European Review for Medical and Pharmacological Sciences 2023; 27: 2350-2357

Correlation between the serum lumican level
and the severity of coronary artery disease

A. KIRANKAYA'!, S. TUGRUL?, S. OZCAN?, O. INCE?, E. DONMEZ?, A. ATICP,

E. HANCIOGLU?, E. OKUYAN?, I. SAHIN?

'Department of Biochemistry, Bagcilar Research and Education Hospital, Istanbul, Turkey
’Department of Cardiology, Bagcilar Research and Education Hospital, Istanbul, Turkey
3Department of Cardiology, Faculty of Medicine, Goztepe Training and Research Hospital, Istanbul

Medeniyet University, Istanbul, Turkey

Abstract. - OBJECTIVE: Several studies have
previously shown that some small leucine-rich
proteoglycans (SLRPs) are associated with ath-
erosclerotic plaque. We aim to investigate the re-
lationship between circulating lumican levels and
the severity of coronary artery disease (CAD).

PATIENTS AND METHODS: This study in-
cluded 255 consecutive patients who underwent
coronary angiography for stable angina pecto-
ris. All demographic and clinical data were col-
lected prospectively. The severity of CAD was
assessed based on the Gensini score and a val-
ue >40 was defined as advanced CAD.

RESULTS: Eighty-eight patients were in the
advanced CAD group; these are older and the
frequency of diabetes mellitus, cerebrovascu-
lar accidents, reduced ejection fraction (EF), left
atrium diameter was higher. Serum lumican lev-
els were found as higher in advanced CAD group
(0.4 ng/ml vs. 0.6 ng/ml, respectively, p<0.001).
When the Gensini score increased, a statisti-
cally significant increase was observed in lumi-
can levels with a good correlation (r=0.556 and
p<0.001). In multivariate analysis, diabetes mel-
litus, EF and lumican were predictive for ad-
vanced CAD. Lumican level predicts CAD seri-
ousness with a sensitivity rate of 64%, specific-
ity rate of 65%.

CONCLUSIONS: In this study, we reveal a re-
lationship between serum lumican levels and
CAD severity. More research is warranted to de-
termine the mechanism and prognostic values
of lumican in the atherosclerosis.
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Introduction
Atherosclerosis is the most common underly-

ing pathology of coronary artery disease (CAD),
peripheral artery disease, and cerebrovascular
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disease'. Atherosclerotic plaques are composed of
lipids, inflammatory cells, smooth muscle cells,
apoptotic cells, calcium, and extracellular matrix
(ECM)*3. The ECM of atherosclerotic plaques
includes different proteins and glycoproteins,
the most abundant being collagen, elastin, and
proteoglycans®. The structure, composition, and
turnover of the ECM, as well as cell-matrix in-
teractions, are crucial in the development of ath-
erosclerotic plaque. During the proliferation of an
atherosclerotic lesion, a continuous remodeling of
the extracellular matrix occurs, characterized by
varying degrees of biosynthesis and degradation®.
The content of proteoglycans is low in the ECM
of vascular tissue but increases significantly in all
phases of vascular disease®.

Lumican is an ECM protein and belongs to a
family of proteins called small leucine-rich pro-
teoglycans (SLRPs), which consist of a core pro-
tein with leucine-rich repeats and one or more
linked glycosaminoglycan chains’. Members of
this family play an important role in cell migration
and proliferation during embryonic development,
tissue repair, and tumor growth®. Lumican levels
have previously been reported to increase in vari-
ous inflammatory-like conditions such as keratitis’,
inflammatory colitis'’, pancreatitis'!, and non-al-
coholic fatty liver disease'’. Recent research has
suggested that some SLRPs play a role in the de-
velopment of atherosclerosis®; similarly, lumican
was found to be expressed in human coronary ath-
erosclerotic tissue and carotid plaques®. However,
the relationship between serum lumican levels and
the severity of coronary artery disease has not been
studied to date. In this study, we aim to examine
the relationship between serum lumican levels and
the severity of coronary artery disease in a group
of patients who underwent coronary angiography
for stable angina pectoris.
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Patients and Methods

