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Abstract

For centuries, cannabinoids have been utilized for their medicinal properties, particularly in Asian and South-Asian coun-
tries. Cannabis plants, known for their psychoactive and non-psychoactive potential, were historically used for spiritual
and remedial healing. However, as cannabis became predominantly a recreational drug, it faced prohibition. Recently,
the therapeutic potential of cannabinoids has sparked renewed research interest, extending their use to various medical
conditions, including cancer. This review aims to highlight current data on the involvement of cannabinoids in cancer
signaling pathways, emphasizing their potential in cancer therapy and the need for further investigation into the underly-
ing mechanisms. A comprehensive literature review was conducted using databases such as PubMed/MedLine, Google
Scholar, Web of Science, Scopus, and Embase. The search focused on peer-reviewed articles, review articles, and clinical
trials discussing the anticancer properties of cannabinoids. Inclusion criteria included studies in English on the mecha-
nisms of action and clinical efficacy of cannabinoids in cancer. Cannabinoids, including A9-THC, CBD, and CBG, exhibit
significant anticancer activities such as apoptosis induction, autophagy stimulation, cell cycle arrest, anti-proliferation,
anti-angiogenesis, and metastasis inhibition. Clinical trials have demonstrated cannabinoids’ efficacy in tumor regression
and health improvement in palliative care. However, challenges such as variability in cannabinoid composition, psycho-
active effects, regulatory barriers, and lack of standardized dosing remain. Cannabinoids show promising potential as
anticancer agents through various mechanisms. Further large-scale, randomized controlled trials are essential to validate
these findings and establish standardized therapeutic protocols. Future research should focus on elucidating detailed
mechanisms, optimizing dosing, and exploring cannabinoids as primary chemotherapeutic agents.
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Abbreviations

2-AG 2-Arachidonoylglycerol

AEA N-arachidonoylethanolamine

AKT Protein kinase B

ATF4 Activating transcription factor 4

BAD Bcl-2-associated death promoter

BCL2 B-cell ymphoma 2

CB1R Cannabinoid receptor type 1

CB2R Cannabinoid receptor type 2

CBD Cannabidiol

CBG Cannabigerol

CHOP C/EBP homologous protein

cox2 Cyclooxygenase 2

DAG Diacylglycerol

EGF Epidermal growth factor

EGFR Epidermal growth factor receptor

EMT Epithelial-mesenchymal transition

ER Endoplasmic reticulum

ERK Extracellular signal-regulated kinase

GABA Gamma-aminobutyric acid

GSK3p Glycogen synthase kinase 3 beta

HER2 Human epidermal growth factor receptor 2

HSP Heat shock proteins

MAPK Mitogen-activated protein kinase

MEK MAPK/ERK kinase

MMP Matrix metalloproteinase

mTORC1 Mechanistic target of rapamycin complex 1

NF-kB Nuclear factor kappa-light-chain-enhancer of activated B cells
p27 Cyclin-dependent kinase inhibitor 1B

p21 Cyclin-dependent kinase inhibitor 1A

PPARy Peroxisome proliferator-activated receptor gamma
pERK Phosphorylated extracellular signal-regulated kinase
PI3K Phosphoinositide 3-kinase

PLC Phospholipase C

pPRb Retinoblastoma protein

ROS Reactive oxygen species

SPT Serine palmitoyltransferase

THC A9-Tetrahydrocannabinol

TRB3 Tribbles pseudokinase 3

TRPM8  Transient receptor potential cation channel subfamily M member 8
TRPV1 Transient receptor potential vanilloid 1

TRPV2 Transient receptor potential vanilloid 2

VEGF Vascular endothelial growth factor

1 Introduction

Cannabinoids are the organic compounds that belongs to the endocannabinoid system having psychoactive as well as
non-psychoactive activities. Cannabis plants have known history of medicinal purpose along with its wide use on the
religious or spiritual basis as in Chinese and Indian populations. Natural bioactive compounds, including cannabinoids,
polyphenols, flavonoids, and terpenes, have demonstrated beneficial effects in treating chronic diseases, including can-
cer, by modulating key signaling pathways and enhancing the efficacy of conventional therapies [1-4] Cannabis Sativa
and Cannabis Indica are two paramount species of Cannabis plant that vary in their role on the basis of the variation of
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different factors including climatic, geological and the ratio of the pharmacological compounds present [5]. Cannabis
Sativa sp. are mainly associated with the production of pharmacological significant compounds “Cannabinoids” that have
valuable role in different ailments including neurological disorders as epilepsy, multiple sclerosis, insomnia, spasticity,
vomiting, nausea and the pain that are critically associated with chemotherapy [6, 7]. Cannabinoids are considered as
potentially therapeutic or pharmacological before their discovery being a psychoactive compound. Cannabis plants
produces hundreds of therapeutically important compounds and hence considered as “Store house” for such com-
pounds. Figure 1 illustrate different compounds that are produced by cannabis plants. Biological activity of these vary-
ing compounds depends upon the presence of different concentrations of the pharmacological compounds [8, 9]. The
therapeutic effects of cannabinoids extend to lethal diseases like cancer as well which has been made evident through
studies ranging from in vitro lab experiments, animal models, and clinical trials [10]. With nausea and vomiting being
the most common complications associated with chemotherapy, cannabinoids have shown their antiemetic potential
in clinical trials with patients preferring cannabinoids over conventional drugs [11-13]. Furthermore, cannabinoids
also show promise in stimulating appetite in cancer patients [14, 15] and eliciting analgesic responses by inhibiting the
nociceptive receptors [16-18].

The anticancer potencies of cannabinoids have been under extensive research for an extended period of time now.
Although now we know heaps more about the undeniable, albeit slightly conflicted, anti-cancerous properties of can-
nabinoids, there is arguably far more detail that needs to be uncovered about the exact mechanism of action of can-
nabinoids in different cancer cells. In this review, we've aimed to cover all the information obtained thus far about can-
nabinoids, the endocannabinoid system, the anticancer characteristics of cannabinoids, and the manner in which those
characteristics are implemented in cells.

2 Methodology

A comprehensive literature search was conducted to analyze the anticancer properties of cannabinoids, utilizing five
major databases: PubMed/MedLine, Google Scholar, Web of Science, Scopus, and Embase. The search strategy incor-
porated specific Medical Subject Headings (MeSH) terms and keywords, employing Boolean operators to refine the
search. The primary MeSH terms and keywords included “Cannabinoids,’“Cannabinoid Receptors,"“Cannabinoids and
Cancer,"“Phytocannabinoids,”“Synthetic Cannabinoids,”’Endocannabinoids,”“Cannabinoids Therapeutic Use,"“Antineo-
plastic Agents,”“Cancer Cell Signaling,” and “Cannabinoids Mechanism of Action.” Boolean operators such as AND, OR,
and NOT were employed to combine and exclude terms as necessary, enhancing the search specificity and relevance.
The inclusion criteria were set to encompass peer-reviewed articles published in English that focused on the anticancer
effects of cannabinoids. This included research articles, review articles, and meta-analyses that involved in vitro, in vivo,
and clinical trials. Exclusion criteria were applied to eliminate articles not in English, studies concentrating solely on the
recreational use of cannabinoids, case reports, editorials, commentaries, and studies lacking substantial data or present-
ing inconclusive results. The taxonomy of the cannabis plants discussed in the selected studies was validated using the

Cannabigerol-type Cannabidiol-type Tetrahydrocannabinol-type Cannabichromene-type Cannabinol-type
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Fig. 1 Different typed of Cannabinoids synthesized by cannabis plant [8, 19]
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World Flora Online (WFO) database, ensuring botanical accuracy [20]. The chemical structures of the cannabinoids were
cross-referenced and validated using PubChem, guaranteeing the chemical data’s integrity [21]. Data extraction focused
on synthesizing relevant information into comprehensive tables and figures, highlighting key findings, mechanisms of
action, therapeutic potentials, and clinical outcomes. The most critical data are summarized in these visual aids to provide
a clear and effective presentation of the current research landscape regarding cannabinoids and cancer.

