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Abstract

Objective: This study was performed to evaluate the interaction effect of salusin-o and salusin-f3
on coronary artery injury or stenosis.

Methods: The salusin-o and salusin-f3 concentrations were measured by enzyme-linked immuno-
sorbent assay in 256 patients who underwent coronary angiography for chest pain, and coronary
artery stenosis was assessed by the SYNTAX scoring system. Multivariate logistic regression was
used to analyze the correlation between variables and coronary artery stenosis. The interaction of
salusin-ot and salusin-B on coronary artery stenosis was further explored by multiple linear regression.
Results: The model goodness of fit (R) for the interaction effect of salusin-o. and salusin-3 on
coronary artery stenosis was 0.863, and the adjusted R value revealed that the interaction could
explain 74.3% of the variation in SYNTAX scores. The F-statistic exceeded Fy o5 (3.031485935) and
P < 0.001, further showing that salusin-o. and salusin-3 had a significant interaction effect on coronary
artery stenosis. The standard coefficient for salusin-f3 (0.797) was higher than that for salusin-o
(—0.367, indicating an inhibitory effect), showing that salusin-B had a greater effect on coronary
artery stenosis.

Conclusions: Salusin-f3, a potential marker for assessing coronary atherosclerosis, was superior
to salusin-o, contributing to our understanding of the etiology of coronary artery stenosis.

Department of Clinical Laboratory, The Central Hospital
'Department of Laboratory Medicine, Hubei University of of Wuhan, Tongji Medical College, Huazhong University of

Chinese Medicine, Wuhan, China Science and Technology, Wuhan, China
2Department of Pathology, Ezhou Hospital, People’s Corresponding author:

Hospital, Wuhan University, Ezhou, China Xiaolu Mao, Department of Clinical Laboratory, The
3Department of Clinical Laboratory, Ezhou Hospital, Central Hospital of Wuhan, Tongji Medical College,
People’s Hospital, Wuhan University, Ezhou, China Huazhong University of Science and Technology, 26
“*Department of Cardiology, Renmin Hospital of Wuhan Shengli Street, Jiangan District, Wuhan City 430014,
University & Cardiovascular Research Institute of VWuhan China.

University, Wuhan, China Email: xiaolumao0317@163.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0001-9007-1950
mailto:xiaolumao0317@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520903868
journals.sagepub.com/home/imr

Journal of International Medical Research

Keywords

Salusin-a, salusin-f5, SYNTAX score, coronary artery disease, stenosis, atherosclerosis

Date received: |5 July 2019; accepted: 8 January 2020

Introduction

Salusin-oo and salusin-f are two small
peptides derived from alternative splicing at
the C-terminal end of TOR2A."> They are
composed of 28 and 20 amino acids, respec-
tively, and are expressed in many types of
cells.>> These two low-molecular-weight
peptides exhibit hemodynamic effects and
play important roles in atherosclerosis and
cardiovascular disease.'*® Although the two
peptides have various functions,*® recent
clinical studies have focused on their roles
in the pathogenesis of atherosclerosis and
cardiovascular disease.””

Immunological analyses have shown that
the plasma concentrations of salusin-o
and salusin-f in healthy adults are 23.3 +
8.1 pmol/L and 4.1+£0.9 nmol/L, respec-
tively.'®!"" Studies have shown that the con-
centration of salusin-a in patients with
coronary artery stenosis is significantly
lower than that in healthy people, while
the concentration of salusin-p is higher.”'?
Studies have also shown that the salusin-o
concentration is significantly negatively cor-
related and that the salusin-p concentration
is positively correlated with coronary artery
injury or stenosis.'*'* Therefore, salusin-o
and salusin-f are potential markers of ath-
erosclerosis.'> However, the interaction
effects of salusin-o and salusin-f on coro-
nary artery injury or stenosis and the rela-
tive magnitudes of their effects have not
been determined. In this study, the salu-
sin-oo and salusin-B concentrations were
measured in different groups of patients
and their interaction effect on coronary
artery stenosis was evaluated to determine
the utility of these two molecular markers in

evaluating coronary artery injury or
stenosis in the clinical setting. Our aim is
to provide comprehensive data for use in
clinical analysis.

