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A B S T R A C T

Spexin (SPX), a novel peptide coevolved with the galanin/kisspeptin family, was first identified by bioinfor-
matics prior to its protein purification/functional studies. Its mature peptide is highly conserved among differ-
ent vertebrate classes. Based on the studies in mammals and fish models, SPX was found to be widely distrib-
uted at tissue level, secreted into systemic circulation, identified at notable levels in central nervous system
and peripheral tissues, and has been confirmed/implicated in multiple functions in different tissues/organs,
suggesting that SPX may serve as a neuroendocrine signal with pleotropic functions. In this article, different
isoforms of SPX and their binding with their cognate receptors GalR2 and GalR3, the biological functions
of SPX reported in mammals including GI tract movement, energy balance and weight loss, fatty acid up-
take, glucose homeostasis, nociception and cardiovascular/renal functions, as well as the recent findings in
fish models regarding the role of SPX in reproduction and feeding control will be reviewed with interesting
questions for future investigations.

© 2017.

1. . Introduction

Spexin (SPX), also referred to as neuropeptide Q, is a polypeptide
encoded by the C12orf29 gene located in chromosome 12 of the hu-
man genome (Wan et al., 2010). It was first identified in 2007 by data
mining of human proteome with hidden Markov method (Mirabeau
et al., 2007) and the finding was later confirmed by another group
using evolutionary probabilistic models based on the genome data-
base reported in different vertebrates (Sonmez et al., 2009). It is one
of the recent examples for identification of novel peptides by bioin-
formatics prior to their protein purification/functional studies. Using
sequence analysis and comparative synteny, SPX has been recently
proposed to be coevolved with galanin (Gal) and kisspeptin (Kiss)
and classified as a member of the Gal/Kiss peptide family (Kim et
al., 2014). Based on the studies in fish (e.g., goldfish) and mammals
(e.g., rodents & human), SPX are known to be widely expressed in
different tissues/organs, including the brain, heart, lung, liver, thy-
roid, adrenal, muscle, body fat, ovary, testis, pancreas, stomach and
different parts of the GI tract (Mirabeau et al., 2007; Porzionato et
al., 2010; Wong et al., 2013). In representative species, e.g., hu-
man (Walewski et al., 2014) and goldfish (Ma et al., 2017),
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SPX immunoreactivity can be detected in systemic circulation and
modified by physiological status (e.g., obesity) or hormonal signals
(e.g., insulin). Meanwhile, notable levels of SPX, both transcript and
protein signals, can also be located in different brain areas as well as
in neurons/cell bodies within the hypothalamus and other brain nuclei,
e.g., in the rat (Porzionato et al., 2010) and goldfish (Liu et al., 2013).
Consistent with its wide range of tissue distribution, increasing func-
tions of SPX start to emerge in recent years together with the new in-
formation for SPX isoforms and their receptors, suggesting that the
newly discovered peptide may serve as a neuroendocrine signal with
pleotropic functions. In this article, the structural aspects of SPX and
its binding to different SPX receptors, the biological functions of SPX
reported in mammals related to smooth muscle contraction in GI tract,
energy balance and weight loss, fatty acid uptake, glucose homeosta-
sis, nociception and cardiovascular/renal functions, as well as the re-
cent findings in fish models regarding the role of SPX in reproduction
and appetite control will be reviewed with stress on the unexplored ar-
eas still await for future investigations.

2. . Spexin and its binding with GalR2 and GalR3

The structural organization of the coding sequence of SPX is well
conserved from fish to mammals with a hydrophobic signal peptide
followed by a linker region and the 14 a.a. mature peptide of SPX
flanked by RR/KR and GRR dibasic cleavage sites (Liu et al., 2013;
Mirabeau et al., 2007; Sonmez et al., 2009; Wong et al., 2013) (Fig.
1A). Based on the expression study of SPX in pancreatic βTC3 cells,
protein signals of SPX could be located in the secretory vesicles with
insulin as well as in the culture medium, suggesting that SPX can be

