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Abstract. Elabela (ELA) has emerged as a critical regulator 
of reproductive success, signaling through the cognate apelin 
receptor (APJ) (encoded by the APLNR gene) to orchestrate 
embryonic development and placental function. The present 
narrative review summarizes evidence spanning from 
molecular mechanisms to clinical phenotypes, evaluating 
the role of ELA in both physiological pregnancy and major 
complications, including preeclampsia, fetal growth restric‑
tion and gestational diabetes, as well as emerging associations 
with placental disorders and early pregnancy loss. The present 
review addresses three key challenges: i)  The receptor 
paradox in APJ‑low or APJ‑negative contexts; ii) inconsisten‑
cies among clinical ELA measurements; and iii) the need to 
distinguish direct ELA evidence from inference drawn from 
apelin studies. Current findings position ELA as a candidate 
biomarker and experimental therapeutic target; however, its 
clinical utility remains unproven due to pre‑analytical vari‑
ability across sample types (plasma vs. serum), inconsistencies 
between detection platforms (ELISA vs. immunohistochem‑
istry), and biological heterogeneity across specific disease 
subtypes (such as preeclampsia and heart failure). Future 
work should focus on defining receptor‑ and isoform‑specific 
signaling, standardizing ELA measurement and establishing 
pharmacokinetics, dose‑response relationships, delivery 
strategies and maternal‑fetal safety.
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1. Introduction

Pregnancy encompasses a coordinated sequence of maternal 
and fetal adaptations from conception to parturition (1). At the 
center of this process, the placenta facilitates nutrient and gas 
exchange between mother and fetus, forms a selective immu‑
nological barrier and, together with maternal tissues, produces 
the hormones and growth factors essential for maintaining 
gestation (2). However, when placental development or func‑
tion is disrupted, the resulting compromise in this interface 
can initiate cascades that lead to gestational complications and 
have lasting consequences for both mother and child through 
errors in developmental programming (3). This causal chain, 
from molecular perturbation to clinical phenotype, highlights 
the potential of placenta‑derived molecular markers to enable 
earlier diagnosis of pregnancy complications and create 
windows for targeted intervention.

Elabela (ELA) is a small peptide ligand for the apelin 
receptor (APJ) (encoded by the APLNR gene) and, together 
with apelin, constitutes the apelinergic system. While ELA 
and apelin overlap in several biological activities, such as 
maintaining cardiovascular homeostasis and regulating 
fluid balance, they differ notably in their tissue distribution 
and temporal expression profiles (4). ELA is predominantly 
expressed during early embryogenesis (e.g., in human embry‑
onic stem cells and trophoblasts) and is essential for early heart 
morphogenesis (5,6), whereas apelin is primarily expressed in 
the ovary, adult cardiovascular tissues, and the placenta later 
in gestation  (4). These distinct patterns suggest that ELA 
serves non‑redundant functions in reproduction. For instance, 
ELA is critical for endodermal differentiation, tropho‑
blast invasion and early cardiovascular development  (5‑7). 
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Notably, ELA deficiency in mice leads to preeclampsia‑like 
symptoms, including hypertension and proteinuria, whereas 
apelin‑deficient mice do not exhibit these severe developmental 
defects (4). Consistent with this view, ELA/APJ signaling has 
been implicated in both normal gestational maintenance and a 
range of obstetric complications, including preeclampsia (PE), 
fetal growth restriction (FGR), gestational diabetes mellitus 
(GDM), placenta previa, placenta accreta spectrum and missed 
abortion (MA) (4). Over the past decade, ELA research in 
reproductive medicine has expanded from animal models 
to clinical cohorts, with >50 studies published since 2017. 
However, clinical findings remain inconsistent and method‑
ological heterogeneity complicates comparison across studies.

The present narrative review integrates preclinical and 
clinical evidence on ELA in maternal‑fetal medicine, tracing 
the pathway from molecular mechanisms to pregnancy‑related 
phenotypes. The present review highlights areas where clinical 
evidence remains inconsistent and discuss the translational 
barriers that must be overcome before ELA can be considered 
a clinically actionable biomarker or therapeutic target.

