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Purpose of review

To consider the role of endocan as an inflammatory marker in cardiovascular diseases.

Recent findings

Endocan, an endothelial inflammatory marker, is associated with cardiovascular disease.

Summary

Vascular endothelial inflammation plays a key role in the pathogenesis of inflammatory and cardiovascular
diseases by influencing thrombogenesis, tumour invasion and secretion of bioactive mediators. We discuss
the role of endocan mainly in the context of cardiology.
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INTRODUCTION

Vascular endothelial inflammation plays a key role in
the pathogenesis of inflammatory and cardiovascular
diseases by influencing thrombogenesis, tumour
invasion and secretion of bioactive mediators [1].
Endocan, a proteoglycan, occurs in many tissues,
mainly vascular endothelial cells, cardiomyocytes
and pulmonary capillaries [2]. Endocan modulates
many biological processes, such as cellular adhesion,
proliferation and neovascularization because of its
ability to interact with bioactive proteins [2].

Endocan plays a role in vascular diseases, endo-
thelium-related diseases and inflammatory processes
[3]. Accordingly, a significant association between
elevated endocan levels and inflammatory diseases,
such as Behcet disease, psoriasis, familial Mediterra-
nean fever has been reported [1]. Elevated circulating
endocan levels have been reported in malignant
conditions, such as lymphomas, as well as renal cell
and lung cancer [1].

Atherosclerosis is a multifactorial disease, which
starts in childhood; inflammation plays a roleat every
step of atherogenesis and risk factors further acceler-
ate the underlying inflammatory process [1]. Vascular
disease predictors, including obesity, hyperlipidae-
mia, metabolic syndrome, diabetes mellitus and
hypertension, are associated with vascular endothe-
lialdysfunction. Endothelial dysfunction occurs early
in the development of atherosclerosis. Endocan is a
novel marker of endothelial dysfunction, inflamma-
tion and atherosclerosis. Raised circulating endocan
levels were reported in some cardiovascular diseases
and related conditions [4].
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Many markers of cardiovascular disease and
inflammation have been evaluated. In the present
review, we focus on one of these markers, endocan
and its relevance in cardiology.
WHAT IS ENDOCAN?

Endocan, a proteoglycan, is released by vascular
endothelial cells, cardiomyocytes, pulmonary
capillaries, skin, kidneys, digestive system, liver,
brain and lymph nodes [2]. Endocan modulates
many biological processes, such as proliferation,
neovascularization and cellular adhesion through
its ability to interact with bioactive proteins [2].
Endocan has been recognized as an indicator of
angiogenesis and endothelial cell activation [1].
Endocan can also increase microvascular permeabil-
ity and leukocyte adhesion through the production
of proinflammatory cytokines [1].

The prognostic value of the endocan has been
demonstrated in inflammatory disorders, tumour
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KEY POINTS

� Endocan is an inflammatory marker.

� Endocan has been shown to be significantly associated
with cardiovascular disease and other
inflammatory conditions.

� Endocan correlated positively with well known
inflammatory markers.
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progression, sepsis, hypertension, diabetes, heart
disease, chronic kidney disease and transplant rejec-
tion [1]. Similarly, a positive correlation was found
between endocan and cardiovascular risk factors,
such as hypertension, diabetes mellitus and chronic
renal failure [1]. These relationships are discussed
below in greater detail.
ENDOCAN AND ENDOTHELIAL FUNCTION

The endothelium exerts important functions on
inflammation, angiogenesis, coagulation and tumour
invasion, mainly via the regulation of receptor/ligand
interactions and release of several mediators [1]. Cell
adhesion molecules (CAMs) are cell-surface proteins
associated with cell binding; attaching leukocytes to
endothelial cells via CAMs requires inflammation-
mediated signalling pathways [1]. CAMs have an
effect on cell adhesion, leukocyte collection, immu-
nological events and inflammatory reactions, result-
ing in rounding and transmigration of leukocytes [1].