https://doi.org/10.1016/j.ygcen.2018.01.015
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Fig. 1. Protein sequences of SPX reported in vertebrate species. (A) Structural organi-
zation of the protein coding sequence of SPX1 reported in tetrapods and fish models.
The coding sequence of SPX1 is composed of a signal peptide (SP) followed by a linker
region, SPX1 mature peptide flanked by dibasic protein cleavage sites (RR/KR & GRR)
and a C-terminal tail region. The consensus sequence of tetrapod and fish SPX1 mature
peptide has only one a.a. substitution at position 13. The structural organization of the
protein coding sequence of SPX2 (e.g., in zebrafish) is highly comparable with that of
SPX1. Alignment of (B) SPX1 and (C) SPX2 mature peptide and its flanking monobasic/
dibasic cleavage sites reported in different species. The sequence alignment was con-
ducted using Clustal-W algorithm with residues labelled in red for a.a. substitution(s)
found in the consensus sequence of SPX1/SPX2 mature peptide and in blue for the flank-
ing monobasic/dibasic cleavage sites. (Figures modified from Wong et al., 2013; Kim et
al., 2014.) (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)

processed properly and released by exocytosis at the cellular level
(Mirabeau et al., 2007). In mammals, except for panda, dog and cat
with a Ala6 to Ser6 substitution, the a.a. sequence of SPX mature pep

tide is identical among different species with the consensus sequence
of NWTPQAMLYLKGAQ (Fig. 1B). The same sequence can also
be found in representative species of bird, reptile and amphibian as
well as in coelacanth, suggesting that the mature peptide of SPX is
well preserved during the evolution of tetrapod lineage. In ray-finned
fishes, a Ala13 to Thr13 substitution is observed in SPX mature peptide
and the consensus sequence NWTP QAMLYLKGTQ can be found in
all the species examined to date (referred to as “fish SPX”). As re-
vealed by NMR spectroscopies, the solution structure of fish SPX is
composed of an N-terminal random coil from Asn1 to Pro4 followed
by an extended α helix from Gln5 to Gln14 in the C-terminal and the
molecular surface of fish SPX is largely hydrophobic with Lys11 as
the only charged residue, which is believed to play a key role in re-
ceptor binding/activation. At present, the solution structure of mam-
malian SPX is not available but knowledge-based modelling has pre-
dicted that the mammalian SPX with a Thr13 to Ala13 substitution also
exists in the form of a helical peptide highly comparable if not identi-
cal to the 3D structure of fish SPX (Lin et al., 2015).

Based on recent data mining and comparative synteny, a second
form of SPX, namely SPX2, has been identified in species ranging
from fish to bird but not in mammals (the first form of SPX reported
previously is now renamed as “SPX1”) (Kim et al., 2014). In respec-
tive species, SPX2 is encoded by a separate gene and the structural or-
ganization of its coding sequence is comparable to SPX1, except that
its mature peptide is flanked by R and GRR/GKR cutting sites, and
depending on the species, up to 4 a.a. substitutions could be found
among position 1, 3, 6, 7, 13 and 14 compared to the corresponding
sequence of SPX1 (Fig. 1C). Despite the sequence variations found in
the signal peptide, linker region and C-terminal tail, the mature pep-
tides of the two SPX are highly conserved, suggesting that SPX has
been evolved under strong selection pressure and may be involved
in important functions essential for survival. Since GRR/GKR is the
target site for peptidylglycine α-amidating monooxygenase (Merkler,
1994) and the motif is well-conserved in the two forms of SPX, the
C-terminal of SPX mature peptide is believed to be α-amidated and
the modification may have an effect on its peptide stability/receptor
binding.