Materials and methods

Baseline characteristics of study
population

Patients who underwent invasive coronary
angiography (ICA) for chest pain in our
clinical cardiovascular department were
classified into four groups, and their
serum samples were collected. The serum
was set aside for 30 minutes at 37°C, sepa-
rated by centrifugation, and stored at
—30°C until use. The four groups of
patients were as follows: those without
coronary artery lesions or <50% stenosis
(non-vessel disease [non-VD] group), those
with single-vessel coronary artery lesions
and >50% stenosis (1-VD group), those
with two-vessel coronary artery disease
(2-VD group), and those with coronary
artery disease involving three or more ves-
sels (3-VD group). In addition, the VD
group comprised the 1-VD, 2-VD, and
3-VD groups. Age, sex, smoking status,
statin therapy, body mass index, systolic
blood pressure, diastolic blood pressure,
total cholesterol concentration, triglyceride
concentration, low-density lipoprotein cho-
lesterol concentration, and high-density
lipoprotein cholesterol concentration were
recorded for all patients.

Additionally, a control group of healthy
volunteers was established, and their basic
information was collected. The participants
in this group were free from hypertension,
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diabetes mellitus, hyperlipidemia, and
ischemic heart disease and were taking no
medications.

This clinical investigation was conducted
according to the principles expressed in the
Declaration of Helsinki. The study protocol
was approved by the Medical Ethical
Committee of the Central Hospital of
Wuhan (approval number: clinical research
(2014) No. 153). Written informed consent
was obtained from all participants in accor-
dance with the guidelines of the Chinese
Ministry of Health.

ICA

ICA was used to evaluate the severity of
coronary artery stenosis, and a SYNTAX
score was obtained for each patient. ICA
was performed according to the standard
Judkins technique in all cases. At least
two views of the right coronary artery and
six views of the left coronary artery were
visualized, recorded, and stored. Coronary
artery segments were classified according to
the guidelines of the American Heart
Association. The severity of stenosis was
evaluated wusing Quantitative Coronary
Analysis (QCA, Innova 2000; GE Medical
Systems, Waukesha, WI, USA). A >50%
reduction in the minimal lumen diameter
compared with the proximal reference was
defined as significant stenosis. The angio-
grams were judged by one experienced car-
diologist who was not involved in the data
read-out of the dual-source computed
tomography. All vessels with luminal diam-
eters of >1.5 mm were analyzed.l(’
The SYNTAX scoring system'’ was used
to calculate the patients” SYNTAX scores.
The SYNTAX score of each patient was
evaluated three times by the above-
mentioned experienced cardiologist accord-
ing to the results of ICA, and the statistical
analysis showed no significant differences
among the three scores. Before the data anal-
ysis was performed, all patients’ SYNTAX

scores were reviewed three times by two
experts based on the imaging data. The sta-
tistical analysis showed no significant differ-
ences in the results of the three ratings of
each expert or in the SYNTAX score of
each patient obtained by the three experts.

Enzyme-linked immunosorbent assay

Human salusin-oo and salusin-B enzyme-
linked immunosorbent assay (ELISA) kits
were obtained from USCN Life Science Inc.
(Wuhan, China). Two standard curves were
generated according to the manufacturer’s
instructions. Before examining the samples,
the best dilution for human serum samples
was determined. A microtiter plate provid-
ed with the kit was pre-coated with an anti-
body specific to salusin-oo or salusin-f.
Standards or samples were added to the
appropriate microtiter plate wells with a
biotin-conjugated  polyclonal antibody
preparation specific for salusin-o or salu-
sin-B. Avidin—horseradish peroxidase con-
jugate was then added to each microplate
well, and the plate was incubated. Next, a
3,3'5,5'-tetramethylbenzidine (TMB) sub-
strate solution was added to each well.
Only wells containing salusin-o or salusin-
B, biotin-conjugated antibody, and enzyme-
conjugated avidin exhibited a change in
color. The enzyme-substrate reaction was
terminated by the addition of a sulfuric
acid solution, and the color change was
measured spectrophotometrically at a
wavelength of 450 nm. The concentration
of salusin-o or salusin-f in the samples
was then determined by comparing the
optical density of the samples with the stan-
dard curve depending on the dilution.

