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A New Diagnostic Biomarker for Multiple 
Sclerosis Patients: Endocan Level 

 Multipl Skleroz Hastalarında Yeni Bir Tanısal Biyobelirteç: 
Endokan Düzeyi 
ABSTRACT 
Objective: Multiple sclerosis (MS) is an immune-mediated demyelinating disease 
affecting the human central nervous system. Many molecules are involved in its 
pathophysiology and help determine prognosis. The goal of this study was to determine 
serum endocan levels in patients with inactive MS.  
Methods: A total of 96 participants were included in the study; 48 patients with 
relapsing-remitting MS (mean age: 37.46±12.53, 20 men/28 women) and 48 controls 
(mean age: 38.22±18.57, 22 men/26 women). After the samples were thawed under 
appropriate conditions, serum endocan levels were analyzed by enzyme-linked 
immunosorbent assay. The relationship between endocan levels and the Expanded 
Disability Status Scale, demographic characteristics and medications were analyzed. 
Results: The endocan concentration was 371.04±67.39 ng/l in patients with MS and 
1003.78±110.63 ng/l in the controls. Patients with MS had significantly lower levels of 
endocan than the controls did (P=.003). Endokan had the lowest diagnostic value 
(AUC=0.67, (95% CI, 0.56-0.78) as the cut-off value (229.50), sensitivity (63.04%) and 
specifity (39.13%) in the MS group. In this study, no significant differences were detected 
between Endocan and the other clinical parameters.  
Conclusion: According to the results of our study, compared withthose in healthy 
patients, endocan levels in MS patients were lower. It was concluded that the edokan 
level can be used as a biomarker in MS patients.  
Keywords: Diagnostic biomarker, EDSS, endocan, inflammation, multiple sclerosis 
 
ÖZ 
Amaç: Multipl skleroz (MS), insan merkezi sinir sistemini etkileyen, immün aracılı 
demiyelinizan bir hastalıktır. Patofizyolojisinde rol alan ve prognozun belirlenmesine 
yardımcı olan birçok molekül bulunmaktadır. Bu çalışmanın amacı, inaktif MS hastalarında 
serum endokan düzeyini ve bunun patogenezdeki rolünü belirlemektir. 
Yöntemler: Çalışmaya toplam 96 katılımcı dâhil edildi; bunların 48’i relapsing-remitting MS 
hastası (ortalama yaş: 37,46±12,53; 20 erkek/28 kadın) ve 48’i kontrol grubuydu (ortalama 
yaş: 38,22±18,57; 22 erkek/26 kadın). Uygun koşullar altında çözdürüldükten sonra serum 
endokan düzeyleri, enzim bağlı immünosorbent analiz (ELISA) yöntemi ile analiz edildi. 
Endokan düzeyleri ile Genişletilmiş Özürlülük Durum Ölçeği (EDSS), demografik özellikler ve 
kullanılan ilaçlar arasındaki ilişki değerlendirildi. 
Bulgular: Endokan düzeyleri MS hastalarında 371,044±67,396 ng/L, kontrol grubunda ise 
1003,783±110,634 ng/L olarak ölçüldü. MS hastalarında endokan düzeyleri kontrol grubuna 
göre anlamlı derecede daha düşüktü (P=,003). Endokan için tanısal değer; eğri altındaki alan 
(AUC)=0,677 (%95 GA: 0,567–0,787), kesim değeri 229,500, duyarlılık %63,04 ve özgüllük 
%39,13 olarak saptandı. Çalışmada endokan ile diğer klinik parametreler arasında anlamlı bir 
fark bulunmadı. 
Sonuç: Çalışmamızın sonuçlarına göre, MS hastalarında sağlıklı gruba kıyasla endokan 
düzeylerinde azalma olduğu gözlenmiştir. Endokan düzeyinin MS hastalarında bir 
biyobelirteç olarak kullanılabileceği sonucuna varılmıştır. 
Anahtar Kelimeler: Tanısal biyobelirteç, EDSS, endokan, inflamasyon, multipl skleroz 
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INTRODUCTION 
Multiple Sclerosis (MS) is disease affecting 2.8 million 

people worldwide1, affecting central nervous system, 
causing widespread neurodegeneration and demyelination 
in gray and white matter2, and impairing quality of life.2,3 MS 
is diagnosed in 2.1 out of every 100,000 people annually. 
Despite the MS diagnostic criteria, the rate of misdiagnosis 
is approximately 20%.4 Approximately 40% of those 
diagnosed correctly experience delays in diagnosis and 
treatment.5 While misdiagnosis leads to costs with incorrect 
drug use, late diagnosis leads to delays in treatment. Delays 
in treatment lead to a decrease in the duration of 
approximately 20 years6 from the first clinical signs of 
relapsing remitting MS to the onset of secondary 
progressive multiple sclerosis (SPMS).7 Therefore, many 
biomarkers and inflammatory molecules have been studied 
for early diagnosis and disease prognosis. 

