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Simple Summary

Since hemp-derived cannabidiol products with less than 0.3% tetrahydrocannabinol be-
came legal in 2018 in the United States, public interest in their health benefits has grown
rapidly. However, scientific research has not kept pace, and many of the claimed benefits
remain unproven. Early preclinical studies suggest that cannabidiol may help to combat
colorectal cancer by influencing how cancer cells grow and die. One of the possible mecha-
nisms is through its interaction with the body’s serotonergic system—a pathway that can
have both helpful and harmful effects on cancer development. This review summarizes
current scientific findings and emphasizes the need for more research to determine how
cannabidiol works in the body and whether it is truly safe and effective for preventing
or treating colorectal cancer. It offers important insights into the potentially dual effects
of cannabidiol in the development of colorectal cancer amid its rapidly expanding use in
health and wellness.

Abstract

The 2018 Farm Bill legalized hemp-derived cannabidiol (CBD) products containing less
than 0.3% tetrahydrocannabinol (THC) in the United States. This legislative shift catalyzed
both public and scientific interest in CBD's potential health benefits. However, the rapid
expansion of the CBD market has considerably outpaced rigorous scientific research, leav-
ing many health claims largely unsubstantiated. While preclinical studies suggest that
CBD may exert antitumorigenic effects in colorectal cancer (CRC) by modulating cell prolif-
eration, apoptosis, and inflammation, clinical evidence supporting these effects remains
limited. This review critically examines the current evidence on the role of CBD in colorectal
tumorigenesis, with particular attention to its molecular mechanisms and interactions with
the serotonergic system—a signaling pathway implicated in the development of CRC and
possessing potential dual anti- and pro-tumorigenic properties. By influencing the seroton-
ergic system, CBD may confer both protective and potentially deleterious effects during
CRC development. This review underscores the need for further research to elucidate the
complex mechanisms of CBD in colorectal tumorigenesis and to evaluate its therapeutic
potential in clinical settings. Understanding these interactions could pave the way for
novel prevention and treatment strategies, optimizing the anticancer efficacy of CBD while
mitigating unintended risks.

Keywords: cannabidiol; colorectal cancer; hemp; serotonergic pathway; Wnt/3-catenin
pathway
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1. Introduction

The 2018 Farm Bill (the Agriculture Improvement Act of 2018, Pub. L. 115-334) was
signed into law on 20 December 2018 [1], making the use of hemp-derived cannabidiol
(CBD) products with less than 0.3% tetrahydrocannabinol (THC) federally legal in the
United States [2,3]. Since then, public and scientific interest in CBD has surged exponentially,
largely driven by a wide variety of potential health benefits purported to be due to its
use [4-8]. However, the rapid growth of the CBD market has far exceeded the pace of
scientific research, leading to numerous health benefit claims that lack rigorously scientific
validation [3,9-12].

The most robust scientific evidence supporting the use of CBD pertains to its efficacy
in treating certain severe forms of childhood epilepsy [13]. In the context of cancer, since the
initial report in 1975 demonstrating the anticancer effects of cannabinoids [14], numerous
studies have been conducted to investigate the potential of CBD, especially after the
legislation in 2018 [8,15,16]. However, the use of CBD for cancer prevention and treatment
requires further scientific investigation, and the specific tumorigenic pathways modulated
by CBD remain largely undefined [17]. In this review, we aim to critically examine the
potential effects of CBD, possibly both beneficial and adverse, on the development of
colorectal cancer (CRC).

2. Cannabis, Cannabinoids, and Cannabidiol

Cannabis is a genus of flowering plants in the family Cannabaceae and is widely
accepted as being indigenous to and originating from Asia [18-21]. The number of species
within the genus is disputed, but Cannabis sativa is typically accepted as a single, undivided
species. Cannabinoids are several structural classes of compounds found primarily in
the cannabis plant [22]. Over a hundred distinct phytocannabinoids have been isolated
from cannabis. The most notable cannabinoids are A9-tetrahydrocannabinol (THC), which
is the primary psychoactive compound in cannabis, while cannabidiol (CBD) is a major
constituent of cannabinoids from temperate cannabis plants and accounts for up to 40% of
the plant’s extract [23-25].

2.1. Hemp vs. Marijuana

Hemp and marijuana plants are usually understood to be varieties of the same cannabis
species, Cannabis sativa (Figure 1). While science does not differentiate between “hemp” and
“marijuana” [26], the law does. Legally, hemp is defined as a cannabis plant that contains
0.3% or less THC, while marijuana is a cannabis plant that contains more than 0.3% THC [1].
This 0.3% cutoff value was first proposed in 1979 in a book called The Species Problem in
Cannabis: Science & Semantics by Ernest Small [27], and the author acknowledged that the
number is an arbitrary number, simply used to distinguish hemp from other cannabis
strains with THC higher than 0.3% by dry weight.

Hemp, known as industrial cannabis, is among the fastest growing plants along with
bamboo, is a plant cultivated specifically for industrial and consumable purposes, and can
be used to produce a wide range of products (e.g., textiles, rope, clothing, biofuel, and
animal feed) [28,29]. Hemp typically has lower concentrations of total THC but may have
higher concentrations of CBD. Marijuana, also known as medical cannabis, has been used
as a drug for both recreational and entheogenic purposes in various traditional medicines
for centuries [30-32]. THC is the primary psychoactive compound in marijuana but the
CBD content in marijuana is generally lower compared to that in the hemp plant.
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Hemp Marijuana
* Taller and have skinnier leaf. * Shorter and have broader leaf.
* Used for industrial purpose, * Used for recreational and

e.g. textiles and papers. medicinal purposes.

* Legal to grow in many countries,
including the United States.

* Low THC content (<0.3%) and high

CBD content.

Cannabidiol

CBD

* Non-intoxicating. * Intoxicating.
* Non-psychoactive. * Psychoactive.

* Potential health benefit, including * Recreational and enthrogenic effect,
reducing anxiety and inflammation. and could be a treatment of Epilepsy.

* Potential side effects: nausea, diarrhea, | * Potential side effects: dizziness,
upset stomach, etc. drowsiness, paranoia, etc.

Figure 1. Differences between hemp and marijuana as well as the effects of cannabidiol (CBD) versus
tetrahydrocannabinol (THC). Hemp and marijuana are not scientifically differentiated but are legally
classified according to the content of THC. CBD is non-intoxicating with non-psychoactive effect,
whereas THC is intoxicating and is psychoactive. CBD, cannabidiol; THC, tetrahydrocannabinol.

2.2. Cannabidiol vs. Tetrahydrocannabinol

Cannabidiol (CBD) and tetrahydrocannabinol (THC) are similar in structure (Figure 1)
but have very different effects: CBD does not produce psychotomimetic effects that
are typically associated with THC [33,34]. Both CBD and THC have the same molec-
ular formula—21 carbon atoms, 30 hydrogen atoms, and 2 oxygen atoms (Cp;H3¢O»,
314.5 g/mol) —but the way the atoms are arranged is different. CBD is a bicyclic com-
pound whereas THC is tricyclic [35]. It is this slight difference in molecular structure that
confers profoundly different pharmacological properties.

Despite both being cannabinoids and having the same chemical formula, the slightly
different structural arrangement makes CBD and THC interact with different cannabinoid
receptors in a person’s brain. The different interactions with cannabinoid receptors explain
why THC is psychoactive while CBD is not. It is reported that THC can bind to cannabinoid
receptor 1 (CBy), located in brain regions associated with emotions, learning, memory,
movement, pain sensation, etc. [36]. This binding may account for its psychoactivity [37,38].
Unlike THC, CBD does not produce the high sensation typically associated with mari-
juana (high in THC) use; the research remains uncertain about the exact mechanism of
CBD'’s interaction with receptors, but experts believe that it binds differently from THC.
A review [39] in 2018 reported that CBD may even reduce the ability of THC and other
cannabinoids to bind to the cannabinoid receptors, and thereby reduce the psychoactive
effects of THC and increase the number of circulating cannabinoids.

2.3. Legislation of Cannabis (CBD and THC) Use

Since CBD is not intoxicating and does not cause hyper psychoactivity, the 2018 Farm
Bill removed hemp from the legal definition of marijuana in the Controlled Substances Act
as mentioned in the Introduction section [1]. This made some hemp-derived CBD products
with less than 0.3% THC federally legal. Since the legislation, there has been a rapid
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accumulation of evidence regarding the potential health benefits of CBD. An ever-growing
body of preclinical and clinical research suggests that CBD may help to treat a variety of
health conditions [40-47], though much of this evidence remains inclusive. In this review,
we focus on evaluating the modulatory roles of CBD, potentially paradoxically, on the
development of CRC.

3. Molecular Actions by Cannabidiol: Effects on Membrane Receptors

CBD exerts a wide spectrum of effects at the molecular and cellular level [47,48],
responsible for its multiple therapeutic effects, including alleviating chronic pain [49,50],
reducing symptoms of mental disorders such as depression, anxiety, and even psy-
chosis [33,51,52], providing a neuroprotective effect [6,53,54], exerting anticancer prop-
erties [8,15,16], and even benefiting heart health [55,56]. Many of these actions are executed
through its interactions with a variety of membrane receptors.

3.1. Interaction with the Endocannabinoid System

The most well-studied membrane receptors that CBD interacts with are cannabinoid
receptor 1 and 2 (CB; and CB,) (Figure 2) within the endocannabinoid system (ECS), a nat-
urally biological system within humans that operates through signaling with endogenous
cannabinoid molecules [10,57-59]. The ECS is composed of endocannabinoids, cannabinoid
receptors, and enzymes responsible for cannabinoid synthesis and degradation [60,61]. The
first cannabinoid receptor, CB;, was identified as a G-protein-coupled receptor derived
from rat cerebral cortex cDNA in 1988 [62], and, in 1990, a protein homologous to CB; was
identified and was called CB, [63]. CB; and CB, are two of the most notable receptors as
they seem to be mainly responsible for endocannabinoid signaling [64]. CB; is distributed
across the central and peripheral nervous systems, with a notable presence on axon termi-
nals in various regions of the brain, such as the cerebellum, hippocampus, hypothalamus,
and midbrain [65]. CB; is primarily expressed in peripheral tissue, notably on immune
cells and intestinal epithelium, and plays a role in regulating cytokine productions and gut
motility [66]. The exact mechanisms by which cannabinoids, including CBD and THC, exert
their effects are not yet fully understood, but evidence notes that exogenous CBD and THC
can bind to the cannabinoid receptors within the ECS as they have a similar chemical struc-
ture to anandamide, a naturally occurring endocannabinoid produced by the body [67,68].
However, as aforementioned in Section 2.2, CBD and THC may act on the cannabinoid
receptors of the ECS differently due to their slightly but critically different structures.

At a functional level, THC exerts its function as an agonist via binding to both CB;
and CB, in the ECS, though the binding to CBj is relatively limited and less studied [69,70].
However, CBD has little binding affinity with CB; and CB,, but it is capable of antagonizing
them in the presence of THC and reducing the efficacy and potency of THC (Figure 2) [71,72].
CBD was originally isolated in 1940 and its structure and stereochemistry were determined
in the 1960s [35]. Unlike THC as a direct agonist for cannabinoid receptors, it was originally
proposed that CBD acts as a negative allosteric modulator of CB; [71,73,74], and evidence
also indicates that CBD functions as a CB, receptor inverse agonist, contributing to its
documented anti-inflammatory properties [71]. In summary, researchers do not yet fully
understand how CBD interacts with the ECS, but it is known that CBD does not bind to
CB; or CB; receptors in the same manner as THC, attributed to the lack of psychoactive
properties that THC has.
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CBD — Agonist
& (Cannabidiol) — Antagonist

CB, A2A
CB, (TRPVI, GABA,,, GPRSS, etc.) PPARY

Figure 2. The diverse signaling targets of cannabidiol (CBD). CBD interacts with many receptors
responsible for functions of the endocannabinoid system, the serotonergic system, and other signaling
pathways. CB; and CBj;, cannabinoid receptor 1 and 2; 5-HT; 4, 5-hydroxytryptamine (aka, serotonin)
receptor 1A; A2A, adenosine receptor 2A; PPARYy, peroxisome proliferator-activated receptor gamma;
TRPV1, transient receptor potential cation channel subfamily V1; GABA 4, y-aminobutyric acid type
A; GPR55, G-protein-coupled receptor 55.

3.2. Interaction with the Serotonergic System

Aside from its interactions with receptors in the ECS, the surge in research on CBD
following the legislation in 2018 has uncovered numerous mechanisms involved in the
large-spectrum therapeutic potentials of CBD, though many remain to be validated [25].
The serotonergic system is one of the oldest transmitter systems in the brain. A diversity of
signaling opportunities and functional roles within this system explains the association of
serotonin with many different types of psychopathological conditions [75]. However, most
serotonin is found outside the central nervous system (CNS) and it regulates numerous
biological processes other than neuropsychological processes [76]. The serotonergic system
could contribute to the development of colorectal cancer (CRC) by modulating immune
responses and DNA repair processes [77]. CBD may achieve this effect by interacting
with serotonin receptors and modulating the downstream signaling pathways. For in-
stance, CBD acts as an agonist of the 5-HT; 5 serotonin receptor with a micromolar affinity
(Figure 2) [78-81]. This interaction represents a connection between CBD and CRC, which
is the primary focus of this review and will be delineated in greater details in later sections.

