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Abstract

Salusin B is a bioactive peptide, detectable in many tissues and body fluids, first identified nearly 20 years
aqgo. Since then, many studies have been performed to define the role of salusin , concentrating on its role
in atherosclerosis and conditions leading to vascular injury such as hypertension, diabetes and hyperlipidemia,
in which salusin f seems to play a proatherogenic role. Previous literature has evaluated salusin as a predic-
tor of atherosclerosis. Herein, we performed online research using 5 databases, namely PubMed, Ovid, Web
of Science, Scopus, and Cochrane Library. Inclusion criteria were articles published in the years 2017-2022,
concerning the association between salusin f and obesity, atherosclerosis, hypertension, and hyperglycemia.
The aim of the review was to provide comprehensive data regarding the latest studies in this area. The latest
research confirms that salusin B plays an important role in the development of vascular remodeling, inflam-
mation, hypertension, and atherosclerosis. Additionally, the peptide is associated with hyperglycemia and
lipid disorders, and its widespread activity makes it a potential therapeutic target. However, there s a need for
additional studies to confirm the potential role of salusin p as a novel target for treatment. Many of the reports
were performed in animal models, while research conducted in humans was generally based on small groups
of patients and not always compared with healthy controls; studies enrolling children are rare.
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Introduction

Salusins are endogenous bioactive peptides first
identified by Shichiri et al. in 2003. Salusin a consists
of 28 amino acids, and salusin  consists of 20 amino ac-
ids. Both peptides are translated from alternative splicing
of mRNA from the target of rapamycin 2A (TOR2A) gene.
Preprosalusin mRNA is ubiquitously expressed and found
in many tissues and organs, such as the nervous system,
endothelium, muscles, liver, lungs, kidneys, bone marrow,
lymph nodes, spleen, thymus, adrenal glands, small intes-
tine, stomach, salivary glands, and testes, and in fluids,
such as plasma and urine.!

It was discovered that when salusins were intravenously
administered to rats, they affected cardiac function, caus-
ing both rapid bradycardia and hypotension.? However,
endogenous salusins play important roles in the develop-
ment of atherosclerosis and foam cell formation by in-
fluencing cholesteryl ester accumulation and acetyl-CoA
acetyltransferase 1 (ACAT-1) protein expression.3

Salusin a shows anti-atherogenic effects, as it reduces
atherosclerotic plaques, and its expression is decreased
in patients with hypertension and lipid disorders.**> Con-
versely, salusin [ plays a proatherogenic role. The available
literature has evaluated salusin a and P as predictors for
atherosclerosis, and salusin f seems to be a better indicator
of atherosclerosis development than salusin a.*

Salusin  has been shown to increase nicotinamide ad-
enine dinucleotide phosphate (NAD(P)H) oxidase activ-
ity and reactive oxygen species (ROS) production in cells.
It activates the release of inflammatory cytokines, such
as interleukin (IL)-1p, IL-6 and tumor necrosis factor al-
pha (TNF-a).>° Inflammation stimulates vascular smooth
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muscle cell (VSMC) proliferation and atherosclerotic lesion
formation. Furthermore, high glucose levels seem to in-
duce the production of salusin ,” and increased salusin f3
expression is observed in conditions that are components
of the metabolic syndrome, such as obesity, hypertension,
diabetes mellitus (DM)/hyperglycemia, and lipid disorders.

Obijectives

The aim of this review was to confirm the hypothesis
that salusin f is a good predictor of atherosclerosis and
components of the metabolic syndrome, and to provide
comprehensive information about the latest studies in this
area.

Materials and methods

The research was performed using 5 online databases,
namely PubMed, Ovid, Web of Science, Scopus, and
Cochrane Library. Only articles published in the years
2017-2022 and those concerning the association between
salusin B and atherosclerosis, hypertension, obesity, hy-
perlipidemia, and hyperglycemia/DM were selected. Only
original papers were included, with 33 articles meeting
the inclusion criteria. Data were double-checked indepen-
dently by 2 authors. The process of selection comprised
the removal of duplicates, and the elimination by title,
abstract and full-text review, following Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. The selection process is presented
in Fig. 1.
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Fig. 1. Study selection process




Adv Clin Exp Med. 2024;33(2):183-192

Results

Contrary to salusin a, the expression of salusin p is in-
creased in patients with atherosclerosis, hypertension
and metabolic syndrome. Increased levels of salusin } are
observed in patients with cardiovascular disease (CVD)
and cerebrovascular disease. Endogenous expression
of salusin f is the lowest in the morning. Furthermore,
the stimulation of the parasympathetic nervous system
and insulin secretion decreases the level of free salusin p.2
In the central nervous system, salusin [ stimulates or de-
presses sympathetic and vagal activity depending on the lo-
cation within the brain. It reduces blood pressure and heart
rate in the intermediate dorsal motor nucleus of the vagus.®

Salusin  has been shown to stimulate the proliferation
of VSMCs and fibroblasts through the activation of im-
mediate response genes such as c-Myc and Fos in rats and
humans. It also activates the release of inflammatory cy-
tokines, including IL-1p, IL-6 and TNF-a. Consequently,
oxidative stress markers increase and monocyte-endo-
thelial adhesion is promoted.® This occurs within lesions
of the blood vessel endothelium and in atherosclerosis.

