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Abstract

GPR18 is a G protein-coupled receptor that belongs to the orphan class A family. Even though it 

shares low sequence homology with the cannabinoid receptors, CB1R and CB2R, a growing body 

of research suggests its relationship with the endocannabinoid system, not only because it is able 

to recognize cannabinoid ligands, but also because of its expression and ability to heteromerize 

with CBRs. In this perspective, we aim to analyze the biological relevance, reported modulators 

and structural features of GPR18. In order to guide future drug design in this field, highlights from 

molecular modeling of GPR18 will be provided.
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INTRODUCTION

The class A orphan G protein-coupled receptor (GPCR) GPR18 was first cloned by Gantz 

and coworkers in 1997.1 This receptor, which is 331 amino acids long, was initially isolated 

from canine gastric mucosa and human colon cancer cells, and subsequently located to 

human chromosome 13q32.1 GPR18 shares low sequence homology with the cannabinoid 

receptors CB1R and CB2R (~13% and 8%) and moderate identity with the putative 

cannabinoid receptor GPR55 (21%). Nonetheless, it has been related to the endocannabinoid 

system (ECS) since a range of endogenous, phytogenic and synthetic cannabinoids have 

shown to modulate GPR18.2-4

GPR18 human tissue profiling reveals high expression in spleen, thymus, peripheral blood 

leukocytes, lymph node, cerebellum, lung and testis among others.1,5 This receptor has been 

shown to signal through Gαi/o and Gαq/11,3,6,7 while no coupling was detected through Gαz 

or Gα15.8 One study has reported coupling through Gαs.9 Different studies indicate that this 

orphan receptor exhibits intrinsic constitutive activity.10,11 However, further studies are 

needed to fully unravel GPR18 signaling pathways due to the current lack of selective 

pharmacological tools and its challenging heterologous expression.

There is growing evidence demonstrating the therapeutic potential of GPR18. Modulation of 

GPR18 has been associated with physiopathological processes including pain, sperm 

physiology, immunomodulation, intraocular pressure, metabolism or cancer.11-15

Two different endogenous compounds have been proposed as putative ligands of GPR18: a 

carboxylic metabolite of the endocannabinoid anandamide (AEA), N-

arachidonoylglycine6,14,16 (NAGly, Figure 1), and the endogenous polyunsaturated fatty 

acid metabolite, resolvin D29 (RvD2, Figure 1). However, due to the lack of sufficient in 
vivo data, GPR18 is still categorized as an orphan receptor according to the International 

Union of Basic and Clinical Pharmacology (IUPHAR).17

Despite its low structural homology with the cannabinoid receptors, its ability to recognize a 

variety of cannabinoid chemotypes3,4 or form oligomers with the cannabinoid receptors18 

makes GPR18 a very attractive target. Due to the current worldwide interest on cannabinoid-

based medicines, understanding GPR18-mediated cannabinoid effects is crucial to unravel 

the role of this orphan receptor in the physiopathology of the ECS.

Elucidating the interactions between GPR18 and cannabinoid ligands is critical to determine 

the molecular basis of their activity and to help in the design of novel GPR18 selective 

compounds. For that purpose, we will analyze not only the structure of this orphan GPCR 

but also selected reported scaffolds. Molecules targeting GPR18 will be selected depending 

on their activity at other receptors including the related proteins CB1R, CB2R and GPR55. 
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With this, we aim to provide insights for further drug design and therapeutic validation of 

GPR18.

BIOLOGICAL RELEVANCE

GPR18 is abundantly expressed in several immune cell types where it is involved in different 

biological functions. GPR18 regulates BV2 microglial cell migration and proliferation,14,15 

neutrophil infiltration,9,19,20 CD8αα γδTCR positive lymphocytes maturation21 and 

macrophage differentiation and efferocytosis.7,9,19,22 GPR18 also regulates cell migration 

and proliferation in other cell types, mainly endothelial cells,23,24 but also in tumoral cells,11 

HEC-1B endometrial cells4 and human spermatozoa.13

GPR18 is especially relevant during the resolution phase of an inflammatory response. 

