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ABSTRACT
Objective: The aim of this study is to present the expressions of Calreticulin  (CALR) and Glucagon‑like peptide‑1  (GLP‑1) in 
high‑grade gliomas and to further show the relation between the levels of these molecules and Ki‑67 index, presence of Isocitrate 
dehydrogenase (IDH)‑1 mutation, and tumor grade.

Patients and Methods: A total of 43 patients who underwent surgical resection due to high‑grade gliomas (HGG) (grades III and IV) 
were included. The control group comprised 27 people who showed no gross pathology in the brain during the autopsy procedures. 
Adequately sized tumor samples were removed from each patient during surgery, and cerebral tissues were removed from the 
control subjects during the autopsy procedures. Each sample was stored at −80°C as rapidly as possible until the enzyme assay.

Results: Patients with high‑grade gliomas showed significantly higher levels of CALR and significantly lower levels of GLP‑1 when 
compared to control subjects (P = 0.001). CALR levels were significantly higher, GLP‑1 levels were significantly lower in grade IV 
gliomas than those in grade III gliomas (P = 0.001). Gliomas with negative IDH‑1 mutations had significantly higher CALR expressions 
and gliomas with positive IDH‑1 mutations showed significantly higher GLP‑1 expressions (P = 0.01). A positive correlation between 
Ki‑67 and CALR and a negative correlation between Ki‑67 and GLP‑1 expressions were observed in grade IV gliomas (P = 0.001).

Conclusions: Our results showed that higher CALR and lower GLP‑1 expressions are found in HGGs compared to normal cerebral 
tissues.
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INTRODUCTION

Gliomas are the most common type of primary 
brain tumors, and despite advances in radiotherapy 
and chemotherapy in addition to surgery, prognosis 
still remains poor particularly in cases with a 
higher Ki‑67 index and absence of IDH‑1 mutation. 
The median survival of patients with high‑grade 
gliomas  (HGGs), such as glioblastoma  (grade  IV 
astrocytoma), is less than 2 years.[1] The management 
of HGGs is challenging for both neurosurgeons 
and patients considering that the side effects 
of radio‑chemotherapy and chemotherapy are 
detrimental. The development of an effective 
treatment at the cellular level requires an improved 
understanding of the molecular mechanisms 
behind these tumors.

Studies have shown that the immune system is 
most likely involved in the pathophysiology of brain 
tumors.[2] Thus, personalized and immune cell‑based 

treatments seem to be promising. Dendritic 
cell‑mediated antitumor antigens have been studied 
in recent years, and it has been demonstrated that 
a high number of tumor‑infiltrating dendritic 
cells are associated with better survival in several 
types of cancers.[3] Dendritic cell activations can be 
promoted by necrotic tumor cells and the release of 
some danger signals, such as calreticulin.[4]

Calret icul in  (CALR)  is  a  mult i functional 
calcium‑binding protein that is abundant in the 
endoplasmic reticulum.[5] Its main function is 
to prevent misfolded proteins and the current 
literature showed that immunogenic cell death 
is dependent on the exposure of CALR on the cell 
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surface. The engulfment of dying tumor cells is performed by 
dendritic cells which need the action of CALR. Although, this 
protein has been investigated in recent studies, some studies 
reported contradictory findings with respect to its expression 
in several cancers. Higher expressions of CALR were associated 
with poor outcomes in esophageal squamous cell carcinoma,[6] 
breast ductal carcinoma,[7] and gastric cancers.[8] They found 
that higher CALR was associated with tumor growth, increased 
angiogenesis, metastasis, and decreased survival. Moreover, in 
prostate cancer,[9] higher CALR levels suppressed tumor growth 
and prevented distant metastasis, whereas in colon cancer.[10] 
higher CALR expressions were associated with increased tumor 
infiltration by suppressor T‑cells and increased overall survival. 
Furthermore, in neuroblastoma, the absence of CALR was 
associated with poorer survival.[11] More importantly, some 
studies suggested that CALR could be used as a marker for 
anti‑tumor immune responses which may lead us to develop 
a strategy for immunogenic chemotherapy.[12]