Atherosclerosis

Salusin f is a pro-inflammatory agent. Human umbilical
vein endothelial cells (HUVECs) incubated in salusin { in-
creased the production of mRNA and protein levels of IL-6,
1L-8,1L-18, and reduced the level of IL-1Ra.X° Furthermore,
salusin B has an influence on the formation of macrophage
foam cells. The peptide promotes the growth of athero-
sclerotic plaques and stimulates the adhesion of mono-
cytes to the endothelium. Salusin f boosts the production
of ACAT-1, the enzyme that breaks down fatty acids into
acetyl coenzyme A in human monocytes/macrophages.
In addition, salusin f encourages the storage of lipid drop-
lets, increases the intracellular cholesterol content and
stimulates monocyte adhesion. The proatherogenic role
of the peptide was shown by silencing salusin . The knock-
down of the peptide improved cardiac function and car-
diovascular remodeling in myocardial infarction-induced
heart failure in rats and alleviated cardiac inflammation
in diabetic rats.??

The relationship between salusin  and atherosclerosis
was also confirmed among patients suffering from coro-
nary artery disease (CAD). A study by Awad et al. compared
patients undergoing transcatheter therapy, and found that
salusin B levels were significantly higher in patients with
CVD before therapy compared to healthy controls. More-
over, after therapy, salusin [ expression was significantly
lower than before the intervention, or when compared
to the control group. In addition, patients and controls
varied in fasting blood glucose levels, insulin levels, body
mass index (BMI), systolic blood pressure (SBP), and lipid
profile.!! Salusin B levels were significantly lower in pa-
tients with stenosis or dilatation in coronary angiography
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Fig. 2. The role of salusin {3 in the pathogenesis of atherosclerosis

TNF-a - tumor necrosis factor alpha; LPS - lipopolysaccharides;

VSMCs - vascular smooth muscle cells; eNOS — endothelial nitric oxide
synthase; NAD(P)H - nicotinamide adenine dinucleotide phosphate;

IL — interleukin; ACAT-1 - acetyl-coenzyme A acetyltransferase 1;

VCAM-1 - vascular cell adhesion molecule-1; NF-kB — nuclear factor kappa B.

than in healthy volunteers.'>!? A similar finding was ob-
served in patients with slow coronary flow that seemed
to be caused by microvascular atherosclerosis.!*

Risk factors of atherosclerosis are similar to abdominal
aortic aneurysm (AAA). However, an evaluation of 48 pa-
tients with A A A revealed lower salusin {3 levels compared
to 47 healthy controls. The levels of salusin B were also
negatively correlated with abdominal aortic diameter.!”
The role of salusin B in the pathogenesis of atherosclerosis
is presented in Fig. 2.

Diabetes mellitus

Many studies have confirmed that the serum level
of salusin P is increased in DM. High glucose not only
increases the level of salusin f mRNA but also upregu-
lates its production by stimulating prosalusin protein
expression. In cell culture experiments, the exposure
of HUVEC:S to high glucose reduced proliferation and
migration, and the knockdown of salusin P reversed
these abilities. Adenosine monophosphate-activated pro-
tein kinase (AMPK) participates in the signaling pathway
of salusin .7 Parallel overexpression of salusin f in proxi-
mal tubular (HK-2) cells from both human and mouse
models as well as human retinal capillary endothelial cells
incubated in high glucose induced inflammatory cytokines
and oxidative stress. In human research, inflammation
and apoptosis are activated by ROS-dependent signaling
pathways.16-1?

