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Correlation of cathepsin S with coronary stenosis degree,
carotid thickness, blood pressure, glucose and lipid metabolism
and vascular endothelial function in atherosclerosis
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Abstract. Correlation of cathepsin S with coronary stenosis
degree, carotid thickness, blood pressure, glucose and lipid
metabolism, and vascular endothelial function in patients with
atherosclerosis was investigated. Data from 120 patients with
increased cathepsin S levels (increased group) and 120 subjects
with normal cathepsin S levels (normal group) were retrospec-
tively analyzed. The serum cathepsin S level and Gensini score
were compared between the healthy subjects and patients
with coronary atherosclerotic heart disease, and the correla-
tion between serum cathepsin S level and Gensini score was
analyzed. The carotid thickness, mean arterial pressure, and
indexes related to glucose and lipid metabolism, as well as
vascular endothelial function were compared between the two
groups. The correlation of the serum cathepsin S level with
carotid intima-media thickness (IMT), mean arterial pres-
sure, fasting blood glucose, total cholesterol (TC) and nitric
oxide (NO) was also investigated. Patients with multi-vessel
coronary artery disease (CAD) had higher serum cathepsin S
level than those with double-vessel and single-vessel disease,
and higher level than that of healthy subjects. The Gensini
score of patients with multi-vessel CAD was higher than
that of patients with double-vessel and single-vessel disease,
as well as that of healthy subjects. The serum cathepsin S level
was positively correlated with the Gensini score. Patients with
increased cathepsin S level had greater IMT, higher mean
arterial pressure, fasting blood glucose, fasting insulin (FINS),
triglyceride (TG), TC, and endothelin-1 (ET-1), however,
lower NO level than those of healthy subjects. The serum
cathepsin S level was positively correlated with IMT, mean
arterial pressure, fasting blood glucose, and TC, however, it
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was negatively correlated with the NO level. In conclusion, as
the serum cathepsin S level is elevated, the coronary stenosis
is aggravated, the carotid thickness and blood pressure are
increased, and the glucose and lipid metabolism, as well as
vascular endothelial function are significantly abnormal.

Introduction

As a papain cysteine protease and one of lysosomal proteases,
cathepsin S mainly participates in the degradation of various
tissue proteins and acts as a catalytic enzyme in the process of
proteolysis, and therefore it is the most common endonuclease
in the body (1). Cathepsin S can not only degrade and transform
intracellular proteins under acid conditions, but can also exert
physiological effects (2), vascular activity-regulating effects
and modulatory effects on the proliferation and differentiation
of endothelial cells (3) under extracellular neutral conditions.
Moreover, it has important clinical value in the proliferation
and migration of a variety of cytokines (4).

Cathepsin S can also promote the degradation of type I and
IV collagens, as well as their laminins among the components of
extracellular matrix (5). In the physiological process, it degrades
the collagens in the above mentioned intercellular substances
mainly through the chemotaxis and aggregation of smooth
muscle cells toward the macrophages, fibrous cap cells, tunica
media and other sites, thus leading to rupture of atherosclerotic
plaques (6). Moreover, cathepsin S is able to accelerate the
production of inflammatory cytokines in the body, further
degrading elastic fibrous protein and collagen in the atheroscle-
rotic plaques causing attenuation and even rupture of the
atherosclerotic plaques. Finally, it can migrate to the vicinity of
the vascular intima media, and positive feedback can increase
the secretion and release of cathepsin S, thereby triggering the
formation of massive foam cells in the body and prominently
speeding up the instability of the atherosclerotic plaques (7).
Although related clinical studies have verified that (8) the level
of cathepsin S is associated with the formation of atheroscle-
rosis, there are few reports on the correlation of cathepsin S with
the coronary stenosis degree and carotid thickness in atheroscle-
rosis patients. This study investigated these issues and analyzed
the relation of cathepsin S with blood pressure, glucose and lipid
metabolism, and vascular endothelial function.
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Patients and methods