Study Population and Data Collection

This prospective, cross-sectional study includes
255 patients who underwent coronary angiography
for stable angina pectoris between February 2020
and March 2021. Stable angina was defined as typ-
ical discomfort in the chest, jaw, shoulder, back, or
arms, typically elicited by exertion or emotional
stress and relieved by rest or nitroglycerin. CAD
was defined as at least 50% diameter stenosis in
one or more major epicardial coronary artery, and
the severity of CAD was assessed based on the
Gensini score™. The age, sex, and body mass index
(BMI) of each patient were recorded in addition to
details of any of the following CAD risk factors:
hypertension (HT) (self-reported blood pressure
>140/90 mm Hg or use of an antihypertensive
drug); diabetes mellitus (DM) (self-reported fast-
ing glucose >126 mg/dL or use of oral hypoglyce-
mic agents or insulin); dyslipidemia (self-reported
low-density lipoprotein >130 mg/dL or total cho-
lesterol >200 mg/dL); and smoking (within one
year). All demographic and clinical data were col-
lected prospectively. The exclusion criteria for this
study were: active infection, glomerular filtration
rate <60 mL/min (GFR) (Cockcroft-Gault formu-
la), acute coronary syndrome, congestive heart
failure, severe valvular disease, advanced hepatic
disease, and systemic inflammatory or autoim-
mune disease. All patients provided their informed
consent to participate in the present study, which
was approved by the Local Ethics Committee.

Blood Samples

Fasting peripheral blood samples were drawn
for the measurement of blood glucose, urea, creat-
inine, plasma total cholesterol, high-density lipo-
protein cholesterol, low-density lipoprotein choles-
terol, and plasma triglycerides. After the samples
were centrifuged at 4°C for 15 min, the serum sam-
ples were separated and stored at -80°C. Serum
lumican levels were determined using a commer-
cially available Enzyme-Linked Immunosorbent
Assay kit by Elabscience (CSB-E09797h, Cusabio
Biotech Co., Ltd., Wuhan, China).

Coronary Angiography
and Gensini Score

Coronary angiography was performed by two
experienced interventional cardiologists who had
no knowledge of the study or the patient group
designation. The coronary arteries were visu-
alized in the left and right oblique planes using

cranial and caudal angulation. Gensini scores
were used to evaluate the grading and complexity
of CAD. A Gensini score is a point scale that is
based on the number of stenotic coronary artery
segments, including the degree of luminal nar-
rowing and the localization of the stenosis. Thus,
the Gensini score is calculated as a sum of steno-
sis scores and functional significance scores, as
calculated for each segment of the coronary artery
tree. The stenosis score expresses the percentage
reduction in the diameter of the coronary artery
lumen; a score from 1 to 32 was assigned, where
32 represents complete occlusion. The functional
significance score illustrates the regional impor-
tance of the lesion’s position as a value from 0.5
to 5. An overall Gensini score greater than 40 was
defined as advanced CAD".

Statistical Analysis

All statistical tests were conducted using the Sta-
tistical Package for the Social Sciences 19.0 for Win-
dows (IBM Corp., Armonk, NY, USA). The Kolmog-
orov-Smirnov test was used to analyze the normality
of the data. Continuous data are expressed as mean +
standard deviation, and categorical data are expressed
as percentages. The Chi-squared test was used to
assess differences in categorical variables between
groups. The relationships among parameters were
assessed using Pearson’s or Spearman’s correlation
analysis, according to the normality of the data. Stu-
dent’s #test or the Mann-Whitney U tests were used
to compare unpaired samples as required. Univariate
and multivariate logistic regression analyses were
used to identify independent variables of advanced
coronary artery disease. Independent variables in
univariate analysis were age, DM, GFR, HbAIC,
LVEF, and lumican levels. After performing univari-
ate analysis, statistically significant variables were in-
cluded in the multivariate logistic regression analysis
using the stepwise method. The results of univariate
and multivariate regression analyses were presented
as odds ratios with a 95% CI. For the laboratory pa-
rameter of lumican receiver operating characteristic
(ROC), curves were obtained and the optimal values
with the greatest total sensitivity and specificity in the
prediction of advanced coronary artery disease were
selected. Significance was assumed at a two-sided
p-value of <0.05.

