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Apelin is an endogenous ligand for apelin receptor (APLNR), a G protein-coupled receptor (GPCR). This peptide is derived 
from a 77aa long pre-proapelin. Upon cleavage by different peptidases, several isoforms that bind to the receptor with different 
strength and downstream effects are created. Many cellular processes that are regulated by the apelinergic system have been 
discovered – neural and immune functions, blood pressure regulation, fluid homeostasis, hormonal release, cellular proliferation, 
etc. Additional research has been also made to elucidate the role of the system in pathological conditions affecting the brain and 
the peripheral organs. In this review, we summarise the distribution of the apelinergic system components in the mammalian 
organism. We also include a comparative analysis between three different species - human (Homo sapiens), mouse (Mus mus-
culus), and rat (Rattus norvegicus). Biomed Rev 2023; 34: 61-68
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R e v i e w

INTRODUCTION
Apelin receptor (APLNR) and its ligand apelin are widely 
expressed in the mammalian body. Apelin is a bioactive 
peptide with different isoforms that was first isolated from 
bovine stomach extracts (1). It was identified as a ligand for 
the human APLNR (Apelin Receptor), an orphan G protein-
coupled receptor (GPCR) (2).

 Monitoring the extracellular acidification rate of CHO 
(Chinese Hamster ovary) cell expressing APLNR, the group 

led by Fujino was able to isolate the human, bovine, mouse, 
and rat cDNA responsible for the synthesis of apelin ligand. 
All those cDNAs encode for a 77 aa (amino acid) residue pre-
propeptide named pre-proapelin (1,3,4). 

The human apelin gene is mapped to chromosome Xq25-
26.1 (5). It is synthesized as a pre-proapelin with a length 
of 77aa residues. Upon cleavage by different proteases that 
target basic amino acid residues like lysine and arginine, 
pro-apelin is converted into shorter bioactive isoforms. A 
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36 amino-acids long peptide, named apelin-36 is derived 
from the C-terminal region of pre-proapelin-77. Apelin-13 
and apelin-17 are created by cleavage of apelin-36. Those 
shorter forms exhibit much stronger affinity and binding 
capabilities to the APLNR receptor compared to the longer 
36aa peptide (1,3,6). 

Even simple modifications of the apelin ligand structure 
cause significant change in the peptide ligand activation. Sub-
stitution of the Leu2, Arg2, Lys8, or Phe13 with Ala results in 
a decrease of the activation activity of the ligand when binding 
to APLNR (7). Pyroglutamination of Glu at the N-terminus of 
the peptide modifies Apelin-13 into pyroglutaminated form - 
(Pyr1) apelin-13, that is more stable (3).

The gene for APLNR in humans is located on q12 of chro-
mosome 11 and encodes a protein with a length of 377aa. 
APLNR is a class A g-group of G-protein-coupled recep-
tors (GPCRs) members and like all GPCR, APLNR has 7 
hydrophobic transmembrane (TM) regions (2,8). Recently, 
the atomic-resolution structure of the receptor-bound with 
synthetic mimetic agonist has been presented (9).

Interestingly, the level of homology of pre-proapelin be-

tween rat, human, bovine, chimpanzees and monkey (Macaca 
mulatta and Cercopithecus aethiops) is ~80%, while the 
homology of the mature isoforms of apelin and the APLNR 
is 100% (2,4,6,8). APLNR is most closely related to the angio-
tensin II receptor (30–40% identity in amino acid sequence), 
although angiotensin II does not interact with the APLNR 
when expressed in Chinese hamster ovary (CHO) cells or in 
fibroblasts (1, 2). 

EXPRESSION STUDIES OF APELIN AND APLNR IN 
ORGANS IN MAMMALIAN TISSUE
Studies using many techniques including in situ hybridiza-
tion, immunohistochemistry, Western and Northern blot, and 
reverse transcriptase-polymerase chain reaction (RT-PCR) for 
identification of pre-proapelin, apelin ligand or APLNR in the 
organism, have provided a large body of data on the ubiquitous 
expression of this GPCR and its ligand in mammalian tissues 
(Table 1). Here, we review recent data about the expression 
of the apelinergic system components in different regions of 
the mammalian organism.

