten alive: a history of macroautophagy. Nat 
Cell Biol. 2010;12(9):814-822. doi:10.1038/ncb0910-814

	134.	 Peracchio C, Alabiso O, Valente G, Isidoro C. Involvement of au-
tophagy in ovarian cancer: a working hypothesis. J Ovarian Res. 
2012;5(1):22. doi:10.1186/1757-2215-5-22

	135.	 Shen Y, Li DD, Wang LL, Deng R, Zhu XF. Decreased expression of 
autophagy-related proteins in malignant epithelial ovarian cancer. 
Autophagy. 2008;4(8):1067-1068. doi:10.4161/auto.6827

	136.	 Bunkholt Elstrand M, Dong HP, Ødegaard E, et al. Mammalian 
target of rapamycin is a biomarker of poor survival in metastatic 
serous ovarian carcinoma. Hum Pathol. 2010;41(6):794-804. 
doi:10.1016/j.humpath.2009.09.017

	137.	 Nakayama K, Nakayama N, Kurman RJ, et al. Sequence muta-
tions and amplification of PIK3CA and AKT2 genes in purified 
ovarian serous neoplasms. Cancer Biol Ther. 2006;5(7):779-785. 
doi:10.4161/cbt.5.7.2751

	138.	 Shoji K, Oda K, Nakagawa S, et al. The oncogenic mutation in the 
pleckstrin homology domain of AKT1 in endometrial carcinomas. 
Br J Cancer. 2009;101(1):145-148. doi:10.1038/sj.bjc.6605109

	139.	 Aita VM, Liang XH, Murty VV, et al. Cloning and genomic or-
ganization of beclin 1, a candidate tumor suppressor gene on 
chromosome 17q21. Genomics. 1999;59(1):59-65. doi:10.1006/
geno.1999.5851

	140.	 Zou J, Yue F, Li W, et al. Autophagy inhibitor LRPPRC suppresses 
mitophagy through interaction with mitophagy initiator Parkin. 
PLoS One. 2014;9(4):e94903. doi:10.1371/journal.pone.0094903

	141.	 Joint Formulary Committee. British National Formulary (online). 
BMJ Group and Pharmaceutical Press. 2022. Accessed June 7, 
2022. http://www.medic​inesc​omple​te.com

	142.	 Electronic Medicines Compendium. Sativex Oromucosal Spray GW 
Pharma Ltd. 2022. Accessed June 06, 2022. https://www.medic​
ines.org.uk/emc/produ​ct/602/smpc#gref

	143.	 Electronic Medicines Compendium. Epidyolex 100mg/ml Oral 
Solution GW Pharma Ltd. 2022. Accessed June 06, 2022. https://
www.medic​ines.org.uk/emc/produ​ct/10781​#gref

	144.	 Laux LC, Bebin EM, Checketts D, et al. Long-term safety and effi-
cacy of cannabidiol in children and adults with treatment resistant 
Lennox-Gastaut syndrome or Dravet syndrome: expanded access 
program results. Epilepsy Res. 2019;154:13-20. doi:10.1016/j.
eplepsyres.2019.03.015

	145.	 Pauli CS, Conroy M, Vanden Heuvel BD, Park SH. Cannabidiol 
drugs clinical trial outcomes and adverse effects. Front Pharmacol. 
2020;11:63. doi:10.3389/fphar.2020.00063

	146.	 Prieto González JM, Vila Silván C. Safety and tolerability of 
nabiximols oromucosal spray: a review of more than 15 years 
accumulated evidence from clinical trials. Expert Rev Neurother. 
2021;21(7):755-778. doi:10.1080/14737175.2021.1935879

	147.	 Sastre-Garriga J, Vila C, Clissold S, Montalban X. THC and CBD 
oromucosal spray (Sativex®) in the management of spastic-
ity associated with multiple sclerosis. Expert Rev Neurother. 
2011;11(5):627-637. doi:10.1586/ern.11.47

	148.	 Schoedel KA, Szeto I, Setnik B, et al. Abuse potential assessment 
of cannabidiol (CBD) in recreational polydrug users: a randomized, 
double-blind, controlled trial. Epilepsy Behav. 2018;88:162-171. 
doi:10.1016/j.yebeh.2018.07.027