Results

A total of 255 patients were enrolled in the study
prospectively. The patients were divided into two
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Figure 1. Spearman’s correlation analysis of Gensini score and lumican levels.

groups according to their Gensini score, with 88 pa-
tients in the advanced CAD group. The demographic,
laboratory, and clinical characteristics of the patients
according to the Gensini score are summarized in
Table 1. The mean age of 167 patients with a Gen-
sini score of <40 was 60.4 + 94 years and the mean
age of 88 patients with a score> 40 was 62.9 + 9.5
years. No significant differences were found between
the groups regarding gender, BMI, hypertension,
hyperlipidemia, pulmonary arterial hypertension,
chronic obstructive pulmonary disease, smoking sta-
tus, family history, or medications [antiplatelet, statin,
beta-blocker, Ca channel blocker, angiotensin-con-
verting enzyme (ACE) inhibitors and angiotensin II
receptor blockers (ARBs), insulin or oral antidiabetic
drugs]. In the advanced CAD group, the frequency
of diabetes mellitus, cerebrovascular accident, the in-
cidence of reduced left ventricular systolic function,
and left atrium diameter were typically higher. In lab-
oratory parameters, glucose, and HbAlc were higher
in the advanced group; total cholesterol, C reactive
protein (CRP), low density lipoprotein (LDL), and
uric acid levels were similar between the two groups.
Serum lumican levels were found to be higher
in the advanced CAD group (0.4 (0.3-0.6) ng/ml
vs. 0.6 (0.4-0.9) ng/ml respectively, p<0.001). The
relationship between the Gensini score and lumi-
can level of all patients was evaluated by Spear-
man correlation analysis. As the Gensini score
increased, a statistically significant increase was
also observed in lumican levels, with a good cor-
relation (r=0.556 and p<0.001) (Figurel).
Parameters that significantly differed be-
tween the groups in the logistic regression anal-
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ysis were further evaluated with univariate and
multivariate analyses. Initially, age, gender,
BMI, HT, DM, smoking, GFR, CRP, HbAIC,
LVEF, and lumican levels were assessed by uni-
variate analysis, and the parameters that were
found to be statistically significant were sub-
sequently evaluated by multivariate analysis.
In the multivariate analysis, DM, EF and lumi-
can level were found to be statistically signifi-
cant for prediction of advanced CAD (AA, OR
4.649, p = 0.010; AS, OR 1.749, p < 0.001; AWT,
OR 0.729, p = 0.042; Table II).

We finally evaluated the specificity and sen-
sitivity of lumican values with ROC analysis in
order to predict CAD severity. The blue line in
Figure 2 shows lumican levels; the value for the
area under the curve was measured as 0.65 (0.58-
0.72). Furthermore, lumican level predicts CAD
severity with a sensitivity rate of 64%, specificity
rate of 65%, and a cutoff value of 0.52 (Figure 2).

Discussion

The results of this study demonstrate that lu-
mican is associated with CAD severity in patients
who underwent coronary angiography for sta-
ble angina pectoris. Serum lumican levels were
found to be higher in the advanced CAD group.
As lumican level increased, the Gensini score
also increased with a good correlation between
variables (r= 0.556, p<0.001). In the multivariate
analysis, DM, EF, and lumican were found to be
statistically significant for predicting advanced
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Table I. Clinical demographic characteristics of patients according to Gensini score.