Comparison of salusins and
SYNTAX scores
The mean values of all variables in the

different groups of patients and in the con-
trol group of healthy volunteers were
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calculated for comparisons among groups.
Multivariate logistic regression was used to
determine the odds ratio (OR) and 95%
confidence interval (CI) of clinical variables
associated with coronary artery stenosis.
The VD group (comprising the 1-VD,
2-VD, and 3-VD groups) was valued as pos-
itive, while the non-VD group was valued
as negative. Multivariate linear regression
was used to evaluate the effect of the inter-
action between salusin-o and salusin-f on
the SYNTAX scores, and their respective
roles were analyzed.

Statistical analysis

SPSS version 19.0 (IBM Corp., Armonk,
NY, USA) was used for the data analyses.
All values are expressed as mean + standard
error of the mean. Data were compared by
the % test and one-way analysis of variance
(ANOVA). The correlations between clini-
cal variables and coronary artery stenosis
were analyzed using multivariate logistic
regression. Multiple linear regression was
used to analyze the synergistic effect of sal-
usin-oo and salusin-fp on the SYNTAX
scores of all patients. As shown in
Table 3, the R value indicated the goodness
of fit of the model, where a value close to
1.0 indicated a good model fit. The adjusted
R’ value was estimated to more accurately
determine whether independent variables
could explain variation in the dependent
variable. In the ANOVA, an F-value corre-
sponding to a significance value of <0.05
indicated that the regression equation was
useful. If F> Fo (k, n — k — 1), the synergis-
tic effect of the independent variables in the
model on the dependent variable was signif-
icant; otherwise, there was no significant
effect of the interaction. The k value indi-
cates the number of independent variables,
n is the sample capacity, n — k—1 is the
degrees of freedom, and o is the significance
level. The o value was set to 0.05, and Fo
(0.05, 2, 253) =3.031485935. To analyze the

effects of salusin-oo and salusin-f§ on the
SYNTAX scores, the regression coefficients
were determined; the greater the beta value,
the greater the influence of the independent
variable. A P-value of <0.05 indicated
statistical significance.

Results

In total, 256 patients were included in this
study. The non-VD, 1-VD, 2-VD, and
3-VD groups comprised 68, 72, 50, and 66
patients, respectively. The control group
comprised 37 healthy adults (22 men, 15
women; mean age, 58.46 + 11.88 years).

The clinical characteristics of the
enrolled patients and healthy volunteers
are summarized in Table 1. There were no
significant differences in age, sex, or smok-
ing status among the groups. The percent-
age of patients treated with statins was
significantly lower in the non-VD group
than in the 3-VD group (P <0.05). Both
the mean body mass index and high-
density lipoprotein cholesterol concentra-
tion were significantly higher in the
non-VD group than in the 1-VD group
and 3-VD group (P <0.05), but there were
no significant differences among the other
groups. The mean systolic and diastolic
blood pressures were significantly lower in
the control group than in the non-VD,
1-VD, 2-VD, and 3-VD groups (P <0.05),
but there were no significant differences in
the mean values among the four patient
groups. The mean concentrations of total
cholesterol and triglycerides were signifi-
cantly lower in the control group than
in the 1-VD, 2-VD, and 3-VD groups
(P <0.05), but there was no significant dif-
ference between the control group and the
non-VD group. The SYNTAX score
increased with the severity of coronary
artery stenosis (P < 0.05).

ICA was successfully performed in all
256 patients with chest pain, and the coro-
nary artery lesions of each patient were
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Table |I. Baseline characteristics of the study population.

Variables Control Non-VD 1-VD 2-VD 3-VD P

Age, years 5846+ 11.88 5731 +11.39 5862+11.77 578241145 5894+1243 0.937
Male 22 (59.57) 40 (58.82) 42 (58.33) 28 (56.00) 42 (63.63) 0.907
Smoking 16 (53.19) 32 (47.06) 38 (52.78) 26 (52.00) 36 (54.55) 0.786
Statin therapy 0 (0.00)* 30 (44.12)% 39 (54.17) 30 (60.00) 43 (65.15) <0.001
BMI, kg/m2 23.66 +2.24 2431 +2.13% 2324+2.15 24.11 +2.29 23.63 +£2.27 0.047
SBP, mmHg 124.62 +-13.38*% 133.254+15.47 135.56 41421 137.28+15.25 138.96+ 16.68 <0.001
DBP, mmHg 7759+ 10.66* 81.424+10.83 8278+ 11.32 834411224 8455+t1142 0.042
TC, mmol/L 428+ 1.27% 4.63+1.22 496+ 1.13 5.57+0.82 598+ 1.85 <0.001
TG, mmol/L .59+ 1.16% 1.71 +0.62 1.97 +1.14 2.13+1.10 224+ 1.23 0.008
LDL-c, mmol/L 2.42 +0.93% 2.87 +1.05 2.94+0.86 3.16+0.75 3.56+1.37 <0.001
HDL-c, mmol/L 1.44 +0.24 .46 4+0.21% 1.43+0.12 1.37 +0.14 1.36 £0.27 0.022
SYNTAX score - 536+073% 11.62+ 150" 21.39+181% 31584180 <0.00l

