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CLINICAL STUDY
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ABSTRACT
OBJECTIVE: The aim of this study is to determine biomarkers, which may be used in order to understand the 
pathophysiology, the diagnosis, progression surveillance/monitoring, and treatment effi cacy of high graded 
glial tumors.
BACKGROUND: Radiological imaging in the diagnosis and relapse surveillance of glial tumors is sometimes 
insuffi cient. There is need for additional methods of diagnosis and surveillance in order to rule out 
contradictory circumstances.
METHOD: Using enzyme like immune sorbent assay method, E-Cadherin, Tenascin C, Tetraspanin 8, 
Survivin and VEGF121 levels were investigated in serum and tumor tissues of 28 patients diagnosed with 
pathological glioblastoma, and in the serum of 26 healthy individuals. Correlation between tumor tissue 
values and Ki67 percentage, and P53 mutation, and difference between unhealthy and healthy serum levels 
were sought. 
RESULTS: It was found out that E-Cadherin and VEGF 121 levels in the unhealthy serum were high in 
comparison to the control group (p < 0.05). In the patient group, there was no correlation determined 
between tissue and serum levels of all biomarkers and mutation percentages of Ki67 and p53 (p > 0.05).
CONCLUSION: EC and VEGF121 are biomarkers, which have the potential to be used in the diagnosis, 
recurrence and treatment follow-up in high graded glial tumors (Tab. 2, Fig. 1, Ref. 37). Text in PDF www.elis.sk
KEY WORDS: E-Cadherin, VEGF, Survivin, Tenascin-C, Tetraspanin, glioblastoma.

1Neurosurgery Department, Tekirdag Namik Kemal University,Tekirdag, 
Turkey, 2Biochemistry department, Tekirdag Namik Kemal University, 
Tekirdag, Turkey, and 3Pathology department, Tekirdag Namik Kemal 
University,Tekirdag, Turkey
Address for correspondence: Tamer TUNCKALE, Neurosurgery Depart-
ment, Tekirdag Namik Kemal University, Namik Kemal Kampus Cad No: 1,
Tekirdag, 59030, Turkey. 
Phone: +905053737103 
Acknowledgements: Our study was fi nancially supported by Tekirdag 
Namik Kemal University Scientifi c Research Projects Commission with 
the application numbered NKUBAP.02.GA.20.274.

Abbreviations: glioblastoma (GB), vascular endothelial growth 
factor (VEGF), E-Cadherin (EC), Tenascin C (TN-C), Tet-
raspanin-8 (Tspan8), enzyme-like immune sorbent assay (ELISA)

Introduction 

Glioblastoma (GB) is the most common, and also the most 
malignant tumor of the central nervous system in adults (1). De-
spite the advances in microsurgery approaches and oncological 
treatments, these tumors have a poor prognosis with an average of 
14 months of life expectancy (2). In these tumors, which are very 
diffi cult to manage, the biomarkers in their content gain impor-
tance for the understanding of the tumor biology and behavioral 

differences, and for the use of them in an objective classifi cation, 
prognosis determination, personalized therapeutic decision making,
diagnosis and follow-up of recurrence (3). 

Vascular endothelial growth factor (VEGF) is known as the 
most important mediator in the neovascularization in GBs, and 
their serum level increases (4, 5). Today, six splice isoforms of 
VEGF are identifi ed, and VEGFxxx family consisting of mature 
peptides has been formed (6). VEGF121 is a member of this fam-
ily and its pro-angiogenic potential is high (7). 

Cadherin family members are transmembrane glycoproteins 
who are responsible for calcium-dependent cell adhesion. E-Cad-
herin (EC) is the member of this family, which tends to be found 
in zonula adherence regions of epithelial cells (8). During tumor 
progression, its expression decreases frequently (9). Loss or re-
duction of EC expression is associated with aggressiveness and 
dedifferentiation of many carcinomas (10). 

Surivivin has a role in both apoptosis inhibition and cellular 
division (11). While having minimal expression in healthy tissues, 
overexpression is detected in many cancer types, in which the cell 
cycle is impaired (12). The overexpression of Survivin in cancerous 
cells has been associated with tumor progression, poor prognosis, 
and therapeutic resistance in these cells  (13). 

Tenascin C (TN-C) is an adhesion modulating glycoprotein, 
found in the extracellular matrix consisting of specifi c polypep-
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tides (14). It is overexpressed in the embryological period dur-
ing organogenesis, where cell proliferation, migration, epithelial 
mesenchymal transition occurs (15). During the development of 
the central nervous system, TN-C plays a role in both the regula-
tion of both oligodendrocyte blast cells and the reproduction of 
astrocytes (16). 

