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Review Article - Cannabis Therapies in Cancer Research

Introduction

The interconnections between cancerous cells and their 
microenvironment, consisting of stromal cells (including 

stromal fibroblasts, endothelial, macrophages, microglia, 
and lymphocytes) and extracellular matrix components 
(ECM; fibronectin, laminin, collagen hyaluronan, etc.) 
components, seem to be essential to stimulate heterogeneity 
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Abstract
The efficacy of chemotherapy depends on the tumor microenvironment. This microenvironment consists of a complex 
cellular network that can exert both stimulatory and inhibitory effects on tumor genesis. Given the increasing interest in the 
effectiveness of cannabis, cannabinoids have gained much attention as a potential chemotherapy drug. Cannabinoids are a 
group of marker compounds found in Cannabis sativa L., more commonly known as marijuana, a psychoactive drug used since 
ancient times for pain management. Although the anticancer potential of C. sativa, has been recognized previously, increased 
attention was generated after discovering the endocannabinoid system and the successful production of cannabinoid 
receptors. In vitro and in vivo studies on various tumor models have shown therapeutic efficiency by modifying the tumor 
microenvironment. However, despite extensive attention regarding potential therapeutic implications of cannabinoids, 
considerable clinical and preclinical analysis is needed to adequately define the physiological, pharmacological, and medicinal 
aspects of this range of compounds in various disorders covered in this review. This review summarizes the key literature 
surrounding the role of cannabinoids in the tumor microenvironment and their future promise in cancer treatment.
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of cancerous cells, clonal development, and developing 
multi-drug resistance, eventually leading to cancer cell pro-
gression and metastasis. The tumor microenvironment 
enhances the activity of cellular and non-cellular aspects by 
using complex signaling cascades, allowing non-malignant 
cells to act to the tumor’s advantage. The results of this 
crosstalk are tumor development and maintenance and an 
inadequate treatment response or multi-drug resistance.1 
Cannabis sativa L. is a natural source of valuable com-
pounds that comprise cannabinoid agonists and antagonists, 
which have recently been scanned for future applications as 
anti-tumor drugs.2 Currently, in the UK, the use of cannabi-
noids has only been approved as an adjunct in moderate to 
severe spasticity in multiple sclerosis.3 Cannabinoids have 
mostly been used as a part of palliative care to alleviate 
pain, relieve nausea, and stimulate appetite in cancer 
patients.4 Although not yet approved for treating tumor pro-
gression, cannabinoid agonist/antagonists on the tumor 
microenvironment have been studied for the last 43 years. 
Since then, many cell lines and tumor models have been 
studied for the efficacy and mechanism of cannabinoids and 
their effect on tumors. An active component of cannabis, 
Δ9-tetrahydrocannabinol (THC), has been extensively stud-
ied in several in vitro and in vivo models together with other 
plant-derived endogenous and synthetic cannabinoids 
derived from plants.5 The main natural psychoactive com-
pound present within cannabis is THC, which has an affin-
ity for the cannabinoid receptor (CB1) and CB2 receptors 
that modulate its main effects.6 Recently, new psychoactive 
substances containing synthetic cannabinoids (SC) have 
been developed to become widely used among young 
adults.

Contrary to the decline in consumption of several new 
psychoactive substances such as the cathinones and pipera-
zines, it appears that the number of SC users is increasing.7 
Although SC drugs are more efficacious than natural can-
nabinoids, their undesired adverse effects are unpredictable. 
One of the earliest synthetic cannabinoids that were identi-
fied as the psychoactive component is JWH-018, which has 
4 times greater affinity for CB1 and 10 times for CB2 recep-
tors than THC.8 Side effects are associated with CB1 and 
CB2 expression patterns rather than with binding affinity.

Phyto-cannabinoids and synthetic cannabinoids can 
interact with the extracellular matrix components or other 
cellular pathways and thus affect the development/progres-
sion of diseases, including cancer.9 Numerous in vitro and 
in vivo studies have demonstrated the anti-cancer effects of 
cannabinoids in various cancer types (Table 1).10 Here, we 
review the literature on the effect of phytocannabinoids and 
synthetic cannabinoids on the tumor microenvironment, 
especially angiogenesis and several other factors that play a 
crucial role in the tumor microenvironment.

Angiogenesis is the process of forming blood vessels 
from pre-existing capillaries. It happens in both health and 
cancer throughout the lifetime, commencing in utero and 

extending until death. No metabolically active part of the 
body is far more than just a few 100 µm apart from a blood 
capillary developed by the angiogenesis process.11 Evading 
an attack by the immune system is a significant event dur-
ing tumor development.12 This is achieved by dynamic 
interactions between different cytokines and their respec-
tive receptors in the tumor microenvironment, which attracts 
infiltrating cells that help tumors evade attack by the immune 
system.13 Cannabinoids induce evasive resistance by inhibit-
ing proangiogenic factors. This phenomenon highlights the 
need for further research on cannabinoid-induced evasive 
resistance and whether inhibiting proangiogenic factors 
enables revascularisation via alternative pathways.14 It also 
highlights the need to understand the mechanisms of can-
nabinoid involvement in cell regression and progression, 
which are also highly debated. We also review how evasive 
resistance might be overcome by combining cannabinoids 
with current anti-cancer treatments. Although the therapeu-
tic potential of cannabinoids is remarkable, there are many 
conflicting interpretations about these compounds. In this 
review, we summarize key literature surrounding the role of 
cannabinoids in the tumor microenvironment and their 
potential roles in cancer treatment.