Data are presented as mean = standard error of the mean or n (%).
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides;
LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; Non-VD, no coronary artery

lesions or stenosis of <50%; |-VD, single-vessel coronary artery disease; 2-VD, two-vessel coronary artery disease; 3-VD,

three-vessel coronary artery disease and above.

*Significant difference between control group and Non-VD, |-VD, 2-VD, and 3-VD groups (P < 0.05).
*Significant difference between control group and 1-VD, 2-VD, and 3-VD groups (P < 0.05).
&Significant difference between Non-VD and 3-VD groups (P < 0.05).

#Significant difference between Non-VD and 1-VD groups (P < 0.05).

*Significant difference between Non-VD and 1-VD, 2-VD, and 3-VD groups (P < 0.05).

TSignificant difference between 1-VD and 2-VD, 3-VD groups (P < 0.05).

*Significant difference between 2-VD and 3-VD groups (P < 0.05).

scored by the SYNTAX scoring system.
The mean SYNTAX score was significantly
lower in the non-VD group than in the VD
group (P<0.05) (Figure 1). The standard
curve equations for the serum concentrations
of salusin-o and salusin-f as measured by
ELISA were y=4.227x+0.442 (R=0.97)
and y=4.779x+ 10.247 (R=0.98), respec-
tively (Figure 2). The mean salusin-o. concen-
tration in the non-VD group was significantly
higher than that in the VD group (P < 0.05)
but significantly lower than that in the con-
trol group (P < 0.001). However, the results
obtained for the mean salusin-f3 concentra-
tion differed from those obtained for the
mean salusin-o concentration (Figure 2).
Further analysis of the differences in the
mean salusin-o. and salusin-p concentrations
in the different subgroups of the VD group
showed that there was no significant differ-
ence in the salusin-o concentration between

the non-VD and 1-VD groups, between the
1-VD and 2-VD groups, or between the
2-VD and 3-VD groups. However, there
was a significant difference in the mean salu-
sin-f concentration between these groups
(P <0.001) (Figure 3).

Table 2 summarizes the relationships
between clinical variables (independent
variables) and coronary artery stenosis
(dependent variable) for all 256 patients as
determined by multiple logistic regression.
In addition to age and the triglyceride con-
centration, we confirmed that salusin-o. (OR,
0.654; 95% CI, 0.545-0.786; P < 0.001) and
salusin-f (OR, 8.740; 95% CI, 4.952—-15.424;
P <0.001) were significantly correlated with
coronary artery stenosis, while the other var-
iables were not significantly correlated with
coronary artery stenosis.

Salusin-o. and salusin-B were used as
independent variables and the SYNTAX
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Figure 1. SYNTAX scores in different groups. Upper row shows representative images of coronary artery
lesions in different branches. (a, b) No-vessel (right and left branches) coronary artery stenosis. (c, d) Single-
vessel (right and left branches) coronary artery stenosis. (e) Two-vessel coronary artery stenosis. (f) Three
or more-vessel coronary artery stenosis. Lower row shows the comparison of mean SYNTAX scores
between the Non-VD and VD groups. Non-VD, no coronary artery lesions or stenosis of <50%; VD,

coronary artery lesions and stenosis of >50%.

