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Abstract

Background: Patients with prediabetes have an increased risk of atherosclerotic cardiovascular disease; therefore, early
detection is important.

Obijective: The present study aimed to reveal the usability of serum endocan levels as a biomarker in the diagnosis of
subclinical atherosclerosis in patients with prediabetes, based on CIMT measurements.

Methods: Participants were classified according to the presence (n=42) or absence (n=42) of prediabetes. Serum
endocan, fasting blood sugar, fasting insulin, and glycated hemoglobin (HbA1c) values of patients were examined, and
CIMT was measured. The level of significance for statistical analysis was 0.05.

Results: While serum endocan levels were found to be lower in patients with prediabetes, when compared to the control
group (p=0.042), CIMT values were found to be higher (p=0.046). When evaluated by multivariate regression analysis,
the serum endocan level was found to be associated with CIMT, regardless of other parameters (p=0.007). A negative
correlation was found between plasma fasting insulin and endocan levels (r=-0.320, p=0.001).

Conclusions: Carotid intima media thickness was found to be high and the serum endocan level was low in patients with
prediabetes. Decreased serum endocan levels in patients with prediabetes may be a contributing factor to atherosclerosis

formation mechanisms.
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Introduction

Prediabetes, defined as levels between normal and
diabetic blood sugar, is rapidly increasing around the world.
Nearly 38% of the adult population in the United States
of America' and nearly 50% of the Chinese population
have prediabetes.? Prediabetes is important because of
the increased risk of microvascular and macrovascular
complications and progression to type 2 diabetes in a
short time. High plasma glucose levels are known to be a
major risk factor for atherosclerotic cardiovascular disease.?
Additionally, insulin resistance may be connected to
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atherosclerosis due to worse lipid profiles,* proinflammatory
state,® and endothelial dysfunction.®

Detection of atherosclerotic cardiovascular disease in
the early period is important for follow-up and treatment.
Carotid intima media-thickness (CIMT) is used to detect
subclinical atherosclerosis in the early stages and was able
to predict cardiovascular events.”'® Each 0.1 mm increase
in CIMT increases the risk of myocardial infarction by
10-15% and stroke by 13-18%."" It is very appropriate for
use in large-scale population studies, as it is non-invasive
and can be obtained with a simple measurement.

In addition to non-invasive methods to determine
atherosclerosis development, a variety of biomarkers are
known to be included in predictions. Endothelial specific
molecule-1 (ESM-1), called endocan, is a proteoglycan
released from endothelial cells under the control of
inflammatory cytokines. Endocan activates compounds
ensuring the necessary substrate for collection, adhesion, and
transmigration of leukocytes along activated endothelium."?
In previous studies, serum endocan levels were found to be
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higher in patients with type 2 diabetes and acute coronary
syndrome compared to control groups.’>'* Studies showed
that serum endocan levels were associated with the severity
of disease."""?

There are studies assessing serum endocan levels in
patients with prediabetes and insulin resistance. However,
it is unclear whether changes in serum endocan levels are
a cause or a consequence, particularly in atherosclerotic
events. When serum endocan levels were compared in these
patient groups with control groups, contrary to high values
in type 2 diabetes, they were found to be low or unchanged
in group with prediabetes.’' Although the tendency
toward atherosclerosis increases in both prediabetes and
diabetes patients, the differences in serum endocan levels
are remarkable. There are studies evaluating endocan levels
in atherosclerosis and vascular events in type 2 diabetes
patients. However, we could not find any study in the
literature that evaluated endocan levels in prediabetes
patients over atherosclerosis.

Therefore, the present study sought to reveal the role of
serum endocan levels in predicting subclinical atherosclerosis
based on prediabetes patients on CIMT.

Methods

The present study complied with the Declaration of
Helsinki, and approval was obtained from the hospital research
ethics committee Prof Dr Cemil Tascioglu City (approval
number 525). An informed consent form was signed by the
participants. This cross-sectional study was conducted in the
internal medicine outpatient clinic of our tertiary care hospital
between June and August 20271. A total of 84 participants over
the age of 18 were included in the study, of which 42 were
patients with prediabetes and 42 were normoglycemic (BMI,
age, and gender are similar).

According to the American Diabetes Association (ADA)
criteria, those with fasting blood glucose levels between
100-125 mg/dL (impaired glucose tolerance (IGT)) or HbA1c
5.7-6.4%, or 2nd hour plasma glucose during 75g oral glucose
tolerance test (OGTT) levels between 140 and 199 mg/dL
(impaired glucose tolerance (IGT)), were included in the group
with prediabetes.'”” Normoglycemic participants with lower
values were included in the control group. Individuals in the
normoglycemic and prediabetes groups were not using any
antidiabetic drugs.