Further factors covered in this review include the micro-
environmental deprivation of oxygen supply (hypoxia dis-
tress) modulating autophagy, which facilitates cancer cell 
death or survival in the context of tumor development. 
Cancerous cells can acclimate to microenvironmental alter-
ations more quickly than healthy cells, for example, by trig-
gering various stress response pathways while evading 
anti-proliferative and inducing apoptosis.15

Effect of Cannabinoids on Angiogenic 
Factors

Numerous investigations have shown that cannabinoids 
hinder the proliferation of many tumor cell lines and have 
the tendency to reduce or prevent the growth of various 
tumor xenograft models in laboratory animal models16 In 
1971, Judah Folkman announced that angiogenesis is cru-
cial for solid tumors to grow beyond 1 to 2 mm3 or become 
metastatic. This finding provided a novel method for the 
anti-tumorigenic strength expressed by cannabinoids.17 
The potential effects of cannabinoids on angiogenic fac-
tors are discussed in depth in several studies; however, 
comprehensive information in this area is still lacking. 
Therefore, extensive studies surrounding angiogenesis 
and associated factors were conducted that play a vital role 
in the tumor microenvironment. New vascular pathways 
are developed during angiogenesis to provide tumors with 
sufficient nutrition, allow gaseous exchange, and facilitate 
waste removal.5 Cannabinoids have significantly affected 
vascular endothelial growth factor (VEGF), a critical 
proangiogenic regulator.18 The administration of Δ9-THC, 
2-methyl-2′-F-anandamide (Met-F-AEA), WIN-55,212-2, 
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and (6aR,10aR)-3-(1-dimethylbutyl)-6a,7,10,10a-tetra-
hydro-6,6,9-trimethyl-6H-dibenzo [b,d] pyran (JWH-133) 
reduced VEGF levels in numerous cancer cell lines.5,18,19 
In particular, evidence shows that Δ9-THC may poten-
tially lead to reduced VEGF production in lung cancer 
cell lines SW1573 and A549 and decreased vasculariza-
tion of A549 cell lines in immunodeficient mice with 
tumor xenotransplantation.20

The effect of cannabinoids (WIN-55,212-2 and JWH-
133) on antiangiogenic factors did not influence the 
multidomain matrix glycoproteins thrombospondin 1 and 
thrombospondin 2, which naturally inhibit neovasculariza-
tion in mice transplanted with melanoma carcinoma cells.18 
Similarly, in Kirsten rat sarcoma virus (K-ras) transformed 
skin carcinoma tumors, Met-F-AEA induces a reduction in 
VEGF production and VEGR1.21 This inhibitory effect was 
also observed with PDV.C57 (epidermal cell lines).18 This 
study injected tumorigenic epidermal cell lines (PDV.C57) 
into mice and left them to grow until a tumor of the desired 
size was achieved. Treatment for 11 days with cannabinoids 
showed a remarkable reduction in the 3 main angiogenic 
factors: VEGF, phosphatidylinositol glycan anchor biosyn-
thesis class F (PIGF), and angiopoietin-2 (Ang 2).18

Likewise, the effect of cannabinoids on glioma models 
showed a significant reduction in both VEGF and Ang 2.19,20 
Similar effects were observed in a clinical trial of a cannabi-
noid, in which 2 patients with glioblastoma multiforme dem-
onstrated a reduction in both VEGF and Ang218,22

Effect of Cannabinoids on Tumor 
Vascularization

There is sufficient evidence to suggest that suppression of 
VEGF does not necessarily lead to inhibition of angiogen-
esis. Antiangiogenic therapies targeting VEGF/VEGFR2 do 
not exhibit efficacy on tumor growth reduction and survival 
in the long term. Consequently, the initial clinical benefit is 
followed by a resistance to the antiangiogenic therapy and, 
ultimately, heightened invasion and metastasis. The experi-
mental evidence on mouse models supports this hypothesis, 
where inhibition of the VEGF receptor on pancreatic islet 
cancer reveals primary effects, with a reduction in the vas-
cularization and tumor metastasis, followed by regrowth 
due to the adaption of the tumor microenvironment. This 
phenomenon is often referred to as “evasive resistance.” 
This process was based on the upregulation of different pro-
angiogenic factors that constitute fibroblast growth factor 
(FGF) ligands.18

This observation was supported by Casanova et al19 
whose study involved using DC101 (the function-blocking 
antibody) in opposition to VEGFR2 in the transgene inser-
tion 2, Douglas Hanahan (RIP1-Tag2) model of pancreatic 
neuroendocrine cancer (PNET). The study revealed that, in 
immunocompromised mice bearing RIP1-Tag2 which were 

treated with the neutralizing monoclonal anti-VEGFR anti-
body (DC101) for just 1 week, a reduction in tumor vascu-
larization was observed; 20 following continuous 4-week 
treatment, a significant and more invasive phenotype was 
observed, deduced by histological analysis. The more 
aggressive tumors showed a broad front of invasion, immin-
gled with enclosing acinar tissue compared to control 
tumors, which remained intact, encapsulated, and micro-
invasive.20 This theory of “evasive resistance” was tested 
using sunitinib, a VEGF receptor tyrosine kinase inhibitor 
(RTKIs), which also acts similarly to JWH-133, a C2B 
receptor agonist, in terms of its VEGF decreasing capabili-
ties. Likewise, the cannabinoids Δ9-THC and WIN-55,212-2 
are C2B and CB1 receptor agonists and inhibit the VEGF 
receptor and 2 major angiogenic factors, PIGF and Ang 2, 
respectively.23,24

A study on Δ9-THC effects on promoting mitogenic 
kinase signaling in cancer cells was demonstrated on 
numerous cancer cell lines.18,25 It was observed that using 
nanomolar strengths of Δ9-THC surprisingly enhanced cell 
reproduction, and this was entirely related to metalloprote-
ase and epidermal growth factor receptor (EGFR) activity. 
To demonstrate cannabinoid induction of EGFR transacti-
vation in human carcinoma cell lines, Hart et al 26 in 2004 
experimented by treating the cancer cell lines, NCI-H292 
(lung), SCC-9 (squamous cell carcinoma), 5637 (bladder), 
U373-MG (glioblastoma), 1321N1 (astrocytoma) and A494 
(kidney) with the cannabinoids WIN-55,212-2, HU210, 
AEA, and Δ9-THC. The results were recorded using immu-
noblot analysis, where cannabinoids quickly caused EGFR 
stimulation within 3 minutes. The prior incubation of the 
cells with the metalloprotease inhibitor BB94 (Batimastat) 
or EGFR kinase-specific inhibitor AG1478, inhibited EGFR 
tyrosine phosphorylation due to the cannabinoid, a process 
that depends on metalloprotease and EGFR kinase-specific 
activation. Conversely, stimulation of NCI-H292 cells with 
arachidonyl-2′-chloroethylamide (ACEA) and BML-190, 
both of which are synthetic agonists of CB1 or CB2 recep-
tors, demonstrated metalloprotease-dependent EGFR trans-
activation (a vital step in cell proliferation).27