2. Biological characteristics of ELA: Biosynthesis, tissue 
distribution and function

ELA is encoded by the APELA gene (also known as ELA or 
toddler) and was first identified in zebrafish as an apelin‑related 
peptide  (5,6). The 54‑amino‑acid propeptide undergoes 
sequential proteolytic processing to generate three bioactive 
isoforms: ELA‑32, ELA‑22 and ELA‑11 (Fig. 1), of which 
ELA‑11 shows the highest degree of conservation across verte‑
brates, suggesting an evolutionarily ancient role (7,8).

ELA‑32 exhibits a plasma half‑life approximately 10‑fold 
longer than that of apelin (9). ELA is expressed in vascular 
endothelial cells, renal and cardiac tissue, and specific tumor 
types such as renal cell carcinoma (4), as well as in embryonic 
stem cells (ESCs) and induced pluripotent stem cells (10,11), 
By contrast, apelin and APJ exhibit much broader tissue distri‑
butions, including the heart, lungs, central nervous system, 
adipose tissue, and gastrointestinal tract (4,7,10). Furthermore, 
while APJ is widely expressed in adult tissues, ELA expression 
in early development is primarily confined to pluripotent stem 
cells and the adult kidney (10).

ELA exerts pleiotropic effects that span embryogenesis, 
hemodynamic regulation and fluid homeostasis. In the cardio‑
vascular system, ELA promotes angiogenesis  (12‑16) and 
vasodilatation (11), protects against myocardial and cerebral 
ischemia‑reperfusion injury (12‑16), and attenuates cardiac 
hypertrophy, fibrosis and contractile dysfunction (17). ELA 
has also been implicated in neurological (18) and renal (19) 
diseases, motivating ongoing investigation of its potential as a 
diagnostic or therapeutic target, particularly in cardiovascular 
medicine (20,21).

3. Role of ELA in physiological pregnancy and early 
embryogenesis

ELA in early embryogenesis. Early embryogenesis requires 
tightly coordinated control of stem‑cell renewal, germ‑layer 
specification and cell migration  (22). ELA acts on ESCs 
to promote self‑renewal (potentially via an unidentified 

receptor), drives APJ‑dependent mesodermal cell prolifera‑
tion and migration and promotes endodermal differentiation, 
supporting organogenesis (vessels, heart and bone) (5,6,23) 
(Fig. 2). Additionally, Elabela exerts systemic effects on glucose 
metabolism, vasodilation, hormone secretion, fluid homeo‑
stasis and cardiac contractility during pregnancy (8,9,24‑26) 
(Fig. 2). The cardiovascular system, one of the first organ 
systems to emerge, depends critically on these processes (27). 
In human ESCs (hESCs), ELA promotes protein synthesis, 
proliferation and self‑renewal responses mediated in part 
through PI3K/Akt activation. ELA has also been linked to 
TGF‑β‑dependent endodermal differentiation (28,29). APJ is 
undetectable in hESCs (4,28), indicating that ELA‑induced 
pro‑survival and self‑renewal effects occur independently of 
canonical APJ signaling. In zebrafish embryos, ELA governs 
mesodermal cell movement through Nodal‑related pathways 
and indirectly controls the migration of the endoderm via 
Cxcr4a signaling (Fig. 3) (30). 

ELA is essential for embryonic cardiovascular develop‑
ment  (26). The two APJ ligands, ELA and apelin, are not 
functionally interchangeable during this process. APJ‑null 
mice exhibit marked congenital cardiac malformations, an 
observation that initially led to the discovery of a second 
endogenous ligand (31), whereas apelin‑knockout mice develop 
normally and reproduce without severe cardiac defects (32,33). 
Consistent with this distinction, ELA deficiency in mice causes 
severe cardiovascular abnormalities and embryonic lethality 
that closely recapitulate the APJ‑null phenotype (7,34,35). 

During zebrafish embryogenesis, ELA is the first detect‑
able APJ ligand, expressed before gastrulation, whereas 
apelin expression begins at the end of gastrulation (~5 h after 
ELA)  (7,36). ELA‑mutant embryos perish at early stages, 
displaying cardiac malformations, pericardial edema and endo‑
dermal defects (30). At the molecular level, ELA‑APJ signaling 
coordinates germ‑layer differentiation, heart morphogenesis and 
vascular progenitor migration (37). Additionally, ELA‑mediated 
regulation of Sox32 and the Pou5f3‑Nanog complex has been 
implicated in mesendodermal cell‑fate specification (Fig. 3) (38). 

