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ABSTRACT: Cancer patients often use cannabinoids for
alleviating symptoms induced by cancer pathogenesis and cancer

Crosstalk between Cannabinoid

treatment. This use of cannabinoids can have unexpected effects in SyStem and miRNAs
cancer patients depending on the cancer type, resulting in either

beneficial (e.g, anticancer) or adverse (e.g, oncogenic) effects. 1-|- 1-|-
While cannabinoids can enhance the growth and progression of

some cancers, they can also suppress the growth and progression of
other cancers. However, the underlying mechanisms of such Cancer Growth Cancer
differential effects are poorly understood. miRNAs have been | @and Pl'Og ression Treatment Efficacy
shown to be involved in driving the hallmarks of cancer, affecting
cancer growth and progression as well as cancer therapy response.
Although the understanding of the effects of cannabinoids and miRNAs as they relate to cancer continues to improve, the interplay
between cannabinoid system and miRNAs in cancer pathogenesis and cancer treatment response is poorly understood. Investigation
of such interactions between the cannabinoid system and miRNAs could provide novel insights into the underlying mechanisms of
the differential effects of cannabinoids in cancer and can help predict and improve the prognosis of cancer patients.

1. CANNABINOID SYSTEM IN CANCER that cannabinoids interact with a variety of other receptors,
such as G protein-coupled receptor 18 (GPR18), and other

Cannabinoids are classified into phytocannabinoids, synthetic
well-known GPCRs, such as the opioid or serotonin receptors.

cannabinoids or cannabimimetics, and endocannabinoids

(Figure 1). Phytocannabinoids include cannabidiol (CBD), Additionally, cannabinoids have been shown to modulate
delta-9-tetrahydrocannabinol (A9-THC), delta-8-tetrahydro- nuclear receptors such as peroxisome proliferator-activated
cannabinol (A8-THC), cannabigerol (CBG), and cannabinol. receptors.’

While endocannabinoids include anandamide and 2-arach- Cancer patients use cannabinoids to alleviate cancer-induced
idonoylglycerol [2-AG], synthetic cannabinoids include HU- symptoms such as loss of appetite, pain, and anxiety.
210, CP 47,497, JWH-018, JWH-073, and JWH-250. Cannabinoids are also used by cancer patients to mitigate
Cannabinoids mediate their actions by activation or inhibition the cancer treatment associated symptoms such as nausea and
of the cannabinoid receptors (CBs), CB1 and CB2, as well as vomiting. For example, Dronabinol and Nabilone are
through putative cannabinoid receptors such as G protein- cannabinoid-based therapeutics approved by the FDA for
coupled receptor S5 (GPR55)~1 CB1 receptors are primarily management of nausea and vomiting associated with cancer

expressed in the central nervous system (CNS), while CB2
receptors are predominantly located in the immune system.'
GPRSS is widely found in the brain.'

Receptors that are not canonically associated with the
cannabinoid system have also been reported to be modulated

chemotherapy.” Similarly, Sativex, a cannabinoid-derived
prescription drug, is approved in several countries as an
analgesic, for the treatment of cancer-associated pain.” Several
clinical trials are being conducted to evaluate the use of

. . 4
o . cannabinoids in the management of cancer.
by endogenous and exogenous cannabinoids. An example is

the transient receptor potential vanilloid receptor (TRPV).”

The endogenous cannabinoid anandamide and the exogenous Received: January 31, 2022
cannabinoids CBD and CBG have been shown to activate Accepted: March 2, 2022
TRPV1.” Likewise, exogenous cannabinoids such as A9-THC, Published: March 14, 2022

CBD, and CBG act on TRPV2.> TRPV1 is primarily expressed
in the CNS, while TRPV2 is expressed in the digestive tract as
well as in the pancreas and liver.” Studies have also reported
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Figure 1. Examples of natural and synthetic cannabinoids with their chemical structures.