During this phase there is a shift from pro-inflammatory to anti-inflammatory factors, which 

in turn induces a pro-resolution phenotype on macrophages characterized by an increased 

clearance of the harmful agent and dead polymorphonuclear cells (PMNs). Pro-resolving 

lipid mediators, such as the GPR18 endogenous ligand RvD2, are the ones coordinating this 

shift.25 The pro-resolution role of GPR18 has been shown in an E. coli-induced peritonitis 

animal model, where a single RvD2 treatment induced macrophage efferocytosis, reduced 

PMN numbers, and lowered counts of E. coli colonies in a GPR18-dependent manner.9 The 

pro-resolution profile of GPR18 activation has been also reproduced in a periodontitis model 

where RvD2 reduced inflammation and cell accumulation, while upregulating GPR18 

expression.20 Moreover, GPR18 was shown to be indispensable for the pro-resolving effects 

and increased survival under RvD2 treatment in a mouse model of polymicrobial systemic 

sepsis.22 In fact, low GPR18 expression levels on PMNs of septic patients have been shown 

to correlate with increased severity and poorer prognosis, suggesting that GPR18 expression 

could be considered as a marker for sepsis outcome.26

GPR18 is also involved in resolution of sterile inflammation, such as ischemia/reperfusion 

(I/R) injury.27 During I/R injury high levels of reactive oxygen species (ROS) and an 

exacerbated inflammatory response further extend tissue damage. After cerebral I/R injury 

producing endogenous RvD2 and GPR18 downregulation, exogenous RvD2 reduced pro-

inflammatory cytokines, decreased edema and infarct area size, and recovered GPR18 levels 

in neurons and endothelial cells.27 The protective effect of RvD2 treatment was also 

observed in a model of lung I/R injury, where GPR18-WT mice, but not KO mice, showed 

lower PMN infiltration and protection from organ reflow injury.9 The decrease of pro-

inflammatory cytokine levels by RvD2 was also observed in an animal hind limb ischemia 

model, where RvD2 enhanced endothelial cell migration and increased arteriogenesis. These 

effects were reversed by the GPR18 antagonist O-1918 described later in the text.24

Interestingly, RvD2 was also able to reverse defective reperfusion in obese mice.24 Indeed, 

metabolic disorders such as obesity or type 2 diabetes causes the adipose tissue to release 

pro-inflammatory adipocytokines, generating a systemic chronic low-grade inflammation 

status which, in turn, becomes a risk factor for cardiovascular diseases, strokes, or cancer.28 

This chronic inflammation affects hypothalamic neurons that oversee caloric intake which, 

overtime, become unresponsive to stimulus. Both RvD2 and its precursor docosahexaenoic 
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acid (DHA) reduced hypothalamic pro-inflammatory cytokines, caloric intake and glucose 

tolerance while upregulating GPR18 expression.29 Furthermore, abnormal cannabidiol 

(Abn-CBD), a full agonist at GPR18, reduced oxidative stress, restored NO and adiponectin 

levels and upregulated GPR18 in diabetic rats.30 These cardioprotective effects were blocked 

when co-administrating O-1918. Studies on vasoactive effects of GPR18 have been 

published.31-34 The GPR18 agonists NAGly and Abn-CBD showed vasodilation effects on 

murine retinal arterioles,31 as well as, hypotensive and antioxidant effects in the murine 

rostral ventrolateral medulla.32 The mechanism behind the decrease on blood pressure 

appeared to involve the eNOS-NO-cGMP pathway33,34 and it was reversed by O-1918.31-34 

