
© 2013 Leyva-Illades and DeMorrow, publisher and licensee Dove Medical Press Ltd. This is an Open 
Access article which permits unrestricted noncommercial use, provided the original work is properly cited.

Cancer Management and Research 2013:5 147–155

Cancer Management and Research

Orphan G protein receptor GPR55  
as an emerging target in cancer therapy  
and management

Dinorah Leyva-Illades1–3

Sharon DeMorrow1–3

1Digestive Disease Research Center, 
Scott and White Hospital, Temple, 
TX, USA; 2Department of Internal 
MedicineTexas A&M Health Science 
Center, Temple, TX, USA; 3Research 
Service, Central Texas Veterans Health 
Care System, Temple, TX, USA

Correspondence: Sharon DeMorrow 
Department of Internal Medicine,  
Texas A&M Health Science Center,  
1901 South 1st Street, Building 205, 
Temple, TX 76504, USA 
Tel +1 254 743 1299 
Fax +1 254 743 0378 
Email demorrow@medicine.tamhsc.edu

Abstract: G protein-coupled receptors (GPCRs) modulate a vast array of cellular processes. 

The current review gives an overview of the general characteristics of GPCRs and their role in 

physiological conditions. In addition, it describes the current knowledge of the physiological 

and pathophysiological functions of GPR55, an orphan GPCR, and how it can be exploited as 

a therapeutic target to combat various cancers.
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Introduction
Signal transduction is essential for maintaining cellular homeostasis and to coordinate 

the activity of cells in all organisms. Proteins localized in the cell membrane serve 

as the interface between the outside and inside of the cell. G protein-coupled receptors 

(GPCRs) are the largest and most diverse group of membrane receptors in eukaryotes 

and are encoded by at least 800 genes in the human genome. GPCRs are also known 

as seven-transmembrane domain receptors, 7TM receptors, heptahelical receptors, 

serpentine receptors, and G protein-linked receptors. GPCRs can detect an expansive 

array of extracellular signals or ligands that include photons, ions, odors, pheromones, 

hormones, and neurotransmitters. Nonsensory GPCRs (excluding light, odor, and 

taste receptors) have been classified into four families: class A rhodopsin-like, class B 

secretin-like, class C metabotropic glutamate/pheromone, and frizzled receptors. They 

have a peculiar structure that has been highly conserved over the course of evolution 

and are made up of an amino acid chain, the N-terminal of which is localized outside 

of the cellular membrane and the C-terminal in the cytoplasm. The amino acid 

chain spans the cellular membrane seven times and has three intracellular and three 

extracellular loops.

GPCRs are called that because they exert their actions by associating with a family 

of heterotrimeric proteins (made up of α, β, and γ subunits) that are capable of binding 

and hydrolyzing guanosine triphosphate (GTP).1–3 To date, 16 different α subunits, 

five β subunits, and 11 γ subunits have been described in mammalian tissues. When 

activated, these receptors undergo conformational changes that are mechanically 

transduced to the G proteins, which then initiate a cycle of activation and inactivation 

associated with the binding and hydrolysis of GTP. Activated G proteins can then 

positively or negatively modulate ion channels (mainly potassium and calcium) or 

the second messenger generating enzymes (ie, adenylate cyclase and phospholipase 

C [PLC]) that allow the signal to be propagated to the interior of the cell to ultimately 

affect cell function.
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Gα subunits have been functionally classified on the 

basis of the activation of adenylate cyclase. Gs activates this 

enzyme, whereas Gi inhibits its activity, in addition to the α 

subunits that activate PLC. Adenylate cyclase catalyzes the 

conversion of adenosine triphosphate to cyclic-adenosine 

monophosphate (cAMP), which can determine the activity of 

ion channel and protein kinase A. PLC catalyzes the cleavage 

of membrane-bound phosphatidylinositol 4,5-biphosphate 

into second messengers inositol 1,4,5- trisphosphate (IP3), 

and diacylglycerol (DAG); the latter stimulates Ca2+ release 

from the endoplasmic reticulum, whereas DAG can modulate 

protein kinase C activity.