Table 1. Literature evidence for apelin and APLNR expression in human, rat, and mouse tissues 

Human Rat Mouse

System Tissue Apelin APLNR Apelin APLNR Apelin APLNR

Whole Brain (10),(11) (7), (11) (7), (4), (12) (7), (12)

Cortex (overall) (13) (13),(14)

CNS Telencephalon

Frontal Cortex (7),(15) (5) (7), (5)

Temporal Cortex (16) (16) (7)

Parietal Cortex (7), (5)

Occipital Cortex (5) (7)

Entorhinal Cortex (7), (17)

Piriform cortex (17)

Rostro-Splenial Cortex (7)

Striatum (15) (7), (4), (8) 11 (13)

Putamen (7)

n.Caudatus (7)

Basal ganglia

n. Accumbens (7) (7)

Corpus callosum (7), (15)

Hippocampus (GD+ CA) (16) (7), (15) (16) (7), (4), (17), (8), (5),(18) (13) (13)

Amygdala (7),(15) (7)
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Human Rat Mouse

System Tissue Apelin APLNR Apelin APLNR Apelin APLNR

Diencephalon

Thalamus
(7), (15) (7)

Hypothalamus
(Overall) (7) (7), (5) 11 (12), (13)

-SON (17) (17), (8), (12) (19)

-PVN magnocellular (17) (17),(8), (12), (5) (19)

PVN parvocellular (17),(8), (12)

Suprachiasmatic  
nucleus

(19)

Accessory neurosecretory 
nuclei

(19)

Preoptic area
-Medial
-Lateral 
-Median

(17)
(17)

Pineal gland (17), (5)

Mesencephalon S. nigra (7), (15) (7), (4), (17)

Rhombencephalon

Cerebellum (7) (7), (4)(5) (13) (13)

Medulla oblongata (15) (17) (7), (4) 11 (13)

Pons (17) (7), (5) 11 (13)

Reticular Formation

Others CNS
Spinal cord (7), (15) (20) (7),(21) (13) (13)

Dorsal-root ganglion (7)

Dura/Pia/Arachnoid mater (10) (8)

Endocrine System

Pituitary gland
-Anterior lobe

-Intermedial lobe
-Posterior Lobe

(7)

(20)
(12)
(12)
(12)

(17), (12)
(17), (12)
(12)

(19)
(19)

(19)

(12)
(12)
(12)
(12)

Thyroid gland (4)

Adrenal glands (10) (12), (20) (12),(4) (12)

Cardiovascular 
system

Heart (10) (7)
(12), (20), 
(3)

(12), (4), (8) (7),(12)

Respiratory system
Lung (10) (7)

(12), 
(20),(3)

(7), (12),(4), (8) (7),(12)

Trachea (4)

Skeleto-muscular 
system

Skeletal muscle (10) (7), (4), (8) (7)

Bones (4)

Cartilage (10) (4)
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Human Rat Mouse

System Tissue Apelin APLNR Apelin APLNR Apelin APLNR

Gastrointestinal 
system

Stomach
(7) (12), (20) (12),(4) (12)

Small intestine
(7) (12), (20) (12),	 (4) (12)

Large intestine (12), (20) (12),(4) (12)

Pancreas (10) (7) (20) (12)

Liver (10) (7) (12), (20) (8) (7)

Submandibular gland (4)

Urinary system

Kidney (10) (7) (12), (20) (7), (12), (4), (8) (7), (12)

Urinary
bladder

(12) (7), (12)

Male/Female 
reproductive 

system

Testis (12), (20), 
(3)

(7)

Prostate

Placenta (10) (7) (4)

Uterus (7) (12), (20) (7), (12), (4), (8) (7), (12)

Ovary
(12), (20), 
(3)

(7), (12),(4), (8) (7), (12)

Placenta (7) (4)

Mammillary gland
(12), (20), 
(3)

(7),(12),(4) (12)

Skin (10) (4)

Adipose tissue (10) (20), (3) (7), (4)

Immune system Spleen (10) (7) (20) (4) (7), (12)

Thymus (10) (4) (7), (12)

bens, in the olfactory system with areas such as the olfactory 
bulb, olfactory tubercle, nucleus of the lateral olfactory tract 
and cortical regions related to olfaction (entorhinal and piri-
form cortex) (3,5–7,15,22).

