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Abstract

Hypertension is the leading risk factor for global mortality and morbidity and those with hypertension are more likely to devel}
severe symptoms in cardiovascular and cerebrovascular system, which is closely related to abnormal renin-angiotensin system and
elabela/apelin-apelin receptor (AP]) axis. The elabela/apelin-APJ axis exerts essential roles in regulating blood pressure levels,
vascular tone, and cardiovascular dysfunction in hypertension by counterbalancing the action of the angiotensin II/angiotensin II
type 1 receptor axis and enhancing the endothelial nitric oxide (NO) synthase/NO signaling. Furthermore, the elabela/apelin-AP]
axis demonstrates beneficial effects in cardiovascular physiology and pathophysiology, including angiogenesis, cellular
proliferation, fibrosis, apoptosis, oxidative stress, and cardiovascular remodeling and dysfunction during hypertension. More
importantly, effects of the elabela/apelin-APJ axis on vascular tone may depend upon blood vessel type or various pathological
conditions. Intriguingly, the broad distribution of elabela/apelin and alternative isoforms implicates its distinct functions in diverse
cardiac and vascular cells and tissue types. Finally, both loss-of-function and gain-of-function approaches have defined critical
roles of the elabela/apelin-AP]J axis in reducing the development and severity of hypertensive diseases. Thus, targeting the elabela/
apelin-AP] axis has emerged as a pre-warning biomarker and a novel therapeutic approach against progression of hypertension,
and an increased understanding of cardiovascular actions of the elabela/apelin-APJ axis will help to develop effective interventions
for hypertension. In this review, we focus on the physiology and biochemistry, diverse actions, and underlying mechanisms of the
elabela/apelin-APJ axis, highlighting its role in hypertension and hypertensive cardiovascular injury and dysfunction, with a view
to provide a prospective strategy for hypertensive disease therapy.
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Introduction

Hypertension, a clinical syndrome characterized by in-
creased systemic arterlal blood pressure, has a severe impact
on population health.!"! Hypertension is the primary risk
factor for cardiovascular diseases, such as heart failure,
atrial fibrillation, chronic kidney disease, and peripheral
vascular disease.l!) Numerous studies that focused on the
pathogenesis and clinical treatment of hypertension have
been conducted recently. The apelin receptor (AP]) is
involved in numerous processes within the cardiovascular
system. Its agonists are considered as therapeut1c agents to
modulate cardiovascular homeostasis.'!! Previously, apelin
was believed to be the only ligand for AP], while a newly
discovered endogenous peptidic ligand called elabela has
been expected to become a biomarker and drug for
cardiovascular disease.l”! Elabela, apelin, and APJ are
widely expressed in human and rat cardiovascular system.
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The elabela/apelin-AP] axis exerts various important
functions, including vascular tone regulation, heart con-
traction, anglogene51s endoderm differentiation, and heart
morphogene51s I"Therefore, a comprehensive understand-
ing of the effects of elabela/ apelin-APJ axis on development
and diseases of the cardiovascular system is critical. This
review outlines recent advances with respect to the roles of
elabela/apelin-APJ axis in the physiology and pathology of
the cardiovascular system, as well as its possible functional
mechanisms.

Physiology and Biochemistry of the Elabela/apelin-APJ Axis

APJ, a G-protein coupled receptor composed of an
APLNR gene, was first discovered in 1993*! and
conserved in various species such as humans, monkeys,

Jiawei Song and Jiangiong Tang contributed equally to this work.

Correspondence to: Jiuchang Zhong, Heart Center and Beijing Key Laboratory of
Hypertension, Beijing Chaoyang Hospital, and Beijing Institute of Respiratory
Medicine, Capital Medical University, Beijing 100020, China

E-Mail: jczhong@sina.com

Copyright © 2022 The Chinese Medical Association, produced by Wolters Kluwer, Inc. under
the CC-BY-NC-ND license. This is an open access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND),
where it is permissible to download and share the work provided it is properly cited. The work
cannot be changed in any way or used commercially without permission from the journal.
Chinese Medical Journal 2022;135(9)

Received: 15-05-2021; Online: 29-09-2021 Edited by: Ningning Wang
and Peifang Wei