Receptor paradox. The ability of ELA to promote protein 
synthesis, proliferation, self‑renewal, and TGF‑β‑dependent 
endodermal differentiation in hESCs, despite the absence of 
detectable APJ in these cells, raises a receptor paradox: APJ is 
undetectable in hESCs, yet ELA elicits clear biological responses 
in these cells, implying the existence of an alternative ELA 
receptor or an APJ‑independent mechanism. G protein‑coupled 
receptor 25 can be activated by ELA and apelin in pigeons and 
zebrafish (39), but this finding has not been extended to humans 
or other mammalian systems. In APJ‑expressing cells, signaling 
is inherently context‑dependent; APJ engages multiple G‑protein 
pathways, including Gi/o, Gq/11 and G13 (40), and adopts distinct 
receptor‑complex configurations, such as heterodimerization 
with AT1, kappa opioid, neurotensin 1, or bradykinin 1 recep‑
tors (40). This context‑dependency may explain the diversity of 
cellular responses ranging from trophoblast proliferation, apop‑
tosis, invasion, and differentiation (4) to the regulation of fluid 
homeostasis via ERK1/2 phosphorylation (8). However, it does 
not account for the APJ‑negative hESC phenotype. Therefore, 
the identity and physiological relevance of mammalian non‑APJ 
receptors for ELA remain unknown.



Molecular Medicine REPORTS  34:  347,  2026 3

Placental development. Following blastocyst implantation, 
placental development proceeds through coordinated tropho‑
blast proliferation, differentiation, decidual invasion and 
villous morphogenesis (2,41). Cytotrophoblasts and syncytio‑
trophoblasts fulfil complementary roles in placental growth 
and maternal‑fetal exchange, and disruption of either lineage 
can compromise placental function. Proliferative cytotropho‑
blasts serve as the progenitor pool that fuels placental growth 
and differentiate into extravillous trophoblasts to remodel 
maternal spiral arteries, whereas syncytiotrophoblasts, 
formed by fusion of cytotrophoblasts‑constitute the primary 
barrier for gas and nutrient exchange and serve as the major 
endocrine source of placental hormones such as hCG and 
progesterone (42).

ELA is expressed in both cytotrophoblasts and syncytio‑
trophoblasts in human placentas throughout gestation (43). 
However, in mice, ELA expression shifts during develop‑
ment: ELA is initially detected in trophoblast progenitors 
and becomes spatially restricted to the syncytiotrophoblast 
lineage by mid‑gestation, a pattern that highlights species‑ and 
stage‑dependent differences in placental ELA biology (34). 

At the functional level, ELA promotes extravillous tropho‑
blast differentiation (44), enhances proliferation and reduces 
apoptosis in BeWo cells via PI3K/Akt signaling  (45), and 
upregulates ferritin heavy chain 1 (FTH1) while suppressing 
nuclear receptor coactivator 4 (NCOA4)‑mediated ferri‑
tinophagy and ferroptosis in trophoblasts (Fig. 3)  (46). In 
pregnant mice, loss of ELA disrupts signaling between 
trophoblast‑derived ELA and APJ‑expressing fetal endothelial 
cells (34), leading to increased trophoblast apoptosis, impaired 
syncytiotrophoblast differentiation, reduced labyrinth vascu‑
larization and placental hypoxia with inflammation (11,34). 

In vitro, ELA enhances the invasive capacity of JAR cells, 
a human choriocarcinoma‑derived trophoblast line, further 
supporting its role in trophoblast invasion (28,34). 

Together, these findings indicate that ELA contributes to 
early placentation through effects on trophoblast differen‑
tiation, invasion and placental vascular development, although 
the extent to which each effect requires APJ appears to be 
cell‑context‑dependent.