scores for the 256 patients were used as
dependent variables in a multiple linear
regression to analyze the synergistic effect
of salusin-oe and salusin-f. Table 3 summa-
rizes the parameters for model construc-
tion. The R value was 0.863, revealing
that the combined effect of salusin-o and
salusin-B on the SYNTAX scores for the
256 patients was large, with a better

goodness of fit. The adjusted R* value for
the SYNTAX scores was 0.743. This result
indicated that the synergistic effect of salu-
sin-o and salusin-f could explain 74.3% of
the variance in the SYNTAX scores. The
regression model in the ANOVA showed
an F-value of 368.831 with a significant
P-value of 0.001, clearly indicating that
the constructed regression model was
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Figure 2. Salusin concentrations in different groups. Upper left plot shows the standard curve for salusin-o,
and upper right plot shows the standard curve for salusin-f. Lower left plot shows the comparison of
mean salusin-a concentrations in different groups, and lower right plot shows the comparison of mean
salusin-f levels. Non-VD, no coronary artery lesions or stenosis of <50%; VD, coronary artery lesions

and stenosis of >50%.

useful, and the synergistic effect of salusin-o
and salusin-B on the SYNTAX scores was
significant (F > Fo.= 3.031485935, P < 0.001).
Furthermore, the effects of salusin-o. and sal-
usin-f on the SYNTAX scores were reviewed
based on the regression coefficients. We found
that salusin-o. and salusin-f had significant
effects on the SYNTAX scores (P <0.001)
and that the effect of salusin-p (beta
value=0.797) was greater than that of
salusin-o (beta value = —0.367).

Discussion

The results of this retrospective study con-
firmed the significant interaction effect of the
serum salusin-oe and salusin-3 concentrations

on coronary artery stenosis. Furthermore,
the effect of the serum salusin- concentra-
tion on coronary artery stenosis was almost
double that of salusin-o. Therefore, we
believe that salusin-f is more effective than
salusin-a as a potential indicator of coronary
artery injury or stenosis. These data show
that coronary artery stenosis should be
evaluated by combining the salusin-o and
salusin-B concentrations and that particular
attention should be paid to the serum con-
centration of salusin-f.

Many factors affect atherosclerosis'®'?;
however, recent studies have emphasized
the influence of the serum concentrations
of the small peptide molecules salusin-o
and salusin-B."*® A reduction in the
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g Variables OR (95% Cl) P
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§5 Age 1.028 (1.014-1.062) 0.003
P Male 1.141 (0.584-2.117) 0.572
é 9 Smoking 1.425 (0.813-2.364) 0.233
e BMI I.112 (0.856—1.168) 0.159
0 SBP 1.025 (0.867—1.034) 0.213
NenVD  1VD 2D 3-VD DBP 0.857 (0.738—1.024) 0216
3 p<0.001 TC 1.124 (0.768-1.435) 0.461
3 p<oom £ i oL K — TG 1412 (1.043-1.681) 0.017
g 6 LDL-c 0.854 (0.742—1.412) 0.743
@, HDL-c 1.213 (0.467-2.743) 0.534
8 Salusin-o 0.654 (0.545-0.786) 0.001
ﬁ 2 |j_‘ |J_‘ |J_‘ Salusin-f§ 8.740 (4.952-15.424) 0.001
0 OR, odds ratio; Cl, confidence interval; BMI, body mass
Non-VD 1-VD 3-\D

Figure 3. Comparison of mean salusin concen-
trations in different subgroups. Upper plot shows
the comparison of mean salusin-o. concentrations in
different subgroups, and lower plot shows the
comparison of mean salusin-f§ levels. Non-VD, no
coronary artery lesions or stenosis of <50%; |-VD,
single-vessel coronary artery disease; 2-VD, two-
vessel coronary artery disease; 3-VD, three-vessel
coronary artery disease and above.

serum salusin-o concentration or an
increase in the serum salusin-f§ concentra-
tion promotes the progression of athero-
sclerosis.™®® It is possible that salusin-B
upregulates the expression of acyl-
coenzyme A:cholesterol acyltransferase 1
(ACAT-1) via different pathways,**' stim-
ulating the proliferation of vascular smooth
muscle cells and fibroblasts, while salusin-o
inhibits the expression of ACAT-1.%!
Salusin-B can reportedly upregulate the
secretion of inflammatory factors and accel-
erate the development of atherosclerosis,
but salusin-o. has no such effect.”>** Other
reports have shown that salusin-o inhibits
foam cell formation from monocytes and
that salusin-p has the opposite effect.*>!
These studies suggest that salusin-o and sal-
usin-B are associated with atherosclerosis

index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TC, total cholesterol; TG, triglycerides; LDL-c,
low-density lipoprotein cholesterol; HDL-c, high-density
lipoprotein cholesterol.

