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ABSTRACT

Aim: Endothelial dysfunction and the level of endocan may be related to the development of thrombotic
atherosclerotic complications. We aimed to investigate the relationship between ischemic cerebrovascular
disease (ICD) and serum level of endocan and prognosis in ICD.

Method: We compared the serum level of endocan of 80 patients and of 60 healthy controls. Blood samp-
les were obtained from the patient group within the first 24 hours, by the end of the first week and by
the end of the third month. The prognosis of stroke was interpreted with the National Institutes of Health
Stroke Scale (NIHSS) and the modified Rankin Scale (mRS) scores at the same intervals.

Results: No significant difference was found in regard to serum levels of endocan between the patient and
the control groups. Also, there was not any statistically significant difference seen between the two groups
for serum levels of endocan within the first 24 hours, first week, and 3™ month. A positive correlation was
observed between the 1 week endocan levels and total cholesterol and LDL levels (r=0.329, p=0.021;
r=0.317, p=0.032 respectively).

Conclusion: We found no relationship between levels of endocan and ICD and its prognosis. It was demons-
trated that levels of endocan may be influenced by vascular risk factors and medications.
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Amag: Endotel disfonksiyonu ve endokan diizeyi trombotik aterosklerotik komplikasyonlarin gelismesi ile
iliskili olabilir. iskemik serebrovaskiiler hastalikta (ICD) ile serum endokan diizeyi ve prognoz arasindaki
iliskiyi arastirmayr amagladik.

Yéntem: Seksen hastanin endokan serum diizeyi ve 60 saglikli kontrol karsilastirildi. Hasta grubundan ilk
24 saat icinde, ilk hafta sonuna kadar ve iigiincii ayin sonuna kadar kan érnekleri alindi. inme prognozu,
Ulusal Saglik inme Olgedi (NIHSS) ve dedistirilmis Rankin Olgedi (mRS) skorlari ile ayni araliklarla yorum-
lanmustir.

Bulgular: Hasta ve kontrol grubu arasinda serum endokan diizeyleri agisindan anlamli fark bulunmadi.
Ayrica, ilk 24 saat, birinci hafta ve 3. ayda iki grup arasinda endokan serum seviyeleri agisindan istatistiksel
olarak anlamli bir fark yoktu. Birinci hafta endokan diizeyleri ile total kolesterol ve LDL diizeyleri arasinda
pozitif korelasyon saptandi (sirasiyla r = 0.329, p = 0.021; r = 0.317, p = 0.032).

Sonug: ICD ve endokan diizeyleri ile prognozu arasinda iliski bulunamadi. Endokan diizeylerinin vaskiiler
risk faktérleri ve ilaglardan etkilenebilecegi gésterilmistir.

Anahtar kelimeler: inme, endokan, atherosklerosis, iskemik serebreovaskiiler olay
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INTRODUCTION

chronic inflammatory events that impair large and

small arterioles and arteries®. Endothelial dysfuncti-

The second most common cause of death is stroke
worldwide®3. Ischemic stroke was seen in 80%-90%
of all stroke cases®. Atherosclerosis is the result of
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on predisposes to atherosclerosis and thrombosis®.
Endothelial-specific molecule-1 (endocan) is a der-
matan sulfate proteoglycan that is expressed in en-
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dothelial cells and can be measured from serum’.
Endothelial-dependent pathologic events play an
important role in inflammatory diseases’. Endocan
is acknowledged as a mandatory endothelial cell
marker®. Endocan has an important contribution to
the formation of endothelium-dependent diseases
such as vascular disease, and cancer including he-
patocellular®, bladder'®, colorectal'?, and lung carci-
nomas??, therefore it may be a mandatory marker of
endothelial dysfunction®*®, In the formation of at-
herosclerosis, the first triggering factor is endothelial
dysfunction!®!’. The relationship between endotheli-
al dysfunction and ischemic cerebrovascular disease
(ICD) might be related to the critical involvement of
endothelial dysfunction in the formation of atheroth-
rombotic events?!. Although there were some studies
concerning the importance of endocan in coronary
artery disease, there is only one published paper
that investigated the role of endocan in patients with
ICD®. We intended to evaluate the relationship bet-
ween ICD and endocan levels and whether the prog-
nosis of ICD could be used as a marker.