Patient (n) Score<40 (n: 167) Score>40 (n: 88) P
Age, years 60.4+94 62.9+9.5 0.047
Gender, (male%) 113 (67%) 64 (72%) 0.404
BMI, kg/m? 303+£53 29.4+ 5.1 0.216
HT, n (%) 93 (55%) 54 (61%) 0.549
DM, n (%) 53 (31%) 42 (47%) 0.029
CAD, n (%) 76 (45%) 49 (55%) 0.273
HL n (%) 69 (41%) 44 (50%) 0.201
CVA n (%) 6 (3%) 13 (15%) 0.003
PAH n (%) 12 (7%) 14 (16%) 0.078
COPD n (%) 28 (16%) 9 (10%) 0.273
Family History, n (%) 70 (41%) 45 (51%) 0.207
Smoking Status, n (%) 34 (20%) 11 (12%) 0.281
Smoking Status, years 20 (0-30) 10 (0-30) 0.283
LVEF, % 57.7+4.1 53.2+8.9 <0.001
LA, mm 36.4+3.8 38.0+3.9 0.004
Creatinin, mg/dl 0.7 (0.6-0.8) 0.8 (0.7-0.9) 0.139
Urea 32 (24-37) 34 (28-43) 0.142
GFR, ml/dk/1.73 m? 91.4+16.3 89.6+22.8 0.207
Uric asit 5.3+1.3 5.6+1.7 0.191
Glukoz 134.0+63.4 156.7£74.2 0.016
HBAIC 6.4+1.2 7.0£1.5 0.015
CRP, mg/dl 3(2-7) 4(2-9) 0.475
Albumine, g/dl 4.0+£0.3 4.0+0.4 0.578
TC, mg/dl 186.2+£52.9 191.0£52.2 0.491
LDL, mg/dl 120.3+39.4 126.3+38.3 0.248
HDL, mg/dl 42.6+10.8 42.6+10.7 0.993
TG, mg/dl 126 (85-185) 140 (97-196) 0.171
Lumican, 0.4 (0.3-0.6) 0.6 (0.4-0.9) <0.001
Gensini score, 12.9+11.5 65.9+22.8 <0.001
BB, n (%) 40 (23%) 19 (22%) 0.519
CCB, n (%) 18 (10%) 10 (11%) 0.497
ACEI/ARB, n (%) 38 (22%) 20 (23%) 0.447
Statin, n (%) 36 (21%) 20 (23%) 0.366
ASA n (%) 68 (41%) 33 (37%) 0.457
ASA+P2Y12 n (%) 16 (18%) 13 (33%) 0.071
Insulin, n (%) 4 (4%) 3 (7%) 0.506
OAD, n (%) 24 (27%) 12 (28%) 0.848

BMI: Body Mass Index; HT: Hypertension; DM: Diabetes Mellitus; CAD: Coronary Artery Disease; HL: Hyperlipidemia;
CVA: Cerebrovascular Accident; PAH: Pulmonary Arterial Hypertension; COPD: Chronic Obstructive Pulmonary Disease;
LVEF: Left Ventricular Ejection Fraction; LA: Left Atrium; GFR: Glomerular Filtration Rate; CRP: C Reactive Protein; TC:
Total Cholesterol; LDL: Low Density Lipoprotein; HDL: High Density Lipoprotein; TG: Triglycerides: BB: Beta-Blocker;
CCB: Ca Channel Blocker; ACEI/ARB: ACE Inhibitors/Angiotensin II Receptor Blocker; ASA: Acetylsalicylic Acid: OAD;

Oral Antidiabetic Drugs.

CAD. Furthermore, lumican level predicts CAD
severity with a sensitivity of 64%, specificity of
65%, and a cutoff value of 0.52.

The development and progress of atherosclero-
sis at arterial walls are mediated by interactions
between numerous growth factors, cytokines,
and vasoregulatory molecules that regulate cel-
lular function with cells intrinsic to the vascular
wall and ECM'". ECM is composed of fibril-
lar collagens, elastic fibers, and proteoglycans'.
The structure, composition, and turnover of the
ECM are crucial in developing atherosclerotic