Those with a history of myocardial infarction or coronary
revascularization, cerebrovascular events, a previous diagnosis
of cardiovascular disease or systolic heart failure, severe valve
disease, hypertrophic cardiomyopathy, angina pectoris, ST-T
wave variations on electrocardiogram, Q waves, left branch
block, chronic liver or kidney disease, active malignancy,
hypertension, inflammatory diseases, respiratory system
disease, peripheral artery disease, smokers, or those who
refused to participate were excluded from the study.

The blood pressure of participants was measured, and
their BMI was calculated by measuring their height and
weight (weight/square of height, kg/m?). After overnight
fasting, blood sugar, insulin HbA1c, lipid levels (high density
lipoprotein cholesterol (HDL-C), low density lipoprotein

cholesterol (LDL-C) and triglycerides), c-reactive protein (CRP),
creatinine, and serum endocan were analyzed. Homeostasis
model assessment-estimated insulin resistance (HOMA-IR)
values were calculated with the formula (fasting blood sugar
x fasting insulin level)/405.

Serum endocan measurements

After overnight fasting, 10 ml of venous blood was collected
from the participants. The samples were centrifuged for 10
minutes at 1700 rpm. The serum was stored at -80°C until
analysis. Serum endocan levels were measured with an
enzyme-linked immunosorbent assay (ELISA) kit according
to the manufacturer’s protocol (Human Endocan Elisa Kit; lot
no:201506, cat. No: E3160Hu, Sunred Biological Technology
Shanghai, China). Results are given as ng/L. The measurement
interval of the kit is 31-2000 ng/L.

Assessment of carotid intima-media thickness

CIMT was measured using a multifrequency (12 MHz)
linear array transponder (Samsung HS50 GE Ultrasound).
All measurements were taken on high-resolution B-mode
images. For CIMT measurements, patients were placed in
the supine position, with their heads turned 45° away from
the measurement side. B-mode images of the extension
of the distal segment of the right main carotid artery were
obtained for three sequential sections of the far wall of the
main carotid artery. The distance between the blood intima
and media-adventitia interfaces was then measured for each
section. CIMT was calculated by taking the average of the
measurement values.

Statistical analysis

Statistical analyses were performed using SPSS version
26.0 (SPSS Inc, Chicago, Illinois). Mean and standard
deviation were used for continuous variables with normal
distribution, and median and interquartile ranges were used
for those without normal distribution. Categorical variables
are shown as absolute numbers and percentages. Distribution
of variables was assessed with the Kolmogorov—Smirnov test.
Continuous variables were compared using independent
two sample t-test (unpaired) or Mann-Whitney U tests
according to their distribution. The chi-square test was
used for categorical variables. Pearson or Spearman tests
were used for correlation analysis according to whether the
variables were parametric or nonparametric. Multivariate
linear regression analysis was used to evaluate the CIMT
determinants. Normal distribution of all parameters is
required for multivariate lineer regression analysis. Normal
distribution was obtained by taking the logarithm of serum
endocan and triglyceride levels. The statistical significance
level was determined as P < 0.05.

Reproducibility

Considering that the intra-observer and inter-observer
agreement is 0.75, the minimal sample size (assuming
Type error 0.05, Type Il error 0.20 Power 0.80) is n=13.
Considering the possible losses for any reason, 15 people
were included in the study.
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Power analysis

Power analysis was performed using the G-power
program. Based on previous data in the literature, for effect
size 0.57, alpha error share 5%, and 80% power to represent
the population, the smallest size for each sample group was
calculated as 39.

Results

Age, gender, and BMI values of the group with prediabetes
and normoglycemia were similar (p>0.05).

Serum endocan levels were significantly lower in the
group with prediabetes than in the control group (p=0.042),
while CIMT values were higher (p=0.046) (Table 1).

There was a significant correlation between CIMT
values and age and triglyceride levels of all participants
(Table-2). Multivariate lineer regression analysis of age,
endocan, HbATc, FPI, FPG, and triglyceride values was
performed with CIMT. The logarithm of serum endocan
and triglyceride values were taken to ensure normal
distribution. The serum endocan level proved to be
associated with CIMT, regardless of other parameters
(p=0.007) (Table 3). While there was no correlation
between serum endocan levels and CIMT measurements
in the group with prediabetes (r=0.104 p=0.514) (Figure
1), a positive correlation was found in the group without
prediabetes (r=0.340, p=0.028) (Figure 2).