MATERIAL and METHOD

This prospective study was performed at Istanbul
Medeniyet University University, Neurology Depart-
ment, between January and June 2015, and contai-
ned 80 patients with a diagnosis of cerebrovascular
disease. Moreover, 60 age-, and sex-matched indivi-
duals who had no neurologic disorder served as the
control group. The investigation protocol was confir-
med by the institutional ethics committee. A written
consent form was received from every participant.

The risk factors of ICD and also sociodemographic
characteristics were recorded. Systemic and neurolo-
gic examinations were performed on all participants.
The following tests and examinations were perfor-
med on all patients included in the study group: Cra-
nial imaging (at first presentation and follow-up), la-
boratory tests (blood count, electrolytes, fasting and
postprandial blood glucose, HbA1C, insulin, all types
of cholesterols, urea, creatinine, AST, ALT, TSH, fibri-
nogen), urinalysis, electrocardiography (ECG), chest
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X-ray, echocardiography, and carotid-vertebral artery
Doppler ultrasonography were performed. While
the patients were positioned supine, 7 mLs of blood
samples from the antecubital vein was drawn into
serum separator tubes (BD Vacutainer; Becton Dic-
kinson, Meylan, France) involving clot activator and
EDTA to be used for biochemical analysis and comp-
lete blood counts within the first 24 hours of hospi-
talization. To avoid hemolysis and hemoconcentrati-
on, the tourniquet was taken off immediately by the
phlebotomist. We centrifuged all samples at 2000
rpm for approximately 10 minutes and the serums of
the patients and controls were maintained at -80°C
till analysis. The levels of endocan were evaluated
with the enzyme-linked immunosorbent assay (ELI-
SA) method using commercial kits (Aviscera Bioscien-
ce, USA). The samples were examined in accordance
with the instructions in the package insert of the kit.
The intra-assay coefficient of variation (CV) ranged
from 6% to 8%, while the interassay CV ranged from
10% to 12% for endocan assay. We found diagnostic
sensitivity of our study at 98 pg/mL and the upper
limit of the standard was 25 ng/mL. Plate reader of
ELISA (MultiscanGo, Thermo Fisher Scientific Inc)
and plate washer (Thermo Fisher Scientific Inc) were
used to measure the samples. We detected well ab-
sorbance at 450 nm. In logarithmic scale, plotting the
mean standards of absorbance (Y) against the known
standards of concentration (X) to draw the standart
curve, by using the four-parameter algorithm. We en-
rolled outcomes of the endocan concentration (ng/
mL). In all of patients, standard laboratory techniqu-
es were used to measure other blood parameters.

Exclusion criteria were the presence of intracereb-
ral or a subarachnoid bleeding as a cause of stroke,
brain tumor or systemic malignancy, recent or simul-
taneous symptomatic peripheral artery disease, he-
art failure and myocardial infarction, sepsis or renal
dysfunction . Also, we excluded patients younger than
18 and older than 80 years and those presenting af-
ter the initial 24 hours. As a control group, we selec-
ted 60 age-matched participants who had vascular
risk factors without any history of stroke, systemic or
central nervous system malignancy, recent heart fai-
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lure and myocardial infarction, and diagnosis of sep-
sis at the time of the study. All laboratory analyses,
including serum endocan levels of the controls were
evaluated and the sociodemographic characteristics
were recorded.

The OCSP (Oxfordshire Community Stroke Project)
and TOAST (Trial of Org. 10172 in Acute Stroke Treat-
ment) classification were used to categorize patients
according to subtypes and etiology of stroke. The pa-
tients were assessed by NIHSS and mRS score within
the first 24 hours of the hospitalization, and at the 1
week and 3™ month of the stroke to determine their
clinical and functional status.

Statistical Evaluation

We used NCSS (Number Cruncher Statistical System)
2007 Statistical Software (Utah, USA) in this study.
Quantitative data were expressed as mean + SD. To
compare groups, we used Student’s t-test. To deter-
mine the relationship among the data, Pearson or
Spearman correlation analysis was used. To evaluate
the accuracy and respective best cut-off data of en-
docan level to predict disease prognosis, we used re-
ceiver operating characteristic (ROC) curves and the-
ir corresponding areas under the curve (AUCs). We
accepted p value of <0.05 as statistically significant.

RESULTS

We enrolled 80 patients with acute ischemic cereb-
rovascular disease with a mean age of 63.85+11.47
years and 60 healthy controls with a mean age of
61.55+12.37 years. We found no difference as for
age and gender between patients and control groups
(p=1.02). Table 1 shows the patients’ and controls’
demographic features and laboratory data.