Multiple studies showed a potential positive correlation
between the endogenous cannabinoid system and cancer
growth and progression. That is, elevated levels of
endocannabinoids and cannabinoid receptors were found to
be correlated with an increased risk of cancer growth and
progression. For example, the endocannabinoids 2-AG and
anandamide were shown to be increased in glioma and
colorectal cancer patients. Increased levels of CB1 and CB2
receptors were evident in the biopsied samples from human
cancer patients such as glioma, lung cancer, pancreatic cancer,
thyroid cancer, mantle cell lymphoma, B-cell non-Hodgkin
lymphoma, and human melanoma.' Expression of CB1 and
CB2 receptors was also found to be upregulated in cancer cell
lines such as breast, pancreatic, and prostate.1 TRPV1, a
noncanonical cannabinoid receptor, was also reported to be
upregulated in several cancers such as in human breast cancer
tissues” and in human glioma cells such as U373.° While it is
possible for an upregulated endogenous cannabinoid system to
exert tumor suppressor effects in some cancer patients, it
remains to be determined whether such a correlation exists in
human cancer patients.

Exogenous cannabinoids have been shown to exert
oncogenic effects. For example, treatment of the U373-MG
human glioblastoma cells and NCI-H292 human lung
carcinoma cells with A9-THC, a partial agonist of the CBI
receptor, led to accelerated proliferation of the glioblastoma
and lung carcinoma cells.” Exogenous cannabinoids also
exhibit tumor suppressor effects. For instance, CBD displayed
anti-invasive effects in the human primary lung cancer cells as
well as in the human lung adenocarcinoma xenografts.'
Similarly, treatment with CBD resulted in induction of
apoptosis in the U87MG and U118MG human glioma® and
MDA-MB-231 breast carcinoma cells.” CBG was shown to
protect against colon tumorigenesis by inhibiting cell growth in
a mouse model of colon cancer. Together, these studies
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suggest that the effects of the cannabinoid system are both
context and cancer specific. Therefore, future studies are
warranted to determine the underlying mechanisms of the
differential effects of cannabinoids in cancer.

As cannabinoids are sometimes used in combination with
chemotherapy drugs, interactions between cannabinoids and
anticancer drugs should be considered, as such interactions can
lead to either beneficial (chemosensitive) or adverse (chemo-
resistant or toxic) effects. For example, since CBD is mainly
metabolized by the drug-metabolizing enzyme CYP3A4,
administration of CBD in combination with chemotherapeu-
tics that are also CYP3A4 substrates, such as the androgen
receptor inhibitor enzalutamide, can lead to decreased
bioavailability of either enzalutamide or CBD.'’ Decreased
bioavailability of enzalutamide can result in reduced
therapeutic efficacy of enzalutamide. On the other hand,
administration of CBD with chemotherapeutics that are
CYP3A4 inhibitors such as imatinib can lead to increased
CBD bioavailability.'” Higher bioavailability of CBD may
induce adverse effects such as increased heart rate.* Addition-
ally, CBD was also reported to have an inhibitory effect on the
drug-metabolizing enzyme UGT1A9. Therefore, administra-
tion of chemotherapeutics that are also UGT1A9 substrates
with CBD, such as tyrosine kinase inhibitor sorafenib, could
lead to decreased excretion and increased bioavailability of
sorafenib resulting in adverse effects such as hypertension.'’

2. MIRNAS IN CANCER

microRNAs (miRNAs) are small noncoding RNAs which are
involved in post-transcriptional regulation of gene expression.
miRNAs are involved in exhibiting oncogenic or tumor-
suppressor activities through the regulation of genes involved
in oncogenic and tumor suppressor pathways. It has been well
established that miRNAs are involved in all hallmarks of cancer
pathogenesis: self-sufficiency in growth, insensitivity to anti-
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growth signals, apoptosis evasion, infinite replicative potential,

. P . 11 :
angiogenesis, invasion, and metastases.”~ As a result, miRNAs
are not only involved in cancer pathogenesis but also involved
in affecting the outcome of cancer therapy.''