3.3. Interactions with Membrane Receptors Involved in Inflammatory Regulation

In addition to cannabinoid receptors and serotonin receptors, which play roles in the
regulating of inflammatory signaling [82-84], CBD is also reported to modulate various
other membrane receptors that are involved in immune cell function and the regulation of
inflammatory cytokine productions (Figure 2) [85]. For instance, an in vivo treatment with
a single and low dose of CBD resulted in decreased serum TNF-« levels in mice treated
with lipopolysaccharide (LPS) as a consequence of the activation of the A2A adenosine
receptors [86,87]. Another example is that CBD binds to and increases the transcriptional
activity of PPARYy [88,89], which has an anti-inflammatory property in addition to its role
in adipocyte differentiation, including the inhibition of pro-inflammatory cytokines IFNy
and TNF« [90,91]. These provide a non-cannabinoid receptor mechanism by which CBD
can decrease inflammation.

In addition, it has also been reported that CBD interacts with several other membrane
receptors (Figure 2). CBD activates vanilloid receptor type 1 (TRPV1) within the TRP
channel, which is associated with its anti-inflammatory hyperalgesic property [92,93]. CBD
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is an allosteric modulator of gamma-aminobutyric acid type A (GABAA) receptors, the
primary receptors for the neurotransmitter gamma-aminobutyric acid [94,95].

4. Cannabidiol in the Context of Colorectal Cancer
4.1. Colorectal Cancer Landscape

Colorectal cancer (CRC) remains a persistent public health challenge, impacting both
men and women. Globally, CRC is the second leading cause of cancer-related death, with
903,859 deaths in 2022, accounting for 9.3% of all cancer deaths, and is the third most
frequently diagnosed malignancy, preceded by lung and breast cancer, with 1,926,118 new
cases in 2022, accounting for 9.6% of all new cancer diagnosed [96,97]. The World Health
Organization (WHO) projected that, by 2040, the burden of CRC will increase to 3.2 million
new cases and 1.6 million deaths per year [98]. In the United States, although the application
of colonoscopy screening has reduced the incidence and mortality [99,100], CRC is still the
third most common cancer and also the third leading cause of cancer death in both men
and women, with a rate of ~5% in the lifetime. There have been ~150,000 new cases and
~50,000 deaths from CRC per year in recent years [101,102].

CRC is traditionally divided into sporadic and familial (hereditary) cases, and the
proportion of familial CRC is 20-25% [103,104]. Among them, only ~5% of CRC is due
directly to inherited genetic mutations [105]. Approximately 20% have a positive family
history but cannot be categorized into having hereditary CRC syndrome [106,107]. The
most common hereditary CRC are hereditary non-polyposis CRC (HNPCC) and familial
adenomatous polyposis (FAP). HNPCC, accounting for 2-3% of all CRC cases [108], arises
from microsatellite instability that is caused by the germline mutation of DNA mismatch
repair genes [109]. FAP results from germline mutations in the adenomatous polyposis
coli (Apc) gene, a key member in the Wnt pathway, but only accounts for <1% of all
CRC [110-112]. Therefore, the majority of CRC is not the consequence of inherited genetic
mutation but results from acquired defects under the influence of environmental or lifestyle
factors, including unhealthy diets, alcohol consumption, smoking, physical inactivity, etc.,
and should be preventable [113].

4.2. Evidence of the Impact of CBD on Colorectal Tumorigenesis

Since the first report of the anticancer effects of cannabinoids, though it reported that
CBD was active only in a high concentration [14], there have been many studies investigat-
ing its potential in the prevention and therapeutics of cancer [8,15,16]. Through an analysis
of relevant studies from the biomedical databases Medline/PubMed, Scopus/Embase,
Cochrane, and the Web of Science, we summarize some evidence on the use of CBD in the
management of CRC (Table 1).

Table 1. Anti-colorectal cancer effects of cannabidiol as demonstrated in pre-clinical studies, using
in vitro cell cultures or in vivo animal models.

References

Model Dosage/Treatment Molecular Actions Hallmarks of Cancer

Dependent on CB; on

Sreevalsan et al., SW480 Up to 15 uM CBD CB,; 1Several JCell prohfera’qon;
2011 [114] 1Cell apoptosis.
phosphatases.
Ina CBy-, TRPVI-, and JCell proliferation;
Caco-2 and HCT116 0.01-10 uM CBD PPARy-antagonist P .
manner JGenome mutation.

Aviello et al., 2012 [115]

Azoxymethane (AOM) 1 and 5 mg/kg CBD Tp-Akt (de-activation),
CRC animal model by injection NOS, COX2.

JAberrant crypt foci
(ACF), polyps,
and tumor.
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Table 1. Cont.

References Model Dosage/Treatment Molecular Actions Hallmarks of Cancer
1-5 uM CBD and Dependent on CB; . .
HCT116 and DLD-1 CBD-BDS * and CB,. 1 Cell proliferation.
Romano et al., Azoxymethane (AOM) JAberrant crypt foci
2014 [116] CRC animal model 5 uM CBD-BDS N/A (ACF) and polyps.
Male ICR mice .
(Xen: HCT116) 5 uM CBD-BDS N/A JTumor size.
Kargl et al., 2016 [117] HCT116 1 or 2.5 uM CBD Dependent on GPR55. +Adhesion and
migration.
Dependent on ROS and
HCT116 and DLD-1 6 uM CBD Noxa for apoptotic JCell viability.
Jeong et al., 2019 [118] signaling.
BALB/c mice (Xen: 10-20 mg/kg CBD by
HCT116) injection Dependent on Noxa. JTumor growth
. HCT116, HT29, 1Cell viability;
Kim et al., 2019 [119] and DLD-1 4 uM CBD TCHOP, PERK, DR5. 1Cell apoptosis.
Jp-NOS3, INO
s . duction . .
Oxaliplatin-resistant pro " JCell proliferation;
DLD-1 and colo205 Up to 30 uM TAutqphagy, 1Cell death.
Jeong et al., 2019 [120] +S0D; TROS
production.
BALB/c mice Jp-NOS3; [SOD;
(Xen: colo205) 10mg/kg TAutophagy. +Tumor growth.
Honarmand et al., BALB/c mice JVEGE, IL._6 and IL_.S; | Vasculature; .
2019 [121] (Xen: CT26) 1-5 uM CBD {Malondialdehyde; JTumor growth;
’ 1S0D, GPx, GR. JMetastasis.
Cerretani et al., TMalondialdehyde; g
2020 [122] HT-29 30 uM CBD 1GPx, GR. JCell viability.
Raup-Konsavage et al., 10 uM pure CBD; JCell viability (pure
2020 [123] SW480 and HCTI16 10 uM CBD oil ** N/A CBD only).
Dependent on CB,, but
not CBq, TRPV, PPARYy; o
. . JCell viability;
SW620, SW480, 1Cyclin D1, Cyclin D3; . o
Lee et al., 2022 [124] HCT116, Caco-2 0-10 uM CBD 1CDK2, CDK4, CDKG6; i(T:(ejlll}l)rollfe:agon,
4BiD, IRE1a, elF2a, ¢ ApOpLosts.
ATF3/4.
Nkune et al., 2022 [125] Caco-2 1 uM TPhotodamage. JCell viability.
JEMT;
1TE-cadherin; JCell proliferation;
Feng et al., 2022 [126] HCTldlgLS]g\{ fZO, 3,6,12 uM CBD JN-cadherin, Snail, 1Cell migration;
an Vimentin, and HIF-1«; JCell invasion.
JWnt-signaling.
BALB/c mice
(Xen: HCT116) 10 and 15 mg/kg CBD N/A JTumor volume.
Dependent on p53 and
Hsp70;
HCT;E%E?S:V tvs. 5-20 uM CBD 1ROS production; |Cell viability.
Wang et al., 2023 [127], Trigger
2024 [128] macroautophagy.
SCID mice (Xen:
HCT116 p53wt or 20 mg/.kg .CBD Dependent on p53. JTumor growth.
by injection
p53mut)
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Table 1. Cont.

References Model Dosage/Treatment Molecular Actions Hallmarks of Cancer
Cherkasova et al., HT29, HCT116 912 uM CBD Altering TGF-f and Altering cell
2023 [129] and LS-174T K MAPK signaling. metabolism.
$S0D2/3 and TROS;
Wei et al., 2024 [130] HCT-116 N/A TNoxa; tCancer cell death
v TMitochondrial )
dysfunction.
TCHOP and ATF4;
. HT-29, SW480, TROS; TApoptosis and
Kim etal, 2024 [131] HCT-116 and HCT-15 30 kM CBD TMAPK signaling; paraptosis.
TAutophagy.
Paduch et al., HT-29 and CCD 0-200 pg/mL dehix:)t Oecr}:;);ed;ﬁilvit ; 1TApoptosis
2024 [132] 841 CoTr He yarogenase yi POPLOSIS:
JNitric oxide.
. JM2-like macrophages;
Sun et al., 2024 [133] C(i7BI_“1</?CH31;C)e 10bmg/.kgt.CBD TM1-like macrophages; FImmune function.
en: y mjection |PI3K-Akt signaling.
{Macrophage
infiltration;
DSS-induced 200 mg / kg CBD TPKA / AMPK JDisease actlv.lty index;
Sun et al., 2024 [134] colitis model by dietary signaling; JInflammation and
supplementation JNLRP3 colitis symptoms.
inflammasome
activation.
S TApoptosis;
Moniruzzaman et al., HCT116, HT-29, 0-40 g /mL TTCEBZ dactivatlgn, JCell proliferation;
2025 [135] LS174T, and LS153 Hg/m nIoplasmic | Cell migration;

reticulum (ER) stress. | Cell invasion.

* CBD-BDS: Cannabidiol botanical drug substances, which may also contain other cannabinoids at low levels as
described by the authors [116]. ** CBD oil: extracted from hemp plants and diluted with carrier oil like coconut
oil or hemp seed oil. The THC content was below 0.3% [123]. 1: Increase or activation; |: decrease or inhibition.
N/A: No data available yet.

The information collected to date in relation to the anti-CRC effects of CBD is nearly
completely limited to preclinical studies conducted on in vitro cell lines and in vivo animal
models, without validation by clinical trials [16,136-138], while the impact of CBD on a
variety of molecular targets, signaling pathways, and cancer hallmarks [139,140] has been
observed. To date, a diverse array of colorectal carcinoma cell lines have been utilized to
investigate the molecular mechanisms through which CBD exerts its effects (SW480 [114];
Caco-2 and HCT116 [115]; HCT116 and DLD-1 [116,118]; HCT116 [117]; HCT116, HT29,
and DLD-1 [119]; oxaliplatin-resistant DLD-1 and colo205 [120]; HT-29 [122]; SW480 and
HCT116 [123]; SW620, SW480, HCT116, and Caco-2 [124]; Caco-2 [125]; HCT116, SW620
and DLD-1 [126]; HCT116 p53wt vs. p53mut [127,128]; HT29, HCT116 and LS-174T [129];
HCT116 [130]; HT-29, SW480, HCT-116 and HCT-15 [131]; HT-29 and CCD 841 CoTr [132];
HCT116, HT-29, LS174T, and LS153 [135]). Through those in vitro cell culture studies,
multiple CBD receptors were identified in CRC cell lines, acting either as agonists or
antagonists. These receptors include CBy, CB,, TRPV1, PPARY, and GPR55, among others.
Several signaling pathways were implicated in response to CBD treatment, such as the
promotion of ROS- and Noxa-dependent apoptotic signaling, inhibition of the Akt pathway,
activation of the MAPK pathway, stimulation of autophagy, and suppression of Wnt/[3-
catenin signaling. These mechanisms collectively influenced several cancer hallmarks, like
cell proliferation, cell viability /death, genome stability, cell metabolism, metastasis, and
the immunosuppressive tumor microenvironment. Although the proposed mechanisms
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vary across studies and are not consistent, the majority demonstrated a protective effect of
CBD against colorectal tumorigenesis.

The relatively limited in vivo animal studies have primarily focused on evaluating
the impact of CBD on tumor development and tumor growth. In a chemical-induced
CRC animal model (azoxymethane, AOM) [115,116], CBD reduced aberrant crypt foci
(ACF), polyps, and tumors by counteracting AOM-induced Akt activation. In the HCT116
xenograft animal model [116,118,126], CBD inhibited tumor growth by upregulating the
expression of Noxa and inducing apoptosis. In the colo205 xenograft animal model [120],
CBD, in combination with oxaliplatin, inhibited tumor growth by decreasing p-NOS3 and
S0OD2 levels and inducing subsequent autophagy. In another xenograft animal model
(xen: CT26) [121], CBD exerted an inhibitory effect on angiogenesis, tumor growth, and
metastasis through reducing VEGF gene expression, decreasing cytokines, and increas-
ing antioxidant enzyme activities. In a xenograft animal model with HCT116 p53wt or
p53mut [127], it was demonstrated that a 5-week treatment with CBD reduced the tumor
volume in a p53-dependent manner. In an MC38 xenograft C57BL/6 model [133], CBD
reprogramed the metabolic process of macrophages, inhibited PI3K-Akt signaling, shaped
the tumor microenvironment, and enhanced the response to anti-PD-1 immunotherapy to
prevent tumor progression. In a dextran sulfate sodium (DSS)-induced colitis model [134],
dietary CBD protected against inflammation and colitis symptoms via the activation of
PKA /AMPK signaling.

