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Cardiovascular diseases (CVDs) remain a major cause of mor-

idity and mortality worldwide. Various metabolic disorders like

besity, diabetes and high blood pressure sequentially cause nu-

erous CVDs like hypertension, cardiomyopathies, cardiac arrest,

ardiac valve calcification and arrhythmias among others [1] . The

welling numbers of global deaths constantly craft a call for ef-

ective Epithelial-to-Mesenchymal Transition tools that can pos-

ibly alleviate CVDs, shaping current stream of cardiovascular

esearch into exemplified inter-systemic approaches aimed for gen-

rating therapeutic strategies. Congenital heart diseases (CHDs) ac-

ount for a high proportion of cardiac morbidity and mortality.

ost common CHDs are defects in cardiac walls, valves and ves-

els carrying blood to and from the heart. Some of these such as

mall septal defects can be mild and need no treatment after birth,

hereas, severe defects like hypoplastic left heart syndrome are

ethal and need to be treated in time, triggering a need for under-

tanding the mechanism of their occurrence and prognosis. With

ur increased understanding in cardiac structure, function, and de-

elopment and early diagnosis, the numbers of children surviving

fter birth defects in the heart continue to increase [2] . 

Epithelial-to-Mesenchymal Transition (EMT) and Mesenchymal- 

o-Epithelial Transition (MET) are major contributing pathways in

eart development. EMT and MET are involved in differentiation of

nimal cells into various tissues and organs, plays central role in

rgan development and assembly, including the heart. The embry-

nic development comprises several repetitions of EMT and MET

esulting in formation of three-dimensional structures of mam-

alian organs, as reviewed in Thiery et al. [3] . Generally, three

ajor sequential EMT repetitions (primary, secondary and tertiary)

orm a heart. Primary EMT is associated with early gastrulation

teps generating cardiac progenitor cells. Secondary EMT further

efines differentiation into several cardiac cell types and leads

o formation of four compartments which result in cardiac pri-

ordium. It is the tertiary EMT that truly develops the heart pri-

ordia into the heart, when endothelial cells invade cardiac jelly

orming endocardial cushion, terminally developing into the atrio-
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entricular and valvulo-septal complex defining compartmental-

zation of the heart [4] . Fischer et al . [5] demonstrated that the

ranscription factors Hey1 and HeyL , which co-operate during EMT

ead into ventricular septal and atrioventricular pulmonary valve

efects after their combined inactivation, while inactivation of

ey2 leads to major congenital heart defects. The ErbB3 signal-

ng pathway, which plays a fundamental role in EMT of endocar-

ial cells resulting in atrio-ventricular canal, has a governing Gata4

ranscription factor upstream. Heterozygous mutations in Gata4

ave also been linked with congenital heart defects in humans [6] .

G protein coupled receptors (GPCRs) are highly associated with

ardiac development and concomitant congenital defects [7] . They

re present in membranes of major cardiac cell types such as car-

iomyocytes, fibroblasts and endothelial cells. They form a family

f the most notably studied GPCRs such as cardiac function con-

rolling β-adrenergic receptors and cardiac structure controlling

ngiotensin II, transducing extracellular signals into cells affecting

everal pathways. Of note, they are targets of almost 30% of cur-

ently available cardiovascular drugs [8] . 

In this issue of Trends in Cardiovascular Medicine, Nebigil and

esaubry [9] link GPCRs with the regulation of EMT during heart

evelopment. In addition, the authors also describe a promis-

ng option to redirect EMT after myocardial infarction for heart

egeneration. Based on the sequence homology of GPCRs, these

argest numbers of signaling molecules have been divided into six

roups (A-F), namely rhodopsin-like receptors, secretin receptors,

lutamate receptors, pheromone receptors, cAMP receptors and

rizzled receptors [10] . Most notable ones in cardiac physiology

re catecholaminergic members of group A, which control car-

iovascular function by allocating actions of sympathetic nervous

ystem. β-adrenergic and angiotensin II receptor blockers are

he most crucial drugs involving GPCRs, counteracting adverse

ffects after chronic stimulation to induce cardioprotection. In

ddition to catecholamines, Nebigil and Desaubry [9] shed light

n developmental and disease associated GPCRs like prokineticin

eceptor-1 (PKR1), sphingosine-1-phospate 1 receptor (S1P 1 R) and

erotonin (5HT) −2B receptors; belonging to prokineticin,

phingosine-1-phospate and serotonin receptor classes, respec-

ively. 
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Prokinectins are hormones that mediate cardiac development

through proliferation and differentiation of epicardial cells via EMT.