Tetraspanin-8 (Tspan8) is one of the 4 cell surface proteins 
called Tetraspanins and has very important cellular functions such 
as cell migration, adhesion, invasion and proliferation (17). Tspan 
8 overexpression is observed in many cancer types and is associ-
ated with poor prognosis  (18). 

GB patients are lost due to tumor cell infi ltration and local inva-
sion. Unfortunately, conventional chemotherapy and radiotherapy 
at post-surgical period cannot resist this invasion. New therapeutic 
targets, which can be added to the follow-up and treatment pro-
tocol should be investigated and revealed (19). In this study, we 
examined VEGF121, EC, Survivin, TN-C and Tspan 8 levels in 
the serum of healthy individuals and in the serum and tumor tissue 
of patients with high-graded masses, and investigated the correla-
tion between Ki67 and P53 rates, which are associated with the 
tumor aggressivity, using the enzyme-like immunosorbent assay 
(ELISA) method. 

Material and method 

Patient samples
Twenty-eight patients above the age of 18 with a diagnosis 

of GB and 26 volunteers without any cancer were included in the 
study. Tumor tissues and preoperative blood samples were obtained 
from patients who were operated due to high graded glial tumor 
between June 2019 and August 2021, and blood samples of volun-
teer outpatients coming to the clinic for various reasons were also 
obtained for this research. GB cases were confi rmed by magnetic 
resonance imaging (MRI) and histopathology according to the 
2021World Health Organization classifi cation (20). Those with 
recurrent glial masses, those who had intracranial operation, those 
with central nervous system disease, those with a different history 
of cancer, and those who underwent chemotherapy or radiotherapy 
were excluded from the study. The approval for this prospective 
study was granted by the Namik Kemal University Ethics Com-
mittee. (Date: 25.04.2019 number: 2019.58.04.05) The research 
protocol was performed in accordance with the Declaration of 
Helsinki. Informed consent was obtained from all study subjects 
after the explanation of the nature and possible consequences of 
the study. Blood samples before anesthesia induction, were ob-
tained from patients who were planned to be operated for their 
tumors. Tumor tissues were tried to be taken from the midpoint 
of the tumor, and from the contrast- enhancing areas of the tumor, 
and each tumor tissue sample was divided into two for the patho-
logical verifi cation and was kept in dry tubes as well as in tubes 
containing formol. When more than one cc of tumor samples was 
collected, tissues in dry tubes and preoperative blood samples were 
kept in the cooler at ‒80 °C. Peripheral blood samples obtained 
from the patients included in this study in a red capped gel tube 
were centrifuged for fi fteen minutes at 1000xg in order to obtain 

serum. Serum samples which were obtained, were separated into 
microcentrifuge tubes. The separated serum and tissue samples 
were kept in a deep-freezer (‒80 °C) until the day of the analysis. 
Immunohistochemically, Ki67 and P53 antibodies were applied to 
the pathology preparations of patients. Both antibodies revealed 
nuclear staining in tumor cells, and the percentages of tumor cells, 
which were stained were determined via a microscope and were 
counted. The association between protein amounts of the tumor 
tissue and Ki67 index and P53 gene mutation was investigated, 
and the difference between biomarker levels of patient serums and 
control groups were also calculated. 

Biomarker analysis
Collected serum samples were brought to room temperature 

on the day of analysis. The tissue samples, which were to be ana-
lyzed, were cut into pieces of the same size and were washed via 
phosphate buffer (0.01M pH: 7.4). Tissue samples, which were 
quickly dried, were homogenized in a volume of buffer propor-
tional to their weight after weighing (buffer was used 9 times the 
tissue weight). Homogenates were transferred into tubes, and they 
were centrifuged for 20 minutes in 2500 x g. The supernatant part 
within the tubes after centrifugation was transferred into microcen-
trifuge tubes and was frozen. The supernatant part was used in the 
analysis. Serum and tissue sample levels of the patients who were 
included in the study were measured via ELISA method. 

Statistical analysis
Power analysis was performed with the effect size (d) = 0.8, 

α = 0.05, power (p) = 0.8, N2/N1 = 1 using the G-power 3.0.10 
program, and it was calculated that the groups would consist of at 
least 26 people. Therefore, 28 patients and 26 controls were taken 
to account for a total sample of 54 individuals.

SPSS package program was used for the statistical analysis. 
The normality test of the data was checked. Independent sample 
t test (or Mann‒Whitney u test) was used in the comparison of 
the two independent groups. The results were given as mean ± 
SD. The correlation of the continuous variables was tested using 
Pearson (or Spearman) correlation analysis. 