Effect of Cannabinoids on Immune Infiltration

Cannabinoids modulate significant immunological signal-
ing pathways and receptors.28 The understanding of the 
mechanism of action of the pharmacological effect of can-
nabidiol (CBD) highlights the therapeutic potential of 
CBD as an effective immunomodulator.29 Recently, it was 
observed that antagonists of CB1 and CB2 receptors and 
TRPV1 (transient receptor potential vanilloid 1) reverse the 
immunomodulatory effect of CBD, which confirms that the 
CBD immunomodulatory inhibition is not dependent on 
CB1 and CB2 receptors.30 CBD inhibits critical immune sig-
naling pathways such as Janus Kinase/Signal transducer and 
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activator of transcription and the nucleotide-binding oligo-
merization domain-like receptor signaling pathway, thus 
downregulating the proinflammatory cytokine production.28 
Likewise, CBD also protects against immune response-
induced cytotoxicity by modulating adenosine signaling. 
These studies overpoweringly reinforce the immunomodu-
latory potential of CBD.29

Effect of Cannabinoids on Metalloproteinases 
and Non-metalloproteinase

Cannabinoids have been shown to affect certain matrix 
metalloproteinase (MMP) family members indirectly. 
These zinc-dependent endopeptidases and proangiogenic 
factors secreted by tumor cells are involved in tumor neo-
vascularization.31 Inhibitors of MMP are found amongst the 
endogenous proteins circulating in the tumor microenvi-
ronment. This protein is a tumor inhibitor of matrix 
metalloproteinases-1 (TIMP-1) and proved to suppress 
tumor neovascularization.32 In a study in 2014, Ramer et al 
attempted to merge these 2 findings to reveal whether can-
nabinoids that are TIMP-1 inducers can be used to inhibit 
angiogenesis. The experiment was initially performed using 
recombinant TIMP-1 to mimic cannabinoid activated TIMP-1 
release from the tumor microenvironment.33 However, can-
nabinoids tested on an in vitro angiogenesis model of human 
umbilical vein endothelial cells (HUVEC) migration, sprout, 
and tube formation elicited a concentration-dependent inhi-
bition, although cellular viability remained unaltered.34

In contrast, Blázquez et al35 suggested that THC demon-
strated downregulation of TIMP-1 in glioma cell lines and 
human tumors from patients with recurrent glioblastoma 
multiforme. This was also supported in an alternative exper-
iment involving JWH-133, where TIMP-1 was again down-
regulated in nude mice xenografted with C6.9 glioma cells. 
Although tumor progression was not observed, it posed the 
question of other angiogenic factors being inhibited, thus 
being the main cause of tumor stasis or regression.35 Hence, 
the impact of cannabinoids on the expression of TIMP-1 
depends on the type of cell line used.

Furthermore, direct inhibition of a subtype of the family 
of metalloproteinases (not via TIMP-1 induction), MMP-2 
(over-expressed in tumor cells) showed a remarkable 
decline in MMP-2 expression in 2 patients who were given 
the cannabinoid Δ9-THC. Immunomicroscopic analysis of 
the biopsies in 2 patients with glioblastoma multiforme that 
were administered local Δ9-THC showed MMP-2 levels to 
be lower in both patients while levels of “other” MMP 
expression remained unchanged in patient 1. In the case of 
patient 2, sufficient samples could not be taken for Western 
blotting analysis. The cannabinoid JWH-133 also showed a 
reduction in MMP-2 and tumor growth which was con-
firmed by immunomicroscopic analysis. Nevertheless, the 
levels of the “other” MMPs remained unchanged again.36

The use of cannabinoid induction or inhibition of these 
MMP or TIMP-1 remains undetermined. Once again, more 
research is required to confirm whether cannabinoid-
stimulated inhibition of TIMP-1 expression or cannabinoid 
induction of TIMP-1 expression is based on cell lines or 
dependent on the type of cannabinoid.37 Furthermore, an 
experiment by Elbaz et al38 proposed that MMP-2 expres-
sion was considerably lower in breast cancer in 4T1.2 and 
MTV-1 tumors when CBD was administered, supporting 
the anti-metastatic capabilities of cannabinoids in reducing 
tumor survival. Additionally, Δ9-THC and 2-AG increased 
cellular progression, whereas the endocannabinoid N- ara-
chidonoylethanolamide (AEA) caused cellular regression. 
Sánchez et al40,41 suggested that AEA decreased cell repro-
duction of LNCaP and PC3 cells, whereas Δ9-THC (50 nM) 
has an opposite effect (increased proliferation).

This was also highlighted by Mimeault et al,42 who 
showed that AEA application in DU145, LNCaP, and PC3 
cell lines decreased cell viability at concentrations above 
2 µM. Moreover, Nithipatikom et al43 showed a decrease in 
PC3 cellular proliferation at concentrations above 1 µM, but 
caused an increase in cellular proliferation with the canna-
binoid 2-AG at similar concentrations. Despite the role of 
cannabinoids in affecting angiogenic factors, tumor-associ-
ated macrophages (TAM) were investigated to ascertain if 
they had a role in tumor angiogenesis, cell proliferation, and 
invasive properties.44 Breast cancer xenografts were exam-
ined for F4/80-positive and Arginase-I-positive macro-
phages by immunohistochemistry (IHC). Tumors treated 
with CBD showed decreased F4/80-positive and Arginase-
I-positive cells compared to those untreated. This experi-
ment was repeated in lung metastases, and a reduced 
F4/80-positive and Arginase-I-positive was identified. A 
more recent analysis in 2015 by Elbaz et al38 hypothesized 
that CBD has a role in modulating cytokine production in 
cancer cells via the reduction of macrophages. Using cyto-
kine array analysis, it was found that 4T1.2 cells (an aggres-
sive breast cancer cell line) treated with CBD produced less 
CCL3, MIP-2 protein, and GM-CSF compared to the 
untreated 4T1.2 cells. The experiment highlights another 
mechanism of cannabinoids in modulating cytokine pro-
duction in tumor cells by allowing the reduction in macro-
phage recruitment in tumor sites. These results imply 
cannabinoids have a degree of influence on tumor angio-
genic factors, even though the exact mechanism and their 
effects on tumor progression or regression are yet to be well 
understood. Different cannabinoids have different effects 
on angiogenic factors both directly and indirectly. Simply 
reducing proangiogenic factors does not cause decreased 
cell proliferation. Reduction in one type of proangiogenic 
factor may lead to the expression of other proangiogenic fac-
tors, further inducing a more invasive malignant progression 
of tumors. As studied by McKallip et al45 in 2005, cannabi-
noids must be administered at varying concentrations to 
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determine their potential pharmacological effects on cul-
tured cell lines. This phenomenon of evasive resistance, 
sometimes known as adaptive resistance, could also be used 
to describe cannabinoid sensitivity to cell lines.20