For the evaluation of prognosis, NIHSS (according to
neurologic examinations) and mRS (for functional
evaluation) scores of the patients were calculated
and there were no statistically significant changes
between the initial, 1t week and 3 month NIHSS
and mRS scores of group of patients (p<0.01; p=0.049

respectively). Initial NIHSS scores were observed to
be significantly higher than the other scores p<0.01).
Also, initial mRS scores were statistically significantly
higher than the 1°* week (p<0.01). However, we fo-
und no statistically significant difference among the
mRS scores (p>0.05).

Table 1. The baseline demographic and laboratory data in pati-
ents with ICD and controls.

Controls ICD P-value
n:60 n:80
Age 61.55+12.37 63.85+11.47 0.343
Sex Female 32/55.00% 36/43.33% 0.253
Male 28 /45.00% 44 /56.67%

Glucose (mg/dL) 99.71+16.81 124.87+43.7 0.001

Urea (mg/dL) 33.2149.41  36.03+11.63 0.220
Creatinine (mg/dL) 0.8310.15 0.86%0.22 0.539
AST (1U/L) 19.57+4.55 18.2746.69  0.309
ALT (1U/L) 19.29+7.85  16.48+7.56  0.089

Triglycerides (mg/dL) 155.83+85.86 150.4+65.17 0.731
Total cholesterol (mg/dL) 210.28+40.67 197.8+51.73 0.240
HDL cholesterol (mg/dL) 46.92+13.71 43.72+11.35 0.22
LDL cholesterol (mg/dL) 129.78+36.8 126.35+44.03 0.710

WBC (K/uL) 7.24+1.57 8.77¢5.19  0.074
RBC (M/uL) 4,75+0.52 4.59+0.59  0.173
HGB (g/dL) 14,23+4,52  13.32#1.73  0.162
Platelet count (K/ulL) 243.85+72.95 244+66.61 0.991
TSH (ulu/mL) 1.43%0.89 1.38+1.09  0.846
fT3 (pg/mL) 2.490.92 2.79+0.3 0.034
T4 (ng/dL) 0.96%0.18 0.95+0.13  0.774
HbA1c (%) 5.87+0.64 6.61+1.77  0.116
Insulin 8.1145.02 13.94+12.36 0.103

Student’s t-test was used to compare groups. Data arepre-
sented as mean * standard deviation, *Median (min-max);
AST: Aspartate Transaminase, ALT: Alanineaminotransferase,
TSH:Thyrotrophin-Stimulating Hormone, fT3:free T3, fT4:free T4,
HbA1c: Glycated hemoglobin.

When we compared the patients with controls, there
was no significant difference as for for serum endo-
can levels, (p=0.98) (Table 2) Also, we couldn’t find
any statistically significantly difference among the

Table 2. Comparison of Endocan levels between the patients
and the control groups.

Endocan level (ng/ml)  Controls ICD P-value
n:60 n:80

1%t day 1.47+0.48 1.48+0.6 0.092

7t day 1.47+0.43 0.093

3 month 1.57+0.64 0.361

Student’s t-test was used to compare groups.



serum endocan levels in first 24 hours, first week,
and 3 month (p=0.85).

There was no important correlation between the ini-
tial, 1*t week and 3 month endocan levels and the
groups that were classified according to TOAST and
OCSP classification (p=0.78). Moreover, as for the
prediction of prognosis, any statistically significant
correlation was not observed between the serum
endocan levels and NIHSS and mRS scores in the first
24 hours, 1% week, and 3™ month (p=0.96).

We did not see any significant difference as for se-
rum endocan levels between diabetic with and non-
diabetic patients (p=0.82). Similarly, there was no
substantial difference as for serum endocan levels
between hypertensive patients and normotensive
patients too (p=0.38).

There was no significantly difference in the initial, 1%
week and 3™ month endocan levels between male
and female patients (p=0.82). We found a positive
correlation between the first week endocan levels
and both total cholesterol and LDL levels (r=0.329
p=0.021, r=0.317 p=0.032 respectively) and between
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Figure 1. Receiver-operating characteristic (ROC) curve of endo-
can for predicting ICD.
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3" month levels of endocan and sedimentation rates
(ESR) (r=0.467 p=0.018).

The areas under the ROC curve, which were insuffi-
cient for differential diagnosis or follow-up of endo-
can levels, were as follows: the initial 0.524 (0.391-
0.654), 1*t week 0.554 (0.420-0.683), 3 month 0.572
(0.438-0.699) (Figure 1).