Recently, type II (GalR2) and type III Gal receptors (GalR3) have
been confirmed to be the cognate receptors for SPX (Kim et al., 2014),
which is consistent with the idea that SPX is a member of the Gal/
Kiss peptide family. Apparently, SPX1 from mammals and SPX1 and
SPX2 from Xenopus and zebrafish could not exhibit binding affin-
ity nor the ability to activate type I Gal receptor (GalR1). In the
same study, human GalR2 was shown to be promiscuous for SPX1/

2 and Gal binding/activation with a higher affinity for Gal but hu-
man GalR3 was found to be more selective for SPX1 and SPX2 and
the preference for SPX over Gal was also observed in GalR3 from
Xenopus (Kim et al., 2014). Of note, two forms of GalR2, GalR2a
and GalR2b, could be identified in lower vertebrates including fish
and amphibians (Fig. 2), which might be the result of whole genome
duplication occurred during the early phase of vertebrate evolution
(Yant and Bomblies, 2015). However, the corresponding sequence for
GalR3 was not found in the genome databases of fish models. As
revealed by functional expression in cell line (e.g., HEK293 cells),
GalR2a from Xenopus and zebrafish could still retain the promis-
cuity/preference for Gal binding but the corresponding receptors for
GalR2b were found to be highly selective for SPX1 and SPX2, de-
spite a cross-activity with Gal at high doses (Kim et al., 2014). These
findings, as a whole, raise the possibility that the GalR2b in lower
vertebrates may be the functional equivalence of GalR3, which was
evolved prior to the appearance of GalR3 in mammalian lineage. Al-
though GalR2a and GalR2b can also be found in avian species (e.g.,
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Fig. 2. Phylogenetic analysis of different isoforms of galanin receptors (GalR) identi-
fied in different vertebrate species. The open reading frame of individual isoforms of
GalR, including GalR1, GalR2 and GalR3, was subjected to phylogenetic analysis using
neighbour-joining method with MEGA 5.1. The numbers presented at the branch points
of the dentrogram are percentage scores based on 1000 bootstraps. The nucleotide se-
quences of GalR1, GalR2 and GalR3 reported in different species were downloaded
from the GenBank.

chicken), their binding properties for SPX1/2 and Gal have not been
characterized.

3. . Emerging functions of spexin in mammals and fish models

Given that (i) SPX2 has not been identified in mammals and (ii)
other than the limited studies on GalR2/3 receptor binding/activation,
no information is available regarding the physiological role or biolog-
ical actions of SPX2, our subsequent discussion on the emerging func-
tions of SPX will only focus on SPX1 reported in mammals and fish
models (Fig. 3).

4. . Biological functions of spexin in mammals

Regarding the emerging functions of SPX, its effects on energy
balance and glucose homeostasis for sure are the exciting develop-
ment in the field. In 2010, a microarray study with the objective
to identify the “dysregulated genes” in adipose tissue in obese sub-
jects revealed that C12orf29 coding for SPX was the most down-reg-
ulated gene (>14-fold decrease) in both omental and subcutaneous
fat (Walewski et al., 2010). In subsequent studies, SPX expression
in adipose tissue as well as circulating level of SPX was found to
be much reduced in individual with obesity (Kumar et al., 2016;

Walewski et al., 2014). Furthermore, based on the serum data obtained
from obese versus non-obese subjects, a negative correlation was ob-
served between circulating levels of SPX and leptin (Kolodziejskii et
al., 2017) and a low level of serum SPX has been proposed to be
a biomarker for both childhood (Kumar et al., 2016) and adult obe-
sity (Walewski et al., 2014). Recently, a similar study with circulating
level of C-reactive protein also reveals a positive correlation of “low
SPX with high leptin” in serum with a higher hs-CRP index in obese
adolescents, suggesting that the SPX signal may be linked with the
risk factor for cardiovascular disease (Kumar et al., 2017). In mouse
model with dietary-induced obesity, SPX treatment can consistently
reduce body weight (Ge et al., 2016; Walewski et al., 2014), proba-
bly by inhibiting caloric intake together with increasing locomotion
and lipid oxidation during the dark phase (Walewski et al., 2014). In
the same animal model, in vivo treatment or in vitro incubation of iso-
lated adipocytes with SPX can also inhibit fatty acid uptake into white
adipose tissue (Walewski et al., 2014) and similar phenomenon has
been recently reported in the liver, which can lead to a drop in he-
patic lipid content by reducing fatty acid uptake into hepatocytes (Ge
et al., 2016). These findings, as a whole, indicate that SPX may serve
as an adipokine with function on energy balance/metabolism and with
potential application for obesity treatment (e.g., for weight control &
fatty liver).