General data. Relevant data of 120 patients with increased
cathepsin S levels, admitted and treated in The Third Xiangya
Hospital of Central South University (Changsha, China) from
February 2016 to August 2018 (increased group), and data from
120 subjects with normal cathepsin S levels, enrolled in the same
time period (normal group), were retrospectively analyzed. In
the increased group, there were 40 patients definitely diag-
nosed with coronary atherosclerotic heart disease, including
23 males and 17 females, 50-70 years of age, with an average
age of 63.3+2.1 years. The course of disease was 3-21 years,
with an average of 8.4+0.4 years. Forty patients were definitely
diagnosed with carotid intima-media thickening, including
21 males and 19 females, 50-70 years of age, with an average
age of 63.4+2.0 years. The course of disease was 3-20 years,
with an average of 8.5+0.4 years. There were 40 patients with
hypertension, including 23 males and 17 females, 50-70 years
of age, with an average age of 63.5+2.1 years, a disease course
of 5-25 years and an average course of 9.4+0.4 years. Normal
group consisted of 63 males and 57 females, 50-70 years of age,
with an average age of 63.4+2.0 years. The general data of the
groups are presented in Table I. The study was approved by the
Ethics Committee of The Third Xiangya Hospital of Central
South University. Signed informed consents were obtained
from all participants before the study.

Methods. The level of cathepsin S was detected in all patients
using enzyme-linked immunosorbent assay (R&D Systems,
Inc.). The serum cathepsin S level and Gensini score were
compared between the healthy subjects and patients with coro-
nary atherosclerotic heart disease, and the correlation between
serum cathepsin S level and Gensini score was analyzed.
The carotid thickness, mean arterial pressure and indexes
related to glucose and lipid metabolism, as well as vascular
endothelial function were compared. Also, the correlation of
the serum cathepsin S level with carotid intima-media thick-
ness (IMT), mean arterial pressure, fasting blood glucose,
total cholesterol (TC) and nitric oxide (NO) was investigated.
Fasting blood glucose and TC were measured by an Automatic
Biochemistry Analyzer (Abbott 8200; Abbott Pharmaceutical
Co. Ltd.). NO was measured by a Nitric Oxide Colorimetric
Assay kit (K262-200; AmylJet Scientific, Inc.).

Evaluation criteria. Coronary artery stenosis was evaluated
on the basis of coronary angiography. All coronary angiog-
raphy results were entered into a software (CAAS II System;
Pie Medical Imaging BV) and then analyzed by physicians
with >5 years of experience in interventional therapy or inter-
ventional therapy in the Department of Cardiology. Patients
with a degree of coronary artery stenosis >50% were assessed
as positive and diagnosed with coronary artery disease (CAD),
and those with a degree of coronary artery stenosis <50%
were assessed as negative. The degree of vascular stenosis was
evaluated with reference to the Gensini scoring system of the
American Heart Association, including 1 point (stenosis degree
of each coronary artery, <25%), 2 points (stenosis degree of
each coronary artery, 26-50%), 4 points (stenosis degree of
each coronary artery, 51-75%), 8 points (stenosis degree of
each coronary artery, 76-90%), 16 points (stenosis degree of

Table I. General data.

Factors Increased group Normal group
Sex

Male 66 63

Female 54 57
Age (years) 63.4+2.1 63.2+2.2
CAD

Yes 40 5

No 80 115
IMT

Yes 40 9

No 80 111
Hypertension

Yes 40 11

No 80 109

CAD, coronary artery disease; IMT, intima-media thickness.