In addition, GPR18 activation by NAGly35 or (−)Δ9-tetrahydrocannabinol (Δ9-THC)36 has 

been shown to lower intraocular pressure in male mice during the day, providing a new 

potential therapeutic target for glaucoma. It is worth mentioning that Δ9-THC exhibits this 

effect through a combined action at CB1R and GPR18.36

Chronic inflammation may promote tumor initiation and growth, and vice versa the tumor 

microenvironment promotes further pro-tumorigenic inflammation, while becoming resistant 

to anti-tumorigenic actions of the immune system.37 However, the role that GPR18 might 

play in cancer is yet unclear. Bioinformatic analysis using The Cancer Genome Atlas 

(TCGA) and/or Gene Expression Omnibus (GEO) public database, has recently shown that 

GPR18 may be a potential protective factor in hepatocellular carcinoma38 and breast cancer.
39 In contrast, GPR18 was found to be overexpressed in human melanoma metastases and 

blockade of GPR18 expression with siRNA enhanced apoptosis.11 Another relevant role of 

GPR18 for cancer patients might be in pain reduction. Treatment with RvD2 reduced 

mechanical allodynia and hyperalgesia in a xenograft mouse model of oral squamous 

carcinoma, while also reducing pro-inflammatory cytokines and stimulating macrophage 

efferocytosis.19 In fact, both of the GPR18 endogenous ligands, NAGly and RvD2, have 

been shown to decrease inflammatory hyperalgesia, neuropathic pain and mechanical 

allodynia.40-42

Systemic chronic inflammation can also induce pathological changes in the central nervous 

system that may lead to the development of neurodegenerative diseases. The defensive 

function of microglia is central to maintain neuroprotection. However, it may exacerbate 

neuronal damage during neurodegenerative disorders such as Alzheimer’s disease or 

multiple sclerosis.43 GPR18 is expressed in BV-2 microglial cells, where nanomolar 

concentrations of NAGly stimulate cell migration, proliferation, morphology and cytokine 

production.14,15,44 NAGly reduced NMDA-induced excitotoxic damage in organotypic 

hippocampal cultures in a GPR18-dependent manner.45 Confirmatory studies are still 

required to ascertain the potential role of GPR18 on pathologies affecting the central nervous 

system.

Additional roles have also been ascribed to GPR18. Activation of GPR18 expressed in the 

midpiece of human spermatozoa by NAGly promoted the acrosome reaction, a pivotal step 

towards egg cell fertilization.13 Moreover, GPR18 was also found on human endometrial 

cell cultures, where activation by both NAGly and Δ9-THC induced endometrial cell 

migration,4 a key hallmark in endometriosis.46
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MOLECULES TARGETING GPR18

Endogenous ligands

NAGly is an endogenous signaling lipid with a wide variety of biological activity, however, 

until recently, GPR18’s mechanism of signaling was poorly understood. By measuring 

intracellular Ca2+ mobilization of a library of 198 lipid compounds using GPR18-expressing 

L929 cells, NAGly was identified as the first endogenous GPR18 agonist.6 NAGly also 

induces an increase in intracellular Ca2+ concentration in GPR18-expressing HEK293 cells3 

and a decrease in the accumulation of cAMP in GPR18-CHO cells.6 The fact that these 

properties are abolished by pre-treatment with PTX6 and that NAGly does not have an effect 

on β–arrestin recruitment3,47 supports the hypothesis that NAGly is a biased-Gαi/o coupled 

GPR18 ligand that signals via G-protein only. NAGly induces another downstream effector 

of Gαi/o coupled receptor, P44/42 MAPK.4 NAGly also mediates microglia migration 

through a PTX-sensitive pathway in different cell types.4,7,14 However, unexpected negative 

outcomes were obtained for NAGly in SCG neurons suggesting that NAGly could not 

activate GPR18 signaling via canonical pathways.8 Since activation of Gαi coupled GPCRs 

is generally associated with a decrease in calcium current via N-channel modulation, yet an 

increase in calcium current following exposure to NAGly and AbnCBD was observed, these 

investigators reported that these ligands did not activate GPR18.8 In contrast, Console-Bram 

et al3 examined the properties of GPR18 in HEK293 cells that are known to be devoid of N-

type voltage gated calcium channels,48 and ryanodine receptors49. Consequently, any change 

in calcium mobilization would be a consequence of GPR18 activation, not channel activity. 

