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Abstract

higher the grade, the higher the endocan serum levels.
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Background: Meningiomas are one of the most common tumors of the brain and central nervous system. The key
role of endocan in predicting tumor growth and prognosis has been shown for several types of cancers; however,
this role in meningiomas has not been evaluated. In the current study, we investigated the relationship between
endocan serum levels with low- and high-grade meningiomas.

Results: The serum level of endocan in the group with meningiomas was 283.34 (242.09-358.70) pg/ml and in the
control group was 250.29 (207.56-329.71) pg/ml respectively (P = 0.172). Afterwards, patients were divided into
three different groups (grades |, Il, and Ill) and compared to the control. The level of endocan in the group with
grade | of meningioma showed no significant difference compared to control individuals (P = 0.86). When patients
with grade Il and grade Ill compared with the control group, endocan serum levels were statistically significant (P =
0.002, P < 0.001 respectively). Moreover, our findings showed that the different grades of meningiomas were
statistically significant compared to each other (P < 0.001) regarding endocan serum levels, meaning that the

Conclusion: Our findings revealed that higher grades of meningioma had higher endocan serum levels, however,
the role of endocan in pathogenesis or progression of this type of tumor requiring further exclusively assessment.

Background

Brain tumors are one of the most important health
problems worldwide. They are responsible for 2% of
total mortality in all cancers and include the most com-
mon type of severe tumors in young adults. After gli-
omas, meningiomas are the second most common
primary neoplasm of the central nervous system. The
origin of the tumor is usually from the arachnoid cap
cells of the arachnoid villi in the meninges [1, 2]. The
prevalence of pathologically confirmed meningiomas are
calculated to be approximately 97.5/100,000 in the USA
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with over 170,000 patients currently diagnosed with
meningiomas [3]. It is difficult to estimate the mortality
rate and the prevalence of meningiomas, as some pa-
tients become aware of their disease when a CT or MRI
is done for other reasons and as an incidental finding
meningioma is detected. Data from the Central Brain
Tumor Registry of the United States (CBTRUS) demon-
strates meningiomas are more than twice among females
[3]; however, this ratio may be reversed in the rare pre-
pubertal meningiomas [2, 4]. According to the World
Health Organization (WHO), meningiomas, considering
histopathological features such as cell type, mitotic activ-
ity, cellularity, necrosis, and brain invasion, are catego-
rized into 3 different grades. Grade I (benign)
meningioma is the most common type of meningiomas
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with approximately 90% prevalence, grade II (atypical
meningioma) represents approximately 5-7% of all men-
ingiomas and grade III or anaplastic meningioma ac-
counts for 3% of all meningiomas [5]. Currently, there is
no established serum-based marker which can be used
for diagnostic and prognostic purposes for meningiomas.
Therefore, identification of non-invasive circulating
tumor markers would not only improve early detection
of meningiomas but also improve survival rate of men-
ingioma patients [6].

Endocan, previously known as endothelial cell-specific
molecule-1(ESM-1), is soluble dermatan sulfate proteo-
glycan, which is primarily produced by endothelial cells
in different organs such as kidney, liver, lung, and
gastrointestinal system [7-9]. It contains a core protein
with 165 amino acids that are enveloped by a mucopoly-
saccharide chain that is connected to a serine residue of
the protein [10]. The gene encoding human endocan is
located on chromosome 5 containing two introns and
three exons [11]. The expression of endocan is regulated
by some inflammatory cytokines such as tumor necrosis
factor-a (TNF-a) and interleukin-1 (IL-1) as well as
some angiogenic factors such as fibroblast growth
factor-2 (FGF-2) and vascular endothelial growth factor-
A (VEGEF-A) [12, 13]. Over-expression of endocan is fre-
quently accompanied by hypersecretion of intercellular
adhesion molecule-1,2 (ICAM-1 and ICAM-2) leading
to increase in leukocyte migration, adhesion, and activa-
tion [14, 15]. Due to the potential role of both inflamma-
tory cytokines and intercellular adhesion molecules in
an inflammatory response and ischemia/reperfusion in-
juries, it is now hypothesized that the over-expression of
endocan can activate both inflammatory and tumoral
processing through activation of inflammatory mediators
and adhesion molecules. Recent studies have focused on
the central role of endocan over-expression in angiogen-
esis and tumorigenesis and thus this biomarker seems to
be a selective target for cancer therapy [16]. This hy-
pothesis has been examined and even demonstrated in
subgroups of patients suffering malignancies of liver,
kidney, lungs, breast, pancreas, prostate, ovary, and brain
glioblastoma [17-22]. However, the key role of endocan
in other tumors such as meningiomas has not been eval-
uated so far. Because of the central role of activating in-
flammatory pathways and also angiogenesis in the
progression of meningiomas, in this study, the relation-
ship between endocan serum levels and meningiomas
(low and high grade) were investigated.