each coronary artery, 91-99%) and 32 points (stenosis degree
of each coronary artery, 100%). In terms of IMT, the thick-
ness at 2 cm of the proximal part of bilateral internal carotid
arteries of all the patients was measured using GE Vivid 7
color ultrasound diagnostic instrument (GE Healthcare),
which was regarded as the carotid IMT, with a normal value
of <1.0 mm. The indexes of glucose metabolism included
fasting blood glucose (normal reference value for adults,
3.9-6.1 mmol/l) and fasting insulin (FINS) (normal reference
value for adults, 3.0-24.9 U/ml). The indexes of lipid metabo-
lism consisted of triglyceride (TG) (normal reference value for
adults, 0.56-1.71 mmol/l) and TC (normal reference value for
adults, 2.83-5.17 mmol/l). The indexes of vascular endothelial
function were endothelin-1 (ET-1) (normal reference value for
adults, 43.50-58.38 ng/l) and NO (normal reference value for
adults, 13.8-34.6 ymol/l).

Statistical analysis. Statistical Product and Service Solutions
(SPSS) 20.0 software (IBM Corp.) was used. The measure-
ment data, such as the data of serum cathepsin S level, Gensini
score, carotid thickness, mean arterial pressure and related
indexes to glucose and lipid metabolism, as well as vascular
endothelial function, were expressed as mean + standard devi-
ation (mean + SD). t-test was performed for the comparison of
the mean between two groups. Comparison among multiple
groups was carried out using one-way ANOVA followed by
a post hoc test (Tukey's honestly significant difference). Also,
Pearson's correlation analysis was applied to analyze the
correlation of serum cathepsin S level with Gensini score,
IMT, mean arterial pressure, fasting blood glucose, TC and
NO. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Serum cathepsin S level in healthy subjects and patients with
coronary atherosclerotic heart disease. The serum cathepsin S
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Figure 1. Comparison of serum cathepsin S levels between healthy sub-
jects and patients with coronary atherosclerotic heart disease. The serum
cathepsin S level in the patients with multi-vessel coronary artery disease
was higher than that in patients with double-vessel and single-vessel disease,
as well as in healthy subjects. "P<0.05, compared with healthy subjects;
"P<0.05, compared with single-vessel disease patients; “P<0.05, compared
with double-vessel disease patients.
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Figure 2. Comparison of Gensini scores between healthy subjects and patients
with coronary atherosclerotic heart disease. The Gensini score in the patients
with multi-vessel coronary artery disease was higher than that in patients with
double-vessel and single-vessel disease, as well as in healthy subjects. "P<0.05,
compared with healthy subjects; “P<0.05, compared with single-vessel disease
patients; “P<0.05, compared with double-vessel disease patients.

level was 0.31+£0.03 pg/1 in healthy subjects, 0.45+0.05 pg/l in
patients with single-vessel CAD, 0.53+0.08 ug/l in patients
with double-vessel disease, and 0.71+0.17 pg/1 in patients with
multi-vessel disease. The patients with multi-vessel CAD had
a higher serum cathepsin S level than those with double-vessel
and single-vessel disease, and a higher level than the healthy
subjects (F=7.493, P<0.05) (Fig. 1).

Gensini score in healthy subjects and patients with coro-
nary atherosclerotic heart disease. The Gensini scores were
2.5+0.3, 13.2+1.4, 36.4+2.8 and 67.1+£3.5 points in healthy
subjects, patients with single-vessel CAD, patients with
double-vessel disease and patients with multi-vessel disease,
respectively. The patients with multi-vessel CAD had a higher
Gensini score than those with double-vessel and single-vessel
disease, and a higher score than the healthy subjects (F=9.201,
P<0.05) (Fig. 2).
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Figure 3. Correlation analysis of the serum cathepsin S level and Gensini
score. The serum cathepsin S level is positively correlated with Gensini score
(P<0.05).

Correlation analysis between the serum cathepsin S level and
Gensini score. The serum cathepsin S level was positively
correlated with Gensini score (r=0.9364, P<0.05) (Fig. 3).