Although most GPCRs can activate more than a single 

Gα subtype, they show a preference for one subtype over 

another. GPCR function is tightly regulated, and they become 

desensitized after prolonged exposure to its ligand by the 

phosphorylation of the intracellular receptor domain, resulting 

in subsequent inactivation. This is generally accomplished by 

G protein-coupled receptor kinases, a family of mammalian 

serine-threonine protein kinases. This phosphorylation results 

in either the internalization of the GPCR or arrestin linking, 

which prevents G protein binding.4,5 It has also been shown 

that GPCR stimulation can lead to downstream activation of 

other less-common signaling effectors, including receptor 

tyrosine kinases, phosphoinositide 3-kinase, mitogen-

activated protein kinase, extracellular signal-regulated 

kinase (ERK), p38 mitogen-activated protein kinase, c-Jun 

N-terminal kinase, Janus kinases, signal transducers, and 

activators of transcription.6–11 The basic components of GPCR 

systems and signaling are depicted in Figure 1.

Physiological roles of GPCRs
GPCRs are involved in a wide variety of physiological pro-

cesses, and their dysfunction can result in several diseases. 

Some examples of their physiological roles include the fol-

lowing and are summarized in Figure 2.

Vision
The retina contains two types of photoreceptors: rods and 

cones. Rods are more sensitive than cones, but they are not 

sensitive to color. Rhodopsin is located in the disc membranes 

of the rod outer segments and is the visual pigment that 

allows humans and other vertebrate animals to see dim light 

by converting photons into chemical signals that stimulate 

biological processes in the nervous system. Rhodopsin 

belongs to the class A of GPCRs and was the first GPCR 
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Figure 1 Schematic representation of the components of a GPCR system.
Abbreviations: GPCR, G protein-coupled receptor; cAMP, cyclic-adenosine monophosphate; DAG, diacylglycerol; IP3, Inositol trisphosphate; ERK, extracellular signal-regulated 
kinase; JNK, c-Jun N-terminal kinase; RhoA, Ras homolog gene family, member A; p38, p38 member of the mitogen-activated protein kinase family; P13K, phosphoinosiide 3-kinase.
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whose three-dimensional structure was resolved by X-ray 

crystallography. Light induces a conformational change in 

its chromophore, 11-cis-retinal, which isomerizes to the all-

trans conformation leading to a change in the structure of 

rhodopsin, which in turn activates it. This event is followed by 

transducin binding to rhodopsin. Transducin is a heterotrimeric 

G-protein made up of the Tα and Tβ and Tγ subunits, and 

its activation triggers the signal transduction for vision. Its 

activation ultimately results in stimulation of cyclic guanosine 

monophosphate (cGMP) phosphodiesterase, opening of 

cGMP-gated channels, and ultimately, hyperpolarization of 

the membrane potential.12,13

Olfactory system
The olfactory system detects and discerns a vast array 

of chemical structures (odorants). To do this, it uses the 

odorant or olfactory receptors (ORs). ORs are expressed 

in olfactory sensory neurons in the olfactory epithelium, 

located high in the nasal cavity; each neuron only expresses 

a single OR. Odorant molecules dissolve in the mucus that 

coats the sensory neurons and bind to the ORs on these cells. 

This leads to the G-protein activation, adenylate cyclase 

activation, increase of cAMP in the cytosol, and ultimately, 

opening of ligand-gated sodium channels. The sodium influx 

depolarizes the cell and generates an action potential that is 

then conducted through the olfactory nerve to the brain.14

Neurotransmitters
Communication between nerve cells and muscle cells, 

gland cells, or other nerve cells is mediated by chemical 

messages transmitted by neurotransmitters or neuropeptides. 

The receptors for most of these molecules are GPCRs. 