In the study performed by Argun et al., the group of pa-
tients suffering from type 2 diabetes mellitus (T2DM) had
significantly higher levels of salusin B, but only when their
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hemoglobin A1C (HbA1C) level was higher than 9%.2°
Deyekh et al. also confirmed higher serum salusin f levels
in patients with T2DM compared to those with prediabetes
or healthy controls, while there was no significant differ-
ence in salusin P levels between the prediabetes and con-
trol groups. Although each group consisted of 30 persons,
a detailed description was not provided.?! Additionally,
Aldulimya and Alaaraji revealed higher levels of salusin 3
in women with T2DM than in healthy volunteers, and
the levels of salusin f correlated with fasting serum glu-
cose. However, a limitation of this study was the signifi-
cant difference in age between the examined groups.?
In a study by Wang et al., the level of salusin [} was higher
in patients with diabetic retinopathy than in healthy con-
trols.!® Moreover, Yassien et al. revealed a correlation be-
tween the mean carotid intima-media thickness and left
ventricular hypertrophy.? These conclusions suggest that
salusin  participates in the development of complications
associated with chronic hyperglycemia.

Sipahi et al. reported that the serum levels of salusin B
were elevated in patients undergoing hemodialysis com-
pared to healthy controls.?* In patients also suffering from
DM, the salusin B/salusin a ratio was higher, and the levels
of salusin o were significantly lower. However, there was
no evidence of a correlation between salusin p and diabetes
in this group of patients.

An opposite outcome was observed in a study performed
among diabetic patients with and without diabetic foot.?®
Interestingly, among healthy volunteers, salusin  levels
were significantly higher than in diabetic patients. More-
over, salusin o was significantly higher in healthy controls,
which raises doubts regarding the methodology of the study.

Hypertension

Salusin p is elevated in patients with hypertension, in-
ducing VSMC proliferation and fibrosis within the vascu-
lar wall. Moreover, it activates intimal hyperplasia after
vascular injury and can trigger vascular constriction. This
occurs via the activation of endothelial nitric oxide syn-
thase (eNOS), the release of nitric oxide (NO) and an in-
crease in NAD(P)H oxidase activity. Acute intravenous
administration of salusin B increased the mean arterial
pressure in spontaneously hypertensive rats (SHRs), while
injections of anti-salusin  IgG reduced the mean blood
pressure and heart rate. The important role of salusin {3
in the development of hypertension and the subsequent
vascular remodeling was verified by salusin  knockdown,
after which the vascular function was augmented in hy-
pertensive rats.26-28

Contrary to patients that normally present with physi-
ological night-time blood pressure reduction, those with
newly diagnosed non-dipper hypertension demonstrate
elevated levels of salusin f. In addition, salusin 3 positively
correlates with the left ventricle mass index and negatively
correlates with diastolic parameters of the left ventricle.
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These results were not compared with healthy controls,
which is a limitation of the study.?’

The interaction between salusin 3 and hypertension was
confirmed in a study performed in patients treated with
anti-hypertensive medicines.?® The therapy consisting
of felodipine and enalapril was more effective and brought
amore relevant reduction of salusin [} level than felodipine
alone. This is the first study that demonstrated practically
this piece of theoretical knowledge.

The correlation between the level of salusin 3 and hyper-
tension has been confirmed in both adults and children.
The study by Kotakowska et al. performed in adolescents
revealed that the serum level was significantly higher in pa-
tients with essential hypertension when compared to those
with white coat hypertension.?!

Finally, salusin [ has an influence on the consequences
of hypertension. Ageing SHRs have higher concentra-
tions of the peptide in the hypothalamic paraventricular
nucleus, myocardium and mesenteric artery. The knock-
down of salusin § improved cardiac function and reduced
the levels of p38 MAPK, ERK1/2, JNK, and NAD(P)H,
which are likely to be involved in the signaling pathway.?
Furthermore, the level of this peptide is significantly in-
creased in the calcified VSMCs of rats. The calcification has
been shown to stimulate the expression of salusin B, and
the overexpression of salusin  has been shown to promote
spontaneous calcification. This process is probably medi-
ated by ROS and NAD(P)H oxidase. Furthermore, the over-
expression of salusin  decreases the levels of Klotho, which
is an anti-inflammatory and anti-oxidative stress protein.?

Obesity/lipid disorders

Previous studies revealed that obesity is another condi-
tion that leads to increased serum salusin f levels. In pa-
tients with T2DM, salusin [ correlated with both BMI and
waist circumference, and was significantly higher than
in healthy controls.? The correlation between salusin  and
BMI was also revealed in patients suffering from CVD.!!

However, research performed on a group of 75 obese
children aged 6-18 years did not confirm this theory.3*
No correlation was found between salusin f and BMI, blood
pressure, carotid intima-media thickness, and epicardial
adipose tissue thickness. There was a negative correla-
tion between salusin « and diastolic blood pressure (DBP).
Additionally, in a group of 48 children with Down syn-
drome, the connection between salusin  and excessive
body weight (obesity and overweight) was not proved.3
Nevertheless, physical training decreases the level of se-
rum salusin f§ in patients with high body weight.