Given that obesity is associated with a strong prevalence of dia-
betes (Agha and Agha, 2017), which is known to have a strong impact
on public health, the role of SPX in glucose homeostasis is also a ma-
jor subject for perusal regarding the novel function of SPX. In human,
pancreatic islets are known to have SPX expression, both at the tran-
script and protein level (Gu et al., 2015). In pancreatic islet cells (e.g.,
βTC3 cell line), SPX immunoreactivity has been shown to be co-lo-
calized with insulin in secretory vesicles (Mirabeau et al., 2007), im-
plying that SPX can be released together with insulin. In patients with
type 2 diabetes, serum level of SPX has been reported to be attenu-
ated (by ∼44%) with a negative correlation to the circulating levels
of blood glucose, haemoglobin A1C (HbAlc), triglyceride and LDL/
cholesterol, suggesting that SPX may play a role in glucose and lipid
metabolism (Gu et al., 2015). A recent study with obese female also
reveals that serum SPX can exhibit a similar negative correlation with
circulating levels of insulin and glucagon, which raises the possibility
that SPX may be involved in glucose regulation and insulin resistance
(Kolodziejskii et al., 2017). This idea is also consistent with the find-
ings in obese mouse with type 2 diabetes, in which SPX treatment not
only can reduce body weight but also improve glucose tolerance with
reduction of insulin resistance and HbAlc level (Ge et al., 2016). How-
ever, a similar correlation of serum SPX with diabetes or with circu-
lating parameters for insulin sensitivity/blood lipids cannot be demon-
strated in young adolescent with type 2 diabetes (Hodges et al., 2017)
and further investigations are clearly warranted to establish the role
of SPX as a metabolic regulator or a biomarker for glucose control in
mammals.

In rodents (e.g., rat), SPX signals, both at transcript and protein
levels, have been demonstrated in the stomach as well as in differ-
ent regions of the intestine (Mirabeau et al., 2007; Porzionato et al.,
2010). In rat stomach, SPX is expressed in the submucosal layer with
smooth muscle and stomach contraction can be induced by SPX in
vitro in a stomach explant culture (Mirabeau et al., 2007). A recent
study in the mouse also reveals that IP injection of SPX is effective in
stimulating gut motility in small intestine and colon and these stimu-
latory effects are mediated via GalR2 activation of L-type Ca2+ chan-
nels expressed in the smooth muscle layer (Lin et al., 2015). In the
same study, emptying the gut content by food deprivation can also
reduce SPX gene expression in small intestine and colon. In human,



UN
CO

RR
EC

TE
D

PR
OO

F

4 General and Comparative Endocrinology xxx (2018) xxx-xxx

Fig. 3. Biological functions confirmed or implicated for SPX by in vivo/in vitro studies in animal models or by correlation analysis in human subjects with/without pathophysiological
conditions, including obesity, diabetes and/or functional constipation (refer to the text for details).

SPX signals have been reported in the GI tract with notable levels of
SPX immunoreactivity detected in the mucosal layer of the stomach,
small intestine and colon (Gu et al., 2015) and a drop in plasma SPX
is commonly observed in patient with functional constipation (Lin et
al., 2015). These findings, taken together, suggest that SPX produced
within the GI tract may play a role in the control of gut movement/
stomach contraction after food intake and may have therapeutic value
for GI diseases with motility disorders.