Neurotransmitter and neuropeptide GPCRs include those for 

dopamine, serotonin, gamma-Aminobutyric acid (GABA), 

metabotropic glutamate, galanin, and neuropeptide Y, many 

of which have several subtypes.15,16

Chemokine receptors
Chemokines are a family of small structurally related 

cytokines that have chemotactic properties and play an 

important role in leukocyte migration, cell survival, and 

effector functions. Chemokine receptors are GPCRs that are 

expressed in various cell types and are classified according 

to the subclass of chemokines they recognize (CXCR, CCR, 

CX3R, XCR); to date, 19 receptors have been described in 

mammals. A common observation is that chemokine receptors 

can interact with more than a single chemokine ligand. 

Chemokine receptors are typically coupled to G-protein of 

the Gi subtype. Receptor activation by chemokine ligands 

leads to the activation of phospholipase C and IP3 and DAG 

generation. IP3 then induces Ca2+ release, whereas DAG 

acts in conjunction with Ca2+ to activate different Protein 

kinase C isoforms. It has also been shown that chemokine 

C
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Figure 2 Examples of the physiological roles of GPCRs.
Abbreviations: GPCRs, G protein-coupled receptors; GABA, gamma-Aminobutyric acid; NPY, neuropeptide Y.
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receptor activation can lead to Ras and Rho, phosphoinositide 

3-kinase, tyrosine kinases, and mitogen-activated protein 

kinases.17

Autonomic nervous system
Both the sympathetic and parasympathetic nervous systems 

are regulated by GPCR-mediated pathways. GPRCs are 

responsible for the control of many body functions, including 

blood pressure, heart rate, and digestive processes. A classic 

example of these is the adrenergic receptors that are 

expressed in many cell types and that stimulate the sympa-

thetic nervous system. They can be broadly classified into the 

α and β groups. α receptors have different subtypes: α1 are 

Gq-coupled, and α2 are Gi-coupled. Meanwhile, β receptors 

have three subtypes (β1, β2, β3), all of which are coupled to 

Gs proteins. Therefore, in general, α1 signaling is associated 

with PLC and Ca2+ release, whereas α2 and β are associated 

with adenylyl-cyclase and cAMP.18–20

Orphan GPCRs
As mentioned earlier, there are more than 800 GPCRs; 

however, the endogenous ligands of more than 140 of these 

receptors remain unidentified, and thus, their natural function 

is currently unknown. These receptors are termed orphan 

GPCRs. Deorphanization is the process of identifying ligands 

that are highly selective for orphan GPCRs and is a priority 

in orphan GPCR research. The most remarkable examples 

of deorphanization to date are the discoveries of novel neu-

ropeptides, which include ghrelin, metastin, neuropeptide 

B/W, prokineticins 1/2, neuropeptide S, and neuromedin S, 

and which have been implicated in physiological responses 

such as stress, sleep, and circadian rhythm.21,22

Physiological functions of GPR55
Orphan receptor GPR55 was identified and cloned in 1999 as a 

novel human intron-less GPCR gene that codes for a protein of 

319 amino acids and that was mapped to chromosome 2q37.23 

GPR55 is a member of the δ group of rhodopsin-like GPCRs 

and has the closest homology with a few orphan and lyso-

phospholipid-sensitive receptors in the purinergic subfamily.2 

The pharmacology of GPR55 remains controversial, as many 

ligands, cell types, and assays have been reported, with incon-

sistent results.24 However, some conclusions can be drawn: 

Oka et al showed that lysophosphatidylinositol (LPI) elicits 

several biological responses that include ERK phosphoryla-

tion and Ca2+ release via GPR55. These observations suggest 

that LPI is an endogenous natural ligand for GPR55 and that 

GPR55 is an intrinsic LPI receptor.25

Cannabinoid ligands can also activate GPR55, 

even though it lacks the classical cannabinoid binding 

pocket and so is also considered an atypical cannabinoid 

receptor.26 Before the identification of GPR55 as a cannabi-

noid receptor, the endocannabinoid system was thought 

to consist of the cannabinoid receptors (Cb1 and Cb2), 

their endogenous ligands (endocannabinoids), and the 

associated biochemical machinery (precursors, synthesis 

and degradation enzymes, and transporters). Anandamide 

(AEA) was the first endocannabinoid to be identified 

and acts as a partial Cb1 agonist and weak Cb2 agonist. 