Correlations between the parameters in Table 1 and
serum endocan levels were examined. Of these parameters,
only fasting insulin was correlated with endocan levels. This
correlation was negative (r=-0.320, p=0.001) (Figure 3).

Reproducibility

A total of 15 patients were chosen at random for inter-
and intra-observer variability analysis. The compatibility of
intra- and inter-observer CIMT values was calculated. The
intra-class correlation coefficient for intra-observer and
inter-observer variability was, respectively: 0.93 (95% ClI,
0.87-0.97) and 0.90 (95% Cl, 0.85-0.95) for CIMT.

Discussion

The present study attempted to explain the role of
endocan levels in predicting subclinical atherosclerosis in
patients with prediabetes based on CIMT measurements.
Plasma endocan levels were lower in the prediabetes patient
group than in the control group. By contrast, CIMT values
were higher in patients with prediabetes. In our study,
there was no correlation between CIMT values and serum
endocan levels. When the groups were evaluated separately,
the correlation between CIMT measurements and endocan
levels was found in the normoglycemic group but not in the
group with prediabetes. However, according to the results
of the regression analysis, serum endocan levels significantly
explained the CIMT value.

Many studies show that prediabetes can cause
cardiovascular disease.>® In addition, the burden of
coronary atherosclerosis in patients with prediabetes is
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higher than in normal people. In particular, the burden of
atherosclerosis precedes the clinical symptoms of type 2
diabetes. In our study, CIMT values were high in patients
with prediabetes, which is consistent with studies using
CIMT as a subclinical atherosclerosis marker."

Patients with prediabetes have hyperinsulinemia as a result
of insulin resistance, and the results of our study are consistent
with this. A negative correlation was confirmed between
plasma insulin and endocan levels. It can be said that serum
endocan levels are low in patients with prediabetes due to
the hyperinsulinemic state.

The relationship between hyperinsulinemia and
atherosclerosis has been demonstrated by previous studies.
Insulin resistance has elicited great interest in medical
and scientific communities because of its association with
cardiovascular disease. However, the molecular mechanisms
linking insulin resistance to the development and/or progression
of atherosclerosis remains enigmatic. Some mechanisms come
to the fore regarding this situation. Insulin signaling plays a
critical role in activating nitric oxide synthase, which regulates
nitric oxide production.?*?' Nitric oxide is a potent vasodilator
and anti-atherogenic agent.?’ Nitric oxide deficiency activates
multiple pathways involved in atherogenesis.?>?* Thus, a
defect in insulin signaling not only impairs glucose use, but
also causes hypertension and accelerated atherosclerosis. It

Table 1 - Demographic Features and Laboratory Findings in Patients
with Prediabetes and in Controls

Patient
Control Group group with
n=42 prediabetes P
n=42
Age (year) 47.849.7 49.9+8.5 0.112
Sex (F/M) 28/14 30/12 0.814
BMI (kg/m2) 33.8+4.1 32.2+8.8 0.066
Endocan (ng/L) * 138 (84-300) 120 (65-185) 0.042
FPI (uU/ml) 11.245.3 20.1+8.8 <0.001
FPG (mg/dL) 8745.3 10349.7 <0.001
f&qhgf:ﬁ_)d“””g 75-g OGTT 10119 14134 <0.001
HOMA-IR 2.4+1.1 5.242.3 <0.001
HbA1c (%) 5.5+0.3 5.9+0.5 0.039
CRP (mg/L) 49+26 5.1%¥2.9 0.245
Total Cholesterol (mg/dL) 188132 20633 0.020
LDL-Cholesterol (mg/dL) 11031 120+26 0.107
HDL-Cholesterol (mg/dL) 53+11 49+13 0.103
TG (mg/dL)* 108 (79-133) 152 (95-257) 0.002
CIMT (mm) 0.67+0.16 0.74+0.17 0.046

BMI: body mass index; FPI: fasting plasma insulin; FPG: fasting plasma
glucose; PG: plasma glucose; OGTT: oral glucose tolerance test; HOMA-
IR:  homeostasis model assessment-estimated insulin resistance;
HbATc: glycated hemoglobin; CRP: C-reactive protein; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; TG: triglycerides; CIMT: carotid
intima-media thickness.
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Table 2 - Correlations between CIMT and other parameters