A recent article by our team showed that APLNR is ex-
pressed in the subventricular region located in the caudate 
nucleus, an area related to neurogenesis (22). Our unpublished 
data, suggest that APLNR is also expressed in the SGZ (sub-
granular zone) of the hippocampal formation, another region 
related to adult neurogenesis. 

APLNR is detected throughout other regions of the brain 
including thalamus and hypothalamus (diencephalon), sub-
stantia nigra (mesencephalon), cerebellum (7) , and medulla 
oblongata (rhombencephalon) (4).

In the rat brain the expression of APLNR is wider and 

EXPRESSION OF THE APLNR IN HUMAN, RAT  
AND MOUSE BRAINS
The overall expression of mRNAAPLNR in the whole brain 
in humans and mice is low while in rats it is relatively high. 
Expression of the APLNR is observed in different parts of 
the human telencephalon. Data shows that the presence of the 
receptor is detected in the spinal cord and corpus callosum as 
well. Interestingly the spinal cord exhibits very high levels of 
APLNR (4,7,13,15,21).

Expression is not limited to those regions and can be also 
observed in the temporal cortex, putamen, and nucleus cauda-
tus (3,5–7,15,22). APLNR is also present in areas of the brain 
which are part of the limbic system such as the hippocampus 
(both DG and all of the CA), amygdala and nucleus accum-



65

Biomed Rev 34, 2023

Distribution and Expression of Apelin/APLNR System in the Mammalian Body 

additionally to the regions described in human it includes 
the entorhinal, occipital, rostro-splenial, parietal and frontal 
cortex. It was also observed in parts of the rhombencephalon, 
including pons and medulla oblongata. Interestingly, stronger 
expression is observed in spinal cord and nucleus accumbens 
when compared to the human data (7). Compared to mice and 
humans, the presence of mRNAAPLNR is seen in the dorsal root 
ganglion only in rat specimens (7). Of note, the expression of 
mRNAAPLNR in the brain and the periphery in neonates is much 
higher than in adults (4).

In the hypothalamus, abundant expression is seen in regions 
related to drinking behaviour such as SON (supraoptic nu-
cleus) and PVN (paraventricular nucleus) which are important 
structures related to the release of posterior pituitary hormones 
(5,6,8,12,17). Both parvocellular and magnocellular parts of 
the PVN of the hypothalamus express APLNR mRNA. Dou-
ble labelling of the cell utilizing immunohistochemistry and 
RNA in-situ hybridization shows co-expression of vasopressin 
(AVP) and APLNR in SON (5,17). This leads to the conclusion 
that APLNR is involved in the modulation of the vasopressin 
activity. A proposed mechanism is that the apelin ligand may be 
synthesized locally or by the SON neurons themselves which 
might exert an inhibitory action on the APLNR expressing 
vasopressin neurons via a paracrine or autocrine process (17). 

Both neuronal and glial subpopulations express APLNR. 
GFAP expressing astrocytes are shown positive for APLNR 
and can be observed in the cortex, the white matter of the spinal 
cord and caudate nucleus (7,15,22). Neuronal cells, positive 
for NeuN, also express APLNR in the grey matter of the spinal 
cord. Those neurons represent a cholinergic population of cells, 
given the fact that they co-express choline acetyltransferase 
(ChAT).  Some studies point out also that microglia do not 
express APLNR (13). 

EXPRESSION OF APLNR IN THE PERIPHERAL TIS-
SUES
Respiratory system
APLNR transcripts can be found in most of the internal organs. 
Some of the highest levels of expression are observed in the 
respiratory system. There is a strong presence of APLNR in 
the lung parenchyma, while the vasculature associated with the 
respiratory system and the airways do not express the receptor 
(8,12). Detectable levels of the protein can be also observed 
in the foetal and neonatal lung parenchyma (2,4,5,20). Given 
the apelin ligand chemotactic effect (4), some authors hypoth-
esise the role of the apelinergic system in the morphogenetic 

process (20). Comparison between the expression of APLNR 
in humans, mice, and rats shows higher levels in mice and rats 
in contrast with the human lung tissue.

Cardiovascular system 
In the circulatory system, the APLNR is found in the heart, 
between cardiomyocytes of the atria and the ventricles. In 
contrast, APLNR is present in neither the blood vessels nor the 
pericardium (4,8,15). Side by side comparison shows stronger 
expression in rats and mice compared to human cardiovascular 
system (7). 