5. Cannabidiol, Serotonin Pathway, and the Development of
Colorectal Cancer

5.1. Serotonergic System in the Gastrointestinal Tract

Serotonin: Serotonin, also referred to as 5-hydroxytryptamine (5-HT), is a monoamine
neurotransmitter and a regulatory hormone involved in a broad range of physiological
processes [141,142]. Arguably, the well-known and classically defined function of 5-HT is
to act as a neurotransmitter in the CNS, involving depression, anxiety, and happiness [143].
However, recent discoveries have significantly expanded our understanding of unconven-
tional roles of peripheral serotonin within the gastrointestinal (GI) tract [144,145] and in a
number of other tissues, such as the immune system [146]. In the GI tract, it acts as a hor-
mone, with autocrine, paracrine, and endocrine functions. Although we are continuing to
discover novel GI functions of 5-HT and how serotonin signaling is altered in GI disorders,
the majority of its secrets remain to be revealed [145].

Although the traditional role of serotonin is the control of mood, only 1-2% of serotonin
is produced by the neural cells in the CNS. Approximately 90% of the serotonin in the
human body is produced in the GI tract [76], with an additional ~8% produced in other
peripheral tissues. Serotonin is synthesized from the essential amino acid tryptophan by
the rate-limiting enzyme tryptophan hydroxylase (TPH), for which there are two isoforms
expressed in distinct cell types. Tphl is mainly expressed by specialized gut endocrine
cells known as enterochromaffin cells (ECs) and by other non-neuronal cell types, such as
adipocytes [147], and Tph2 is primarily expressed in neurons in the brain and the enteric
nervous system [148]. Since 5-HT cannot cross the blood-brain barrier, the central and
peripheral pools of 5-HT are anatomically separated and thus function in their own distinct
ways [149]. As excess serotonin within the body can also lead to toxic effects, an enzyme
called monoamine oxidase, found mainly in platelets and enterocytes, can metabolize
serotonin to reduce the amount of free serotonin in the body. Additionally, platelets
and enterocytes express serotonin transporters (SERTs) that can absorb and sequester
serotonin [148]. This is, in fact, the mechanism of action exploited by selective serotonin
reuptake inhibitors (SSRIs).
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Serotonin Receptors: Serotonin primarily exerts its effects through its receptors, and the
impact that it has varies depending on the cells and tissues that express these receptors [150].
As of now, seven families of 5-HT receptors (5-HT; through 5-HT7) have been identified. All
of these receptors are G-protein-coupled, except for 5-HT3, which acts as a ligand-gated ion
channel [151]. The receptors identified within these families so far include 5-HTy(a, B, b, E, F);
5-HTya, 8, c); 5-HT3(a, B, c, D, E); 5-HT4; 5-HT5(4, B); 5-HTg; and 5-HT7. Since this review
focuses on CRC, the discussion will center on receptors expressed in the gut (Table 2).

Table 2. Summary of 5-HT receptor families 1 through 7 and their functions in the serotonergic
system within the gastrointestinal tract.

Gene Expression in GI Expressions in Functions Related to

Receptors

RNA Protein

Functions in Gut Colorectal Tumor Colorectal

Tumorigenesis 2

5-HTy(a, B,D,E F)

Htrla (low), Htr1b, HTR1a, HTR1b (low), Intestinal motility; 15-HTy, b, F) [152]
Htrld, Htrle (low) HTR1e Immune protection. 15-HT1p [153]

J/1Inflammation and
colitis (5-HT15, A/AT)
[154];

TCRC cell growth
(5-HTy, A) [155];
TApoptosis,
JProliferation (5-HT1g,
AT) [155];
1/{Wnt signaling and
metastasis (5-HT1p,
A/AT) [153].

5-HTya, B, )

Htr2a (low), Htr2b HTR2b Intestinal secretion; 15-HT5p [156,157]

JMetastasis (5-HT5p,
AT) [156];
JCRC cell growth
(5-HTyg, AT) [157].

Intestinal motility;

Immune protection.

5-HT3a,B,C, D, E)

TApoptosis,
JProliferation and
colony formation

Intestinal motility; (5-HT3a, AT) [158];
Htr3a, Htr3c (low), HTR3a, HTR3e Intestinal secretion; +5-HTsc [153] +NLRP3
Htr3e (low) . .
Immune protection. inflammasome

(5-HTsa, A) [159];
J{Tumor growth
(5-HT34, AT) [159].

J/TInflammation and

Intestinal motility; colitis (5-HTy, A) [160];

5-HT, Htr4 HTR4 II;t;slilrlal iiiziﬁgﬁ; 15-HTy [153] tBarrier dysfunction
p - (5-HTy, AT) [160].
5-HT5a, B) N/A HTR5a N/A N/A N/A
5-HTg N/A N/A N/A N/A N/A
Mnflammation and
colitis (5-HT7, AT)
5-HT; Htr7 (low) HTR7 Immune protection. N/A [161];

JInflammation and
colitis (5-HT7, AT)
[162].

1 The RNA and protein expression data are retrieved from the Human Protein Atlas (Version: 23.0, updated
19 June 2023). 2 1 Increase or activation; |: decrease or inhibition. A: Agonist or overexpression; AT: antagonist or
knockdown. N/A: No data available yet.

The function of serotonin in GI tract: Even though ECs constitute less than 1% of
the total intestinal epithelium cells, they are located throughout the GI tract and produce
>90% of the body’s 5-HT [163]. ECs release serotonin in response to food in the lumen,
which makes the gut contract and increase intestinal motility. Serotonin modulates a
wide range of physiological functions, including intestinal homeostasis. There are often
serotonin abnormalities in gastrointestinal disorders such as celiac disease and irritable
bowel syndrome [164,165]. Drugs, irritants, and toxins present in the food can stimulate
ECs to release more serotonin and make the gut move faster, causing diarrhea. If serotonin
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is released in the blood faster than the platelets can absorb it, the increased level of free
serotonin in the blood can activate serotonin receptors and stimulate vomiting [164,166].

5.2. Dual Effects of Serotonin in Colorectal Tumorigenesis

Numerous studies have shown the functions of serotonin in the regulation of tumor
biological processes like cell proliferation and apoptosis, invasion and metastasis, im-
munomodulation and inflammation, etc. It exerts its diverse, sometimes opposing actions
through interaction with a variety of serotonin receptors linked to various tumorigenic
signaling pathways [77,167]. Many studies show that serotonin has a potential stimulatory
effect, especially in the later stage of the cancer process, including cell proliferation and
migration, metastatic dissemination, and tumor angiogenesis [168,169], while emerging
findings suggest that serotonin may play a dual role in CRC, where the impairment of the
serotonin synthesis is linked with inflammatory reactions that may promote the initiation
in colorectal tumorigenesis (Figure 3) [77].

CB’D -
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Figure 3. The impact of cannabidiol on serotonin pathway and the development of colorectal cancer.
In addition to other molecular actions that cannabidiol may impose on the development of colorectal
cancer, such as the endocannabinoid system, immune system, and microbiome, serotonin signaling
represents one of the crucial pathways by which cannabidiol may have critical impact on the hallmarks
of cancer. The impacts are complex and not yet to be fully delineated. It appears that cannabidiol
may prevent tumor initiation in the early stages but promote progression and invasion/metastasis in
the later stages of colorectal tumorigenesis.

Several serotonin receptor subtypes have been reported to be overexpressed in colorec-
tal tumors or colorectal cancer cell lines, including 5-HTy g, p, ) [152,153], 5-HT2p [156,157],
5-HTjc [153], and 5-HT4 [153]. Evidence from in vitro cell culture studies has suggested
that the blockade of the 5-HT;p [155], 5-HTp [157], or 5-HT34 [158] receptors, through
either antagonists or gene knockdown, promotes apoptosis and reduces proliferation and
migration. In contrast, receptor activation or overexpression has the opposite effect. In
animal models, it was reported that overexpression of the 5-HTp receptor was associated
with the Wnt signaling pathway and an advanced tumor stage, and its antagonist could ef-
fectively inhibit tumor metastasis through suppressing Axinl, a Wnt-signaling downstream
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gene [153]. A recent animal study demonstrated that 5-HT»p is highly expressed in colorec-
tal tumor tissues and that both the pharmacological inhibition and genetic knockdown of
5-HT5p hindered the migration of CRC cells and disrupted the epithelial-mesenchymal
transition process, indicating a regulatory role of 5-HT,p signaling on CRC metastasis [156].
Silencing 5-HT34 by short hairpin RNA slowed down tumor growth in an allograft CRC
model, whereas treatment with the 5-HT34 antagonist alleviated tumor progression in an
azoxymethane/dextran sodium sulfate (AOM/DSS)-induced CRC mouse model [159].

Although studies mainly indicate that serotonin signaling through certain subtypes of
5-HT receptor families is linked with CRC cell proliferation, tumor growth, and metastasis,
studies on animal models of intestinal colitis have shown that stimulating some of these
serotonin receptors may help to prevent tumor initiation by reducing inflammation [170].
In an animal colitis model induced by 2,4,6-trinitrobenzenesulfonic acid (TNBS), the 5-
HT; 4 agonist delayed and mitigated the severity of colitis while the blockade of 5-HT1 5
worsened it [154]. In both DSS- and TNBS-induced mouse models, 5-HT, activation
reduced inflammation in colons of mice with colitis, and, in noninflamed colons of wild-
type mice, the inhibition of 5-HT, resulted in decreased epithelial proliferation and barrier
dysfunction and increased bacterial translocation to the liver and spleen, with signs of
colitis within 3 days after the administration of 5-HT, inhibitors [160]. In accurate DSS-
induced and chronic IL-10 deficient colitis models, the pharmacological blockade or genetic
ablation of 5-HTy resulted in an increased severity of colitis, whereas receptor stimulation
showed an anti-inflammatory effect [161], although another study contradictorily reported
that the inhibition of 5-HT7 receptor signaling ameliorated both DSS- and TNBS-induced
colitis [162]. In summary, while the molecular mechanisms of serotonin through its various
receptors are highly complex and not yet fully understood, with inconsistent and even
contradictory results to date, evidence from both in vitro and in vivo studies suggests a
pattern where serotonin may have a dual role in CRC: it appears to prevent tumor initiation
in the early stages but promote progression and invasion/metastasis in the later stages of
colorectal tumorigenesis (Table 2 and Figure 3).

5.3. The Potential Influence of CBD on the Development of Colorectal Cancer via Serotonin Pathway

The direct evidence connecting CBD to the serotonergic system in the GI tract and
colorectal cancer (CRC) is limited, but research indicates that CBD interacts with the sero-
tonin pathway in other organs. CBD may influence the serotonergic system through three
mechanisms (Figure 3): (a) growing research indicates that CBD modulates serotonin recep-
tors. CBD is a strong agonist of the 5-HT A serotonin receptor, with a micromolar affinity.
Acting as a partial agonist at this receptor, CBD can enhance serotonin signaling, which may
contribute to its anxiolytic and antidepressant-like effects [78-81,171]. Compared to 5-HT14,
CBD exhibits a relatively lower affinity with 5-HTp [78]. In a Xenopus laevis oocyte model,
data demonstrated that CBD acts as an allosteric inhibitor of 5-HT3,, and the inhibition of
CBD was inversely correlated with 5-HT34 expression levels [172]. (b) CBD may directly
impact serotonin production by modulating tryptophan metabolism. An in vitro study on
human peripheral blood mononuclear cells demonstrated that micromolar concentrations
of CBD suppress tryptophan degradation, potentially increasing tryptophan availability
for serotonin biosynthesis. This effect occurs independently of cannabinoid receptor ac-
tivation. In contrast, nanomolar concentrations of CBD may enhance mitogen-induced
tryptophan degradation in a CB;- or CB;-dependent manner [173,174]. (¢) CBD may influ-
ence serotonin levels by modulating the gut microbiome. While further research is needed
to fully elucidate CBD’s role in gut microbial dynamics, emerging evidence suggests that it
influences gut health by altering the composition and diversity of gut bacteria [175,176].
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The gut microbiome, in turn, has a bidirectional relationship with the host biosynthesis of
serotonin [177-180], indicating a potential CBD-microbiome—serotonin connection.

As outlined in Section 5.2, serotonin may exert dual effects on colorectal tumorigenesis.
A comprehensive review article [77] concluded that, while serotonergic activity may offer
protection against early carcinogenic events in the colon, it could also contribute to CRC
progression. CBD interacts with the serotonergic system, as previously mentioned, leading
to speculation that it may have dual effects on colorectal tumorigenesis. While current
evidence primarily supports a protective role of CBD in CRC (Table 1), further investigation
into its potential dual effects at different stages of CRC could provide novel prevention or
treatment strategies to maximize its anti-cancer efficacy while minimizing adverse effects.