plaque'®. Vascular smooth muscle cells (VSMCs)
play an integral role in atherosclerosis; in this
condition, VSMCs transform from a contractile
to a synthetic phenotype and migrate into the in-
tima'’. Subsequently, they proliferate and synthe-
size ECM, including proteoglycans'®.
Proteoglycans are macromolecules composed
of a core protein substituted with covalently
linked glycosaminoglycan (GAG) chains and are
major constituents of the ECM". Proteoglycans
impact disease processes such as inflammation,
immune responses, wound healing, and tumor
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growth®. Over the last two decades, proteogly-
cans have been shown to be involved in ECM
remodeling and fibrosis in different diseases? 2.
Also, recent research®® has suggested that some
SLRPs play a role in various cardiovascular dis-
eases, including the development of atherosclero-
sis?*?7, Proteoglycans have been identified in all
three layers of the vessel wall’, with different pro-
teoglycans dominant in different layers. Among
proteoglycans, members of the SLRP family
seem to play an especially important role in vas-
cular biology. Radhakrishnamurthy et al?® exam-
ined proteoglycan distribution in normal and ath-
erosclerotic coronary arteries and identified low
levels of decorin in the intima of normal coronary
arteries, consistent with the findings of Merrilees
et al® decorin has also been shown to result in
significant inhibition of neointimal hyperplasia, a
precursor of advanced atherosclerosis in an ex-vi-
vo human saphenous vein graft model*’. Kolod-
gie et al’' analyzed proteoglycan distribution in
coronary atherosclerotic lesions in patients with
sudden coronary death and found abundant ves-
icant expression in lesions with plaque rupture
or erosion. However, Nazemi et al*? reported no
correlation between serum decorin levels and cor-
onary artery calcification, based on a small study
of 84 coronary artery patients.

Although previous studies®'***32 have shown
that some SLRPs, such as decorin, lumican, and
osteoglycin, were associated with atheroscle-
rotic plaque tissue in human or animal models,
the relationship between serum lumican levels
and the severity of coronary artery disease re-
mains poorly understood. Lumican belongs to
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Figure 2. Receiver operating characteristic curve showing
the diagnostic value of lumican in predicting CAD severity.

the SLRP family and influences cellular migra-
tion, proliferation, and apoptosis by interacting
with the cell surface®. Lumican may also have
an important role in the formation of fibrotic le-
sions*¥, but little is known about the expression
and the role of lumican in atherosclerosis. Lu-
mican gene expression was elevated in arteries
from patients with CAD compared to healthy
control subjects, as well as in femoral arteries
with atherosclerotic plaques from patients with
peripheral occlusive arterial disease and in aor-
tic valves from patients with degenerative aortic

Table II. Univariate and multivariate regression analyzes of predictors of advanced CAD.

Variable Univariate Multivariate

OR 95% CI P OR 95% CI P
Age 1.02 1.00-1.05 0.04 1.00 0.95-1.04 0.96
Gender 1.27 0.72-2.25 0.40
BMI 0.96 0.91-1.02 0.21
HT 1.26 0.74-2.14 0.38
DM 1.96 1.15-3.33 0.01 2.11 1.06-4.20 0.03
Smoking 1.55 0.74-3.62 0.22
GFR 0.98 0.97-0.99 0.02 0.99 0.97-1.01 0.64
CRP 1.02 0.99-1.06 0.09
HBAIC 1.30 1.06-1.59 0.01 1.06 0.79-1.42 0.66
LVEF 0.89 0.85-0.94 <0.001 0.90 0.85-0.96 0.001
Lumican 2.33 1.19-4.54 <0.001 4.27 1.50-10.10 <0.001

BMI: Body Mass Index; HT: Hypertension; DM: Diabetes Mellitus; GFR: Glomerular Filtration Rate; CRP: C Reactive Pro-
tein; LVEF: Left Ventricular Ejection Fraction.
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stenosis®. Yang et al?® found lumican circulation
was independently associated with carotid ath-
erosclerosis plaque in their study of 176 hyper-
tension patients and suggested that SLRPs are a
promising potential molecular marker for ath-
erosclerosis. In one study, lumican showed in-
creased mRNA expression level in ischemic and
reperfused rat hearts®®. Likewise, in the study by
Engebretsen et al®, cardiac lumican mRNA and
protein levels led to increased experimental and
clinical heart failure in a mouse model. In our
study, we found a positive correlation between
the severity of CAD and serum lumican level.
Lumican protein is prominently localized in the
fibrous thickened intima and the inner layer of
media in coronary atherosclerosis. The lumican
protein and its mRNA were expressed in VSMCs
that migrated into the intima and localized in the
inner layer of the media in atherosclerosis.

