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1. Introduction 
Spexin (SPX) is an endogenous peptide discovered through 
the Hidden Markov Model in 2007 (1). The C12orf39 gene, 
located on chromosome 12 in the human genome, encodes 
preprospexin (2). After preprospexin has undergone through a 
series of protein synthesis processes “mature SPX” is formed, 
which is an effective form for cellular physiological 
processes. The amino acid sequence of the SPX peptide has 
been evolutionarily conserved in all vertebrates and 
invertebrates (1, 3-5). Therefore, it is claimed that SPX is 
essential for survival and may exist in various tissues/organs 
as it carries out many body functions. In fact, SPX 
mRNA/protein commonly presents in the main systems of the 
body, such as cardiovascular, skeletal, digestive, urinary, 
reproductive, endocrine, and central nervous systems. The 
widespread synthesis of SPX has pointed out that it regulates 
many physiological functions in the body. For instance, SPX 
affects food intake (6-10, 25) glucose/fat metabolism (11-15) 
gastrointestinal motility (1, 16), pain perception (5, 17, 18), 
endocrine (10, 12, 19-21), reproductive (7, 10, 20, 22-24) and 
cardiovascular functions (17).  Additionally, the important 
roles of SPX have been revealed in pathological conditions 
such as obesity, anorexia nervosa, diabetes, anxiety, and 
depression (26-31). SPX exerts the above-mentioned effects 
by binding to galanin-2 (GAL2) and galanin-3 (GAL3) 
receptors (5, 14, 16, 32). Studies on SPX have increased 
significantly in recent years. This review discusses the 
molecular structure and roles of SPX in physiological and 
pathological conditions in both mammalian and non-
mammalian species. 

2. Spexin peptide structure 
Spexin gene (called C12orf39 gene) located in chromosome 
12 in the human genome encodes a preprospexin peptide of 
116 amino acid residues (2). The preprospexin peptide 
contains both a hydrophobic signal peptide (SP) and two 
dibasic prohormone cleavage/amidation sites (RR/KR & 
GRR) (Fig. 1) (4). A small amino acid region among dibasic 
cleavage sites forms the 14 amino acids of spexin, also called 
neuropeptide Q (NPQ). C12orf39 gene consists of 6 exons 
and 5 introns in humans. The 1st and 2nd exons have encoded 
the signal peptide while the 3rd and 4th exons encode the 
active peptide (1). The 14 amino acids sequence of SPX is 
highly conserved with only minor changes in humans and 
other species. In cats, dogs, and pandas, for example, serine 
amino acid is replaced with alanine in the 6th position (Fig. 2).  

 
Fig. 1. Organization of SPX1 (SPX) coding sequence in tetrapods 
and fish models, SP: signal peptide; N: asparagine; W: tryptophan; 
T: threonine; P: proline; Q: glutamine; A: alanine; M: methionine; L: 
leucine; Y: valine; K: lysine; G: glycine; SP: signal peptide; RR/KR 
and GRR: cleavage sites. Figure is taken from Ma et al. (4). 
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Wong et al. introduced the three-dimensional structure of 
SPX in goldfish for the first time. In amino acids sequence of 
SPX, while the first 4 amino acids (Asn1-Pro4) form a 
structure at the amino terminus (N-terminal), from the 5th to 
14th amino acids (Gln5-Gln14) constitute an α-helix structure 
that extends to the carboxyl group [C-termius (COOH)].  This 
study also revealed that the Lys11 position of the SPX 
sequence is hydrophobic, and this region plays a key role in 
the activation of its receptor (6).  

In 2014, Kim et al. firstly investigated the evolutionary 
mechanisms of SPX, and they revealed that SPX is 
phylogenetically a member of the GAL/KISS peptide family, 
but SPX is closer to the GAL family than the KISS family. 
Moreover, they discovered another form of SPX, called SPX2 
(33). Accordingly, the first discovered SPX is now termed 
SPX1. Unlike SPX1, SPX2 is not found in mammals, but has 
been detected in many species such as chickens, fish, birds 
and frogs (Fig. 3). SPX2 is encoded by a different gene and 
differs from SPX1 in terms of the prohormone 
cleavage/amidation sites, amino acid sequence, and species in 
which it is located (Figs. 2 and 3). Nonetheless, the amino 
acid sequences of SPX1/2 are highly conserved, suggesting 
that SPX has performed essential functions for survival (4, 
33). 