1019


mailto:jczhong@sina.com
http://creativecommons.org/licenses/by-nc-nd/4.0

Chinese Medical Journal 2022;135(9)

chimpanzees, rats, and mice.!*! APJ was initially conceived
to be an orphan receptor, and does not bind to angiotensin
Il (Ang II), although it has 31% homology with
angiotensin II type 1 receptor (AT1R). Apelin, a secreted
protein extracted from a bovine stomach in 1998 and
mapped to band q25-26.1 of chromosome X, was the first
identified ligand for APJ. The apelin gene encodes a
precursor peptide of 77 amino acids, Wthh is cleaved into
active fragments of 12-36 amino ac1ds I'such as apelin-
36, apelin-17, apelin-13, and pyroglutamate (pyr)-apelin-
13 [Table 1]. 7V All of the active fragments possess similar
functions but display different tissue distribution, potency,
and receptor binding affinity. Pyrl-apelin 13, with
cyclized glutamine at the N-terminal residues and a
longer half-period than apelin-13, is the predominant
isoform in plasma and heart and functions as a potent
cardiovascular protective factor.!®!

Interestingly, investigators found differences in growth,
development, and cardiac phenotypes between apelin
knockout (KO) and APJ KO mice, implying that the
existence of another endogenous ligand for APJ with
biological action was earlier than that of apelin.
Subsequently, two independent research teams identified
a short-secreted peptide that binds to APJ and named it
elabela/Toddler.!*>1%1 The gene AK092578, which encodes
the elabela protem is a non-coding RNA located on
chromosome 4.81 The precursor peptide of elabela
consists of 54 amino acids and is highly conserved in
mammals. Elabela-54 is cleaved to generate a mature
elabela-32 peptide with two conserved di-arginine motifs,
resulting in further processing into elabela-2 or elabela-11
by furin-like endopeptidase [Table 1].1'%! Different elabela
isoforms may have different functions, of which elabela-
32 is the most studied at present.

However, evidences indicate that apelin and elabela may
not bind to APJ in the same way. Structure-activity
relationship studies revealed that C-terminal moiety
(Arg28, Val29, Pro30, Phe31, and Pro32) and His26
residues of elabela were most important for receptor
binding,!"!! whereas the key pharmacophores (Arg2, Pro3,
Arg4, and Leu5) of apelin-13 are primarily located at the
N-terminal. A regulatory role for elabela/apelin-APJ axis
has been shown in cardiovascular physiology and
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pathophysiology, thus making it a potential target for
cardiovascular drug discovery.

The Elabela/apelin-APJ Axis and Blood Pressure Regulation

To gain further insight into the relevance of elabela/
apelin-AP]J axis in blood pressure regulation, investiga-
tors have examined the expression of the axis in both
patients with hypertension and animal models of
hypertension. The results point to a critical role of
elabela/apelin-AP] axis in regulating vascular tone during
the development of hypertension, indicating predlctlve
and therapeutic value of elabela/apelin-AP] axis in
hypertension. Notably, a marked decrease in circulating
elabela and apelin levels were observed in patients with
essential hypertension and general hypertension [Table
2].12131 In addition, elabela has been demonstrated to
cause vasodilation in coronary arteries!'* to reverse
vasopressor responses during pulmonary arterial hPIPer-
tension and Ang II-induced hypertension [Table 2].
Moreover, continued elabela treatment and elabela gene
therapy effectlvely delayed elevatlon of blood pressure
levels in hypertensive rats [Table 2].1"”) Mechanistically,
elabela-induced relaxation in isolated mouse aorta could
not be abolished in the presence of nitric oxide (NO)
synthase inhibitor (ng-nitro-l-arginine methyl ester [L-
NAME]), suggesting a NO- mdependent mechanism in
the relaxation response to elabela."® As a result, the
specific mechanisms following elabela activation warrant
detailed investigation in future studies in the context of
hypertension.

Intraperitoneal injection of apelin has been implicated in
downregulatlon of both systolic and diastolic pressure
levels in anesthetized normotensive animals [Table 2].[**!
Shortly thereafter, intravenous admmlstratlon of apelin
was shown to cause hypotensive effects’*’! and venodi-
lation."*"! Apelin administration 1ncreased NO production
in hypertensive mice and rats.”?*?3! The blood pressure-
lowering effects of apelin were blocked by L-NAME. The
studies revealed that apelin inhibited the calcification of
vascular smooth muscle cells (VSMCs)?* and abrogated
abnormal Ang Il-induced contraction in intra-renal
arteries from diabetic mice through increasing phosphor-
ylation of phosphatidylinositol 3-kinase (PI3K)/protein

Table 1: Amino acid sequence and distribution of apelin and elabela isoforms.