Results

While the average age of the patient group was 58.57 ± 10.79 
years, it was 57.95 ± 13.26 years in the control group. Both groups 
were similar in terms of age (p = 0.859). While there were 18 fe-
male and 10 male patients in the patient group, the control group 
consisted of 13 female and 13 male patients, and there was no dif-
ference in terms of gender between the two groups (p = 0.488). 
Characteristic features of the patient and control groups as well 
as their Tenascin C, Tetraspanin-8, E-Cadherin, VEGF 121 and 
Survivin serum levels are given in Table 1. 

It was observed that blood levels of all biomarkers in the pa-
tient group were higher in comparison to the control group. While 
E-Cadherin levels in the patient group were found to be 127.38 
± 44.44 ng/ml, it was that there was a signifi cant difference (p = 
0.019) with the control group, the serum level of which was 95.38 
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± 45.51 ng/ml. It was determined that the biggest difference was 
in serum VEGF 121 levels (p = 0.000) While VEGF 121 level in 
the patient group was 224.78±68.9 ng/ml, it was determined as 
130.12 ± 50.23 ng/ml in the control group. When serum Tenascin 
C, Tetraspanin-8, and Survivin levels of both patient and control 
groups were analyzed, there was no difference found between the 
two groups (p = 0.055, p = 0.094, p = 0.051, respectively) (Tab. 1). 
The intergroup distribution of all biomarkers is shown in Figure 1.

There was no correlation of tissue and serum levels of all 
biomarkers in the patient group and Ki67 percentages and p53 
mutation values. The correlation between Ki67 percentage, p53 
mutation, and biomarkers are shown in Table 2.

Discussion

Gliomas are the most common and most malignant brain tu-
mors arising from neural epithelial cells and have a poor prognosis 
due to their rapid recurrence. The treatment method, which pro-
longs the prognosis, is still the surgical total removal. In order to 
cope with this group of tumors, it is necessary to fi nd new diagnos-
tic, follow-up, and treatment methods. In our study, we revealed 
that E-Cadherin and VEGF 121 levels in patients with high graded 
glial tumors elevated signifi cantly, while there was no signifi cant 
change in Tenascin C, Tetraspanin-8, or Survivin levels. 

VEGF is also an angiogenesis inhibitor family, expressed in 
the endothelium (21). Its expression as an angiogenesis inhibitor 
brings about the possibility of it becoming an independent prog-
nostic factor. Mentlein et al stated that there was signifi cantly high 
level of expression in the VEGF121 and VEGF165 splice variants 
in GBs (22). Martini et al (23), on the other hand, mentioned that 
VEGF121 levels decreased in cases, where bevacizumab, an anti 
VEGF monoclonal antibody, was used in the treatment of recurrent 
gliomas, and that it is associated with good prognosis. Moreover, 
it was also reported that in cases with recurrent GBM, VEGF121 
protein plasma level was threefold higher than the levels of healthy 
volunteers, and that the mRNA isoform in their tumor tissue had 
a higher expression in patients with high level of plasma VEGF121 
(23). In children using bevacizumab in the treatment of gliomatosis 
cerebri, the plasma VEGF121 level decreases (24). This decrease 
can be correlated with the decrease in tumor tissue and give an idea 
about the effi cacy of the treatment. In our study, VEGF121 plasma 
protein level was found to be signifi cantly higher in GBM patients 
when compared to healthy volunteers, but this elevation was not 
correlated with Ki67 positivity and p53 mutation. Our study as 
well as other studies have revealed that VEGF121 plasma level can 
be used in the understanding of the chemotherapy effi cacy or the 
follow-up of recurrence. 

In the studies carried out by Yang et al (25), in which they in-
vestigated the TGF- β1 and EC expressions, they found out that 
while TGF- β1 expression in glioma tissue was high, EC expres-
sion was found to be low, and that there was a negative correlation 
between TGF- β1 and EC expressions. Rodriguez et al (26), have 

Group Mean ± sd/n p 
Age patient 58.57±10.79 0.859 t

control 57.95±13.26
Gender patient female 18(%64.3) 0.488 x2

male 10(%35.7)
control female 13(%50)

male 13(%50)
Tenascin C patient 18.39±3.94(ng/ml) 0.055 t

control 15.3 ±6.85(ng/ml)
Tetraspanin-8 patient 4.401±1.063(ng/ml) 0.094 t

control 3.797±1.385(ng/ml)
E-Cadherin patient 127.38±44.44(ng/ml) 0.019 t

control 95.38±45.51(ng/ml)
VEGF 121 patient 224.78±68.9(ng/ml) 0.000 t

control 130.12±50.23(ng/ml)
Survivin patient 95.46±73.92(ng/ml) 0.051 t

control 61.07±23.12(ng/ml)
*Values with statistical signifi cance are marked in bold. sd: standart deviation, 
ng/ml: nanograms per milliliter, t t-test / χ2 Chi-squrae test

Tab. 1. Patient and control group characteristics and serum biomarker 
levels and differences.