6. Concluding Remarks

Since the legalization of hemp use in 2018, CBD has been promoted for a wide range
of health benefits. While scientific evidence supports the effectiveness of CBD in treating
childhood epilepsy syndromes, researchers still do not fully understand all the biological
targets that CBD interacts with or its effectiveness on diseases other than epilepsy—the
CBD boom has significantly outpaced scientific research. In the context of CRC, large-
scale human studies comparing CBD with placebos are limited and much of the existing
research has been conducted on cell culture or animal models, with findings that do not
necessarily translate to humans. While current evidence from pre-clinical studies suggests
that CBD has anti-tumor potential against CRC, this review explores the regulation of
CBD on the serotonergic system and, consequently, the impact on colorectal tumorigenesis,
highlighting the potential dual effects of CBD on the development of CRC. These insights
into the relationship between CBD, the serotonergic pathway, and colorectal tumorigenesis
underscores the urgent need for further research. Investigating the biological mechanisms
and clinical benefits of CBD in CRC prevention and treatment is crucial to maximizing its
therapeutic potential while mitigating any potential tumor-promoting effects.
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Abbreviations

TNBS 2,4,6-trinitrobenzenesulfonic acid

5-HT 5-hydroxytryptamine

ACF Aberrant crypt foci

ATF3/4 Activating transcription factor 3, 4

APC Adenomatous polyposis coli

A2A Adenosine receptor 2A

MAPK Amitogen-activated protein kinase
AOM/DSS  Azoxymethane/dextran sodium sulfate
CBD Cannabidiol

CBD-BDSs  Cannabidiol botanical drug substances
CB1 and CB2 Cannabinoid receptor 1 and 2

CHOP C/EBP homologous protein

CNS Central nervous system
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CRC Colorectal cancer

CDK2/4/6 Cyclin-dependent kinase 2, 4, 6

COX-2 Cyclo-oxygenase-2

DR5 Death receptor 5

THC D9-tetrahydrocannabinol

ECs Enterochromaffin cells

EMT Epithelial-mesenchymal transition

GPR55 G-protein-coupled receptor 55

GABAA y-aminobutyric acid type A receptor

GI Gastrointestinal tract

GPx Glutathione peroxidase

GR Glutathione reductase

HIF-1x Hypoxia-induced factor-1«

BiP Immunoglobulin protein

IRElx Inositol-requiring enzyme 1

NO Nitric oxide

NOS3 Nitric oxide synthase 3

PPARYy Peroxisome proliferator-activated receptor-gamma
elF2« Phosphorylated eukaryotic initiation factor 2«
PERK Phosphorylated protein kinase RNA-like ER kinase
ROS Reactive oxygen species

SSRIs Serotonin reuptake inhibitors

SERTs Serotonin transporters

SCFAs Short-chain fatty acids

SOD Superoxide dismutase

TGF-3 Transforming growth factor beta

TRPV Transient receptor potential cation channel subfamily V
TPH Tryptophan hydroxylase

VEGF Vascular endothelial growth factor

References

1.  U.S. Congress. Agriculture Improvement Act of 2018; Pub. L. No. 115-334, 132 Stat. 4490; United States Government Publishing
Office: Washington, DC, USA, 2018.

2. Rossheim, M.E.; LoParco, C.R.; Walker, A.; Livingston, M.D.; Trangenstein, PJ.; Olsson, S.; McDonald, K.K.; Yockey, R.A;
Luningham, ].M.; Kong, A.Y.; et al. Delta-8 THC Retail Availability, Price, and Minimum Purchase Age. Cannabis Cannabinoid Res.
2024, 9, 363-370. [CrossRef] [PubMed]

3. Geci, M,; Scialdone, M.; Tishler, J. The Dark Side of Cannabidiol: The Unanticipated Social and Clinical Implications of Synthetic
Delta(8)-THC. Cannabis Cannabinoid Res. 2023, 8, 270-282. [CrossRef]

4. Kirkpatrick, M.; O’Callaghan, F. Epilepsy and cannabis: So near, yet so far. Dev. Med. Child. Neurol. 2022, 64, 162-167. [CrossRef]
[PubMed]

5. Garcia-Gutierrez, M.S.; Navarrete, F.; Gasparyan, A.; Austrich-Olivares, A.; Sala, F.; Manzanares, ]. Cannabidiol: A Potential New
Alternative for the Treatment of Anxiety, Depression, and Psychotic Disorders. Biomolecules 2020, 10, 1575. [CrossRef]

6. Del-Bel, E.; Barros-Pereira, N.; Moraes, R.P.; Mattos, B.A.; Alves-Fernandes, T.A.; Abreu, L.B.; Nascimento, G.C.; Escobar-Espinal,
D.; Pedrazzi, ].F.C.; Jacob, G.; et al. A journey through cannabidiol in Parkinson’s disease. Int. Rev. Neurobiol. 2024, 177, 65-93.

7. Lord, S.; Hardy, J.; Good, P. Does Cannabidiol Have a Benefit as a Supportive Care Drug in Cancer? Curr. Treat. Options Oncol.
2022, 23, 514-525. [CrossRef]

8. Mashabela, M.D.; Kappo, A.P. Anti-Cancer and Anti-Proliferative Potential of Cannabidiol: A Cellular and Molecular Perspective.
Int. J. Mol. Sci. 2024, 25, 5659. [CrossRef] [PubMed]

9. VanDolah, H.J.; Bauer, B.A.; Mauck, K.E. Clinicians” Guide to Cannabidiol and Hemp Oils. Mayo Clin. Proc. 2019, 94, 1840-1851.
[CrossRef]

10. Lirio, PH.C.; Gaspari, PD.M.; Campos, A.C. Cannabidiol: Pharmacodynamics and pharmacokinetic in the context of neuropsy-
chiatric disorders. Int. Rev. Neurobiol. 2024, 177, 11-27.

11. Porter, B.; Marie, B.S.; Milavetz, G.; Herr, K. Cannabidiol (CBD) Use by Older Adults for Acute and Chronic Pain. J. Gerontol.

Nurs. 2021, 47, 6-15. [CrossRef]


https://doi.org/10.1089/can.2022.0079
https://www.ncbi.nlm.nih.gov/pubmed/36342930
https://doi.org/10.1089/can.2022.0126
https://doi.org/10.1111/dmcn.15032
https://www.ncbi.nlm.nih.gov/pubmed/34498262
https://doi.org/10.3390/biom10111575
https://doi.org/10.1007/s11864-021-00934-0
https://doi.org/10.3390/ijms25115659
https://www.ncbi.nlm.nih.gov/pubmed/38891847
https://doi.org/10.1016/j.mayocp.2019.01.003
https://doi.org/10.3928/00989134-20210610-02

Curr. Oncol. 2025, 32, 375 15 of 21

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

Maselli, D.B.; Camilleri, M. Pharmacology, Clinical Effects, and Therapeutic Potential of Cannabinoids for Gastrointestinal and
Liver Diseases. Clin. Gastroenterol. Hepatol. 2021, 19, 1748-1758. [CrossRef] [PubMed]

O’Sullivan, S.E.; Jensen, S.S.; Nikolajsen, G.N.; Bruun, H.Z.; Bhuller, R.; Hoeng, J. The therapeutic potential of purified cannabidiol.
J. Cannabis Res. 2023, 5, 21. [CrossRef]

Munson, A.E; Harris, L.S.; Friedman, M.A.; Dewey, W.L.; Carchman, R.A. Antineoplastic activity of cannabinoids. J. Natl. Cancer
Inst. 1975, 55, 597-602. [CrossRef] [PubMed]

O’Brien, K. Cannabidiol (CBD) in Cancer Management. Cancers 2022, 14, 885. [CrossRef] [PubMed]

Ma, L,; Liu, M,; Liu, C.; Zhang, H.; Yang, S.; An, J.; Qu, G.; Song, S.; Cao, Q. Research Progress on the Mechanism of the Antitumor
Effects of Cannabidiol. Molecules 2024, 29, 1943. [CrossRef]

Mangal, N.; Erridge, S.; Habib, N.; Sadanandam, A.; Reebye, V.; Sodergren, M.H. Cannabinoids in the landscape of cancer.
J. Cancer Res. Clin. Oncol. 2021, 147, 2507-2534. [CrossRef]

Guy, G.W,; Whittle, B.A.; Robson, P. The Medicinal Uses of Cannabis and Cannabinoids; Pharmaceutical Press: London, UK, 2004;
pp. 74-116. ISBN 978-0-85369-517-2.

Ren, G.; Zhang, X.; Li, Y,; Ridout, K.; Serrano-Serrano, M.L.; Yang, Y.; Liu, A.; Ravikanth, G.; Nawaz, M.A.; Mumtaz, A.S.; et al.
Large-scale whole-genome resequencing unravels the domestication history of Cannabis sativa. Sci. Adv. 2021, 7, eabg2286.
[CrossRef]

Lambert, D.M. Cannabinoids in Nature and Medicine; Wiley-VCH: Weinheim, Germany, 2009; p. 20. ISBN 978-3-906390-56-7.
ElSohly, M.A. Marijuana and the Cannabinoids; Humana Press: Totowa, NJ, USA, 2007; p. 8. ISBN 978-1-58829-456-2.

Abyadeh, M.; Gupta, V.; Paulo, J.A.; Chitranshi, N.; Godinez, A.; Saks, D.; Hasan, M.; Amirkhani, A.; McKay, M.; Salekdeh, G.H.;
et al. A Proteomic View of Cellular and Molecular Effects of Cannabis. Biomolecules 2021, 11, 1411. [CrossRef]

Lambert, D.M.; Fowler, C.J. The endocannabinoid system: Drug targets, lead compounds, and potential therapeutic applications.
J. Med. Chem. 2005, 48, 5059-5087. [CrossRef]

Pertwee, R. Cannabinoids; Springer: Berlin/Heidelberg, Germany, 2005; p. 2, ISBN 978-3-540-22565-2.

Campos, A.C.; Moreira, EA.; Gomes, EV.; Del Bel, E.A.; Guimaraes, E.S. Multiple mechanisms involved in the large-spectrum
therapeutic potential of cannabidiol in psychiatric disorders. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2012, 367, 3364-3378.
[CrossRef]

Pollio, A. The Name of Cannabis: A Short Guide for Nonbotanists. Cannabis Cannabinoid Res. 2017, 1, 234-238. [CrossRef]
[PubMed]

Emest, S. The Species Problem in Cannabis: Science & Semantics; Corpus: East Windsor, NJ, USA, 1979; Volume 2, ISBN 9780919217102.
Erickson, B. USDA releases hemp production requirements. CEN Glob. Enterp. 2019, 97, 17. [CrossRef]

Rizzo, G.; Storz, M. A.; Calapai, G. The Role of Hemp (Cannabis sativa L.) as a Functional Food in Vegetarian Nutrition. Foods 2023,
12, 3505. [CrossRef] [PubMed]

Freeman, T.P.; Hindocha, C.; Green, S.F.; Bloomfield, M.A.P. Medicinal use of cannabis based products and cannabinoids. BM]
2019, 365, 11141. [CrossRef]

Murnion, B. Medicinal cannabis. Aust. Prescr. 2015, 38, 212-215. [CrossRef]

Chowdhury, K.U.; Holden, M.E.; Wiley, M.T.; Suppiramaniam, V.; Reed, M.N. Effects of Cannabis on Glutamatergic Neurotrans-
mission: The Interplay between Cannabinoids and Glutamate. Cells 2024, 13, 1130. [CrossRef] [PubMed]

Fabris, D.; Lisboa, ].R.; Guimaraes, ES.; Gomes, EV. Cannabidiol as an antipsychotic drug. Int. Rev. Neurobiol. 2024, 177, 295-317.
Friedman, D.; French, J.A.; Maccarrone, M. Safety, efficacy, and mechanisms of action of cannabinoids in neurological disorders.
Lancet Neurol. 2019, 18, 504-512. [CrossRef]

Mechoulam, R.; Parker, L.A.; Gallily, R. Cannabidiol: An overview of some pharmacological aspects. J. Clin. Pharmacol. 2002, 42,
115-19S. [CrossRef]

Busquets Garcia, A.; Soria-Gomez, E.; Bellocchio, L.; Marsicano, G. Cannabinoid receptor type-1: Breaking the dogmas.
F1000Research 2016, 5, 990. [CrossRef]

Kendall, D.A.; Yudowski, G.A. Cannabinoid Receptors in the Central Nervous System: Their Signaling and Roles in Disease.
Front. Cell Neurosci. 2017, 10, 294. [CrossRef] [PubMed]

Scherma, M.; Masia, P.; Satta, V.,; Fratta, W.; Fadda, P.; Tanda, G. Brain activity of anandamide: A rewarding bliss? Acta Pharmacol.
Sin. 2018, 40, 309-323. [CrossRef] [PubMed]

Vuckovic, S.; Srebro, D.; Vujovic, K.S.; Vucetic, C.; Prostran, M. Cannabinoids and Pain: New Insights From Old Molecules. Front.
Pharmacol. 2018, 9, 1259. [CrossRef] [PubMed]

Leinen, Z.J.; Mohan, R.; Premadasa, L.S.; Acharya, A.; Mohan, M.; Byrareddy, S.N. Therapeutic Potential of Cannabis: A
Comprehensive Review of Current and Future Applications. Biomedicines 2023, 11, 2630. [CrossRef]

Gabarin, A.; Yarmolinsky, L.; Budovsky, A.; Khalfin, B.; Ben-Shabat, S. Cannabis as a Source of Approved Drugs: A New Look at
an Old Problem. Molecules 2023, 28, 7686. [CrossRef]