Glucagon‑like peptide‑1  (GLP‑1), which is the receptor 
expression in the neurohypophysis, meninges, hypothalamus, 
brain stem, and hippocampus in the healthy human brain, is an 
important member of the incretin hormone family.[13‑16] GLP‑1, 
which is normally released from the intestinal L cells into the 
circulation and plays a role in glucose homeostasis, is also a 
neuropeptide produced by preproglucagon neurons in the brain 
and has neuroprotective effects on cerebral glucose balance.[16,17] 
According to previous studies, GLP‑1 or GLP‑1 analogs have 
proliferative and antiapoptotic effects on insulinoma cells and 
the exact opposite effects on prostate cancer.[18‑20] Moreover, the 
fact that GLP‑1 receptor  (GLP‑1R) agonists have autophagic/
apoptotic effects on endometrial cancer and growth‑reducing 
effects on breast cancer, along with varying degrees of GLP‑1R 
expression in gastrointestinal endocrine and embryonal tumors 
and carcinomas, is an indication that GLP‑1 is an important 
molecule in the field of oncology.[21‑23] Also, the fact that GLP‑1 
analogs have proliferative and anti‑apoptotic effects on the 
central nervous system cells[24] and inhibitory effects on cell 
migration/invasion in glioblastoma[25] and varying degrees of 
GLP‑1R expression in various brain tumors, such as meningioma, 
astrocytoma, glioblastoma, and ependymoma[23] makes GLP‑1 
an important molecule. Furthermore, the increasing use of G 
protein‑coupled receptors in cancer treatment and the fact that 
GLP‑1R is also a G protein‑dependent receptor make GLP‑1 even 
more valuable in this field.[26]

Therefore, the aim of this study is to present the expressions 
of CALR and GLP‑1 in resected gliomas and to further show 
the relation between the levels of these molecules and Ki‑67 
index, presence of IDH‑1 mutation, and tumor grade.

MATERIALS AND METHODS

This clinical study was performed with the collaboration 
of the Department of Neurosurgery, Cerrahpaşa Medical 
Faculty, Istanbul University‑Cerrahpasa, Istanbul, Turkey 

and Biochemistry Clinics of Istanbul Training and Research 
Hospital. Patients who presented with histopathologically 
proven HGG and underwent surgery and signed the informed 
consent were included. All patients or their next of kin were 
fully informed, and the ethical approval for this study was 
obtained from the local ethics committee.

Patient population
A total of 43 patients who underwent surgical resection due 
to HGG  (grades III and IV) were included. All the patients 
were discussed in our local preoperative case meetings, and 
routine pre‑surgical measurements were taken. Moreover, all 
the patients underwent contrasted cranial magnetic resonance 
imaging  (MRI) scans and routine blood work‑up. After the 
completion of pre‑surgical measurements, the risk/benefit ratio 
of the surgery was explained to all the patients and if they 
approved, the surgery was performed. All the patients were 
followed up after surgery at regular intervals with respect to 
surgical and neurologic outcomes. All the patients diagnosed 
with HGG were consulted to radiation and medical oncology 
for further treatment.

Control group
The control group composed of 27 people who died in traffic 
accidents or falls from height. All of them underwent autopsy 
procedures in the Department of Forensic Medicine. No subject 
showed gross pathology in the brain during the autopsy 
procedures. Any case with a suspicion of a neoplastic disease 
or intoxication was excluded from the control group.

Specimen handling
Adequately sized tumor samples were removed from each 
patient during surgery. Normal cerebral tissues from the 
control subjects were removed during the autopsies, which 
were performed within 4 hours of death. Tissue samples 
stored at  −80°C were thawed, and their temperature was 
increased to room temperature. The tissues were weighed on 
a precision scale. 1:9 phosphate buffer (PBS, 0.1 M, Ph = 7.4) 
was added to each sample. The samples were homogenized 
using a homogenizer (MICCRA, Germany) and were stored in 
ice to prevent heat‑induced protein loss during and after the 
homogenization process. The homogenate was centrifuged 
at 5000×g for 5 min. The supernatant was split in half for 
CALR and GLP‑1.

Assay of calreticulin
Protein and CALR measurements were performed in the 
supernatant. Protein was measured using the colorimetric 
method in the biochemistry autoanalyzer (Beckman Coulter, 
AU5800, USA). Calreticulin was studied in accordance with 
the Sandwich ELISA principle using the Human Calreticulin 
ELISA kit (Elabscience, Texas, USA, Cat. No. E‑EL‑H0627). The 
measurements were performed in line with the manufacturer’s 
recommendations regarding the study procedures. The 
samples were studied twice and verified. The concentration 
of calreticulin was given per mg of protein to exclude the 
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error that may be associated with possible protein loss. The 
detection range of the ELISA kit was 0.16–10  ng/mL. The 
coefficient of variation of the test was less than 10%.

