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The Transient Receptor Potential Vanilloid type-2 (TRPV2) channel is expressed in both the central and peripheral nervous
systems. As a cation (calcium) and mechanosensitive channel, TRPV2 plays a role in neuronal development and in maintaining
the blood-brain barrier (BBB). Brain tumour cell survival and proliferation involve calcium-dependent mechanisms, and loss
or inactivation of TRPV2 promoted glioblastoma cell proliferation and increased resistance to CD95-induced apoptotic cell
death. The TRPV2 channel was proven as a modulator of brain tumorigenesis and glioma progression by regulating GSCs
differentiation. TRPV2 oncogenicity in brain cancer is driven by alteration of its expression profile. TRPV2 activation was
reported to promote GSCs differentiation and inhibit gliomagenesis. The TRPV2 agonist, Cannabidiol (CBD), suppresses GSCs’
clonogenic capacity by upregulating genes involved in either apoptosis or autophagy. Therefore, TRPV2 may be considered a
prime candidate biomarker and future therapeutic target in brain cancer.
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Introduction

Malignant brain tumours are known for their high degree of in-
vasiveness, aggressiveness, and lethality despite the availabil-
ity of a variety of current standard and optimized treatments.
Patients with brain tumours could benefit clinically and thera-
peutically from the identification of molecular targets that play
a crucial role in tumour growth and survival, leading to a pro-
cess that brings accuracy and specificity in patient medication.
Nowadays, the concept of precision medicine, which consists
of identifying the molecular signature of individual tumours
that can be selected for the most appropriate therapeutic ap-
proach, has become the pivot of contemporary oncology. In-
deed, the discovery of new brain cancer therapies or improve-
ment of current ones focuses on the identification of biomark-
ers that are causally connected to, instead of merely related
to, the disease process. On this basis, these biomarkers must
undergo alteration by effective therapeutic interventions to be
validated for certain populations of patients who will probably
benefit from precision medicine.

The TRPV2 channel has attracted attention as a biomarker
in several types of cancers1 2 3. Notably, in brain cancer,
TRPV2 exhibits oncogenic capacity linked to brain tumour
growth and survival (metastasis). In this review, we will focus
on demonstrating the pathophysiological significance of the
TRPV2 channel in brain cancer and provide evidence of how

the measurable molecular changes in TRPV2 could validate its
quality as a brain cancer biomarker and potential therapeutic
target.

Search strategy and data sources

A literature search was conducted using only the peer-
reviewed database available in “PubMed Central”. We
used a combination of the following keywords “Brain can-
cer (tumor)”, “Glioma”, “Transient Receptor Potential Vanil-
loid type-2 (TRPV2, VRL, VRL-1, VRL1)”, “Cannabidiol
(CBD)”, “Cannabinoids”, “Neurons”, “Neurogenesis”, “Glial
cells”, “Glioblastoma stem/progenitor-like cells (GSCs)” to
identify and select all published papers that are written in En-
glish and directly related to the focus of this review article. We
reviewed both pre-clinical and clinical studies as well as their
experimental methodologies, tools, and techniques that were
used to generate data. Here, we reported figures and tables
from studies that are relevant to the reader and align with the
overall structure and goal of this paper as well.

What we know about brain tumours

Malignant gliomas, including glioblastoma (GBM), are the
most widespread and devastating group of primary brain tu-
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mours in adults, with an incidence of 8:9 cases per 100;000
persons/year in the US3 4 5. The median survival of GBM
patients ranges from 12 to 17 months under current stan-
dard treatments such as surgical resection, radiation, and
chemotherapy3 6 7 8 9.