In conclusion, severe coronary artery stenosis
is associated with poor prognosis, and its associa-
tion with various biomarkers has been investigat-
ed in many studies. The lumican protein and its
gene expression were found expressed in human
atherosclerotic tissue and ischemia. However, the
relationship between proteoglycans CAD severity
has not been conclusively determined in previous
studies. In this study, we reveal a relationship be-
tween serum lumican levels and CAD severity.
Further research is warranted to determine the
mechanism and prognostic values of lumican in
the development of atherosclerosis.

Limitations

There are several limitations regarding our
study. Firstly, this study is cross-sectional, based
at a single center, and does not comprise a large
sample size. Secondly, we evaluated traditional
clinical and laboratory parameters, which may
only have an impact on the progression of CAD.
Finally, we did not calculate the coronary calcium
score and did not perform intracoronary imaging
techniques, including intravascular ultrasound, to
further define the extent of CAD.

Conclusions

In this study, we reveal a relationship between
serum lumican levels and CAD severity. More re-
search is warranted to determine the mechanism
and prognostic values of lumican in the athero-
sclerosis.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Authors’ Contribution

A. Kirankaya, S. Tugrul, S Ozcan, O Ince, E. Donmez, A.
Atici, E. Hancioglu, E. Okuyan and I. Sahin designed the
study. A. Kirankaya, S. Tugrul, O Ince, E. Donmez, A. Ati-
ci, E. Hancioglu, E. Okuyan and I. Sahin collected the data.
A. Kirankaya, O Ince, E. Donmez, A. Atici, E. Hancioglu,
E. Okuyan and I. Sahin analyzed the data. A. Kirankaya, S.
Tugrul, A. Atici, E. Hancioglu, E. Okuyan and I. Sahin and
wrote the manuscript. A. Kirankaya, S. Tugrul, S Ozcan, O
Ince, E. Donmez, A. Atici, E. Hancioglu, E. Okuyan and I.
Sahin contributed to the study design and wrote the manu-
script. All authors read and approved the final manuscript.

Funding
This research has not received any specific grant from pub-
lic, commercial, or non-profit sector agencies.

Informed Consent
Written consent forms were signed by all the patients who
agreed to participate.

Ethics Approval

The Bagcilar Education and Research Clinic Ethics Commit-
tee approved this cross-sectional study (2020.05.1.04.036, May
5%, 2020), which was conducted in compliance with the 2013
version of the 1975 Helsinki Declaration.

ORCID ID
Irfan Sahin: 0000-0001-9165-7566.

References

1) Barrett TJ. Macrophages in Atherosclerosis Re-
gression. Arterioscler Thromb Vasc Biol 2020; 40:
20-33.

2) Rudijanto A. The role of vascular smooth muscle
cells on the pathogenesis of atherosclerosis. Act
a Med Indones 2007; 39: 86-93.

3) Habib SS, Al-Regaiey KA, Al-Khlaiwi T, Habib
SM, Bashir S, Al-Hussain F, Habib SH. inducible
and endothelial nitric oxide synthase in coronary
artery disease patients with Type 2 Diabetes mel-
litus. Eur Rev Med Pharmacol Sci 2022; 26: 3695-
3702.

4) Holm Nielsen S, Jonasson L, Kalogeropoulos K,
Karsdal MA, Reese-Petersen AL, Auf dem Keller
U, Genovese F, Nilsson J, Goncalves |. Exploring
the role of extracellular matrix proteins to develop

2355



A. Kirankaya, S. Tugrul, S. Ozcan, O. Ince, E. Donmez, A. Atici, E. Hancioglu, et al

5)

6)

10)

11)

12)

13)

14)

15)

16)

17)

biomarkers of plaque vulnerability and outcome. J
Intern Med 2020; 287: 493-513.