3. INTERPLAY BETWEEN THE CANNABINOID SYSTEM
AND MIRNAS IN CANCER

The involvement of cannabinoid systems or miRNAs alone in
cancer has been widely studied. Although the cannabinoid
system is regulated by and regulates epigenetic mechanisms,
the interactions between the cannabinoid system and miRNAs
are poorly understood. Recent studies suggest an interplay
between the cannabinoid system and miRNAs in cancers.
Therefore, the actions of cannabinoid system in cancers may
also be due, in part, to the downregulation or upregulation of
miRNAs by cannabinoids or vice versa. That is, bidirectional
regulation between cannabinoid system and miRNAs may in
part contribute to the differential effects of cannabinoids in
cancer.

3.1. Oncogenic and Tumor Suppressor Effects of
Cannabinoid System via miRNAs. Cannabinoids can drive
their anticancer effects by modulation of miRNAs (Table 1).

Table 1. Effect of Cannabinoid Receptor Midulators on
miRNA and Hallmark of Cancer

cannabinoid
receptor
modulator effected miRNA effected hallmark of cancer ref
CBD Downregulation of Increased cell death in 12
hsa-let-7a neuroblastoma
WIN Upregulation of Decreased invasion and 13
miRNA-29b1 metastasis in osteosarcoma
WIN Downregulation of Inhibition of cancer cell growth 14
miRNA-27a and apoptosis induction in
colon cancer
CBD Upregulation of Inhibition of replicative 12
hsa-miRNA- immortality in neuroblastoma
1972
Betulinic acid Downregulation of Increased cell death in breast 15
miRNA-27a cancer

For example, CBD, a phytocannabinoid and antagonist of CB1
and CB2 receptors, displayed anticancer actions in the SH-
SYSY and IMR-32 human neuroblastoma cells by modulating
miRNA expression. Specifically, a CBD-mediated increase in
apoptosis and decrease in invasiveness was found to be
associated with a downregulation of the miRNA hsa-let-7a, as
well as an upregulation of hsa-miRNA-1972"> (Table 1).
However, it remains to be determined whether the CBD-
mediated anticancer actions in neuroblastoma require changes
in these two miRNAs.

In another study, treatment of WIN 55,212—2 (WIN), a
synthetic cannabinoid and a CB1 agonist, in the MG63 human
osteosarcoma cells, resulted in increased expression of miRNA-
29b1. This increase in miRNA-29b1 levels was associated with

a decrease in cell migration by WIN'® (Table 1). In another
study, treatment of WIN downregulated miRNA-27a in the
human SW480 colon carcinoma cells leading to inhibition of
cancer cell growth and apoptosis induction'* (Table 1).
Crosstalk between miRNA-27a and cannabinoid receptors was
discovered in the BT474 and MDA-MB-453 human breast
cancer cells treated with betulinic acid, which is an agonist of
CB1 and CB2 receptors. Treatment with betulinic acid led to
induction of apoptosis and inhibition of tumor growth. This
anticancer action of betulinic acid was associated with a
downregulation of miRNA-27a"> (Table 1).

The above studies suggest that cannabinoids exert their
anticancer actions by crosstalking with miRNAs. However,
future studies are warranted to demonstrate that such crosstalk
is required to drive the anticancer actions of cannabinoids.
Currently, it is unknown whether the cannabinoid system can
promote tumor growth and progression via miRNAs, and
future studies are expected to explore whether cannabinoid
system interacts with miRNAs to promote cancer growth and
progression.

