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ABSTRACT

AIM: To measure serum levels of thrombospondin-1 (TSP-1) and thrombospondin-2 (TSP-2) in patients with common brain tumors, 
namely high-grade glioma (HGG), low-grade glioma (LGG), and meningioma.   
MATERIAL and METHODS: For this prospective study, a total of 56 patients were operated on for supratentorial gliomas and 
meningiomas, and 18 healthy subjects were evaluated. Serum levels of angiostatic molecules were measured with enzyme-linked 
immunosorbent assay. The results of patients were compared with those of healthy subjects.
RESULTS: High serum levels of TSP-1 were seen in HGG, followed by LGG, meningioma groups, and controls. The only significant 
difference was found between HGGs and controls (p=0.004). There was a trend to decrease from HGG to controls. High serum 
levels of TSP-2 were seen in controls, followed by meningioma, LGG, and HGG. None of the patient groups showed significant 
differences compared with controls. Among the patient groups, TSP-2 was significantly higher in the meningioma group than the 
HGG group (p=0.01). No correlation was found with any of the molecules and the clinical parameters, including the presence of 
peritumoral edema or seizure, the anterior-posterior diameter of the tumor, and, more importantly, the grade of glioma.
CONCLUSION: Our results indicate that TSP-2 might be more important than TSP-1 in preventing angiogenesis and a major 
angiostatic factor in glioma cells.
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growth factor-beta (TGF-β), and immune regulation (11,20). 
However, the main focus of interest in cancer research is the 
function of TSP-1 in the role of angiogenesis. It is a natural, 
anti-angiogenic, or angiostatic molecule (19). Similar to TSP-
1, TSP-2 was highly expressed in developing blood vessels, 
suggesting its potential role in the regulation of angiogenesis. 
Thus, we currently know from cancer studies that both TSP-
1 and TSP-2 have important roles against angiogenesis (10).

█   INTRODUCTION

Thrombospondins (TSP) are matricellular proteins and 
comprises five members; TSP-1 through TSP-5. It has 
been demonstrated that TSP-1 and TSP-2 have similar 

structures that differ from other members of the family and are 
produced by several types of cells, including astrocytes (21). 
TSP-1, which was first isolated from platelets, is encoded by 
the TSP-1 gene (5). It has several important functions, such 
as the propagation of apoptosis, activation of transforming 
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Global expression analysis from glioma cell lines revealed 
that the expression of TSP-1 is up-regulated in high-grade 
gliomas (HGG) and is associated with poor prognosis (2,6,12). 
It has been proposed that high levels of TSP-1 in HGG are 
the result of the expression by glioma cells (15). Furthermore, 
TSP-1 disrupts the vasculature of growing tumors by inducing 
endothelial cell apoptosis. On the other hand, some findings 
revealed that high levels of TSP-1 in gliomas might be 
involved in the migration of glioma cells via interaction with its 
receptors, such as αvβ3 and α3β1 integrins, thus propagating 
glioma growth (12). Others showed that the loss of tumor 
suppressors on chromosome 10 contributes to the malignant 
transformation from low-grade gliomas (LGG) to HGG, in 
part, by inhibiting the anti-angiogenetic action of TSP-1 (4). 
The lack of TSP-2 expression was associated with higher-
grade gliomas and increased vessel counts and density within 
glioma (7).

Angiogenesis and necrosis are important criteria for 
malignancy of a tumor. Cancer researchers have focused 
on the expression and functions of angiogenic factors and 
angiostatic agents to figure out the basic mechanism(s) 
behind tumor growth and malignant transformation. The data 
on the circulating levels of TSP-1 and TSP-2 in tumor patients 
is limited, and even unavailable for glioma patients except for 
one study that revealed the serum levels of TSP-1 and other 
angiogenic factors (16).

The aim of the present study is to present, for the first time, 
the serum levels of both TSP-1 and TSP-2 in patients with 
common brain tumors; HGG, LGG, and one of the most 
vascularized extra-axial brain tumors, meningioma (MNG). The 
results were compared with each group and healthy subjects.