In this regard, moderate- and high-intensity interval train-
ing (HIIT) were compared between obese and overweight
women. It was revealed that both types of training improved
lipid parameters and decreased serum salusin {3 levels.3®

Similar studies were performed among obese or over-
weight males with a mean age of 11 years. The levels
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of salusin  were reduced after 12 weeks of training, with
HIIT demonstrating more significant results than aerobic
training. Apart from salusin  and a, other parameters also

Table 1. Summary of the studies on salusin {3 included in the review

Author, year

of publication

Subject
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improved, such as the lipid profile and markers of inflam-
mation.?”3¢ A summary of the studies on salusin  used

in this review is included in Table 1.

Conclusions

Esfahani et al.
(2018)10

Sipahi et al.
(2019)%

Wang et al.
(2020)*

Awad et al.
(2020)"

5. Xu et al. (2021)?

6 Arkan et al.
’ (2021)13
2 AkyUz et al.
’ (2019)
Yildirim and
8. Kucukosmanoglu
(2021)'2
9 Karagoz et al.

(2022)"®

The effect of salusin-
on expression of pro- and
anti-inflammatory cytokines
in human umbilical vein
endothelial cells

Relationship of salusin-
alpha and salusin-beta
levels with atherosclerosis
in patients undergoing
haemodialysis

Salusin-@ is superior
to salusin-a as a marker
for evaluating coronary

atherosclerosis

Assessment of serum levels
of salusin a and salusin 3
in cardiovascular disease

patients undergoing
transcatheter therapy

Knockdown of salusin-3
improves cardiovascular
function in myocardial
infarction-induced chronic
heart failure rats

The importance
of circulating levels
of salusin-q, salusin-g3,
and heregulin-31
in atherosclerotic coronary
arterial disease

Relationship of serum
salusin beta levels with
coronary slow flow

Relationship between
serum salusin beta levels
and coronary artery ectasia

A new insight into
pathophysiological
mechanism of abdominal
aortic aneurysm with novel
parameters salusin-3 and
arterial stiffness

Atherosclerosis

HUVECs

180 adult patients,

90 healthy
controls

256 patients,
37 healthy
controls

30 patients
with CVD and
30 healthy
controls

rats

113 patients,
55 healthy
controls

39 patients,
42 healthy
controls

71 patients
with CAE and
72 healthy
subjects

48 patients
with AAA and
47 healthy
controls

Incubation in salusin {3 stimulates
the production of MRNA and proteins of IL-6,
IL-8 and IL-18, and suppresses the production
of IL-1Ra.

The levels of salusin B are higher in patients
undergoing hemodialysis. There is a positive
correlation between the duration
of hemodialysis and salusin (3 levels. There is no
correlation between salusin 3 and pulse wave
analysis. Among patients without DM, the salusin
a/salusin 3 ratio was significantly lower than
in the patients also suffering from DM.

Both salusin a and 3 have substantial impact
on SYNTAX scores, but the effect of salusin 3
is more significant.

Before therapy, salusin B levels in patients
with CVD are significantly higher than
in healthy controls. After therapy, salusin 3
levels in patients are significantly lower than
in the control group and before therapy.
The group of CVD patients has higher fasting
blood glucose, insulin levels, BMI, SBP, and lipid
levels than the control group.

Knockdown of salusin f increases
hemodynamic parameters, lumen diameter
of arteries, microvascular density in infarcted

area, and decreases the media thickness

of arteries, expression of eNOS, ROS and

NAD(P)H oxidase, as well as plasma levels
of leptin and visfatin.

Serum salusin 3 levels are lower in patients with
CAD than in controls; heregulin-31 and hsCRP
were significantly different among examined

groups.

Salusin @ is a predictor of CSF.

Mean SBP and DBP values are significantly
higher in the CAE group than in the control
group, and the mean LVEF is significantly
lower. The serum salusin (3 levels are
significantly higher in the CAE group compared
to the control group.

Salusin {3 levels are significantly lower
in patients with AAA. There is a significant
negative correlation between salusin {3 levels
and abdominal aorta diameter.

Salusin B
is a proinflammatory
agent.

Patients undergoing
hemodialysis had
increased levels
of salusin B and
an increased salusin o/
salusin B ratio.

There is a connection
between salusins and
coronary artery injury.
Salusin (3 is superior
to salusin a.

Serum salusin 3 levels
are higher in patients
with CVD and decrease
after transcatheter
therapy.

Salusin B influences
endothelial dysfunction,
cardiovascular
remodeling and cardiac
dysfunction in chronic
heart failure.

Salusin (3 seems to be
one of the biomarkers
of atherosclerosis.

