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Abstract

G protein-coupled receptors (GPCRs) are targets for ~35% of approved drugs but only ~15% of 

the ~800 human GPCRs are currently such targets. GPCRomics, the use of unbiased, hypothesis-

generating methods (e.g., RNA-sequencing [RNA-seq]), with tissues and cell types to identify and 

quantify GPCR expression, has led to the discovery of previously unrecognized GPCRs that 

contribute to functional responses and pathophysiology and that may be therapeutic targets. The 

combination of GPCR expression data with validation studies (e.g., signaling and functional 

activities) provides opportunities for the discovery of disease-relevant GPCR targets and 

therapeutics. Here, we review insights from GPCRomic approaches, gaps in knowledge and future 

directions by which GPCRomics can advance GPCR biology and the discovery of new GPCR-

targeted drugs.
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An overview of past and current efforts on GPCRs: Progress and concerns

G protein-coupled receptors (GPCRs, also termed 7-transmembrane receptors based on their 

structure and topology in cell membranes) are the largest family of signaling receptors in 

eukaryotes, including ~800 GPCRs in humans. GPCRs modulate cell and tissue physiology 
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by regulating signaling pathways via 4 major classes of heterotrimeric (αβγ) GTP binding 

proteins (G proteins, see Glossary), Gs, Gi/o, Gq/11 and G12/13 and/or the scaffolding protein 

β-arrestin. G proteins regulate the activity of enzymes and channels that alter cellular levels 

of second messengers and, in turn, functional activities of cells via pathways that include 

protein kinases and altered phosphorylation/activity of proteins, ion channel activity, low 

molecular weight GTP binding proteins and changes in gene expression. Through these 

diverse signaling mechanisms, GPCRs regulate a wide range of cellular functions, which can 

include, for example, general features of cell biology (e.g., metabolism, growth, death, 

migration) as well as cell-specific responses (e.g., muscle contraction/relaxation, glandular/

epithelial secretion, alterations in neuronal activity, etc.).

GPCRs have been a major research focus in pharmacology [1–3]. Initial efforts assessed 

functional activities (e.g., muscle contraction/relaxation, metabolic responses, etc.) in 

organisms and tissues. Subsequent biochemical studies with tissues, cells and subcellular 

fractions led to the discovery of cyclic AMP (cAMP) and calcium as GPCR second 

messengers and set the stage for direct analyses of GPCRs by radioligand binding and 

other techniques. The latter approaches facilitated GPCR purification, molecular cloning, 

biophysical analyses and structural studies (e.g., X-ray crystallography and cryo-electron 

microscopy) which have transformed understanding of GPCRs from hypothesized concepts 

(e.g., the description of α- and β-adrenoceptors [4]) to atomic level data at a few angstroms 

resolution (e.g., [5–11]).

GPCRs are also highly useful targets for drugs, indeed the most frequently targeted gene 

family: ~35% of approved drugs target GPCRs but only ~15% of the ~800 human GPCRs 

are currently targeted. Hence, new opportunities likely exist for GPCRs as drug targets [1–

3]. Factors contributing to this “limited” targeting of GPCRs include the >100 orphan 
GPCRs that lack “tool compounds” to aid in defining their functional roles and, incomplete 

knowledge of signaling mechanisms of many GPCRs and of the identity of GPCRs 

expressed in healthy and diseased cells.