3 Cannabinoids: general aspects
3.1 Classification, roles and therapeutic potential of cannabinoids

Cannabinoids are classified into three major divisions based on their origins, as evident by their names, as endogenous
or endocannabinoids, phytocannabinoids and synthetic cannabinoids (Fig. 2).

Cannabinoids synthesized within the human body, and that act on cannabinoid receptors eliciting a cannabinomi-
metic response, are termed as endocannabinoids. Two prominent molecules in this group, N-arachidonoylethanolamine
(anandamide), first discovered in porcine brain extract [22], and 2-arachidonoylglycerol (2-AG) [23, 24], have become
the target of extensive neurological research due to their inherent role in pain, stress, depression, appetite, and other
neuropsychological processes [25]. Taking into account the effect of the endocannabinoid system on the immune sys-
tem, cellular reproduction, survival, and death [26], their molecular involvement in cancer biology is being explored
at length [27, 28]. Among cannabis species worldwide, Cannabis sativa and Cannabis indica are regarded as the most
prevalent and ubiquitous sources of pythocannabinoids [29]. These plants are known for their abundant production
of therapeutic phytocannabinoids, including Ag-tetrahydrocannabinol (A°-THC) and cannabidiol (CBD). These, and an
additional > 110 cannabinoid compounds found in cannabis plants [30], administer their effects via the mammalian
endocannabinoid system, by binding to the CB,; and CB, cannabinoid receptors [31]. Synthetic cannabinoids, as the
name suggests, are chemically engineered mainly to achieve the goal of understanding the endocannabinoid system
while simultaneously avoiding the complications and restrictions associated with using cannabis and endocannabinoids
[32]. Continued research on synthetic cannabinoids leads to recurrent discovery of new synthetic cannabinoids, hence
their classification becomes a tricky task. Most recently, they’ve been classified according to their structural relevance
to naturally occurring cannabinoids, namely classical cannabinoids, nonclassical cannabinoids, hybrid cannabinoids,
aminoalkylindoles, eicosanoids and miscellaneous cannabinoids [33]. JWH-018, a synthetically manufactured analgesic,
JWH-073 [34], and many others are examples of synthetic cannabinoids. Over the years, research based on novel can-
nabinergic, cannabimimetic, and cannabinoid-based therapeutic drugs targeting the endocannabinoid system (ECS)
has brought about a wide range of targetable diseases including psychological disorders [35, 36], psychophysiological
disorders [37, 38], neurodegenerative disorders [39, 40], autoimmune disorders [41-43], dermatological diseases [44-47],
cardiovascular disorders [48], diabetes [49], and a number of cancers [50-56] among others. The ability of cannabimimetic
and cannabinoid-derived drugs to elicit a response within the body is possible solely due to the presence of the innate
endocannabinoid system in mammals [57]. Till date, research on the involvement of this system in gastrointestinal (Gl)
function [58], appetite and metabolism [59, 60], sensation of pain [16, 61], memory [62], movement [63], immunity [64],
and inflammation [65] has been reaffirmed. Ligands of the cannabinoid receptors are becoming the promising factors
for research now as they are considered as their greatest role in the therapeutics. Dibenzopyran derivatives (delta-8- and
delta-9-tetrahydrocannabinols), THC (synthetically manufactured dicyclic compounds having analgesic effect) which are
the most influential cannabinoids, anti-inflammatory amino-alkyl-indole structure agonists and pro and anti-apoptotic
endogenous compounds are the four classes respectively of CBR agonists categorised by extensive research [66].

3.2 Legal and therapeutic status of cannabinoid-derived drugs

Despite the increasing number of cannabinoid-extracted drugs still under clinical trials, reflecting the need for exten-
sive research to identify the therapeutic use of cannabinoids unhindered by legal restrictions, the range of therapeutic
potential offered by said drugs necessitates their approval for use at the national level by one or more governing agen-
cies [67]. In some countries, like the US and in Europe, the Food and Drug Administration (FDA) and European Medicines
Agency (EMA) have approved the use of a few cannabinoid-derived drugs for medical purposes as safe and accurate for
treatment. Although still labelled as Schedule I (highly restricted) substances, most states in America have authorized
and taken part in the cultivation, production, safety assessment, and supply of an assortment of these cannabis-derived
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Fig.2 Classification and roles of cannabinoids. The figure illustrates the three primary classifications of cannabinoids based on their ori-
gins: endocannabinoids, phytocannabinoids, and synthetic cannabinoids. Endocannabinoids, synthesized within the human body, include
N-arachidonoylethanolamine (anandamide) and 2-arachidonoylglycerol (2-AG). They regulate pain, depression, appetite, and various neu-
ropsychological processes. Phytocannabinoids, derived from Cannabis sativa and Cannabis indica plants, include A9-tetrahydrocannabinol
(A9-THC) and cannabidiol (CBD), and are used therapeutically for neurological disorders. Synthetic cannabinoids, such as JWH-018 and JWH-
073, are chemically engineered for research and analgesic purposes. The diagram shows the interaction of these cannabinoids with endo-
cannabinoid receptors and their respective roles in medical and therapeutic contexts

substances [68]. Where state laws permit the use of cannabis and cannabinoid products, their use in medicine, research,
and recreation remains illegal by federal legislation [69]. The regulatory landscape surrounding cannabinoid-derived
drugs remains complex and inconsistent despite growing acceptance and legalization for both medical and recreational
use in various jurisdictions [70]. In certain regions, specific cannabinoid products, such as cannabidiol (CBD), have gained
approval for medical applications, notably in the treatment of epilepsy, with products like Epidiolex’; however, products
containing tetrahydrocannabinol (THC), which possess psychoactive properties, continue to face stricter regulations,
limiting their broader therapeutic use [71]. This fragmented regulatory framework presents significant challenges for
patients seeking access to cannabinoid therapies, healthcare providers prescribing them, and researchers conducting
studies [72]. The variability in legal status across regions also complicates the standardization of treatment protocols,
potentially leading to inconsistent therapeutic outcomes. For instance, inconsistent access and legal restrictions hinder
the ability to conduct large-scale, robust clinical trials that could clarify the safety and efficacy profiles of these therapies
[72, 73]. Recent research has emphasized the importance of standardizing cannabinoid products to ensure consistent
therapeutic outcomes. Studies have shown that variability in cannabinoid concentrations and quality across different
products can lead to inconsistent treatment effects, particularly in cancer therapy [74]. In addition, the lack of rigorous
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clinical trials limits the development of clear dosing guidelines and increases the risk of adverse drug interactions [75].
To address these challenges, ongoing research is fundamental to establish standardized protocols for the cultivation,
extraction, and formulation of cannabinoid products. Furthermore, educating healthcare providers on the latest devel-
opments in cannabinoid pharmacology is essential to ensure patient safety and optimize therapeutic outcomes Such
education will help healthcare providers navigate the complex legal landscape and make informed decisions regarding
cannabinoid-based treatments [75].

The approved drugs, along with their therapeutic uses, side effects, and methods of administration, are summarized
inTable 1.

Rimonabant (Acomplia‘) was also approved by European market from 2006 to 2009 as an antagonist to CB1 receptor.
Itis produced synthetically and involved in the treatment of weight management, type Il diabetes and dyslipidemia. But
due to adverse side effects like upper respiratory infection, nausea, suicidal thoughts and depression, it was withdrawn
by EMA in 2009 from market [80].