(E:;/‘I’_‘)’a*" 0206 0060 0340 0028 0.104 0514
Age (Year) 0.363 0001 0490 0001 0215 0.172
BMI (kg/m? 0015 0895 -0.009 0956 0034 0.833
FPI((U/mL)  0.480 0.104 0360 0021 0020 0.900
FPG (mg/dl) 0195 0075 0212 0478 0419  0.454
2-h PG (OGTT)  0.166 0.131 0080 0485 0.164  0.300
HOMA-IR 0180 0102 0379 0013 0004 0.982
HbATC (%) 0242 0080 0349 0.143 0199  0.260
CRP (mglL) 0077 0520 0.063 0694 0065 0.730
Total-C (mg/dL) -0.015 0.895 -0.076 0.632 -0.015 0.927
LDL-C (mg/dL) -0.031 0781 -0.093 0557 -0.192 0.223
HDL-C (mg/dl) -0.111 0313 0032 0839 0227 0.149
TG (mg/dL)* 0.257 0018 0306 0030 0342 0.027

BMI: body mass index; FPI: fasting plasma insulin; FPG: fasting plasma
glucose; PG: plasma glucose; OGTT: oral glucose tolerance test; HOMA-
IR: homeostasis model assessment-estimated insulin resistance; HbA1c:
glycated hemoglobin; CRP: C-reactive protein; Total-C: Total cholesterol;
LDL-C: low density lipoprotein-cholesterol; HDL-C: high density
lipoprotein-cholesterol; TG: triglycerides; CIMT: carotid intima-media
thickness.*Spearman correlation test, others: Pearson correlation test.

Table 3 - Multivariate lineer regression analysis showing CIMT
predictors

Age 0.525 0.004 0.016 0.002
FPI 0.324 -0.001 0.016 0.068
Log (TG) -0.142 -0.381 0.154 0.396
Log (Endocan) 0.435 0.056 0.336 0.007
HbA1c 0.181 -0.053 0.219 0.222
CRP 0.024 -0.019 0.022 0.862

FPI: fasting plasma insulin; Log: logarithm; TG: triglycerides; HbATc:
glycated hemoglobin; CRP: C-reactive protein.

is difficult to distinguish the effect of insulin resistance from
the compensatory hyperinsulinemia that always accompanies
insulin resistance. It has been suggested that if the detrimental
effect of insulin resistance is a result of diminished insulin
action, compensatory hyperinsulinemia may be just an
innocent bystander. Conversely, if certain aspects of insulin
action are not affected by the decreased potency of insulin, the
presence of compensatory hyperinsulinemia may have its own
effect. Consequently, compensatory hyperinsulinemia can
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Figure 1 - Correlation between plasma endocan levels and CIMT values in
the patient group with prediabetes. (r=0.104, p=0.514)
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Figure 2 - Correlation between plasma endocan levels and CIMT values in
the control group (r=0.340, p=0.028).
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Figure 3 - Correlation between serum endocan levels and fasting plasma
insulin (r=-0.320, p=0.001).

stimulate or even overstimulate certain aspects of insulin action
in various cells and tissues. Thus, the primary critical point in
understanding the role of insulin resistance is to determine
whether reduced insulin action (effect of insulin resistance) will
coexist with normal or even increased insulin action (effect of
hyperinsulinemia) within the same tissue and within the same
cell. This task was made possible by unraveling the intracellular
insulin signaling chain. Hyperinsulinemia is a potent growth
factor, 2% whose growth-promoting effects are mediated via
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the mitogen-activated protein (MAP) kinase pathway.* After
the interaction between insulin receptor substrate-1 (IRS-1)
and src homology 2 domain-containing (SHC) transforming
protein, extracellular regulated kinase (ERK) is activated,*'
translocates into the nucleus and catalyses phosphorylation of
transcription factors that promote cell growth, cell proliferation,
and cell differentiation.* Thus, this pathway plays an important
role in atherogenesis.

In addition to its role in atherosclerotic mechanisms,
insulin has been reported to ameliorate the endotoxin-
induced systemic inflammatory response by decreasing TNF-a
expression and increasing the anti-inflammatory cascade.?*2
The expression of endocan is differentially regulated by
cytokines. TNF-a and interleukin-1 beta (IL-1B) up-regulate
and interferon-gamma (IFN-y) down-regulates the secretion of
endocan.?® The lowering effect of hyperinsulinemia on TNF-a
may explain the decrease in serum endocan levels. Janke et al.
also showed that endocan is expressed by human adipocytes
and that insulin administration reduces endocan production
in adipocytes. As a result, it has been suggested that endocan
secretion from adipocytes may significantly affect local or
systemic endocan levels.** In our study, the suppressive effect of
insulin on adipocytes may be another effective factor in the low
plasma endocan levels in the patient group with prediabetes.