The application of new methodologies has provided molecular insights that have aided in the 

discovery of new GPCR-targeted drugs and new ideas (e.g., inverse agonism, signaling 
bias, GPCR oligomerization, allosteric modulation and compartmentalized GPCR 

signaling including from intracellular sites [10–17]). Such experiments are often conducted 

on well-studied GPCRs that are transfected into heterologous cells at supra-physiological 

levels prior to assessment of GPCR signaling, localization, regulation and action in response 

to agonists, antagonists and/or allosteric modulators. But do such studies overlook or 

misconstrue important features of GPCRs? For example, are conclusions based on 

experiments with well-studied GPCRs applicable to all, or even most, GPCRs? Does 

transfection reproduce the endogenous localization and/or alter the stoichiometry of GPCR 

signaling components? Do mutations and partners used to facilitate structural studies change 

properties of GPCRs? More generally, has sufficient attention been given to experimental 

artifacts (for example, the impact of mutations on receptor biology) and the “observer 

effect” whereby the act of measurement and methods used to assess a phenomenon can 

change its properties? Such questions have led us and others to assess GPCR expression and 

action in native cells and tissues ([3,18–32]) whereby unbiased, hypothesis-generating 
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approaches allow one to pose questions regarding the expression of GPCRs in normal and 

diseased (human) cells and tissues. We term this approach GPCRomics (Figure 1, Key 

Figure).

GPCRomics: Its utility for pharmacology and drug discovery

The suffix “-ome” describes the totality of a family of entities and “-omics” defines a field of 

study or methodology that characterizes an -ome. Many omics areas have been proposed, 

e.g., genomics, transcriptomics, epigenomics, proteomics, lipidomics, glycomics and 

metabolomics. GPCRomics thus seeks to define and study the GPCRome. A key goal of 

GPCRomics is to “discover” (i.e., reveal the existence of) and characterize endogenous 

GPCRs (endoGPCRs) that are functionally important in health and disease. This in turn 

could help to elucidate potential signaling events and functional activities that endoGPCRs 

regulate, how states of altered physiology (e.g., age, environmental stress, hormonal status) 

impact on endoGPCR expression and action and whether endoGPCR expression and action 

change in diseased tissues and cells. In addition, GPCRomic studies can identify “new” 

(previously unrecognized) GPCRs that can be targets for drug discovery efforts and in turn, 

may yield new, efficacious and safe therapeutics, especially for conditions that lack such 

agents.

One seeks to identify, quantify and assess responses of GPCRs expressed in tissues or cells 

of experimental animal or humans. Our laboratory has focused on the assessment of 

individual cell types following their isolation or growth in low-passage tissue culture [3]. For 

drug discovery, human cells are the optimal system, especially cells from patients who are 

matched with healthy subjects for age, sex, ethnicity and other variables (e.g., smoking 

history, physical training, drug usage, etc.). GPCRomic data that compare cells from healthy 

and diseased subjects can reveal disease-related GPCRs that may be therapeutic targets. 

Culture of the cells ex vivo can facilitate screening and assessment of small molecules or 

biologies as potential therapeutics, thus facilitating drug discovery.

Methods for conducting and analyzing GPCRomic studies

Based on the low abundance of most GPCRs and limited availability of protein analytical 

methods to identify GPCRs, the currently favored GPCRomic approach is to assess mRNA 

expression and then undertake studies to validate the mRNA data. Several methods can be 

used, including real-time qPCR analyses (with GPCR probes), hybridization-based DNA 

microarrays (that assess a cell’s or tissue’s transcriptome), GPCR-targeted microarrays 

(which have DNA probes for individual GPCRs) and RNA-sequencing (RNA-seq) [3]. 

Because the DNA probes on whole transcriptome arrays are typically not optimized to detect 

individual GPCRs, those arrays are unable to detect certain GPCRs (false negatives) and in 

addition, yield false positives, thus limiting the utility of hybridization-based transcriptome 

microarrays for GPCRomic studies [3]. Commercial qPCR-based (e.g., TaqMan®) GPCR 

arrays can also be used to quantify GPCR expression but are limited to the analysis of ~350 

GPCRs and certain house-keeping genes (e.g., [3]).
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RNA-seq is currently preferred for GPCRomic studies due to its increased sensitivity and 

breadth of detection. A typical RNA-seq workflow (Figure 1) begins with the isolation of 

minimally degraded RNA [33] and its conversion (using standard methods, e.g., Truseq 

mRNA kits and protocols [Illumina, Inc., San Diego, CA, USA]) to complementary DNA 

(cDNA) libraries for sequencing. Sequencing of >20 million single 75bp reads per sample is 

generally sufficient to quantify expression of >20,000 coding genes (including GPCRs) and 

their splice variants. While RNA-seq yields more comprehensive data than the qPCR-based 

assay mentioned above, a challenge in the use of RNA-seq is that it requires more extensive 

data analysis.