Salusin {3 seems to play
an important role
in the development
of CSF.

Serum salusin 3
levels are increased
in patients with CAE.

The pathophysiologic
mechanism of AAA
is unclear.
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Table 1. Summary of the studies on salusin 3 included in the review — cont.

No. Author, ye.ar Subject Results
of publication
Diabetes mellitus
Salusin-B is involved
in diabetes mellitus- High glucose upregulates the expression
10 Sun et al. induced endothelial mice of salusin B. Salusin B blockade prevents ;
' (2017)19 dysfunction via degradation the overproduction of ROS and inflammatory 5
of peroxisome proliferator- molecules that are regulated by PPARY. Y
activated receptor gamma
Salusin B increases the expression
of inflammatory cytokines; high glucose Seflusli B alees
Salusin-B contributes increases the levels of salusin 3 and prosalusin;
. Zhao et al. to oxidative stress and - knockdown of salusin 3 reduces the expression
’ (2017)° inflalmation in diabetic of inflammatory cytokines and oxidative stress of
cardiomyopathy in cardiomyocytes and left ventricle function,
and fails to reduce glucose levels and insulin
resistance.
Salusin- mediates HUVECs exposed to high glucose present
high glucose-induced with the inhibition of proliferation, migration,
12. | Zhuetal. (2017) endothelial injury via HUVECs angiogenesis, as well as retarded cell cycle.
disruption of AMPK The knockdown of salusin (3 reverses gl
signaling pathway the changes via the AMPK signaling pathway.
Szl S prpmptes ) The levels of salusin (3 are increased
vascular calcification via o ) )
L : . by calcification; the overexpression of salusin 3
e IELs eSS induces calcification and the spontaneous
13.  Sunetal (2019)**  dinucleotide phosphate/ VSMCs of rats ) 2 :
) : conversion of VSMCs, decreases Klotho protein
reactive oxygen species- ) ) L
) levels, and increases the expression of oxidative
mediated klotho
) stress molecules.
downregulation
Serum levels of salusin {3 are higher in patients
Serum salusin-@ in relation ) with DM and positively correlate with obesity,
) . 60 patients, ; . ; ) . -
14 Yassien et al. to atherosclerosis and 5 health the insulin resistance index, dyslipidemia,
’ (2020)% ventricular dysfunction controlsy carotid intima-media thickness, and left
in patients with T2DM ventricular hypertrophy, and negatively
correlate with left ventricular function.
30 patients with Serum salusin (3 levels in patients with T2DM
Devekh et al Evaluation of salusin 3 prediabetes, are significantly higher than in the prediabetes
15. éOZO)Z‘ ' in patients with prediabetes = 30 patients with group and healthy subjects. There is no
and T2DM T2DM, 30 healthy = significant difference in salusin 3 levels between
volunteers prediabetes group and healthy control subjects.
Evaluation of salusin-a
and salusin-f levels ) - ) .
in patients with T2DM 55 patients, Salusin B positively correlates with fastlrjg
Argun et al. - glucose and HbA1c levels. The group with
16. 50 and determination 35 healthy P ;
(2021) ) ) HbATc > 9% has significantly higher levels
of the impact of severity controls ) ’
) ) of salusin B than the group with HbATc < 9%.
of hyperglycemia on salusin
levels
Salusin-B participates The overexpression of salusin B exacerbates
Wang et al in high glucose-induced human proximal = the iron overload triggered by high glucose and
17. (2092])18 ' HK-2 cell ferroptosis tubular (HK-2) the production of ROS and lipid peroxidation.
in a Nrf-2-dependent cells The knockdown of salusin (3 reverses these
manner effects.
Salusin-B mediates Salusin Qle\{gls are hlgher in patlgnts WI‘[.h
. : DM and significantly higher in patients with
high glucose-induced ) . ! ) ;
- ) ) diabetic retinopathy, both proliferative and
inflammation and 60 patients, ) ; ! -
18 Wang et al. a00Dtosis in retinal capillar 20 health nonproliferative. High glucose increases
’ (2021)'6 Pop ) piflary Y the levels of salusin  in HRECs. Salusin 3
endothelial cells via controls ) : )
a ros-dependent pathway increases inflammatory molecules, apoptosis
in diabetic retinopath and ROS production; the knockdown
pathy of salusin B has the opposite effects.
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Salusin 3 contributes

Salusin {3 takes

cardiac inflammation
in DM. The knockdown

cardiac function in DM.

dysfunction, which

metabolic syndrome

Conclusions

rt in endothelial
sfunction in DM.

salusin 3 improves

to endothelial

is related to high

ucose by inactivating

the AMPK signaling
pathway.