3.3 Cannabinoid receptors
3.3.1 Roles and distribution in the human body

Cannabinoids perform their role in the human body by interaction and modulation of the most critical component of
the endocannabinoid system, i.e. the cannabinoid receptors, that are naturally occurring receptors in the body [81].
The endocannabinoid system consist of endogenous cannabinoids, enzymes that synthesize endocannabinoids and
most importantly the Cannabinoid receptors [82]. Attempts to understand the mechanism of phytocannabinoid action
prompted researchers to focus their attention on the endocannabinoid system. This led to the discovery of two G protein-
coupled receptors (GPCRs), namely cannabinoid receptors type 1 (CB1R) and cannabinoid receptors type 2 (CB2R) [83-85].
Each cannabinoid receptor exerts its effect differently on the basis of their mode of action and site of expression in the
body as represented graphically in Fig. 3.

CB1 receptors (CB1R) are highly concentrated in the brain and spinal cord, where they play a fundamental role in
various processes during brain development [86]. These processes include the remodeling of neuronal synapses during
learning, neurogenesis, neuronal migration, axonal targeting, and synaptogenesis. CB1R are widely distributed through-
out the central nervous system, including regions such as the hypothalamus, hippocampus, basal ganglia, amygdala,
cortex, and especially the cerebellum. In addition to their presence in the central nervous system, CB1R are also found
in smaller but significant amounts in peripheral tissues, including the liver, adipose tissue, vascular and cardiac tissues,
reproductive organs, bone, and skin [87, 88]. Further research has confirmed the presence of CB1R on both neuronal and
immune cells. However, detailed investigations of peripheral tissues with immune functions, such as macrophages in
the spleen and tonsils, led to the discovery of a related cannabinoid receptor, CB2R. This receptor, known as cannabinoid
receptor type 2 (CB2R), is primarily expressed in immune system tissues and cells, where it plays a key role in modulating
the immune response and supporting the endocannabinoid system through immunosuppression [87-89].

3.3.2 Molecular structure and regulation of cannabinoid receptors

By now we are fully cognizant of the value of the human endocannabinoid system. The diverse range of physiologi-
cal processes regulated by this system reinforce the years long belief of scientists to explore and understand it. To
accomplish this, studies to elucidate the detailed structure of cannabinoid receptors became favorable. By targeting
the receptors as focus of study, instead of their intrinsic and extrinsic ligands, researchers aimed to provide a more
lucid and coherent model regarding the interactions between agonists and antagonists of the cannabinoid system
and their subsequent downstream signaling. As such, molecular modeling studies of GPCRs have been using the
structure of bacteriorhodopsine (BR) as template structures [90], while the ground state of Rhodopsin has been
established at 2.8 A resolution by X-ray crystallography [91] and NMR [92, 93]. These readings allowed for reliable
modeling of GPCRs and subsequently enabled building of 3D models of both CB1R and CB2R. CNR1 gene, located
on chromosome 6q14-q15 [94, 95], is responsible for the production of CB1R protein which is 472 amino acids in
length [96]. Initially found in the intron leading up to the exon coding CB1R [94], several polymorphisms of the CB1
receptor have been identified till date. On the other hand, CB2R is encoded by the CNR2 gene, containing a single
coding exon, located on chromosome 1p36 [97]. This protein is a single polypeptide chain consisting of 360 amino
acids in length [98]. The main differences between the two receptors lies not only in amino acid number, but also

@ Discover



Review

| https://doi.org/10.1007/512672-024-01356-8

(2024) 15:490

Discover Oncology

SSQUISMOIP
‘esyuielp pue ‘a)19dde pasealdsp

61 anbiyey} ‘A3d1x0} Jejn||a>03edaH
uoijeydied pue 4°g ui sabueypd ‘uoly
-eUdN|[BY SNOLISS Ing 2Jey "uolssaidap
‘a)3adde uj sabueyd ‘obiiaA ‘uoijed

[8/] -11SUOD ‘@nbiiey} ‘SSBUIZZIP ‘UOISIA PaLIN|g
sisoydAsd sno
-119s Inq 2Jes pue aydepeay ‘eioydna
‘eaudsAp ‘yinow Aip ‘uoisualodAy

dWOIpUAS
19ALI(Q ‘9WOIPUAS INeISED-XOUUT

Adnseds

AuapdeoydAsd ‘buiywion pue easneN
Adesayjowayd
Aq padnpul buiwoa pue easneN
‘saly ‘syuaned ul ssoj| 3ybiam ‘eixaiouy

uonesisiulwpe |e1Q

Keids |esoonwioiQ

uonesisiuiwpe [edQ

uonessiuiwpe jelo

aso

Jo uonnjos paauap Jueld (%86) ind  x3joIpid3  |olpiqeuue)

DHL1-6V pue agd jo Auuenb
|enba Buiaey syue|d wouy payoesxy XoAnes  sjowixigeN

DHL-6V 0} Jejiwis

2in1onJ3s BuiAey) plouigeuued DIBYIUAS  ,,19Wesa) auojigeN

A|je213y3uis pasnpoid
|oulqeuued0IpAYeRI-6V(DH1-6V) louuepy  |ouigeuoiq

REBISEIETEN]

[27] 313e}S0Y}I0 ‘0B11IdA/SSDUISMOI]
uon
-ezjjeuosiadap aJed ‘suoneydied yieay
[9/] eIsauwe ‘ejusyise ‘uled jeuiwopqy
S109J9 3pIS

juswiieal|

uonelsIuIwpYy

uofjisodwo) sweu apel| bniq

sbnip panosdde paseq plouiqeuue) | 3jqel

@ Discover



Review Discover Oncology (2024) 15:490 | https://doi.org/10.1007/s12672-024-01356-8

ECS RECEPTORS ENDOCANNABINOID ECS RECEPTORS
CB1 SYSTEM (ECS) CB2
w . ; Brain 'e‘ { R )
_%} Spinal @

Immune cells

Tt

e
Pancreas © Spleen
D

’ 2% o -
. q o 9 o one
Digestive %00 :
Gonads g ; °? -
system ¢
Exogenous Endogenous
cannabinoids cannabinoids

Fig.3 Distribution and roles of cannabinoid receptors CB1R and CB2R in the human body. The diagram illustrates the two main types of
G-protein coupled cannabinoid receptors: cannabinoid receptor 1 (CB1R) and cannabinoid receptor 2 (CB2R). CB1R are predominantly
found in the brain and spinal cord, where they play vital roles in neurological functions such as synaptic remodeling, neurogenesis, neu-
ron migration, axonal targeting, and synaptogenesis. These receptors are distributed across various regions of the central nervous system,
including the hypothalamus, hippocampus, basal ganglia, amygdala, cortex, and cerebellum. In contrast, CB2R are primarily located in the
cells and tissues of the immune system, where they significantly modulate immune responses. They are present in immune cells like mac-
rophages in the spleen and tonsils, aiding the immunosuppressive functions of the endocannabinoid system. The diagram emphasizes the
specific locations and functions of CB1R and CB2R, highlighting their critical roles in both neurological and immune system processes

their sequence, especially in the extracellular N-terminal sequences [99]. Both CB1R and CB2R belong to the class A
(rhodopsin-like) GPCRs. The general structure of the class A GPCR cannabinoid receptors (depicted in Fig. 4) encom-
pass seven transmembrane a-helices (TMHs) positioned as closed bundles, loops that connect the TMHs extending
intra- and extracellularly, an extracellular N-terminus, and an intracellular C-terminus which has a short helical seg-
ment (Helix 8) at the beginning aligned side by side to the membrane surface [100]. Studies have shown that, among
the G protein families, CB1R binds predominantly to Gi/o protein and, under specific conditions, binds to Gs and Gq
as well [101, 102], while CB2R binds to Gi/o protein exclusively. Analysis of the interactive physiology of cannabinoid
ligands to cannabinoid receptors was carried out through site-specific mutation studies on Rhodopsin subfamily of
receptors. The inference showed that the ligand binding site is located in the TMH core within the crevice formed by
TM3, TM5, TM6, and TM7 [91, 92] (Fig. 4).