Lymphocyte function-associated antigen-1
(LFA-1), one of the ligands on the surface of leuko-
cytes, enables their binding to CAMs on the endo-
thelium [5]. LFA-1, one of the adhesion molecules
present on lymphocytes and other leukocytes,
belongs to the integrin superfamily, and acts as a
key factor in the migration of leukocytes into tissues
[5]. The binding of LFA-1 to CAMs is an important
step for the adhesion and transmigration of leuko-
cytes to the endothelium, and it also stimulates
signalling pathways important for T-cell differenti-
ation [5]. Endocan has been identified as a proin-
flammatory mediator that binds to LFA-1 on human
leukocytes and regulates LFA-1 interactions with
CAMs [5]. It was also shown that endothelial dam-
age, activation and dysfunction caused by oxidative
stress increase endocan levels [1].

Another study showed higher levels (P<0.01) of
serum endocan in patients with diabetes with low
small dense low-density lipoprotein (LDL) particles
(sdLDL)% as compared with diabetes-free partici-
pants with low sdLDL%(560, 382 pg/ml, respectively)
[6]; sdLDL is highly atherogenic.
 Copyright © 2021 Wolters Kluwe
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An important component involved in the
pathophysiology of endothelial dysfunction is gly-
cocalyx disruption [1]. In a study [7] involving
female apolipoprotein E/low-density lipoprotein
receptor-deficient (ApoE/LDLR�/�) mice at the age
of 4, 8, and 28 weeks (0.0105, 0.0093, 0.0085 nmol/
ml, respectively), the plasma concentration of endo-
can (a biomarker of glycocalyx disruption) signifi-
cantly higher (P<0.01 at 4 weeks vs. control mice)
compared with control mice (0.0076 nmol/ml) [7].
ENDOCAN AND INFLAMMATORY
DISEASES

Endothelial dysfunction is widely regarded as the
initial lesion in the development of atherosclerosis
[1]. Proinflammatory conditions induced by circu-
lating factors in patients with diabetes play a pivotal
role in endothelial dysfunction and related vascular
complications [8] and endocan levels were signifi-
cantly elevated in diabetic patients (n¼69) [8].

Inflammatory diseases have a high mortality rate
[1]. Endothelial dysfunction has been documented
in various inflammatory diseases, such as Behcet
disease, psoriasis, rheumatoid arthritis, systemic scle-
rosis and kidney diseases [3]. Serum endocan levels
were significantly higher in 29 patients with psoriasis
compared with 35 controls [9]. Circulating endocan
may represent a new marker that correlates with
endothelial dysfunction, endothelial inflammation
and cardiovascular risk as well as the severity of
disease in these patients [9].

Sarcoidosis is an inflammatory disease of
unknown cause that generally affects the lungs and
lymph nodes. A systemic inflammatory reaction is a
common feature of both sarcoidosis and atheroscle-
rosis. Patients with sarcoidosis had significantly
higher endocan levels [10].

A recent study [11] assessed the relation between
patients with kidney diseases and endocan. Plasma
endocan levels were significantly higher in 251
patients with kidney diseases compared with 60
controls [11]. Endocan levels were associated with
all-cause mortality and cerebrovascular events in the
patient group [11].
MALIGNANCIES AND ENDOCAN

Endocan may be a novel tumour marker [12]. Endo-
can has been associated with processes, such as cell
adhesion, inflammatory disorders and tumour pro-
gression in cancer patients [12]. Endocan leads to
tumorigenesis and promotes tumour cell prolifera-
tion, suppresses tumour cell apoptosis and promotes
angiogenesis [12]. Endocan overexpression was
associated with aggressive tumour progression and
r Health, Inc. All rights reserved.
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Lipids and emerging risk factors
poor outcomes [12]. Different drugs suppressing the
expression of endocan could significantly prevent
tumorigenesis and even improve survival rate in a
mouse model [13]. Thus, endocan may become a
potential target for tumour-targeted therapy [13].