A recent study also highlighted that Δ9-THC induced an 
apoptotic effect on glioma cells by the activation of canna-
binoids receptors via p8-mediated autophagy. However, 
there was a significant contrast in the sensitivity of Δ9-THC-
stimulated cell death. This correlates with an enhancement 
in the activity of certain genes in Δ9-THC-resistant glioma 
cells rather than the overexpression of cannabinoid 
receptors.40,46 One gene which showed upregulation was 
Midkine (MDK), also known as neurite growth-promoting 
factor 2 (NEGF2). This gene has previously been associated 
with a rise in malignancy and resistance to chemotherapeu-
tic effects. Although this mechanism is still not fully under-
stood, it is thought that MDK has a role in stimulating 
anaplastic lymphoma kinase (ALK), which ultimately 
blocks Δ9-THC- controlled cell death.41

Based on this understanding, ALK inhibitors are used to 
control non-small cell lung carcinoma and other tumors.47 
Other growth factors stimulated by carcinoma cells are 
involved in cannabinoid-triggered proliferation, and this 
highlights the importance of recognizing and understanding 
all involving factors and signaling pathways. Notably, EGFR 
ligands have been shown to suppress cellular proliferation.13 
In 2009, Wondrak48 experimented with investigating the 
major resistance system used by cancerous and normal cells 
to counteract oxidative stress, the NRF2 transcriptionally-
regulated program.

Effect of Cannabinoids on the Oxidative Stress

Anti-cancer drugs often produce oxidative stress through 
the production of elevated intracellular reactive oxygen 
species (ROS), which is also produced as a natural by-prod-
uct of aerobic metabolism. ROS is important in normal cell 
reproduction via the activation of growth-related path-
ways. The effects of ROS are mainly dependent on the 
basal metabolic rate of the cell. Cancer cells possess a high 
basal metabolic rate, making them more susceptible to 
redox-directed therapeutics compared to non-transformed 
cells. Consequently, redox-directed therapeutics were 
developed as cancer inhibitors or sensitizers to tumors as 
first-line agents. CBD, a ROS modulator and an inhibitor of 
antioxidant response genes, has shown promising effects on 
halting glioblastoma multiforme (GBM) growth.49 Despite 
this, an experiment carried out by Singer et al50 using biolu-
minescence measurements to monitor tumor growth showed 
prolonged survival in tumor bearing mice (intracranial 
tumors); however, the intracranial tumors resumed a rapid 
growth profile on day 22 despite the continuous administra-
tion of CBD (Figure 1).

The underlying resistance mechanism was explained by 
the confirmation that CBD triggered NRF2 stimulation in a 

dose-dependent method, which resulted in the induction of 
antioxidant response genes. Immunohistochemistry (IHC) 
analysis of mice bearing glioma and treated with CBD 
demonstrated an upregulation of cellular components such 
as NRF2 and xCT/SLC7A11when compared to untreated 
mice, suggesting a resistance pathway associated with 
redox-directed therapeutics.

Cannabinoids and Their Potential 
Mechanisms of Action in Cell Growth 
Inhibition

The endocannabinoid system is profoundly affected by a 
complicated set of signaling pathways through numerous 
receptors and CB1, CB2, TRPV1, and GRP55 and receptor-
independent pathways. However, the type of receptors 
involved is yet to be investigated. The countless results in 
the field of mechanisms of cell survival and cell death 
remain debatable, with some researchers suggesting autoph-
agy playing an important role rather than direct apoptosis, 
and others are adamant that apoptosis is directly stimulated. 
Autophagy involves encapsulating organelles into a double 
membrane vesicle for destruction and recycling by a pro-
cess involving the action of lysosomes. The cannabinoid 
Δ9-THC exerted its autophagic effects by degradation of the 
key organelle, mitochondria.51 Velasco et al and Shrivastava 
et al reported that WIN-55,212-2 stimulates autophagy in a 
dose dependent manner in mantle cell lymphoma and is 
prevalent in pancreatic, breast, glioma, and hepatocellular 
carcinoma cells.52 Evidence suggests that cannabinoid 
receptor activation modulates the MAPK and Akt signaling 
cascades, causing cellular activity changes and stimulating 
the autophagy process.

These researchers suggested that autophagy precedes 
apoptosis. It is linked to activation of CB1 and CB2, induc-
ing serine palmitoyltransferase, an enzyme that regulates de 

Figure 1. Bio-layer interferometry (BLI) measurements 
demonstrating an initial response to CBD (decrease in tumor 
after 3 weeks) and subsequent tumor resistance to treatment 
1 week later (after 4 weeks)50 (republished after obtaining 
permission from the author and journal).
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novo ceramide generation.46 Ceramide activates p8 (nuclear 
protein 1) by stimulating endoplasmic reticulum-associated 
eIF2α, which initiates a signaling cascade through trib-
ble homolog 3, AKT rapamycin complex 1 to activate 
autophagy.53 A slightly different mechanism was proposed 
by Carracedo et al,54 who suggested that ceramide-depen-
dent p8 upregulation (de novo-synthesized ceramide) and it 
is downstream (ATF-4, CHOP, and TRB3) targets like acti-
vating transcription factor-4, homologous protein, and 
TRB3 (cell death-inducible) are the mechanisms for its 
anti-tumorigenic actions (Figure 2). The study utilized real-
time quantitative PCR; researchers demonstrated that THC 
increases p8 mRNA expression in C6.9 cells but not in C6.4 
cells. In addition, THC enhances p8 protein expression in 
C6.9 cells but not in C6.4 cells.