Along with Gi/o-mediated signaling, CB1R and CB2R undergo phosphorylation by G protein receptor kinases (GRKs)
which paves way for subsequent regulation by B-arrestin1 and 3-arrestin2 [103, 104]. Cannabinoid receptors perform
their function in the body by regulating variety of systems including regulation of calcium and potassium channels,
MAPK pathway regulation, regulating the activity of adenylyl cyclase and variety of intracellular pathways as ERK, JNK
and p38 etc. [105, 106].
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Fig.4 Structural model of cannabinoid receptors. This image depicts the structural model of cannabinoid receptors, specifically highlight-
ing the seven transmembrane a-helices (TM1 to TM7). These helices span the cell membrane, forming a bundle that is essential for the
receptor’s function. The loops connecting these transmembrane segments extend into both the intracellular and extracellular environ-
ments. The receptor features an extracellular N-terminus and an intracellular C-terminus, which includes a short helical segment known as
Helix 8. This structural configuration is typical of class A G-protein coupled receptors (GPCRs), including cannabinoid receptors CB1R and
CB2R. These receptors are pivotal in various physiological processes, mediating the effects of endogenous and exogenous cannabinoids by
interacting with G proteins and triggering intracellular signaling pathways
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4 Anticancer effects of cannabinoids
4.1 Effects on various cancer types

One of the most notorious diseases known and feared throughout the world is cancer, made distinctive by its specific hall-
marks, pre-eminently the rapid and uncontrolled proliferation of abnormal cells that surpass their usual extent. The multi-
phase transformation of tumor begins with damage to DNA, that causes mutations, cell cycle defects, and the inhibition
of apoptosis [107]. Recent studies have detailed different molecular techniques that were used by different researchers to
indicate the expression or over expression of cannabinoid receptors in various types of cancers [108, 109]. Cannabinoids are
reported to be involved in various types of cancers including glioma, breast cancer, colorectal cancer, leukemia, prostate,
esophageal, lung cancer, ovarian cancer, blood cancer etc.[110] (Table 2). Through in vitro, in vivo, and a few clinical trials,
psychoactive THC and non-psychoactive cannabidiol (CBD) are observed to have the most anticancer activity in a number
of cancers such as listed below.

4.1.1 Breast cancer

THC, in a controlled concentration, can inhibit overall cell proliferation and growth of breast cancer cells [111]. A number
of studies monitored the exposure of THC on breast cancer cells and have reported the inhibition of estradiol-induced cell
proliferation via estrogen receptor a inhibition [112], antagonization of 173-estradiol-induced proliferation [113], induction of
apoptosis by targeting the ErbB2 [114], and more. In contradiction, a number of studies have also reported the exact opposite
effect of THC on breast cancer cells by increasing Humna Epidermal Growth Factor 2 (HER2) expression [115], and increase
in tumor cell growth [116]. Cannabidiol, on the other hand, demonstrated apoptosis and autophagy [111] by increasing
production of reactive oxygen species (ROS) [117], inhibition of epidermal growth factor (EGF) [118], inhibition of epithelial-
mesenchymal transition (EMT) [119], and has even been reported to mitigate advanced-stage breast cancer metastasis [120].
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4.1.2 Glioma

The effect of THC on glioma cells is particularly dose-specific. Different concentrations of THC have produced divergent
results [121-125], while some have documented, as in the case of breast cancer cells, an increase in glioma cell growth
[126].

The inhibition of tumor growth and induction of apoptosis has been a more consistent outcome of cannabidiol in
glioma cells [122, 127-130]. One particular study highlighted the increased expression of heat shock proteins (HSP)
through cannabidiol-induced ROS generation in glioma cells treated with cannabidiol [131]. Cannabidiol also exhibited
positive results when used in the treatment of neuroblastoma cells by inducing apoptosis and decreasing tumor cell
migration [129]. Administrating a combination of THC and cannabidiol used in glioblastoma therapy improved overall
treatment as both drugs combined presented synergistic anti-cancer effects [122, 132].

4.1.3 Leukemia

The effect of cannabinoids in leukemia models are being examined thoroughly. Dose-dependency plays a fundamental
role in leukemia treatment as well [133]. A combination of both cannabinoids also produced vague results, with the
sequence of administration, that is to say administering cannabinoids after chemotherapy, resulted in increased cell
death. The sensitization of leukemia cells to chemotherapeutic drugs was documented to have increased most probably
as a result of decreased expression of phosphorylated ERK by THC [134].

4.1.4 Lung cancer

Conflicting results dominate the research carried out to identify the role of THC in lung cancer treatment. While some
studies published an increase in cellular proliferation [126, 135] and a decrease in tumor immunogenicity [136, 137] by
THC administration, others proclaim reduced expression of EGFR, chemotaxis, and tumor invasion [138, 139]. Records
on the application of cannabidiol in lung cancer therapy show the activation of cyclooxygenase 2 (COX2) and PPARYy,
leading to apoptosis [140], decrease in invasion and metastasis through various signaling pathways [141, 142], increase
immune cell susceptibility of tumor cells [143], and has favorably lessened tumor growth and metastasis in in vivo mouse
models of lung cancer [140, 144].

4.1.5 Melanoma

The cannabinoid receptors are known to be expressed by human melanomas. Stimulation of these cells by THC and
THC-cannabidiol combination have shown positive results such as decreased melanoma cell viability, proliferation,
metastasis, angiogenesis, induction of autophagy and apoptosis [145-147], and these results are consistent in in vivo
tests as well [145, 148]. Similar results have been observed in studies done on myeloma [149], hepatocellular carcinoma
[150], pancreatic cancer [151, 152], colon cancer [153, 154], endometrial and cervical cancers [155], and oral cancer
[156]. Cannabinoid receptor CB2R when studied on the various cell lines of breast cancer shows antiproliferative activ-
ity. Initiation of apoptosis and blocking the cell cycle by the activation of CB2R by THC leads to the reduction of breast
cancer [157]. Cannabinoid receptors also perform as prognostic markers. Comparison of cell lines of prostate cancer and
normal epithelial cells of prostate indicated an increased expression of cannabinoid receptors in cancer cells than normal
cells. Apoptosis and necrosis are the main indicators in the reduction of prostate cancer by targeting CB1 receptor [158].
In a recent study on mouse model, CB2 receptor is recognized as protective factor. Experimental studies of this paper
indicated that polymorphism in the gene (CNR2) of CB2R might be the reason for colon cancer. In mice, absence of CB2R
correlated with more severe symptoms of colon cancer [159]. CB2 receptor behaves as a protective and therapeutic agent
in the case of melanoma skin cancer as well. Activation of CB2 alternates the role of myeloid cells and T cells along with
modification of propagation of keratinocyte, in order to suppress tumor growth in case of melanoma [160].

Various in vivo and in vitro studies demonstrated that cannabinoid receptors are involved in a variety of processes
including necrosis, apoptosis, autophagy, cell cycle arrest by targeting diverse pathways and different cancer cell lines
[161, 162]. Three different types of mechanisms involved in the treatment of cancer and act as antitumor agent. It involves
mainly autophagy process leading to cell death, autophagy leading to apoptosis and apoptosis followed by signaling
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pathway. Secondly it involves tumor angiogenesis inhibition, metastasis and invasiveness and thirdly the regulation of
immune response as antitumor agent [163]. Cannabinoids are also significant in the palliative care as it helps in appetite
regulation, regulation of pain along with antiemetic role [164].

4.2 Synergistic effects of cannabinoids and chemotherapy in cancer treatment

Recent studies have increasingly explored the synergistic potential of cannabinoids combined with traditional chemo-
therapeutic agents in cancer treatment.