Endocrine system
APLNR can be found in parts of the pituitary gland - anterior 
and posterior hypophysis, and the intermediate lobe (7,12,17). 
An expression can be found also in the thyroid and adrenal 
glands (4,12).

Gastrointestinal system
APLNR is present in both the upper and lower gastrointestinal 
(GI) system. Expression is seen in the stomach (mucosa and 
glandular epithelium), the small and large intestine, and in the 
associated with GI glands- pancreas the liver and submandibu-
lar gland (4,7,8,10,12,20,23).

Urinary system
The overall expression in the mammalian renal parenchyma 
is low to moderate. The presence of APLNR transcripts is 
detected in the kidneys. Part of the cortex and the medulla are 
positive, including the cortical glomeruli, and the inner and 
outer medulla. The distal and proximal tubules, the collecting 
ducts, macula densa, and vasculature of the kidney parenchyma 
do not express the receptor (7,8,12). 

Male and female reproductive system
In the female reproductive system, transcripts were found in 
the ovary and the uterus. In the ovary, a pronounced expression 
was observed only in the corpus luteum(8,12). The expression 
in the uterus was observed in stromal cells in the endometrium 
while the myometrium is not labelled (7,8,12). By contrast, 
in the male reproductive system, the APLNR expression is 
restricted to the mouse testis. In the rat and human testes, the 
levels were very low to undetectable (7,8,12). 

Lymphatic system
In human, mRNAAPLNR is expressed in the spleen, in compari-
son with rat, where no expression can be observed (7). 
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Musculoskeletal system
APLNR is observed throughout the entire locomotor sys-

tem: in the bones, cartilage, and muscles (4,7,8). 
APLNR is also expressed in the skin and adipose tissue 

of rats (4, 7).

Expression of apelin in human, rat and mouse brain
The apelin ligand has been found expressed in the brain of 

rodents and humans (3,5,7,20,24). Apelin and its precursor 
are quite ubiquitous the brain tissues and can be detected in 
different regions of the CNS, including the cortex, cerebel-
lum, thalamus, hypothalamus, hippocampus, basal ganglia, 
medulla, pons, and spinal cord (3,5,7,13,17,20,24). Many 
thalamic nuclei contain the peptide, including anterodorsal, 
mediodorsal, anteromedial, ventroposterior, ventromedial 
and medial habenular(5), paraventricular nuclei (17). Apelin 
is predominantly detected in different hypothalamic nuclei 
including the medial and lateral preoptic nuclei, paraven-
tricular, periventricular, supraoptic arcuate, ventromedial, and 
dorsomedial nuclei (5,7,17,19,24).  

Cells expressing apelin in the PVN, SO and accessory neu-
rosecretory nuclei (Acc) project their processes towards the 
medial eminence, passing through the infundibulum toward the 
posterior lobe of the hypophysis. Cells located in those regions 
of the hypothalamus are known to be associated with oxytocin 
and vasopressin production. Interestingly neurons that contain 
oxytocin are associated with neurophysin-I and colocalize with 
apelin. This shows that APN is present in oxytocin secreting 
neurons. Apelin presence, but neurophysin-I absence is also 
possible. In the latter case, the neurons are shown to be vaso-
pressinergic. In both cases, APLN is a major constituent of 
both vasopressin and oxytocin-containing neuronal vesicles 
(19). Intravenous or intraperitoneal administration of apelin 
causes an increase in the water intake (5,17).

In the midbrain, the ligand is observed in the interpedun-
cular nucleus, inferior and superior colliculus, periaqueductal 
grey matter, and the nucleus of Darkschewitsch. Expression 
is also present in the anterior pretectal area of the midbrain 
and the pineal body of the diencephalon, two structures that 
are related to circadian rhythms (5). 

In the hippocampus, apelin can be observed in the dentate 
gyrus and CA regions of Ammon’s horn (5). Interestingly, in 
patients with refractory epilepsy and in an epilepsy rat model, a 
significant elevation of apelin is observed in the hippocampus 
and the temporal cortex (16).