There are no indications of autophagy in melanoma cell 
lines, leukemia, rhabdomyosarcoma, or prostate cancer. 
Endogenous cannabinoids play a significant role in regulat-
ing the de novo synthesis of ceramides (lipid-based compo-
nents of the phospholipid bilayer involved in structure and 
cellular signaling). Also, ceramide autophagy has a crucial 
role in signaling regarding the control of apoptosis. The 
link between ceramide signaling (by involving cannabi-
noids) and some cancers is becoming ever more prevalent 
in the research to alter tumor microenvironment for cell 
apoptosis.55 In glioma cells, either CB1 or CB2 is related to 
increased ceramide levels. The upregulation of ceramide 
leads to activating of the ERK (extracellular signal-regulated 
kinase) pathway via Raf-1, p38 MAPK stimulation, which 
ultimately activates caspase (a family of cysteine proteases, 
which have significance roles in apoptosis).56

To highlight this pathway further, Δ9-THC activated p53 
in cultured cortical neurons by binding to the CB1 receptor. 
This process triggered the apoptotic cascade involving 
Bcl-2 (B-cell lymphoma 2) and Bcl-2 associated X protein 
(Bcl-2-like protein 4), suggesting that the endocannabinoid 
system causes cell destruction via the process of apoptosis 
rather than autophagy. Both signaling pathways involve the 
stimulation of ceramide levels, and in addition to this, can-
nabinoids exhibit their direct effects on cAMP (Cyclic 
adenosine monophosphate) through adenylate cyclase inhi-
bition of protein kinase A and gene transcription.57 De 
Petrocellis et al proposed an entirely different mechanism 
and studied the effects of cannabinoids on hormone-respon-
sive cancers. The initial experiment was conducted on 
anandamide targeting tumor cells expressing estrogenic and 
prolactin receptors. Therefore, it was hypothesized that 
anandamide could exert anti-proliferative effects by inter-
fering with their receptors or agonists. This hypothesis was 
later declined when the breast cancer cell line MCF-7 
showed no affinity between cannabimimetic compounds 
and estrogenic receptors.58

In contrast, prolactin-Stat5 signaling (produced in high 
amounts in most breast cancer cell lines, including human 
breast carcinomas at approximately 0.35 µg/mL daily) has 
been proposed to have accelerating effects on the G1/S 
phase of the mitotic cycle. Another experiment carried out 
by De Petrocellis et al58 highlighted the effects of prolac-
tin on cellular proliferation of EFM-19 cells upon admin-
istering 50 ng/mL of prolactin exogenously. In the case of 
prolactin receptor antagonists or prolactin monoclonal anti-
bodies (mAb), as expected, a complete blockade of cellular 

Figure 2. Schematic representation of the endocannabinoid system as suggested by Carracedo et al,54 2006 (reproduced using 
Biorender).
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reproduction was observed in MCF-7 cell lines. Furthermore, 
cellular proliferation was also reduced in EFM-19, BT-474, 
and T-47D cells.59

The question arises, whether anandamide exerts its 
effects on prolactin agonists or prolactin receptors? To 
answer this, results from the experiment by De Petrocellis 
et al58 suggested that cell lines most receptive to anan-
damide such as MCF-7, EFM-1, and T-47D cells responded 
considerably to antibody treatment (70%-98% inhibition of 
growth with 20 µg/mL of antibody). In contrast, in cell lines 
that had the lowest sensitivity to anandamide (BT-474), 
only 29.1% of cellular proliferation inhibition was observed 
when exposed to the antibody. This indicates that the 
potency of anandamide appears similar to the degree of 
dependency of human breast cancer cell (HBC) reproduc-
tion on endogenous prolactin.

However, additional cellular proliferation inhibition 
was not observed when the submaximal concentration of 
anandamide and submaximal concentration of the prolactin 
antibody was administered.60 This finding suggests that 
endogenous cannabinoids, such as anandamide do not 
directly affect prolactin levels but rather affect prolactin 
receptors. This theory of the cannabinoid effect on differ-
ent receptors is also supported because the decrease in pro-
lactin caused by the antibody did not show any further 
reduction in cellular proliferation.61,62 Administration of a 
lower dose of anandamide (0.1-0.5 µM), along with a can-
nabinoid receptor antagonist (SR 141716A, 0.5 µM), 
showed an increase in cellular proliferation.63

The down-regulating effect on the prolactin receptor 
is thought to be mediated by a CB1 receptor as the anti-
proliferative effect of anandamide was reversed when co-
incubated with SR 141716A (an inverse agonist of CB1 
receptor). In another case, the presence of SR 141716A 
caused inhibition of cellular proliferation through the effect 
of extracellular signal-regulated kinase ½ (ERK ½) co-
localized inside membrane lipid rafts. These rafts, compris-
ing glycosphingolipids and protein receptors organized in 
glycolipoprotein microdomains, have a crucial role in breast 
tumors and metastasis. Rinaldi-Carmona et al proposed that 
SR 121716A, besides its antagonistic characteristics, also 
possesses opposite agonist effects. This allows it to block 
mitogen-activated protein kinase (MAPK) and adenylate 
cyclase, thus having significant anti-tumor effects.64 The 
key requirements in SR 141616A-induced antiproliferation 
signaling are lipid raft integrity on the cell membrane and 
overly expressed CB1 receptors.51 It was proposed by 
Moffett et al65 in 2000 that this feature (lipid raft integrity) 
increases the efficiency and specificity of signal transduc-
tion by facilitating interactions between proteins to increase 
the efficiency and specificity of signal transduction by facil-
itating crosstalk between pathways.

The evidence suggests that SR 141716A requires the 
raft integrity to exercise its antireproductive effects by 

signaling. When MCD, a chemical used to extract lipid 
components from cell membranes, was administered, the 
antiproliferative effect of SR 141716A was diminished. The 
proposed mechanism shows further promise in controlling 
cellular growth in human breast cancer cell lines. It is unsur-
prising to indicate that this is just one of the many possible 
tumor stress mechanisms during cell transformation. The 
mechanisms of action of cannabinoids on cellular prolifera-
tion or inhibition are not just influenced by their microenvi-
ronment but also by the different features of tumors such as 
prolactin-producing pituitary carcinoma; overexpression of 
CBD receptors; the presence of prolactin receptors; or the 
presence of a lipid raft component.66A more recent mecha-
nism suggested relates to the effect of cannabinoids on 
intercellular adhesion molecule 1 (ICAM-1), an essential 
molecule within the signaling transduction pathway and 
with a major role in regulating lymphocyte-activated killer 
(LAK) cells. LAKs have a role in deactivating potential 
cancer cells by their cytotoxic action. The identification of 
CBD in controlling ICAM-1 was supported by the fact that 
the LAK cytolytic function was reversed when ICAM-1 
neutralizing antibody was administered. LAK function was 
also reversed via the blockade of CB1, CB2, and TRPV1 
receptors, suggesting the role of cannabinoids in modulat-
ing LAK via the activation of ICAM-167