In the pathophysiology of MS, specific proinflammatory 
molecules, including interleukin (IL)-1β, IL-6, IL-8, tumor 
necrosis factor (TNF), and interferon-gamma are released 
from autoreactive immune cells, and promote the 
infiltration of immune cells through the blood–brain barrier, 
leading to demyelination and axonal damage.8 Following the 
initiation of the inflammatory process, B cells contribute to 
antigen presentation to T cells and induce the release of 
cytotoxic mediators that can damage oligodendrocytes. 
Microglia and macrophages secrete various cytokines, 
including tumor necrosis factor (TNF)-α and interleukin (IL)-
1β, leading to neurodegeneration through cytokine-induced 
cell death, inhibition of astrocytic glutamate uptake, and 
induction of dysfunctional ribonucleic acid-binding proteins. 
Additionally, the release of glutamate, contributes to 
glutamate excitotoxicity and subsequent 
neurodegeneration. Moreover, vascular endothelial growth 
factor (VEGF), whose expression is elevated in MS lesions, 
also appears to play a significant role in the pathophysiology 
of MS.9 Endocan is one of the molecules studied for its rol in 
the severity and prognosis of inflammatory disease. 

Endocan is secreted by vascular endothelial cells. 
Endocan is regulated by various proinflammatory cytokines. 
It is a mature protein of 165 amino acids and a proteoglycan 
consisting of a 15-40 kDa chondroitin/dermatan sulfate 
glycan chain that covalently binds to the protein at serine 
137.10 Sarrazin et al.11 reported that endocan cloned from a 
human endothelial cell DNA library was secreted by 
epithelial cells of the kidney distal tubules, bronchi, lung 
submucosal glands, vascular endothelial cells, and other 
endothelial cells. Endocan is known as a molecule specific to 
human endothelial cells. It inhibits leukocyte function 
(leukocyte diapedesis) by interacting with intercellular 
adhesion molecule (ICAM)-1 through binding to human 

leukocytes via integrin leukocyte function-associated 
antigen-1.12 

Approximately 1 ng/l of endocan, which is not associated 
with the endothelial glycocalyx like other proteoglycans are, 
circulates freely in the circulation.13 Blood endocan levels 
are regulated by de-novo synthesis and secretion.14 
Although the catabolism of endocan is not known precisely, 
two pathway are thought to be involved: proteolytic 
degradation by neutrophil cathepsin G and elimination of 
endocan through hepatic metabolism.15,16 

High levels of endocan have been detected in the 
cytoplasm of vascular endothelial cells in various tumor 
pathologies such as lung, brain, kidney, ovarian and liver 
tumors.17 Endocan levels have also been investigated in 
cardiac and cardiopulmonary surgeries18, in patients with 
Alzheimer’s disease19, in patients with sarcoidosis20, in a 
control group of 15 adults who died as a result of traffic 
accidents or falls from height, in patients with grade 1 
meningioma and glioblastoma multiforme21, and in patients 
with vasculitis and rheumatologic diseases.22 In this study, 
we focused on determining the endocan level in multiple 
sclerosis patients. 

METHODS 
Forty-eight MS patients in remission diagnosed with the 

Mcdonals criteria for relapsing-remitting multiple sclerosis 
(RRMS) were included in the study. Forty-eight healthy 
participants were included. The control group included 
those who did not have thyroid disease, endocrinopathy, 
chronic heart or kidney failure, mental illness, known 
neurological disease, cardiovascular disease, diabetes, or 
pregnancy. Patients who had not experienced an attack 
during the past 3 months, who had receiving methyl 
prednisolone treatment, and who had no active plaque on 
magnetic resonance imaging during the past 3 months were 
selected. We recorded the participants’ sex, age, attacks, 
and expanded disability status scale (EDSS) score. Blood 
samples were collected in anticoagulant-free tubes and 
centrifuged at 2000 rpm (20 minutes at 4˚C). The samples 
were frozen and stored at -80˚C. The ethical approval 
number of the study was Necmettin Erbakan University 
Medicine Faculty, Turkey Ethics Committee protochol date: 
April, 27, 2020, number: 14567952-050/56-2020. All 
participants provided written informed consent prior to 
enrollment in the study. 

