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Apelin receptor (APJ) is a G protein-coupled receptor whose endogenous ligands include Apelin and Elabela (ELA), forming the
Apelin/APJ and ELA/APJ signaling axes. Recent studies have shown that Apelin and ELA play a critical regulatory role in the
development of hypertension throughmechanisms such asmodulating vascular tone, exerting anti-inflammatory and antioxidant
effects, and inhibiting the renin-angiotensin-aldosterone system (RAAS). This article systematically reviews the mechanisms
of the Apelin/APJ and ELA/APJ systems in hypertension, focusing on their effects on vascular endothelial function, smooth
muscle proliferation, RAAS regulation, oxidative stress, and inflammatory responses. It further explores their potential as novel
therapeutic targets for hypertension, aiming to provide a theoretical basis for understanding the pathogenesis of hypertension
and for the development of new antihypertensive drugs.
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Introduction

Hypertension, one of the most prevalent cardiovascu-
lar diseases worldwide, serves as a major risk factor for car-
diovascular events such as coronary heart disease, stroke,
and heart failure [1,2]. Although a variety of antihyper-
tensive drugs are available for clinical use, the pathogen-
esis of hypertension remains incompletely understood, and
some patients still experience refractory hypertension or ad-
verse drug reactions [3,4]. Consequently, exploring novel
therapeutic targets and regulatory mechanisms is of great
significance. The Apelin receptor (APJ) is an orphan G
protein-coupled receptor, with endogenous ligands includ-
ing Apelin and Elabela (ELA) [5]. In recent years, the func-
tions of theApelin/APJ and ELA/APJ systems in the cardio-
vascular system have been increasingly elucidated, demon-
strating important physiological and pathological roles, par-
ticularly in blood pressure regulation, vascular remodeling,
anti-inflammatory responses, and antioxidant effects [6,7].
This review integrates the latest research advances to sys-
tematically summarize the mechanisms by which APJ and
its endogenous ligands contribute to the development and
progression of hypertension, and to discusses their poten-
tial as therapeutic targets.

Molecular Biological Basis of APJ and Its
Endogenous Ligands

Apelin Receptor (APJ)
The APJ receptor is encoded by the APLNR gene lo-

cated on human chromosome 11q12.1. Its protein product
consists of 380 amino acid residues and features a classic
seven-transmembrane domain structure, belonging to the G
protein-coupled receptor (GPCR) family [8]. AlthoughAPJ
has similarities in distribution patterns and amino acid com-
positions with the angiotensin II type 1 receptor (AT1R),
it exhibits no affinity for Ang II [9]. APJ is widely ex-
pressed in eukaryotes and is present in a broad range of
human embryonic and adult tissues [10,11]. Ma et al.
[12] reported the crystal structure of the human apelin-17-
APJ complex, revealing that apelin-17 adopts a lactam-
constrained, curved conformation and engages the receptor
via a two-site binding mode. Functionally, human genetic
studies have linked polymorphisms in theAPLNRgene (en-
coding APJ) to the occurrence of coronary artery disease
(CAD) and hypertension [13], underscoring its critical role
in cardiovascular pathophysiology.

Apelin
Apelin was first identified in 1998 by Tatemoto et

al. [9] as the initial endogenous ligand of APJ, isolated
from bovine gastric secretions using reverse pharmacology.
In humans, the apelin gene (APLN) is located on chro-
mosome Xq25–26.1 [14]. The gene encodes a 77-amino-
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acid precursor protein, which undergoes post-translational
processing and can be proteolytically cleaved into multi-
ple bioactive C-terminal fragments. These fragments in-
clude Apelin-36, Apelin-17, Apelin-13, and its N-terminal
pyroglutamylated form, Pyr-apelin-13, among others [15].
All active isoforms share a highly conserved 12-amino-acid
core sequence at their C-terminus, which is essential for
binding to the APJ receptor [16].

Elabela
Recent studies have revealed that Apelin knockout

(KO)mice andAPJKOmice exhibit distinct cardiovascular
phenotypes, suggesting the presence of another endogenous
ligand for APJ that exerts effects on the cardiovascular sys-
tem. Elabela (ELA), also known as Toddler, was identified
in 2013 as the second endogenous ligand of APJ [17,18].
The human ELA gene encodes a prohormone consisting of
54 amino acids. This precursor undergoes enzymatic pro-
cessing in the endoplasmic reticulum, sequentially yielding
Elabela-54, Elabela-32, and Elabela-22, before finally be-
ing cleaved by furin to produce the evolutionarily conserved
11-peptide form, Elabela-11 [19]. The C-terminal 13 amino
acids are highly conserved across vertebrates and constitute
the core region responsible for receptor binding and func-
tional activity [20].