Salusin (3 plays
an important role

in vascular calcification.

Salusin B levels
correlate with left
ventricular dysfunction
and atherosclerosis
in DM.

Serum salusin 3
is increased in T2DM.

Salusin B levels are
higher in patients
with DM than
in healthy controls and
the changes are more
significant in those with
worse glycemic control.

The positive correlation
between salusin 3 and
ferroptosis promotes
injury of renal tubular
cells in DM.

Salusin (3 induces
inflammation and
apoptosis via an ROS-
dependent signaling

pathway.
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Table 1. Summary of the studies on salusin (3 included in the review — cont.

Subject ‘

Author, year
of publication

Downregulation
of salusin- protects renal
tubular epithelial cells
against high glucose- )
9 9hg mice

19 Chen and Jin
’ 20217 induced inflammation,
oxidative stress, apoptosis
and lipid accumulation via
suppressing miR-155-5p
40 diabetic
Association between patients
Sagmak Tartar dermcidin, salusin-q, without DFI,
50 patients with

salusin-B molecules and

20. etal. (2021)%
diabetic foot infections

DFI, 40 healthy

controls
Study the association 60 women
21 eI sor?wfei;iLlJrzncY\r/::tric LR
’ Alaaraji (2021)% p ) and 24 healthy
measurements in lragi type wormen

Il diabetics women

Silencing salusin-f3
attenuates cardiovascular
remodeling and
) rats
hypertension
in spontaneously
hypertensive rats

22.  Renetal. (2017)%®

58 children
with essential
hypertension,

30 children

Correlation of salusin beta
with hs-CRP and ADMA
in hypertensive children

and adolescents

23 Kofakowska et al.
’ (2018)*

hypertension

Silencing salusin 3
ameliorates heart failure
in aged spontaneously
hypertensive rats _—
by ROS-relative MAPK/
NF-kB pathways
in the paraventricular
nucleus

24. Lietal. (2019)*

Assessment of salusin alpha
and salusin beta levels
in patients with newly
diagnosed dipper and non-
dipper hypertension

Alpsoy et al.
2. (2021)%

Improvement of vascular
function by knockdown
of salusin-@3 in hypertensive
R rats
rats via nitric oxide and
reactive oxygen species
signaling pathway

26.  Panetal (2021)%

Salusin {3 silencing increases inflammatory
factors and oxidative stress, suppresses
apoptosis and lipid accumulation in high

in controls than in patients with diabetes.

in diabetes without DFI; the difference was not
statistically significant. There was a significant
difference in dermcidin levels between both

(3-salusin levels are higher in the patients with

Hypertension

norepinephrine and tyrosine hydroxylase levels,

with white coat

88 patients
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EN Conclusions
The downregulation
of salusin B protects

cells against
inflammation, oxidative
stress, apoptosis,
and excessive lipid
accumulation that
is induced by high
glucose.

glucose-induced cells, and reduces
the expression of miR-155-5p.

Salusin (3 levels were significantly higher

Salusin {3 levels were higher in DFI than
Dermcidin seems to be

associated with DFI.

groups of patients and between DFl and
controls.

Salusin B level increases

T2DM than in healthy controls. in T2DM.

Silencing salusin 3 reduced left ventricular

weight, cardiomyocyte hypertrophy, plasma Increased salusin 3

contributes

to the pathogenesis
of hypertension
and cardiovascular
remodeling.

plasma angiotensin Il levels, the expression
of type 1 receptors of angiotensin
in myocardium and mesenteric artery, and
prevented media thickness in the arteries
of hypertensive rats.

Salusin 3 correlates
with hs-CRP and
ADMA in hypertensive
adolescents.

Salusin (3 levels are significantly higher
in patients with hypertension and positively
correlate with the levels of hs-CRP and ADMA.

Central salusin B
knockdown
deteriorates cardiac
and vascular
functions in ageing
hypertensive rats
with heart failure via

Aging hypertensive rats with heart failure
have massively increased salusin 3 expression.
The knockdown of salusin 3 improves
cardiac and vascular functions; there is no
result in rats without hypertension. Silencing

of salusin B reduces paraventricular nucleus
proinflammatory cytokines and ROS levels a ROS-related pathway
in aging hypertensive rats with heart failure. in the hypothalamic
PVN.

Increased salusin 3
may be a predictor
of non-dipper
hypertension and
a poor cardiovascular
prognosis.

Salusin B levels are higher in patients with non-
dipper hypertension.

The knockdown
of salusin B improves
vascular functions and
prevents vasculopathy
in hypertension.