Assay of GLP‑1
Protein and GLP‑1 were measured in the supernatant. 
Protein was measured using the colorimetric method in the 
biochemistry autoanalyzer (Beckman Coulter, AU5800, USA). 
GLP‑1 was studied in accordance with the Sandwich ELISA 
principle using the Human GLP‑1 ELISA kit  (Elabscience, 
Texas, USA, Cat. No. E‑EL‑H0148). The measurements were 
performed in line with the manufacturer’s recommendations 
regarding the study procedures. The samples were studied 
twice and verified. The concentration of GLP‑1 was given 
per mg of protein to exclude the error that may be associated 
with possible protein loss. The detection range of the ELISA 
kit was 0.31–20 ng/mL. The coefficient of variation of the test 
was less than 10%.

Statistical analysis
The NCSS  (Number Cruncher Statistical System) statistical 
software (Utah, USA) was used for statistical analysis. While 
evaluating the study data, in addition to the descriptive 
statistical methods  (mean, standard deviation, median, 
frequency, ratio), Shapiro–Wilk test and box plot graphs 
were used for the normal distribution of variables. Student’s 
t test was used for comparing normally distributed variables 
according to groups. Mann–Whitney U test was used to 
compare the variables that did not show a normal distribution. 
Spearman’s correlation coefficient was used for evaluating 
the relationships between the variables. Pearson’s Chi‑square 
test was used to compare the qualitative data. Furthermore, 
significance was evaluated at the P < 0.05 level.

RESULTS

Demographic and clinical characteristics
Table 1 summarizes the clinical characteristics of the groups. 
The mean age of the HGG group was 49.09 ± 12.61, whereas 
the mean age of the control group was 46.04 ± 13.58 years. 
Moreover, the tumor group consisted of 28 (65.1%) male and 
15  (34.9%) female patients  [Table  2], whereas the control 
group included 14 (51.9%) and 13 (48.1%) male and female 
patients, respectively. No statistically significant differences 
were observed regarding the mean age and sex between the 
groups (P > 0.05). Headache was the most common presenting 
symptom among the patients (46.5%) and other complaints 
were as follows: Seizure  (20.9%), motor weakness  (9.3%), 
loss of consciousness  (9.3%), speech disorder  (7.0%), and 
vision problems (7.0%). Radiological imaging scans showed 
the right‑side involvement in 26 of the patients (60.5%) and 
the left side involvement in 17 (39.5%). The majority of the 
tumors were located in the frontal lobe  (n  =  10; 23.3%) 
followed by those in the temporal lobe  (n  =  9; 20.9%), 
fronto‑parietal lobe  (n  =  5; 11.6%), parietal lobe  (n  =  5; 
11.6%), temporo‑parietal lobe (n = 4; 9.3%), parieto‑occipital 

lobe  (n  =  2; 4.7%), and occipital lobe  (n  =  2; 4.7%). The 
preoperative neurological examinations showed that the 
majority of the patients showed normal neurological 
examinations  (n  =  26; 37.2%) and the remaining had 
several other signs depending on the location of the 
tumors. In 16 patients (37.2%), subtotal surgical resections 
had to be performed because of the proximity of the 

Table 1: Distribution of characteristics of tumor cases
Tumor

n %
Symptoms

Headache 20 46,5%
LOC* 4 9,3%
Visual problems 3 7,0%
Speech disorder 3 7,0%
Weakness 4 9,3%
Seizure 9 20,9%

Tumor localization
Frontal 10 23,3%
Fronto‑insular 2 4,7%
Fronto‑parietal 5 11,6%
Fronto‑temporal 2 4,7%
Occipital 2 4,7%
Parietal 5 11,6%
Parieto‑occipital 2 4,7%
Temporal 9 20,9%
Temporo‑insular 2 4,7%
Temporo‑parietal 4 9,3%

Lesion side
Right 26 60,5%
Left 17 39,5%

Neurological exam
Language deficit 5 11,6%
Low GCS** 4 9,3%
Visual field defect 2 4,7%
Motor deficit 6 14,0%
Normal 26 60,5%