Methods

This study consisted of 60 consecutive patients who
were suffering from meningiomas as the case group
from two university hospitals, as well as 30 age-sex-
matched healthy individuals as a control group without
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any history or evidence of clinical problems especially
brain disorders and also with no history of any medica-
tion. Patients with any kind of chronic or acute infec-
tion, immunological and metabolic diseases, other
neoplastic diseases, cardiovascular diseases, and recent
major surgical procedures, in which, the endocan level
could be affected by such diseases were excluded. Ap-
proval for the study was obtained from the Ethical Com-
mittee of University of Medical Sciences, and all
participants gave written informed consent before par-
ticipation in the study. All patients and controls were
evaluated in terms of detailed medical history and
complete physical examinations. Also, routine laboratory
tests were considered in both groups on admission. The
definitive diagnosis of meningiomas was based on histo-
pathological tissue analysis and specific imaging methods
including computed tomography (CT) and or magnetic
resonance imaging (MRI) in all patients. In our studied
hospitals, Philips brilliance 16 CT scan printed in Neth-
erland and GE light speed 16 slice CT scan manufac-
tured in the USA were used. Furthermore, for MRI
imaging GE SIGNA HDX 1.5T, USA, and GE T SIGNA
EXCITE HD 1.5, USA, and SIMENS MAGNETOM
symphony manufactured in Germany were used. The
grade of the tumor was determined based on the WHO
classification [5].

Measurement of endocan serum levels in both case
and control groups were performed by commercially re-
liable ELISA kit according to manufacturer’s protocols
(MyBioSource, CA, USA), and ELISA reader machine
(Jencons Anthos 2020, type: 22 550, Austria), and using
the standard samples with known levels of endocan, pro-
vided by the manufacturer and presented as pg/ml. The
assay range for this ELISA kit was 31.2 pg/ml up to 2000
pg/ml, and its sensitivity was < 10 pg/ml.

Statistical Package for Social Sciences (SPSS, version
22; Chicago, IL, USA) was used for data analysis. The
normality of the data was analyzed using Kolmogorov-
Smirnoff and the Shapiro-Wilk tests. Variables are pre-
sented as median and first and third interquartile ranges
(IQR), otherwise, as mean * standard deviation (SD).
Frequencies are presented as percentages. Mann—Whit-
ney U and Kruskal-Weallis tests were used to analyze the
differences among groups. To assess the value of endo-
can to discrimination of meningiomas from the normal
conditions, the area under the ROC curve (AUC) was
determined and the best cut-off point for this biomarker
as well as its sensitivity and specificity were calculated.
In our study, P values of 0.05 or less were considered
statistically significant.

Results
Of 60 patients with meningiomas, 42 (70%) cases were
female and 18 (30%) were male. The age range was
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between 30 and 84 years in patients with a mean age of
53.93 + 13.32. The control group included 30 healthy in-
dividuals and the majority of them were female (N = 20,
66.6%), and the age range was between 38 and 86 years
with a mean age of 54.11 + 13.72.

In patients’ groups, 39 cases (65.0%) suffered from
grade I of meningioma, 15 cases (25%) from grade II of
meningioma, and 6 cases (10%) from grade III of the
tumor.