Identity Amino acid sequence Expressed tissue
Apelin-77 MNLRLCVQALLLLWLSLTAVCGGSLMPLPDGNGLEDGNHLVQRGSRNGP Vascular endothelium
GPWQGGRRKFRRQRPRLSHKGPMPF Central nervous system
Apelin-36 LVQPRGSRNGPGPWQGGRRKFRRQRPRLSHKGPMPF Adipose tissue
Apelin-17 FRRQRPRLSHKGPMPF Mammary gland
Pyr-apelin-13 "ERPRLSHKGPMPF Heart, lung, kidney
Apelin-13 RPRLSHKGPMPF Limbs, retina, liver, skin
Elabela-54 MRFQQFLFAFFIFIMSLLLISGQRPVNLTMRRKLRKHNCLQRRCMPLHSRVPFP  Pluripotent stem cells
Elabela-32 QRPVNLTMRRKLRKHNCLQRRCMPLHSRVPFP Heart, lung
Elabela-21 RKHNCLQRRCMPLHSRVPFP Placenta
Elabela-11 MPLHSRVPFP Kidney

“E represents pyroglutamate (Pyr).
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Table 2: Regulatory roles of the elabela/apelin-APJ axis in hypertension and related diseases.

Experimental model/population Experimental intervention Effects References
Patients with essential hypertension - | Circulating elabela levels [12]
Ang Il-induced hypertensive mice Elabela IBlood pressure levels 16l
Improvement of cardiac dysfunction
High-salt diet-induced hypertensive rats Elabela IBlood pressure levels (17
Anesthetized normotensive animals Apelin IBlood pressure levels (191
Diabetic mice Apelin IIntrarenal arteries constriction [24,25]
Hypertensive rats Elabela-32 IBlood pressure levels [28]
IRAS activity
Hypertensive rats - IAP] mRNA and protein 132,331
Conscious sheep Apelin TBlood pressure levels (38
1Peripheral vascular resistance
Conscious rats Apelin 1Blood pressure levels (49]
Hypertensive rats with ADMA-damaged Apelin 13 tVasoconstriction 139401
endothelial barrier
ICR mice Apelin 1Blood pressure levels (411
Normotensive rats Apelin 1Blood pressure levels [45.46]
Rats’ aortic adventitial fibroblasts Elabela lApoptosis (511
lAutophagy
I Vascular remodeling
Rats with pulmonary hypertension Elabela IRight ventricular systolic pressure levels (521
| Ventricular hypertrophy
JPulmonary vascular remodeling
Elabela KO mice Elabela IBlood pressure levels (541
|Proteinuria
Patients with essential hypertension - | Circulating apelin levels 531
Cardiac dysfunction
Patients with aortic valve stenosis - lApelin 56l
1Pro-BNP
Patients with end-stage heart failure Apelin-13 Improvement of cardiac dysfunction (571
VSMCs Apelin-13 1VSMC cell cycle 60,61]
TVSMC proliferation
tPI3K/AKT/ERK
1Jagged-1/Notch3
PASMCs Apelin 1 Cellular proliferation 1621
lCellular migration
tPI3K/AKT/mTOR
ApoE KO mice Apelin TNO formation 631

lAng Il-induced atherosclerosis

ADMA: Asymmetric dimethylarginine; AKT: Protein kinase B; Ang II: Angiotensin II; APJ: Apelin receptor; ERK: Extracellular signal-regulated kinase;
ICR: Institute of Cancer Research; KO: Knock out; mTOR: Mammalian target of rapamycin; NO: Nitric oxide; PASMCs: Pulmonary arterial smooth
muscle cells; PI3K: Phosphatidylinositol 3-kinase; Pro-BNP: Pro-brain natriuretic peptide; RAS: Renin-angiotensin system; VSMCs: Vascular smooth

muscle cells.

kinase B (AKT)/endothelial nitric oxide synthase (eNOS)
signaling [Figure 1 and Table 2].2°! These findings
suggested that apelin promotes vasodilation via a NO-
dependent mechanism. Moreover, apelin promotes vaso-
dilation via a prostanoid-dependent mechanism, as apelin
administration promotes vasodilation in human mamma-
ry arteries, and this vasodilation can be abolished by
cyclooxygenase inhibitor.[2¢:7!

The renin-angiotensin system (RAS) is a key pathway in
the development and progression of hypertension. It has
been reported that administration of exogenous elabela-32
significantly lowered systolic blood pressure levels in
hypertensive rats, accompanied with a reduction of Ang
ITand prorenin/renin excretion, supporting the antagonistic
interaction between elabela and intrarenal RAS [Table 2

1021

and Figure 2].1*%! Apelin-induced vasodilation and depres-

sor responses are preserved during RAS activation both in
healthy humans and in patients with heart failure.”!