Borowicz-Reutt, K.; Czernia, J.; Krawczyk, M. CBD in the Treatment of Epilepsy. Molecules 2024, 29, 1981. [CrossRef]


https://doi.org/10.1016/j.cgh.2020.04.020
https://www.ncbi.nlm.nih.gov/pubmed/32673642
https://doi.org/10.1186/s42238-023-00186-9
https://doi.org/10.1093/jnci/55.3.597
https://www.ncbi.nlm.nih.gov/pubmed/1159836
https://doi.org/10.3390/cancers14040885
https://www.ncbi.nlm.nih.gov/pubmed/35205633
https://doi.org/10.3390/molecules29091943
https://doi.org/10.1007/s00432-021-03710-7
https://doi.org/10.1126/sciadv.abg2286
https://doi.org/10.3390/biom11101411
https://doi.org/10.1021/jm058183t
https://doi.org/10.1098/rstb.2011.0389
https://doi.org/10.1089/can.2016.0027
https://www.ncbi.nlm.nih.gov/pubmed/28861494
https://doi.org/10.1021/cen-09743-polcon4
https://doi.org/10.3390/foods12183505
https://www.ncbi.nlm.nih.gov/pubmed/37761214
https://doi.org/10.1136/bmj.l1141
https://doi.org/10.18773/austprescr.2015.072
https://doi.org/10.3390/cells13131130
https://www.ncbi.nlm.nih.gov/pubmed/38994982
https://doi.org/10.1016/S1474-4422(19)30032-8
https://doi.org/10.1002/j.1552-4604.2002.tb05998.x
https://doi.org/10.12688/f1000research.8245.1
https://doi.org/10.3389/fncel.2016.00294
https://www.ncbi.nlm.nih.gov/pubmed/28101004
https://doi.org/10.1038/s41401-018-0075-x
https://www.ncbi.nlm.nih.gov/pubmed/30050084
https://doi.org/10.3389/fphar.2018.01259
https://www.ncbi.nlm.nih.gov/pubmed/30542280
https://doi.org/10.3390/biomedicines11102630
https://doi.org/10.3390/molecules28237686
https://doi.org/10.3390/molecules29091981

Curr. Oncol. 2025, 32, 375 16 of 21

43.
44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

Camilleri, M.; Zheng, T. Cannabinoids and the Gastrointestinal Tract. Clin. Gastroenterol. Hepatol. 2023, 21, 3217-3229. [CrossRef]
Buckley, M.C.; Kumar, A.; Swaminath, A. Inflammatory Bowel Disease and Cannabis: A Practical Approach for Clinicians. Adv.
Ther. 2021, 38, 4152-4161. [CrossRef]

Thapa, D.; Warne, L.N.; Falasca, M. Pharmacohistory of Cannabis Use-A New Possibility in Future Drug Development for
Gastrointestinal Diseases. Int. J. Mol. Sci. 2023, 24, 14677. [CrossRef]

Hassan Almalki, W. A study of abnormal cannabidiols system-mediated cardiovascular protection in disrupted gut/brain axis
associated depression. J. Biochem. Mol. Toxicol. 2021, 35, €22930. [CrossRef]

Naya, N.M.; Kelly, J.; Hogwood, A.; Abbate, A.; Toldo, S. Therapeutic potential of cannabidiol (CBD) in the treatment of
cardiovascular diseases. Expert. Opin. Investig. Drugs 2024, 33, 699-712. [CrossRef] [PubMed]

Peng, J.; Fan, M.; An, C.; Ni, F; Huang, W.; Luo, J. A narrative review of molecular mechanism and therapeutic effect of
cannabidiol (CBD). Basic. Clin. Pharmacol. Toxicol. 2022, 130, 439-456. [CrossRef] [PubMed]

Hill, K.P,; Palastro, M.D.; Johnson, B.; Ditre, ].W. Cannabis and Pain: A Clinical Review. Cannabis Cannabinoid Res. 2017, 2, 96-104.
[CrossRef] [PubMed]

Darkovska-Serafimovska, M.; Serafimovska, T.; Arsova-Sarafinovska, Z.; Stefanoski, S.; Keskovski, Z.; Balkanov, T. Pharmacother-
apeutic considerations for use of cannabinoids to relieve pain in patients with malignant diseases. J. Pain. Res. 2018, 11, 837-842.
[CrossRef] [PubMed]

Guldager, M.B.; Chaves Filho, A.M.; Biojone, C.; Joca, S. Therapeutic potential of cannabidiol in depression. Int. Rev. Neurobiol.
2024, 177,251-293.

Simei, J.L.Q.; de Souza, ].D.R; Lisboa, ].R.; Guimaraes, ES.; Crippa, J.A.S. Cannabidiol in anxiety disorders: Current and future
perspectives. Int. Rev. Neurobiol. 2024, 177, 205-234.

Moreira, FA.; de Oliveira, A.C.P; Santos, V.R.; Moraes, M.E.D. Cannabidiol and epilepsy. Int. Rev. Neurobiol. 2024, 177, 135-147.
Marques, B.L.; Campos, A.C. Cannabidiol and Alzheimer’s disease. Int. Rev. Neurobiol. 2024, 177, 121-134.

Garza-Cervantes, J.A.; Ramos-Gonzalez, M.; Lozano, O.; Jerjes-Sanchez, C.; Garcia-Rivas, G. Therapeutic Applications of
Cannabinoids in Cardiomyopathy and Heart Failure. Oxidative Med. Cell. Longev. 2020, 2020, 4587024. [CrossRef]

Sultan, S.R.; O’Sullivan, S.E.; England, T.J. The effects of acute and sustained cannabidiol dosing for seven days on the haemody-
namics in healthy men: A randomised controlled trial. Br. J. Clin. Pharmacol. 2020, 86, 1125-1138. [CrossRef]

Dallabrida, K.G.; de Oliveira Bender, ].M.; Chade, E.S.; Rodrigues, N.; Sampaio, T.B. Endocannabinoid System Changes
throughout Life: Implications and Therapeutic Potential for Autism, ADHD, and Alzheimer’s Disease. Brain Sci. 2024, 14, 592.
[CrossRef] [PubMed]

Schouten, M.; Dalle, S.; Mantini, D.; Koppo, K. Cannabidiol and brain function: Current knowledge and future perspectives.
Front. Pharmacol. 2024, 14, 1328885. [CrossRef]

HA, A.L.; Abuarab, S.F; Salamah, H.M.; Ishqair, A.H.; Dwikat, M.F.,; Nourelden, A.Z.; Qandil, A.N.; Barakat, Y.; Barakat, M.
Cannabis and cancer: Unveiling the potential of a green ally in breast, colorectal, and prostate cancer. |. Cannabis Res. 2024, 6, 24.
Donvito, G.; Nass, S.R.; Wilkerson, J.L.; Curry, Z.A.; Schurman, L.D.; Kinsey, S.G.; Lichtman, A.H. The Endogenous Cannabinoid
System: A Budding Source of Targets for Treating Inflammatory and Neuropathic Pain. Neuropsychopharmacology 2018, 43, 52-79.
[CrossRef]

Aizpurua-Olaizola, O.; Elezgarai, I.; Rico-Barrio, I.; Zarandona, I.; Etxebarria, N.; Usobiaga, A. Targeting the endocannabinoid
system: Future therapeutic strategies. Drug Discov. Today 2016, 22, 105-110. [CrossRef] [PubMed]

Matsuda, L.A.; Lolait, S.J.; Brownstein, M.].; Young, A.C.; Bonner, T.I. Structure of a cannabinoid receptor and functional
expression of the cloned cDNA. Nature 1990, 346, 561-564. [CrossRef]

Munro, S.; Thomas, K.L.; Abu-Shaar, M. Molecular characterization of a peripheral receptor for cannabinoids. Nature 1993, 365,
61-65. [CrossRef] [PubMed]

Howlett, A.C.; Barth, E; Bonner, T.I.; Cabral, G.; Casellas, P.; Devane, W.A.; Felder, C.C.; Herkenham, M.; Mackie, K.; Martin, B.R.;
et al. International Union of Pharmacology. XXVII. Classification of cannabinoid receptors. Pharmacol. Rev. 2002, 54, 161-202.
[CrossRef]

Tao, R; Li, C.; Jaffe, A.E.; Shin, ].H.; Deep-Soboslay, A.; Yamin, R.; Weinberger, D.R.; Hyde, T.M.; Kleinman, J.E. Cannabinoid
receptor CNR1 expression and DNA methylation in human prefrontal cortex, hippocampus and caudate in brain development
and schizophrenia. Transl. Psychiatry 2020, 10, 158. [CrossRef]

Turcotte, C.; Blanchet, M.R.; Laviolette, M.; Flamand, N. The CB(2) receptor and its role as a regulator of inflammation. Cell. Mol.
Life Sci. 2016, 73, 4449-4470. [CrossRef]

Haney, M. Cannabis Use and the Endocannabinoid System: A Clinical Perspective. Am. J. Psychiatry 2022, 179, 21-25. [CrossRef]
[PubMed]

Haney, M.; Hill, M.N. Cannabis and Cannabinoids: From Synapse to Society. Neuropsychopharmacology 2017, 43, 1-3. [CrossRef]
Sim-Selley, L.J. Regulation of cannabinoid CB1 receptors in the central nervous system by chronic cannabinoids. Crit. Rev.
Neurobiol. 2003, 15,91-119. [CrossRef] [PubMed]


https://doi.org/10.1016/j.cgh.2023.07.031
https://doi.org/10.1007/s12325-021-01805-8
https://doi.org/10.3390/ijms241914677
https://doi.org/10.1002/jbt.22930
https://doi.org/10.1080/13543784.2024.2351513
https://www.ncbi.nlm.nih.gov/pubmed/38703078
https://doi.org/10.1111/bcpt.13710
https://www.ncbi.nlm.nih.gov/pubmed/35083862
https://doi.org/10.1089/can.2017.0017
https://www.ncbi.nlm.nih.gov/pubmed/28861509
https://doi.org/10.2147/JPR.S160556
https://www.ncbi.nlm.nih.gov/pubmed/29719417
https://doi.org/10.1155/2020/4587024
https://doi.org/10.1111/bcp.14225
https://doi.org/10.3390/brainsci14060592
https://www.ncbi.nlm.nih.gov/pubmed/38928592
https://doi.org/10.3389/fphar.2023.1328885
https://doi.org/10.1038/npp.2017.204
https://doi.org/10.1016/j.drudis.2016.08.005
https://www.ncbi.nlm.nih.gov/pubmed/27554802
https://doi.org/10.1038/346561a0
https://doi.org/10.1038/365061a0
https://www.ncbi.nlm.nih.gov/pubmed/7689702
https://doi.org/10.1124/pr.54.2.161
https://doi.org/10.1038/s41398-020-0832-8
https://doi.org/10.1007/s00018-016-2300-4
https://doi.org/10.1176/appi.ajp.2021.21111138
https://www.ncbi.nlm.nih.gov/pubmed/34974755
https://doi.org/10.1038/npp.2017.255
https://doi.org/10.1615/CritRevNeurobiol.v15.i2.10
https://www.ncbi.nlm.nih.gov/pubmed/14977366

Curr. Oncol. 2025, 32, 375 17 of 21

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Pertwee, R.G. The diverse CB1 and CB2 receptor pharmacology of three plant cannabinoids: Delta9-tetrahydrocannabinol,
cannabidiol and delta9-tetrahydrocannabivarin. Br. |. Pharmacol. 2008, 153, 199-215. [CrossRef] [PubMed]

Thomas, A.; Baillie, G.L.; Phillips, A.M.; Razdan, R.K; Ross, R.A.; Pertwee, R.G. Cannabidiol displays unexpectedly high potency
as an antagonist of CB1 and CB2 receptor agonists in vitro. Br. J. Pharmacol. 2007, 150, 613-623. [CrossRef]

Boggs, D.L.; Nguyen, ].D.; Morgenson, D.; Taffe, M.A.; Ranganathan, M. Clinical and Preclinical Evidence for Functional
Interactions of Cannabidiol and Delta(9)-Tetrahydrocannabinol. Neuropsychopharmacology 2017, 43, 142-154. [CrossRef]
Laprairie, R.B.; Bagher, A.M.; Kelly, M.E.; Denovan-Wright, E.M. Cannabidiol is a negative allosteric modulator of the cannabinoid
CB1 receptor. Br. J. Pharmacol. 2015, 172, 4790-4805. [CrossRef]

Petitet, F.; Jeantaud, B.; Reibaud, M.; Imperato, A.; Dubroeucq, M.C. Complex pharmacology of natural cannabinoids: Evidence
for partial agonist activity of delta9-tetrahydrocannabinol and antagonist activity of cannabidiol on rat brain cannabinoid
receptors. Life Sci. 1998, 63, PL1-PL6. [CrossRef]

Darmon, M.; Al Awabdh, S.; Emerit, M.B.; Masson, J. Insights into Serotonin Receptor Trafficking: Cell Membrane Targeting and
Internalization. Prog. Mol. Biol. Transl. Sci. 2015, 132, 97-126.