In mammals, Gal is well-documented to have antinociceptive ac-
tion (Xu et al., 2010) and the effect can be exerted via its local ex-
pression in the spinal cord (Xu et al., 2012) or in brain areas includ-
ing the hypothalamus (Amorim et al., 2015), arcuate nucleus (Gu et
al., 2007), nucleus accumbens (Duan et al., 2015) and central nu-
cleus of amygdala (Jin et al., 2010). Using a pharmacological ap-
proach, the central actions of Gal for nociception have been con-
firmed to be mediated via GalR1 (Fu et al., 2011) and GalR2 acti-
vation (Zhang et al., 2017, 2015). In the rat, similar to Gal, SPX is
widely expressed in different brain areas (Porzionato et al., 2010) and
ICV injection of SPX has been shown to trigger antinociceptive ac-
tivity as revealed by a warm water tail withdrawal assay (Toll et al.,
2012). Given that the effect of SPX is not sensitive to the blockade
by opioid antagonists (e.g., naloxone), the opioidergic system within
the brain is not likely to be involved in SPX-induced analgesia (Toll
et al., 2012). Using formalin injection into the hind paw of female
rat followed by scoring of different levels of pain sensitivity, the an-
tinociceptic effect of SPX has been confirmed by bilateral injection
of SPX into CA3 area of the hippocampus (Pizeh and Taherianfard,
2014). In a recent study using a similar approach, SPX-induced anal-
gesia in ovariectomized rat could be notably enhanced with co-treat-
ment with progesterone, suggesting that sex steroid and SPX can
act in a synergistic manner in modulating pain sensitivity via cen

tral action (Moazen et al., 2017). Although the antinociceptive action
of SPX has been confirmed in animal model (e.g., rat), the recep-
tor specificity for SPX as well as its functional interaction with Gal
in pain detection is still unknown. Of note, differential expression of
SPX in different brain areas, with up-regulation in the hippocampus
and striatum but down-regulation in the hypothalamus, has been re-
ported in the rat with long-term treatment of escitalopram, a serotonin
reuptake inhibitor commonly used for depression and anxiety (Palasz
et al., 2016), which has raised the concern for a possible link of SPX
with mood disorder/related psychiatric diseases. The idea is also sup-
ported by the anxiolytic effect reported recently for the newly devel-
oped SPX-based GalR2 agonist dN1-Qu demonstrated in the mouse
model (Reyes-Alcaraz et al., 2016).

Besides the GI tract and central nervous system, SPX expression
can also be found in a wide range of endocrine tissues (Gu et al.
2015). Apparently, the adrenal gland represents the major endocrine
organ with a high level of SPX expression, both at the transcript and
protein levels (Gu et al., 2015; Mirabeau et al., 2007). Based on im-
munohistochemcial staining in the adrenal gland of the rat (Porzionato
et al., 2010) and human (Gu et al., 2015), SPX can be detected
mainly in the adrenal cortex (including the glomerulosa and fascic-
ulate/reticularis layers) with low level of expression in the medulla
region. In rat adrenocortical cells, SPX treatment is effective in trig-
gering a mild/weak induction of aldosterone and corticosterone se-
cretion with concurrent inhibition of cell proliferation (Rucinski et
al., 2010). In the same study, SPX expression in adrenal cortex can
be up-regulated by dexamethasone treatment or by adrenal enucle-
ation, but the opposite is true with stimulation by ACTH. These find-
ings suggest that SPX is produced locally in the adrenal gland un-
der hormonal influence and may play a role in steroid production and
adrenal regeneration after injury. It is also worth mentioning that ICV
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injection of SPX in the rat is known to elevate arterial pressure with
a concurrent drop in heart rate and urine flow (Toll et al., 2012). Al-
though the physiological relevance and the mechanisms involved in
these findings are still unknown, the possible role of SPX as a central
regulator for cardiovascular/renal function cannot be excluded. Fur-
thermore, SPX signals have been detected in the rat and human carotid
body (especially in the type I glomic cells) and SPX expression in the
carotid body, both at transcript and protein levels, can be up-regulated
in neonatal rat by exposure to hypoxic condition (Porzionato et al.,
2012), implying that SPX expression may be associated with O2/CO2
sensing in mammalian species.