Pl a ce n t a l  e n d o c r i n e  a n d  n u t r i e n t  f u n c t i o n s. 
Syncytiotrophoblasts mediate maternal‑fetal nutrient 
exchange and secrete hormones essential for pregnancy 
maintenance, including human chorionic gonadotropin (hCG), 
human placental lactogen (hPL) and placental growth factor 
(PlGF) (47,48). This endocrine‑nutrient axis is closely coupled 
to placental perfusion and trophoblast differentiation. As 
ELA influences trophoblast behavior and placental vascular 
development  (28,34,43), it may indirectly modulate these 
endocrine and nutrient functions. However, to the best of our 
knowledge, direct regulation of hCG, hPL or PlGF secretion 
by ELA has not been conclusively demonstrated. The distinc‑
tion between indirect modulation via placental health and 
direct hormonal regulation should be maintained when inter‑
preting current evidence (49). Separately, ELA/APJ signaling 
exerts neuroendocrine effects involving arginine vasopressin 
and corticotropin‑releasing hormone; intracerebroventricular 
injection of ELA reduces food intake and activates AVP and 
CRH neurons in the hypothalamic paraventricular nucleus 
(PVN), with ELA dose‑dependently increasing cytosolic 
calcium in single AVP‑ and CRH‑immunoreactive neurons 
isolated from the PVN (24), although a direct role in reproduc‑
tive hormone axes remains unresolved.

Figure 1. Proteolytic processing of pro‑ELA into bioactive isoforms. The 54‑amino‑acid precursor is processed stepwise to ELA‑32, ELA‑22 and ELA‑11. 
Green and blue segments represent the cleaved N‑terminal and hydrophobic leader peptides, the yellow segment represents the cleaved intermediate linker 
peptide, and the pink segment represents the ultimately retained C‑terminal conserved mature active peptide. ELA, elabela.

https://www.spandidos-publications.com/10.3892/mmr.2026.14058
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Maternal adaptations: Cardiovascular system and lactation. 
In mice experimental models of pregnancy, ELA deficiency 
is associated with elevated systolic blood pressure and endo‑
thelial injury (34), whereas exogenous ELA administration 

reduces blood pressure and proteinuria (50). The vasodilatory 
properties of ELA may also influence uterine artery hemody‑
namics and, indirectly, placental perfusion (11,51). In healthy 
pregnant women, circulating ELA levels vary across gestation, 

Figure 2. Stage‑dependent roles of ELA in embryonic development and pregnancy. ELA supports early ESC functions and contributes to later mesoderm/endo‑
derm cell migration, differentiation and cardiovascular development. During pregnancy, ELA has been associated with placental development and maternal 
metabolic, vascular, endocrine and fluid‑balance adaptations. The receptor mediating ELA activity in APJ‑negative ESCs remains unresolved. Solid, direct 
regulatory effects of Elabela/APJ signaling on embryonic cell behavior; dashed arrows denote the indirect downstream organogenesis and systemic physi‑
ological regulation mediated by embryonic cell lineages or maternal Elabela. ELA, elabela; ESCs, embryonic stem cells; APJ, apelin receptor.
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with some cohorts reporting higher concentrations in early 
to mid‑pregnancy and lower levels in late gestation (25,52), 
a pattern consistent with a role in maternal cardiovascular 
and renal adaptation, although gestational trajectories are 
not uniform across studies. ELA has also been detected at 
relatively high concentrations in breast milk, ranging from 
4.8 to 7.2 ng/ml across colostrum, transitional, and mature 
milk, with the highest levels observed in colostrum (53‑56). 
Its physiological significance for the neonate remains incom‑
pletely characterized; however, available evidence suggests a 
possible role in sodium and fluid homeostasis (56).

4. ELA in pregnancy‑related diseases

ELA has been increasingly implicated in placental develop‑
ment and several pregnancy‑related disorders. Representative 
studies are summarized in Table I, focusing on sample type, 
disease subtype, assay method, sample size or sampling 
context and major findings (43‑46,52,55,57‑75).

PE. PE is a multisystem disorder of pregnancy that develops 
after 20 weeks of gestation and remains a leading cause of 
maternal and neonatal morbidity and mortality worldwide (76). 
The global prevalence of PE is ~5%, with reported estimates 
of 4.02‑5.22% in China (77‑80). Clinically, PE is commonly 

classified as early‑onset PE (EoPE, developing before 34 weeks 
of gestation) or late‑onset PE (LoPE, developing at or after 
34 weeks of gestation), reflecting differences in gestational 
timing and, to some extent, underlying pathophysiology (80). 