The endocan serum level in the group with meningi-
omas was 283.34 (242.09-358.70) pg/ml, and in the con-
trol group was 250.29 (207.56-329.71) pg/ml respectively
(p = 0.172). Based on the grade, patients were divided
into three different groups (grade I, II, and III) and the
level of endocan was evaluated separately in each group
and compared to the control. The serum level of endo-
can in the group with grade I of meningioma was 259.39
(225.67-287.17) pg/ml and in the control group was
250.29 (207.56-329.71) pg/ml, indicating no significant
differences (P = 0.86). While in patients with grade II,
serum level was 355.24 (325.14-431.74) and in the con-
trol group was 250.29 (207.56-329.71) pg/ml which
showed statistically significant differences (P = 0.002).
Furthermore, patients with grade III of meningioma had
statistically higher serum levels of endocan in compari-
son with control group [493.93 (406.92-710.97) versus
250.29 (207.56-329.71) pg/ml respectively, P < 0.001]
(Fig. 1). In the meningioma and control groups, the
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endocan serum levels were independent of baseline pa-
rameters including gender and age (Table 1).

Regarding different meningioma grades, patients with
grade II had significantly higher endocan serum levels
compared with grade I (P < 0.001). This is also true for
comparison between grade III versus grade I and grade
III versus grade II (P < 0.001, P = 0.02 respectively)
(Table 2).

According to the ROC curve analysis (Fig. 2), the
measuring endocan serum levels could be a probable
index for differentiating meningioma from normal con-
dition (AUC = 0.624, 95% CI, 0.515-0.725). The best
cut-off value of endocan for this differentiation was esti-
mated to be 215.15 pg/ml yielding a sensitivity of 65%
and a specificity of 60%.

Discussion
The majority of meningiomas are benign and can be
cured by surgical procedures, but, approximately 20% of
meningioma patients suffer from an aggressive clinical
course with tumor recurrence or progressive form, lead-
ing to significant morbidity and increased mortality of
patients [18]. Hence, novel and specific biomarkers that
can help to early diagnosis or prognosis to improve pa-
tient outcomes are important [23].

Endocan is a proteoglycan that is primarily produced
by kidney, liver, lung, and gastrointestinal system endo-
thelial cells. Endocan is also known as an indicator of
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Fig. 1 The endocan serum levels in different grades of meningioma
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Table 1 The endocan serum levels according to baseline variables in meningioma and control groups
Variables Meningioma Control P value
Gender Male (n = 45) 310.64 (244.94-540.46) 261.50 (236.82-355.88) 0.440
Female (n = 15) 276.55 (240.39-356.39) 240.21 (199.76-330.94) 0.080
Age < 55 years (n = 27) 287.79 (246.96-359.85) 241.73 (202.42-468.02) 0.254
2 55 years (n = 33) 27951 (247.22-357.54) 261.50 (215.15-315.86) 0.122

endothelial dysfunction. It has been demonstrated that it
plays an important role in tumor growth and angiogen-
esis and its plasma levels have been shown to increase in
some cancers [24, 25]. It has shown a positive correl-
ation with tumor recurrence and progression. In the
present study, a significant endocan serum levels were
seen in patients with grades II and III of meningioma
compared to healthy individuals. There are several previ-
ous studies that have investigated endocan serum levels
or expressions in different kinds of cancers, for example,
Atukeren and colleagues, studied levels of endocan in
patients with meningioma and glioma. They found that
the mean level of endocan has a significant incline from
the control group to the malignant tumor groups al-
though the meningioma (benign) had the lowest mean
level, and the high-grade glioma (most malignant) group
had the highest mean level. They also showed that in-
cline expression was significantly correlated with the de-
gree of malignancy, which means that with increasing
the degree of malignancy, the endocan expression also
increased [26]. In another study, Maurage and colleagues
investigated endocan expression in brain tumors. In
their study, endocan immune reactivity was detected in
hyperplastic endothelial cells in high-grade gliomas,
mostly at the tumor margins; endothelial cells were
mostly endocan negative in low-grade gliomas, and it
was never detected in the cerebral cortex distant from
the tumors. No endocan immune reactivity was observed
in pure anaplastic oligodendrogliomas, whereas there
was endocan immune reactivity in both endothelial and
tumor cells in anaplastic oligoastrocytomas and anaplas-
tic astrocytomas. The intensity of immunolabeling in
these tumor cells varied considerably from cell to cell,