Analysis of RNA-seq data involves multiple steps which include the use of various 

bioinformatic tools. We briefly review these steps here and in Figure 2. Raw data is first 

obtained as ‘FASTQ’ files that are checked for sequencing quality (e.g., using FASTQC 

[35]) to identify low quality reads and non-mRNA contaminants; various tools can remove 

these artifacts [33] (Figure 2). The FASTQ files are then input into Kallisto [36], an 

‘alignment-free’, fast and computationally cheap method [33] that estimates transcript 

expression. The gene expression from this transcript-level data is determined using tximport 

[37], which yields gene-level counts that can be used for differential expression (DE) 

analysis. By inputting gene expression as counts into edgeR [38] or similar tools (e.g., 

DEseq2 [39]), one can calculate the fold-change between groups and statistical significance 

(False Discovery Rates [FDRs]). DE analysis can also be performed using bootstraps from 

Kallisto as input for the ‘Sleuth’ tool [40]. Further, one can analyze genes with DE using 

tools to explore enrichment of pathways involved in other aspects of GPCR biology (e.g., 

[41–43]).since RNA-seq provides data on such components, including GPCR ligands, G 

proteins and post-G protein effectors. Using tools such as those above and other methods for 

transcript expression [33], one can also assess if GPCRs genes undergo alternative splicing 

(e.g., [45]). This is a particularly interesting avenue since even though approximately 50% of 

GPCRs have 2 or more exons [44],alterative splicing of GPCRs remains largely unexplored.

It is important to note here that a challenge in analyzing and interpreting GPCR expression 

data is how best to identify and classify GPCR genes. The Guide to Pharmacology Database 

(GtoPdb)i [46] provides the most comprehensive, expert-curated annotation of GPCRs and 

includes information on signaling, ligands, etc. Annotated GPCR genes obtained from this 

source can be used to query gene (GPCR) expression data to yield GPCRomic results, 

including the number and level of expression of GPCRs detected, that have DE (e.g., 

comparing GPCR expression in normal and diseased cells/tissue) and that couple to various 

G proteins and signaling mechanisms. One can pool results for expression of GPCRs known 

to link to a particular G protein and calculate potential changes in G protein signaling 

pathways, for example, alteration in the predicted activation of Gs versus Gi.

What does one learn from GPCRomic analyses?

GPCRomic analyses define the identity and level of expression of GPCRs in cells and 

tissues. One can decrease variables introduced by the heterogeneous cell types in tissues by 

focusing on individual cell types (e.g., [1,18,19,21,26,27,47–52]). Such analyses have 

yielded several observations, which include:
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1) Many/most cell types express at least 100 different endoGPCRs and individual 

cell types in a tissue have different GPCR profiles.

2) These endoGPCRs include GPCRs from each of the 5 major GPCR families 

(Class A [Rhodopsin-like], Class B [Secretin-like], Class C [Glutamate-like], 

Adhesion and Frizzled); in some cases, small numbers of olfactory and taste 

receptors are also detected, often at low magnitudes of expression.

3) G protein linkage is unknown or uncertain for many of the prominently 

expressed endoGPCRs.

4) Many highly expressed GPCRs (including numerous orphan GPCRs) were not 

previously known to be expressed by the cells being studied. This is a key 

observation that derives from GPCRomic studies since the use of unbiased 

techniques can reveal evidence for functional and/or disease roles for newly 

recognized GPCRs (e.g., [3, 18–20]).