Hultgardh-Nilsson A, Durbeej M. Role of the ex-
tracellular matrix and its receptors in smooth
muscle cell function: implications in vascular de-
velopment and disease. Curr Opin Lipidol 2007;
18: 540-545.

Wight TN. A role for proteoglycans in vascular dis-
ease. Matrix Biol. 2018 Oct;71-72:396-420.

Chen S, Birk DE. The regulatory roles of small
leucine-rich proteoglycans in extracellular matrix
assembly. FEBS 2013; 280: 2120-2137.

Onda M, Ishiwata T, Kawahara K, Wang R, Naito
Z, Sugisaki Y. Expression of lumican in thickened
intima and smooth muscle cells in human coronary
atherosclerosis. Exp Mol Pathol 2002; 72: 142-149.

Hayashi Y, Call MK, Chikama T, Liu H, Carlson EC,
Sun Y, Pearlman E, Funderburgh JL, Babcock G,
Liu CY, Ohashi Y, Kao WW. Lumican is required for
neutrophil extravasation following corneal injury and
wound healing. J Cell Sci 2010; 123: 2987-2995.

Wu F, Chakravarti S. Differential expression of
inflammatory and fibrogenic genes and their
regulation by NF-kappaB inhibition in a mouse
model of chronic colitis. J Immunol 2007; 179:
6988-7000.

Pan S, Chen R, Stevens T, Bronner MP, May D,
Tamura Y, Mcintosh MW, Brentnall TA. Proteom-
ics portrait of archival lesions of chronic pancre-
atitis. PLoS One 2011; 6: e27574.

Charlton M, Viker K, Krishnan A, Sanderson S,
Veldt B, Kaalsbeek AJ, Kendrick M, Thompson G,
Que F, Swain J, Sarr M. Differential expression of lu-
mican and fatty acid binding protein-1: new insights
into the histologic spectrum of nonalcoholic fatty liv-
er disease. Hepatology 2009; 49: 1375-1384.

Engebretsen KV, Lunde IG, Strand ME, Waehre A,
Sjaastad |, Marstein HS, Skrbic B, Dahl CP, Askevold
ET, Christensen G, Bjornstad JL, Tonnessen T. Lu-
mican is increased in experimental and clinical heart
failure, and its production by cardiac fibroblasts is
induced by mechanical and proinflammatory stimuli.
FEBS 2013; 280: 2382-2398.

Chen J, Chen MH, Li S, Guo YL, Zhu CG, Xu RX,
Zhang Y, Sun J, Qing P, Liu G, Li JJ. Usefulness
of the neutrophil-to-lymphocyte ratio in predicting
the severity of coronary artery disease: a Gensini
score assessment. J Atheroscler Thromb 2014;
21:1271-1282.

Sahin |, Karabulut A, Gungor B, Avci ll, Okuyan E, Kiz-
kapan F, Yildiz SS, Can MM, Dinckal M. Correlation
between the serum alkaline phosphatase level and the
severity of coronary artery disease. Coron Artery Dis
2014; 25: 349-352.

Yurdagul A Jr, Finney AC, Woolard MD, Orr AW.
The Arterial Microenvironment: The Where and
Why of Atherosclerosis. Biochem J 2016; 473:
1281-1295.

Frantz C, Stewart KM, Weaver VM. The extracel-
lular matrix at a glance. J Cell Sci 2010; 123: 4195-
4200.

2356

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

Shami A, Gongalves I, Hultgardh-Nilsson A. Col-
lagen and related extracellular matrix proteins in
atherosclerotic plaque development. Curr Opin
Lipidol 2014; 25: 394-399.

P. Sun, L.-N. Tang, G.-Z. Li, Z.-L. Xu, Q.-H. Xu, M.
Wang, L. Li. Effects of MiR-21 on the proliferation
and migration of vascular smooth muscle cells in
rats with atherosclerosis via the Akt/ERK signal-
ing pathway. Eur Rev Med Pharmacol Sci 2019;
23: 2216-2222.

Kular JK, Basu S, Sharma RIl. The extracellu-
lar matrix: Structure, composition, age-related
differences, tools for analysis and applications
for tissue engineering. J Tissue Eng 2014; 5:
2041731414557112.