Experimental evidence implicates endocan in
the regulation of major processes in tumour progres-
sion [14]. Endocan is overexpressed in human
tumours, with elevated serum levels being observed
in these patients. Recently, endocan levels have also
been recognized as being a significant molecular
indicator of a bad prognosis in several types of
cancer including lung cancer [14]. Overexpression
of endocan has also been shown to be directly
involved in tumour progression in mouse models
of human tumour xenografts [14]. These results
suggest that endocan could be a biomarker for can-
cer and tumour progression as well as a therapeutic
target in cancer. On the basis of the recent successes
of immunotherapeutic approaches in cancer, the
preclinical data on endocan suggests that antibodies
raised against endocan could be a promising cancer
therapy [14].
ENDOCAN AND HYPERTENSION

Hypertension is frequently accompanied by endo-
thelial dysfunction, increased oxidative stress and
impaired vascular function regardless of the age
[15]. In addition, inflammation and oxidative stress
play a role in the development and progression of
hypertension [16]. Inflammatory markers play a
crucial role of pro-inflammatory and pro-oxidant
pathways may be increased and/or have a diagnostic
and prognostic role in hypertension [17]. Endocan is
a candidate immune-inflammatory marker that
may be associated with hypertension [18].

We assessed endocan levels in newly diagnosed
hypertension patients (n¼18) and showed that
serum endocan levels were significantly higher in
the hypertension group compared with 23 normo-
tensive controls [16]. Endocan also has a prognostic
impact in hypertension and may play a role at
different stages possibly as experimental evidence
suggests that inflammation plays a major role in
hypertension [15].
ENDOCAN AND ATHEROSCLEROSIS

Raised levels of systemic inflammatory markers are
associated with cardiovascular disease (CVD) [1].
Endocan is a cardiovascular inflammatory bio-
marker, with increased circulating levels in athero-
sclerosis. Endocan may play an important role in
regulating cell adhesion and raised plasma levels
may reflect endothelial dysfunction. However, some
 Copyright © 2021 Wolters Kluwer H
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authors [19] found the serum endocan level is not
suitable for use in place of the atherosclerotic CVD
risk score [CVD risk calculator prepared according to
the 2013 American College of Cardiology/American
Heart Association (ACC/AHA) guidelines] [20].

In-stent restenosis (ISR) affects a significant pro-
portion of patients undergoing percutaneous coro-
nary interventions, even with drug-eluting stents
(DES). Therefore, it is important to find a reliable
biomarker to predict coronary ISR [21]. Some authors
[21] investigated the relationship between serum
endocan levels and ISR after DES implantation in
50 patients with stable angina pectoris. Higher serum
endocan concentrations were significantly associ-
ated with ISR compared with controls [21].

Serum endocan levels may be used as a new
biomarker for stroke risk in patients with paroxys-
mal atrial fibrillation (PAF) [22]. The CHA2DS2-
VASc score is used to predict PAF and in one study,
in the multivariate logistic regression analysis,
endocan was an independent determinant of this
score [22]. Therefore, endocan could be a new bio-
marker for the prediction of a high stroke risk among
patients with PAF [22].

A study [23] investigated plasma levels of endo-
can and the association between tumour-related
proteins and haemodynamic improvement in
patients with heart failure and pulmonary hyperten-
sion because of left heart disease (LHD) before and
1 year after heart transplantation. The decrease of
endocan levels after heart transplantation correlated
with improved mean pulmonary arterial pressure
(rs¼0.80, P<0.0001), pulmonary arterial wedge
pressure (rs¼0.63, P¼0.0012), and pulmonary
vascular resistance (rs¼0.70, P<0.001) [23].

Endocan levels were measured in acute coronary
syndrome (ACS) patients before and after coronary
artery bypass grafting (CABG) [24]. The mean levels
of endocan before and after CABG were 372.8 and
320.2, respectively (P¼0.003) [24]. CABG is associ-
ated with a systemic inflammatory response and
endothelial dysfunction [25]. Norepinephrine sup-
port also increases the endocan release, suggesting a
relationship between endocan and the vasoplegic
syndrome [25].