This finding was confirmed via conditional deletion of the PKR1

receptor, which caused embryonic lethality due to impaired EMT.

In turn, its overexpression induced EMT-based remodeling as ev-

idenced by upregulation of EMT-related gene expression profiles.

PKR1 activation has also been found to improve epicardial cell

morphology and actin cytoskeleton remodeling [11] . Importantly,

Nebigil and Desaubry [9] also highlight the controlling of EMT

by the PKR1 receptor to restrict formation of epicardial adipose

tissues through epigenetic regulation involving demethylation of

H3K27me3 and thus leading induction of endothelial and smooth

muscle cells instead [12] . This strongly suggests a role of PKR1 re-

ceptor signaling in regulating epicardial EMT through epigenetic

control and thus appears to be a viable target for cardiac tissue

engineering. 

Sphingosine-1-phospate receptors, consisting of five subtypes

S1P 1 R - S1P 5 R, have been associated with various cellular func-

tions like differentiation, proliferation, migration, and apoptosis

[13] . Embryonic lethality was observed in knockout mice of S1P 1 R

due to defects in development of atrioventricular canal cushion,

vascular maturation and myocardium [14] . This severe heart condi-

tion has been connected with altered EMT, which further disrupted

fibronectin in epicardium, evidenced by disorganized myocardium

in S1P 1 R 

−/ − hearts [15] . 

Serotonin receptors (5HT) are another GPCR family extensively

studied for their regulatory functions in both the embryonic and

adult heart. Among the 15 receptors subdivided in four classes, the

serotonin 2B receptor is the most notable one, contributing in de-

velopmental and disease condition in heart. Serotonin 2B recep-

tor deficient-mice displayed restricted embryonic lethality at mid-

gestation, with the survived newborns suffering higher dilation

due to considerably less number of cells and lower cell size. On

other hand, overexpression of serotonin 2B receptors caused car-

diac hypertrophy in transgenic mice with defects in mitochondria

due to upregulation of ANT-1 and Bax [16] . In a different study,

selective serotonin reuptake inhibitor (SSRI) Fluoxetine lead to di-

lated cardiomyopathy in rodents and cardiac malfunctions in hu-

mans, putting question mark over prenatal SSRI treatment [17] . 

Along these lines, the deletion of the Apelin receptor Agtrl1b

causes embryonic lethality via growth retardation and heart mal-

function. In addition, it promotes cardiac regeneration through en-

doderm regeneration and angiogenesis after treatment with ligand

based hormonal drug Elabela [18] . Also, some differentially regu-

lated GPCRs like GPR37L1 and GPR35 in cardiovascular diseases

and myocardial infarction were identified, but their relation with

EMT and disease treatment has not been established yet. 

With this comprehensive and well-targeted review linking

EMT/MET with GPCRs, the authors have established the notion,

that EMT - as an important player in embryonic cardiac develop-

ment and disease conditions - can be targeted via GPCR signal-

ing resulting in the stimulation of favorable cardiac regeneration.

This potential therapeutic strategy is well-supported by the pos-

sibility of activating Hey transcription factors or by clinical evi-

dences of treatments through the example like Elabela. However

before considering this strategy for therapeutic remedies, it is a

primary need to establish the regulatory switch that arrests patho-

logical pathway of EMT. Furthermore, being relatively hydropho-

bic membrane proteins, GPCRs remain highly difficult to crystalize

and study, prompting an action mostly through ligand-based ag-

onists or antagonists. Also, introduction of therapeutic agents at

embryonic stage to induce EMT-based growth to avoid congeni-

tal defects itself is a challenging task. Except for PKR1 controlling
MT through epigenetic regulation, no other direct evidence has

een established between EMT and GPCR signaling. Although the

ossibility of S1P 1 R playing key role in embryonic development via

lteration in EMT is evident, further research in the context of epi-

ardial growth control needs to be conducted before considering

phingosine 1-phosphate receptors for therapeutic strategy. Simi-

arly, additional studies need to be conducted regarding SSRIs and

hus serotonin receptors to employ them for clinical use, as they

ight impose threats like dilated cardiomyopathy in newborns or

ven abortion after prenatal SSRI treatment. 

In conclusion, this review emphasizes the very central mecha-

ism of embryonic and disease growth modulation through GPCRs,

hich can have tremendous clinical potential in cardiovascular dis-

ase managements. And thus, well-targeted research needs to be

onducted to separate the thin line between clinical strategies and

dverse pathological outcomes. 
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