Fig. 1. Distribution of biomarker levels in patient (p) and control (c) 
groups.

Tenascin C 
(Tumor)

Tenascin C 
(Serum)

Tetraspanin-8 
(Tumor)

Tetraspanin-8 
(Serum)

E-Cadherin 
(Tumor)

E-Cadherin 
(Serum)

VEGF 121 
(Tumor)

VEGF 121 
(Serum)

Survivin 
(Tumor)

Survivin 
(Serum)

Ki67 R –0.11 –0.058 0.103 –0.253 0.092 –0.332 0.066 –0.118 0.038 0.021
p 0.547 0.768 0.600 0.193 0.641 0.085 0.739 0.549 0.849 0.915

P53 r 0.184 –0.058 0.271 0.174 0.005 –0.109 0.282 0.202 –0.093 –0.18
p 0.350 0.769 0.164 0.377 0.979 0.582 0.146 0.302 0.638 0.359

r = Pearson correlation

Tab. 2. Correlation of Ki67 index, P53 mutation with serum and tissue levels of biomarkers.
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stated that there was EC staining in 82 % of the GBs. On the other 
hand, Noh et al. reported that EC expression in GBs was 8.7 %, 
and N-Cadherin expression was 88 % (27). There is a limited
number of publications, which similarly to this study, reveal de-
crease or increase in EC expression. A group of researchers also 
studied the correlation of EC and prognosis and have stated dif-
ferent point of views. 

However, in our study, EC levels in patient serum were found 
to be signifi cantly higher in comparison to the control group. This 
elevation means that the EC expression increases. We also found 
out that EC expression did not reveal any correlation with Ki67 
and p53 gene mutations, which are related to tumor aggressivity. 

While Survivin had minimal expression in normal and healthy 
tissues, it was found out that there was overexpression in many 
cancer types, in which the cell cycle was impaired (12). The over-
expression of Survivin in cancerous cells is correlated with tumor 
progression, poor prognosis, and therapeutic resistance in these 
cells (13). There are limited publications reporting increased levels 
of Surviving in malignant brain tumors (28). However, in our study, 
Survivin levels in the patient group were found to be higher than in 
the control group, yet the difference was statistically insignifi cant. 

It is known that TN-C expression increased in many cancer 
types, but mostly in malignant glial tumors (29). There are stud-
ies, which reveal that this may be a potential prognostic factor in 
gliomas (30, 31). While TN-C can be found in perivascular and 
intercellular areas in gliomas, it also can be found in small amounts 
within cells, and it was also reported that its amount increases as 
the grade increases in the cerebrospinal fl uid (32, 33). Consider-
ing all these results, while our expectation was to see a rise in the 
serum TN-C levels, in our study, for some reason, there was no 
signifi cant change in the levels when compared to the TN-C levels
in the control group. Even if TN-C tumor tissue concentration is 
high, and even when there is a transition into the cerebrospinal 
fl uid, it is interesting that it cannot be detected in the systemic cir-
culation, which may be the subject of another research. 

In the studies related to Tspan8, it is known that it is secreted 
in small amounts in normal tissues, while it is expressed in some 
cancer types such as colon, liver, prostate, ovarian and cervical 
cancers (34). Its high expression indicates poor prognosis particu-
larly in colon carcinomas (35). There is little information about 
the relationship between high graded glial masses and Tspan8 in 
scientifi c literature. In their study on glioma cell lines, Pan et al. 
reported that Tspan8 might contribute the tumor pathology in terms 
of proliferation, migration, and temozolomide resistance, and that 
it may be a therapeutic target in anti-glioma therapy (36). In our 
study, however, Tspan8 serum levels were not found to be high, 
and there was no correlation determined between this serum and 
Ki67 and p53 mutation. 

Cell lines were used in many of the studies in scientifi c litera-
ture, in which similarly biomarker levels were measured. Studies 
investigating patient and serum levels are quite few. There is a 
dynamic classifi cation system in high graded glial tumors, and it 
is renewed frequently. The reason for this search is the observation 
of different clinical results in patients with the same pathological 
grades with different glial tumors. At this point, it is essential that 

various mediators be revealed for the understanding of the biology
of a tumor. The relationship between the biomarkers, which we 
have investigated, and the progression of the disease should be 
kept in mind in terms of recurrence, or for the follow up of the 
response to treatment. 

Conclusion

In our study, EC and VEGF121 levels in patient serums of high 
graded glial masses were found to be high. There was no correla-
tion found between any of the studied biomarkers and Ki67 and 
p53 gene mutations EC and VEGF are biomarkers, which have 
the potential to be used in the diagnosis, recurrence, and treatment 
follow-up of high graded glial tumors. 
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