Silencing of salusin 3 enhances vascular
relaxation and remodeling, decreases blood
pressure and vasoconstriction in hypertension
by the activation of eNOS, the release of NO,
and the inhibition of NAD(P)H oxidase and ROS.
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Table 1. Summary of the studies on salusin 3 included in the review — cont.

27.

28.

29.

30.

31.

32.

33.

Author, year

of publication

A TOR2A gene product:
Salusin-f contributes
to attenuated
vasodilatation
of spontaneously
hypertensive rats

Sun et al. (2021)%

Efficacy of felodipine and
enalapril in the treatment
of essential hypertension
with coronary artery
disease and the effect
on levels of salusin-@3,
apelin, and PONT gene
expression in patients

Zhang et al.
(2022)%°

Salusin-a levels are

Dervisogluetal.  negatively correlated with

(2019)3 diastolic blood pressure
in children with obesity

Effects of two types
of moderate- and high-
Nazari et al. intensity interva(l training
(2020)% on serum salusin-a and

salusin-B levels and lipid
profile in women with
overweight/obesity

Obesity and overweight

Stefanowicz- and accompanying

Bielska et al. metabolic disorders occur
(2020)* in children with Down
syndrome
Effect of two chronic
exercise protocols on pre-
Paahoo et al. atherosclerotic and anti-
(2020)% atherosclerotic biomarkers
levels in obese and
overweight children
Effectiveness of continuous
aerobic versus high-
intensity interval trainin
el Tow it all on athirosclerotic andg
(2021)%7

inflammatory markers
in boys with overweight/
obesity

Subject

rats

110 patients
with essential
hypertension and
CAD

A. Janecka, J. Stefanowicz. Salusin B & metabolic syndrome

Results

The intravenous administration of salusin 3
and anti-salusin B 1gG in hypertensive rats
has an impact on blood pressure, heart rate
and basal vascular tone. The administration
of salusin B decreases eNOS activity and NO
levels and increases NAD(P)H oxidase activity
in hypertensive rats, while anti-salusin 3 has
a reverse impact.

Better effectiveness and lower levels of salusin 3
were observed in patients who were
administered felodipine and enalapril than
in patients who were administered felodipine
alone.

Obesity/lipid disorders

75 obese children,
101 healthy
children

80 women
divided
in 2 groups
according
to the type
of training,
40 women
- control group

48 patients with
DS (26 girls and
22 boys), aged

from 7 to 18 years,
divided into
2 groups - 39 with
normal weight
or underweight
and 9 obese
or overweight

30 obese and
overweight
boys divided
into 2 groups

according
to the type
of training,
15 boys — control
group

30 boys divided
into 2 groups
according
to the type
of training,

15 boys — control
group

No significant correlation between salusin 3 and
heart rate, SBP. DBP. BMI, carotid intima-media
thickness, epicardial adipose tissue thickness,

and left ventricular mass index was found:; there
was a negative correlation between salusin a

and DBP.

Both types of training improved the lipid profile
and increased salusin (3 levels, but in moderate
interval training, the changes were more
significant.

Higher values of HDL cholesterol were found
in patients with normal body mass and
underweight than in patients with obesity and
overweight (p = 0.009). Higher values of uric
acid were found in the group of patients with
obesity and overweight than in the normal
mass and underweight group (p = 0.012).
The children who are physically active have
normal body weight (p = 0.039). There was no
significant difference in salusin f levels between
both groups.

A significant increase of serum levels of salusin a
and NO, and a decrease of serum levels
of salusin B, body weight, BMI, and TG/HDL ratio
in both training groups, but more significant
after HIIT.

Both types of training improved the lipid profile,

increased the levels of inflammatory factors and

salusin 3 and increased the salusin ratio; in HIIT,
the changes were more significant.

Conclusions

The overexpression
of salusin 3 plays
arole in impaired

vasodilatation
in hypertension
by activating NAD(P)H
oxidase and inhibiting
NO release.

Combination
of felodipine and
enalapril is more
effective in treatment
of hypertension with
CAD. It decreases
the level of salusin 3.

Salusin a seems to be
an earlier predictor
of cardiovascular
disorders than salusin 3
in obesity.

Moderate intensity
interval training is more
effective in improving
the lipid profile than
HIIT.

The role of salusin 3
as an early indicator
of metabolic disorders
in children with DS was
not demonstrated.

Both HIIT and
continuous aerobic
training have
positive impact
on cardiometabolic
parameters, but HIT
seems to be more
effective.

HIIT is more effective
in improving
the lipid profile and
inflammatory factors
then aerobic training
in obese boys.