Furthermore, activation of the elabela/apelin-AP] axis has
an antagonistic effect toward AT1R-mediated responses,
either by forming heterodimers with the receptor or by
increasing NO-dependent signaling [Figure 2].°73%N APJ is
often co-expressed with AT1R and functions as an
endo§en0us counter-regulator in the blood vessel
wall.’%31 Both mRNA and protein levels of APJ were
reduced in heart, kidney, and aorta of hypertensive rats
[Table 2].5%33] APJ can form heterodimers with bradyki-
nin receptors, neurotensin receptor-1, and «k-opioid
receptors, >3 4361 411 of which are involved in cardiovas-
cular regulation and all of whose ligands are sensitive to
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Figure 1: Underlying mechanisms of elabela/apelln-APJ axis in regulating the blood
pressure levels in the peripheral and the central nervous system. Both elabela and apelin
activate endothelial APJ producing vasodilatation by pathways including the PI3K/AKT/
eNOS signaling. Moreover, the elabela/apelin-APJ axis induces vasoconstriction in the
absence of endothelium through the PKC, Na*—Ca®* exchange, and BKC,-dependent
pathways. Finally, in the central nervous system, activation of the elabela/apelin-APJ axis
promotes superoxide formation by enhancing the PI3K/Akt phosphorylated signaling,
thereby contributing to blood pressure elevation. AKT: Protein kinase B; APJ: Apelin
receptor; BKC,: Large-conductance Ca**-activated K* channel; eNOS: Endothelial nitric
oxide synthase; MLC: Myosin light chain; NADPH: Nicotinamide adenine dinucleotide
phosphate; NO: Nitric oxide; PI3K: Phosphatidylinositol 3-kinase; PKC: Protein kinase C;
ROS: Reactive oxidative species; VECs: Vascular endothelial cells; VSMCs: Vascular
smooth muscle cells.

angiotensin-converting enzyme 2 (ACE2) proteolysis,*”!
implying that homodimers-oligomers of APJ] could
possibly mediate different signaling events in comparison
to APJ monomers.

Most available evidences indicate that apelin plays a
significant role in lowering blood pressure in hypertensive
animal models. Nonetheless, several studies have reported
the effect of systemic administration of apelin on blood
pressure elevation. For instance, a brief initial decrease in
arterial pressure was observed after intravenous adminis-
tration of apelin in conscious sheep, followed by increased
arterlal pressure and peripheral vascular resistance [Table
2].38] The biphasic hemodynamic response is possibly
related to the use of high-dose apelin, and to the
compensatory response caused by the rapid decrease in
blood pressure. Apelin may also cause concentration-
dependent vasoconstriction in isolated caudal arteries
when endothelial cells are damaged by asymmetric
dimethylarginine [Table 2].5%%% In L-NAME-treated
mice, apelin has been found to induce elevated levels of
systolic blood pressure by activating AP] on VSMCs,
while endothelial cells are dysfunctional.[*>*!! Based on
the vascular bed and underlying conditions, aFehn may
cause either vasodilation or vasoconstriction.!*”! These
dual actions of apelin are attributed to the presence of AP]
in both the endothelial and smooth muscle cell layers of
blood vessel walls and the integrity of endothelial
cells.*%42431 Notably, apelin-mediated vasoconstriction

Cardiovascular injury and
dysfunction in hypertension

Figure 2: Interaction between the elabela/apelin-APJ axis and RAS. On one hand, the
elabela/apelin-APJ axis counterbalances the activation of RAS by regulating the ratio of
ACE2/ACE and PRR/sPRR. On the other hand, the elabela/apelin-APJ axis prevents the
binding of Ang-Il to AT1R by promoting the formation of heterodimer between APJ and
AT1R, contributing to the improvement of cardiovascular injury and dysfunction during
hypertension. ACE: Angiotensin-converting enzyme; ACE2: Angiotensin-converting
enzyme 2; Ang II: Angiotensin II; APJ: Apelin receptor; AT1R: Angiotensin Il type 1
receptor; PRR: (Pro)renin receptor; RAS: Renin-angiotensin system; sPRR: Soluble (pro)
renin receptor.

was significantly elevated in the presence of an al-
adrenergic receptor (a1-AR) agonist while it was
significantly decreased in APJ-overexpression but al-
AR-deficient mice.*¥ These results indicate that the
interaction between APJ and a1-AR is an important and
complex mechanism contributing to vasoconstriction.
However, the molecular mechanisms underlying apelin-
induced vasoconstriction are poorly understood, and the
downstream signaling of heterodimerization between AP]
and a1-AR merits further investigation.