 Serum concentrations of endocan were assessed by an 
immunoenzymatic method with a commercially available 
enzyme-linked immunosorbent assay (ELISA) kit: Human 
Endocan Elisa Kit: (standard curve range: 0.05 ng/l-10 ng/l, 
sensitivity: 0.02 ng/l, intra-assay coefficient of ariation (CV): 
8%; inter-assay CV:10%; catalogg no. E3919Hu, Bioassay 
Technology Laboratory, Shanghai, China), and the 
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manufacturers’ instructions were followed. The 
absorbances of the samples were measured by microtiter 
plate at 450 nm (ELx800TM, BİO-TEK instruments, USA), and 
the levels endocan are expressed in units of ng/l.  

Statistical Analysis 
Statistical Package for the Social Sciences version (SPSS 

Inc, Chicago, IL, USA) was used for statistical analysis. The 
Mann-Whitney U-test was used to test the statistical 
significance of the difference between the variables studied. 
Correlations were performed using Spearman's rank 
correlation coefficient. Statistical significance of the data 
expressed as mean±standard deviation (SD) was defined as 
P<.05. 

RESULTS 
In this study, the mean ages of the 48 patients with MS 

and the 48 controls were 38.23 and 37.56 years, 
respectively. All the demographic characteristics of the 
controls and MS patients are shown in Table 1. Serum 
endocan levels were significantly lower in patients with MS 
than in those without MS (P=.001). No significant 
correlation was found between the number of attacks and 
disease duration, EDSS score and endocan levels (Table 2). 
We show cutoff and area under the curve (AUC) values of 
serum endocan levels in MS patients in the Table 3. 

 
Table 1. Serum Endocan Levels in MS and Healthy Group  

 
Parameter 

 
MS group 

 
Healthy group 

 
P 
 

Age (year), 
mean               

 

37.46±12.53 38.22±18.57 - 

Sex, (n)  
Male 
Female 

 

 
20 (39.24%) 
28 (60.76%) 

 
20 (39.24%) 
28 (60.76%) 

 
- 

Endocan, 
(ng/l) 
Mean    
n 
Standart 
deviation 

 

              
 

371.04         48 
67.39 

 
 
1003.78 
48 
110.63 

 
.001 
 

 

DISCUSSION  
MS is a demyelinating disease in which many cytokines 

play a role in the pathogenesis of demyelination, 
remyelination stages and inflammation.6 Endocan is 
expressed by some growth factors and cytokines. in the  

Table 2. Correlation of Serum Endocan Levels and Some 
Clinical Findings in MS Patients 

 
Parameter 

 
Endocan 

 
Mean 

 
Standard 
deviation 

EDSS 0.29 
1.94 1.84 

Medication 0.12 - - 

Number of 
attacks 

0.31 - - 

Disease time 0.11 8.86 6.25 

   
vascular endothelium. High levels of TNF-α, which is present 
in the serum and CSF of MS patients, plays anplay important 
roleroles in the pathogenesis of MS23 and upregulate 
endocan expression in endothelial cells.24 Increased 
inflammation causes oxidative stress and endothelial 
damage. Oxidative stress increases the permeability of the 
blood-brain barrier.25 In another study conducted by Akil et 
al.26 in RRMS patients, the endocan level, C-reactive protein 
level neutrophil-lymphocyte ratio levels were found to be 
high. In an acute lung injury model (induced by mouse 
endotoxin (LPS), endocan treatment decreased TNF-α, IFN-
γ, IL-6 and IL-1β leves and inflammatory cytokine levels and 
attenuated pulmonary epithelial apoptosis.27 This study 
reveald that high endocan levels may be protective. In a 
study by Atalar et al.27 endocan levels were found to be high 
in RRMS patients, while C-Reactive protein (CRP) levels and 
erythrocyte sedimentation rate (ESR) and endocan leves 
were not significantly correlated. 