Menon et al. researched the role of endocan during
atherosclerotic lesion formation in ApoE null mice and
identified high rates of expression in atherosclerotic plaques.
In the study, endocan expression was at low levels in quiescent
endothelium, while they showed it was up-regulated in
activated endothelium.* The subjects in our study group were
chosen from people without known vascular disease or any
other situation causing inflammation. For this reason, there is a
high probability that both controls and patients of prediabetes
had quiescent endothelium. In this case, it can be said that, in
our patient group, the effect of subclinical atherosclerosis on
endocan secretion from the endothelium may be limited. It is
our opinion that the effect of insulin on TNF-a and adipose
tissue is more dominant and causes a decrease in the serum
endocan level.

It has been shown that plasma endocan levels increase
depending on the severity of the disease in patients with
atherosclerosis, vascular inflammation, and acute coronary
syndrome. This increase in the serum endocan level has proven
to be associated with atherosclerotic heart diseases, but a cut-off
value has not been determined.***” This increase in the serum
endocan level has been accepted as a predictor of atherosclerosis
in many studies. Endocan has been suggested as a functional
inhibitor of the lymphocyte function-associated antigen 1 (LFA-1)
and intercellular adhesion molecule 1 (ICAM-1) interaction,
suggesting its anti-inflammatory role, through the inhibition of
leukocyte rolling, adhesion, or transmigration."? The beneficial
effect obtained in vivo by blocking adhesion with mAbs in mice
and in other animal models clearly demonstrates that LFA-1
and ICAM-1 are involved in acute inflammation,? ischemia/
reperfusion injury,* allograft rejection,*** and antitumor
immunity. Therefore, it can be said that endocan is secreted
from the endothelium in response to acute inflammation
and plays a regulatory role with its anti-inflammatory effect.
The present study showed that serum endocan levels were
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decreased in patients with prediabetes, most likely due to
hyperinsulinemia. It can be concluded that endocan plays an
inhibitory role on the interaction between LFA-1 and ICAM-1.
An increase in ICAM-1 activity is expected with decreasing
endocan levels. The increase in ICAM-1 activity may cause
vascular inflammation. ICAM-1 is a well-known molecule
involved in the pathogenesis of atherosclerotic plaque.*#*

In studies with groups without prediabetes or insulin
resistance, serum endocan levels were high, possibly in response
to inflammation in the atherosclerotic vessel.*>** However, our
study showed that this response was insufficient and that serum
endocan levels decreased in patients with prediabetes and
subclinical atherosclerosis, especially due to hyperinsulinemia.
Low serum endocan levels may be involved in atherosclerosis
formation mechanisms. Comprehensive studies are needed
on this subject.

Study limitations

There are some limitations to our study. The main limitation
is the low number of patients and the study being performed in
asingle center. Secondly, only CIMT measurements were used
when assessing subclinical atherosclerosis. Finally, another
limitation is that we do not know how long our patients had
been prediabetic.

Conclusions

Our results show that hyperinsulinemia causes a decrease
in endocan levels. However, there is no threshold value to
predict atherosclerosis. The decrease in serum endocan
values measured periodically in the follow-up of patients
with prediabetes may give more information about the
development of atherosclerosis. Prospective studies are
needed for this purpose.

Author Contributions

Conception and design of the research: Arman'Y, Yoldemir
S, Tikek T; Acquisition of data: Arman'Y, Atici A, Sarikaya R,
Yoldemir S, Akarsu M, Kutlu O, Ozturk GZ, Demir P Ozcan
M, Bayraktarli R, Tiikek T; Analysis and interpretation of the
data: Arman'Y, Atici A, Altun O, Sarikaya R, Akarsu M, Kutlu
O, Demir P Ozcan M, Bayraktarl R; Statistical analysis: Arman
Y, Atici A; Writing of the manuscript: Arman'Y, Altun O, Tiikek
T; Critical revision of the manuscript for important intellectual
content: Arman Y, Tukek T.

Potential Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Sources of Funding
There were no external funding sources for this study.

Study Association

This study is not associated with any thesis or dissertation
work.



Arman et al.
The Relationship between Endocan & Atherosclerosis

Original Article

References

Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and Trends
in Diabetes Among Adults in the United States, 1988-2012. JAMA.
2015;314(10):1021-9. doi: 10.1 001/jama.201 5.10029.

Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw
JE. Global Estimates Of Diabetes Prevalence for 2013 and Projections
for 2035. Diabetes Res Clin Pract. 2014;103(2):137-49. doi: 10.1016/j.
diabres.2013.11.002.

Park C, Guallar E, Linton JA, Lee DC, Jang Y, Son DK, etal. Fasting Glucose Level
and the Risk of Incident Atherosclerotic Cardiovascular Diseases. Diabetes
Care. 2013;36(7):1988-93. doi: 10.2337/dc12-1577.