2-Arachidonoylglycerol (2-AG), which is also an endocan-

nabinoid, is a Cb1 agonist.27

Signaling
In endothelial cells, activation of GPR55 by AEA increases 

ERK phosphorylation.28 Activation of GPR55 also leads to 

membrane rearrangements that are followed by protrusions 

and blebbing in HEK293 cells.29 The downstream signaling of 

GPR55 remains to be fully elucidated; however, it is known 

to use Gα
13

 for signal transduction and to activate PLC, 

RhoA, ROCK, ERK, p38 mitogen activated protein kinase, 

and Ca2+ release that can induce downstream transcription 

factors such as NFAT, NF-κB, CREB, and ATF2.29–33 It has 

recently been shown that GPR55 trafficking is dynamically 

regulated by GPCR-associated sorting protein 1, and thus 

plays an important role in its availability and subsequent 

cellular physiology.34

Central nervous system
GPR55 messenger (m)RNA is expressed throughout the 

central nervous system.23,35–37 However, evidence of protein 

expression is currently limited. It is known that AEA can 

stimulate guanosine 5′-O-[gamma-thio]triphosphate (GTPγS) 

biding in brain homogenates from both wild-type and Cb1 

knockout (KO) mice.38 Meanwhile, endocannabinoid-induced 

long-term depression in the hippocampus was present in 

Cb1 KO and wild-type mice.39 Additional studies have shown 

that microglia and astrocytes express cannabinoid targets 

that have yet to be identified that are capable of regulating 

various cellular responses.40 GPR55 is thus thought to play 

a role in the central nervous system; however, further studies 

are required to fully evaluate its significance in the central 

nervous system.

Vasculature
GPR55 is also thought to play a role in the vasculature. 

Evidence that cannabinoids can target a distinct vascular 
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receptor (ie, not Cb1 or Cb2) came from studies of rat mes-