Their findings demonstrated that GPR18 is activated by NAGly resulting in increased 

calcium mobilization. Finlay et al 10 reported that GPR18 was unresponsive to NAGly in 

several different cell types (with heterologous and endogenous GPR18 expression), however 

calcium mobilization was not assessed in any of the lines. Thus, functional discrepancies 

between readouts evidence the complex pharmacology of GPR18 (Table 1). It is interesting 

to highlight that NAGly has recently been proposed as an endogenous GPR55 modulator.50 

GPCR-independent modulation of ion channels and transporters has also been demonstrated 

by Bondarenko and colleagues.51-53

N-Arachidonoyl-L-serine (ARA-S; Figure 1), an endocannabinoid-like lipid initially isolated 

from bovine brain and characterized by very weak activity at CBRs, TRPV-1, and agonism 

at GPR55,54 was considered the first selective endogenous ligand of GPR18.55 Activation of 

this receptor by ARA-S results in phosphorylation of p44/42MAPK and protein kinase 

B/Akt in human umbilical vein endothelial cells.55 However, it has also been reported that 

ARA-S inhibits NAGly-induced directed migration of HEK293-GPR18 cell with the same 

potency as the putative GPR18 antagonist O-1918.14 Inhibition of MAPK activity induced 

by different GPR18 agonists supports ARA-S as an antagonist.3

As aforementioned, the lipid, RvD2, has been proposed as an endogenous ligand of GPR18 

based on enhancement of phosphorylation of CREB, ERK1/2, and STAT3 by RvD2 in WT 

but not in DRV2/GPR18-KO macrophages.22 RvD2 also enhances cAMP levels by a DRV2/

GPR18-dependent mechanism.22 Despite evidence for RvD2 to bind recombinant-GPR18 
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using radiolabeled-RvD binding assay,9 RvD2 as a GPR18 ligand has not been deeply 

explored probably in part due to stability issues.

Considering GPR55 and GPR18 promiscuity, in general terms, it is worthy to note here that 

the GPR55 endogenous ligand LPI does not significantly recruit β-arrestin at GPR18.56 To 

the best of our knowledge, LPI GPR18 activity through other signaling pathways has not 

been yet reported.

Cannabinoid-related GPR18 ligands

Endocannabinoid-related GPR18 ligands—Investigations have raised the prospect of 

AEA (Figure 1) biological activities are in part via non-CB1R and non-CB2R mechanisms 

among them GPR18.4 Metabolic studies support evidence that AEA metabolizes into 

NAGly, thus non-CBR effects of AEA could be due to the action of NAGly at GPR18.57 So 

far, signaling of AEA and other endocannabinoids at GPR18 has been poorly studied. The 

agonist profile of AEA and 2-AG (Figure 1) has been proposed on the basis of their capacity 

to elicit microglial migration albeit with less potency than NAGly.4 AEA and its synthetic 

analogs arachidonylcyclopropylamide (ACPA; Figure 1), and R1-methanandamide (R1-

methAEA; Figure 1) induce P44/42 MAPK phosphorylation,4 but AEA did not have any 

significant effect on β-arrestin recruitment, suggesting possible signaling bias at GPR18.3,47

Phytocannabinoid-related GPR18 ligands—Cannabinoids Δ9-THC, Abn-CBD and 

CBD (Figure 2) have been assessed for biological activity at GPR18 as outlined in this 

review. However, their signaling at GPR18 has been poorly characterized pharmacologically. 