Cannabis and Tumor Migration

Several studies have linked the ability of cannabinoids to 
control tumor survival, which is considered a pivotal find-
ing in the field of oncology.68-70 Tumors possess a height-
ened proliferation rate, breaking through basement 
membranes and invading extracellular space through tissue 
and organs.71 Growth beyond a certain distance from nor-
mal tissue blood vessels is a characteristic of all tumors. 
The ability of tumors to secrete growth factors imparts them 
to survive hypoxic conditions by angiogenesis, developing 
new blood from vascular structures. Endothelial cells grow 
toward the source of chemo-attractants (tumor) and develop 
a disorganized tumor vasculature. Tumor cells may survive 
and grow by 3 survival mechanisms: migration, invasion, 
and sprout formation. Combining all 3 results in an increased 
spreading of cancerous cells to other parts of the body. The 
term used to describe this is metastasis, which involves an 
initial break away from the main tumor attachment and the 
degradation of matrix metalloproteinases (MMP) that 
makes up the surrounding extracellular matrix, which sepa-
rates the tumor from the tumor adjoining tissues. By degen-
erating these proteins, carcinoma cells can disregard the 
extracellular matrix and release it. Metastasis is regarded as 
a fundamental hallmark of cancer and is often very difficult 
to treat clinically72

Migration is defined as a unified multistep process that 
plays a significant role in cancer progression while invasion 
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encompasses this and spreads cancerous cells through the 
extracellular matrix into the neighboring tissue. This leads 
to degradation of the extracellular matrix, and proteolysis 
occurs (Cell Biolabs, Inc, n.d.). Id1, an important gene in 
metastasis (Figure 3) is “switched off” when CBD is admin-
istered. It has a role in advancing breast cancer and metas-
tasis in lungs.73

Ramer et al33 conducted an experiment to tackle a prob-
able indirect antiangiogenic performance of cannabinoids by 
modulating the tumor cell microenvironment. The human 
alveolar epithelial cell line A549 was initially treated with a 
vehicle or different cannabinoids for 48 hours. The condi-
tioned media, collected and centrifuged, were subsequently 
used to prepare cell suspensions of HUVEC at a final den-
sity of 1 × 105 cells per sample. HUVEC in conditioned 
medium were evaluated for migration utilizing Boyden 
chamber analysis, 48-well plates to determine survivability, 
or Matrigel-coated 48-well plates to assess tubular forma-
tion after just 1 day of incubation.74 Finally, to measure the 
indirect effects of three-dimensional sprout formation of 
HUVEC in fibrin gels, the A549 cells underwent EGM-2 
treatment 3 times every 48 hours, in parallel. As with the pre-
vious methods, the conditioned media were centrifuged and 
transferred onto the fibrin gels containing HUVEC-coated 
codex 3 microcarrier beads. Another study suggested that 
conditioned media acquired from A549 cells treated with 
vehicle for 2 days enhanced the viability, migration, and 
sprout formation of HUVEC compared to HUVEC incu-
bated with non-conditioned EGM-2 medium for fibrin bead 
assays. By contrast, HUVEC suspended in conditioned 
media of A549 cells treated with 3 µM CBD for 48 hours 
showed a considerable decline in migration and viability 
compared to conditioned media from vehicle-treated A549 
cells. These results were mirrored with the use of other can-
nabinoids at the same concentrations, specifically, Δ9-THC, 
MA, or JWH-133.33 Concerning sprout formation, condi-
tioned media acquired from cannabinoid-treated A549 cells 
also elicited a decrease in sprout number compared to 
HUVECS incubated with non-cannabinoid A549 cells.25 
Other evidence supporting cannabinoid association with 

metastasis and invasion of cancer include specific markers 
related to migration, adhesion, invasion, and metastasis.75 
An experiment conducted in 2004 suggested that the adren-
alin-activated migration of SW480 and MDA-MB-468 cells 
was again inhibited with cannabinoids AEA (40 nM) and 
JWH-133 (10 nM).76

Cannabidiol administered at doses greater than 3 μM 
inhibited the migration of U87 glioma cells in a Boyden 
chamber analysis. However, the effect of cannabinoid-
induced migration was not inhibited when the antagonists 
SR 141716 or SR 1445289 of CB1 or CB2, respectively, 
were incubated together. This experiment shows that canna-
binoid-induced inhibition is mediated by cannabinoid 
receptors and other mechanisms.77

Effect of Cannabinoids on Cellular Adhesion

Cannabinoids also exert a direct effect on cellular adhesion. 
This process is essential for maintaining the integrity of the 
extracellular matrix and any dysfunction that may cause 
tumor metastasis. An experiment highlighting metastatic 
spread using MDA-MB-231 cells and the cannabinoid 
MDA-F-AEA (0.5 mg/kg every 3 days for 3 weeks) dem-
onstrated a decrease in the size and number of metastatic 
nodules. To confirm the direct effects of cannabinoids on 
metastasis, the effect was antagonized by SR 141716.58 
Unfortunately, despite the clear evidence that cannabi-
noids may inhibit metastasis, the long-term effects and 
potential mechanisms of inducing resistance remain 
unclear. Although cannabinoids demonstrate tumor regres-
sion, experiments have only been carried out in vivo for no 
longer than 21 days.

Hypoxia

Another characteristic of tumors is their ability to survive in 
severe hypoxic conditions.78 Tumor cells activate transcrip-
tional factors such as hypoxia-inducible- factor 1 (HIF-1), a 
known transcriptional factor called a regulator of hypoxic 
conditions. HIF-1 works by induction, invasion, angiogen-
esis, glycolytic metabolism, and upregulation of other cell 
survival molecules.60 Solinas et al79 experimented on 2 dif-
ferent brain carcinoma cell lines, U87-MG and T98G, 
derived from malignant gliomas and human glioblastoma 
multiforme tumors, respectively. Both cell lines were 
exposed to 50 µM CoCl2 or 1% pO2 for 24 hours to mimic 
hypoxic conditions. Under these hypoxic conditions, CBD 
at 5 and 9 µM induced a considerable decrease in HIF-1α 
compared to normoxic cells in U87-MG. Unlike U87-MG, 
T98G did not activate any substantial changes in HIF-1α 
levels when CBD was administered.62 The study highlights 
the distinction between different cell lines and thus differ-
ent effects of CBD on each cell line. T98G is already pres-
ent with high amounts of HIF-1α levels in normoxic 

Figure 3. CBD-induced inhibition of Id-1. 
Immunohistochemical detection of Id1 on lung tissue (left) 
using vehicle and CBD treated 4T1-derived tumors (right)73 
(Republished after obtaining permission from the author and journal).
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conditions, whereas, in U87-MG, it is barely detectable. A 
distinct difference in the upstream pathways of HIF-1α 
activation could be responsible for the difference in the 2 
cell lines. T98G cells are very insensitive to CBD treatment 
compared to U87-MG.