 
Fig. 2. The amino acid sequence of SPX in various species. The 
figure modified from Lv et al. (32). 
 

 
Fig. 3. Comparison of the protein sequence of SPX and GAL in 
diverse species. The prohormone cleavage/amidation sites is in the 
red box and the amino acid replacementis is in the red box. Figure 
taken from Reference 38. 

3. Receptor of spexins 
Molecular studies have shown that SPX peptide is somewhat 
similar to GAL peptide. The amino acids at positions 2, 3, 9, 
10, and 12 (Trp2, Thr3, Tyr9, Leu10, Gln12) in the amino 
acid sequence of SPX1 are the same as at the corresponding 
position in the GAL (Fig. 3). Because amino acids at 
positions 2, 3 and 9 in the GAL sequence (corresponding to 
amino acid Trp2, Thr3, Tyr9) are the main criteria for binding 
to and activation of GAL receptors it has been suggested that 
SPX can also bind and activate galanin receptors (33). Three 
types of GAL receptors have been identified in mammals: 
GAL1 (1a and 1b), GAL2 (2a and 2b), and GAL3 receptors. 
GAL receptors are G-protein coupled; Gq/11 coupled 
receptors activate the intracellular signaling pathway by 
activating the phospholipase C/protein kinase C pathway. On 
the other hand, Gi/o coupled receptors show inhibitory effects 
on target cells by suppressing the adenylate cyclase/protein 
kinase A pathway (34). While GAL1 and GAL3 receptors 
have generally mediated inhibitory effects through Gi/o 
protein coupled receptors; activation of GAL2 receptors 
causes both inhibitory effects through Gi/o and excitatory 
effects via Gq/11. The ligand-receptor interaction study 
demonstrated that the SPX (SPX1 and SPX2) can activate 
GAL2 and GAL3 receptors but not GAL1 receptors (33, 35, 
36, 37). It is concluded that SPX is the endogenous ligand for 
GAL2 and GAL3 receptors, and this conclusion is also 
consistent with the knowledge that SPX is from the 
galanin/kisspeptin gene family. 

4. Distribution of spexin in tissues/organs 
After discovering SPX, a comprehensive analysis of its 
localization in various species (such as the rat, mouse, human, 
and fish) has been carried out. While SPX1 was found in both 
mammalian and non-mammalian vertebrates, SPX2 was only 
described in non-mammalian vertebrates. 

4.1. Distribution in mammalian vertebrates 
SPX was first discovered in the submucosal layer of the rat 
esophagus and stomach (1). Sonmez et al. have shown that 
SPX is found in neurons secreting the CRH in mesopontine 
tegmentum including neurons secreting tyrosine hydroxylase 
and tryptophan hydroxylase in PAG and the Barrington 
nucleus in rats (3). Additionally, it was demonstrated in the 
locus cerelous and laterodorsal tegmental nucleus. Studies 
using immunohistochemical staining methods revealed that 
SPX is present in ependymal cells of the choroid plexus, 
superior cervical neurons, trigeminal ganglia, retinal 
photoreceptors, cerebellar purkinje cells, paraventricular and 
supraoptic nuclei in the hypothalamus (39). Moreover, SPX 
immunoreactivity was found in rat skin (epidermis and 
adipocyte), gastrointestinal system (esophagus, stomach, 
small/large intestine, liver, exocrine part of pancreas), 
endocrine tissues (adrenal cortex and medulla, thyroid and 
parathyroid glands, endocrine part of pancreas), the 
respiratory system (alveolar epithelium and bronchi), muscle 
tissue (heart, skeleton and smooth muscle), the genital system 
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(ovary and testis) and the placenta in rat, fish, human (19, 39-
42). Besides, it has been demonstrated in trophoblastic cells 
of the human placenta (2) and type I glomic cells in carotid 
body (43). 