Holland WL, Knotts TA, Chavez JA, Wang LP Hoehn KL, Summers SA. Lipid
Mediators of Insulin Resistance. Nutr Rev. 2007;65(6 Pt 2):539-46. doi:
10.1111/j.1753-4887.2007.tb00327 .x.

Stohr R, Federici M. Insulin Resistance and Atherosclerosis: Convergence
between Metabolic Pathways and Inflammatory Nodes. Biochem .
2013;454(1):1-11. doi: 10.1042/BJ20130121.

Kim JA, Montagnani M, Koh KK, Quon MJ. Reciprocal Relationships
between Insulin Resistance and Endothelial Dysfunction: Molecular and
Pathophysiological Mechanisms. Circulation. 2006;113(15):1888-904. doi:
10.1161/CIRCULATIONAHA.105.563213.

Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, et al. Use
of Carotid Ultrasound to Identify Subclinical Vascular Disease and Evaluate
Cardiovascular Disease Risk: A Consensus Statement from the American
Society of Echocardiography Carotid Intima-Media Thickness Task Force.
Endorsed by the Society for Vascular Medicine. ] Am Soc Echocardiogr.
2008;21(2):93-111. doi: 10.1016/j.ech0.2007.11.011.

Santos IS, Goulart AC, Brunoni AR, Kemp AH, Lotufo PA, Bensenor IM.
Anxiety and Depressive Symptoms are Associated with Higher Carotid
Intima-Media Thickness. Cross-Sectional Analysis from ELSA-Brasil
Baseline Data. Atherosclerosis. 2015;240(2):529-34. doi: 10.1016/].
atherosclerosis.2015.04.800.

Webb DR, Davies MJ, Gray LJ, Abrams KR, Srinivasan B, Das S, etal. Searching
forthe Right Outcome? A Systematic Review and Meta-Analysis of Controlled
Trials Using Carotid Intima-Media Thickness or Pulse Wave Velocity to Infer
Antiatherogenic Properties of Thiazolidinediones. Diabetes Obes Metab.
2010;12(2):124-32. doi: 10.1111/j.1463-1326.2009.01122 x.

. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of Clinical

Cardiovascular Events with Carotid Intima-Media Thickness: A Systematic
Review and Meta-Analysis. Circulation. 2007;115(4):459-67. doi: 10.1161/
CIRCULATIONAHA.106.628875.

. Lorenz MW, Polak JF, Kavousi M, Mathiesen EB, Vélzke H, Tuomainen TP,

etal. Carotid Intima-Media Thickness Progression to Predict Cardiovascular
Events in the General Population (the PROG-IMT Collaborative Project): A
Meta-Analysis of Individual Participant Data. Lancet. 2012;379(9831):2053-
62.doi: 10.1016/S0140-6736(12)60441-3.

. Béchard D, Scherpereel A, Hammad H, Gentina T, Tsicopoulos A, Aumercier M,

etal. Human Endothelial-Cell Specific Molecule-1 Binds Directly to the Integrin
CD11a/CD18 (LFA-1) and Blocks Bindingto Intercellular Adhesion Molecule-1.
JImmunol. 2001;167(6):3099-106. doi: 10.4049/jimmunol.167.6.3099.

Klisic A, Kavaric N, Vujcic S, Mihajlovic M, Zeljkovic A, Ivanisevic J, et al.
Inverse Association between Serum Endocan Levels and Small LDL and HDL
Particles in Patients with Type 2 Diabetes Mellitus. Eur Rev Med Pharmacol Sci.
2020;24(15):8127-35. doi: 10.26355/eurrev_202008_22499.

LvY, ZhangY, ShiW, Liu}J, LiY, Zhou Z, et al. The Association between Endocan
Levels and Subclinical Atherosclerosis in Patients With Type 2 Diabetes Mellitus.
AmJMed Sci. 2017;353(5):433-38. doi: 10.1016/j.amjms.2017.02.004.

Belongie KJ, Ferrannini E, Johnson K, Andrade-Gordon P Hansen MK, Petrie
JR. Identification of Novel Biomarkers to Monitor [J-cell Function and Enable
Early Detection of Type 2 Diabetes Risk. PLoS One. 2017;12(8):e0182932. doi:
10.1371/journal.pone.0182932.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Klisic A, Kavaric N, Stanisic V, Vujcic S, Spasojevic-Kalimanovska V, Ninic A, etal.
Endocan and aNovel Score for Dyslipidemia, Oxidative Stress and Inflammation
(DOl score) are Independently Correlated with Glycated Hemoglobin (HbA1¢)
in Patients with Prediabetes and Type 2 Diabetes. Arch Med Sci. 2019;16(1):42-
50. doi: 10.5114/aoms.2019.87541.