Moreover, T98G insensitivity was also highlighted with 
Δ9-THC, and is thus considered cannabinoid resistant. The 
difference must be due to the origin of the brain tumors, 
where U87-MG cell lines were derived from glioblastoma/
astrocytoma. However, T98G was derived from glioblas-
toma multiforme.80

Combination Therapy

Recently, the use of combination therapies has suggested 
numerous theoretical advantages compared to the “cannabi-
noid only” treatment. Adding an adjunct agent allows a 
multiple-killing strategy whereby several mechanisms 
reduce tumor growth. It also provides the advantage of min-
imizing the effects of adaptive resistance often associated 
with cancerous tissues. In agreement with this phenome-
non, research conducted in 2011 by Torres et al81 further 
supported this hypothesis. The team experimented with 
glioblastoma multiforme (GBM), one of the most frequent 
and aggressive forms of cancer often associated with death 
within 12 to 15 months of diagnosis.61,62 The alkylating 
agent temozolomide (TMZ), first-line treatment in the man-
agement of GBM, was combined with Δ9-THC, which pro-
duced profound results. Submaximal doses of TMZ and 
Δ9-THC were selected after being initially treated on 3 dif-
ferent cell lines as single constituents. The in vivo relevance 
of combining these 2 agents was determined by subcutane-
ous injection of U87MG in immunodeficient mice and was 
allowed to reach 250 mm3.60

The results highlighted a synergistic effect when Δ9-
THC and TMZ are combined in their tumor regressing 
capabilities compared to treatment as single agents. To fur-
ther elaborate on the effects of combined therapy, Torres 
et al81 investigated the combination of 2 cannabinoids (Δ9-
THC and CBD) on glioma cells. Similar to the effects wit-
nessed with Δ9-THC and TMZ, the combined effect of these 
2 cannabinoids at submaximal concentrations of 7.5 mg/kg/
day of each agent reduced tumor growth of U87MG cell-
derived subcutaneous xenografts. The effects were more 
significant in comparison to the treatment of this cell line 
than individual agents.81

Adjunct therapy in cancer allows tumor growth to be tar-
geted by interfering with multiple tumor survival mecha-
nisms and enhancing their ability to further induce cell 
death by minimizing the survival strategies adopted by 
tumor cells. Δ9-THC works through the ceramide pathway, 
in contrast to CBD, which works through ROS production, 
ultimately causing both autophagy and apoptosis or simply 
apoptosis.46,63 Other potential benefits of combining 

2 cannabinoids, such as the non-psychoactive CBD with 
psychoactive Δ9-THC, would be to enhance anti-tumoral 
activity and reduce Δ9-THC associated psychoactive side 
effects.60

Torres et al81 further investigated the potential for triple 
therapy. When used as a single agent, the experiment com-
bined Δ9-THC, CBD, and TMZ to counteract the effects of 
resistance to TMZ. A major contributor to the poor prog-
nosis of GBM is drug resistance because of overexpres-
sion of O6-methylguanine methyltransferase (MGMT), 
which is responsible for catalyzing the removal of methyl 
groups on the O6 position of guanine bases on DNA, ulti-
mately neutralizing the chemotherapeutic activity82 The 
results of the experiment, when administered at a submax-
imal dose of each agent, reduced the growth of U87MG 
and T98G glioma cells.60 A triple combined therapy may 
be necessary for specific cell lines where resistance is 
prevalent instead of U87MG cells, where only a single 
agent would be sufficient.83

Cannabinoids as Adjuvant

Adjuvant therapy is delivered after primary treatment to 
destroy the remaining cancerous cells84 cannabinoid CBD 
was used as an adjunct alongside bortezomib (BORT) in 
multiple myeloma (MM) cell lines. MM is a B-cell-derived 
hematological malignancy that causes clonal proliferation 
of plasma cells and accumulation in the bone marrow.85 
BORT, a proteasome inhibitor, is currently used to treat 
refractory and relapsed MM patients. Like most chemother-
apeutic agents, drug resistance develops over time.86 Morelli 
et al87 analyzed samples of a particular protein often associ-
ated with the regulation of tumor growth, progression, inva-
sion, and angiogenesis. It has previously been demonstrated 
that overexpression of this protein, transient receptor 
potential vanilloid type-2 (TRPV2), resulted in an increase 
in drug intake and enhanced sensitivity to chemotherapeu-
tic agents by the inhibition of the Ras/Raf/MEK/ERK in 
glioblastoma.88

In the case of MM, gene mutations in TRPV2 have been 
detected, and SNP analysis has shown a 5-Mb 17p11.2-p12 
amplification in KMS-26 myeloma cells. Despite this, no 
functional role has been deduced for TRPV2 in MM.69 CBD 
has shown a particular affinity to this receptor in glioma cell 
lines, including peroxisome proliferator-activated receptor 
gamma (PPARγ), and has been shown to increase its activ-
ity by increasing drug uptake cytotoxic activity.71-73 The 
obtained results suggested a positive outcome by using a 
combination of BORT and CBD. A BrdU incorporation 
assay has shown that CBD or BORT treatment reduced pro-
liferation in MM cell lines, with a major reduction observed 
in cells presenting TRPV2 receptors compared to those 
without TRPV2 receptors. Although single agents reduced 
proliferation (Figure 4), a combination of BORT and CBD 
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suggested a more profound reduction in cell proliferation 
(Figure 5).