Endocan levelswere higher in patients with large-
artery atherosclerotic stroke (277.3 vs. 228.5 pg/ml,
P¼0.001) and could help in predicting the short-
term unfavourable outcome [26].

Erectile dysfunction is well known as a predictor
of early atherosclerosis and is associated with the
presence of vascular risk factors [27]. Increased
endocan levels may represent the endothelial and
inflammatory components of the pathogenesis of
erectile dysfunction and may, therefore, prove use-
ful in clinical practice [28].
ealth, Inc. All rights reserved.
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Nonalcoholic fatty liver disease (NAFLD) is
emerging as an independent cardiovascular risk fac-
tor. In a small study (19 patients with NAFLD, 37 with
type 2 diabetes mellitus with/without NAFLD and
25 healthy controls) [29], endocan levels were signif-
icantly higher in NAFLD participants, compared with
controls independently of the presence of type 2
diabetes mellitus (1.23 vs. 0.68 ng/ml; P¼0.016) [29].

A meta-analysis showed that the levels of serum
endocan in patients with hypertension, coronary
artery disease (CAD), and coronary slow flow were
higher than those in the control group [30]. The
authors only provide the pooled standardized mean
differences of endocan values.

Others [31] investigated the predictive value of
endocan in participants not known to have CVD;
they [31] showed that endocan levels were signifi-
cantly higher in outcome groups compared with
those in the no-outcome group (957 vs. 718 pg/ml,
P<0.001).

The prognostic value of serum levels of endocan
in patients with ACS and its correlation with the
Thrombolysis in Myocardial Infarction (TIMI) risk
score was studied for a possible association with
clinical outcomes [32]. The authors [32] concluded
that a high endocan level on hospital admission is
an independent predictor of worse cardiovascular
outcomes and higher TIMI risk score in patients
with ACS. The optimal cutoff values of endocan
to predict clinical end points were 3.45 ng/ml in
patients with ST-segment elevation myocardial
infarction (STEMI) and 2.85 ng/ml in patients with
unstable angina/non-STEMI.
ENDOCAN AND CAROTID ARTERY
DISEASE

The earlier phase of vascular diseases is endothelial
dysfunction and endothelial tissues play an impor-
tant role in inflammation [33

&&

]. Carotid artery
intima–media thickness (cIMT) measurement is an
accessible, routine, noninvasive and relatively
cheap method for evaluating early carotid athero-
sclerosis [34] and an established vascular screening
technique for prediction of CAD in asymptomatic
patients [35].

The effects of laparoscopic sleeve gastrectomy
(LSG) operation on cIMT, epicardial fat thickness
(EFT) and serum endocan levels, which are indepen-
dent predictors of subclinical atherosclerosis, was
investigated [36]. EFT, cIMT and serum endocan
values decreased significantly in the sixth month
after surgery (0.67�0.15 vs. 0.60�0.14 mm,
P<0.001; 1.07�0.05 vs. 1.00�0.14 mm, P<0.001;
and 89.18�66.22 vs. 37.74�15.37 pg/ml, P<0.001,
respectively) [36].
 Copyright © 2021 Wolters Kluwe

0268-4705 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
Psoriasis is associated with an increased risk of
CVD [37]. A study assessed the relationship between
serum endocan levels and cIMT. cIMT was signifi-
cantly different between the two groups (29 patients
with psoriasis vulgaris and 35 controls: 0.55 and
0.49 mm, respectively; P¼0.009). Serum endocan
levels correlated with cIMT (r¼0.408, P¼0.02) [9].