The pathophysiology of PE is multifactorial, involving 
interacting placental, vascular, metabolic and immune abnor‑
malities. Impaired placentation and uteroplacental perfusion, 
angiogenic imbalance, insulin resistance, systemic inflamma‑
tion and endothelial dysfunction collectively contribute to the 
clinical syndrome (81). Several of these processes intersect 
with established ELA functions, particularly trophoblast regu‑
lation, angiogenesis and vascular tone, making the peptide a 
plausible contributor to PE pathogenesis. 

Early experimental studies supported a protective role 
for ELA against PE‑like phenotypes. Ho et al (34) reported 
that circulating ELA increases during mouse pregnancy 
and demonstrated that ELA deficiency produces hyperten‑
sion, proteinuria and glomerular endothelial proliferation, 
abnormalities that were alleviated by exogenous ELA admin‑
istration. ELA‑deficient mice also exhibit placental defects, 
including reduced labyrinth vascularization, increased apop‑
tosis, impaired proliferation and delayed syncytiotrophoblast 
differentiation (82). In human studies, several groups have 
reported reduced placental or circulating ELA in LoPE, severe 
PE and EoPE (42,44,57‑62). 

Figure 3. Reported ELA‑associated signaling networks in trophoblast and developmental cell models. ELA is linked to PI3K/Akt/mTOR and MEK/ERK 
signaling, METTL3‑related PI3K/Akt regulation, NCOA4/FTH1‑associated ferritinophagy/ferroptosis, apoptosis‑related proteins and pathways involved in 
trophoblast invasion/migration and mesendodermal development. † marks receptor‑proximal links for which direct APJ dependence has not been uniformly 
established; downstream pathway chains summarize experimentally reported associations in the cited models rather than a single universal mechanism. ELA, 
elabela; NCOA4, nuclear receptor coactivator 4; FTH‑1, ferritin heavy chain 1; METTL3, methyltransferase‑like protein 3; Cxcr4a, C‑X‑C motif chemokine 
receptor 4a'; APJ, apelin receptor.

https://www.spandidos-publications.com/10.3892/mmr.2026.14058
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By contrast, other human studies do not support a uniform 
ELA‑deficiency model. Maternal ELA concentrations have 
been reported to be increased in LoPE (63,64), unchanged in 
EoPE and in first‑trimester samples from nulliparous women 
who subsequently developed PE (65‑67), and unchanged at 
the placental mRNA or circulating levels in certain cohorts, 
including a preterm PE plasma cohort and a term PE placenta 
cohort (n=82) (68), the longitudinal Shanghai Birth Cohort (69). 
Georgiadou et al (44) further demonstrated marked interin‑
dividual variability and BMI dependence: In a healthy‑BMI 
subgroup, lower early‑pregnancy plasma ELA was associated 
with subsequent PE. Taken together, these findings argue 
against interpreting a single circulating ELA measurement as 
a universal marker of PE. 

Mechanistic studies have identified several links between 
ELA and trophoblast dysfunction. Rare APELA 5'‑UTR 
variants have been associated with reduced transcription and 
increased PE risk (83). ELA suppresses trophoblast ferroptosis 
through an autophagy‑related NCOA4/FTH1 pathway (46), 
although high concentrations of exogenous ELA can impair 
trophoblast function through PI3K/Akt/β‑catenin‑associated 
signaling in HTR‑8/SVneo trophoblast cells  (84). In 
EoPE models, ELA has been linked to PI3K/Akt/mTOR, 
MEK/ERK and methyltransferase‑like 3/PI3K/Akt signaling 
pathways that promote trophoblast invasion and migration 
(Fig.  3)  (43,60,61,70). These pathways were demonstrated 
primarily in the HTR‑8/SVneo human trophoblast cell line 
using ELA knockdown or overexpression, or treatment with 
exogenous ELA at defined concentrations. These findings 
should not be assumed to be universally active or uniformly 
APJ‑dependent.