DISCUSSION

Following deterioration in the blood-brain barrier, en-
dothelial activation and damage have important roles
in the development of ICD. Endocan is an important
predictor for all of vascular diseases, organ-specific
inflammation events and endothelium-dependent
disorders®. Its concentrations may provide projection
against endothelial cell dysfunction®.

Although ICD may develop secondary to underlying
diseases, the most prominent pathological factor is
atherosclerosis, particularly in patients over 50 ye-
ars of age?'. Endothelial dysfunction is thought as an
early marker for atherosclerosis?. In the studies con-
cerning the role of endocan in the formation of at-
herosclerotic lesions, immunohistochemical studies
have demonstrated that endocan is highly concent-
rated in the atherosclerotic plaque’. Hyperlipidemia,
and atherosclerosis leads to an increased risk of se-
condary stroke® and it has been revealed that high
level of blood cholesterol deteriorates endothelial
function?. In the literature, we did not encounter a
study which investigated the relationship between
levels of endocan and total cholesterol and LDL. In
accordance with the literature, we found a positive
correlation between the 1 week levels of endocan
and total cholesterol as well as LDL which supports
the relationship between atherosclerosis and endot-
helial dysfunction.

The most important role in the pathogenesis of isc-
hemic cerebrovascular disease is inflammation and
the underlying complex. pathophysiological process.
Pro-inflammatory and anti-inflammatory indicators
are very important in the pathogenesis of ischemic
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cerebrovascular disease, but inflammatory indicators
are dominant?®. Higher endocan levels in patients
with Behcget’s disease (BD) and its classical conventi-
onal inflammatory markers which are indicating dise-
ase activity were shown to be positively correlated®.
It was shown that psoriasis vulgaris (PV) patients had
significantly higher serum endocan levels than cont-
rols. Also, high serum endocan level correlated with
hsCRP and cIMT which are indicating disease activity
in these patients®. However, no correlation between
serum endocan levels and inflammatory markers in
patients with acute coronary syndrome (ACS) pati-
ents was found?®. In this study, there was no statisti-
cally significant relationship between CRP levels and
serum endocan levels. Presumably, the mechanisms
of inflammation in PV and BD which are the diseases
of collagen tissue are different from the mechanism
of inflammation in ischemic vascular diseases such
as ICD and ACS. Also, the inflammation in PV and BD
may be more severe than the inflammation of ICD
and ACS.

We found that there was no significant difference
in the serum endocan levels between the patient
and the control groups. Serum endocan levels may
be affected by other vascular occlusion risk factors
(smoking, alcohol use, the presence of hypercholes-
terolemia, and hypothyroidism, etc) and medications
(angiotensin-converting enzyme inhibitors, angioten-
sin receptor blockers, beta-blockers, statins, etc)'>?”
2 However, Heet al.’® reported that endocan levels
are higher than normal and correlated with pooor
prognosis in ischemic cerebrovascular disease pati-
ents at the earlier stage of the disease. It is thought
that in the pathogenesis of ischemic cerebrovascular
disease, inflammatory mechanisms may be different
from the other systemic collagen tissue diseases. It
is also thought that there are some situations and
drugs affecting endocan blood levels which have not
been identified till now. Therefore, determination of
the role of endocan level in the events of cerebrovas-
cular disease requires further studies.

No important difference in levels of serum endocan
was found between hypertensive patients with ICD

and normotensive patients with ICD. It was shown
that endocan levels decreases under antihyperten-
sive therapy; such as valsartan and amlodipine in
newly diagnosed HT patients®. Using antihyperten-
sive therapy may be the cause of this finding in our
patients.

We thought that maybe there are some different
unknown medications and situations to affect en-
docan levels. In our study, there was no statistically
important difference in serum endocan levels bet-
ween diabetic, and nondiabetic ICD patients. Maybe
insulin and oral antidiabetics used in our patients can
affect endocan levels.

CONCLUSION

No significant difference in serum levels of endocan
is found between the patients and the control gro-
ups in our study. Referring to the literature, it was
demonstrated that levels of endocan may be influen-
ced by vascular risk factors and medications. Perhaps
unknown medications and conditions so far may
influence endocan levels. Further investigations are
needed to determine the effect of medications and
conditions on endocan levels. Also, because of the
limited number of our patients, there is a need for
studies with more patients to determine the role of
endocan levels in ICD patients.
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