Comparison of carotid thickness, mean arterial pressure and
indexes related to glucose and lipid metabolism, as well as
vascular endothelial function. Patients with increased serum
cathepsin S level had greater IMT (P<0.05), higher mean arte-
rial pressure (P<0.05), fasting blood glucose, FINS (P<0.05),
TG, TC (P<0.05) and endothelin-1 (P<0.05), however, lower
NO level (P<0.05) than those of healthy subjects (Table II).

Correlation analysis of the serum cathepsin S level with IMT,
mean arterial pressure, fasting blood glucose, TC and NO.
The serum cathepsin S level was positively correlated with
IMT, mean arterial pressure, fasting blood glucose and TC
levels (P<0.05), however, was negatively correlated with NO
level (P<0.05) (Figs. 4-8).

Discussion

As a papain with the richest functions in the mammalian
elastase system, cathepsin S is of great value in numerous
pathophysiological processes, such as gene transcription
and regulation through controlling the promoter of protein
genes (9). Therefore, it is considered as the most common
candidate gene for the occurrence and development of
atherosclerosis (10). Immunohistochemical assay results have
indicated that remarkable expression of cathepsin S exists
in macrophages, smooth muscle cells of fibrous cap and
intimal elastic lumina during atherosclerotic process (11).
However, western blotting combined with elastase analysis
have suggested that the expression levels of cathepsin S and
cathepsin K in the extracts of atherosclerotic tissues are mark-
edly elevated, thus strengthening the dissociation activity of
elastic tissues (12). As a result, cathepsin S plays a vital role in
the occurrence and development of atherosclerosis. Another
study has identified cathepsin S as a marker of adiposity and it
has been proposed that cathepsin S represents a molecular link
between obesity and atherosclerosis (13). In addition, large
quantities of studies have indicated that (14) the activity of lyso-
somal cysteine proteases has great impact on the occurrence
and development of atherosclerosis, and cathepsin S is also the
most important lysosomal cysteine protease. Chen ef al (15)
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Table II. Comparison of carotid thickness, mean arterial pressure, and indexes related to glucose and lipid metabolism, as well as
vascular endothelial function (mean + SD) between the two groups.

Mean arterial Fasting blood FINS TG TC ET-1 NO
Groups IMT (mm) pressure (mmHg) glucose (mmol/l) (mU/l) (mmol/l) (mmol/l) (ng/l) (umol/l)
Normal group 0.82+0.03 108.3+1.6 5.0+0.3 42+0.1 1.7#0.1 3.0+0.1 51.6+£30 30.7+3.2
Increased group  1.78+0.11 143.2+2.8 9.7+0.7 9.1+03 34+02 5503 1295445 8.8+1.3
t value 92.234 118.549 67.604 169.741  83.283 86.603 157.785 69.457
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

P<0.05 indicates statistical significance; IMT, intima-media thickness; FINS, fasting insulin; TG, triglyceride; TC, total cholesterol; ET-1,
endothelin-1; NO, nitric oxide.
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Figure 6. Correlation analysis of the serum cathepsin S level and fasting
blood glucose. The serum cathepsin S level is positively correlated with
fasting blood glucose (P<0.05).

Figure 4. Correlation analysis of the serum cathepsin S level and IMT. The
serum cathepsin S level is positively correlated with IMT (P<0.05). IMT,
intima-media thickness.
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Figure 5. Correlation analysis of the serum cathepsin S level and mean arte-
rial pressure. The serum cathepsin S level is positively correlated with mean
arterial pressure (P<0.05).

found that cathepsin S and insulin resistance are independent
of each other. At the same time, increased blood pressure,
abnormal glucose and lipid metabolism, as well as vascular
endothelial function are relevant or independent risk factors
for atherosclerosis. However, there is no previous research
report on the correlation of cathepsin S with blood pressure
change, glucose and lipid metabolism and vascular endothelial
function.