Glial tumours (gliomas) refer to a wide spectrum of malig-
nancies, including grades II and III oligodendroglioma, grades
II and III astrocytoma, and glioblastoma from initial classifi-
cation based on anatomocytopathological criteria linked to the
morphotypic characteristics and numerous cytonuclear aty-
pologies, accompanied by anaplasia for high-grade glioma
(GBM, grade IV)3 10 11. GBM is characterized by cellular het-
erogeneity due to the creation of tumour micro-environments
resulting from glioma cell invasion. The development of ab-
normal angiogenesis (vascular micro-proliferation) in hypoxic
and necrotic tumour areas often leads to resistance to conven-
tional treatments and cancer recurrence3 12 13 14. Microglial
cells and astrocytes play a direct and critical role in promot-
ing GBM. During GBM progression, the blood-brain barrier
(BBB) becomes compromised due to a cascade of chronic in-
flammatory reactions, ultimately leading to dysregulation of
the immune response and abnormal crosstalk between tumor
cells and microglial/astrocyte cells15. This complex process
involves multiple steps (e.g., chemotaxis, glial cells activation,
and phenotype change), molecular factors (e.g., cytokines and
chemokines secretion), and cellular components (e.g., extra-
cellular matrix (ECM) and cytoskeletal rearrangements) that
together alter the interaction between microglia/astrocytes and
GBM and induce the breakdown of BBB15. The transition of
microglial cells into M2 macrophages has been strongly as-
sociated with aggressive GBM and poor prognosis in GBM
patients. M2 macrophages, also known as tumor-associated
macrophages (TAMs), promote tumor growth, angiogenesis,
and an immunosuppressive environment within the tumor mi-
croenvironment15. Moreover, extracellular vesicles (EVs) and
the ATP Binding Cassette transporters (ABC transporter pro-
teins) are the main mechanisms by which the tumor cell com-
municates with astrocytes/microglial cells15. Gliomas were
always considered to originate from the neoplastic transfor-
mation of differentiated glial cells9. However, recent and re-
markable progress made in the understanding of the patho-
physiology of brain cancer brought us much-needed evi-
dence that stem cells are directly implicated in the devel-
opment of glioblastoma malignancy9. Indeed, Glioblastoma
stem/progenitor-like cells (GSCs) are identified by several
markers, including GFAP, and have been isolated from both
human brain tumours and several glioma cell lines9.

Brain cancer involves complex mechanisms and requires a
focus on potential new molecular actors to consider new treat-
ment options, promoting cell differentiation to eliminate the
tumor-driving cell population involved in glioma genesis and
the acquisition of chemoresistance9. Notably, TRPV2 is ex-

pressed in both the central and peripheral nervous systems,
and also expressed in the human neural progenitor cells (hN-
PCs) and normal human astrocytes (NHA)9. TRPV2 was lo-
calized at both mRNA and protein levels in the cerebral cor-
tex, hypothalamus, hippocampus, caudate, and cerebellum9.
It was suggested that TRPV2 plays a role in axon outgrowth
because its expression is mainly concentrated in myelinated
A- and C-fiber sensory neurons9. Especially, in developing
growth cones, there is evidence of TRPV2 activation and an
increase in intracellular Ca2+ concentration due to mechani-
cal membrane stretch during axonal outgrowth9 16. NGF was
considered necessary for axon outgrowth mediated by TRPV2
activation through membrane stretch, since no axon outgrowth
was observed in developing neurons upon removal of NGF
from the culture medium16. Later on, it was demonstrated that
neurite outgrowth involves upregulation of TRPV2 protein
content and intracellular Calcium levels in developing neurons
by NGF via the mitogen-activated protein kinase (MAPK) sig-
naling pathway17. This process begins by binding NGF to
TrkA at the end of neurites and forming the NGF/TrkA com-
plex that will be trafficked to the nucleus via the signalling
endosomes. Then, a cascade of events at the nucleus triggers
phosphorylation of TRPV2 by Erk2 phosphorylation sites lo-
cated at N and C termini of TRPV2, an increase in TRPV2
expression and Ca2+ activity, leading to neurite outgrowth en-
hancement17.