These results again support the hypothesis of combining 
current anticancer agents alongside cannabinoids in com-
bating drug resistance often associated with single agents. 
CBD is just one of many examples where the chemothera-
peutic activity of current anti-cancer drugs can be potenti-
ated synergistically by modifying specific receptors that 
can be targeted on tumor cells to allow drugs to maximize 
their activity. Given the role of MEK/ERK and AKT path-
ways in MM, the rationale behind this particular combina-
tion is that BORT induces cell cycle arrest and death of 
MM cells by many mechanisms such as interference with 
the phosphorylation of AKT synergism with ERK 

inhibitors.85-87 The combined effect of CBD-BORT reduced 
ERK and AKT signaling and switched off ERK and AKT 
phosphorylation in MM cells treated with this dual therapy, 
with the effect being maximized in those cells presenting 
TRPV2 receptors.89

Other potential roles of this chosen combination are its 
effects on nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-κB), an important protein complex 
essential for DNA transcription, cytokine production, and 
maintaining cell survival. NF-κB signaling is said to have 
a role in MM pathogenesis via the “classical” p50/p65 and 
“alternative” p52/RelB pathways. Suppression of the 
NF-κB pathway has been shown to induce MM cell death in 
active CD138+.76-78 The combination effect of CBD and 
BORT also affected this particular pathway by reducing the 
nuclear binding capabilities of p65, suggesting the role of 
TRPV2 expression in MM and an increase in sensitivity to 
CBD. Furthermore, the potential to reduce the dose of 
BORT and minimize potential side effects or adverse drug 
reactions associated with it, providing more reasons to 
rationalize dual therapy alongside cannabinoids, was also 
explored.89

Combination therapy has not always produced promis-
ing results. Jacobsson et al90 experimented with showing 
whether the concomitant use of Δ9-THC and tamoxifen (a 
drug often used in breast cancer) affected cell viability and 
whether the synergistic effect of both agents provided a new 
therapeutic strategy in the treatment of glioma. An initial 
experiment using AEA and 10% fetal bovine serum (FBS) 
to determine any significant effects on cell viability pro-
duced no significant data. Another experiment using can-
nabinoids (Δ9-THC or CBD) alongside tamoxifen to C6 
glioma cells and with 10% FBS produced no significant 
effect on cell viability. Similar experiments with the 

Figure 4. CBD mediated reduction in proliferation in RPMI (RPMI8226) and RPMITRPV2 cells. Assessment based on CBD (20 μM) and 
BORT (3 ng/mL) alone or together67 (republished after obtaining permission from the author and journal). Results showing the effects of 
CBD (20 μM) and BORT (3 ng/mL) alone or together on their cytotoxic capabilities were also analyzed.

Figure 5. The cytotoxic effect of BORT (3 ng/mL) alone 
or together with CBD (20 μM)67 (republished after obtaining 
permission from the author and journal).
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administration of cannabinoids (Δ9-THC or CBD) along-
side tamoxifen on C6 glioma cells and with FBS Free and 
0.4% FBS produced significant effects on cell viability in a 
dose-dependent manner (Figure 6).90

The mechanism for the increased sensitivity to cannabi-
noid tamoxifen therapy at reduced FBS is yet to be under-
stood. The results suggest a need for further investigations 
into the potential therapeutic uses of cannabinoid-chemo-
therapeutic combination therapy and the effects of FBS on 
cell line sensitivity.91 Moreover, although cell lines provide 
us with the basis for whether a particular agent can inhibit 
growth or change tumor characteristics, they are not always 
a complete representation of the underlying disease. Other 
GBM cell lines, A172, GB-1, U251-MG, and U373-MG, or 
MM cell lines, which possess different tumor characteris-
tics, must be investigated to represent the disease accu-
rately. Typical cell culture media are deficient in metabolites, 
growth molecules, cytokines, and other factors representing 
the tumor microenvironment’s true nature. In other words, 
the numerous multicellular interfaces within which all 
tumor cells interact in vivo are not replicated for cells grown 
in cell culture plates and, although tumor growth is reduced, 
these cell lines do not represent the actual events that occur 
inside a human.92-100

Currently, there is minimal published research on the 
pharmacokinetic profile of cannabinoids when adminis-
tered orally regarding an anti-tumor activity or sensitizing 
of tumors to first line-agents. Unfortunately, the available 
data from contemporaneous research suggest numerous 
gaps in the knowledge base. Toxicity profiles of cannabi-
noids have still not been established; however, although 
some side effects of cannabinoids have been established, 
their long-term effects on modifying the tumor microenvi-
ronment in vivo are yet to be explored. Systematically 

determining the major pathways regarding treatment effi-
cacy with non-psychoactive cannabinoids would allow us 
to determine which cannabinoids could target specific 
tumors or which cannabinoid-drug combinations could be 
used to help reduce or potentially eradicate tumor growth.

Conclusion and Future Perspectives

A significant gap remains open for further research to deter-
mine the effects of cannabinoids on the tumor microenviron-
ment over a more extended period and if or when resistance 
does eventually appear. In addition, in vitro testing is not an 
accurate representation of in vivo; in other words, cells 
grown in a growth medium are not representative of a tumor 
cell in vivo and thus illustrate the problems associated when 
screening for pharmaceutical ingredients. The anti-glioma 
efficacy of cannabinoids was reported from a clinical trial 
that involved only 2 patients; more detailed studies are 
required to determine the actual role of cannabinoids in the 
microenvironment.27 Research on cannabinoids and their 
potential therapeutic function has been ongoing since 1971, 
and their proposed mechanisms in reducing/increasing cell 
growth have been changed and debated. As research in this 
field continues, understanding cannabinoid effects on sig-
naling in tumor growth will improve, and thus discrepancies 
and outdated information on the mechanism of action on 
cannabinoids will become updated and more credible.

Studies on cannabinoids have shown significant poten-
tial in cancer treatment (dependent on the cell line or tumor 
type). There is a robust set of data both in vitro (cancer cell 
lines) and in vivo. However, detailed human clinical trial 
data is required to reach a definite conclusion. Significant 
hurdles still need to be overcome. There are still major 
disagreements and gaps between academics’ knowledge 

Figure 6. Effects of different cannabinoids combined with tamoxifen in reducing cell viability in C6 glioma cells over 6 days90 
(republished after obtaining permission from the author and journal).
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regarding cannabinoids and their role in the tumor microen-
vironment. Current research only goes as far as showing the 
potential of specificity and efficacy to be precursors to clin-
ical treatments. The resolution of the conflicting evidence 
can be overcome and must remain a priority for future 
development of cannabinoids as the next generation of can-
cer treatment. The IC50 (inhibitory concentration), ED50 
(effective dose), GI50 (growth inhibition), and LC50 (lethal 
concentration) must be first determined on a range of indi-
vidual cannabinoids to establish long-term effects such as 
resistance, toxicity, and prognosis. This will then provide 
the basis of NCI 60 testing to enable more accurate determi-
nation of the mechanisms of action, which is currently lack-
ing. The use of cannabinoids as combination therapy with 
current chemotherapeutic agents or cannabis extracts has 
also been investigated by numerous researchers; however, 
research remains slow, and momentum must be gained as 
their potential is enormous and may revolutionize the way 
we treat cancer in the future.
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