Couchman JR, Pataki CA. An Introduction to Pro-
teoglycans and Their Localization. J Histochem
Cytochem 2012; 60: 885-897.

Gill S, Wight TN, Frevert CW. Proteoglycans: Key
Regulators of Pulmonary Inflammation and the
Innate Immune Response to Lung Infection. Anat
Rec (Hoboken) 2010; 293: 968-981.

Bonnans C, Chou J, Werb Z. Remodelling the
extracellular matrix in development and disease.
Nat Rev Mol Cell Biol 2014; 15: 786-801.

Theocharis AD, Manou D, Karamanos NK. The
extracellular matrix as a multi-tasking player in
disease. FEBS 2019; 286: 2830-2869.

Hultgardh-Nilsson A, Borén J, Chakravarti S. The
small leucine-rich repeat proteoglycans in tissue
repair and atherosclerosis. J Intern Med 2015;
278: 447-461.

Yang Y, Wu QH, Li Y, Gao PJ. Association of SL-
RPs with carotid artery atherosclerosis in essen-
tial hypertensive patients. J Hum Hypertens 2018;
32: 564-571.

Holm Nielsen S, Jonasson L, Kalogeropoulos K,
Karsdal MA, Reese-Petersen AL, Auf dem Keller
U, Genovese F, Nilsson J, Goncalves |. Exploring
the role of extracellular matrix proteins to develop
biomarkers of plaque vulner ability and outcome.
J Intern Med 2020; 287: 493-513.

Radhakrishnamurthy B, Tracy RE, Dalferes ER Jr,
Berenson GS. Proteoglycans in human coronary
arterio sclerotic lesions. Exp Mol Pathol 65: 1-8.

Merrilees MJ, Beaumont B, Scott LJ. Comparison
of deposits of versican, biglycan and decorin in
saphenous vein and internal thoracic, radial and
coronary arteries: correlation to patency. Coron
Artery Dis 2001; 12: 7-16.

Singla S, Hu C, Mizeracki A, Mehta JL. Decorin in
atherosclerosis. Ther Adv Cardiovasc Dis 2011; 5:
305-314.

Kolodgie FD, Burke AP, Farb A, Weber DK, Kutys
R, Wight TN, Virmani R. Differential accumulation
of proteoglycans and hyaluronan in culprit lesions:
insights into plaque erosion. Arterioscler Thromb
Vasc Biol 2002; 22: 1642-1648.

Nazemi S, Rezapour A, Moallem SMH, Afshar
M, Elyasi S, Mashreghi Moghadam HR, Dargahi
Zaboli M, Mohammadpour AH. Could decorin be



Lumican and advanced coronary artery disease

33)

34)

a biomarker of coronary artery disease? A pilot
study in human beings. Acta Biomed 2018; 89:
365-369.

Nikitovic D, Papoutsidakis A, Karamanos NK,
Tzanakakis GN. Lumican affects tumor cell functions,
tumor-ECM interactions, angiogenesis and inflamma-
tory response. Matrix Biol 2014; 35: 206-214.

Krishnan A, Li X, Kao WY, Viker K, Butters K,
Masuoka H, Knudsen B, Gores G, Charlton M.
Lumican, an extracellular matrix proteoglycan, is
a novel requisite for hepaticfibrosis. Lab Invest
2012; 92: 1712-1725.

35)

36)

Engebretsen KV, Lunde IG, Strand ME, Waehre
A, Sjaastad I, Marstein HS, Skrbic B, Dahl CP,
Askevold ET, Christensen G, Bjornstad JL, Ton-
nessen T. Lumican is increased in experimental
and clinical heart failure, and its production by
cardiac fibroblasts is induced by mechanical and
proinflammatory stimuli. FEBS 2013; 280: 2382-
2398.

Baba H, Ishiwata T, Takashi E, Xu G, Asano G.
Expression and Localization of Lumican in the
Ischemic and Reperfused Rat Heart. Jpn Circ J
2001; 65: 445-450.



