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Abstract:

Spexin is a novel neuropeptide playing an emerging role in metabolic diseases such as obesity and
diabetes via involvement in energy homeostasis and food intake.
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Introduction:

Spexin (SPX) is an endogenous peptide discovered through the Hidden Markov Model in
2007 (1). The C120rf39 gene encoding preprospexin (116 amino acid) was found on chromosome
12 in the human genome (2). After a series of protein synthesis processes on preprospexin “mature
SPX” is formed, that effective form on cellular physiological processes. The amino acid sequence
of the SPX peptide has been evolutionarily conserved in all vertebrates and invertebrates (3).

SPX mRNA/protein is commonly present 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 indicated that it regulates many physiological functions in
the body as food intake glucose/fat metabolism gastrointestinal motility, reproductive (4, 5) and
cardiovascular functions. Furthermore, important roles of SPX have been discovered in
pathological conditions such as obesity, anorexia nervosa, diabetes, anxiety, and depression. SPX
does the above-mentioned effects by binding to galanin-2 (GALZ2) and galanin-3 (GALS3) receptors

3).
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Spexin peptide structure:

Ma et al. (6) Showed that preprospexin peptide contains both a hydrophobic signal peptide
(SP) and two dibasic prohormone cleavage/amidation sites (RR/KR & GRR) (Fig. 1). A small
amino acid region among dibasic cleavage sites forms the 14 amino acids of SPX, also named
neuropeptide Q (NPQ). The C120rf39 gene consists of 6 exons and 5 introns in humans. The 1st
and 2nd exons have encoded the signal peptide while the 3" and 4" 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. Like cats, dogs, and pandas as, serine amino acid is replaced with alanine in the
6th position (Fig. 2).

Wong et al. (7) introduced the three-dimensional structure of SPX in goldfish for the first
time. In the amino acids sequence of SPX, while the first 4 amino acids (Asnl-Pro4) form a
structure at the amino terminus (N-terminal), from the 5th to 14th amino acids (GIn5-GIn14)
constitute an a-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
an important role in the activation of its receptor. Kim et al, (8) 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.
Additionally, they discovered another form of SPX, called SPX2. Therefore, 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. 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 (Fig. 2). Nonetheless, the amino acid sequences of SPX1/2 are highly
conserved, suggesting that SPX has performed vital functions for survival (6, 8).
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MWT PQAM LYLKGTOQ bony fish

Figure (1): The amino acid sequence of SPX in various species. (3).

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15478 — 15488 15479



Role of Spexin in Health and Disease
Section A -Research paper

(12)eeo)Gin)afelleaue)iosflsfoNales
Rl VOOO0000CB00
VOOOOCOYODO0
Dog (e @6
DO00SCLeOLO0L
VOLOOCCYLB00
LANOO0000C00 0000
Zetrafish - (o) T TlGro G Emeutlalon)
- Goutsh (nrXofereXGnfestiveledledumpm)

Figure (2): 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 (6).
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Receptor of spexins:

Molecular studies have found that the SPX peptide is somewhat similar to the GAL peptide.
The amino acids at positions 2, 3, 9, 10, and 12 (Trp2, Thr3, Tyr9, Leul0, GInl12) in the amino
acid sequence of SPX1 are the same as at the corresponding position in the GAL. 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 (8).

Three types of GAL receptors have been known in mammals: GALL (1la and 1b), GAL2
(2a and 2b), and GAL3 receptors (9). GAL receptors are G-protein coupled; Gg/11 coupled
receptors activate the intracellular signaling pathway by activating the phospholipase C/protein
kinase C pathway. Moreover, Gi/o coupled receptors show inhibitory effects on target cells by
suppressing the adenylate cyclase/protein kinase A pathway (10). While GAL1 and GAL3
receptors have generally mediated inhibitory effects through Gi/o protein-coupled receptors;
activation of GAL2 receptors causes inhibitory effects through Gi/o and excitatory effects via
Gg/11. The ligand-receptor interaction study proved that the SPX (SPX1 and SPX2) can activate
GAL2 and GAL3 receptors but not GAL1 receptors (9, 11). SPX could be considered the
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endogenous ligand for GAL2 and GAL3 receptors, and this is also consistent with the knowledge
that SPX is from the galanin/kisspeptin gene family (8) (fig. 3).
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Figure (3): Complexity of GAL/SPX and receptor systems and pharmacological properties of
Spexin-Based Galanin Receptor Type 2 Agonist (SG2A). The natural ligand GAL binds to the
GAL; receptor and GAL: receptor with high affinity but shows relatively low affinity to the
GALs receptor. SPX has a high potency to activate the GAL: receptor and GALs receptor but
does not activate the GAL receptor (8).