and support their clinical application.
Clinical investigations have shown that the
serum salusin-o. concentration in patients
with mild hypertension is lower than that
in healthy volunteers, and this might
explain the development of mild carotid
atherosclerosis.'®** The salusin-o. serum
concentration in patients with acute carotid
syndrome is inversely correlated with the
severity of coronary atherosclerosis.'>?!
Therefore, salusin-a is likely to be useful
for the diagnosis, treatment, and prevention
of atherosclerosis and cardiovascular dis-
eases. Other studies have revealed that an
increased salusin-f3 serum concentration is
associated with the severity of cardiovascu-
lar disease.'** Salusin-f is a potential
marker of the process of cardiovascular dis-
ease, and blocking salusin-f expression
could help prevent atherosclerosis.'*
However, further investigations are needed
to evaluate the treatment of cardiovascular
diseases by inhibiting salusin-f expres-
sion.”> We believe that salusin-o. and salu-
sin-f have many biological functions and
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Table 3. Summary of multiple linear regression analysis of the synergistic effects of salusin-o and salusin-f}

on SYNTAX scores.

Independent variables (salusin-o x salusin-f3)

Goodness of fit

ANOVA

Regression coefficients

Standardized

Dependent coefficients

variables R R? Adjusted R>  F Sig (beta) t Sig

SYNTAX 0.863 0.745 0.743 368.831 0.001 —0.367% —11.541*  0.001*
scores 0.797° 25.057°  0.001°

“Relative regression coefficients of the independent variable salusin-o (t=—11.541, Sig=0.001).

®Relative regression coefficients of the independent variable salusin-f (t = 25.057, Sig=0.001).

ANOVA, analysis of variance; Sig, significance.

have opposite effects on atherosclerosis.
It is therefore inappropriate to evaluate
cardiovascular diseases based on one of
the two indices alone.

To evaluate the association between the
salusin-ot and salusin-f3 concentrations and
atherosclerosis, we selected 256 patients
who underwent ICA for chest pain.
The salusin-o and salusin-§ serum concen-
trations were determined by ELISA in all
256 patients as well as in 37 healthy volun-
teers. The interaction between coronary
atherosclerosis and these two peptide mole-
cules (salusin-o and salusin-f) has not been
previously reported. The SYNTAX score is
an internationally recognized standard for
evaluating coronary artery injury or steno-
sis.?° In this study, each patient was scored
by three experienced experts using the
SYNTAX scoring system,'”*® and continu-
ous variables for coronary artery injury
or stenosis that were suitable for the multi-
variate linear regression analysis were
obtained. The 37 healthy volunteers did
not agree to undergo ICA, and their
SYNTAX scores were not obtained for
comparative analyses. The differences in
the basic characteristics among the groups
in the present study (Table 1) were consis-
tent with those of previous reports.'>!*

The mean SYNTAX score in the non-VD
group was significantly lower than that in
the VD group (Figure 1). The VD group
comprised the 1-VD, 2-VD, and 3-VD
groups, and there were differences in the
SYNTAX scores among these three
subgroups (data not shown). We also
compared the mean salusin-o and salusin-
B concentrations among the healthy volun-
teers, non-VD group, and VD group
(Figure 2), and the results were consistent
with those reported previously.'*'* Further
comparisons of the differences in the mean
salusin-o and salusin- concentrations
among the non-VD, 1-VD, 2-VD, and
3-VD groups showed no significant differ-
ences in salusin-o between two adjacent
groups (Figure 3). This was not observed
in previous studies,! probably because of
the small sample sizes. However, there
were significant differences in the mean sal-
usin-f concentration among the four
groups. We further explored the interaction
effect of salusin-o. and salusin-f§ on coro-
nary artery injury or stenosis and the
relative importance of the two factors.
The multiple logistic regression analysis
showed that age, triglycerides, salusin-o,
and salusin-p were significantly correlated
with coronary artery stenosis (Table 2),
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consistent with the results of previous
reports.'>!* The effect of the interaction
of salusin-o and salusin-B on coronary
artery injury or stenosis was significant
according to the multivariate linear regres-
sion analysis, and the effect of salusin- was
significantly greater than that of salusin-o
(Table 3). These results suggest that the
combination of salusin-o. and salusin-f is
more reliable than either peptide alone in
analyses of coronary artery injury or steno-
sis and that more attention should be given
to the salusin- serum concentration.