Research suggests that cannabinoids may enhance the cytotoxic effects of chemotherapy through several mecha-
nisms. For instance, cannabidiol (CBD) and A9-tetrahydrocannabinol (THC) have been shown to induce apoptosis and
reduce cell proliferation when used in conjunction with chemotherapeutic agents such as cisplatin, gemcitabine, and
paclitaxel [165]. These cannabinoids modulate key pathways involved in cell cycle regulation and apoptosis, thereby
increasing the susceptibility of cancer cells to chemotherapy-induced death [165]

In gastric cancer models, the endogenous cannabinoid anandamide (AEA) has been found to synergistically enhance
the effects of paclitaxel by promoting apoptosis through the activation of caspase enzymes. This combination therapy
significantly improved the cytotoxicity of paclitaxel in cancer cells, suggesting that cannabinoids may serve as effec-
tive adjuncts in chemotherapy regimens [166]. The combination of CBD and dasatinib has shown a synergistic effect
in treating lung cancer by targeting the SRC/PI3K/AKT and Bax/Bcl-2/caspase-3 pathways. This combination induces
significant apoptosis and reduces dasatinib-related side effects, offering a more effective and safer therapeutic option
for lung cancer treatment [167].

A recent study explored the synergistic effects of cannabidiol (CBD) with chemotherapeutic drugs (docetaxel, doxo-
rubicin, paclitaxel, vinorelbine, and SN —38) in MCF7 breast cancer cells [168]. Strong synergy was observed, particularly
with SN —38 and vinorelbine at a CBD-to-drug molar ratio of 636:1. Enhanced apoptosis was seen in all combinations
compared to monotherapies. Proteomics analysis revealed 121 dysregulated proteins in CBD-treated cells and 91 dys-
regulated proteins in the CBD-SN — 38 combination, impacting pathways like telomerase, EGFR1, TP53, and death receptor
signaling. The study suggests CBD could be an effective adjuvant therapy, warranting further in vivo and clinical studies
[168]. Another study showed that Cannflavin A, a flavonoid from Cannabis sativa, demonstrated significant synergistic
anticancer effects when combined with cannabinoids like A9-tetrahydrocannabinol, cannabidiol, cannabichromene,
and cannabivarin in bladder cancer cells. These combinations enhanced apoptosis through caspase 3 activation and
reduced cancer cell viability and invasion more effectively than when cannflavin A or cannabinoids were used alone. This
synergy suggests that cannflavin A could potentiate the anticancer effects of cannabinoids, making them more effective
as a combined therapy in bladder cancer treatment [169]

5 Action mechanism of Cannabinoids in cancer

Cannabis plant produces hundreds of different cannabinoids, among those WIN-552122, AEA, CBDA, Met-F-AEA, 2-AG,
A°-THC, CBD, HU120, AME121, R-(+)-MET and JWH-133 are cannabinoids having anticancer characteristics in different
types of cancers including prostate cancer, lung cancer, glioblastomas, colon, testicular, leukemia etc. Cannabinoids
perform their function by regulating different signaling pathways which control the growth, differentiation and other
physiological characteristics of cells, mainly being involved in the AMPK /AKT/ PI3K/mTOR/ or the RAS/MAPK pathways
[10, 170, 171]. While cannabinoids have been shown to modulate key signaling pathways, including the PI3K/Akt/mTOR
and MAPK pathways, the precise molecular mechanisms underlying these effects remain an area of active investigation.
For instance, studies have demonstrated that cannabinoids can inhibit the PI3K/Akt/mTOR pathway, leading to decreased
cell proliferation and increased apoptosis in cancer cells [172]. However, the exact molecular interactions through which
cannabinoids exert these effects are still not fully understood. Similarly, the role of cannabinoids in the MAPK pathway,
which regulates cell growth and differentiation, has been explored, but more detailed studies are needed to clarify how
these interactions vary across different cancer types [145]. Recent research has begun to identify potential biomarkers
that may predict the response of cancer cells to cannabinoid treatment, providing insights into which signaling pathways
are most relevant for specific contexts [173]

Just as the signaling pathways inside a cell are a complicated and complex mechanism to understand, the effects of
cannabinoids on these pathways, especially in the case of cancer cells, depend deeply on the frame of reference [174].
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The signaling pathways involved in cancer are highly intricate and interconnected, presenting significant challenges in
therapeutic targeting [175]. Cannabinoids, due to their ability to interact with multiple receptors and modulate various
signaling pathways, can have wide-ranging effects on cancer biology [174]. This includes influences on cell proliferation,
apoptosis, angiogenesis, and metastasis. However, the non-specificity of cannabinoids in targeting single pathways can
lead to unpredictable outcomes. For instance, while cannabinoids may inhibit tumor growth through the suppression
of specific pro-tumorigenic pathways, they may simultaneously activate compensatory mechanisms in other pathways,
potentially undermining the therapeutic efficacy [173]. Furthermore, the complexity of these signaling networks means
that the effects of cannabinoids can vary significantly depending on the cancer type, the molecular characteristics of
the tumor, and the specific cannabinoid receptor subtypes involved; this complexity underscores the need for more
detailed studies to elucidate the precise molecular mechanisms by which cannabinoids interact with these signaling
pathways and to identify biomarkers that can predict treatment response [173]. The effects of cannabinoids are highly
context-dependent, varying significantly based on the type of cancer, specific genetic mutations, and the tumor micro-
environment [176]. This variability complicates the identification of consistent signaling pathways that can be reliably
targeted across different cancer types; for example, in some cancers, cannabinoids may inhibit tumor growth, while in
others, they may have minimal effects or even promote tumor progression depending on the specific molecular con-
text [177]. As a result, a more nuanced understanding of these context-dependent effects is essential for developing
effective cannabinoid-based therapies. This highlights the importance of personalized approaches in cancer treatment
that consider the unique characteristics of each tumor. Cannabinoid receptors play significant roles in targeting cancer
hallmarks, including anti-proliferative effects, apoptosis stimulation, and inhibition of tumor invasiveness, metastasis,
and angiogenesis [178]. Cannabinoids primarily exert their effects through CB1 and CB2 receptors; however, they also
interact with other receptors and signaling molecules, including TRPV1 and GPR55 [179]. This receptor diversity contrib-
utes to the complexity of cannabinoid signaling, leading to divergent outcomes depending on the cellular context. The
activation of receptors like TRPV1 can modulate pain perception and inflammation, while GPR55 has been implicated in
cancer cell proliferation [180]. These interactions make it challenging to pinpoint which pathways are most relevant for
therapeutic targeting, highlighting the need for further research to understand the full scope of cannabinoid activity in
different cancer types.

Figure 5 highlights the action mechanism of cannabinoid receptors.

5.1 Autophagy

Cannabinoids play role in autophagy by inducing the mTOR/P13K/Akt pathways. Autophagy plays dual role as induction
as well as inhibition of apoptosis. Cannabinoid perform its action by downregulation of the AKT, decreased AKT level
stimulates different pathways as p21 induced cell cycle inhibition, autophagy induced by mTOR pathway and Caspase 3
and 9 activation leading towards the apoptosis [163, 181]. A>-THC [182] and WIN-55,212-2 [56] have shown to stimulate
autophagy in glioma cells and mantle cell ymphoma respectively. It is believed that autophagy occurs as a result of CB1R
and CB2R activation setting serine palmitoyltransferase enzyme in motion, thereupon prompting de novo ceramide
synthesis [183]. De novo synthesis of ceramide regulated the process of autophagy as synthesis of ceramide carried in
endoplasmic reticulum, in which different kinds of enzymes participate in conversion of dihydroceramides to ceramide.
Production of ceramide in returns activate TRIB3 and stress protein p8/Nupr1 leading to upregulation of CHOP and ATF4
causing reduction of Akt and in return mTORC [184].