As shown in Table 1, evidence supports Δ9-THC as agonist with significant potency in Ca2+ 

mobilization,3 β-arrestin recruitment,3,58 and P44/42 MAPK4 and ERK1/23 phosphorylation 

assays. CBD displays low efficacy as an agonist in β-arrestin recruitment,3 whereas it 

efficiently antagonizes the effects of NAGly and Δ9-THC on microglia migration and 

morphology, and cytokine signaling plasticity in BV-2 microglia.4,14,44 This agonist/

antagonist functionality difference has been suggested to depend on receptor expression-

levels.44 The regioisomer of CBD, Abn-CBD, played a major role in the discovery of 

GPR18 that was first called Abn-CBD sensitive endothelial receptor.59 Abn-CBD is 

described as full agonist at GPR18 in several pharmacological assays.3,4,14 A negative β-

arrestin recruitment outcome3 could suggest a possible G-protein biased-agonism.

O-1602 and O-1918 (Figure 2) are two synthetic analogs of CBD and Abn-CBD 

respectively. Lacking activity at CB1R and CB2R, both are used a pharmacological tools for 

GPR55 and GPR18 activity.4 There is evidence that O-1602 has significant agonist effects at 

GPR18.3,4 O-1602 induces receptor trafficking through GPR18 by stimulating Ca2+ influx, 

and by inducing MAPK (p44/424; ERK1/23) phosphorylation, both in HEK293 cells (Table 

1). Bias-functionality has been suggested due to its inability to recruit β–arrestin in a CHO-

K1 GPR18 cell line.3 Interestingly, O-1602 drives cellular migration in BV-2 microglia with 

the same potency as NAGly.14 The Abn-CBD analog O-1918 has been used in different 

biological assays as a GPR18 antagonist, as previously commented in the biological 

relevance of GPR18 section. It has also been shown to attenuate NAGly-, Abn-CBD- and 

O-1602-induced migration in BV-2 or HEK293-GPR18 cells.14 However, O-1918 showed 
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similar agonist properties to O-1602 in ERK1/2 phosphorylation and Ca2+ assays with a lack 

of activity in β–arrestin recruitment assays.3 Activity differences between assays highlight 

the need of further characterize the pharmacology of this putative antagonist in vitro and in 
vivo. GPR18 knockdown assays may clarify the functionality of this antagonist.

Amauromine (Figure 3) has a natural origin but does not come from Cannabis sativa. This 

alkaloid extracted from the marine sponge-derived fungus Auxarthron reticulatum is known 

for its vasodilating and antibiotic properties. Recently, it has been described as a potent 

GPR18 antagonist and CB1R antagonist without effect on GPR55.60 27-O-methylasporyzin 

C, another natural product, is the first reported selective GPR18 ligand of fungal origin that 

significantly inhibits LPI-mediated β-arrestin recruitment.61

Synthetic cannabinoid-related GPR18 ligands—Despite being a large family of 

structurally diverse compounds capable of exerting a broad range of pharmacologic effects, 

only standard synthetic cannabinoids have been tested and reported as GPR18 ligands. In β-

arrestin recruitment assays, CP 55,940 and SR141716 (Figure 2) showed the same weak 

antagonistic properties at GPR18, while they differed in their cannabinoid and GPR55 

activity (CP 55,940: CB1R/CB2R agonist and GPR55 antagonist; SR141716: CB1R 

antagonist and GPR55 agonist).58 WIN55212-2, CP55,940, SR144528, SR141716, 

JWH-133 and JWH-015 (Figure 2) have no effect on MAPK phosphorylation assays 

performed in HEK293 cells overexpressing GPR18, whereas AM251 is able to antagonize 

NAGly and Δ9-THC.4

Efforts have been devoted to the pharmacology of endogenous compounds and structurally 

related cannabinoids that raise issues in terms of selectivity vs GPR55, CB1R and CB2R. 

The Venn diagram shown in figure 4 illustrates the selectivity profile among cannabinoid 

related GPCRs of compounds tested at GPR18. Table 1 summarizes reported functionality of 

these compounds at GPR18.