Serum endocan levels and cIMT measurements
of premenopausal and postmenopausal patients was
investigated to clarify the relationship between the
menopausal transition and endothelial injury [38].
Mean cIMT was significantly higher in the postmen-
opausal group than in the premenopausal cohort
(0.70 and 0.58 mm, P<0.001, respectively) and a
positive correlation was found between cIMT and
postmenopausal serum endocan levels (r¼0.776,
P<0.001) [38].
ENDOCAN AND THE AORTA

Endothelial dysfunction is related with circulating
NO-induced vasodilation in vascular diseases [39].
Endothelial dysfunction plays a role in the gener-
ation of both hypertension and aortic stiffness
[40]. The relationship between serum endocan
level and aortic elastic properties was assessed
[41]. Aortic elastic properties deteriorate and
serum endocan level increased in patients with
hypertension [41].

Some authors [42] sought to determine whether
endocan is present in the chicken embryo aortic wall
in embryonic days 12 and 14. These authors [42]
reported the presence of endocan during the aortic
wall remodelling; this is evidence that suggests a
possible contribution of endocan in the endothe-
lial–mesenchymal transition process.

Impaired endothelium-dependent vasodilation,
increased endothelial permeability and glycocalyx
degradation are important pathophysiological com-
ponents of endothelial dysfunction [39]. A study in
4-week to 8-week-old apolipoprotein E/LDL recep-
tor-deficient mice (ApoE/LDLR�/�); impaired acetyl-
choline-induced vasodilation, reduced aortic NO
production and increased endothelial permeability
were all observed in 4-week-old mice before devel-
opment of atherosclerotic plaques. Glycocalyx
coverage was reduced and endothelial stiffness
was increased, whereas glycocalyx length was sig-
nificantly decreased at 8 weeks of age. These early
changes in endothelial function were associated
with increased plasma concentration of endocan
[7]. Interestingly, nearly all major features of endo-
thelial dysfunction detected early remained altered,
to an approximately similar extent, in the athero-
sclerotic phase in 28-week-old ApoE/LDLR�/� mice
for all parts of vascular component [7].
r Health, Inc. All rights reserved.
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Short-term high-fat diet (HFD) feeding can
induce endothelial dysfunction in mice. A study
reported impairment of acetylcholine-induced
response in the abdominal aorta but the acetylcho-
line-induced response in the thoracic aorta was not
changed [43

&

]. Similarly, HFD caused arterial stiff-
ness in the abdominal aorta but not in the thoracic
aorta. However, there were no significant changes in
plasma concentration of endocan levels.
ENDOCAN AND PERIPHERAL ARTERY
DISEASE

The pathophysiology of peripheral artery disease
(PAD) includes an inflammatory, atherosclerotic
and hypercoagulable state involving vascular endo-
thelial cells, vascular smooth muscle cells and
inflammatory cells [44]. Biomarkers can be used to
evaluate different stages of this process caused by
endothelial and macrovascular dysfunction [44]. It
is of potential relevance to assess the role of endocan
in patients with PAD (e.g. in predicting stent or graft
restenosis or risk of amputation).
SEPSIS AND ENDOCAN

Reactive hyperaemia measured by peripheral arterial
tonometry may correlate with endothelial dysfunc-
tion markers and be used to identify sepsis in critical
illness [45]. The natural logarithm of reactive hyper-
aemia-peripheral arterial tonometry was lower in
septic patients than in controls but there were no
significant differences in endocan levels between
septic and control patients [45].
EFFECT OF MEDICATIONS ON ENDOCAN
LEVELS

Endocan could induce vascular inflammation
via macrophage activation [46]. In turn, 5 and
10 mmol/l concentrations of simvastatin exerted
antagonist activity on endocan expression in endo-
thelial cells and suppressed this effect [46]. Endocan,
chemerin and galectin-3 are discrete biomarkers asso-
ciated with CVD [47]. Both atorvastatin (80 mg) rosu-
vastatin (40 mg) similarly decreased endocan levels
(from 110 to 99 pg/ml for atorvastatin and from 110
to 93 pg/ml for rosuvastatin), whereas rosuvastatin
seems to have more prominent effects on the reduc-
tion of the chemerin (264–135 ng/ml for atorvastatin
and 309–121 ng/ml for rosuvastatin), and galectin-3
levels (17–19 ng/ml for atorvastatin and 18–16 ng/ml
for rosuvastatin) in patients with acute myocardial
infarction (AMI) [47].