4.2. Distribution in non-mammalian vertebrates 
Both SPX1 and SPX2 have been shown in many living non-
mammalian genomes such as chicken, lizard, frog, and fish. 
However, there are very few studies on the distribution and 
functions of SPX2 (33, 44). Tian et al. (2020) have 
demonstrated that spexin mRNA is widely expressed in the 
gastrointestinal tract, liver, and hypothalamus in Siberian 
sturgeon (Acipenser baeri) which is a type of experimental 
fish (40). Also, it was indicated that SPX1 is found in the 
hypothalamus, telencephalon, optic tectum, pituitary gland, 
cerebellum, brainstem, ventromedial thalamic nuclei and 
medial longitudinal fasciculi in goldfish. In a study conducted 
on zebrafish through the in-situ hybridization method, the 
localization of SPX1 and SPX2 in the brain was determined 
in detail (44). According to this study, while SPX1 positive 
neurons are highly found in the middle and hindbrain, SPX2 
has been found densely in the preoptic area of hypothalamus. 
SPX1-positive neurons in the hindbrain project to the spinal 
cord and these neurons are GABAergic inhibitory neurons, 
and it has also been demonstrated that these neurons connect 
with neurons in the spinal cord where GAL2b receptors are 
located. Additionally, SPX1 neurons have been detected in 
the dorsal habenula in which GAL2a and GAL2b receptors 
are located, and these neurons have projected to the 
interpeduncular nucleus from the dorsal habenula (44). 

5. Effects of spexin 
The widespread distribution of SPX in both central/peripheral 
tissues in many living species suggests that it plays a very 
important role in many physiological and pathological 
functions. In studies conducted consistent with the 
suggestion, SPX has been found to be involved in the 
physiology/pathophysiology of reproductive, gastrointestinal, 
cardiovascular and endocrine systems including especially in 
food intake and, energy metabolism (carbohydrate/fat). 
Below, these effects are comprehensively discussed under the 
main topic. 

5.1. Food intake 
Studies have shown that SPX suppresses food intake and 
nutritional behaviors (6, 7, 8, 9, 10, 25).  As it is known, the 
level of circulating insulin increases following food intake. A 
study revealed that increased insulin following food intake 
mediates rises of SPX expression in both brain and the liver 
of fish (45). Therefore, it is thought that there is a link 
between food intake and SPX expression through insulin. 
Furthermore, in studies conducted in fish, it was observed that 
SPX expression increases in telencephelon, hypothalamus, 
and optic tectum after food intake (6, 8). However, there are 
also studies claiming the opposite of these findings (7, 9, 10).  

Ma et al. (2017) highlighted the mechanism of SPX's 

inhibitory effect on food intake in their study on fish. 
Following food intake, the level of glucose in circulation rises 
and glucose increases insulin secretion in the liver 
(concurrently in the pancreas); then, insulin causes SPX 
upregulation at the hepatic level through insulin receptors 
(small amounts of IGF1R), which is coupled to MKK3/6/P38 
MAPK and PI3K/Akt pathway, acting in an autocrine and 
paracrine manner. With the hepatic exit of SPX, SPX levels in 
the blood increase and the peripheral SPX reaches the central 
nervous system by passing through the blood-brain barrier. 
Meanwhile, insulin released by the liver (together with  
secretion from the pancreas) can increase insulin level in 
circulation and has a central effect of  upregulating SPX in 
brain areas involved in control of food intake via InsR.  Later, 
the combined effect of both central expression and peripheral 
secretion of SPX can regulate the central orexigenic and 
anorexigenic signals pathway. Eventually, SPX suppresses 
food intake either by suppressing orexigenic factors 
[neuropeptide Y (NPY), agouti-Related Peptide (AgRP), and 
apelin] or by increasing anorexigenic factors 
[proopiomelanocortin (POMC), cocaine-and amphetamine-
regulated transcript (CART), melanin-concentrating hormone 
(MCH), kholecystokinin (CCK), nucleobindin-2 (NUCB-2), 
and peptide YY (PYY)] in the nuclei in the hypothalamus 
(Fig. 4) (4, 6, 8). Besides, in a recent study in mice, it was 
revealed that spexin suppresses food intake via GAL3 
receptors (40). 