American Diabetes Association. 2. Classification and Diagnosis of Diabetes:
Standards of Medical Care in Diabetes-2021. Diabetes Care. 2021;44(Suppl
1):515-533. doi: 10.2337/dc21-S002.

Mahat RK, Singh N, Rathore V, Gupta A, Shah RK. Relationship between
Atherogenic Indices and Carotid Intima-Media Thickness in Prediabetes: A
Cross-Sectional Study from Central India. Med Sci. 2018;6(3):55. doi: 10.3390/
medsci6030055.

Bhinder HPS, Kambie TK. The Study of Carotid Intima-Media Thickness in
Prediabetes and its Correlation with Cardiovascular Risk Factors. ] Datta Meghe
InstMed Sci Univ. 2018;13(2):79-82. doi: 10.4103/jdmimsu.jdmimsu_58_18.

Steinberg HO, Brechtel G, Johnson A, Fineberg N, Baron AD. Insulin-Mediated
Skeletal Muscle Vasodilation is Nitric Oxide Dependent. A Novel Action of
Insulin to Increase Nitric Oxide Release. J Clin Invest. 1994;94(3):1172-9. doi:
10.1172/)CI117433.

Montagnani M, Chen H, Barr VA, Quon M. Insulin-Stimulated Activation
of eNOS is Independent of Ca2+ but Requires Phosphorylation by Akt
at Ser(1179). ) Biol Chem. 2001;276(32):30392-8. doi: 10.1074/jbc.
M103702200.

Brunner H, Cockcroft JR, Deanfield J, Donald A, Ferrannini E, Halcox J, et al.
A Statement by the Working Group on Endothelins and Endothelial Factors of
the European Society of Hypertension. J Hypertens. 2005;23(2):233-46. doi:
10.1097/00004872-200502000-00001.

Naruse K, Shimizu K, Muramatsu M, Toki Y, Miyazaki Y, Okumura K, et
al. Long-Term Inhibition of NO Synthesis Promotes Atherosclerosis in the
Hypercholesterolemic Rabbit Thoracic Aorta. PGH2 Does Not Contribute
to Impaired Endothelium-Dependent Relaxation. Arterioscler Thromb.
1994;14(5):746-52. doi: 10.1161/01.atv.14.5.746.

Balta I, Balta S, Demirkol S, Mikhailidis DP, Celik T, Akhan M, et al. Elevated
Serum Levels of Endocan in Patients with Psoriasis Vulgaris: Correlations with
Cardiovascular Risk and Activity of Disease. Br) Dermatol. 2013;169(5):1066-
70.doi: 10.1111/bjd.12525.

Bazzoni F, Beutler B. The Tumor Necrosis Factor Ligand and Receptor Families.
NEngl)Med. 1996;334(26):1717-25.doi: 10.1056/NEJM199606273342607.

Jeschke MG, Klein D, Bolder U, Einspanier R. Insulin Attenuates the Systemic
Inflammatory Response in Endotoxemic rats. Endocrinology. 2004;145(9):4084-
93. doi: 10.1210/en.2004-0592.

Tokudome T, Horio T, Yoshihara F, Suga S, Kawano Y, Kohno M, et al. Direct
Effects of High Glucose and Insulin on Protein Synthesis in Cultured Cardiac
Myocytes and DNA and Collagen Synthesis in Cardiac Fibroblasts. Metabolism.
2004;53(6):710-5. doi: 10.1016/j.metabol.2004.01.006.

Sasaoka T, Ishiki M, Sawa T, Ishihara H, Takata Y, Imamura T, et al. Comparison
of the Insulin and Insulin-Like Growth Factor 1 Mitogenic Intracellular
Signaling Pathways. Endocrinology. 1996;137(10):4427-34. doi: 10.1210/
endo.137.10.8828504.

Wang CC, Goalstone ML, Draznin B. Molecular Mechanisms of Insulin
Resistance that Impact Cardiovascular Biology. Diabetes. 2004;53(11):2735-40.
doi: 10.2337/diabetes.53.11.2735.

Taniguchi CM, Emanuelli B, Kahn CR. Critical Nodes in Signalling Pathways:
Insights Into Insulin Action. Nat Rev Mol Cell Biol. 2006;7(2):85-96. doi:
10.1038/nrm1837.

Cusi K, Maezono K, Osman A, Pendergrass M, Patti ME, Pratipanawatr T, et
al. Insulin Resistance Differentially Affects the PI 3-Kinase- and MAP Kinase-
Mediated Signaling in Human Muscle. J Clin Invest. 2000;105(3):311-20. doi:
10.1172/)C17535.