Effects of spexin:

The widespread distribution of SPX in both central and peripheral tissues in many living
species suggests that it plays a critical role in many physiological and pathological functions. The
studies show that SPX is involved in the physiology/pathophysiology of reproductive,
gastrointestinal, cardiovascular, and endocrine systems including especially in food intake and,
energy metabolism (carbohydrate/fat) (7, 12).

Food intake and energy metabolism:

The initial studies on SPX show a probable role in the regulation of obesity, energy
homeostasis, appetite control, satiety, glucose and lipid metabolism, fatty acid uptake,
cardiovascular/renal functions, endocrine homeostasis, reproduction and Gl function (6). SPX
expression in adipose tissue and its levels are remarkably decreased in obese individuals (13, 14),
moreover the serum data collected from obese vs. non-obese subjects, a negative correlation has
been detected between SPX and leptin (15, 16), and a low serum level of SPX has been supposed
to be a biomarker for childhood (14) and adult obesity (13).

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15478 — 15488 15481



Role of Spexin in Health and Disease
Section A -Research paper

Furthermore, according to the results from animal studies, SPX might also act as an
anorexigenic factor. In goldfish, injection of SPX to the brain, inhibited both basal and
neuropeptide Y (NPY)-induced food consumption, and decreased the expression of orexigenic
factors, while augmenting that of the anorexigenic factors, and increased brain levels of SPX
MRNA in the post-prandial state (7).

On the other hand, Human pancreatic islets express SPX; this suggests that SPX might be
released together with insulin (17). The limited studies shown in humans, have exposed that SPX
has an inverse correlation with blood glucose, hemoglobin A1C (HbAIc), triglyceride, and low-
density lipoprotein (LDL)-cholesterol (18). lower SPX levels have been found in type 2 diabetes
mellitus (T2DM) patients as compared to non-diabetic individuals, which suggests that SPX might
affect glucose and lipid metabolism (19).

Since obesity contributes markedly to the prevalence of diabetes, which adversely affects
public health (20), investigating the role of SPX in glucose homeostasis might help discover novel
functions for it.

In obese women, serum SPX had a negative correlation with serum levels of insulin and
glucagon, this observation raises the possibility that SPX might be implicated in insulin resistance
and glucose metabolism (15).This idea is also in accord with the findings from a study in obese
type 2 diabetic mouse model, in which SPX administration not only decrease the body weight but
also improve glucose tolerance by decreasing insulin resistance as well as HbAlc (21). However,
there are no correlations between serum SPX and diabetes, serum levels of the insulin sensitivity-
related parameters, or blood lipids were demonstrated in adolescents afflicted with type 2 diabetes
(22). On the other hand, there is a low SPX concentration in obese in comparison with lean adults
and adolescents, and suggests a probable satiety-inducing role for the neuropeptide in humans (14).

Nociception:

Early immunohistochemical investigations indicated that SPX mRNA/protein is found in
the brainstem, periaqueductal gray, brain cortex, and trigeminal ganglia, which is well known to
be associated with nociceptive processes (23, 24). So, it has been thought that SPX plays a role in
nociceptive pain transmission/modulation. Intracerebro-ventricular injection of SPX caused anti-
nociception in mice tail withdrawal test (25). Also, Pirzeh and Taherianfard (26) showed that
pain sensitivity decreased in the formalin test in female rats administrated SPX into the intra-
hippocampal CA3 region (26). Similarly, hippocampal CA3 injection of SPX caused a reduction
in pain sensitivity in the same pain test in ovariectomized rats. Additionally, Lv et al. (3) found
that central SPX showed an antinociceptive effect in both tonic pain (formalin test) and visceral
pain tests (writhing test) at the supraspinal level.
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Endocrine:

The effect of SPX has been demonstrated in many endocrine tissues, including the
hypothalamus, thyroid, adrenal gland, testicles, ovaries, pancreas, and adipose tissue. Rucinski et
al. (27) found that incubation with SPX enhanced aldosterone secretion in zona glomerulosa cells
and induced corticosterone secretion in adrenocortical cells in rats in vitro (27).