Unlike Apelin, Elabela is widely expressed in human
embryonic stem cells and primitive gut tissues, where it reg-
ulates cell migration and differentiation in the endoderm
and mesoderm, thereby playing a crucial role in cardiac
development [21]. Through both paracrine signaling and
systemic circulation, Elabela modulates fetal heart develop-
ment, maternal blood pressure, renal function, and proper
placental formation during pregnancy [22,23]. Research
has shown that Elabela is expressed in both normal and
preeclamptic placental tissues. In adult tissues, it is pri-
marily expressed in the kidneys, where it exhibits anti-
inflammatory, anti-apoptotic, and anti-fibrotic properties.
It protects the kidneys and cultured renal cells from DNA
damage response (DDR) and ischemia-reperfusion (I/R) in-
jury. Elabela-32 and Elabela-11 are considered potential
therapeutic agents for renal I/R injury and acute kidney in-
jury (AKI) due to their protective effects against inflamma-
tion, apoptosis, and fibrosis [24]. Within the cardiovascu-
lar system, Elabela is predominantly located in vascular en-
dothelial cells and fibroblasts, contributing to cardiovascu-
lar homeostasis and demonstrating significant pathophysi-
ological relevance [25,26].

Role of the Apelin/APJ System in Hypertension

The Apelin/APJ system has been implicated in blood
pressure regulation, with evidence suggesting its involve-
ment in hypertension pathogenesis. In a study using the
deoxycorticosterone acetate (DOCA)-salt hypertensive rat
model, both Apelin and APJ mRNA expression levels were

significantly reduced compared to the control group [27].
Administration of exogenous Apelin decreased blood pres-
sure by inhibiting the renin-angiotensin-aldosterone system
(RAAS), supporting its antihypertensive role and elucidat-
ing the underlying mechanisms.

This association is further supported by evidence from
experimental and clinical studies. A meta-analysis of 10
studies involving 2715 subjects demonstrated that circu-
lating apelin levels were significantly lower in hyperten-
sive patients compared to healthy controls (WMD = –39.85
pg/mL, 95% CI: –65.56 to –14.15; p = 0.002); this inverse
association was particularly evident in Caucasian popu-
lations and hospital-based studies [28]. Similarly, mul-
tiple clinical studies have reported reduced serum apelin
levels in essential hypertension, correlating with increased
blood pressure variability and hypertension risk [29–31].
Serinkan et al. [32] demonstrated that elderly hyperten-
sive patients exhibited lower serum Apelin expression lev-
els compared to age-matched normotensive controls. More-
over, lower serum Apelin levels were associated with in-
creased variability in blood pressure parameters, including
24-hour systolic and diastolic standard deviations, as well
as daytime systolic and diastolic coefficient of variation.
Wu et al. [33] investigated the role of genetic factors in
hypertension pathogenesis and found that the rs10501367
polymorphism of theAPJ gene reduced the risk of hyperten-
sion in male patients, highlighting the biological relevance
of the Apelin/APJ system in the regulation of blood pres-
sure. Multiple clinical studies have consistently indicated
that Apelin acts as a protective factor against hypertension
and may serve as an indicator for evaluating the efficacy of
antihypertensive drugs [34].

The mechanisms by which the Apelin/APJ system
regulates hypertension are multifaceted, involving several
pathways. Angiotensin II (Ang II), a key component of
RAAS, exerts potent vasoconstrictive effects, increases al-
dosterone secretion, promotes water and sodium retention,
and contributes to the onset and progression of hypertension
[35]. Additionally, central RAAS plays a crucial role in
raising blood pressure, as Ang II reduces nitric oxide (NO)
bioavailability, promotes reactive oxygen species (ROS)
generation, and enhances sympathetic nervous system ac-
tivity, collectively contributing to the development of hy-
pertension. Apelin counteracts these effects by antagoniz-
ing RAAS, specifically by reducing angiotensin-converting
enzyme (ACE) activity, downregulating AT1R expression,
and promoting ACE2/Ang-(1-7)/Mas receptor axis activ-
ity, thereby attenuating Ang II–mediated vasoconstriction
and oxidative stress. The Apelin/APJ system is highly ex-
pressed in vascular endothelium, where Apelin promotes
NO release from endothelial cells, leading to vasodilation of
smooth muscle cells and subsequent blood pressure reduc-
tion [36]. Luo et al. [37] demonstrated that the use of nitric
oxide synthase inhibitors could attenuate Apelin-induced
blood pressure reduction, suggesting that Apelin binding
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to APJ receptors stimulates NO production via nitric ox-
ide synthase activation. Further studies have confirmed
that Apelin achieves its antihypertensive effects through the
vascular endothelial pathway, a mechanism closely associ-
ated with APJ and endothelial nitric oxide synthase. Un-
der conditions of intact and functional vascular endothe-
lium, Apelin enhances the activity of endothelial nitric ox-
ide synthase in a concentration-dependent manner, increas-
ing NO production and release to reduce blood pressure
[38]. In summary, as an endogenous bioactive peptide,
Apelin regulates hypertension by antagonizing RAAS and
modulating vascular endothelial pathways, ultimately con-
tributing to blood pressure reduction. These findings high-
light Apelin as a potential therapeutic target for the devel-
opment of novel antihypertensive drugs.