 
Fig. 4. Functional role of SPX on food intake in fish models (e.g., 
goldfish, ya fish, grouper, and zebrafish) (refer to the text for 
details). SPX: Spexin; POMC: Proopiomelanocortin; CART: 
cocaine-and amphetamine-regulated transcript; MCH: Melanin-
concentrating hormone; CCK: Cholecystokinin; NUCB-2: 
Nucleobindin-2; PYY: Peptide YY; AgRP: Agouti-Related Peptide; 
NPY: Neuropeptide Y. Figure is rearranged from Ma et a.l (4). 

5.2. Energy metabolism 
SPX plays an important role in lipid metabolism associated 
with body weight control. It is well known that the long-chain 
fatty acid uptake and storage into adipocytes are significant 
factors in the control of body weight (46). Waleswski et al. 
(2014) found that SPX treatment decreases the uptake of 
long-chain fatty acids into adipocytes in mice (47). Similary, 
SPX inhibits the uptake of fatty acids into hepatocytes, 
resulting in a reduction in hepatic lipid content (48). 
Kolodziejski et al. demonstrated that SPX decreases 
adipogenesis and lipogenesis but increases lipolysis in murine 
and human (49). In the same study, they also found that it 
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suppresses glucose uptake into visceral adipose tissue. 
Additionally, it has been shown that SPX leads to lipid 
oxidation and increases locomotor activity (47). Moreover, 
SPX levels were also compared in obese and non-obese adults 
with clinical human studies. It has been shown that the 
C12orf39 gene was 14.9-fold lower in omental and 
subcutaneous adipose tissue of obese individuals compared to 
individuals with normal body weight (47). Also, circulating 
SPX levels and SPX expression in adipocytes are low in 
obese patients (50). As it is known, obese patients have high 
leptin levels. A negative correlation was revealed between 
leptin and SPX levels in obese individuals (13, 51). These two 
peptides may have an antagonist role in the regulation of body 
weight, hunger/satiety, and energy metabolism.  Additionally, 
Kumar et al. (2018) showed that circulating SPX levels 
dropped after Roux-en-Y gastric bypass surgery in youth with 
severe obesity, and the low SPX levels negatively correlated 
with insulin resistance (HOMA-IR) and body mass index 
(52). Therefore, it is suggested that SPX can be a biomarker 
especially in adult and childhood obesity (47, 50). SPX can 
also be an important marker in diseases associated with 
energy metabolism. It has been reported that SPX may 
potentially have beneficial effects in various metabolic 
diseases. Bitarafan et al. found that SPX decreases hepatic 
lipids, serum alanine aminotransferase (ALT) and aspartate 
aminotransferase in mice with hepatic steatosis/nonalcoholic 
fatty liver disease (HS/NAFLD), which are markers of 
HS/NAFLD (53). Another clinical study results showed that 
serum SPX levels were significantly lower in the metabolic 
syndrome (MetS) group than the healthy individuals in 
women (54). 

5.3. Reproduction 
Spexin has been shown to inhibit the reproductive axis in 
different fish species in vitro and in vivo (20). Liu et al. 
(2013) firstly demonstrated that intraperitoneal injection of 
SPX suppresses LH release in goldfish. Also, it was found 
that the expression of SPX is lower during the breeding 
season than during non-breeding seasons (20) and in the 
breeding season; SPX injection has not affected LH 
expression in pituitary in the orange spotted grouper (7). In 
this study, it was also shown that expression of spexin in the 
hypothalamic nuclei is modulated by gonadal hormones such 
as estrogens (10, 20). For example, estrogen treatment causes 
downregulation of SPX expression (20). Additionally, while 
SPX injection induces expression of gonadotropin-inhibitory 
hormone (GnIH) and gonadotropin-releasing hormone-3 
(GnRH3) (9). SPX suppresses the growth hormone expression 
in orange-spotted grouper and half-smooth tongue sole (7, 9). 
However, in a study with grouper fishes, SPX treatment does 
not affect mRNA expression of LH and FSH in the pituitary 
(7). Contrary to this data, there are studies showing that SPX 
can inhibit LH and FSH secretion (9, 20, 22). In another 
study, the effect of SPX on gamete maturation and puberty 
onset was investigated, and it was reported that SPX knockout 