5.2 Apoptosis induction

Apoptotic action is facilitated as induction of ER stress and increased ROS is result of TRPM8 activation leading to apop-
tosis. MAPK/ERK pathway is activated through stimulation of GPR55 through Gaq subunit of LP1 leading to release of
DAG and Ca2 +from PLC production. These pathways leading to transcription of gene by NF-kB and CREB transcription
factors. PLC, p38/ATF2 and actin cytoskeleton are regulated by Ga12/13 subunit induced RhoA/ROCK pathway. ROS
production is controlled by action of ATF2/p38 which inhibits antiapoptotic proteins along with increased Vps34 and
Beclin-1 interaction [185, 186]. Cannabinoids perform its action in cell cycle arrest as cannabinoids activate CB1 and
CB2 receptors which initiation the ERK1/2 signaling leading to activation of p21and p27 causing increased pRb which
decreases the cdc2, cdk2 and cyclin E and D leading to arrest of cell cycle. One notable molecule involved in apoptosis
initiation and cell cycle arrest is ceramide, formed by the breakdown of sphingomyelin [187]. By regulating sphingomyelin
metabolism, cannabinoids have been able to cause apoptosis in cancer cells [9] through cannabinoid receptor-dependent
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Fig.5 Molecular pathways mediated by cannabinoid receptors in cancer cells. This figure illustrates the molecular pathways mediated by
cannabinoid receptors CB1 and CB2, as well as TRPV1, TRPV2, and TRPMS, in cancer cells. The interaction of cannabinoids, such as THC, CBD,
and CBG, with these receptors initiates various intracellular signaling cascades that influence cell fate decisions. Activation of CB1 and CB2
receptors by THC and CBD can lead to the modulation of several signaling pathways. The activation of the ERK1/2 pathway results in the
upregulation of cyclin-dependent kinase inhibitors p21 and p27, leading to cell cycle arrest by preventing the phosphorylation of the retin-
oblastoma protein (pRb). This process halts the progression of the cell cycle. Additionally, the activation of the PI3K/AKT pathway influences
cell proliferation and autophagy through mTORC1. Prolonged activation of the PI3K/AKT pathway can lead to endoplasmic reticulum (ER)
stress and the activation of ATF4, TRIB3, and CHOP, which are markers of cellular stress and can trigger apoptosis. CBG interacts with TRPV1,
TRPV2, and TRPM8 receptors, leading to the production of reactive oxygen species (ROS). The accumulation of ROS induces the activation
of proapoptotic proteins, promoting programmed cell death (apoptosis). Abbreviations: AKT Protein kinase B, ATF4 Activating transcription
factor 4, CBTR Cannabinoid receptor type 1, CB2R Cannabinoid receptor type 2, CBD Cannabidiol, CBG Cannabigerol, CHOP C/EBP homolo-
gous protein, ER Endoplasmic reticulum, ERK1/2 Extracellular signal-regulated kinases 1 and 2, mTORCT Mechanistic target of rapamycin
complex 1, PI3K Phosphoinositide 3-kinase, pRb Retinoblastoma protein, ROS Reactive oxygen species, THC A9-tetrahydrocannabinol, TRIB3
Tribbles pseudokinase 3, TRPM8 Transient receptor potential cation channel subfamily M member 8, TRPV1 Transient receptor potential
vanilloid 1, TRPV2 Transient receptor potential vanilloid 2

pathway [9], or via de novo ceramide synthesis by activating the cannabinoid receptor [205, 206, 237] . The increase in
ceramide levels leads to the activation of Raf1-MEK-ERK pathway, and inhibits the AKT signaling pathways [205, 206].
Cell proliferation takes place upon ERK activation; however, prolonged activation causes cell cycle arrest and even cell
death. Moreover, studies have noted that cannabinoids exert their proapoptotic effects through ceramide levels [9,
172]. The ceramides produce anti-tumorigenic effects via the activation of p8 by elF2a following the tribble homolog 3/
AKT/rapamycin complex 1 pathway according to one study [188], whereas another study proposes the TRB3 pathway
activation through ceramide-dependent p8 upregulation [189]. The role of ceramide in signaling apoptosis is being
investigated to achieve a route to regulate cancer cell apoptosis [117], especially since its relation with CB1R and CB2R
has been reported to stimulate apoptosis [190].

5.3 Key signaling pathways targeted by cannabinoids

Experimental evidence shows that cannabinoids can regulate cell signaling pathways that decide the fate of the cell.
Here we highlight a few important signaling pathways and the role of cannabinoids reported in them.
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5.3.1 PI3K/AKT Pathway

Both RAS-MAPK and PI3K-AKT pathways are prominent cell survival mechanisms [191, 192], both of which are often
aberrantly involved in multiple cancer types. Cell proliferation is inhibited by decrease in Akt due to inhibition of
P13K pathway.

Recurringly, the hyperactivation of PI3K-AKT pathway is regarded as one of the most common molecular hallmarks
of human cancers [193]. A particularly well known, cannabis-plant derived cannabinoid, THC, has been reported to
inhibit the RAS-MAPK and PI3K-AKT signaling pathways via the CB1 receptor. This eventually leads to the downstream
activation of the proapoptotic BCL2 family member BAD, thus resulting in colorectal cancer cell death [194]. Another
study showed a synthetic cannabinoid, WIN 55,212-2, had the same response in glioma cells [195]. In contrast, the
introduction of CB2R agonists caused the activation of AKT/PKB pathway which subsequently promoted the inhibition
of GSK33, provoking cancerous cells to become more aggressive [196]. However, a more recent study suggests that
treatment with chemotherapeutic drugs increases CB2R expression which benefits breast cancer treatment [197].

5.3.2 Ras/Raf pathway

The Ras-activated Raf kinases target the MEK/ERK downstream cascades, essentially regulating the growth, survival,
and differentiation of a cell [198]. As their primary role would suggest, any defects in their signaling pathway can
result in cancerous manifestation [199]. A study on cultured rat dorsal root ganglion neurons demonstrated the
activation of TRPV2 protein by cannabidiol which led to inhibition of the Ras/Raf/MEK/ERK pathway increasing can-
cer cell drug intake and sensitivity to chemotherapeutic agents [200]. The activation of CB1R, but not CB2R, by THC
leading to ERK and AKT downregulation [194], ERK1/2 pathway inhibition [201], ultimately leading to apoptosis and
retardation of cancer cell proliferation.

5.4 Anti- proliferative effect

Different types of cancer indicated the anti-proliferative role of the cannabinoids by inhibiting the cell cycle. Anti-
proliferation is induced in a way that different cancer cells are restricted to the G1 and inhibits the cells to move
into the S or synthesis phase by regulating the CB2 receptor. It induces the expression of p27 and p21 that regulate
Cdks, cdc and cyclin proteins to inhibit cell cycle and ultimately cell proliferation [202, 203]. The endocannabinoid
system and its role in preventing cancer cell growth and proliferation is being researched extensively considering
the complicated results from various experiments performed. The cannabinoid receptors, particularly CB2R, produce
conflicting results [116, 204-208] depending upon the cancer tissue, cannabinoid used, receptor activated, and
signaling pathway stimulated.

5.5 Anti-angiogenesis

VEGF (vascular endothelial growth factor) are the major inducers of the angiogenesis. VEGF, Ang-2 and PLGF are
major factors of the angiogenesis inhibited by the cannabinoid. CB1R and CB2R agonists, A°>-THC and WIN-55,212-2,
inhibit the VEGF receptor and 2 major angiogenic factors, PIGF and Ang-2 [209, 210]. Cannabinoids through CB1 and
CB2 receptors mainly targeted the cascade of pathways like hoA/Src/FAK that are significant in angiogenesis. Can-
nabinoids inhibits metastasis and angiogenesis by expression inhibition of metalloproteinase MMP9 and MMP2 and
TIMP. MMP9 and MMP2 inhibition via p8 pathway/ceramide is studied as an important antitumor targeted therapy
[163, 186]

5.6 Metastasis inhibition

The survival of tumor cells is strengthened by the migration, invasion, and neoplasm of pre-existing tumor cells.
This gives term to a process notoriously noted as metastasis and is a hallmark of cancer that is more often than not
very difficult to treat [211]. One of the main outcomes of metastasis is the degradation of matrix metalloproteinases
(MMP) in the extracellular matrix [212]. The administration of cannabidiol, and other cannabinoids, has shown very
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promising results in suppressing tumor migration and metastasis in a number of cancers including colon carcinoma
cells [213], glioma cells [214], breast cancer [215], along with others. Experimentation demonstrates that the can-
nabinoid receptors involved in the regulation of cannabinoid-induced migration inhibition of cancer cells [216].