Role of the Elabela/APJ System in
Hypertension

The Elabela/APJ system plays a protective role in hy-
pertension through multiple mechanisms, including modu-
lation of vascular tone, inhibition of the renin-angiotensin
system (RAS), and anti-inflammatory effects. This section
examines its role in clinical hypertension, animal models,
salt-sensitive hypertension, and hypertensive disorders of
pregnancy.

The ELA/APJ axis plays a crucial role in regulating
blood pressure. Studies examining ELA/APJ expression in
hypertensive patients and animal models indicate that this
axis modulates vascular tone during the early stages of hy-
pertension, highlighting its predictive and therapeutic po-
tential [39]. Li et al. [40] observed significantly lower ELA
levels in newly diagnosed hypertensive individuals com-
pared to healthy controls, with ELA levels progressively de-
clining as blood pressure increased. ELA levels positively
correlated with flow-mediated vasodilation but showed no
significant association with brachial-ankle pulse wave ve-
locity, suggesting that ELA may serve as a biomarker of
impaired vasodilatory function in hypertension. Wang et
al. [41] further reported that ELA-induced vasodilation is
independent of endothelial cells and nitric oxide (NO), in-
dicating that the precise mechanism through which ELA
modulates vascular function in hypertension warrants fur-
ther investigation.

Animal studies demonstrate that sustained administra-
tion of exogenous ELA or ELA gene therapy can effec-
tively attenuate blood pressure elevation in hypertensive
mouse models by modulating the renin-angiotensin system
(RAS), a key pathway in hypertension pathogenesis that
regulates blood pressure, electrolyte balance, and internal
homeostasis. In addition, ELA reduces the expression of
forkhead box proteinM1, leading to decreased transcription
of angiotensin-converting enzyme (ACE) [34]. In Ang II-
infusedmice, ELA administration has been shown to allevi-
ate hypertension-associated pathological cardiac remodel-

ing and dysfunction. The protectivemechanisms extend be-
yond blood pressure modulation, encompassing the attenu-
ation of myocardial hypertrophy, fibrosis, and endothelial
ferroptosis. These effects are potentially mediated through
the suppression of cardiac interleukin-6 (IL-6)/signal trans-
ducer and activator of transcription 3 (STAT3) signal-
ing and the activation of the cystine/glutamate antiporter
(xCT)/glutathione peroxidase 4 (GPX4) antioxidant path-
way [42]. Xu et al. [43] further confirmed the inhibitory
effect of ELA on the RAS in a rat hypertension model,
demonstrating that ELA not only lowered blood pressure
but also exhibited a protective effect on distal renal units.
Specifically, ELA reduces blood pressure in hypertensive
model rats by modulating the ACE/ACE2 balance and reg-
ulating the protein kinase B (Akt)/YAP signaling pathway,
thereby exerting anti-apoptotic effects and mitigating fi-
brotic remodeling [44].