Number of surgeries
1 31 72,1%
2 9 20,9%
3 3 7,0%

Pathology
Anaplastic astrocytoma 4 9,3%
Anaplastic oligoastrocytoma 1 2,3%
Anaplastic oligodendroglioma 7 16,3%
Glioblastome Multiforme 31 72,1%

*LOC: Loss of consciousness, **GCS: Glasgow Coma Scale

Table 2: Evaluation of descriptive characteristics according 
to groups

Group P

Tumor (n=43) Control (n=27)
Age

Mean±SD 49,09±12,61 46,04±13,58 a0,342
Sex

Male 28 (65,1) 14 (51,9) b0,270
Female 15 (34,9) 13 (48,1)

CALR (ng/mg protein)
Median (Min‑Max) 0,07 (0,03‑0,14) 0,01 (0,002‑0,019) c0,001**
Mean±SD 0,07±0,025 0,010±0,004

GLP‑1 (ng/mg protein)
Median (Min‑Max) 0,03 (0,01‑0,059) 0,11 (0,08‑0,18) c0,001**
Mean±SD 0,029±0,016 0,12±0,03

aStudent t-test. bPearson Chi‑Square Test. cMann Whitney U test **P<0,01
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tumor to the crucial areas, whereas in 14 patients (27.9%), 
multiple surgeries were performed. The pathology of 
31 patients who had single surgery (72.1%) was glioblastoma 
multiforme, 7 patients (16.3%) anaplastic oligodendroglioma, 
4 patients (9.3%) anaplastic astrocytoma, and 1 patient (4.3%) 
anaplastic oligoastrocytoma. The second pathology results 
indicated that in patients who underwent two surgeries, six 
patients had glioblastoma multiforme, two had anaplastic 
oligodendroglioma, and one had anaplastic astrocytoma. The 
third pathology of the three patients who had surgery three 
times was reported as glioblastoma multiforme.

Comparisons of the groups
The results showed that the tumor group had significantly 
higher CALR and lower GLP‑1 levels compared to the controls. 
Table 2 summarizes the statistical results. Regarding CALR, the 
mean levels were 0.07 ± 0.025 ng/mg protein and 0.010 ± 
0.004 ng/mg protein in the patients and controls, respectively, 
and the difference was significant (P = 0.001) [Figure 1]. The 
GLP‑1 level in the tumor group was found to be significantly 
lower (0.029 ± 0.016 ng/mg protein) than that in the control 
group (0.12 ± 0.03 ng/mg protein) (P = 0.001) [Figure 2].

Comparisons with the tumor grades and IDH‑1 mutation
The mean levels of CALR and GLP‑1 also showed a 
difference according to the tumor grade. CALR levels were 
significantly higher in grade IV gliomas than those in grade III 
gliomas (0.08 ± 0.02 ng/mg protein versus 0.04 ± 0.01 ng/
mg protein; P = 0.001). On the other hand, GLP‑1 levels were 
significantly lower in grade IV gliomas than those in grade III 
gliomas (P = 0.001). Table 3 and Figure 3 show the summary 
of the statistical results.

As expected, grade IV gliomas had higher Ki‑67 index than 
grade III gliomas. In grade III gliomas, the Ki‑67 index was 
11.33 ± 5.21%, and in grade  IV gliomas 26.87 ± 14.49%, 
indicating a significant difference (P = 0.001). Positive IDH‑1 
mutations were observed in 7 of the 12 cases with grade III 

glioma and in 6 of the 31  cases with grade  IV glioma, 
indicating a significant difference  (P  =  0.02). Moreover, 
the incidence of IDH‑1 mutations was higher in grade  III 
gliomas [Table 3].

The effect of IDH‑1 mutations on CALR and GLP‑1 tissue 
expressions was also investigated. Statistical analysis 
showed that gliomas with negative IDH‑1 mutations had 
significantly higher CALR expressions than gliomas with 
positive IDH‑1 mutations  (P  =  0.01). On the other hand, 
gliomas with positive IDH‑1 mutations showed significantly 
higher GLP‑1 expressions than gliomas with negative IDH‑1 
mutations (P = 0.01) [Table 4].