Arq Bras Cardiol. 2022; 119(4):544-550

549



550

Arman et al.
The Relationship between Endocan & Atherosclerosis

Original Article

32.

33.

34.

35.

36.

37.

38.

Brix-Christensen V, Andersen SK, Andersen R, Mengel A, Dyhr T, Andersen
NT, et al. Acute Hyperinsulinemia Restrains Endotoxin-Induced Systemic
Inflammatory Response: An Experimental Study in a Porcine Model.
Anesthesiology. 2004;100(4):861-70. doi: 10.1097/00000542-200404000-
00016.

Lassalle P Molet S, Janin A, Heyden JV, Tavernier J, Fiers W, et al. ESM-1 is a
Novel Human Endothelial Cell-Specific Molecule Expressed in Lung and
Regulated by Cytokines. ) Biol Chem. 1996;271(34):20458-64. doi: 10.1074/
jbc.271.34.20458.

Janke]J, Engeli S, Gorzelniak K, Feldpausch M, Heintze U, Bohnke ), etal. Adipose
Tissue and Circulating Endothelial Cell Specific Molecule-1in Human Obesity.
Horm Metab Res. 2006;38(1):28-33. doi: 10.1055/s-2006-924973.

Menon P, Kocher ON, Aird WC. Endothelial Cell Specific Molecule-1 (ESM-
1), a Novel Secreted Proteoglycan Stimulates Vascular Smooth Muscle Cell
Proliferation and Migration. Circulation. 2011;124:A15455.

Lee W, Ku SK, Kim SW, Bae JS. Endocan Elicits Severe Vascular Inflammatory
Responses in Vitro and In Vivo. J Cell Physiol. 2014;229(5):620-30. doi:
10.1002/jcp.24485.

Kose M, Emet S, Akpinar TS, Kocaaga M, Cakmak R, Akarsu M, et al. Serum
Endocan Level and the Severity of Coronary Artery Disease: A Pilot Study.
Angiology. 2015;66(8):727-31. doi: 10.1177/0003319714548870.

Guérette B, Skuk D, Célestin F, Huard C, Tardif , Asselin I, et al. Prevention by
Anti-LFA-T of Acute Myoblast Death Following Transplantation. J Immunol.
1997;159(5):2522-31.

39.

40.

41.

42.

43.

44,

Tajra LC, Martin X, MargonariJ, Blanc-Brunat N, Ishibashi M, Vivier G, Panaye
G, etal. In Vivo Effects of Monoclonal Antibodies Against Rat Beta(2) Integrins
on Kidney Ischemia-Reperfusion Injury. ) Surg Res. 1999;87(1):32-8. doi:
10.1006/jsre.1999.5724.

Arai K, Sunamura M, Wada Y, Takahashi M, Kobari M, Kato K, et al.
Preventing Effect of Anti-ICAM-1 and Anti-LFA-1 Monoclonal Antibodies
on Murine Islet Allograft Rejection. Int) Pancreatol. 1999;26(1):23-31. doi:
10.1385/1)GC:26:1:23.

Suzuki J, Isobe M, 1zawa A, Takahashi W, Yamazaki S, Okubo Y, et al.
Differential Th1 and Th2 cell Regulation of Murine Cardiac Allograft
Acceptance by Blocking Cell Adhesion of ICAM-1/LFA-1T and VCAM-1/
VLA-4. Transpl Immunol. 1999;7(1):65-72. doi: 10.1016/s0966-
3274(99)80021-5.

Isobe M, Suzuki ), Yamazaki S, Yazaki Y, Horie S, Okubo Y, et al. Regulation
by Differential Development of Th1 and Th2 Cells in Peripheral Tolerance to
Cardiac Allograft Induced by Blocking ICAM-1/LFA-1 Adhesion. Circulation.
1997;96(7):2247-53. doi: 10.1161/01.¢ir.96.7.2247.

Goémez Rosso L, Benitez MB, Fornari MC, Berardi V, Lynch S, Schreier
L, et al. Alterations in Cell Adhesion Molecules and other Biomarkers of
Cardiovascular Disease in Patients with Metabolic Syndrome. Atherosclerosis.
2008;199(2):415-23. doi: 10.1016/j.atherosclerosis.2007.11.007.

Poston RN, Haskard DO, Coucher JR, Gall NP, Johnson-Tidey RR. Expression
of Intercellular Adhesion Molecule-1 in Atherosclerotic Plaques. Am J Pathol.
1992 Mar;140(3):665-73.

®' This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2022; 119(4):544-550