Salt-sensitive hypertension refers to the physiologi-
cal phenomenon in which blood pressure fluctuates with
salt intake, rising with excessive consumption and falling
with restriction [45,46]. Elabela exhibits antihypertensive
effects in salt-sensitive hypertension while also suppress-
ing renal inflammation, fibrosis, and injury. Elabela-32
notably suppresses intrarenal RAS activation, character-
ized by downregulation of renal medullary (pro)renin re-
ceptor and renin expression, as well as reduced urinary ex-
cretion of AngⅡ and prorenin/renin [47]. Peripheral Ela-
bela may prevent salt-sensitive hypertension by inhibiting
the intrarenal RAS and the NADPH oxidase/reactive oxy-
gen species (ROS)/NLRP3 inflammasome pathway [48].
Schreiber et al. [49] employed continuous infusion of
AAV9 vectors carrying the ELA gene in rats to study ELA
distribution under high-salt diet conditions and its relation-
ship with salt-induced hypertension. After three months
of high-salt feeding, ELA was predominantly localized in
the renal collecting ducts. By the seventh week, the ELA-
treated group showed a gradual decline in blood pressure,
increased excretion of sodium and chloride, and reduced
glomerular and tubulointerstitial damage compared to con-
trols, indicating that ELA delays hypertension onset, pre-
serves glomerular integrity, and suppresses renal fibrosis
along with related gene expression. Post-transcriptional
processing of ELA generates splice variants of varying
lengths, including ELA11, ELA14, ELA22, and ELA32.
Among these, ELA14 and mature ELA32 exhibit compa-
rable efficacy in suppressing iodixanol-induced oxidative
stress and inflammatory responses, suggesting that ELA14
may serve as a key therapeutic peptide for cardiorenal dis-
eases, potentially replacing ELA32 [50].

Furthermore, ELA has been implicated in hyperten-
sive disorders of pregnancy [51]. Preeclampsia, charac-
terized by elevated blood pressure and proteinuria, poses
serious risks to maternal and fetal health and is a lead-
ing cause of morbidity and mortality [52,53]. In animal
studies, Ho et al. [54] observed that ELA knockout in
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pregnant mice resulted in placental hypoplasia, manifested
as thinner labyrinthine layers and reduced placental vol-
ume. Some pregnant mice also exhibited severe embryonic
cardiovascular malformations, fetal growth restriction, and
preeclampsia-like symptoms such as hypertension and pro-
teinuria, which were alleviated by ELA treatment.

Previous research indicates that ELA plays an es-
sential functional role in both normal pregnancy and
preeclampsia. Compared to non-pregnant women, pregnant
women show elevated serum ELA levels that remain high
throughout gestation, demonstrating a pregnancy stage-
dependent pattern [55]. ELA also contributes to vasodi-
lation and reduces diastolic pressure [43]. Recent stud-
ies reveal that ELA is primarily expressed in placental vil-
lous trophoblasts. In pregnancies complicated by hyperten-
sive disorders, impaired early placental development and
reduced trophoblast invasion are associated with decreased
ELA expression and disrupted placental function [56]. Fur-
thermore, ELABELA plasma concentrations are higher in
patients with late-onset preeclampsia than in those with
a normal pregnancy. However, women with early-onset
preeclampsia have similar ELABELA plasma concentra-
tions to those with a normal pregnancy [57]. Conversely,
severe preeclampsia is associated with reduced ELA ex-
pression. Recent experiments indicate that diminished ELA
expression weakens cell migration and invasion capacities
[51,58]. Moreover, ELA reduces pAKT levels in Bewo
cells, suggesting that ELA may participate in trophoblast
invasion and the pathogenesis of preeclampsia by modulat-
ing the AKT signaling pathway [59]. These findings col-
lectively highlight ELA as a potential novel biomarker for
the clinical screening of preeclampsia [60].

Despite promising findings, several limitations should
be acknowledged. Most evidence derives from animal
models or observational human studies, and causal mecha-
nisms in human hypertension remain to be fully elucidated.
The competitive and potentially opposing effects of apelin
and ELA under different pathophysiological conditions re-
quire further exploration. Future research should prioritize
the development of selective APJ agonists or biased lig-
ands, the establishment of longitudinal clinical cohorts to
validate ELA and apelin as biomarkers, and mechanistic
studies to clarify their roles in resistant hypertension and
hypertension-associated organ damage.

Conclusion

In summary, the Apelin/APJ and Elabela/APJ sys-
tems regulate blood pressure through mechanisms, includ-
ing RAAS antagonism, endothelial NO release, vascular
smooth muscle modulation, and anti-inflammatory effects.
Although evidence from both animal and clinical stud-
ies supports their protective roles in hypertension, several
questions remain regarding their precise signaling path-
ways, tissue-specific functions, and therapeutic potential.

Future research should focus on elucidating the differential
effects of apelin and ELA, developing targeted agonists or
modulators, and conducting longitudinal clinical studies to
validate their utility as biomarkers or therapeutic targets in
hypertension and related cardiovascular disorders.
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