enteric arteries in which AEA-induced vasorelaxation could 

be blocked by Rimonabant, a Cb1 antagonist, at high concen-

trations.41 AEA can be released by vascular endothelial cells, 

and it has been shown both that in human umbilical vein 

endothelial cells, anandamiee increases Ca2+ release, and that 

this is dependent on integrin clustering.28 Endothelial cells 

may also regulate GPR55-mediated physiology through the 

autocrine release of LPI after intracellular Phospholipase 

A2 (PLA
2
)-mediated lipid breakdown.42 When GPR55 is 

downregulated in primary human dermal microvascular 

endothelial cells, there is decreased angiogenesis, which 

suggests endogenous GPR55 agonists are present.43

Inflammation
Experiments performed in GPR55-deficient mice have shown 

that it also plays a role in neuropathic pain. These KO mice 

were highly resistant to mechanical hyperalgesia associated 

with Freund’s complete adjuvant–induced inflammation or 

partial nerve ligation. Cytokine profiling of KO mice showed 

differences compared with wild-type mice, which may explain 

the lack of inflammatory mechanical hyperalgesia in the KO 

models.36 GPR55 expression has also been found in cells 

of the immune system. Recent studies suggest that GPR55 

regulates Cb2 function in human neutrophils. Coactivation of 

GPR55 by LPI and Cb2 by 2-AG led to increased neutrophil 

migration and polarization morphology, whereas 2-AG alone 

only showed neutrophil elongation.44,45 A role for GPR55 in 

intestinal inflammation has also been studied. GPR55 KO 

mice have decreased inflammation in a model of dextran 

sulfate sodium–induced colitis compared with their wild-type 

counterparts.46 In a murine model of acute pancreatitis (AP), 

administration of O-1602, an agonist of GPR55, improved 

the pathological changes of mice with AP and decreased 

interleukin 6 and tumor necrosis alpha levels, suggesting 

that O-1602 has anti-inflammatory effects.47

Bone
GPR55 expression has been shown in human and mouse 

osteoblasts and osteoclasts. Interestingly, GPR55 expression 

was higher in human osteoclasts than in macrophage progeni-

tors. O-1602 and LPI inhibited mouse osteoclast formation 

and stimulated polarization and reabsorption through Rho and 

ERK. These effects were not observed in macrophages isolated 

from GPR55 KO mice. GPR55 KO mice also had increased 

bone mass, but bone formation was unaffected.48 These obser-

vations suggest that GPR55 may play a role in bone physiology 

by regulating osteoclast number and function.

Pancreas
High GPR55 mRNA expression was found in pancreatic 

islets, and protein expression was found in insulin-

secreting β-cells. Activation of GPR55 with O-1602, an 

agonist, resulted in the increase of Ca2+ release and insulin 

secretion stimulated by glucose. The latter was reduced 

in GPR55 KO mice. Further in vivo experiments showed 

that GPR55 activation increases glucose tolerance and 

plasma insulin levels.49 These data suggest that GPR55 

expression in the pancreas may play a role in glucose  

homeostasis.

Gastrointestinal system
GPR55 mRNA expression has been found in the duodenum, 

jejunum, ileum, and colon of rodents.35,46,50 It also is found 

in mucosal scrapings and longitudinal-myenteric plexus 

preparations of colon, which suggests that it is present in both 

gastrointestinal epithelial cells and enteric neurons.50 To this 

effect, GPR55 has been detected by immunohistochemistry 

in rat ileum enteric neurons. This study also showed 

that GPR55 expression was higher in rats treated with 

lipopolysaccharide, indicating both a potential role in the 

gut response to inflammation and that O-1602 can reduce 

spontaneous contractions in the rat ileum, but not in the colon 

or jejunum.46 Together, these data suggest that GPR55 may 

play a role in gastrointestinal physiology, including motility 

and secretion.

A summary of the physiological functions of GPR55 is 

shown in Figure 3.

Physiological
roles of GPR55

GI system:
Controls motility

Vasculature:
Controls angiogenesis
Induces vasorelaxation

Nervous system:
Controls neuropathic pain

Pancreas:
Induces insulin secretion
Increases glucose tolerance

Bone:
Inhibits osteoclast formation
Induces bone resorption

Inflammation:
Induces neutrophil migration
Anti-inflammatory in acute pancreatitis
Pro-inflammatory in colitis

Figure 3 Summary of GPR55 physiological roles.
Abbreviations: GI, gastrointestinal; GPR55, G protein-coupled receptor 55.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

151

GPR55 as a potential cancer therapeutic target

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2013:5

Role of GPR55 in human cancer
Many GPCRs have been associated with tumorigenesis and 

metastasis. Neoplastic cells frequently hijack their normal 

physiological function to survive, proliferate, evade the 

immune system, induce angiogenesis, and promote inva-

sion and metastasis, and the aberrant expression or mutation 

of many GPCRs have been linked to various cancers.51 As 

mentioned before, LPI is a GPR55 endogenous ligand and is 

now known to be secreted by fibroblasts and epithelial cancer 

cells and transformed thyroid cells, leading to mitogenic 

effects.52,53 In fact, patients with ovarian cancer have increased 

LPI plasma levels compared with healthy control patients.54 

Given that LPI is a potent inducer of GPR55, many studies 

have assessed the role of GPR55 in cancer. A summary of 

the roles and known signaling of GPR55 in different cancers 

is shown in Figure 4.