█   MATERIAL and METHODS
Study Population

This prospective clinical study consisted of patients with 
histologically proven HGG, LGG, and meningioma (MNG), 
according to the World Health Organization Classification 
2016 (9). After hospitalization, all patients were studied by 
magnetic resonance imaging (MRI), with complementary 
spectroscopy or perfusion studies when indicated. When the 
histopathological diagnosis was proven, patients who had 
HGG glioma [grade-III and grade-IV (GBM)] or high-grade 
MNG (grade-II and grade-III) were consulted for radiotherapy 
and/or chemotherapy. All patients were followed-up by 
neurosurgical and/or radiation/medical oncology departments 
at regular intervals. The control group was composed of 
healthy subjects working at our neurosurgery department and 
voluntarily provided venous blood samples.

The study was approved by the Local Ethics Committee. All 
patients and controls were informed about the aim of the study 
and gave written informed consent to participate in the study. 
All the procedures in this study comply with the Declaration 
of Helsinki.

Radiological Assessment

Cranial MRI with and without contrast agent was obtained 

from the patients. Only supratentorial tumors were included 
in this study. The presence of peritumoral edema was defined 
as a region of increased T2 signal intensity. Measurements of 
maximum anterior-posterior diameter (APD) were performed 
using contrasted images in cases of HGGs and MNGs. In 
LGGs, FLAIR sequences were used for the measurement of 
APD.

Sample Collection

Venous blood samples were obtained from controls and 
patients before surgery. Blood was collected in a BD vacutainer 
tube and centrifuged at 1500 × g for 30 minutes. The serum 
was then stored at−80°C until the laboratory analysis.

Angiogenesis Markers and Biochemical Determinations

In this study, angiogenesis markers were included human 
thrombospondin-1 (TSP-1) and thrombospondin-2 (TSP-2). 
Serum levels of TSP-1 and TSP-2 (ng/mL) were assessed 
by the quantitative sandwich enzyme-linked immunosorbent 
assay kits (Elabscience Biotechnology Inc., USA) according to 
the manufacturer’s instructions.

Statistical Analysis

Results are given as means ± standard deviations for 
continuous variables. Group comparisons were made by 
the non-parametric Mann–Whitney U test, and bivariate 
correlation analysis was performed by Pearson’s correlation 
test. All statistical analyses were performed with SPSS 
computer software, version 20.0 for Windows (SPSS, Chicago, 
USA). Values of p less than 0.05 (p<0.05) were considered 
statistically significant.

█   RESULTS
Demographic and Clinical Characteristics of Study 
Subjects

This study included a total of 56 patients and 18 healthy 
controls. The surgery was performed between October 2018 
and March 2019, and all tumors were in the supratentorial area. 
In this study, patients were grouped into three groups: HGG 
group (19 patients), LGG group (17 patients), and MNG group 
(20 patients). The mean age of controls was 33.3 ± 6.9 years; 
44% were female. The mean ages of HGG and MNG groups 
were higher than those of the controls, and the differences were 
significant (p=0.00001). However, no difference was found 
between the LGG group and controls regarding the mean 
age. There were no statistically significant differences among 
the patient groups (p>0.05). Seizure was found commonly in 
LGG patients, and peritumoral edema was commonly found 
in HGG patients. The majority of histopathological diagnosis 
was grade-IV (GBM) in HGG and grade-I meningioma in 
MNG groups. In LGG, all patients were diagnosed with 
grade-II diffuse astrocytoma. The demographic and clinical 
characteristics are summarized in Table I.

Circulating Levels of TSP-1 and TSP-2

In this study, serum levels of TSP-1 and TSP-2 were measured 
in patients with HGG, LGG, and MNG and controls. The mean 
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levels of the parameters in each group are summarized in Table 
II. Overall, serum levels of each molecule showed opposite 
directions. However, TSP-1 levels demonstrated a decline 
from HGG to controls, whereas TSP-2 showed an incline from 
the HGG group to the control group.

Comparisons between the controls and each patient group 
regarding TSP-1 showed that the only significant difference 
was between patients with HGG and controls (p=0.004). 
Patients with LGG and controls (p=0.08), together with MNG 

and controls (p=0.15) showed non-significant differences 
(Figure 1A). Regarding TSP-2, none of the patient groups 
showed significant difference compared with controls (p=0.23, 
0.5, and 0.19 for HGG, LGG, and MNG, respectively) (Figure 
1B).