5. . Emerging functions of spexin in fish models

To date, the research on SPX is largely restricted to mammals
and the comparative aspects of SPX, especially in lower vertebrates,
are still lagging behind. By data mining and molecular cloning, SPX
sequences have been reported in fish models including zebrafish
(Sonmez et al., 2009), goldfish (Liu et al., 2013), ya-fish (Wu et al.,
2016), grouper (Li et al., 2016), medaka and fugu (Kim et al., 2014).
Of note, the second form of SPX, namely SPX2, has also been iden-
tified in zebrafish and medaka but not in fugu (Kim et al., 2014)
but its biological function is still unclear in fish models. Based on
the studies in goldfish, SPX has been shown to play a role in repro-
duction by altering the functionality of the hypothalamo-pituitary-go-
nadal axis (Liu et al., 2013) (Fig. 4A). In female goldfish, SPX treat

Fig. 4. Functional role of SPX in reproduction and feeding control in fish models. (A) Involvement of SPX in gonadal feedback on LH secretion. In female goldfish, SPX treatment
can inhibit LH secretion via direct action acting at the pituitary level. Meanwhile, sex steroids, especially estrogen, produced by the ovary can suppress SPX expression in the hypo-
thalamus and this effect can be blocked by ovariectomy, suggesting that SPX may act as a novel component for gonadal feedback via sex steroids on the hypothalamo-pituitary axis.
(B) Functional role of SPX as a satiety factor in fish models (e.g., goldfish, ya fish, grouper and zebrafish). In fish models, especially in goldfish, food intake is known to stimulate
SPX expression in brain areas involved in appetite control, including the hypothalamus, telencephalon and optic tectum. The central expression of SPX has been confirmed to be the
result of insulin signals (mainly from the pancreas) caused by the rise in blood glucose after feeding. Besides the endocrine component of insulin, insulin can also be produced in the
fish liver (e.g., in goldfish) under the influence of blood glucose, which can act in an autocrine/paracrine manner to induce SPX expression and secretion at the hepatic level. The
SPX output from the liver constitutes a circulating source of SPX, which may act together with the central expression of SPX to differentially regulate orexigenic (e.g., NPY, AgRP,
apelin & orexin) and anorexigenic signals (e.g., POMC, CART, CCK, MCH & CRH) in different brain areas to suppress feeding behaviour and food consumption in fish models.
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ment is effective in inhibiting LH secretion, both in vivo and in vitro,
and basal level of SPX expression in the hypothalamus can be gradu-
ally reduced with sexual maturation during the reproductive cycle. In
the same model, SPX mRNA level in the hypothalamus can be up-reg-
ulated by ovariectomy and this effect can be blocked by estrogen re-
placement (Liu et al., 2013). These finding, as a whole, suggest that
SPX expression in the hypothalamus may be involved in gonadal feed-
back on LH regulation. In a similar study with grouper, although a
gradual drop in SPX expression can still be noted in the hypothala-
mus during sexual maturation, SPX treatment is not effective in alter-
ing LHβ and FSHβ mRNA levels in the pituitary (Li et al., 2016). In a
recent report in zebrafish with SPX knockout, the spx−/− mutant is fer-
tile with no abnormality in puberty onset or gamete maturation in the
testes and ovary (Zheng et al., 2017), suggesting that the reproductive
function of SPX may be species-specific in fish models.