Table 4: Evaluation of CALR and GLP‑1 expressions 
according to IDH‑1 mutation

IDH‑1 mutation P

Negative (n=30) Positive (n=13)
CALR (ng/mg protein) 0‑0,1 (0,1) 0‑0,1 (0) 0,001**

0,08±0,02 0,05±0,01
GLP‑1 (ng/mg protein) 0,01‑0,05 (0,02) 0,02‑0,06 (0,04) 0,001**

0,023±0,015 0,045±0,01
cMann Whitney U test. **P<0,01

Table 3: Evaluation of CALR and GLP‑1 expressions 
according to tumor grade

WHO P

Grade 3 (n=12) Grade 4 (n=31)
CALR (ng/mg protein)

Median (Min‑Max) 0‑0,1 (0) 0‑0,1 (0,1) c0,001**
Mean±SD 0,04±0,01 0,08±0,02

GLP‑1 (ng/mg protein)
Median (Min‑Max) 0,04‑0,06 (0,05) 0,01‑0,05 (0,02) c0,001**
Mean±SD 0,048±0,006 0,022±0,014

Ki‑67 (%)
Median (Min‑Max) 4‑20 (10) 8‑60 (30) c0,001**
Mean±SD 11,33±5,21 26,87±14,49

IDH‑1; n (%)
Positive 7 (58,3) 6 (19,4) a0,024*
Negative 5 (41,7) 25 (80,6)

bPearson Chi‑Square Test. cMann Whitney U test **P<0,01

Figure 1: CALR measurements of the groups Figure 2: GLP-1 measurements of the groups

D
ow

nloaded from
 http://journals.lw

w
.com

/cancerjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 07/01/2024



Baran, et al.: High grade gliomas and biological markers

29Journal of Cancer Research and Therapeutics - Volume 20 - Issue 1 - January-March 2024

Correlations
The correlation analysis showed no correlation among Ki‑67, 
CALR, and GLP‑1 in grade  III gliomas. However, a positive 
correlation between Ki‑67 and CALR  (r  =  0.90; P =  0.001) 
and a negative correlation between Ki‑67 and GLP‑1 
(r = −0.88; P = 0.001) expressions were observed in grade IV 
gliomas [Table 5 and Figures 4 and 5].

DISCUSSION

Despite the great advances in the management of gliomas, 
the 5‑year survival of patients with HGGs has not been 
improved, and the treatment methods of these devastating 
diseases are still being developed. These tumors have a very 
aggressive behavior owing to their high invasive nature. 
Therefore, early diagnosis and effective treatment in addition 
to surgical resection is a very important task which requires 
the understanding of molecular biology and immunogenic 
properties of these tumors. Investigating the protein profile 
in normal and tumor cells may be a starting point to explain a 
novel diagnostic and therapeutic target. CALR has been studied 
in recent years to better understand tumor immunogenicity. 
The expression of this protein has been studied in several 
cancers with contradictory results. In some cancers, such as 
neuroblastoma[11] and prostate cancers,[9] CALR level has been 
observed to be associated with good prognosis, but in others, 
such as gastric[8] and esophageal cancers,[6] a higher CALR level 
was correlated with tumor growth and increased angiogenesis.

A limited number of studies have focused on brain tumors 
and the expression of CALR by Western blotting and 
immune‑histochemical analysis using glioma cell lines.[5,10,27‑31] 
Like the studies that investigated other types of cancers, 
studies that included glioma cell lines also provided 
contradictory results. In the present study, for the first time, 
we provided tissue expressions of CALR in HGGs and normal 
cerebral tissues using resected human gliomas. Our results 
showed that CALR expressions were higher in HGGs (grades 
III and IV) than in normal cerebral tissues. This result may be 
due to the fact that HGGs are aggressive, invasive, and more 
angiogenic.

By Western blotting and immune‑histochemical analysis using 
glioma samples, Gao et al.[27] found that CALR expression was 
lower in grade III and IV gliomas than those in grade II and 

suggested that CALR downregulation was associated with 
the malignant phenotype of gliomas. More importantly, 

Table 5: Analysis of CALR and GLP‑1 expressions with Ki‑67 
measurements in WHO Grade 3 and Grade 4 glial tumors