Comparisons among patient groups showed that no significant 
differences were found between HGG and LGG (p=0.26), 
HGG and MNG (p=0.19), LGG and MNG (p=0.44) (Figure 1A). 
The mean serum levels of TSP-2 were significantly higher 

Table I: Clinical Characteristics of Patients and Controls

*Parameters HGG (n=19) LGG (n=17) MNG (n=20) Controls (n=18)

Mean age (years) 53.4 ± 18.03 41.6 ± 14.1 53.7 ± 16.1 33.3 ± 6.9

Gender (female/male) 7/12 9/8 14/6 8/10

Seizure (yes/no) 7/12 10/7 6/14

Lateralization (right/left) 8/11 5/12 12/8

Edema (yes/no) 9/10 5/12 6/14

Diameter (mm) 46.6 ± 14.5 46.1 ± 17.07 47.7 ± 20.5

Glioma grade (II/III/IV) -/3/16 17/-/-

MNG grade (I/II/III) 16/3/1
HGG: High-grade glioma, LGG: Low-grade glioma, MNG: Meningioma. *Values are given as mean ± standard deviation where appropriate. 

Table II: Mean (± Standard Deviation) Serum Levels of Human Thrombospondin-1 (TSP-1) and Thrombospondin-2 (TSP-2) in Patients 
and Controls

*Parameters HGG (n=19) LGG (n=17) MNG (n=20) Controls (n=18)

TSP-1 25140.22 ± 7503 23692.17 ± 11259 21582.67 ± 4688 19778.16 ± 5269

TSP-2 20.17 ± 10.2 24.90 ± 9.2 27.05 ± 9.4 32.25 ± 25.3

HGG: High-grade glioma, LGG: Low-grade glioma, MNG: Meningioma. *Values are given as “ng/mL”. 

Figure 1: Summary of serum levels of TSP-1 (A) and TSP-2 (B) in patients and controls before surgery. The horizontal line inside the box 
is the mean, and the box represents the lower and upper quartiles.
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FGF, dominated TSP-1. Naganuma et al. (12) showed that 
malignant glioma cell lines secreted large amounts of TSP-1 
and its receptors, integrins, and syndecan-1 compared with 
non-glioma malignant tumors. Only one study reported serum 
levels of specific angiogenesis markers, including TSP-1 in 47 
GBM patients. They demonstrated a high serum level of TSP-1 
in patients compared with healthy controls, but the difference 
was not significant (16). Most of our findings are in line with 
the above-mentioned studies. Serum levels of TSP-1 were 
higher in patients with HGG, LGG, and MNG than controls, 
and significantly higher levels were found only in patients with 
HGG. Regarding TSP-2, a significantly higher serum level of 
TSP-2 was found in HGG compared with MNG. TSP-1 and 
TSP-2 showed opposite directions. TSP-1 decreased from 
HGG (to LGG to MNG) to controls, whereas TSP-2 increased 
from HGG to controls. These unexpected opposite trends 
supported Kazuno et al. (7) and suggested that TSP-2 might 
be more important than TSP-1 in angiogenesis in HGGs. 
Overexpression of TSP-2 in LGG, MNG, and healthy controls 
proposed that TSP-2 may prevent the angiogenic switch in 
the normal brain or aforementioned pathological conditions. 
High levels of TSP-1 and low levels of TSP-2 may be related 
to the change in glioma cells to a malignant phenotype. In 
contrast to the current literature, we did not find a significant 
correlation between the serum levels of TSP-1/TSP-2 with 
the presence of seizure, edema, size of the tumor, and, more 
importantly, with the grade of glioma (2,6,7).

The current literature shows that TSP-1 activates latent TGF-β 
in malignant glioma (3,8,14,17). Active TGF-β has strong 
immunosuppressive functions against tumor cells and inhibits 
cytokines, which are key players in immunological reactions. 
Thus, based on our results, we can speculate that secretion 
of high levels of TSP-1 and low levels of TSP-2 may decrease 
the immunological reactions around malignant gliomas and 
allow propagation of tumor growth. Some studies propose 
that TSP-1 inhibition may be therapeutically important to 
reinforce the current glioma treatment (2,7). We also have to 
emphasize that results from the recent literature, including 
the present study, should be evaluated carefully because of 
diverse samples and different techniques used and the very 
limited number of patients included.

█   CONCLUSION
Taken together, our results indicate that TSP-2 might be more 
important than TSP-1 in preventing angiogenesis. TSP-2 is a 
major angiostatic factor in glioma cells. Both molecules can 
be detected in HGGs and LGGs, benign brain tumors such as 
meningioma, and even in the serum of healthy people.
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