Cholangiocarcinoma
Cholangiocarcinomas arise from the neoplastic transforma-

tion of cholangiocytes, the epithelial cells that line the biliary 

ducts. Symptoms are usually only evident after blockage of 

the bile duct and, at this late stage, chemotherapy and radio-

therapy are relatively ineffectual, leaving surgical resection 

as the only option for treatment. Because of this, these biliary 

cancers have a poor prognosis, and improved treatments are 

urgently needed.

We have previously shown that AEA exerts growth-

suppressing effects on cholangiocarcinoma by inducing 

apoptosis.55 This effect could not be blocked by Cb1, 

Cb2, or VR1 antagonists or by the specific G
i/o

 inhibitor, 

pertussis toxin.55 In addition, we have previously shown that 

AEA-induced cell death is dependent on the stabilization 

of lipid rafts and the subsequent recruitment of the death 

receptor, Fas, into these structures.55 With the identification of 

GPR55 as a novel cannabinoid receptor capable of regulating 

the effects of AEA,26 we reassessed the mechanism by which 

AEA exerts its effects and have shown that both malignant 

and nonmalignant cholangiocytes express GPR55 to a similar 

degree, a specific GPR55 agonist has a suppressive effect on 

cholangiocarcinoma growth both in vitro and in vivo similar 

to that of AEA, knocking down the expression of GPR55 

prevents the antiproliferative action of AEA, and the growth-

suppressing effects of GPR55 activation by AEA require 

Gα12 and Jun N-terminal kinase activation and subsequent 

translocation of Fas into the lipid raft structures. These data 

suggest that GPR55 offers an intriguing target for the design 

of potential chemotherapeutic agents.

In addition to the lipid-raft-mediated effects of AEA, we 

have shown that AEA induces a concomitant activation of the 

noncanonical WnT signaling pathway via upregulation of Wnt 

5,56 as well as an increase in the proteolytic processing, and 

hence activation of the Notch 1 signaling pathway.57 How these 

seemingly independent observations fit together is a topic 

of ongoing research in our laboratory. The dependence and 

recruitment of the γ-secretase complex to lipid raft structures 

has previously been shown to modulate γ-secretase activity;58 

therefore, it is conceivable that agents that stabilize or disrupt 

lipid raft structures such as cannabinoids55 may indeed also 

regulate the Notch signaling pathway. Furthermore, activation 

of the Wnt signaling pathway has been shown to overlap and 

GPR55 in cancer
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LPl activation of
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Figure 4 Summary of current known roles of GPR55 in cancer.
Abbreviations: AEA, anandamide; AKT, Protein Kinase B; ERK, extracellular signal-regulated kinase; GPR55, G protein-coupled receptor 55; JNK, c-Jun N-terminal kinase; 
LPI, lysophosphatidylinositol; ROCK, RhoA-associated protein kinase.
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cross-talk with the Notch signaling pathway.59–61 Indeed, acti-

vation of Notch 1 has been shown to upregulate the expression 

of Wnt5a in a number of cell models.60 The involvement of 

lipid rafts in the differential activation of the Notch signaling 

pathways by endocannabinoids and how the Wnt and Notch 

signaling pathways interact in these conditions are a topic of 

ongoing research in our laboratory.

Breast cancer
GPR55 expression has been detected in the highly 

metastatic MDA-MB-231 human breast cancer cell line 

and, interestingly, was much more abundantly expressed in 

this cell line compared with in the less-metastatic human 

cell line, MCF-7. LPI treatment of MDA-MB-231 cells 

significantly enhanced cell chemotaxis, which was prevented 

by transfection with GPR55 small interfering (si)RNA.62 

Andradas et al63 have shown GPR55 expression in human 

breast tumors and found that higher levels of this receptor 

were evident in tumors with worse prognosis. They also 

observed an association between increased GPR55 levels and 

high proliferative indexes, but not tumor size or metastasis. 