WHO
Grade 3 Grade 4

Ki‑67/CALR (ng/mg protein)
r 0,571 0,902
P 0,052 0,001**

Ki‑67/GLP‑1 (ng/mg protein)
r −0,237 −0,887
P 0,459 0,001**

r: Spearman korelasyon katsayısı, **P<0,01

Figure 3: CALR and GLP measurements according to tumor grade

Figure 4: Relationship between Ki-67 and CALR in grade 4 tumors

Figure 5: Relationship between Ki-67 and GLP-1 in grade 4 tumors
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they found that decreased CALR expression was found to be 
a predictor for poor survival among patients with gliomas. 
Another immune‑histochemical study by Muth et al.[29] with 
a very small sample of nine grade IV patients revealed that 
the tissue expressions of CALR were higher in relapse than 
those of the primary tumor and the level of the tumor 
surrounding the normal tissue was comparable to that 
of the primary tumor. Using glioblastoma cell lines, Nair 
et  al.[30] found that the CALR expression was, on average, 
fourfold lower than that of normal human astrocytes, but 
after administering dexamethasone, an increased expression 
of CALR was observed which in turn inhibited the primary 
human glioblastoma dispersal. Moreover, our results are 
contrary to those of the abovementioned studies in which 
HGGs showed significantly higher expressions of CALR than 
the normal tissues. Although this difference may be due to 
the methodological differences, a common notion is that 
HGGs have a higher expression of CALR. It is well known 
that radio‑chemotherapy induces the surface expression 
of CALR which enhances the phagocytosis of dying tumor 
cells by dendritic cells and thus fosters anti‑tumor immune 
reactions.[12] These findings suggest that tumors expressing a 
high CALR level may be more immunogenic and targeting this 
mechanism may be a promising treatment strategy. Studies 
have shown that CALR facilitates the biological processes in 
several tumors by mediating anti‑angiogenic properties and 
immune response. In gliomas, CALR expression is increased 
with high radiation sensitivity. Okunaga et al.[32] found that 
CALR modulates the radiosensitivity of human glioblastoma 
U251MG cells by affecting the cell survival pathway of Akt 
signaling through alterations of calcium homeostasis. Another 
study showed that childhood brain tumor cells can respond 
to anti‑neoplastic agents by exposing CALR.[31] It has been 
shown that intratumoral injection with Ad‑CALR/melanoma 
antigen gene‑A3  (MAGE‑A3) suppressed the tumor growth 
of glioblastoma in vivo. Moreover, it was suggested that the 
overexpression of CALR and MAGE‑A3 in glioblastoma cells 
suppressed the proliferation and apoptosis by suppressing the 
Erk‑1/2 MAPK and PI3K/Akt signaling pathways.[28] A recent 
study using human glioma cell lines indicated that resistance 
to bortezomib, a proteasome inhibitor, was modulated by 
arginylated CALR and the insertion of CALR into glioma cells 
undergoing bortezomib treatment resulted in the activation 
of apoptosis.[5] It was then concluded that the susceptibility of 
glioma cells to bortezomib treatment was strongly associated 
with the expression of CALR.[5] A limited number of glioma 
studies suggested that CALR exposure may be a prognostic 
marker of glioma treatment and the use of strategies 
targeting or promoting CALR pathways may contribute to 
the improvement of cancer treatments.

Currently, several studies on GLP‑1 have been reported 
in Neurology and Oncology literature. In amyotrophic 
lateral sclerosis,[33] GLP‑1 analogs have been found to be 
neuroprotective and have been shown to improve motor 
functions and prolong survival in Huntington’s disease[34] 

through the suppression of mutant huntingtin inclusion 
bodies. Furthermore, they have the following functions:
(1)	 Protection against metabolic and oxidative trauma in 

Parkinson’s disease and stroke[33]

(2)	 Protection of neurons against the lack of oxygen and 
glucose with antiapoptotic mechanism[34]

(3)	 Prevention against cell death in traumatic brain damage 
and correction of cognitive deficits[35]

(4)	 Restoring of behavioral disorders occurring upon traumatic 
brain damage[36]

(5)	 Prevention of hippocampal gene expression changes 
induced by traumatic brain damage or such changes in 
Alzheimer’s disease (AD)[37,38]

(6)	 Prevention of blood–brain barrier impairment occurring 
upon traumatic brain damage and also of cortical neuronal 
damage[36]

(7)	 Correction of neurological function disorders due to 
tauopathy[39]

(8)	 Correction of memory related to the increase of the neuron 
count in hippocampal CA1 region in AD.[40]

Moreover, numerous studies in the literature have reported 
the neuroprotective effects of GLP‑1 agonists.