Non-CBR related GPR18 compounds

Very few studies focused on the discovery of selective synthetic GPR18 ligands. The only 

synthetic non-cannabinoid GPR18 ligands reported so far are based on imidazothiazinone 

and coumarin scaffolds.56,58,62 The first coumarins acting on GPR18 were discovered 

among a series of chromen-4-one-2-carboxylic acids designed as GPR55 ligands.58 Using 

β–arrestin recruitment assays on CHO cells stably expressing GPR18, some of these GPR55 

ligands antagonized the effects of Δ9-THC at GPR18. The most potent compound of this 

series at GPR18 is PSB-18337 (Figure 5). This compound exhibits very high potency, but 

low efficacy at GPR55.63 Screening a compound library focusing on lipophilic structures, 

Müller and co-workers56 identified imidazothiazinone as a GPR18 scaffold using β–arrestin 

recruitment assays. Further systematic structural modification on this scaffold led to PSB-

CB556 and PSB-CB2762 (Figure 5). PSB-CB5 was identified as the first potent GPR18 

antagonist with good selectivity vs related GPCRs (over 36-fold selective vs GPR55 and 

CB1R, and 14-fold vs CB2R).56 Subsequent optimization efforts led these authors to identify 

PSB-CB27, which displays improved blockade of THC-induced GPR18 activation and 

increased selectivity.62
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Very recently, a series of pyrazolylbenzene-1,3-diols have been disclosed in a patent.64 Two 

regioisomers S4 and S5 present different pharmacological profiles (Figure 5). S5 acts as a 

GPR18 agonist in intracellular Ca2+ measurements and β–arrestin recruitment assays, 

whereas S4 antagonizes the effect of NAGly in Ca2+ assays and behaves as an inverse 

agonist in β–arrestin pathway.64 From this series, S9 (Figure 5), an inverse agonist at β–

arrestin recruitment and partial agonist at Ca2+ assay, also display antagonism in TPRV1-

expressing cells.

Moreover, a just released article describes the identification of a family of tricyclic xanthines 

that activate GPR18 in β–arrestin recruitment assays.65 PSB-KD107 (Figure 5), one of the 

most potent and efficacious agonists of this series, shows full selectivity vs GPR55, CB1R 

and CB2R.

STRUCTURAL HIGHLIGHTS FROM MOLECULAR MODELING

Even though in the last five years the amount of protein structures solved through NMR, 

crystallographic and cryo-EM studies has grown exponentially, very little is still known 

about orphan class A GPCRs. The lack of structural knowledge on GPR18 led us to recently 

develop a human GPR18 homology model based on the δ opioid receptor (DOR, PDB-ID 

4N6H).66 The high resolution crystal of the inactive state DOR was used as a template, not 

only because of its relatively high sequence homology (26%), but also because of its 

similarities at key structural features including crucial cysteines in the extracellular loop 2 

(EC-2 loop) and transmembrane helix 3 (TMH3) C3.25 that form a disulfide bridge, or the 

conserved proline at position 2.58 (the Ballesteros and Weinstein numbering system67 has 

been used throughout this article). GPR18 shares key conserved residues or motifs not only 

with the DOR, but also with GPR55, whereas the CBRs differ from them resulting in 

significant structural divergences (Figure 6 shows the sequence alignment of human GPR18 

with the DOR and the cannabinoid related receptors CB1R, CB2R and GPR55).

Despite the sequence similarities, specific residue differences between GPR18 and DOR 

(Figure 6) were identified and studied due to their potential to dictate conformational 

deviations from the initial template. These include the presence of a proline at position 3.36 

in the GPR18 sequence (absent in the DOR), and a significant change in the NPXXY motif 

in TMH7 (DVILY in GPR18, vs. NPXXY in DOR). This motif displays two striking 

features that characterize GPR18: it lacks the highly conserved proline at 7.50, and it has a 

D7.49 instead of an N7.49, which may have a significant effect on the sodium binding 

pocket in GPR18.66 These differences have the ability to impact the overall bundle and 

therefore, they were explored using the Conformational Memories program.66 Figure 7A 

shows the GPR18 inactive state bundle obtained upon conformational examination and 

subsequent minimization of the receptor.