Downregulation of GPR55 in EVSA-T breast cancer cells 

decreased cell viability and ERK phosphorylation; in an 

opposite manner, GPR55 overexpression increased cell 

viability and ERK phosphorylation. The proliferative effects 

mediated by GPR55 are thought to be a result of ERK 

activation and downstream expression of c-Fos.

Prostate and ovarian cancer
GPR55 mRNA and protein expression has been observed in 

human ovarian (OVCAR3 and A2780) and prostate (PC-3 and 

DU145) cancer cell lines. LPI treatment of these cells induced 

a transient increase in intracellular Ca2+ and ERK and Protein 

Kinase B (Akt) phosphorylation. Downregulation of GPR55 

expression using specific siRNA reversed these effects, sug-

gesting that LPI effects in ovarian and prostate cancer cells 

are mediated by GPR55. Using a pharmacological inhibitor 

of ROCK, it was determined that ROCK signaling is involved 

downstream of GPR55 and upstream of ERK and that it does 

not play a role in Ca2+ release. GPR55 downregulation also 

inhibited cell proliferation independent of exogenous LPI, 

suggesting that these cancer cells release LPI and promote 

their proliferation in an autocrine loop via GPR55.64

Glioblastoma
Higher histological grades of human glioblastomas have been 

reported in association with increased GPR55 expression. 

In a xenograft model of glioblastoma in which GPR55 was 

silenced, it reduced the number of proliferation cells within 

the tumors and slowed tumor growth.63

Other cancers
A link between high GPR55 levels and increasingly advanced 

stages of human pancreatic ductal adenocarcinoma has been 

observed.63 Similarly, recent studies have shown that GPR55 

is upregulated in human skin tumors and other squamous cell 

carcinomas.65 GPR55 expression has also been reported in 

lymphoblastoid cell lines, human astrocytoma, melanoma, 

and B lymphoblastoma.32,63

Critical analysis of the potential for 
targeting GPR55 in human cancer
GPR55 physiology is still highly debatable, as evidenced by 

the controversial pharmacology and signaling reported to date. 

However, given its widespread distribution and increasingly 

clear evidence that it may play an important role in tumor 

progression, it should be considered a novel cancer biomarker 

and/or therapeutic target. Indeed, in patients with ovarian 

cancer, its endogenous ligand is increased, and in many other 

cancers, increased levels of GPR55 expression correlate with 

increased tumor growth and worse outcome. In contrast, 

GPR55 plays an antiproliferative role in cholangiocarcinoma. 

GPR55 antagonists may prove beneficial in slowing tumor 

proliferation and angiogenesis in these particular cancer types; 

however, further analysis of its role in other types of cancer 

and in in vivo models will be necessary.

Conclusion
Because of its cannabinoid sensitivity and similar tissue local-

ization, GPR55 can explain some of the effects observed that 

are not mediated by the canonical cannabinoid receptors Cb1 

and Cb2. To date, LPI has been described as the endogenous 

GPR55 ligand, but endocannabinoids AEA, 2-AG, and the 

agonist O-1602 can also activate it. Therefore, GPR55 is likely 

the first LPI receptor described. Lysophospholid signaling 

systems such as LPA and sphingosine-1-phosphate have been 

associated with many physiological and pathophysiological 

states, including cell differentiation, smooth muscle contrac-

tion, cancer, multiple sclerosis, cardiovascular disease, and 

asthma.66,67 Further understanding of the interplay between 

LPI and GPR55 and its effect on cellular and organ physiol-

ogy will likely reveal its role in pathophysiological processes. 

Additional studies to elucidate the role of endocannabinoid 

GPR55 ligands in GPR55 physiology and pathophysiology 

are also warranted, as endocannabinoids have been shown 

to play a role in inflammation,68 cancer,69 liver disease,70 
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and inflammatory disorders of the intestinal tract,71 to name 

a few. In conclusion, GPR55 has emerged as a promising 

candidate for the development of novel anticancer therapeutic 

strategies.
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