zebrafish has fertility without abnormality in the timing of 
pubertal onset or gamete maturation in the testes and ovary 
(55). This data demonstrates that SPX is not essential for fish 
reproduction. Finally, it has recently been revealed that there 
was no in vivo evidence of the role of SPX in modulation of 
the ovine gonadotropic axis. These data show that the effect 
of SPX on the reproductive axis may be type-specific, and 
further investigations are needed to find out whether it is 
effective in various types of reproduction. 

5.4. Nociception 
Early immunohistochemical investigations indicated that 
spexin mRNA/protein is found in the brainstem, 
periaqueductal gray, brain cortex, and trigeminal ganglia, 
which is well known to be associated with nociceptive 
processes (3, 39). So, it has been thought SPX can play a role 
in nociceptive pain transmission/modulation. Indeed, 
intracerebroventricular injection of SPX caused 
antinociception in mice tail withdrawal test (17). Also, Pirzeh 
et al. (2014) show that pain sensitivity was decreased in the 
formalin test in female rats administrated SPX into 
intrahippocampal CA3 region (56). Similarly, hippocampal 
CA3 injection of SPX caused a reduction in pain sensitivity in 
the same pain test in ovariectomized rats. Furthermore, co-
injection of SPX and progesterone caused a higher 
antinociceptive effect than progesterone administered alone 
(18). In another study to elucidate its possible mechanism in 
SPX antinociception, Lv et al. (2019) found that central 
spexin showed an antinociceptive effect in both tonic pain 
(formalin test) and visceral pain tests (writhing test) at 
supraspinal level. Additionally, findings of molecular analysis 
indicated that after central SPX is injected in mice formalin 
pain test, GAL3 receptors are activated and then GAL3 
receptors cause to up-regulate dynorphin and k-opioid 
receptor gene/protein. As for the writhing test, SPX 
administrated in the lateral ventricle stimulates GAL2 
receptors and then activates POMC/mu-opioid receptor 
gene/protein (5). All results have shown the antinociceptive 
effect of the central SPX, but the effect of spexin is still 
unclear at the peripheral level. 

5.5. Digestive system 
Mirabeau et al. (2007) firstly showed that SPX mRNA is 
located in the submucosal layer of the esophagus and the 
stomach fundus in mice by using in situ hybridization (1). 
Additionally, they demonstrated SPX induces contraction in 
rat stomach fundus smooth muscle in a dose-dependent 
manner in vitro, providing evidence of the first known 
physiological effect for SPX (1). According to another in 
vitro study, spexin also stimulates intestinal and colonic 
contraction via GAL-2 receptors in mice. Besides, 
intraperitoneal injection of SPX enhances all of the bowel 
transit via GAL2 receptor by activating L-type voltage-gated 
calcium channels in fed mice, but not GAL3 receptors (16). 
Nevertheless, it is not known whether centrally administered 
SPX has an effect on gastrointestinal motility and therefore, 
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further studies are needed to show the effect of spexin on 
intestine motility mediated by central nervous system. The 
effect of SPX on bile acid synthesis has also been 
investigated. It was found that both acute and chronic 
peripheral SPX treatment reduce the levels of total bile acid in 
circulating and liver, and also decrease hepatic cholesterol 7α-
hydroxylase 1 (CYP7A1) mRNA level through GAL2 and 
GAL3 receptors (14). Furthermore, it was revealed that SPX 
plasma levels are reduced in patients with constipation. 
Finally, the mRNA levels of SPX were reported to be reduced 
in rat jejunum and ileum after hunger stress in rat (16). 