As widely demonstrated among class A GPCRs, G protein activation is characterized by two 

main conformational rearrangements: at the “ionic lock” and the toggle switch.68,69 The 

“ionic lock” consists of a strong interaction formed by residues at the intracellular (IC) end 

of TMH3 and TMH6 (typically a salt bridge between R3.50 and D/E6.30) that hold the 

receptor in its inactive state. Breakage of this interaction generates an opening that enables 
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Gα coupling. GPR18 lacks a negatively charged residue at the end of TMH6 (Figure 6), 

consequently, this “ionic lock” is formed by a hydrogen bond between S6.33 and R3.50 

(Figure 7C). MD simulations with our homology models suggest that GPR18 constitutive 

activity could be due to the weakness of this “ionic lock”.66

The so-called toggle switch refers to binding pocket residues which change their 

conformational state upon receptor activation. Generally, in the inactive state, W6.48 is held 

in its χ1=g+ conformation by another binding pocket residue transitioning to χ1=trans 

when an agonist binds. As illustrated in Figure 7B F6.48 and M7.42 form the GPR18 toggle 

switch.

Given the therapeutic interest in GPR18, other groups have also recently reported GPR18 

homology models.70,71 Neumann et al70 averaged the inactive and active template 

coordinates in their method using Modeller, while Kuder and coworkers71 discarded the 

chosen active state template and only included the inactive template. None of these models 

address activation structural features or the development of active state bundles.

Binding pocket

GPR18 contains diverse positively charged amino acids that face the binding crevice and 

could therefore be crucial spots for ligand docking. These residues include arginines R2.60 

and R5.42 (Figure 8), which could establish strong interactions with orthosteric GPR18 

modulators. Phenylalanines at positions 6.55 and 6.51, as well as residues Y2.64 and N5.39 

are also accessible for ligand binding and could be crucial interaction sites for specific 

chemotypes (Figure 8). Specific residues in the EC-2 loop, including K(161), K(174) or 

Y(180), can point towards the binding crevice and may also be critical at stabilizing ligands 

at the GPR18 orthosteric site. Nonetheless, direct site mutagenesis is required to determine 

the structural relevance of these residues for agonist and antagonist binding.

Reported docking studies with the imidazothiazinone antagonist PSB-CB5 and 

phytocannabinoid GPR18 agonists CBD and THC suggest similar interacting sites to what 

we have observed in our model.70,71 However, discrepancies in binding site interactions 

have been found between these two reports. While Kuder at al71 proposes that PSB-CB5 

directly interacts with arginines R2.60 and R5.42, according to Neumann and coworkers,70 

this imidazothiazinone is mainly stabilized by interactions with K(161), Y2.64 and C6.54. 

Similarly, the first article proposes both arginines as H-bonding residues with the hydroxyl 

groups of CBD, whereas in the second report THC complexes with GPR18 engaging with 

R5.42, K(161) and N5.39.

This structural knowledge may help understanding this orphan GPCR and guide future drug 

design of compounds with tailored activities at GPR18.

CONCLUSIONS

To date, the therapeutic potential of GPR18 has been demonstrated through in vitro and 

animal model studies. Due to the lack of selective modulators and its challenging biological 

validation, little research has been translated into humans. So far, the role of GPR18 in 
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human pathophysiology has only been explored from a predictive standpoint, where this 

GPCR could be used as a biomarker in patients with sepsis,26 several cancer types,38,39,72 

and sarcoidosis.73

Due to its relationship with the ECS, the interest of this target has exponentially increased in 

the last years. A wide range of cannabinoids have been tested at this receptor and even 

though some of them present intriguing functional profiles their activity at GPR18 has been 

proved to mediate some of their therapeutic effects. The putative GPR18 endogenous 

signaling lipids NAGly and RvD2 produce also a wide variety of biological activity whose 

signaling at GPR18 is still poorly understood.