Although an interaction effect of salusin-
o and salusin-f3 on coronary artery injury or
stenosis was successfully demonstrated
in 256 patients, our study had several limi-
tations. First, although the relationship
between multiple basic variables and
SYNTAX scores was analyzed in all 256
patients, it was not analyzed with respect
to the correlations between variables, espe-
cially the correlations of salusins with
other variables. Second, we evaluated 256
patients, which represents only a small por-
tion of the population of Wuhan, and most
patients were Han Chinese. Third, many
factors affect coronary artery injury or ste-
nosis, but we only directly evaluated two
factors (salusin-o and salusin-f§), and the
study duration was only 2 years. Finally,
the effects of antiatherogenic medical ther-
apy (such as statins) on the concentrations
of salusin-or and salusin- were not explored
in this study. Further analyses of the factors
that affect coronary artery injury or steno-
sis are required.

In conclusion, our study established the
interaction effect of salusin-o and salusin-f3
on coronary artery injury or stenosis based
on an analysis of 256 patients and showed
that salusin-f is superior to salusin-o as a
potential marker for assessing coronary
atherosclerosis. Although additional clini-
cal data and feedback are needed, our
findings will be helpful for future studies

of the mechanism underlying coronary
artery injury or stenosis.

Acknowledgments

We thank Dr. Yujie Sun for providing technical
assistance. We are also grateful to Dr. Cao Yang
for the helpful analysis and to the study partic-
ipants for their cooperation.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This work was supported by grants from Natural
Science Foundation of Hubei Province, Hubei,
China (Grant no. 2015CFB291); the Natural
Science Foundation of Hubei Province, Hubei,
China (Grant no. 2016CKB709); and the
Scientific Research Fund Project of Health
Commission of Hubei Province, Hubei, China
(Grant no. WJ2015MBO088).

ORCID iD

Xiaolu Mao (@ https://orcid.org/0000-0001-
9007-1950

References

1. Shichiri M, Ishimaru S, Ota T, et al
Salusins: newly identified bioactive peptides
with hemodynamic and mitogenic activities.
Nat Med 2003; 9: 1166—-1172.

2. Ogzelius LJ, Hewett JW, Page CE, et al. The
early-onset torsion dystonia gene (DYTf)
encodes an ATP binding protein. Nat
Genet 1997; 1: 40-48.

3. Sun HJ, Liu TY, Zhang F, et al. Salusin-f
contributes to vascular remodeling associat-
ed with hypertension via promoting vascular
smooth muscle cell proliferation and vascu-
lar fibrosis. Biochim Biophys Acta 2015; 9:
1709-1718.

4. Nagashima M, Watanabe T, Shiraishi Y,
et al. Chronic infusion of salusin-alpha and
-beta exerts opposite effects on atheroscle-
rotic lesion development in apolipoprotein


https://orcid.org/0000-0001-9007-1950
https://orcid.org/0000-0001-9007-1950
https://orcid.org/0000-0001-9007-1950

Wang et al.

10.

11.

12.

13.

14.

15.

. Qian K,

E-deficient mice. Atherosclerosis 2010; 1:
70-77.

. Bruno G, Cencetti F, Pertici I, et al. CTGF/

CCN2 exerts profibrotic action in myoblasts
via up-regulation of sphingosine kinase-1/
S1P signaling axis: implications in the
action mechanism of TGFbeta. Biochim
Biophys Acta 2015; 2: 194-202.

Feng L, Sun Y, et al
Overexpression of Salusin-o inhibits vascu-
lar intimal hyperplasia in an atherosclerotic
rabbit model. Biomed Res Int 2018; 12: 1-9.

. Gao S, Xu L, Zhang Y, et al. Salusin-o

inhibits proliferation and migration of vas-
cular smooth muscle cell via Akt/mTOR sig-
naling. Cell Physiol Biochem 2018; 5:
1740-1753.

. Sipahi S, Genc AB, Acikgoz SB, et al.

Relationship of salusin-alpha and salusin-
beta levels with atherosclerosis in patients
undergoing haemodialysis. Singapore Med
J 2018; 10: 1-16.

. Aydin S and Aydin S. Salusin-alpha and

-beta expression in heart and aorta with
and without metabolic syndrome. Biotech
Histochem 2014; 2: 98-103.