3.2. Oncogenic and Tumor Suppressor Effects of
miRNAs via Cannabinoid System. Aside from the
cannabinoid system modulating miRNA expression, miRNAs
can also regulate the cannabinoid system contributing to either
promotion or inhibition of cancer growth and progression. For
example, in the LoVo human colon cancer cells, miRNA-
1273g-3p was shown to regulate CBI1 receptors. Specifically,
this study showed that miRNA-1273g-3p promotes prolifer-
ation, migration, and invasion of the human colon cancer cells
by targeting the CB1 receptors'® (Table 2).

miRNAs can also show their anticancer actions by
modulating the cannabinoid system. For instance, in nonsmall
cell lung cancer (NSCLC) patients, low expression of the
tumor suppressor miRNA-675-Sp was correlated with the
progression and metastasis of NSCLC, while overexpression of
miRNA-675-5p inhibited proliferation and invasion of
NSCLC."” miRNA-675-5p accomplished these tumor sup-
pressor actions by downregulating the GPRSS receptor'’
(Table 2). Additionally, another study reported that GPRSS is
also a target of miRNA-7116-Sp, resulting in suppression of IL-
10-mediated malignant pleural effusion formation as well as
tumor angiogenesis and tumor growth'® (Table 2). In pediatric
patients with low-grade glioma, CB1 expression was reported
to be significantly higher in the spontaneously involuted
tumors after subtotal surgical removal compared to the
relapsed tumors. In contrast, hsa-miRNA-29b-3 was higher in
the relapsed tumors when compared to the spontaneously
involuted tumors after subtotal surgical removal. Based on this
inverse association between CB1 and hsa-miRNA-29b-3, the
authors predicted that CB1 and hsa-miRNA-29b-3 may
crosstalk in the pediatric low-grade glioma19 (Table 2).

Together, the above studies suggest that cannabinoid system
and miRNAs crosstalk with each other to exert their oncogenic
or tumor suppressor effects. However, future studies are

Table 2. Effect of miRNA on Cannabinoid Receptor and Hallmark of Cancer

miRNA effected cannabinoid receptor effected hallmark of cancer ref
Upregulation of miRNA-1273g-3p  Decrease in CB1 expression  Increased invasion and metastasis in colon cancer 16
Downregulation of miRNA-675-5p  Increase in GPRSS expression Increased proliferative signaling in nonsmall cell lung cancer 17
Downregulation of miRNA-7116-5p  Decrease in GPRSS expression Decreased angiogenesis in nonsmall cell lung cancer 18
Downregulation of Increase in CB1 expression Spontaneous involution of the pediatric low grade glioma after subtotal surgical 19

hsa-miRNA-29b-3

removal
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required to demonstrate that such crosstalk is required to drive
their oncogenic or suppressor effects in a wide range of
cancers. Along the same lines, investigation is also needed to
determine whether such interactions between the cannabinoid
system and miRNAs affect the outcome of cancer treatment.

4. FUTURE STUDIES

Due to the immense inter- and intramolecular diversity existing
between both patients and cancers, the observed cannabinoid-
induced events of one patient or cancer type may not always
correlate to similar cases. This fact is highlighted by the
variable patient care outcomes seen with standardized cancer
therapies.”” It is therefore important to determine the potential
variation of cannabinoid-induced cancer responses for a
multitude of cancers and more varied patient populations. As
both recreational and medicinal use of cannabinoids increases,
pharmacovigilance studies must also increase to determine
potential adverse responses and/or increased therapeutic
responses. Aside from the most studied cannabinoids such as
CBD and THC, other types of cannabinoids also need to be
explored, as they can have varied effects on cancers.

Moreover, although much work has been done in vitro to
further the understanding of cannabinoids, many of those
studies have yet to be explored in an in vivo model. It is
important that future studies focus on relevant models to
determine how in vitro effects will translate to a living
organism. It has also been well established that cannabinoids
can interact with non CB1/CB2 receptors.”” However, the
currently known receptors that interact with cannabinoids are
limited. Thus, potential adverse events arising from these off-
target interactions are difficult to predict. Future studies will be
needed to determine the capacity of cannabinoids to interact
with other receptors, and to further delve into the resulting
phenotypes produced.

Additionally, cannabinoids have been shown to produce
undesirable effects in combination with clinical drugs.”"**
These resulting interactions range in severity from reduced
therapzr efficacy to complete therapy failure, toxicity, and even
death.”' As cannabinoid usage continues to increase, future
studies of the potential of cannabinoids to induce drug
interactions must be conducted.