	149.	 Serpell MG, Notcutt W, Collin C. Sativex long-term use: an open-
label trial in patients with spasticity due to multiple sclerosis. J 
Neurol. 2013;260(1):285-295. doi:10.1007/s00415-012-6634-z

	150.	 Serpell M, Ratcliffe S, Langford R. Sativex in the treatment of pain 
of neurological origin or symptoms of multiple sclerosis: interim 
analysis of a long-term, open label, safety and tolerability study. J 
Pain. 2005;6(3):S39. doi:10.1016/j.jpain.2005.01.151

	151.	 Thiele EA, Marsh ED, French JA, et al. Cannabidiol in pa-
tients with seizures associated with Lennox-Gastaut syndrome 
(GWPCARE4): a randomised, double-blind, placebo-controlled 
phase 3 trial. Lancet. 2018;391(10125):1085-1096. doi:10.1016/
S0140-6736(18)30136-3

How to cite this article: Kaur R, Javid FA. Could cannabinoids 
provide a new hope for ovarian cancer patients? Pharmacol 
Res Perspect. 2023;11:e01122. doi:10.1002/prp2.1122

https://doi.org//10.1002/cncr.21767
https://doi.org//10.1006/gyno.2001.6308
https://doi.org//10.1006/gyno.2001.6308
https://doi.org//10.1016/j.ejcsup.2019.12.001
https://doi.org//10.1016/s0092-8674(00)81683-9
https://doi.org//10.1016/j.ygyno.2004.06.018
https://doi.org//10.1002/ijc.10331
https://doi.org//10.1158/1078-0432.CCR-03-0751
https://doi.org//10.1158/1078-0432.CCR-03-0751
https://doi.org//10.1097/00004347-200110000-00004
https://doi.org//10.1038/ncb0910-814
https://doi.org//10.1186/1757-2215-5-22
https://doi.org//10.4161/auto.6827
https://doi.org//10.1016/j.humpath.2009.09.017
https://doi.org//10.4161/cbt.5.7.2751
https://doi.org//10.1038/sj.bjc.6605109
https://doi.org//10.1006/geno.1999.5851
https://doi.org//10.1006/geno.1999.5851
https://doi.org//10.1371/journal.pone.0094903
http://www.medicinescomplete.com
https://www.medicines.org.uk/emc/product/602/smpc#gref
https://www.medicines.org.uk/emc/product/602/smpc#gref
https://www.medicines.org.uk/emc/product/10781
https://www.medicines.org.uk/emc/product/10781
https://doi.org//10.1016/j.eplepsyres.2019.03.015
https://doi.org//10.1016/j.eplepsyres.2019.03.015
https://doi.org//10.3389/fphar.2020.00063
https://doi.org//10.1080/14737175.2021.1935879
https://doi.org//10.1586/ern.11.47
https://doi.org//10.1016/j.yebeh.2018.07.027
https://doi.org//10.1007/s00415-012-6634-z
https://doi.org//10.1016/j.jpain.2005.01.151
https://doi.org//10.1016/S0140-6736(18)30136-3
https://doi.org//10.1016/S0140-6736(18)30136-3
https://doi.org/10.1002/prp2.1122

	Could cannabinoids provide a new hope for ovarian cancer patients?
	Abstract
	1|INTRODUCTION
	2|CURRENT CLINICAL STATUS OF OVARIAN CANCER AND RATIONALE FOR NOVEL THERAPIES
	3|THE HISTORY OF CANNABINOIDS
	4|TYPES OF CANNABINOIDS
	5|THE ENDOCANNABINOID SYSTEM (ECS)
	6|CANNABINOID RECEPTORS
	7|CANNABINOIDS AND THEIR ANTI-­TUMOR EFFECTS
	8|NON-­PSYCHOACTIVE CANNABINOIDS AND THEIR ANTI-­TUMOR ACTIVITY
	9|THE ROLE OF CANNABINOIDS IN MEDIATION OF APOPTOSIS
	10|ECS IN THE OVARIES AND THEIR INTERACTIONS WITH FEMALE HORMONES
	11|CANNABINOIDS IMPLICATION IN CELL DEATH THROUGH APOPTOSIS, CELL CYCLE ARREST, AND AUTOPHAGY IN OVARIAN CANCER
	12|CONCLUSION AND FUTURE DIRECTION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