Sato K, Koyama T, Tateno T, et al. Presence
of immunoreactive salusin-alpha in human
serum and urine. Peptides 2006; 11:
2561-2566.

Sato K, Sato T, Susumu T, et al. Presence of
immunoreactive salusin-beta in human
plasma and urine. Regul Pept 2009; 3: 63-67.
Cakir M, Sabah-Ozcan S and Sagmaci H.
Increased level of plasma salusin-o and sal-
usin-f# in patients with multiple sclerosis.
Mult Scler Relat Disord 2019; 30: 76-80.
Du SL, Wang WJ, Wan J, et al. Serum sal-
usin-o levels are inversely correlated with the
presence and severity of coronary artery dis-
ease. Scand J Clin Lab Invest 2013; 4:
339-343.

Liu J, Ren YG, Zhang LH, et al. Serum
salusin-f§ levels are associated with the pres-
ence and severity of coronary artery disease.
J Investig Med 2015; 4: 632-635.

Sato K, Watanabe R, Itoh F, et al. Salusins:
potential use as a biomarker for

16.

17.

19.

20.

21.

22.

23.

24.

. Pouresmaeili

atherosclerotic cardiovascular diseases. Int J
Hypertens 2013, 10: 1-6.

Meng L, Cui L, Cheng Y, et al. Effect of
heart rate and coronary calcification on the
diagnostic accuracy of the dual-source CT
coronary angiography in patients with sus-
pected coronary artery disease. Korean J
Radiol 2009; 4: 347-354.

Cirakoglu OF, Aslan AO, Akyuz AR, et al.
The value of syntax score to predict new-
onset atrial fibrillation in patients with
acute coronary syndrome. Ann Noninvasive
Electrocardiol 2019; 1: 1-7.

F, Kamalidehghan B and
Kamarehei M. A comprehensive overview
on osteoporosis and its risk factors. Ther
Clin Risk Manag 2018; 6: 2029-2049.
Gibson MS, Domingues N and Vieira OV.
Lipid and non-lipid factors affecting mac-
rophage dysfunction and inflammation in
atherosclerosis. Front Physiol 2018; 654:
1-18.

Watanabe T, Suguro T, Sato K, et al. Serum
salusin-alpha levels are decreased and corre-
lated negatively with carotid atherosclerosis
in essential hypertensive patients. Hypertens
Res 2008; 3: 463-468.

Watanabe T, Nishio K, Kanome T, et al.
Impact of salusin-alpha and -beta on
human macrophage foam cell formation
and coronary atherosclerosis. Circulation
2008; 5: 638—648.

Koya T, Miyazaki T, Watanabe T, et al.
Salusin-f accelerates inflammatory
responses in vascular endothelial cells via
NF-«B signaling in LDL receptor-deficient
mice in vivo and HUVECs in vitro. Am J
Physiol Heart Circ Physiol 2012; 1:
H96-H105.

Zhou CH, Liu L, Liu L, et al. Salusin-f not
Salusin-a promotes vascular inflammation in
ApoE-deficient mice via the I kBa/NF-kB
pathway. PLoS One 2014; 3: 1-6.
Kotakowska U, Kuroczycka-Saniutycz E
and Wasilewska A. Is the serum level of
Salusin-f associated with hypertension and
atherosclerosis in the pediatric population?
Pediatr Nephrol 2015; 3: 523-531.



12

Journal of International Medical Research

25.

Li HB, Qin DN, Suo YP, et al. Blockade of
Salusin-f in hypothalamic paraventricular
nucleus attenuates hypertension and
cardiac hypertrophy in salt-induced hyper-
tensive rats. J Cardiovasc Pharmacol 2015;
4: 323-331.

26. Lee SE, Han K, Hur J, et al. Accuracy

of computed tomography for selecting
the revascularization method based on
SYNTAX score II. Eur Radiol 2018; 5:
2151-2158.



	table-fn1-0300060520903868
	table-fn2-0300060520903868
	table-fn3-0300060520903868
	table-fn4-0300060520903868
	table-fn5-0300060520903868
	table-fn6-0300060520903868
	table-fn7-0300060520903868
	table-fn8-0300060520903868
	table-fn9-0300060520903868
	table-fn10-0300060520903868
	table-fn11-0300060520903868
	table-fn12-0300060520903868
	table-fn13-0300060520903868