Table 3 summarizes the anticancer mechanisms of various cannabinoids and their targets, highlighting their roles
in apoptosis induction, autophagy stimulation, cell cycle arrest, anti-proliferation, anti-angiogenesis, and metastasis
inhibition across different cancer types.

6 Clinical efficacy of cannabinoids in cancer therapy

A few cannabinoids have reached the point of clinical trials for treatment of a number of diseases including cancer [218,
219]. Reports emerging from a few completed clinical trials communicate achieving tumor remission in a terminal acute
lymphoblastic leukemia patient using Cannabis sativa oil (with a normally higher THC content than other cannabinoids)
[220], suppression of glioblastoma multiforme tumor cell proliferation and reduction in tumor cell Ki67 immunostaining
[217], and decrease in VEGF levels and VEGF-2 receptor activation [221]. Two pilocytic astrocytoma patients consuming
cannabis via inhalation revealed tumor regression in over a 3-year period suggests cannabis was potentially responsi-
ble [222]. Patients in palliative care were given daily THC doses where approximately 50% experienced overall health
improvement [223]. Dronabinol, an FDA approved cannabinoid, is being tested in multiple clinical trials, however its
use in CNS cancers is limited due to risk of adverse effects. One study published the abated side effects in primary brain
tumor patients, however, the low sample size and low dosage make this study less acceptable [224]. A long term study,
from 2000 to 2010, aimed to ascertain the antiemetic effects of dronabinol in pediatric cancer patients receiving chemo-
therapy found 60% of patients had a positive feedback [225]. Dronabinol has also been effective in inhibiting differentia-
tion blockage in two leukemia patients [226]. A phase | clinical trial conducted by Guzman et al. investigated the safety
and efficacy of intracranial administration of THC in patients with recurrent glioblastoma multiforme. The study enrolled
nine patients, all of whom had failed standard treatments. The results demonstrated that THC administration was safe,
with no significant adverse effects observed. Moreover, some patients exhibited a reduction in tumor size, suggesting
potential antitumor activity of THC. The median survival time was 24 weeks, with two patients surviving for more than
one year, indicating a possible survival benefit [227]. Another study by McAllister et al. focused on the effects of can-
nabidiol (CBD) on breast cancer. This preclinical investigation was followed by a small clinical study involving patients
with aggressive breast cancer. The results revealed that CBD significantly reduced the proliferation of both estrogen
receptor-positive and estrogen receptor-negative breast cancer cells. Additionally, CBD treatment led to a decrease in
the expression of Id-1, a key regulator of tumor aggressiveness, in patient-derived breast cancer cells. These findings
suggest that CBD may offer a novel, non-toxic therapeutic option for breast cancer patients [228]. These clinical studies
and trials highlight the promising role of cannabinoids as anticancer agents. The evidence suggests that cannabinoids
can exert antitumor effects through various mechanisms, including induction of apoptosis, inhibition of proliferation, and
reduction of metastasis. However, the limited sample sizes and early-phase nature of these studies necessitate further
large-scale, randomized controlled trials to validate these findings and establish standardized therapeutic protocols for
the use of cannabinoids in oncology.

7 Palliative role of cannabinoids in cancer

Cannabinoids, the bioactive compounds found in Cannabis sativa, have gained significant attention for their potential
therapeutic benefits in managing cancer-related symptoms. In palliative care, cannabinoids are being increasingly recog-
nized for their ability to alleviate multiple distressing symptoms, thereby improving the quality of life for cancer patients
[229]. Cancer-related pain is one of the most challenging symptoms to manage, often requiring complex multimodal
approaches. Cannabinoids have emerged as a promising option for pain relief in cancer patients. THC and cannabidiol
(CBD) interact with the endocannabinoid system to modulate pain perception, showing significant analgesic properties
[230]. For example, in a clinical trial by Blake et al., patients with advanced cancers who received cannabinoid therapy
for pain management exhibited stabilized disease progression, possibly due to cannabinoids’ anti-inflammatory and
immune-modulating effects [231]. This highlights that cannabinoids’ pain-relief properties may not only improve patient
comfort but also potentially influence cancer outcomes by reducing inflammation and immune suppression, which are
often linked to cancer progression [231].
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CB1R and p-opioid are present in the peripheral nervous system. CB1 receptor regulates the calcium influx to modulate
neurotransmitters to regulate pain and also it works in collaboration with opioid to relieve the pain [87]. A randomized
controlled trial demonstrated that cannabis extract, containing both THC and CBD, provided effective pain relief in can-
cer patients unresponsive to opioids, with a statistically significant reduction in pain scores compared to placebo [87].
Chemotherapy-induced nausea and vomiting (CINV) significantly impair the quality of life in cancer patients. Emesis
is the factor induced due to chemotherapy and controlled by the endocannabinoid system by opposite effect of CB1
and 5-HT3 on neuromediators that are present neurons (GABA-ergic) [185, 232]. Cannabinoids, particularly THC, have
been shown to be effective antiemetics. A meta-analysis of 30 randomized controlled trials reported that cannabinoids
were superior to conventional antiemetics in controlling CINV [233]. The antiemetic effects of cannabinoids are primar-
ily mediated through CB1 receptors in the central nervous system, which play a fundamental role in the regulation of
nausea and vomiting [233].

Cancer cachexia is a multifactorial syndrome characterized by severe weight loss and muscle wasting, leading to sig-
nificant morbidity and mortality [234]. THC has demonstrated orexigenic effects, enhancing appetite and caloric intake
in cancer patients. A clinical trial investigating the use of THC in patients with advanced cancer and anorexia reported
a significant increase in appetite and a stabilization of body weight [235]. By stimulating appetite, cannabinoids can
mitigate the effects of cachexia, thereby improving nutritional status and overall well-being [236].

8 Challenges and clinical barriers in utilizing cannabinoids as therapeutic agents
in oncology

Although cannabinoids have shown potential as therapeutic agents in cancer treatment, several limitations and clinical
gaps must be addressed before they can be widely adopted in clinical practice.

i. Variability in cannabinoid composition: the therapeutic potential of cannabinoids in oncology is hindered by
significant variability in their composition. This variability arises from differences in the source of the cannabis
plants, the methods of extraction, and the formulations used. Such inconsistency can lead to variable therapeutic
outcomes, making it challenging to establish standardized treatment protocols. This inconsistency complicates
the reproducibility of clinical trial results and poses a significant barrier to the widespread clinical adoption of
cannabinoid-based therapies.

ii. Psychoactive effects: THC, a primary cannabinoid, has psychoactive properties that can cause adverse effects such
as anxiety, paranoia, and cognitive impairment. These psychoactive effects limit the therapeutic window of THC,
particularly in patients with a history of psychiatric disorders. The psychoactivity of THC necessitates cautious dos-
ing and monitoring, reducing its attractiveness as a therapeutic agent despite its potential anticancer effects.