ELA and apelin share APJ as a common receptor and 
overlap with regard to several vascular and trophoblast‑related 
functions, including regulation of vascular tone, angio‑
genic responses, oxidative stress and PI3K/Akt‑associated 
cell signaling  (4,85‑88). However, ELA and apelin are 
not interchangeable ligands. ELA is expressed earlier 
during embryogenesis and exhibits distinct placental and 
tissue‑expression patterns, whereas apelin is more broadly 
distributed and becomes prominent later in development 
(at the end of gastrulation in zebrafish and at embryonic day 
6.5 in mice) (4,7,34,36). In PE, experimental supplementa‑
tion with either ligand has demonstrated protective effects in 
preclinical models, including L‑NAME‑ or RUPP‑induced 
PE rodent models and hypoxia/CoCl2‑exposed HTR‑8/SVneo 
trophoblast cells  (29,86‑88); however, human circulating 
levels of ELA and apelin and their clinical associations differ 
across studies. Therefore, findings provide biological context 
for the apelinergic system but should not be treated as direct 
evidence for ELA. The similarities and differences between 
ELA and apelin within the apelinergic system in pregnancy 
are summarized in Table SІ. 

The conflicting clinical ELA findings in PE are best 
interpreted through a multidimensional lens. Disease 
biology itself varies notably: EoPE and LoPE represent 
distinct pathophysiological entities (89) and measurements 
obtained in the first trimester, at diagnosis or near delivery 
capture fundamentally different stages of disease progres‑
sion. Beyond disease heterogeneity, biological matrices are 
not interchangeable; serum, plasma and placental tissue 

may reflect different sources of ELA: serum and plasma 
represent circulating ELA (which may predominantly derive 
from maternal sources and correlate with BMI), whereas 
placental tissue reflects locally produced ELA. Emerging 
evidence suggests the placenta may not be the major deter‑
minant of circulating ELA in all pregnancies (44). Cohort 
characteristics further complicate interpretation, as BMI, 
parity, ethnicity, disease severity and concurrent treatments 
can all modify associations between circulating ELA levels 
and PE risk, as well as analytical and pre‑analytical factors, 
including antibody epitope specificity, assay platform, rapid 
proteolytic processing of ELA and variations in sample 
handling, storage and freeze‑thaw history (44,58,90). APJ 
signaling context may add another layer of biological 
heterogeneity, as the receptor can engage different G‑protein 
pathways (e.g., Gi/o, Gq/11, and G13) and adopt distinct 
receptor‑complex states (e.g., homodimers or heterodimers 
with AT1, kappa opioid, neurotensin 1, or bradykinin 1 
receptors)  (4,8,40), although this does not solely explain 
differences in circulating ELA. Therefore, longitudinal 
studies using gestational‑age‑matched sampling and stan‑
dardized assays are required before ELA can be considered 
a reliable PE biomarker.

FGR. FGR, termed intrauterine growth restriction (IUGR) in 
several cited studies, refers to the failure of a fetus to reach 
its genetically determined growth potential and is associated 
with increased neonatal morbidity and mortality (91). FGR is 
commonly linked to fetal, maternal or placental abnormalities 
that impair uteroplacental perfusion and compromise nutrient 
and oxygen delivery, with progressive hypoxemia further 
increasing vascular resistance and perpetuating growth 
restriction (92). 

Direct clinical evidence linking ELA to FGR is limited 
and contradictory. Yener et al (71) reported higher serum ELA 
concentrations in pregnancies complicated by IUGR/FGR 
than in controls  (71), whereas Behram et al  (72) revealed 
lower maternal circulating ELA and a positive association 
between ELA and birth weight. These studies differed in 
cohort composition (IUGR defined as abdominal circumfer‑
ence <10th percentile with abnormal Doppler vs. estimated 
fetal weight <3rd percentile) and sampling context (at delivery 
vs. at diagnosis), and size were relatively small (100 and 92 
subjects, respectively); therefore, the direction of the associa‑
tion remains uncertain. Apelin has also been reported to be 
reduced in maternal serum and placental compartments in 
placental insufficiency and FGR (93). However, as apelin and 
ELA are distinct APJ ligands, the reported reduction of apelin 
is best viewed as an indirect biological parallel rather than 
evidence that ELA is reduced in FGR. 