5) Exposure of cells to perturbations such as growth factors, differentiation, 

hypoxia, etc. can alter GPCR expression, both in terms of the GPCRs that are 

expressed and their level of expression (e.g. [49–52]).

6) Cells from subjects with diseases can have altered GPCR expression profiles, in 

terms of the identity of expressed receptors and their magnitude of expression 

(e.g., ]18,23,25,28,32,51]).

However, it is important to keep in mind that GPCRs identified by their mRNA expression 

may not be functional, hence one must test their ability to regulate cellular signaling and 

functional activity using cell biological, biochemical and physiological approaches.

Information regarding druggable GPCRs [1] can help guide subsequent studies and may 

identify GPCRs for which approved drugs might be repurposed for new therapeutic 

indications. By comparing the expression of individual GPCRs and the GPCR repertoire in 

cells from individuals of different age, sex, exercise conditioning and environmental 

exposures, one can define interindividual variability, age- and sex-related differences and 

physiological adaptations resulting in altered GPCR repertoires. Cells can be perturbed ex 

vivo, for example by changes in oxygen, nutrients, exposure to drugs, etc., in order to assess 

for cell-autonomous changes in GPCR expression and function. An example is the treatment 

of human lung fibroblasts with transforming growth factor-β (TGF-β) which enhances the 

fibrotic state of the cells and produces many changes in gene expression, including of 

prostanoid receptors [52]. Other studies have revealed culture time-dependent changes in 

GPCR expression and response, for example in human induced pluripotent stem cell-derived 

cardiomyocytes (hiPSC-CMs), findings that have implications in the use of hiPSC-CMs for 

disease modeling and drug testing [49].

From a drug discovery perspective, as mentioned above, one can use GPCRomics to test for 

disease-related changes in cellular GPCR expression in order to determine if particular 

GPCRs contribute to pathobiology and may be therapeutic targets. At least 3 patterns of 

changes in GPCR expression and action may influence disease processes and guide drug 

discovery efforts. These patterns involve GPCRs with:
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1) Low expression in normal cells but with an increase (e.g., ≥ 2-fold) or perhaps 

unique expression in a disease state.

2) High expression (e.g., >10 tpm by RNA-seq) in both normal and diseased cells.

3) Decreased expression (e.g., by >50%) in a disease setting.

Limited studies have evaluated individual GPCRs based on these patterns. We envision 

therapeutic challenges with patterns 2 and 3, since drug actions will occur on both normal 

and diseased cells. Accordingly, we have focused on pattern 1 and recently conducted 

studies with pancreatic ductal adenocarcinoma (PDAC) cancer associated fibroblasts 

(PCAFs). We compared GPCR expression by PCAFs with that of the PCAF precursor cells: 

pancreatic stellate cells (PSCs) and pancreatic fibroblasts (PFs) [32,51]. We discovered that 

PCAFs express 37 and 39 GPCRs with at least 2-fold increased expression compared to PFs 

and PSCs, respectively. Of note, GPR68, a proton (H+) sensing GPCR, has a prominently 

increased expression in PCAFs and in PDAC tumors (in which the pH in the tumor 

microenvironment is typically ~6.5). Further, we found that GPR68 contributes to PDAC-

PCAF cell interaction via induction of GPR68 expression in PSCs promoted by PDAC cell-

derived tumor necrosis factor (TNF)-a. PCAFs expressing GPR68 respond to low pH by 

increasing production and secretion of interleukin-6 (IL-6) which then promotes PDAC cell 

proliferation. GPR68 can couple to Gs and Gq [53] but its promotion of IL-6 production in 

PCAFs appears to occur via a cAMP/Protein Kinase A/CREB (cAMP response element-

binding) protein-dependent mechanism, thus implicating Gs signaling as the mechanism for 

the increase in IL-6 production and secretion from PCAFs [51].