iii. Regulatory and legal barriers: the legal status of cannabis and cannabinoids varies widely across different regions
and countries, with many jurisdictions imposing strict regulatory controls or outright prohibition. These barriers
significantly impede the ability to conduct large-scale clinical trials and hinder the development of standardized
cannabinoid-based therapies. Furthermore, the legal complexities create challenges for patients seeking access to
these treatments, limiting their availability and potential benefits in clinical practice. Addressing these regulatory
hurdles is essential for advancing research and ensuring that patients can access safe and effective cannabinoid-
based therapies.

iv. Lack of standardized dosing guidelines: there is currently no consensus on the optimal dosing regimen for can-
nabinoids in cancer therapy. Clinical trials to date have employed a wide range of dosages, leading to inconsist-
ent results and difficulties in determining the most effective and safe doses for patients. This lack of standardized
dosing guidelines hampers the ability to provide consistent and reliable cannabinoid-based treatments in clinical
practice.

v. Lack of robust clinical data: the preclinical studies have provided valuable insights into the effects of cannabinoids
on various signaling pathways, but there is a significant gap in robust clinical data that validates these findings in
human patients. The translation of preclinical results into clinical practice remains challenging due to the complex-
ity of human biology and the variability in patient responses. Rigorous clinical trials are essential to confirm the
relevance of specific pathways targeted by cannabinoids and to establish effective treatment protocols. Without
such data, it remains difficult to fully understand the therapeutic potential of cannabinoids in cancer treatment
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and other chronic diseases These trials should focus on evaluating the safety, efficacy, and long-term outcomes of
cannabinoid-based therapies to ensure their appropriate use in clinical settings.

Adverse effects and drug interactions: annabinoids have been associated with various side effects, such as dizziness,
dry mouth, euphoria, and cognitive impairment. Additionally, cannabinoids can interact with other medications
frequently prescribed to cancer patients, which may lead to adverse drug interactions. These interactions can affect
the metabolism of other drugs, potentially enhancing or diminishing their effects. Moreover, cannabinoids may
interact with other drugs that target similar signaling pathways, such as PI3K/Akt and MAPK, potentially altering
their efficacy or increasing toxicity. For example, combining cannabinoids with chemotherapeutic agents could
either amplify therapeutic effects or increase adverse reactions depending on the specific pathways involved.
Understanding these interactions is crucial for developing safe and effective combination therapies. Due to these
concerns, careful patient monitoring is essential when using cannabinoids as part of a cancer treatment regimen.
These safety considerations may limit the broader application of cannabinoids in cancer therapy, emphasizing the
need for further research to better understand and manage these risks

Limited large-scale clinical trials: most clinical research on cannabinoids in oncology consists of small-scale studies
or preclinical investigations. Large, randomized controlled trials (RCT) are limited, which restricts the robustness of
the evidence supporting the use of cannabinoids in cancer therapy. The paucity of large-scale RCT makes it difficult
to draw definitive conclusions about the efficacy and safety of cannabinoids in treating various cancers.
Mechanistic understanding: while preclinical studies have elucidated some mechanisms by which cannabinoids
exert antitumor effects, the precise molecular pathways in human cancer remain incompletely understood. A more
comprehensive understanding of these mechanisms is essential for optimizing cannabinoid-based therapies and
identifying biomarkers for patient stratification.

Long-term safety data: there is limited data on the long-term safety and efficacy of cannabinoid use in cancer
patients. Most studies have focused on short-term outcomes, leaving a gap in understanding the chronic effects
of cannabinoid therapy. This lack of long-term safety data poses a challenge in assessing the risk-benefit ratio of
prolonged cannabinoid use in cancer treatment.

Patient selection criteria: clear criteria for identifying which cancer patients are most likely to benefit from can-
nabinoid therapy are lacking. Without well-defined patient selection criteria, it is challenging to tailor treatments
to individual patients, potentially leading to suboptimal therapeutic outcomes. This gap highlights the need for
further research to establish biomarkers and other indicators of cannabinoid responsiveness.

Combination with conventional therapies: more research is needed to understand how cannabinoids interact
with standard cancer treatments such as chemotherapy, radiotherapy, and targeted therapies. The lack of detailed
studies on these interactions limits the ability to develop effective combination treatment protocols that maximize
therapeutic efficacy and minimize adverse effects.

Pharmacokinetics and pharmacodynamics: detailed studies on the pharmacokinetics (absorption, distribution,
metabolism, and excretion) and pharmacodynamics (biological effects and mechanisms of action) of cannabinoids
in cancer patients are lacking. This information is critical for optimizing dosing regimens, predicting therapeutic
outcomes, and ensuring the safe and effective use of cannabinoids in oncology.

One significant challenge in cancer treatment is the ability of cancer cells to develop resistance to therapies, includ-
ing those that target specific signaling pathways. When cannabinoids are used to modulate particular pathways,
there is a risk that cancer cells may adapt by activating alternative signaling mechanisms, thereby bypassing the
effects of treatment [174]. This phenomenon has been observed in other targeted therapies, where cancer cells
utilize redundant or compensatory pathways to maintain their survival and proliferation For instance, while can-
nabinoids may inhibit the PI3K/Akt pathway, cancer cells could upregulate the MAPK pathway as an alternative
survival mechanism [177]. Therefore, a comprehensive understanding of the potential for resistance is essential in
developing effective combination therapies that can mitigate this risk.

Variability in cannabinoid composition and therapeutic outcomes: the therapeutic effects of cannabinoids can
vary significantly depending on the specific composition of the cannabinoid compounds used, such as THC, CBD,
and CBG. Each of these compounds interacts with signaling pathways differently, leading to distinct biological
effects. For example, THC primarily interacts with CB1 receptors and has psychoactive properties, while CBD has a
broader range of interactions, including effects on CB2 receptors and non-cannabinoid receptors like TRPV1. This
variability in cannabinoid composition across different products can result in inconsistent therapeutic outcomes,
complicating efforts to establish standardized treatment protocols. Furthermore, the lack of regulatory oversight
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in some markets exacerbates these challenges, making it difficult to ensure consistent quality and dosage in
cannabinoid-based therapies.

9 Conclusion and future perspectives

Cannabinoids, derived from plants, synthesized naturally in the human body, or produced artificially in laboratories, have
demonstrated considerable therapeutic potential. Historically, cannabis plants have shown promising results both as psy-
choactive agents and therapeutics. Various studies have indicated the role of cannabinoids and their receptors in cancer
treatment and targeted therapy. Despite the evident anti-cancer properties of cannabinoids from numerous experimental
results, the exact mechanisms of action still require extensive research. The involvement of cannabinoid receptors in
cancer has been documented, showing both pro-tumor and anti-tumor effects. These contradictory outcomes may be
attributed to the specific cannabinoid receptors involved, the ligands binding to these receptors, the type of cancer, and
other environmental factors. For example, THC has produced more conflicting results compared to cannabidiol (CBD),
which has been more consistent in its anti-tumor and pro-apoptotic effects. Several cannabinoid-derived drugs have
been approved in various parts of the world, with many still undergoing clinical trials. However, further investigation is
needed to fully understand the effects and consequences of these drugs. Despite the positive outcomes of using can-
nabinoids in cancer therapy, there remain significant gaps in knowledge regarding their modes of action, effects on the
tumor microenvironment, and the physiology of the signaling pathways they affect. Cannabinoids have demonstrated
antiemetic and antinociceptive effects in patients receiving chemotherapy, which necessitates further investigation
into their synergistic and antagonistic properties. Animal model studies have shown promise in the antimetastatic and
antiangiogenic properties of cannabinoids. Clinical trials have also indicated improvements in patient health when can-
nabinoids are administered in combination with chemotherapeutic drugs. These data support the role of cannabinoids
as adjuvants in chemotherapy. Future studies should focus not only on the adjuvant role of cannabinoids but also on
their potential as primary chemotherapeutic agents. By expanding our understanding of cannabinoid mechanisms and
their interactions with cancer cells, we can better harness their therapeutic potential in oncology.
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