Moreover, treatment with SPX indicated increases in the viability and proliferation of
pancreatic islet cells in vitro (28). SPX decreases insulin gene expression as well as insulin
promoter factor 1, a transcription factor, but not the expression of insulin receptors. Additionally,
SPX reduces glucose-stimulated insulin secretion in isolated pancreatic islets (29). Also, SPX
increases the serum level of T3 and glucagon levels (30).

Reproduction:

SPX has an inhibitory effect on LH hormone release (31). It was revealed that
administration with 17-estradiol reduced the expression of the SPX in the hypothalamic nuclei of
spotted scat (32). While intraperitoneal treatment with SPX increases gonadotropin-inhibitory
hormone (GnlH), and gonadotropin-releasing hormone (GnRH) expression in the hypothalamus,
it suppresses GH, FSH (4). These findings suggest that SPX has an endocrine effect on
reproduction (31).

SPX has been shown to inhibit the reproductive axis in different fish species in vitro and
in vivo (31). Additionally, Liu et al. (31) firstly demonstrated that intraperitoneal injection of SPX
suppresses LH release in goldfish. It was also shown that expression of SPX in the hypothalamic
nuclei is modulated by gonadal hormones such as estrogens (32). Additionally, SPX injection
induces the expression of gonadotropin-inhibitory hormone (GnlH) and gonadotropin-releasing
hormone-3 (GnRH3). However, in a study with grouper fishes, SPX treatment does not affect the
MRNA expression of LH and FSH in the pituitary (33).

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 (34). This indicates that
SPX is not essential for fish reproduction.

Cardiovascular and renal:

The central injections of SPX in rats lead to an enhancement in mean blood pressure and a
reduction in renal excretion and heart rate (25). On the other hand, peripherally administered SPX
causes a sharp pressor effect and bradycardia (25), SPX does not alter renal urine output rate. The
reason for the opposite result may be that peripherally administered SPX is rapidly metabolized.

Porzionato et al. (35) 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,
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suggesting that SPX expression in the carotid body may be related to sensing O2/CO2 levels (35).
Moreover, it was shown that SPX improves mitochondrial dysfunction and the imbalance in
energy homeostasis of cardiomyocytes due to exposure to hypoxia (36).

Role of SPX on diabetes and metabolic diseases:

SPX is expected to be involved in metabolic disorders such as obesity, diabetes, and
metabolic syndromes because of its potential regulatory roles in energy intake (13) and inhibition
of satiety (7). SPX mRNA expression is affected in the forebrain region under different feeding
status or metabolic states (37).

The regulation of SPX in diabetes is controversial. Gu et al. (17). Showed that there is no
correlation between SPX levels and glycemic parameters in diabetes (type 1 and 2).

However, Karaca et al. (19) found low SPX levels in diabetic patients. In both type 1 and
type 2 diabetes mellitus patients, SPX levels are reduced in serum and negatively correlate with
blood glucose levels (17, 19). Additionally, treatment with SPX to diet-induced obese mice with
type-2 diabetes mellitus improves glucose tolerance and decreases insulin resistance (21).

Zheng et al. (34). demonstrated that SPX knockout zebrafish exhibit high appetite and
high levels of glucose, triacylglycerol and cholesterol in the serum, further proving the essential
role of SPX in glucose tolerance and fat metabolism. Recent evidence has also shown that there is
adecrease in insulin response to glucose following SPX treatment in pancreatic cells cultured from
obese mice (28). This decrease in insulin release is accompanied by an increase in cell viability
and proliferation of the cultured pancreatic cells. A decrease in insulin release is associated with
increased insulin sensitivity, this indicates a potential use of SPX treatment for diabetic patients
(28).
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