As previously indicated, GPR18 shares sequence commonalities with GPR55 at crucial 

positions while clearly diverges from the cannabinoid receptors at specific structural 

features. Similarities between these two ECS-related orphan receptors is also demonstrated 

by their ability to recognize similar ligands that do not bind at CB1R or CB2R as illustrated 

in the Venn diagram (Figure 4). However, some endocannabinoids and phytocannabinoids 

are able to target these four lipidic GPCRs probably due to their hydrophobic nature.

Crystal and cryo-EM structures of CB1R74-79 and CB2R74,80,81 in their active and inactive 

states have been recently reported shedding light to cannabinoid pharmacology. 

Nevertheless, as aforementioned, due to their low sequence homology, these structures do 

not serve as a basis to understand GPR18. In this context, our recently reported GPR18 

homology model provides insights into the activation mechanism of this orphan GPCR.66 

Identification of key binding site residues may guide future design of selective GPR18 

compounds to fully unravel this promising GPCR. Selective GPR18 ligands are yet 

emerging and their pharmacology at this complex receptor is not still fully unraveled. Due to 

the intricate signaling responses of GPR18, characterization at different pathways is needed. 

In fact, identification of potential GPR18 G-protein biased agonists could be useful for the 

treatment of GPR18-related chronic diseases such as diabetes, autoimmune or 

neurodegenerative disorders with reduced tolerance as already shown for other GPCRs such 

as opioids.82
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ABBREVIATIONS

Abn-CBD abnormal cannabidiol

ACPA arachidonylcyclopropylamide

AEA anandamide

CBRs cannabinoid receptors

ARA-S N-arachidonoyl-L-serine

CB1R CB1 cannabinoid receptor

CB2R CB2 cannabinoid receptor

cAMP cyclic adenosine monophosphate

CBD cannabidiol

DOR δ-opioid receptor

EC-2 loop extracellular-2 loop

ECS endocannabinoid system

E. coli Escherichia coli

cryo-EM cryogenic electron microscopy

ERK1/2 extracellular signal-regulated kinases 1 and 2

GPCR G protein-coupled receptor; I/R, ischemia/reperfusion
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KO mice knock-out mice

LPI L-α-lysophosphatidylinositol

MAPK mitogen-activated protein kinases

NAGly N-arachidonoylglycine

NO nitric oxide

PTX pertussis toxin

RvD2 resolvin D2

SCG superior cervical ganglion

Δ9-THC (−)Δ9-tetrahydrocannabinol

TMH transmembrane helix

TRPV transient receptor potential cation channel

WT mice, wild-type mice
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Figure 1. 
Chemical structures of lipid-like compounds.
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Figure 2. 
Chemical structures of cannabinoid-related compounds.
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Figure 3. 
Chemical structure of the natural products amauromine and 27-O-methylasporyzin.
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Figure 4. 
Venn diagram classification of compounds tested at GPR18 regarding their activity at the 

related GPCRs CB1R, CB2R, GPR55 and GPR18. Compounds S4, S5 and S9 have not been 

included in the diagram since their activity at these other receptors has been reported yet.
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Figure 5. 
Chemical structures of selected synthetic GPR18 ligands.56,58,62
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Figure 6. 
Human sequence alignments of GPR18, DOR, GPR55, CB1R and CB2R. (A) 

Transmembrane helix 1 (TMH1), (B) TMH2, (C) TMH3, (D) TMH4, (E) EC2 loop, (F) 

TMH5, (G) TMH6, and (H) TMH7. Color code: red: prolines; yellow: highly conserved 

residues across Class A GPCRs; magenta: cysteines in an internal disulfide bridge; blue: 

cysteines in TMH3 to EC2 disulfide bridge; lavender: GW motif.
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Figure 7. 
GPR18 inactive state model. A) Lipid view of the bundle. B) Zoomed in view of the toggle 

switch residues M7.42 and F6.48. C) Zoomed in view of the “ionic lock” formed by R3.50 

and S6.33. This figure has been done for this perspective using our previously reported 

model.66
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Figure 8. 
GPR18 binding pocket (EC view, loops have been removed for clarity). Potential interacting 

residues are displayed in green tubes.
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