GLP‑1 analogs also have many effects on neoplastic diseases. 
Such numerous studies focused on the inhibition of tumor 
formation and metastasis in ovarian cancer,[41,42] inhibition of 
growth in breast cancer and prostate cancer,[20,22,43] inhibition of 
cell migration and invasion in glioblastoma,[25] better prognosis 
due to autophagic and apoptotic effects on endometrial cancer 
cells,[21] apoptotic and growth inhibitory effects on colon cancer 
cells,[44] and antiproliferative/apoptotic effects on pancreatic 
cancer cells along with decelerating growth and inhibition of 
tumor development and metastasis.[45,46] The fact that the most 
commonly observed brain tumors were metastases in adults[47] 
and, as noted above, that GLP‑1 analogs have anti‑cancer 
effects in numerous cancer types and in glioblastoma and 
neuroprotective effects in conditions other than cancer has led 
us to investigate this molecule. Contrary to the other previous 
studies, the effects of GLP‑1 on oncological and neurological 
diseases and the studies in literature that focused on GLP‑1R 
and GLP‑1R agonists have led to the idea of conducting studies 
on GLP‑1.

Although several studies reported the relation between 
GLP‑1 and other types of cancers, only a limited number of 
studies focused on brain gliomas in the current literature. 
In this respect, Nie et  al.[25] investigated the effects of 
exenidin‑4  (a GLP‑1R agonist which has a considerable 
amount of constructional similarity to the GLP‑1) on the 
glioma cell lines. They demonstrated the GLP‑1R expression 
in all four glioma cell lines but selected two of them, which 
had lower levels of expression, for further investigations. 
After the exendin‑4 treatment, these cell lines showed less 
cell survival, proliferation, migration, and invasion. To 
explain the mechanism of cell migration and invasion, they 
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measured the expression levels of E‑cadherin and vimentin 
which are the markers of epithelium and mesenchyme, 
respectively. They found that the exendin‑4 treatment 
promoted the vimentin expression and suppressed the 
E‑cadherin expression remarkably. As a result, they suggested 
that the alterations of these contents led to the inhibition of 
epithelial‑to‑mesenchymal transition, which is involved in the 
invasion and migration, in glioma cell lines. When considered 
the lower levels of GLP‑1 in gliomas, particularly higher grades, 
than the control group in our study; it seems the endogenous 
GLP‑1 have similar inhibitory effects like exendin‑4, which had 
been applied as treatment previously in cell lines.

Körner et al.[13] investigated the GLP‑1 in terms of the receptor 
expression in various human tumor and normal tissues. They 
pointed out that the glioblastomas had low levels of GLP‑1 
receptors. Moreover, they found that neurohypophysis had 
the most striking receptor expression in the studied tissues 
but the brain tissues adjacent to the brain tumors were rarely 
receptor positive. But they emphasized that the brain samples 
were collected during the brain tumor surgeries. Regarding the 
higher levels of GLP‑1 in cadaver‑derived normal brain samples 
and lower levels in high‑grade glial tumors in our study, the 
decaying of GLP‑1 or its receptor content in the normal tissue 
may be one of the reasons for the emerging tumors. Thus, 
investigating the exact and further mechanisms can be helpful 
to identify new diagnostic and treatment options.

From another perspective, the design of our study does not 
allow the conclusion that the aberrant calreticulin and GLP‑1 
levels are indeed involved in tumor progression. Thus, the main 
focus of treatment goals may vary. But even if assumed that 
calreticulin and GLP‑1 are involved in glioma progression, their 
targeting would be hard to achieve. One of the main reasons 
why it is difficult is that the inhibition of calreticulin can be 
challenging because it is not an enzyme.

Limitations
However, the present study has some limitations. The first 
and the most important limitation is that we included less 
number of patients. This is because the majority of patients 
operated during the study period did not consent to participate 
in the study. The second limitation is that the differences 
between the different grades of glioma were not examined. 
Future studies should include a larger cohort of patients with 
different grades of glioma and also explain how the levels of 
CALR and GLP‑1 change after treatment with surgery and/or 
radio‑chemotherapy in relapse.

CONCLUSION

High‑grade gliomas are highly aggressive and invasive tumors. 
Moreover, studies on the molecular mechanisms in the biology 
of tumors are needed. Overall, our results showed that higher 
CALR and lower GLP‑1 expressions are found in HGGs compared 
to normal cerebral tissues.
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