Berger, M.; Gray, ].A.; Roth, B.L. The expanded biology of serotonin. Annu. Rev. Med. 2009, 60, 355-366. [CrossRef]

Kannen, V.; Bader, M.; Sakita, J.Y.; Uyemura, S.A.; Squire, J.A. The Dual Role of Serotonin in Colorectal Cancer. Trends Endocrinol.
Metab. 2020, 31, 611-625. [CrossRef] [PubMed]

Russo, E.B.; Burnett, A.; Hall, B.; Parker, K.K. Agonistic properties of cannabidiol at 5-HT1a receptors. Neurochem. Res. 2005, 30,
1037-1043. [CrossRef] [PubMed]

Linge, R.; Jimenez-Sanchez, L.; Campa, L.; Pilar-Cuellar, F; Vidal, R.; Pazos, A.; Adell, A.; Diaz, A. Cannabidiol induces
rapid-acting antidepressant-like effects and enhances cortical 5-HT/glutamate neurotransmission: Role of 5-HT1A receptors.
Neuropharmacology 2016, 103, 16-26. [CrossRef] [PubMed]

Campos, A.C.; Guimaraes, F.S. Involvement of 5SHT1A receptors in the anxiolytic-like effects of cannabidiol injected into the
dorsolateral periaqueductal gray of rats. Psychopharmacology 2008, 199, 223-230. [CrossRef]

Gomes, FV; Reis, D.G.; Alves, EH.; Correa, EM.; Guimaraes, ES.; Resstel, L.B. Cannabidiol injected into the bed nucleus of the
stria terminalis reduces the expression of contextual fear conditioning via 5-HT1A receptors. J. Psychopharmacol. 2012, 26, 104-113.
[CrossRef]

Mehrpouya-Bahrami, P.; Chitrala, K.N.; Ganewatta, M.S.; Tang, C.; Murphy, E.A.; Enos, R.T.; Velazquez, K.T.; McCellan, J.;
Nagarkatti, M.; Nagarkatti, P. Blockade of CB1 cannabinoid receptor alters gut microbiota and attenuates inflammation and
diet-induced obesity. Sci. Rep. 2017, 7, 15645. [CrossRef]

Rakotoarivelo, V.; Mayer, T.Z.; Simard, M.; Flamand, N.; Di Marzo, V. The Impact of the CB(2) Cannabinoid Receptor in
Inflammatory Diseases: An Update. Molecules 2024, 29, 3381. [CrossRef]

Kwon, Y.H,; Blass, B.E.; Wang, H.; Grondin, ]J.A.; Banskota, S.; Korzekwa, K.; Ye, M.; Gordon, ].C.; Colussi, D.; Blattner, K.M.;
et al. Novel 5-HT(7) receptor antagonists modulate intestinal immune responses and reduce severity of colitis. Am. J. Physiol.
Gastrointest. Liver Physiol. 2024, 327, G57-G69. [CrossRef]

Martinez Naya, N.; Kelly, J.; Corna, G.; Golino, M.; Abbate, A.; Toldo, S. Molecular and Cellular Mechanisms of Action of
Cannabidiol. Molecules 2023, 28, 5980. [CrossRef]

Carrier, E.J.; Auchampach, J.A.; Hillard, C.J. Inhibition of an equilibrative nucleoside transporter by cannabidiol: A mechanism of
cannabinoid immunosuppression. Proc. Natl. Acad. Sci. USA 2006, 103, 7895-7900. [CrossRef]

Mechoulam, R.; Hanus, L. Cannabidiol: An overview of some chemical and pharmacological aspects. Part I: Chemical aspects.
Chem. Phys. Lipids 2002, 121, 35-43. [CrossRef]

O’Sullivan, S.E. Cannabinoids go nuclear: Evidence for activation of peroxisome proliferator-activated receptors. Br. ]. Pharmacol.
2007, 152, 576-582. [CrossRef] [PubMed]

Stanley, C.P; Hind, W.H.; O’Sullivan, S.E. Is the cardiovascular system a therapeutic target for cannabidiol? Br. J. Clin. Pharmacol.
2013, 75, 313-322. [CrossRef] [PubMed]

Szeles, L.; Torocsik, D.; Nagy, L. PPARgamma in immunity and inflammation: Cell types and diseases. Biochim. Biophys. Acta
2007, 1771, 1014-1030. [CrossRef]

Sugiyama, H.; Nonaka, T.; Kishimoto, T.; Komoriya, K.; Tsuji, K.; Nakahata, T. Peroxisome proliferator-activated receptors are
expressed in human cultured mast cells: A possible role of these receptors in negative regulation of mast cell activation. Eur. J.
Immunol. 2000, 30, 3363-3370. [CrossRef] [PubMed]

Jin, E; Wen, Y,; Lin, G,; Yu, S.; Wang, C.; Ye, W.; Zhang, J. Design, synthesis, and analgesia evaluation of novel Transient Receptor
Potential Vanilloid 1 (TRPV1) agonists modified from Cannabidiol (CBD). Bioorg. Med. Chem. 2023, 90, 117379. [CrossRef]
Davis, ].B.; Gray, ].; Gunthorpe, M.].; Hatcher, J.P.; Davey, P.T.; Overend, P; Harries, M.H.; Latcham, J.; Clapham, C.; Atkinson, K.;
et al. Vanilloid receptor-1 is essential for inflammatory thermal hyperalgesia. Nature 2000, 405, 183-187. [CrossRef]

Bakas, T.; van Nieuwenhuijzen, P.S.; Devenish, S.0.; McGregor, L.S.; Arnold, ].C.; Chebib, M. The direct actions of cannabidiol and
2-arachidonoyl glycerol at GABA(A) receptors. Pharmacol. Res. 2017, 119, 358-370. [CrossRef]


https://doi.org/10.1038/sj.bjp.0707442
https://www.ncbi.nlm.nih.gov/pubmed/17828291
https://doi.org/10.1038/sj.bjp.0707133
https://doi.org/10.1038/npp.2017.209
https://doi.org/10.1111/bph.13250
https://doi.org/10.1016/S0024-3205(98)00238-0
https://doi.org/10.1146/annurev.med.60.042307.110802
https://doi.org/10.1016/j.tem.2020.04.008
https://www.ncbi.nlm.nih.gov/pubmed/32439105
https://doi.org/10.1007/s11064-005-6978-1
https://www.ncbi.nlm.nih.gov/pubmed/16258853
https://doi.org/10.1016/j.neuropharm.2015.12.017
https://www.ncbi.nlm.nih.gov/pubmed/26711860
https://doi.org/10.1007/s00213-008-1168-x
https://doi.org/10.1177/0269881110389095
https://doi.org/10.1038/s41598-017-15154-6
https://doi.org/10.3390/molecules29143381
https://doi.org/10.1152/ajpgi.00299.2023
https://doi.org/10.3390/molecules28165980
https://doi.org/10.1073/pnas.0511232103
https://doi.org/10.1016/S0009-3084(02)00144-5
https://doi.org/10.1038/sj.bjp.0707423
https://www.ncbi.nlm.nih.gov/pubmed/17704824
https://doi.org/10.1111/j.1365-2125.2012.04351.x
https://www.ncbi.nlm.nih.gov/pubmed/22670794
https://doi.org/10.1016/j.bbalip.2007.02.005
https://doi.org/10.1002/1521-4141(2000012)30:12%3C3363::AID-IMMU3363%3E3.0.CO;2-B
https://www.ncbi.nlm.nih.gov/pubmed/11093153
https://doi.org/10.1016/j.bmc.2023.117379
https://doi.org/10.1038/35012076
https://doi.org/10.1016/j.phrs.2017.02.022

Curr. Oncol. 2025, 32, 375 18 of 21

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.
110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Ruffolo, G.; Gaeta, A.; Cannata, B.; Pinzaglia, C.; Aronica, E.; Morano, A.; Cifelli, P.; Palma, E. GABAergic Neurotransmission in
Human Tissues Is Modulated by Cannabidiol. Life 2022, 12, 2042. [CrossRef]

Keum, N.; Giovannucci, E. Global burden of colorectal cancer: Emerging trends, risk factors and prevention strategies. Nat. Rev.
Gastroenterol. Hepatol. 2019, 16, 713-732. [CrossRef]

Bray, F; Laversanne, M.; Sung, H.; Ferlay, J.; Siegel, R.L.; Soerjomataram, I.; Jemal, A. Global cancer statistics 2022: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2024, 74, 229-263. [CrossRef]
World Health Organization. Colorectal Cancer. Available online: https://www.who.int/news-room/fact-sheets/detail /
colorectal-cancer (accessed on 12 August 2024).

Zauber, A.G.; Lansdorp-Vogelaar, I.; Knudsen, A.B.; Wilschut, J.; van Ballegooijen, M.; Kuntz, K.M. Evaluating test strategies for
colorectal cancer screening: A decision analysis for the U.S. Preventive Services Task Force. Ann. Intern. Med. 2008, 149, 659—669.
[CrossRef] [PubMed]

Holme, O.; Loberg, M.; Kalager, M.; Bretthauer, M.; Hernan, M.A; Aas, E.; Eide, T.J.; Skovlund, E.; Schneede, J.; Tveit, KM.; et al.
Effect of flexible sigmoidoscopy screening on colorectal cancer incidence and mortality: A randomized clinical trial. JAMA 2014,
312, 606-615. [CrossRef]

Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7-30. [CrossRef]

Siegel, R.L.; Giaquinto, A.N.; Jemal, A. Cancer statistics, 2024. CA Cancer |. Clin. 2024, 74, 12-49. [CrossRef] [PubMed]

de la Chapelle, A. Genetic predisposition to colorectal cancer. Nat. Rev. Cancer 2004, 4, 769-780. [CrossRef] [PubMed]
Lichtenstein, P.; Holm, N.V.; Verkasalo, P.K,; Iliadou, A.; Kaprio, J.; Koskenvuo, M.; Pukkala, E.; Skytthe, A.; Hemminki, K.
Environmental and heritable factors in the causation of cancer--analyses of cohorts of twins from Sweden, Denmark, and Finland.
N. Engl. ]. Med. 2000, 343, 78-85. [CrossRef]

Jasperson, K.W.; Tuohy, T.M.; Neklason, D.W.; Burt, R.W. Hereditary and familial colon cancer. Gastroenterology 2010, 138,
2044-2058. [CrossRef]

Al-Sohaily, S.; Biankin, A.; Leong, R.; Kohonen-Corish, M.; Warusavitarne, J. Molecular pathways in colorectal cancer. ]. Gastroen-
terol. Hepatol. 2011, 27, 1423-1431. [CrossRef]

Power, D.G.; Gloglowski, E.; Lipkin, S.M. Clinical genetics of hereditary colorectal cancer. Hemmatol. Oncol. Clin. N. Am. 2010, 24,
837-859. [CrossRef]

Desai, T.K.; Barkel, D. Syndromic colon cancer: Lynch syndrome and familial adenomatous polyposis. Gastroenterol. Clin. N. Am.
2008, 37, 47-72. [CrossRef] [PubMed]

Boland, C.R.; Goel, A. Microsatellite instability in colorectal cancer. Gastroenterology 2010, 138, 2073-2087. [CrossRef] [PubMed]
Bodmer, W.E; Bailey, C.J.; Bodmer, ].; Bussey, H.J.; Ellis, A.; Gorman, P.; Lucibello, EC.; Murday, V.A.; Rider, S.H.; Scambler, P;
et al. Localization of the gene for familial adenomatous polyposis on chromosome 5. Nature 1987, 328, 614—-616. [CrossRef]
Kinzler, KW.; Nilbert, M.C.; Su, L.K.; Vogelstein, B.; Bryan, T.M.; Levy, D.B.; Smith, K.J.; Preisinger, A.C.; Hedge, P.; McKechnie,
D.; et al. Identification of FAP locus genes from chromosome 5q21. Science 1991, 253, 661-665. [CrossRef]

Groden, J.; Thliveris, A.; Samowitz, W.; Carlson, M.; Gelbert, L.; Albertsen, H.; Joslyn, G.; Stevens, J.; Spirio, L.; Robertson, M.;
et al. Identification and characterization of the familial adenomatous polyposis coli gene. Cell 1991, 66, 589-600. [CrossRef]
GBD 2019 Colorectal Cancer Collaborators. Global, regional, and national burden of colorectal cancer and its risk factors,
1990-2019: A systematic analysis for the Global Burden of Disease Study 2019. Lancet Gastroenterol. Hepatol. 2022, 7, 627-647.
[CrossRef]

Sreevalsan, S.; Joseph, S.; Jutooru, I.; Chadalapaka, G.; Safe, S.H. Induction of apoptosis by cannabinoids in prostate and colon
cancer cells is phosphatase dependent. Anticancer. Res. 2011, 31, 3799-3807.