Data from GPCRomic analyses need to be validated by further studies (Figure 1), including 

independent qPCR and assessment of protein expression, such as by immunological (e.g., 

immunoblotting, flow cytometry, immunohistochemistry, etc.) or proteomic (e.g., mass 

spectrometry) techniques. Evidence for protein expression can also be obtained by 

assessment of signaling pathways and functional activity. For disease-related changes in 

GPCR expression, one seeks to define GPCR-mediated responses that contribute to the 

disease phenotype. Such studies may be aided by using short interfering (si) RNA/ short 

hairpin (sh) RNA, CRISPR/Cas9 and/or GPCR-targeted drugs. For validation of a potential 

target from GPCRomic findings, evidence of functional activity is key (the sine qua non) for 

validation of a GPCR prior to initiating drug discovery efforts. Functional and signaling 

responses may also be useful as readouts in drug screening programs.

Limitations of current GPCRomic approaches

RNA-seq and other methods that assess GPCR expression have certain limitations. Most 

studies to date have assessed tissues or mixed populations of cells. However, recent 

evidence, especially from assessment of mRNA expression in single cells, i.e., single cell 
gene expression, indicates that sub-populations of cells differentially express many mRNAs, 

including GPCRs with different expression profiles and magnitude of expression, including 

in individual neurons [54,55], vascular and immune cells [56,57) and with cell-specific 

changes in disease models. Such studies typically isolate single cells using microfluidic 

techniques. Further, RNA expression methods provide “snapshot” data unless multiple 
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samples are collected to determine the temporal dynamics of mRNA expression [26]. It is 

conceivable that changes in GPCR expression occur in response to perturbations (e.g., drug 

treatments) as a result of alterations in mRNA formation and/or degradation, neither of 

which is assessed by “bulk” measurements of a cell’s or tissue’s GPCR mRNA expression. 

Moreover, although recent studies have implied a closer relationship between mRNA and 

protein than was previously thought [58–61], RNA expression does not necessarily reflect 

protein expression in all cases. Unbiased methods to assess cellular GPCR protein 

expression are currently limited, in part because of the paucity of well-validated, sensitive 

and specific GPCR antibodies (e.g., [62,63]). Other methods, such as proteomic/

phosphoroteomic (mass spectrometry) [e.g., 64-66] and translatomic (differential 

centrifugation to isolate polysomes) [67] approaches have not been extensively used to 

assess GPCR expression. The generally lower expression of GPCR proteins compared to 

many other cellular proteins further makes the detection of GPCR proteins a challenge. It 

can also be difficult to draw conclusions about the physiological actions of GPCRs from 

GPCRomic data. For example, a GPCR might have constitutive (inherent) activity but 

occupancy by an endogenous agonist is usually required to elicit functional, especially 

maximal, responses. While studies with cells ex vivo generally require activation by an 

agonist, this may not be possible when assessing orphan GPCRs following their 

identification by GPCRomics analyses.

A further challenge in GPCRomic studies relates to the cells being investigated. In some 

cases, one can readily isolate and assess primary cells (e.g., circulating blood cells). For 

other cell types, tissues must be disrupted, cells isolated and then grown in tissue culture 

(optimally for a limited number of passages) prior to mRNA isolation. Such experiments 

typically involve exposure of cells to conditions not identical to those in vivo and may 

introduce experimental artifacts and the observer effect noted above. This is a particular 

concern with human cell lines derived from tumors, immortalized by viral infection or 

introduction of certain genes--manipulations that may alter cellular gene (including GPCR) 

expression (e.g., [68]).

Concluding remarks

GPCRomics can help identify a role for individual and groups of GPCRs in health and 

disease and reveal “new” GPCRs as drug targets, thus providing a basis for drug discovery 

efforts or repurposing of approved drugs. It may identify previously unrecognized GPCRs in 

diseases, including in types of cancer that are major contributors to morbidity and mortality 

but for which GPCRs have been largely ignored as targets (e.g., [18,23,25,32,69–75]). 