At present, direct evidence is insufficient to estab‑
lish a causal role for ELA in human FGR. Although the 
ELA/apelin‑APJ system influences nitric oxide production and 
vascular tone (94), providing a mechanistic rationale for inves‑
tigating uteroplacental perfusion, this does not demonstrate 
that ELA deficiency causes reduced uteroplacental blood flow 
in affected patients. Future studies should combine standard‑
ized circulating ELA measurements with placental expression 
analysis, Doppler hemodynamics and gestational‑age‑matched 
longitudinal sampling.



Molecular Medicine REPORTS  34:  347,  2026 9

GDM. GDM affects 2‑25% of pregnancies worldwide, with 
prevalence shaped by diagnostic criteria and population char‑
acteristics (95). Beyond its immediate obstetric risks, including 
hypertensive disorders and cesarean delivery (96,97), GDM 
reflects a fundamental disruption of metabolic adaptation, 
involving insulin resistance, progressive β‑cell failure and 
low‑grade inflammation (98). 

Given that the apelinergic system has been implicated 
in glucose homeostasis and energy metabolism (40,99,100), 
a plausible biological connection exists between ELA 
signaling and GDM pathogenesis. However, this connec‑
tion remains largely inferential. The apelin/APJ literature 
provides a mechanistic foundation: Apelin regulates insulin 
sensitivity, adipocyte function and pancreatic β‑cell 
survival (40,99,100). Whether ELA, as a distinct APJ ligand 
with different tissue distribution and temporal expression, 
shares these metabolic functions remains unknown. Clinical 
evidence specific to ELA is sparse and inconsistent. In one 
study of women with GDM, circulating ELA was negatively 
correlated with glucose and triglyceride levels and posi‑
tively correlated with apelin‑13 and apelin‑36 (73), a pattern 
suggestive of metabolic involvement but insufficient to estab‑
lish causality. Another report described reduced circulating 
and breast‑milk ELA concentrations in GDM in a human 
case‑control study (n=12 GDM and n=14 controls)  (55), 
whereas a study using a streptozotocin‑induced type 1 
diabetic mouse model have linked ELA to renal protection 
via PI3K/Akt/mTOR signaling (101). 

Notably, these findings span different biological matrices 
(serum, breast milk and kidney tissue) and disease contexts, 
complicating direct comparison. Therefore, the current 
evidence base for ELA in GDM is preliminary and frag‑
mented. Whether ELA dysregulation contributes to GDM 
pathogenesis, represents a compensatory response or merely 
reflects metabolic disturbance remains undetermined. Future 
longitudinal studies are required with standardized sampling 
across gestation, matched metabolic phenotyping and careful 
distinction between ELA and apelin measurements, ideally 
with isoform‑specific assays that can resolve the contributions 
of ELA‑32, ELA‑22 and ELA‑11.

Placenta previa and accreta. Placenta previa refers to 
placental implantation in the lower uterine segment, with 
the placenta approaching or covering the internal cervical 
os  (102). Placenta accreta spectrum (PAS) involves abnor‑
mally adherent or invasive placentation, typically arising from 
defective decidualization at the uteroplacental interface (103). 
Both conditions carry notable hemorrhagic risk and require 
specialized obstetric management. 

Evidence linking ELA to these disorders is emerging but 
limited. A 3‑year multicenter prospective cohort study revealed 
differential circulating ELA profiles between placenta previa 
and placenta accreta groups, with higher maternal concen‑
trations in the previa cohort (75). In a separate prospective 
case‑control study, maternal serum ELA was elevated in PAS 
compared with gestational‑age‑matched controls, prompting 
speculation about diagnostic potential (75). However, these 
findings represent preliminary associations; whether ELA can 
serve as a clinically predictive biomarker for either condition 
awaits validation in larger, independent cohorts.