Table 2 The endocan serum levels in different grades of
meningioma

Endocan level P value

35524 (325.14-431.74) < 0.001
VS
25939 (225.67-287.17)

493.93 (406.92-710.97) < 0.001
VS
259.39 (225.67-287.17)

493.93 (406.92-710.97) 0.02
VS
355.24 (325.14-431.74)

Grade Frequency
Hvs1 15 (25%) VS 39 (65.0%)

nvsi 6 (10%) VS 39 (65.0%)

MVSI  6(10%) VS 15 (25%)

and not all tumor cells expressed endocan in their cyto-
plasm. In general, as shown in their study, low-grade gli-
oma cases were almost all negative for endocan
expression as were cases with grade III oligodendrogli-
omas [27]. Lassalle and colleagues studied endocan ex-
pression in different organs. They found out that
endocan may participate in specialized endothelial func-
tions, particularly in the lung vascular spaces. Also,
endocan mRNA was detected with less intensity in the
kidney, thereby indicating that vascular endothelium
from lung and kidney may have common functional en-
tities mediated by endocan. In their study, other endo-
thelial cell-rich tissues, such as heart or placenta, have
shown poor expression of endocan mRNA and the rea-
son was unclear. One can suggest that the constitutive
expression of endocan mRNA in the vascular endothelial
cells may vary considerably, depending on either an
organ-specific differentiation state of endothelial cells or
specific factors present in the local microenvironment
[7]. In another study, Leroy and colleague investigated
endocan expression in clear renal cell carcinoma and
papillary carcinoma and they illustrated that endocan in
papillary carcinomas is weakly or not expressed. This
finding is of interest because there are unique molecular
mechanisms for clear cell renal carcinoma and papillary
carcinomas [28]. As mentioned in our findings, the dif-
ferent grades of meningioma had statistically significant
differences compared to each other and control group
regarding serum levels of endocan meaning that the
higher the grade, the higher the serum endocan level.
Previous studies have shown that not only in meningi-
omas but also in gliomas, endocan is never expressed in
the cerebral cortex and endothelial cells in lower grades
(grade I and grade II) and endocan expression in glio-
blastoma is continuously related to abnormal vasculature
reflecting neoangiogenesis [27, 29]. Another study was
conducted to investigate the endothelial expression of endo-
can and its relation to tumor progression in pituitary aden-
oma by Cornelius and colleagues. As a result, they found out
that in normal pituitary, endocan is never expressed in the
endothelial cells but is observed in few endocrine cells
whereas in a subset of pituitary tumors endocan is expressed
in endothelial and endocrine cells [30].

Our findings showed the association between endocan
serum levels and different grades of meningioma that
may emphasize the critical role of endocan as a
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predicting or prognostic factor for the disease. Addition-
ally, according to the results of the ROC curve analysis,
the endocan appears to be a probable marker for men-
ingiomas; however, more investigations with larger sam-
ple sizes are warranted.

This study has some limitations. First, due to retro-
spective nature of the study, there may be risk of pa-
tients’ bias. Second, certain proportion of patients
without complete data was excluded so study had a rela-
tively small number of patients. Our conclusion needs to
be verified in future by a multi-center investigation.

Conclusion

In total, although meningiomas are considered as the
heterogeneous brain tumors with aggressive potential,
our findings suggest that higher grades of meningioma
had higher endocan serum levels, however, the role of
endocan in pathogenesis or progression of this type of
tumor requiring further exclusively assessment.
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