In addition, apelin may act on the central nervous system
to regulate peripheral vascular function. The increased
expression of apelin gene was found in rostral ventrolat-
eral medulla of spontaneously hypertensive rats. Subse-
quently, overexpression of apelin in rostral ventrolateral
medulla of normotensive rats was demonstrated to
increase mean arterial blood pressure through nicotin-
amide adenine dinucleotide phosphate ox1dase dependent
superoxide formation [Table 2].1*3%! Central apelin
promotes vasoconstriction through increasing myosin
light chain phosphorylation via Gai/o- dependent activa-
tion of protein kinase C and Na*-Ca®* exchange-
dependent pathways [Figure 1].1 Vasopressor responses
to apelin have been observed following injection of the
peptide into cardiovascular regulatory regions of the
brain.[****! In conscious rats, intracerebroventricular and
intravenous administration of apelin caused a dose-
dependent increase in mean arterial pressure, but the
peripheral effects of apelin were relatively weak compared
to its central effects, and central regulatory mechanisms of
blood pressure are mamly related to the neurohormonal
mechanism and sympathetic nervous system [Table 2]. 1491
The reason for these discrepancies of apelin in blood
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pressure regulation is unclear. However, possible explan-
ations are as follows. The pressor response to intravenous
injection of apelin may be related to the direct effect of
apelin on the heart or peripheral sympathetic nervous
system. Another possible explanation may be related to
experiment conditions: as the injection is implemented in
the context of no anesthesia, the blood pressure levels of
rats will definitely increase under stress.

In addition, apelin 1nh1b1ts NO-induced activation of
large- conductance Ca**-activated K* channel (BKC,)
channels in cerebral artery smooth muscle cells, which
may be another mechanism leading to vasoconstriction
[43,50]

[Figure 1]. In intracerebroventricular administra-
tion, elabela binds and activates AP], resulting in
arginine vasopressin release and enhanced PI3K-AKT
phosphorylation, consequently raising blood pressure,
which may further cause cardiovascular remodeling
[Figure 1].1)

The Elabela/apelin-APJ Axis and Hypertensive
Cardiovascular Injury

Consistent with its critical roles in blood pressure
regulation, the elabela/apelin-AP] axis exhibits potent
effects in the development and severity of hypertensive
diseases. Endogenous elabela levels were reduced in
hypertensive patients associated with hypertension-relat-
ed vascular damage.!"?! Intriguingly, in our previously
published works, we revealed the Ang II-mediated
apoptosis and autophagy imbalance in rat aortic adventi-
tial fibroblasts, leading to vascular injury and remodeling,
which could be dramatically reversed by pretreatment
with elabela.l'®5132] We also found that hypertensive
patients with heart failure with higher plasma elabela
levels had a better major adverse cardiac event-free
survival than those with lower plasma elabela levels,
implying that decreased plasma elabela levels in hyper-
tensive patients were closel]y associated with left ventricu-
lar systolic dysfunction.'**" In a rat model of pulmonary
hypertension, ~administration of exogenous elabela
improves right ventricular systohc pressure levels and
pulmonary vascular remodeling.*?!" Elabela deficiency
promotes pre-eclampsia and cardiovascular malforma-
tions while exogenous elabela alleviates pre; eclamp51a
symptoms in elabela-deficient mice [Table 2].1°

The role of apelin in the pathophysiology of hypertensive
disease has also received considerable attention. Circulat-
ing apelin levels are reduced in essential hypertensive
patients, and decreased apelin levels are mdependentl;l
associated with more profound cardiac dysfunctlon
Meanwhile, apelin levels were downregulated in patlents
with aortic valve stenosis in comparison to controls.!*®
Apelin has been revealed to restore declining heart
function, which is consistent w1th the beneficial therapeu-
tic effects of apelin [Table 2].1*