MA. MA refers to embryonic or fetal demise with retained 
products of conception within the uterine cavity. Early descrip‑
tions of MA in twin pregnancies at 10‑14 weeks of gestation 
noted associated placental villous abnormalities (104), and 
altered apoptosis‑related signaling has been documented in 
early MA (105). The only direct clinical evidence linking ELA 
to MA is a 2022 study reporting lower maternal circulating 
ELA in affected women compared with healthy pregnant 
controls (52). Although this single finding cannot establish 
causality, the experimental links between ELA and trophoblast 
function, placental angiogenesis and vasodilatation (11,28,34) 
provide a mechanistic basis for investigating ELA deficiency 
in early pregnancy loss. Prospective studies integrating 
circulating ELA measurements with placental expression and 
vascular phenotyping would help clarify this association.

5. ELA: Therapeutic and diagnostic potential

Diagnostic potential. Clinical studies report decreased, 
increased or unchanged ELA concentrations across 
PE, FGR, GDM and other pregnancy‑related disorders 
(Table I), which is consistent with the status of ELA as a 
candidate biomarker rather than a validated biomarker. A 
notable obstacle in translating ELA into a reliable clinical 
biomarker or therapeutic agent is measurement variability. 
Although ELA‑32 undergoes proteolytic processing in 
human plasma (90), it exhibits a longer circulating half‑life 
than apelin in experimental settings, such as ex vivo incu‑
bation in human plasma (where ELA‑32 has a half‑life of 
~47 min, compared with 2‑8 min for apelin) (9). Published 
studies have used heterogeneous biological matrices and 
antibody‑based assay platforms (43‑46,52,55,57‑75); there‑
fore, future biomarker studies should adopt standardized 
protocols, including predefining serum or plasma as the 
collection matrix, recording gestational age and disease 
subtype at sampling, processing samples promptly under 
controlled temperatures, storing aliquots at ‑80˚C, mini‑
mizing freeze‑thaw cycles and reporting assay details (assay 
kit manufacturer, antibody epitope or calibrator, analytical 
precision, and limits of detection and quantification). 
Where feasible, orthogonal validation with complemen‑
tary analytical methods, such as combining ELISA with 
LC‑MS/MS, is advisable. An immunochromatographic 
colloidal‑gold strip for serum ELA detection offers a prom‑
ising point‑of‑care approach  (58); however, independent 
external validation and harmonized reference ranges must 
be established before clinical use.

Therapeutic potential. Preclinical evidence provides a 
stronger basis for therapeutic investigation than the current 
clinical literature alone would suggest. Exogenous ELA has 
ameliorated PE‑like phenotypes and placental dysfunction 
in animal and trophoblast models, with effects attributed to 
PI3K/Akt, MEK/ERK and ferroptosis‑related signaling path‑
ways (34,43,46,60,70). However, ELA‑based therapies have 
not been clinically validated for obstetric use. Translating 
these findings to the clinic will require overcoming several 
practical barriers: Peptide stability and in vivo metabolism, 
selection of the therapeutically relevant ELA isoform, phar‑
macokinetic characterization, dose‑response relationships 
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and gestational treatment windows, maternal‑fetal safety, 
and receptor specificity in APJ‑low or APJ‑negative tissues. 
Placenta‑directed or tissue‑targeted delivery strategies may 
be necessary to limit off‑target exposure. These challenges 
warrant systematic preclinical investigation before efficacy 
trials become feasible.

6. Conclusion

Current evidence establishes ELA as a key regulator of 
embryonic and placental biology through its effects on 
trophoblast behavior, vascular development and maternal 
cardiovascular adaptation. However, conflicting clinical 
measurements in PE and FGR, limited direct evidence 
across several other pregnancy‑related disorders and 
unresolved receptor biology preclude ELA from being 
considered as an established biomarker or therapeutic 
target. A critical unresolved question is the molecular 
basis of ELA signaling in APJ‑negative or APJ‑low cells, 
which requires rigorous validation of any non‑APJ receptor 
or non‑canonical mechanism. Beyond this, isoform‑, 
tissue‑ and gestational stage‑specific functions should be 
mapped using longitudinal cohorts, standardized assays, 
and complementary placental and circulating measure‑
ments. From a translational perspective, studies must 
define peptide stability, pharmacokinetics, dose‑response 
relationships, delivery strategies and maternal‑fetal safety, 
with particular attention to placenta‑specific targeting. 
Resolving these questions will determine whether the 
compelling preclinical evidence for ELA can be translated 
into clinically reproducible outcomes.
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