Future studies must continue to explore interactions with
cannabinoids and non-miRNA epigenetic regulators. Other
noncoding RNAs such as long noncoding RNAs and
epigenetic regulators such as histones are responsible for
regulation of gene expression. Similar to miRNA, alterations in
these e;)igenetic regulators can induce disease states such as
cancer.”® Recent studies indicate that cannabinoids can induce
epigenetic changes, resulting in dysregulation of homeostasis.
Much of this work has focused on the epigenetic dysregulation
of the endocannabinoid system itself and the resulting disease
states.”' Future studies must continue to explore interactions
with cannabinoids and non-miRNA epigenetic regulators. This
work could determine the extent of cannabinoid system
interactions in driving a pro-oncogenic environment, as well as
the potential use of cannabinoids in the repression of
oncogenic genetic regulators.

Lastly, the effects of cannabinoids on miRNA expression are
also shown to be responsible for the modulation of the
immune as well as inflammatory systems. For example, A9-
THC treatment in the normal lymph node cells and CD4" T
cells resulted in a decreased expression of miRNA-17, miRNA-
92, miRNA-421, and miRNA-374b>* (Table 3). It is known
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Table 3. Effect of Cannabinoids on miRNA and
Inflammation

effect on
cannabinoid effect on miRNA inflammation  ref
A9-THC Downregulation of miRNA-17, Increased 24
miRNA-92, miRNA-421, and inflammation
miRNA-374b
CBD Downregulation of miRNA-146a, Decreased 26
miRNA-34a and miRNA-155 inflammation
CBD Upregulation of miRNA-34a Decreased 26
inflammation
Anandamide  Downregulation of miRNA-23a-3p, Decreased 27
miRNA-34a-5p inflammation
Anandamide ~ Upregulation of miRNA-125a-5p, Decreased 28
miRNA-301a, miRNA-30e, and inflammation

miRNA-151

that these miRNAs play an important role in tumor growth and
promotion.”® However, it is not known whether A9-THC
treatment regulates these miRNAs to induce oncogenic effects.
Another study reported the beneficial influence of cannabi-
noids on immune response such as neuroprotection and
immunosuppression by modulation of miRNAs. In this study,
the results gathered indicated a link between the effects of
cannabinoids on inflammatory signaling pathways. CBD
inhibited inflammation-stimulated expression of miRNA-146a
and miRNA-15S. Furthermore, CBD upregulated miRNA-34a
(Table 3). miRNA-155 and miRNA-34a are involved in
immune response, cell cycle regulation, as well as cellular
stress, and redox homeostasis.”® Two studies reported that
endocannabinoid anandamide alters the expression of miRNAs
that are involved in immunosuppressive pathways.””*®
Specifically, treatment with anandamide in the mice resulted
in downregulation of miRNA-23a-3p and miRNA-34a-5p as
well as upregulation of miRNA-125a-Sp, miRNA-301a,
miRNA-30e, and miRNA-151, leading to suppression of
inflammation.””*® Therefore, the relationship between canna-
binoids, miRNA, and inflammation should be considered, as
numerous causes and risk factors of cancer are linked with
some form of chronic inflammation. Inflammation plays a vital
part at various stages of tumorigenesis such as in initiation,
malignant transformation, invasion, and metastasis. Inflamma-
tory responses also impact cancer treatment response, and the
immune cells that invade the tumors are involved in substantial
crosstalk with cancer cells.””

5. CONCLUSION

As mentioned above, several studies have explored the effects
of cannabinoids in cancer pathology and treatment, and they
showed conflicting results. A comprehensive understanding of
the underlying mechanisms of the differential effects of
cannabinoids in cancer would help predict and improve the
prognosis of cancer patients. However, it remains to be
demonstrated whether crosstalk between cannabinoid system
and miRNAs occur in the majority of cancers and whether
such an interplay contributes to cancer prognosis and cancer
treatment outcomes. Therefore, it is important that future
studies be focused on interactions between the cannabinoid
system and miRNAs in a variety of cancers.
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