Aviello, G.; Romano, B.; Borrelli, E; Capasso, R.; Gallo, L.; Piscitelli, F.; Di Marzo, V.; I1zzo, A.A. Chemopreventive effect of
the non-psychotropic phytocannabinoid cannabidiol on experimental colon cancer. J. Mol. Med. 2012, 90, 925-934. [CrossRef]
[PubMed]

Romano, B.; Borrelli, F.; Pagano, E.; Cascio, M.G.; Pertwee, R.G.; Izzo, A.A. Inhibition of colon carcinogenesis by a standardized
Cannabis sativa extract with high content of cannabidiol. Phytomedicine 2014, 21, 631-639. [CrossRef]

Kargl, J.; Andersen, L.; Hasenohrl, C.; Feuersinger, D.; Stancic, A.; Fauland, A.; Magnes, C.; El-Heliebi, A ; Lax, S.; Uranitsch, S.;
et al. GPR55 promotes migration and adhesion of colon cancer cells indicating a role in metastasis. Br. J. Pharmacol. 2016, 173,
142-154. [CrossRef]

Jeong, S.; Yun, HK,; Jeong, Y.A.; Jo, M.].; Kang, S.H.; Kim, ].L.; Kim, D.Y,; Park, S.H.; Kim, B.R; Na, Y.J.; et al. Cannabidiol-induced
apoptosis is mediated by activation of Noxa in human colorectal cancer cells. Cancer Lett. 2019, 447, 12-23. [CrossRef] [PubMed]
Kim, J.L.; Kim, B.R.; Kim, D.Y; Jeong, Y.A,; Jeong, S.; Na, Y.J.; Park, S.H.; Yun, HK, Jo, M.]J.; Kim, B.G,; et al. Cannabidiol
Enhances the Therapeutic Effects of TRAIL by Upregulating DR5 in Colorectal Cancer. Cancers 2019, 11, 642. [CrossRef]

Jeong, S.; Kim, B.G.; Kim, D.Y.; Kim, B.R.; Kim, J.L.; Park, S.H.; Na, Y.J.; Jo, M.].; Yun, HK.; Jeong, Y.A.; et al. Cannabidiol
Overcomes Oxaliplatin Resistance by Enhancing NOS3- and SOD2-Induced Autophagy in Human Colorectal Cancer Cells.
Cancers 2019, 11, 781. [CrossRef]


https://doi.org/10.3390/life12122042
https://doi.org/10.1038/s41575-019-0189-8
https://doi.org/10.3322/caac.21834
https://www.who.int/news-room/fact-sheets/detail/colorectal-cancer
https://www.who.int/news-room/fact-sheets/detail/colorectal-cancer
https://doi.org/10.7326/0003-4819-149-9-200811040-00244
https://www.ncbi.nlm.nih.gov/pubmed/18838717
https://doi.org/10.1001/jama.2014.8266
https://doi.org/10.3322/caac.21590
https://doi.org/10.3322/caac.21820
https://www.ncbi.nlm.nih.gov/pubmed/38230766
https://doi.org/10.1038/nrc1453
https://www.ncbi.nlm.nih.gov/pubmed/15510158
https://doi.org/10.1056/NEJM200007133430201
https://doi.org/10.1053/j.gastro.2010.01.054
https://doi.org/10.1111/j.1440-1746.2012.07200.x
https://doi.org/10.1016/j.hoc.2010.06.006
https://doi.org/10.1016/j.gtc.2007.12.006
https://www.ncbi.nlm.nih.gov/pubmed/18313539
https://doi.org/10.1053/j.gastro.2009.12.064
https://www.ncbi.nlm.nih.gov/pubmed/20420947
https://doi.org/10.1038/328614a0
https://doi.org/10.1126/science.1651562
https://doi.org/10.1016/0092-8674(81)90021-0
https://doi.org/10.1016/S2468-1253(22)00044-9
https://doi.org/10.1007/s00109-011-0856-x
https://www.ncbi.nlm.nih.gov/pubmed/22231745
https://doi.org/10.1016/j.phymed.2013.11.006
https://doi.org/10.1111/bph.13345
https://doi.org/10.1016/j.canlet.2019.01.011
https://www.ncbi.nlm.nih.gov/pubmed/30660647
https://doi.org/10.3390/cancers11050642
https://doi.org/10.3390/cancers11060781

Curr. Oncol. 2025, 32, 375 19 of 21

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.
144.

145.

146.

Honarmand, M.; Namazi, F; Mohammadi, A.; Nazifi, S. Can cannabidiol inhibit angiogenesis in colon cancer? Comp. Clin. Pathol.
2019, 28, 165-172. [CrossRef]

Cerretani, D.; Collodel, G.; Brizzi, A.; Fiaschi, A.I,; Menchiari, A.; Moretti, E.; Moltoni, L.; Micheli, L. Cytotoxic Effects of
Cannabinoids on Human HT-29 Colorectal Adenocarcinoma Cells: Different Mechanisms of THC, CBD, and CB83. Int. ]. Mol. Sci.
2020, 21, 5533. [CrossRef] [PubMed]

Raup-Konsavage, W.M.; Carkaci-Salli, N.; Greenland, K.; Gearhart, R.; Vrana, K.E. Cannabidiol (CBD) Oil Does Not Display an
Entourage Effect in Reducing Cancer Cell Viability in vitro. Med. Cannabis Cannabinoids 2020, 3, 95-102. [CrossRef]

Lee, H.S,; Tamia, G.; Song, H.J.; Amarakoon, D.; Wei, C.I; Lee, S.H. Cannabidiol exerts anti-proliferative activity via a cannabinoid
receptor 2-dependent mechanism in human colorectal cancer cells. Int. Immunopharmacol. 2022, 108, 108865. [CrossRef]

Nkune, N.W.; Kruger, C.A.; Abrahamse, H. Synthesis of a novel nanobioconjugate for targeted photodynamic therapy of colon
cancer enhanced with cannabidiol. Oncotarget 2022, 13, 156-172. [CrossRef]

Feng, P; Zhu, L,; Jie, ].; Yang, P.; Sheng, N.; Chen, X. Cannabidiol inhibits invasion and metastasis in colorectal cancer cells by
reversing epithelial-mesenchymal transition through the Wnt/beta-catenin signaling pathway. J. Cancer Res. Clin. Oncol. 2022,
149, 3587-3598. [CrossRef]

Wang, E; Dezfouli, A.B.; Khosravi, M.; Sievert, W.; Stangl, S.; Schwab, M.; Wu, Z_; Steiger, K.; Ma, H.; Multhoff, G. Cannabidiol-
induced crosstalk of apoptosis and macroautophagy in colorectal cancer cells involves p53 and Hsp70. Cell Death Discov. 2023, 9,
286. [CrossRef]

Wang, F; Bashiri Dezfouli, A.; Multhoff, G. The immunomodulatory effects of cannabidiol on Hsp70-activated NK cells and
tumor target cells. Mol. Immunol. 2024, 174, 1-10. [CrossRef] [PubMed]

Cherkasova, V,; Ilnytskyy, Y.; Kovalchuk, O.; Kovalchuk, I. Transcriptome Analysis of Cisplatin, Cannabidiol, and Intermittent
Serum Starvation Alone and in Various Combinations on Colorectal Cancer Cells. Int. J. Mol. Sci. 2023, 24, 14743. [CrossRef]
Wei, T.; Chen, L.; Shi, P.; Wang, C.; Peng, Y.; Yang, ].; Liao, X.; Yang, B.; Gao, C. Platinum (IV) drugs with cannabidiol inducing
mitochondrial dysfunction and synergistically enhancing anti-tumor effects. J. Inorg. Biochem. 2024, 254, 112515. [CrossRef]
[PubMed]

Kim, N.Y.; Mohan, C.D.; Sethi, G.; Ahn, K.S. Cannabidiol activates MAPK pathway to induce apoptosis, paraptosis, and
autophagy in colorectal cancer cells. J. Cell. Biochem. 2024, 125, €30537. [CrossRef] [PubMed]

Paduch, R.; Szwaczko, K.; Dziuba, K.; Wiater, A. Exploring the Potential of Synthetic Cannabinoids: Modulation of Biological
Activity of Normal and Cancerous Human Colon Epithelial Cells. Cells 2024, 13, 1616. [CrossRef]

Sun, X.; Zhou, L.; Wang, Y.; Deng, G.; Cao, X,; Ke, B.; Wu, X.; Gu, Y,; Cheng, H.; Xu, Q.; et al. Single-cell analyses reveal
cannabidiol rewires tumor microenvironment via inhibiting alternative activation of macrophage and synergizes with anti-PD-1
in colon cancer. J. Pharm. Anal. 2023, 13, 726-744. [CrossRef]

Sun, Q.; Bravo Iniguez, A.; Tian, Q.; Du, M.; Zhu, M.]. Dietary Cannabidiol Activates PKA/AMPK Signaling and Attenuates
Chronic Inflammation and Leaky Gut in DSS-Induced Colitis Mice. Mol. Nutr. Food Res. 2024, 68, €2300446. [CrossRef]
Moniruzzaman, M.; Wong, K.Y.; Janjua, T.IL; Martin, ]. H.; Begun, ]J.; Popat, A. Cannabidiol Targets Colorectal Cancer Cells via
Cannabinoid Receptor 2, Independent of Common Mutations. ACS Pharmacol. Transl. Sci. 2025, 8, 543-556. [CrossRef]

Iffland, K.; Grotenhermen, F. An Update on Safety and Side Effects of Cannabidiol: A Review of Clinical Data and Relevant
Animal Studies. Cannabis Cannabinoid Res. 2017, 2, 139-154. [CrossRef]

Sledziriski, P; Zeyland, J.; Stomski, R.; Nowak, A. The current state and future perspectives of cannabinoids in cancer biology.
Cancer Med. 2018, 7, 5859. [CrossRef]

Orrego-Gonzalez, E.; Londono-Tobon, L.; Ardila-Gonzalez, ].; Polania-Tovar, D.; Valencia-Cardenas, A.; Velez-Van Meerbeke,
A. Cannabinoid Effects on Experimental Colorectal Cancer Models Reduce Aberrant Crypt Foci (ACF) and Tumor Volume: A
Systematic Review. Evid. Based Complement. Alternat Med. 2020, 2020, 2371527. [CrossRef] [PubMed]

Hanahan, D.; Weinberg, R.A. The hallmarks of cancer. Cell 2000, 100, 57-70. [CrossRef] [PubMed]

Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646-674. [CrossRef] [PubMed]
Mohammad-Zadeh, L.F; Moses, L.; Gwaltney-Brant, S.M. Serotonin: A review. ]. Vet. Pharmacol. Ther. 2008, 31, 187-199.
[CrossRef]

Jones, L.A.; Sun, EW.; Martin, A.M.; Keating, D.]J. The ever-changing roles of serotonin. Int. ]. Biochem. Cell Biol. 2020, 125, 105776.
[CrossRef]

Jauhar, S.; Cowen, PJ.; Browning, M. Fifty years on: Serotonin and depression. |. Psychopharmacol. 2023, 37, 237-241. [CrossRef]
Spohn, S.N.; Mawe, G.M. Non-conventional features of peripheral serotonin signalling—The gut and beyond. Nat. Rev.
Gastroenterol. Hepatol. 2017, 14, 412-420. [CrossRef]

Mawe, G.M.; Hoffman, ].M. Serotonin signalling in the gut--functions, dysfunctions and therapeutic targets. Nat. Rev. Gastroenterol.
Hepatol. 2013, 10, 473-486. [CrossRef]

Wu, H.; Denna, T.H.; Storkersen, ].N.; Gerriets, V.A. Beyond a neurotransmitter: The role of serotonin in inflammation and
immunity. Pharmacol. Res. 2019, 140, 100-114. [CrossRef]


https://doi.org/10.1007/s00580-018-2810-6
https://doi.org/10.3390/ijms21155533
https://www.ncbi.nlm.nih.gov/pubmed/32752303
https://doi.org/10.1159/000510256
https://doi.org/10.1016/j.intimp.2022.108865
https://doi.org/10.18632/oncotarget.28171
https://doi.org/10.1007/s00432-022-04265-x
https://doi.org/10.1038/s41420-023-01578-9
https://doi.org/10.1016/j.molimm.2024.07.008
https://www.ncbi.nlm.nih.gov/pubmed/39126837
https://doi.org/10.3390/ijms241914743
https://doi.org/10.1016/j.jinorgbio.2024.112515
https://www.ncbi.nlm.nih.gov/pubmed/38490045
https://doi.org/10.1002/jcb.30537
https://www.ncbi.nlm.nih.gov/pubmed/38358093
https://doi.org/10.3390/cells13191616
https://doi.org/10.1016/j.jpha.2023.04.013
https://doi.org/10.1002/mnfr.202300446
https://doi.org/10.1021/acsptsci.4c00644
https://doi.org/10.1089/can.2016.0034
https://doi.org/10.1002/cam4.1312
https://doi.org/10.1155/2020/2371527
https://www.ncbi.nlm.nih.gov/pubmed/32765628
https://doi.org/10.1016/S0092-8674(00)81683-9
https://www.ncbi.nlm.nih.gov/pubmed/10647931
https://doi.org/10.1016/j.cell.2011.02.013
https://www.ncbi.nlm.nih.gov/pubmed/21376230
https://doi.org/10.1111/j.1365-2885.2008.00944.x
https://doi.org/10.1016/j.biocel.2020.105776
https://doi.org/10.1177/02698811231161813
https://doi.org/10.1038/nrgastro.2017.51
https://doi.org/10.1038/nrgastro.2013.105
https://doi.org/10.1016/j.phrs.2018.06.015

Curr. Oncol. 2025, 32, 375 20 of 21

147.

148.

149.

150.
151.

152.

153.

154.

155.

156.

157.