In addition to causing a depressor response during
renovascular h;f ertension via APJ-kappa-opioid receptor
heterodimers,*®**! apelin-13 also remarkably accelerated
the cell cycle process of VSMCs, and promoted the
transition from GO/G1 to S phase during mitosis and
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stimulated VSMC prohferatlon via PI3K/AKT/extracellu-
lar signal-regulated kinase!®” and Jagged-1/Notch3®!!
signaling pathways. In contrast, apelin treatment reduces
pulmonary VSMCs proliferation in hypoxic conditions
via PI3K/AKT/mammalian target of rapamycin signaling
pathways [Table 2].1°! Likewise, downregulation of
apelin signaling during pulmonary hypertension is
correlated with hyper-proliferation of })ulmonary endo-
thelial cells and smooth muscle cells.!®*! Apelin attenuat-
ed Ang Il-induced contractions in pulmonary arteries
from normoxic animals, but not in arteries from animals
exposed to chronic hypoxia, implying the chan?es of the
APJ in the signal transduction downstream.®

Of note, apelin increases NO formation to quench
superoxide-induced changes in the vascular wall, which
eliminate Ang [I-induced atherosclerosis in ApoE KO mice
[Table 2].1°°! The apelin-AP] axis increased ACE2
promoter activity 7 vitro and upregulated ACE2 expres-
sion in failing hearts in wvivo, Wthh could increase
conversion of Ang II to Anglotensm 1-7.1¢1n contrast to
apelin, the elabela-APJ axis protects from pressure-
overload-induced heart failure, p0551bly by suppressing
ACE rather than ACE2 [Figure 2].l"

Activation of the elabela/apelin-AP]J axis exhibited benefi-
cial effects in the context of endothelial dysfunction such as
end-stage heart failure, atheroscler051s, and obesity.[67-68!
The elabela/apelin-AP] axis may be a mediator for
atherosclerosis,!®” as the apelin gene was upregulated in
atherosclerosis plaques.l*®! Collectively, the elabela/apelin-
APJ axis has multiple protective functions in hypertensive
conditions through its involvement in regulation of VSMCs
and endothelial cells; the regulation is complex and might
change during different pathologic conditions. Therefore,
the means to precisely modulate the axis so asto developitin
a beneficial direction needs to be determined.

Conclusion and Perspective

Hypertension has been recognized as a main risk factor for
worldwide mortality. There is a continuing need for
potent medications to reduce mortality and improve
patients’ adherence to the hypertension treatment.
Administration of apelin or elabela typically results in
marked reductions in systolic/diastolic blood pressure
levels and increases in blood flow. The elabela/apelin-APJ
axis exerts essential roles in regulating vascular tone by
counterbalancing the action of the Ang II/AT1R axis and
activating the eNOS/NO signaling. Furthermore, The
elabela/apelin-APJ axis demonstrates beneficial effects
in vascular physiology and pathophysiology, such as
angiogenesis, cellular proliferation, fibrosis, apoptosis,
oxidative stress, and cardiovascular remodeling and
dysfunction. Intriguingly, the effects of the elabela/
apelin-APJ axis on vascular tone may depend upon blood
vessel type or various pathological conditions. More
importantly, the broad distribution of elabela/apelin and
alternative isoforms implicated its distinct functions in
diverse cardiac and vascular cells and tissue types.

Although elabela/apelin—AP]J axis plays critical roles in
blood pressure regulation, the underlying mechanisms
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have not been fully elucidated. A growing number of
studies are devoted to shed new light on the regulatory
roles of the elabela/apelin—AP]J axis in vascular physiology
and pathophysiology. At present, many clinical trials are
evaluating the potential benefits of elabela/apelin analogs
and novel AP] agonists in treating various cardiovascular
disorders. Therefore, novel and innovative pharmacologi-
cal approaches and anti-hypertensive drugs are expected
to be developed to achieve long-term blood pressure
reduction, improve hypertensive organ damage in people
with hypertension, and thus reduce mortality and health
care costs worldwide. Thus, targeting the elabela/apelin—
APJ axis has emerged as a promising approach against
progression of hypertension and hypertensive cardiovas-
cular dysfunction.
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Corrigendum: T Helper 1 and T Helper 2 Cytokines Differentially
Modulate Expression of Filaggrin and its Processing Proteases in

H

uman Keratinocytes

Following the original article’s publication,!! the authors informed us of the following error. During the final compound
of high-resolution figures, a wrong picture was inadvertently put for the Western blot B-actin and matriptase images of
NHK in Figure 3f. The published version of Figure 3f is therefore incorrect. The corrected version of the figure is shown
below. The only change is in Figure 3f, and the rest of all the figures are identical to the published version. The error does
not affect the results and conclusions of the article. The corrected version of the figure is shown below. The authors
sincerely apologize for this oversight and for any confusion that caused.
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