5.6. Stress 
The presence of SPX was shown in the Barrington nuclei by 
using in-situ hybridization, indicating that it can play a role in 
stress response. In fact, Sonmez et al. (2009) showed that 
SPX collocates with CRF (corticotropin-releasing factor) in 
the Barrington nuclei (3). Moreover, Zhuang et al. (2020) 
showed in their detailed study in rats exposed to chronic 
stress that SPX mRNA level was decreased, while CRF 
mRNA level was raised in hippocampus (57). Additionally, it 
was indicated that hippocampal CRF administration reduces 
expression of SPX mRNA in hippocampus, hypothalamus, 
pituitary in mice, and this inhibitory effect is mediated by the 
CRF receptors. 

5.7. Endocrine effects 
SPX has been demonstrated in many endocrine tissues, 
including the hypothalamus, thyroid, adrenal gland, testicles, 
ovaries, pancreas, and adipose tissue. Rucinski et al. (2010) 
found that incubation with SPX enhanced aldosterone 
secretion in zona glomerulosa cells and induced 
corticosterone secretion in adrenocortical cells in rat in vitro 
(19) showing that SPX plays a role in the control of 
adrenocortical endocrine functions. Additionally, SPX has an 
inhibitory effect on LH hormone release (20). It was revealed 
that administration with 17β-estradiol reduced expression of 
the SPX in the hypothalamic nuclei of spotted scat (10). 
While intraperitoneal treatment with SPX increases GniH, 
GNrH expression in the hypothalamus, it suppresses GH, 
FSH expression. These findings suggest that SPX has an 
endocrine effect on reproduction; however, all studies have 
been conducted on fish models (9). Furthermore, treatment 
with spexin indicated increases in the viability and 
proliferation of pancreatic islets cells in vitro (12). Spexin 
decreases insulin gene expression as well as insulin promoter 
factor 1, a transcription factor, but not expression of insulin 
receptor. The same study revealed that SPX reduces glucose-
stimulated insulin secretion in isolated pancreatic islets (12). 
In another study in obese rats, it was shown that while SPX 
treatment decreases levels of serum ghrelin, leptin, 
corticosteron, it increases serum T3 and glucagon levels (21). 
These studies suggest that SPX may be an endocrine factor. 

5.8. Other effects 
It has been suggested SPX has cardiovascular and renal roles. 
In rats, the central injections of SPX lead to an enhancement 

in mean blood pressure and a reduction in renal excretion and 
heart rate (17).  However, whereas peripherally administered 
SPX causes a sharp pressor and bradycardia, SPX does not 
alter renal urine output rate.  The reason for the opposite 
result may be that peripherally administered SPX is rapidly 
metabolized. Additionally, Porzionato et al. (2012) found that 
there was SPX expression in both human and rat carotid 
body, and SPX mRNA levels were increased by hypoxia 
exposure for 2 weeks in neonatal rats, suggesting that SPX 
expression in the carotid body may be related to sensing 
O2/CO2 levels (43). Moreover, it was shown that SPX 
improves mitochondrial dysfunction and the imbalance in 
energy homeostasis of cardiomyocytes due to exposure to 
hypoxia (58). 

In conclusion, SPX is a 14-amino-acid endogenous 
peptide that is well-conserved. To date, SPX1 and SPX2 are 
the two forms of SPX discovered. SPX1 was identified in 
both mammalian and non-mammalian cells, but SPX2 was 
exclusively discovered in non-mammalian cells. Studies have 
shown that SPX performs its functions through GAL2 and 
GAL3 receptors. The biological function of SPX includes 
feeding behavior, reproduction, nociception, glucose/lipid 
metabolism, gastrointestinal motility, and stress. Also, SPX 
plays a role in pathological processes such as obesity, 
anorexia nervosa, diabetes, anxiety, and depression. 
Therefore, its possible potential role in therapeutic targets will 
be beneficial for the development of new technology for the 
cure of various disorders. Furthermore, the functional 
relevance of SPX2, which is found in non-mammalian 
vertebrates, should be investigated further. 
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