The neuroprotective effects of hepatocyte growth factor 
(HGF), have been observed in various neurodegenerative 
disease models, including those of Amyotrophic Lateral 
Sclerosis (ALS), brain ischemia, spinal cord injury, 
Alzheimer's and Parkinson's disease28 and in vitro and in vivo 
studies have shown that HGF contributes to regeneration by 
stimulating axonal growth.29 HGF, which increases the 
regulatory T cells response and decreases the pathogenic t 
cell response30, induces proliferation and migration of 
oligodendroglial progenitor cells31 and inhibits the apoptosis 
of oligodendrocytes32 all of this findings may explain why 
the leve of endocan, which increases HGF levels, is low in 
MS patients. Endocan levels were also low in our study. In 
our study, serum endocan levels were lower in the patient 
group than in the control group. 

Endocan is thought to be a significant regulator of 
cellular adhesion, cancer development and inflammatory 
disorders.12 Endocan plays a considerable role in vascular 
permeability and pathological angiogenesis.33 In a study by 
Rocha et al.33, the tumor angiogenesis and cerebral edema  
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Table 3. Cutt-off and Area Under Curve (AUC) Values of Serum Endocan Levels in MS Patients 

Factor AUC (95%, CI) Cuttoff, According to Youden's Index P Sensitivity (%) Specificity (%) 

Endocan, 
ng/l 

0.67 
(0.56-0.78) 

229.50 0.003 63.04 39.13 

decreased by 50% in endocan knockout mice after vascular 
permeability caused by ischemic stroke was decreased. In 
conclusion, endocan may be used to assess the prognosis 
and activity of both inflammatory diseases. In this context, 
a literature review revealed that serum endocan levels are 
a reliable markers for the diagnosis of various diseases and 
post treatment responses.33 However, in our study, no 
relationship between endocan and EDSS score was found in 
MS patients. 

Zhang et al.34, reported that the levels of interleukin (IL)-
6, Tumor Necrosis Factor (TNF)-α, interleukin (IL)-1β, and 
interferon (IFN)-γ, levels decreased with endocan treatment 
and as a result, pulmonary epithelial apoptosis decreased. 
In a studies, it has been shown that endocan potentiates the 
mitogenic effects of HGF on endothelial cells and thus 
wound repair and cell proliferation.35 The proangiogenic 
molecules vascular endothelial growth factor-A and VEGF-
C, which have been shown to be important in angiogenesis 
and cancer progression, strongly upregulate endocan 
expression.36 Kul et al.37 reported a positive correlation 
between VEGF and TNF-α levelsand serum endocan levels 
in patients with Behçet’s disease. Recent studies have 
shown that in experimental autoimmune encephalitis 
patients and MS patients, VEGF-A mRNA levels in both glial 
tissue and CSF are lower in mononuclear cells than in 
controls.38 Iacobaeus et al.38 found a three fold decrease in 
VEGF-A mRNA expression in CSF cells in RRMS and an eight-
fold decrease in SPMS matched controls, but no correlation 
with sex, the EDSS score or disease duration. In our study, 
endocan levels, which have been shown to be correlated 
with VEGF-A levels in previous studies, were lower in the 
patient group than in the control group. In addition, a 
relationship between serum endocan levels and disease 
duration was not found in our study. 

The results of the same study by Iacobaeus et al.38 
suggest that the low level of VEGF-A mRNA expression in 
peripheral blood mononuclear cells, particularly in 
progressive MS, may reflect an underlying disease 
mechanism. Therefore, VEGF-A can protect neurons from 
apoptosis-induced environmental stress and directly 
stimulate axonal regeneration and neurogenesis.39 On the 
basis of these data, it can be concluded that endocan, which 
is positively correlated with VEGF-A, is also involved in 
neurogenesis-axonal regeneration and may be a marker for 
the transition to progressive MS. If proven by experimental 
studies, it may be a possible target for modulatory drugs in 
the future. In addition, the transition to the progressive 

phase can be detected early and targeted therapies can be 
started without delay. 

VEGF-C protein, which plays an important role in the 
development of meningeal lymphatic vessels (MLVs), is 
expressed by vascular smooth muscle cells.40 The plasticity 
and regenerative potential of the MLV and central nervous 
system drainage have been studied in the context of 
neurodegenerative diseases such as multiple sclerosis, 
dementia, stroke, hydrocephalus and Alzheimer's disease.  
As shown in our study, low levels of endocan in MS patients 
may play a role in the development of the MLV together 
with VEGF-C, with which it increases and decreases in 
correlation. 

 
CONCLUSION 
Endocan levels were found to be low in MS patients. In 

conclusion, the effects of endocan, which effects on the 
glymphatic pathway, may open a new avenue for new 
treatment strategies. However, more detailed and 
experimental studies are needed. 
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