However, numerous questions exist in the field (see Outstanding Questions) and will likely 

be addressed in future studies. A focus will be on assessing GPCR expression in single cells, 

which, as noted above, may identify sub-populations of cell types with distinct GPCR 

profiles, perhaps cell- and disease-specific functional splice variants and interactions of 

GPCRs with G proteins and other partners [45,76–80]. Studies are also needed to identify 

the mechanisms that mediate changes in GPCR mRNA expression in physiological and 

disease settings. Such effects may occur via altered transcription or post-transcriptional 

events. Relatively little is known regarding the transcription factors, nuclear events and 

epigenetic mechanisms that regulate GPCR gene expression and is a potentially fruitful area 
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for research efforts (e.g., [81–83]). Understanding is also limited regarding mechanisms that 

alter GPCR protein expression as related to translation, post-translational modification, and 

protein degradation and will likely be a focus of future studies.

Further, drug discovery and approved therapeutics have expanded from an earlier focus on 

small molecules to a broader palate of biological entities, including peptides, proteins, 

antibodies/nanobodies, anti-sense oligonucleotides, aptamers and genes (gene therapy). 

GPCRomics may identify GPCRs amenable to such approaches and may help guide 

appropriate hiPSC-derived models for drug screening and perhaps, cell therapy. Newly 

recognized GPCRs may also be useful as biomarkers that can be analyzed on circulating 

(tumor, fetal) cells, exosomes in the blood or urine or as cell surface proteins detectable with 

antibodies or other probes, perhaps via imaging methods [32,84–89]. Such techniques may 

further facilitate personalized/precision medicine approaches for GPCR therapeutics: 

identification of individual and groups of patients who express one or more GPCRs that can 

be treated with appropriate GPCR-targeted agents and whose response is monitored by 

biomarker analyses. While such ideas are currently hypothetical, we opine that GPCRomics 

will likely aid in their actualization. In sum, we believe that GPCRomics--an unbiased, 

hypothesis-generating approach--is a powerful tool for revealing aspects of GPCR biology 

and can be a gateway for drug discovery and ultimately, clinical/translational pharmacology 

and therapeutics.
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GLOSSARY

Allosteric modulation
alteration of the effects of a primary ligand by indirectly influencing (modulating) the 

primary ligand’s effects on a receptor (or other protein)

α- and β-adrenoceptors
also called α- and β-adrenergic receptors, these GPCRs are expressed on many cell types 

and are activated endogenously by norepinephrine (noradrenaline) and epinephrine 

(adrenaline). The receptors consist of the multiple subtypes (α-1, α-2 and their sub-types; 

β-1,β-2, β-3), and have important functions in the nervous system, heart, blood vessels, 

kidney, lung, fat and other tissues.

Biomarkers
a biological marker indicative of a disease state or lack thereof. Used in medicine to screen 

or monitor patients for a disease.

Bootstraps
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iterative estimates that assess uncertainty in abundance of transcript quantification in the 

analysis of RNA-seq data.

endoGPCRs
GPCRs endogenously expressed by a cell or tissue.

Ex vivo
experiments done on tissues or cells from an organism with minimal changes made to the 

natural conditions the tissues/cells would be exposed to in a live organism. This is in contrast 

to in vitro experiments whereby cells derived from organisms have been adapted in the 

laboratory to conditions outside of their natural biological context.

False Discovery Rate (FDR)
a statistical approach that attempts to define the rate of rejected null hypotheses that are 

incorrect rejections in a setting of multiple comparisons.

FASTQ files
large text files with sequenced reads from RNA-seq along (or other NGS platforms) with 

quality scores that indicate the confidence of accurate identification of individual bases.