This investigation focused on the comparisons of serum
cathepsin S level and Gensini score between healthy subjects
and patients with coronary atherosclerotic heart disease, and
it was discovered that the patients with multi-vessel CAD

Figure 7. Correlation analysis of the serum cathepsin S level and total
cholesterol. The serum cathepsin S level is positively correlated with total
cholesterol (P<0.05).
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Figure 8. Correlation analysis of the serum cathepsin S level and NO. The serum
cathepsin S level is negatively correlated with NO (P<0.05). NO, nitric oxide.
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have higher serum cathepsin S level and Gensini score than
those with double-vessel and single-vessel disease, as well as
healthy subjects. Furthermore, correlation analysis between
the serum cathepsin S level and Gensini score revealed that
the serum cathepsin S level is positively correlated with
Gensini score. These results suggest that for the patients with
coronary atherosclerotic heart disease, the wider the extent
of the lesion is, the higher the serum cathepsin S level will be,
and the elevated serum cathepsin S level will lead to a higher
Gensini score. Also, the serum cathepsin S level, carotid
thickness, mean arterial pressure and indexes related to
glucose and lipid metabolism, as well as vascular endothelial
function were compared. The results showed that the patients
with increased serum cathepsin S level have greater IMT,
higher mean arterial pressure, fasting blood glucose, FINS,
TG, TC and ET-1, however, lower NO level than healthy
subjects. Patients with elevated serum cathepsin S level had
also increased carotid IMT, raised levels of blood pressure,
blood glucose and blood lipid and impaired vascular endo-
thelial function. Finally, correlation analysis of the serum
cathepsin S level with IMT, mean arterial pressure, fasting
blood glucose, TC and NO demonstrated that the serum
cathepsin S level is positively correlated with IMT, mean
arterial pressure, fasting blood glucose and TC levels, and
negatively correlated with NO level, further suggesting that
the serum cathepsin S level is not only related to the degree
of coronary artery stenosis in the patients with coronary
atherosclerotic heart disease, but also positively correlated
with IMT, mean arterial pressure, fasting blood glucose and
TC levels, and negatively associated with NO level, a cyto-
kine related to the vascular endothelial function.

Serum cathepsin S can reduce the adhesiveness of extra-
cellular matrix, promote the migration of atherosclerotic
factors in the coronary tunica intima toward the site below
the tunica intima (16), and trigger atherosclerosis-induced
thickening of tunica intima of coronary artery and carotid
artery, ultimately aggravating the vascular stenosis induced
by atherosclerotic plaque, and promoting the disease progres-
sion (17). Additionally, serum cathepsin S is able to reduce the
stability of collagen fiber and fibrous cap in the atherosclerotic
plaque, thereby enhancing the instability of atherosclerotic
plaque (18). As the most important protease for degrading the
extracellular matrix during atherosclerosis formation, serum
cathepsin S is also capable of accelerating the migration of
monocytes to subintimal sites through the arterial intima (19),
further causing the thickening of arterial intima, promoting
the formation of fibrous plaque, and aggravating the athero-
sclerotic lesions (20). At the same time, it was also indicated in
this research that the patients with elevated serum cathepsin S
level also have increased blood pressure, and they are prone
to abnormalities in glucose and lipid metabolism and vascular
endothelial function. Differently, some studies have indicated
that high levels of cathepsin K and L are closely linked with
the presence of CAD, and are both independent biomarkers for
CHD (21,22). The present study also has some limitations. The
main limitation is the lack of in vitro or in vivo experiments.
Cathepsin S-deficient animals or cells should be employed to
verify our results.

In conclusion, the serum cathepsin S level is significantly
correlated with the coronary stenosis degree, carotid thickness,

blood pressure, glucose and lipid metabolism and vascular
endothelial function. With the elevation of serum cathepsin S
level, the coronary stenosis becomes more severe, the carotid
artery is thicker, the blood pressure is higher, and the glucose
and lipid metabolism and vascular endothelial function are
significantly abnormal.
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