In the brainstem, the spinal nucleus of the trigeminal nerve 

and the parabrachial nuclei are positive for apelin. Data indi-
cates that apelin is expressed in some neurons and glial cells 
(10). Evidence from other researchers, however, shows that 
the cells that express apelin in the cortex and the hippocampus 
have phenotypic characteristics of neurons, but not of glial 
cells (16).

EXPRESSION OF APELIN IN HUMANS, RATS,  
AND MICE IN THE PERIPHERAL TISSUES
Respiratory system
In the lungs of rodents and humans, the apelin ligand and 
its precursor protein are detected in very high amounts 
(3,7,10,12,20). IHC staining of the respiratory organs labels 
specifically the ciliated epithelium, the smooth muscles cells, 
the secretory ducts and the acinar cells of the bronchial glands 
(10).

Cardiovascular system
In the heart, apelin is expressed at high levels in the connec-
tive tissue and in the cardiomyocyte’s cytoplasm(3,10,12,20).

Endocrine system
Apelin can be found in both the anterior and the posterior 
pituitary (7,8,12,20). In the adrenal gland, Apelin is present 
in the medulla and all three layers of the adrenal cortex of the 
gland, with highest amounts in the fasciculate zone(10,12,20).  
Presence in the adeno- and neurohypophysis, and the adrenal 
glands suggests that the APLNR/APLN system plays a role in 
the hypothalamic-pituitary-adrenal axis (HPA).

Gastrointestinal system
Apelin can be detected in different parts of the GI tract: the 
stomach, small intestine, and large intestine (5). From the 
glands associated with the gastrointestinal system, the peptide 
is present in the pancreas and the liver (5,20). In humans, the 
liver expression is localised to the hepatocyte’s cytoplasm and 
the histiocytes. In the same species, both the endocrine and 
exocrine pancreas are positive for the peptide (10). 

Urinary system
APLN transcripts are observed in the kidney glomeruli and 
the collecting tubules (5,10).

Skin and Adipose tissue 
In the skin, the IHC study shows high levels of apelin labelling 
in all layers of the epidermis. The staining was not restricted 
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to the epidermis and was present also in the skin glands (10). 
Detectable amounts of mRNAapelin and its precursor are found 
in the white adipose tissue (3,10,20) .

Male/Female Reproductive tissue
In the female reproductive system, high levels of apelin are de-
tected in the mammary gland (3,20). Basal level of expression 
of the peptide is found in mammary glands of non-pregnant 
animals, but interestingly during pregnancy, the ligand levels 
increase with a peak around parturition, and then gradually 
return to basal levels. Apelin is actively secreted from the 
mammary gland and it can be found in the colostrum and 
milk during lactation (3). The protein can be also observed in 
the ovary (3,20). Additionally, in the placenta, the syncytio-
trophoblast and the cytotrophoblast are also positive for apelin 
(10). In the male reproductive system, the ligand is detected 
at moderate levels in the testis (3,5,20).

Lymphatic system/Immune system
Apelin is shown to be capable of modulating the immune sys-
tem response. It suppresses the production of IL-2, IL-4, and 
IFN-gamma (3). Transcripts are seen in the spleen (5) In the 
human spleen, apelin can be observed in both the white and 
the red pulp. High expression is also evident in the thymus’ 
Hassall’s corpuscles and in thymocytes (10). 

Locomotor system
In the human, apelin is detected in the skeletal muscle fibers 
and in the chondrocytes (10). 

Conclusion and future directions 
We have provided a comprehensive review of the expression 
of the APLNR/APLN system across the mammalian organ-
ism. Since APLNR/APLN is expressed in a wide variety of 
tissues and organs, a big number of studies have shown that the 
system participates in the regulation of diverse physiological 
processes. It has been also shown that the apelinergic system 
is involved in the pathophysiology of multiple neurological 
and non-neurological diseases. In the brain and the peripheral 
tissues, apelin exhibits protective effects including inhibi-
tion of caspase-3 and ROS, and attenuation of endoplasmic 
reticulum stress. APLNR is a co-receptor along with CD4 for 
human (HIV) and simian (SIV) immunodeficiency virus entry 
(25). Thus, apelin ligand receptor activation can block the 
entry of the virus in NP-2/CD4 cells (26). Finally, emerging 
evidence for apelin analogues with stronger receptor binding 
affinity and more potent effects improve our understanding 

of the apelinergic system and pave the way for translational 
and clinical trials. 
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