Celık et al. [18] investigated the effect of amlo-
dipine and valsartan on endocan levels in patients
 Copyright © 2021 Wolters Kluwer H
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with hypertension. Following treatment, endocan
levels were significantly decreased in both treatment
arms. However, amlodipine exerted a greater
decrease in circulating endocan levels at the end
of the treatment period [18].

Vitamin D treatment reduced markers of endothe-
lial dysfunction in patients with renal transplantation
and vitamin D deficiency. After vitamin D treatment,
median serum endocan levels were significantly
decreased (before and after vitamin D treatment,
endocan levels were 621 and 538 pg/ml, respectively
P¼0.001) [48].
THE RELATION BETWEEN NOVEL
INFLAMMATORY MARKERS AND
ENDOCAN

Serum endocan levels correlated positively with indi-
ces of inflammation (e.g. CRP, erythrocyte sedimen-
tation rate and disease activity) in patients with
Behcet disease [3]. In patients with hypertension,
serum endocan levels correlated positively with cIMT
and hsCRP (r¼0.644, P<0.001) [16]. Similarly, we
showed [9] that there was a correlation with estab-
lished inflammatory parameters, such as hsCRP
(r¼0.477, P¼0.009) in patients with psoriasis [9].
Plasma endocan concentrations were negatively cor-
related with estimated glomerular filtration rate and
positively correlated with inflammatory markers,
such as pentraxin 3 (PTX3) and hsCRP (r¼0.624,
P<0.001, r¼0.484, P¼0.008, respectively) [11]. In
addition, endocan was associated with endothelial
dysfunction as evaluated by flow-mediated vasodila-
tation (FMD) and cIMT [11]. Another study [49]
assessed the effect of arterial blood pressure (BP)
reduction on endocan and plasma concentration of
soluble CAMs (sCAM) as well as the expression of
their ligands on circulating leukocyte subpopula-
tions. Endocan significantly positively correlated
with CAMs (r¼0.477, P<0.001) [49].

The FMD ratio is related to endothelial function
in various arterial vessels (including coronary
arteries) and an increased cardiovascular risk [50].
A negative correlation between endocan levels and
FMD was reported in patients with sarcoidosis
(r¼�0.325, P<0.007) [10].

Angiogenesis and low-grade inflammation may
play a role in the development and progression of
epilepsy [51]. Serum levels of endocan, an inflamma-
tory and angiogenesis-promoting molecule, and of
preoperative inflammatory markers [neutrophil–
lymphocyte ratio (NLR) and platelet–lymphocyte
ratio (PLR)] were assessed in adult patients undergo-
ing epilepsy surgery. Serum endocan levels correlated
positively, but nonsignificantly, with the NLR and
PLR in these patients [51].
ealth, Inc. All rights reserved.
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THE FUTURE FOR ENDOCAN

Endocan is relatively novel marker in clinical prac-
tice. The effect of anti-inflammatory treatments,
such as corticosteroids or other immunosuppressive
therapies for chronic inflammatory diseases on
endocan levels should be further evaluated. Addi-
tional studies should be conducted to assess the
relation between endocan and well established
inflammatory markers, like CRP. Further larger stud-
ies should be considered to investigate any predic-
tive role of endocan and to assess the relevance of
endocan as a potential treatment target.
CONCLUSION

Endocan is an inflammatory marker. Elevated endo-
can levels have been shown to be significantly asso-
ciated with well known inflammatory conditions
that may occur in cardiological practice and in
patients with different types of vascular disease. In
the future, endocan may become a useful marker
for cardiologists. Meanwhile, the role of endocan
(including as a potential therapeutic target) should
be evaluated in cardiology-related research projects.
Although endocan levels are raised in many con-
ditions, it is relevant to consider that this limitation
also applies to other markers of inflammation. How-
ever, endocan may turn out to be a more endothe-
lium-specific marker.
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