TRPV2 is among emerging and underexplored targets, be-
longing to a superfamily of non-selective cation channels
which are involved in various physiological functions, and for
the most part sustain calcium homeostasis and calcium sig-
nalling. Calcium-dependent mechanisms regulate brain tu-
mour cell survival, proliferation, and invasion, making the
TRPV2 channel a putative potent modulator of brain tumori-
genesis and glioma progression by possibly regulating GSCs
differentiation1 3.

TRPV2 identity and structure Other names:
VRL, VRL-1, VRL1 HGNC (Hugo): TRPV2

Chromosome location The gene encoding TRPV2 is located
on chromosome 17 (17p11.2), located �10 Mb apart from
TRPV1, and colocalizes upstream with UBB (ubiquitin B)
and FTLP12 (ferritin, light polypeptide pseudogene 12) and
downstream with C17orf76-AS1 (C17orf76 antisense RNA 1)
(non-protein coding) (Figure 1A).

DNA/RNA The TRPV2 gene consists of 15 exons and 14
introns spanning 21462 bp of DNA and includes a 5’-/3’-non-
coding regions. The TRPV2 mRNA product length is 2829 bp,
and analysis of its alternative splice variants showed the exis-
tence of a larger 2:3-kbp product as the full-length TRPV2
(f-TRPV2) and a smaller 1:9-kbp product as a novel splice-
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Fig. 1 TRPV2 gene and protein structural organization. (A) Schematic representation of human TRPV2 and neighboring genes on the shorter
arm of chromosome 17. UBB - ubiquitin B, FTLP12 - ferritin light chain pseudogene 12, C17orf76-AS1 - C17orf76 antisense RNA 1. (B)
The monomeric structure of TRPV2 contains 761 amino acids, six transmembrane spanning domains (TM), and a pore helix region located
between TM5 and TM6. Both N- and C-termini are cytosolic, with the N-terminal having a hydrophobic domain (HD) and 6 ankyrin repeats
(AR). This figure is from reference1.

Activators Inhibitors

Activity Heat (� 52 �C), CBD, CBN, probenecid, IGF-1, THC,
THCV, INS, D9-THC, PDGF, NHA, LPC, LPI, 2-APB,
fMet-Leu-Phe (fMLP)

SKF96365, Tranilast, amiloride,
Gd3+, RR

Traffick* CBD, IGF-1, INS, LPC, LPI, PDGF, NHA, fMet-Leu-Phe
(fMLP)

Expression IGF-1, INS SKF96365, Tranilast, PMA

Table 1 TRPV2 agonists and antagonists.
*Translocation of TRPV2 from cytoplasm to plasma membrane, CBD: Cannabidiol, THC: (-)-trans-D9-tetrahydrocannabidol, CBN:
Cannabinol, THCV: D9-tetrahydro- cannabivarin, NHA: neuropeptide head activator, PDGF: Platelet-derived growth factor, IGF-1:
insulin-like growth factor-1, PMA: Phorbol-12-myristate-13-acetate, RR: Ruthenium red RR, Gd3+: Gadolinium, LPC:
Lysophosphatidylcholine, LPI: Lysopho- sphatidylinositol, 2-APB: 2-Aminoethoxydiphenyl borate, fMLP: fMet-Leu-Phe, INS: Insulin,
Tranilast: N-[3,4-dimethoxycinnamonyl]-anthranilic acid, SKF96365:
1-[2-(4-Methoxyphenyl)-2-[3-(4-methoxyphenyl)propoxy]ethyl-1H-imidazole. The information reported in this table is from reference1.

variant of TRPV2 (s-TRPV2), lacking exons 10 and 11, corre-
sponding to the pore region and the fifth and sixth transmem-
brane domains18.

Protein TRPV2 functions physiologically as a tetrameric
protein, with each monomer containing 761 residues, with a
large N-terminal region of 389 amino acids, a smaller 250
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