In our functional studies with goldfish, food intake was shown to
stimulate SPX expression in the telencephalon, hypothalamus and op-
tic tectum, while brain injection of SPX not only could suppress food
consumption and feeding behavior but also induce rapid expression of
anorexigenic factors (e.g., CART, POMC, CCK & MCH) with paral-
lel drop in orexigenic signals (e.g., NPY, AgRP & apelin) in the brain
areas with SPX responses (Wong et al., 2013). Our findings on the
postprandial rise in SPX expression in the brain and differential regu-
lation of feeding signals in the hypothalamus by SPX have also been
confirmed by similar experiments in ya-fish (Wu et al., 2016) and
grouper (Li et al., 2016), respectively. In the recent study in zebrafish
with SPX knockout, the spx−/− mutant has been reported to exhibit el-
evated expression of AgRP in the hypothalamus with a higher level of
food consumption. In the same study, intracranial injection of SPX in
the wild type is also effective in reducing AgRP expression in the hy-
pothalamus (Zheng et al., 2017). These findings, together with ours,
support the idea that SPX expression can be induced by feeding, which
can then trigger the satiation response via central actions to differen-
tially regulate orexigenic and anorexigenic signals expressed in brain
areas related to appetite control in fish models (Fig. 4B). In our recent
study with goldfish, the insulin signal caused by glucose uptake after
feeding was confirmed to be the functional link between food intake
and SPX expression (Ma et al., 2017). In this case, insulin by acting
as an endocrine signal could mediate the stimulatory effect caused by
a rise in blood glucose to induce SPX expression in the telencephalon,
hypothalamus and optic tectum. Meanwhile, insulin was also found to
be expressed in the liver and act in an autocrine/paracrine manner to
induce SPX synthesis and secretion at the hepatic level, which could
lead to a rise in plasma SPX level and contribute to the central regu-
lation of feeding signals in the goldfish. Based on our study, besides
acting through insulin receptor coupled to P38

MAPK and PI3K/Akt sig-
naling pathways, insulin-induced SPX expression was also partly me-
diated through IGF-I receptor activation both in the brain as well as in
the liver (Ma et al., 2017), which raises the possibility that SPX regu-
lation may also be linked with the GH/IGF-I axis in fish models.

6. . Concluding remarks and future perspectives

Based on the recent studies in mammals as well as in fish models,
evidence starts to emerge for the pleotropic functions of SPX, which
are consistent with its wide range of tissue distribution observed in
different vertebrate classes. SPX can exert its biological actions by
(i) serving as an endocrine signal in systemic circulation and (ii) act-
ing as a neurotransmitter/neuromodulator within the central nervous

system. The endocrine functions of SPX can be related to its effects
on feeding control and energy balance as well as its potential role in
lipid and glucose homeostasis, whereas its central actions can be re-
lated to its involvement in nociception/mood disorders as well as its
regulatory actions in brain areas for appetite control and reproduc-
tive functions via the hypothalamo-pituitary axis. Of note, GalR2 and
GalR3 have been identified as the cognate receptors for SPX (Kim et
al., 2014) and tissue distribution of GalR2/GalR3, e.g., in the brain
(Barreda-Gomez et al., 2005; Lu et al., 2005) and GI tract (Anselmi
et al., 2005; Arciszewski et al., 2008), are also found to overlap with
that reported for SPX expression (e.g., in the rat). The possibility of
SPX to act as an autocrine/paracrine factor at tissue level cannot be
excluded, especially for its functions in the adrenal cortex (Rucinski
et al., 2010) as well as in stomach contraction/gut motility (Lin et al.,
2015; Mirabeau et al., 2007). In mammals, the functional coupling
of GalR2 with Gq/11 and GalR3 with Gi for differential regulation of
cAMP/PKA-, Ca2+-, MAPK- and PI3K/Akt-dependent cascades are
well-documented for the biological actions of Gal (Lang et al., 2015;
Sipkova et al., 2017). However, except for a single report for SPX-in-
duced gut motility in the mouse via Ca2+ entry through L-type volt-
age-sensitive Ca2+ channels (Lin et al., 2015), no information is avail-
able regarding the signal transduction involved in the biological ac-
tions of SPX. Judging from the fact that two forms of GalR2, Gal-
R2a and GalR2b, have been identified in fish models and shown to
have overlapping and yet distinct ligand selectivity compared to the
mammalian GalR2 (Kim et al., 2014), their post-receptor signaling
related to the biological functions of SPX1 and SPX2 identified in
non-mammalian species for sure are interesting questions waiting to
be clarified. Since SPX has been implicated in weight control in an-
imal model with dietary-induced obesity (Walewski et al., 2014) and
glucose homeostasis in patients with type 2 diabetes (Gu et al., 2015),
its potential role as a therapeutic target will be useful for future de-
velopment of new technology for treatment of obesity and metabolic
disorders.
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