GPCRomics
the comprehensive study of GPCR expression and function in a cell, cell type or tissue (i.e., 

the GPCRome). As shown in Figure 1, a typical GPCRomics workflow involves several 

steps: mRNA isolation, cDNA generation, RNA-sequencing and associated data analysis, 

and validation studies of GPCRs that are identified.

Inverse agonism:
a drug action that decreases a response below the level of activity observed in the absence of 

the drug.

Kallisto
an ‘alignment-free’, fast and computationally cheap method that estimates transcript 

expression (in transcripts per million, tpm- the number of times a particular transcript occurs 

per million transcripts sequenced) and counts (estimated number of times a transcript 

occurs).

Orphan GPCR
a GPCR whose physiological agonist is unknown.

Prostanoid receptors.
a family of GPCRs that selectively binds and responds to prostaglandins, which are 

arachidonic acid-derived molecules.

Radioligand binding
a method to detect and quantify GPCRs (and other types of receptors) by the use of 

radiolabeled molecules (“radioligands”) that bind to the receptors.

RNA-sequencing (RNA-seq)
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a technique that utilizes next-generation sequencing (NGS) to identify and quantify the 

mRNA (prepared as complementary DNA [cDNA]) of a biologic sample.

Signaling bias
(also termed functional selectivity): activation of a receptor by a drug/compound that 

selectively activates a particular signal transduction pathway relative to other drugs/

compounds that bind to the same receptor and activate multiple pathways.

Single cell gene expression
sequencing the RNA of an individual cell shows the variability between individual cells 

within a given population. This is in contrast to non-single cell analyses, which give the 

average gene expression for an entire population.
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Highlights

• GPCRomic analysis, currently based on mRNA studies (in particular, the use 

of RNAseq) is a hypothesis-generating approach that can identify and 

quantify previously unrecognized GPCRs.

• GPCRomic studies reveal that various cell types typically express >100 of the 

~360 known human endoGPCRs, including numerous orphan GPCRs.

• Previously unrecognized (“new”) GPCRs may be physiologically important, 

contribute to pathophysiology and will likely expand the utility of GPCRs as 

therapeutic targets in multiple disease settings.

• GPCRomic analyses may reveal increased GPCR mRNA expression in such 

disease settings and thereby new GPCRs as therapeutic targets.

• The therapeutic application of GPCRomic discoveries will benefit from new 

approaches, such as gene editing, nanobodies, aptamers and gene therapy.
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Outstanding Questions Box

• Can more precise ways than those that currently exist be developed to assess 

and predict GPCR protein expression in cells?

• Can new, non-invasive approaches be discovered that can define and quantify 

cellular GPCR signaling, in particular in single cells?

• What are the mechanisms that mediate alterations in GPCR expression and 

functionality?

• Can GPCRomic studies identify previously unrecognized GPCRs that can be 

targets for drug discovery efforts, especially for conditions that lack safe and 

effective therapeutics?

• How can one optimally utilize results from GPCRomics to accelerate drug 

discovery?
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Figure 1, Key Figure.
Evaluation of GPCR mRNA expression in biological samples, such as primary cells or 

tissues, relies on isolation of high-quality RNA, i.e. with minimal protein and DNA 

contamination and minimal degradation. High-throughput methods, such as RNA-seq, then 

identify and quantify GPCRs. This GPCR expression data forms the basis for further studies 

to validate the expression of GPCRs via independent mRNA and protein analyses, cell 

signaling and functional assays, use of animal models and human genetic analyses. 

Abbreviations used: NGS: next-generation sequencing, TG = transgenic; KD/KO = 

Knockdown/Knockout
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Figure 2: RNA-sequencing and data analysis for GPCRomics.
The schematic describes a workflow and tools for analyzing RNA-seq raw-data that yields 

gene (GPCR) expression data together with output that includes analyses of differential 

expression (DE), enrichment of GPCRs and mRNAs involved in GPCR-regulated signaling 

and response.
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