158.
159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Walther, D.J.; Peter, J.U.; Bashammakh, S.; Hortnagl, H.; Voits, M.; Fink, H.; Bader, M. Synthesis of serotonin by a second
tryptophan hydroxylase isoform. Science 2003, 299, 76. [CrossRef]

Yabut, ].M.; Crane, J.D.; Green, A.E.; Keating, D.]J.; Khan, W.L; Steinberg, G.R. Emerging Roles for Serotonin in Regulating
Metabolism: New Implications for an Ancient Molecule. Endocr. Rev. 2019, 40, 1092-1107. [CrossRef]

Martin, A.M.; Young, R.L.; Leong, L.; Rogers, G.B.; Spencer, N.J.; Jessup, C.F.; Keating, D.]. The Diverse Metabolic Roles of
Peripheral Serotonin. Endocrinology 2017, 158, 1049-1063. [CrossRef] [PubMed]

Zifa, E.; Fillion, G. 5-Hydroxytryptamine receptors. Pharmacol. Rev. 1992, 44, 401-458. [CrossRef] [PubMed]

Reeves, D.C.; Lummis, S.C. The molecular basis of the structure and function of the 5-HT3 receptor: A model ligand-gated ion
channel (review). Mol. Membr. Biol. 2002, 19, 11-26. [CrossRef]

Sjolund, K.; Sanden, G.; Hakanson, R.; Sundler, F. Endocrine cells in human intestine: An immunocytochemical study. Gastroen-
terology 1983, 85, 1120-1130. [CrossRef] [PubMed]

Beattie, D.T.; Smith, J.A. Serotonin pharmacology in the gastrointestinal tract: A review. Naunyn Schmiedebergs Arch. Pharmacol.
2008, 377, 181-203. [CrossRef]

Coleman, N.S,; Foley, S.; Dunlop, S.P.; Wheatcroft, J.; Blackshaw, E.; Perkins, A.C.; Singh, G.; Marsden, C.A.; Holmes, G.K.; Spiller,
R.C. Abnormalities of serotonin metabolism and their relation to symptoms in untreated celiac disease. Clin. Gastroenterol. Hepatol.
2006, 4, 874-881. [CrossRef]

Camilleri, M. Serotonin in the gastrointestinal tract. Curr. Opin. Endocrinol. Diabetes Obes. 2009, 16, 53-59. [CrossRef]
Sarrouilhe, D.; Clarhaut, J.; Defamie, N.; Mesnil, M. Serotonin and cancer: What is the link? Curr. Mol. Med. 2015, 15, 62-77.
[CrossRef]

Sarrouilhe, D.; Mesnil, M. Serotonin and human cancer: A critical view. Biochimie 2019, 161, 46-50. [CrossRef]

Balakrishna, P.; George, S.; Hatoum, H.; Mukherjee, S. Serotonin Pathway in Cancer. Int. J. Mol. Sci. 2021, 22, 1268. [CrossRef]
Zhu, P; Lu, T,; Chen, Z; Liu, B.; Fan, D.; Li, C.; Wu, J.; He, L.; Zhu, X.; Du, Y.; et al. 5-hydroxytryptamine produced by enteric
serotonergic neurons initiates colorectal cancer stem cell self-renewal and tumorigenesis. Neuron 2022, 110, 2268-2282. [CrossRef]
[PubMed]

Sui, H,; Xu, H,; Ji, Q.; Liu, X.; Zhou, L.; Song, H.; Zhou, X.; Xu, Y,; Chen, Z; Cai, J.; et al. 5-hydroxytryptamine receptor
(5-HT1DR) promotes colorectal cancer metastasis by regulating Axinl/beta-catenin/MMP-7 signaling pathway. Oncotarget 2015,
6,25975-25987. [CrossRef] [PubMed]

Rapalli, A.; Bertoni, S.; Arcaro, V.; Saccani, F; Grandi, A.; Vivo, V.; Cantoni, A.M.; Barocelli, E. Dual Role of Endogenous Serotonin
in 2,4,6-Trinitrobenzene Sulfonic Acid-Induced Colitis. Front. Pharmacol. 2016, 7, 68. [CrossRef] [PubMed]

Ataee, R.; Ajdary, S.; Zarrindast, M.; Rezayat, M.; Hayatbakhsh, M.R. Anti-mitogenic and apoptotic effects of 5-HT1B receptor
antagonist on HT29 colorectal cancer cell line. J. Cancer Res. Clin. Oncol. 2010, 136, 1461-1469. [CrossRef]

Li, T.; Wei, L.; Zhang, X.; Fu, B.; Zhou, Y.; Yang, M.; Cao, M.; Chen, Y.; Tan, Y.; Shi, Y.; et al. Serotonin Receptor HTR2B Facilitates
Colorectal Cancer Metastasis via CREB1-ZEB1 Axis-Mediated Epithelial-Mesenchymal Transition. Mol. Cancer Res. 2024, 22,
538-554. [CrossRef]

Liu, H.; Huang, Q.; Fan, Y.; Li, B.; Liu, X.; Hu, C. Dissecting the novel abilities of aripiprazole: The generation of anti-colorectal
cancer effects by targeting Galphaq via HTR2B. Acta Pharm. Sin. B 2023, 13, 3400-3413. [CrossRef]

Tang, J.; Wang, Z.; Liu, J.; Zhou, C.; Chen, J. Downregulation of 5-hydroxytryptamine receptor 3A expression exerts an anticancer
activity against cell growth in colorectal carcinoma cells in vitro. Oncol. Lett. 2018, 16, 6100-6108. [CrossRef]

Li, T; Fu, B.; Zhang, X.; Zhou, Y.; Yang, M.; Cao, M.; Chen, Y.; Tan, Y.; Hu, R. Overproduction of Gastrointestinal 5-HT Promotes
Colitis-Associated Colorectal Cancer Progression via Enhancing NLRP3 Inflammasome Activation. Cancer Immunol. Res. 2021, 9,
1008-1023. [CrossRef]

Spohn, S.N.; Bianco, E; Scott, R.B.; Keenan, C.M.; Linton, A.A.; O'Neill, C.H.; Bonora, E.; Dicay, M.; Lavoie, B.; Wilcox, R.L.; et al.
Protective Actions of Epithelial 5-Hydroxytryptamine 4 Receptors in Normal and Inflamed Colon. Gastroenterology 2016, 151,
933-944. [CrossRef]

Guseva, D.; Holst, K.; Kaune, B.; Meier, M.; Keubler, L.; Glage, S.; Buettner, M.; Bleich, A.; Pabst, O.; Bachmann, O.; et al. Serotonin
5-HT7 receptor is critically involved in acute and chronic inflammation of the gastrointestinal tract. Inflamm. Bowel Dis. 2014, 20,
1516-1529. [CrossRef] [PubMed]

Kim, J.J.; Bridle, B.W.; Ghia, J.E.; Wang, H.; Syed, S.N.; Manocha, M.M.; Rengasamy, P.; Shajib, M.S.; Wan, Y.; Hedlund, P.B,;
et al. Targeted inhibition of serotonin type 7 (5-HT?) receptor function modulates immune responses and reduces the severity of
intestinal inflammation. J. Immunol. 2013, 190, 4795-4804. [CrossRef]

Koopman, N.; Katsavelis, D.; Hove, A.S.T.; Brul, S.; Jonge, W.J.; Seppen, J. The Multifaceted Role of Serotonin in Intestinal
Homeostasis. Int. . Mol. Sci. 2021, 22, 9487. [CrossRef] [PubMed]

Resstel, L.B.; Tavares, R.E; Lisboa, S.F; Joca, S.R.; Correa, EM.; Guimaraes, F.S. 5-HT1A receptors are involved in the cannabidiol-
induced attenuation of behavioural and cardiovascular responses to acute restraint stress in rats. Br. J. Pharmacol. 2009, 156,
181-188. [CrossRef]


https://doi.org/10.1126/science.1078197
https://doi.org/10.1210/er.2018-00283
https://doi.org/10.1210/en.2016-1839
https://www.ncbi.nlm.nih.gov/pubmed/28323941
https://doi.org/10.1016/S0031-6997(25)00462-4
https://www.ncbi.nlm.nih.gov/pubmed/1359584
https://doi.org/10.1080/09687680110110048
https://doi.org/10.1016/S0016-5085(83)80080-8
https://www.ncbi.nlm.nih.gov/pubmed/6194039
https://doi.org/10.1007/s00210-008-0276-9
https://doi.org/10.1016/j.cgh.2006.04.017
https://doi.org/10.1097/MED.0b013e32831e9c8e
https://doi.org/10.2174/1566524015666150114113411
https://doi.org/10.1016/j.biochi.2018.06.016
https://doi.org/10.3390/ijms22031268
https://doi.org/10.1016/j.neuron.2022.04.024
https://www.ncbi.nlm.nih.gov/pubmed/35550066
https://doi.org/10.18632/oncotarget.4543
https://www.ncbi.nlm.nih.gov/pubmed/26214021
https://doi.org/10.3389/fphar.2016.00068
https://www.ncbi.nlm.nih.gov/pubmed/27047383
https://doi.org/10.1007/s00432-010-0801-3
https://doi.org/10.1158/1541-7786.MCR-23-0513
https://doi.org/10.1016/j.apsb.2023.05.015
https://doi.org/10.3892/ol.2018.9351
https://doi.org/10.1158/2326-6066.CIR-20-1043
https://doi.org/10.1053/j.gastro.2016.07.032
https://doi.org/10.1097/MIB.0000000000000150
https://www.ncbi.nlm.nih.gov/pubmed/25072499
https://doi.org/10.4049/jimmunol.1201887
https://doi.org/10.3390/ijms22179487
https://www.ncbi.nlm.nih.gov/pubmed/34502396
https://doi.org/10.1111/j.1476-5381.2008.00046.x

Curr. Oncol. 2025, 32, 375 21 of 21

172.

173.

174.

175.

176.

177.

178.

179.

180.

Yang, K.H.; Galadari, S.; Isaev, D.; Petroianu, G.; Shippenberg, T.S.; Oz, M. The nonpsychoactive cannabinoid cannabidiol inhibits
5-hydroxytryptamine3A receptor-mediated currents in Xenopus laevis oocytes. J. Pharmacol. Exp. Ther. 2010, 333, 547-554.
[CrossRef]

Jenny, M.; Santer, E.; Pirich, E.; Schennach, H.; Fuchs, D. Delta9-tetrahydrocannabinol and cannabidiol modulate mitogen-induced
tryptophan degradation and neopterin formation in peripheral blood mononuclear cells in vitro. J. Neuroimmunol. 2009, 207,
75-82. [CrossRef]

Jenny, M.; Schrocksnadel, S.; Uberall, E; Fuchs, D. The Potential Role of Cannabinoids in Modulating Serotonergic Signaling by
Their Influence on Tryptophan Metabolism. Pharmaceuticals 2010, 3, 2647-2660. [CrossRef] [PubMed]

Brown, K,; Funk, K.; Figueroa Barrientos, A.; Bailey, A.; Shrader, S.; Feng, W.; McClain, C.J.; Song, Z.H. The Modulatory Effects
and Therapeutic Potential of Cannabidiol in the Gut. Cells 2024, 13, 1618. [CrossRef]

Ibrahim, I.; Syamala, S.; Ayariga, ]J.A.; Xu, J.; Robertson, B.K.; Meenakshisundaram, S.; Ajayi, O.S. Modulatory Effect of Gut
Microbiota on the Gut-Brain, Gut-Bone Axes, and the Impact of Cannabinoids. Metabolites 2022, 12, 1247. [CrossRef]

Fung, T.C.; Vuong, H.E.; Luna, C.D.G.; Pronovost, G.N.; Aleksandrova, A.A ; Riley, N.G.; Vavilina, A.; McGinn, J.; Rendon, T.;
Forrest, L.R; et al. Intestinal serotonin and fluoxetine exposure modulate bacterial colonization in the gut. Nat. Microbiol. 2019, 4,
2064-2073. [CrossRef]

Yano, J.M.; Yu, K.; Donaldson, G.P,; Shastri, G.G.; Ann, P; Ma, L.; Nagler, C.R.; Ismagilov, R.F; Mazmanian, S.K.; Hsiao, E.Y.
Indigenous bacteria from the gut microbiota regulate host serotonin biosynthesis. Cell 2015, 161, 264-276. [CrossRef] [PubMed]
Reigstad, C.S.; Salmonson, C.E.; Rainey, ].E, 3rd; Szurszewski, ]. H.; Linden, D.R.; Sonnenburg, J.L.; Farrugia, G.; Kashyap, P.C.
Gut microbes promote colonic serotonin production through an effect of short-chain fatty acids on enterochromaffin cells. FASEB
J. 2015, 29, 1395-1403. [CrossRef] [PubMed]

O’Mahony, S.M.; Clarke, G.; Borre, Y.E.; Dinan, T.G.; Cryan, J.E Serotonin, tryptophan metabolism and the brain-gut-microbiome
axis. Behav. Brain Res. 2015, 277, 32-48. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1124/jpet.109.162594
https://doi.org/10.1016/j.jneuroim.2008.12.004
https://doi.org/10.3390/ph3082647
https://www.ncbi.nlm.nih.gov/pubmed/27713369
https://doi.org/10.3390/cells13191618
https://doi.org/10.3390/metabo12121247
https://doi.org/10.1038/s41564-019-0540-4
https://doi.org/10.1016/j.cell.2015.02.047
https://www.ncbi.nlm.nih.gov/pubmed/25860609
https://doi.org/10.1096/fj.14-259598
https://www.ncbi.nlm.nih.gov/pubmed/25550456
https://doi.org/10.1016/j.bbr.2014.07.027
https://www.ncbi.nlm.nih.gov/pubmed/25078296

	Introduction 
	Cannabis, Cannabinoids, and Cannabidiol 
	Hemp vs. Marijuana 
	Cannabidiol vs. Tetrahydrocannabinol 
	Legislation of Cannabis (CBD and THC) Use 

	Molecular Actions by Cannabidiol: Effects on Membrane Receptors 
	Interaction with the Endocannabinoid System 
	Interaction with the Serotonergic System 
	Interactions with Membrane Receptors Involved in Inflammatory Regulation 

	Cannabidiol in the Context of Colorectal Cancer 
	Colorectal Cancer Landscape 
	Evidence of the Impact of CBD on Colorectal Tumorigenesis 

	Cannabidiol, Serotonin Pathway, and the Development of Colorectal Cancer 
	Serotonergic System in the Gastrointestinal Tract 
	Dual Effects of Serotonin in Colorectal Tumorigenesis 
	The Potential Influence of CBD on the Development of Colorectal Cancer via Serotonin Pathway 

	Concluding Remarks 
	References