T2DM - type 2 diabetes mellitus; eNOS — endothelial nitric oxide synthase; ROS - reactive oxygen species; NAD(P)H - nicotinamide adenine dinucleotide
phosphate; CAD - coronary artery disease; CSF — coronary slow flow; PPARY — peroxisome proliferator-activated receptor y; AMPK — adenosine
monophosphate-activated protein kinase; HUVECs — human umbilical vein endothelial cells; VSMCs - vascular smooth muscle cells; HRECs — human

retinal capillary endothelial cells; DFI — diabetic foot infections; ADMA — asymmetric dimethylarginine; PVN — paraventricular nucleus; AAA — abdominal
aortic aneurysm; DS — Down syndrome; IL — interleukin; BMI - body mass index; hsCRP — high-sensitivity Greactive protein; LVEF — left ventricular ejection
fraction; CAE — coronary artery ectasia; ROS - reactive oxygen species; HbA1c — hemoglobin A1C; IgG - immunoglobulin G; HDL - high-density lipoprotein;
TG - triglycerides; HIIT — high-intensity interval training; SBP - systolic blood pressure; DBP — diastolic blood pressure; CVD - cardiovascular disease.
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Discussion

Our research encompassed 12 articles based on studies
performed on animals or cell culture systems and 21 ar-
ticles concerning humans; 15 of these included healthy
controls, and only 5 articles involved children. Four studies
enrolled more than 100 patients, and 11 enrolled more than
50 patients. Therefore, most studies were based on relatively
small study groups, which hampers a definitive evaluation.
Nonetheless, most of the studies confirmed the thesis that
salusin {3 has a relevant function in atherosclerotic develop-
ment, and is correlated with components of the metabolic
syndrome. Furthermore, Geng Elden et al. demonstrated
an association between sudden hearing loss, atherosclerosis
and salusin P, and all groups presenting with similar ath-
erosclerotic parameters. The collected material confirmed
that salusin f is a prognostic factor in hearing loss. However,
the results of the above study did not indicate sufficient
evidence for the development of atherosclerosis in the study
group, and hence it was not included in the review.*

The analyzed data indicate that there is much that re-
mains to be discovered about salusin p. Preprosalusin mRNA
is ubiquitously expressed, being found in many tissues and
organs, such as the nervous system, endothelium, muscles,
liver, lungs, kidneys, bone marrow, lymph nodes, spleen,
thymus, adrenal glands, small intestine, stomach, salivary
glands, and testes, as well as in fluids, such as plasma and
urine. A significant number of recent studies on salusin {3
have concentrated on its role in biochemical pathways
in hypertension, atherosclerosis, hyperglycemia, and obe-
sity. Currently available data indicate that salusin p could
be used in diagnostics of developing atherosclerosis and hy-
pertension, and appears to be a promising novel target for
treatment.

Studies performed on animal models provide important
knowledge but in a narrow range. Nevertheless, they indi-
cate that salusin  could be a direct target in the treatment
of hypertension and heart failure, or an indicator of treat-
ment efficacy. Initial attempts have already been made
to use these findings in clinical practice. One promising
study on the evaluation of the treatment of hypertension
with 110 patients provides interesting and valuable results.?°

Recent studies do not directly confirm the connection
between elevated levels of salusin [ and obesity. However,
physical activity in overweight or obese patients brings
about a reduction of salusin p and improvement of both
lipid profile and inflammatory factors. These data suggest
that salusin § could be valuable in the treatment of obesity.

Cohort studies are necessary to confirm the scope and
bring us closer to the practical application of salusin f.

Limitations
This review has some limitations. The available lit-

erature on salusin P is quite limited and based on a va-
riety of methods, which hinders a systematic review.
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The division of included papers into sections was based
on the main topics of the studies and seemed to be arti-
ficial, as each study contained multiple components and
had a high degree of overlap. The aim of this classification
was to organize the data. Moreover, research conducted
in humans is generally based on small groups of patients.

Conclusions

Recent studies confirm that salusin p plays an important
role in the development of vascular remodeling, inflam-
mation, hypertension, and atherosclerosis. Additionally,
the peptide is related to hyperglycemia and lipid disorders.
The widespread activity of salusin J makes it a potential
therapeutic target. However, there is a need for additional
studies to confirm the potential role of salusin {3 as a novel
target for treatment.

While it could be useful in the prophylaxis or the treat-
ment of the abovementioned disorders, many reports have
been performed in animal models, and those conducted
in humans are based on small groups of patients and are
not always compared with healthy controls. Studies enroll-
ing children are rare. There is a lack of studies conducted
in humans confirming the thesis that salusin f is a good
predictor of atherosclerosis and metabolic syndrome,
hence further investigations are necessary.
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