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Because of the immunoregulatory properties of cannabinoids, the endocannabinoid system (ECS) may have an important
role in shaping the tumor microenvironment (TME). Members of the ECS, an entity that consists of cannabinoid receptors,
endocannabinoids and their synthesizing/degrading enzymes, have been associated with both tumor growth and
rejection. Immune cells express cannabinoid receptors and produce endocannabinoids, thereby forming an “immune
endocannabinoid system”. Although in vitro effects of exogenous cannabinoids on immune cells are well described, the
role of the ECS in the TME, and hence in tumor development and immunotherapy, is still elusive.
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| 1. Introduction

Gene mutations either caused by inheritance, environmental influence, faulty DNA replication or epigenetic modifications,
and the accumulation and aberrant activity of these genes are key features in the process of cancer development 2],
Cells that aberrantly express these genes are constantly recognized and subsequently eradicated by cells of the immune
system during tumorigenesis in a process called immune surveillance El. Nonetheless, mutated cells escape this process
and succeed in developing cancer through the selection of tumor cell variants that either lack immunogenic features of
recognition or exhibit features for the suppression of the evoked immune response 41,

Maintenance of tissue homeostasis is the work of immune cells, fibroblasts, the vasculature and extracellular matrix
components. Apart from cancer cells, neoplastic lesions contain additional cell types, such as endothelial cells, pericytes,
cancer-associated fibroblasts and immune cells [&. Together, they can serve as a hurdle of cancer development (. Similar
to inflammation, aberrant signaling, driven by cytokines and lipid mediators, among them also endocannabinoids, cause
changes in tissue homeostasis and a shift towards a pro-tumorigenic environment and eventually to the development of
cancer B4 Thus, ongoing inflammation constitutes one of the hallmarks of cancer . Like in inflammation, cells of the
innate and adaptive immunity infiltrate tumors to form the immune tumor microenvironment (TME) with the aim to combat
neoplastic growth 8. Many of these cells express components of the endocannabinoid system (ECS), such as
cannabinoid receptors BILOMUNLZ |mmune cells interact with each other and with tumor cells, they react to other
components of the TME and the ECS, and they can subsequently halt but also contribute to tumor progression in
experimental and clinical cancer [EI13l Al types of immune cells can be observed in tumors, including macrophages,
dendritic cells (DCs), neutrophils, eosinophils, mast cells, natural killer (NK) cells, and B and T cells (including Th cells,
and cytotoxic T cells) . Importantly, disease-free and overall survival critically depends on the immune cell compositions
within the TME (&1,

| 2. The Endocannabinoid System and the Tumor Microenvironment

Receptors and enzymes of the ECS have been mostly measured and quantified by immunohistochemical, Western blot
and PCR methods using tissue from a variety of tumor models and biopsies from patients with, e.g., breast, brain,
prostate, colon and cervical cancer. Each of the tumors may exhibit either up- or down-regulation of cannabinoid receptors
(which are often increased in tumors), and of endocannabinoids and their metabolizing enzymes, FAAH and MGL (rev. in
[14ly Correlations between expression of cannabinoid receptors and disease outcome largely differ between various types
of cancer 4l indicating that there is no universal (e.g., anti-carcinogenic) role of the ECS in tumor development but that its
role rather depends on the type of the tumor. For instance, CB, overexpression in HER-2 positive breast cancer is a

marker for poor outcome X5, whereas in hepatocarcinoma, CB; and CB, expression correlate with good clinical outcome
[16]

(Endo)cannabinoids have direct anti-carcinogenic effects on tumor cells BA18I These effects include inhibition of
proliferation, cell cycle arrest, apoptosis and autophagy 1229, Thus, AEA- and 2-AG-dependent anti-proliferative effects
have been demonstrated in colon, breast, prostate and cervical cancer cells 242122 Many of these studies were also



conducted with exogenous cannabinoids such as A®-THC, which mimics the effects of endocannabinoids on cannabinoid
receptors 14, In this context, however, A%-THC has shown biphasic effects, inducing cancer cell growth at low (100-300
nM) 23] and cell death at high (uM) concentrations [24],

While there is ample evidence that cannabinoids and components of the ECS are involved in inhibiting tumor cell
proliferation in vitro, little is known about the impacts the ECS has on cells of the TME and consequently on tumor
progression. A study by Busch et al. demonstrated that in models of lung adenocarcinoma with different types of mutation
(in Kras, p53, or Egfr), the immune cell content varied, suggesting that immune responses and TME landscape of tumors
critically depend on tumor cell mutations 251, As for the ECS, its components are located in immune cells (see Figure 1)
besides their expression in tumor cells. Among the few studies that have addressed the ECS in the TME, our group
showed, by use of a chemically induced colorectal cancer model, a marked shift in the composition of the immune TME in
GPR55 knockout vs. wildtype mice. Knockouts displayed a lower amount of MDSCs which suppress anti-tumor immunity
(28] put a higher number of CD4* and CD8* cells (which correlate with better prognosis) 2. Among the other studies, Qiu
et al. reported that 2-AG induced the expansion of MDSCs in a model of pancreatic adenocarcinoma with no effect on
CD4* and CD8* cells 22, In a model of colon cancer with mice bearing MGL-deficient macrophages, a lower tumor
burden was observed in knockouts as compared to wildtypes in a study by Xiang et al. (2018) [28l. Zhu et al. demonstrated
that AS-THC suppressed host immune reactivity to lung cancer via inhibitory cytokines 22,

Figure 1. Tumors locally recruit immune cells that reject and also promote tumor development and metastasis. Immune
cells express components of the endocannabinoid system, thereby they are able to form an “immune endocannabinoid
system” within the tumor microenvironment. Most of the immune cells express cannabinoid receptors (CB;, CB,) and
enzymes for endocannabinoid degradation (monoacylglycerol lipase (MGL) and fatty acid amide hydrolase (FAAH)). In
addition, they are known to release endocannabinoids (see Table 2).

To date, these data suggest that exogenous cannabinoids and ECS components have an influence on immune cells of the
TME and that the ECS could be involved in the control of this immune cell network and hence in tumor growth.

| 3. Conclusions

In vitro studies have demonstrated that the behavior of immune cells is regulated by (endo)cannabinoids and other
components of the ECS, indicating that the ECS effectively influences the immune landscape of tumors. This has been
now supported by in vivo studies highlighting the importance of macrophages and MDSCs of the TME in the actions of the
ECS on tumor growth (e.g., 222728 ECS components of the TME could be responsible for the fate of tumor growth by
working synergistically, independently or in an opposing manner. Knowledge on the role of the ECS in the regulation of
the “tumor immune microenvironment” may be important in establishing a more effective anti-neoplastic therapy.
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