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ABSTRACT

AIM: To investigate the presence of Sur1-Trpm4 receptors in high-grade glial tumors, and their relationship with edema volumes in 
preoperative magnetic resonance imaging (MRI) sequences.    
MATERIAL and METHODS:  MRI sections were extracted from T1-weighted (T1W) and T2-weighted (T2W) sequences and fluid-
attenuated inversion recovery (FLAIR) images. After that, T1W 3D magnetization-prepared rapid gradient echo (MP-RAGE) sequences 
were taken with and without contrast medium. Tumor and peritumoral edema volumes were calculated in cubic centimeters. Sur1-
Trpm4 receptors were studied by immunohistochemical examination of tissue samples. Relationships between data were analyzed 
using Spearman’s correlation coefficient.
RESULTS:  In the immunohistochemical examinations, 58% of the samples from patients with high-grade glial tumors were positive 
for Sur1 and 74% were positive for Trpm4. The volume of tumors was correlated with the volume of peritumoral edema.
CONCLUSION:  The presence of the Sur1-Trpm4 receptor complex in high-grade glial tumors was confirmed. Further preclinical or 
clinical studies are required to identify and validate the role of Sur1-Trpm4 in glial tumor subgroups.
KEYWORDS: Brain tumor, Cerebral edema, Glial tumor, Glioblastoma, Sur1-Trpm4

Corresponding author: Mehmet Hakan SEYITHANOGLU   seyithan66@hotmail.com

Vasogenic or cytotoxic processes may contribute to the vol-
ume of peritumoral edema. The extent of edema is the result 
of a complex dynamic interaction between glioma cells, neu-
roglial cells, endothelial cells, and microglial cells. Vasogenic 
edema is caused by a loss of function and increased perme-
ability of the blood-brain barrier (BBB). Cytotoxic edema, on 
the other hand, is caused by a cellular metabolism disorder 
than interferes with cell membrane transport mechanisms 
(23). In glioblastomas, the edema is typically vasogenic. How-
ever, the molecular processes in the etiopathogenesis of cere-
bral edema and the resultant neurological damage render the 

█   INTRODUCTION 

Cerebral edema is increased water content in the brain 
parenchyma. It is a common cause of mortality and 
morbidity in patients with high-grade glial tumors and 

other pathologies of the central nervous system (CNS) (9,20). 
Peritumoral edema can worsen glioblastomas, metastatic 
tumors, and various benign intracranial tumors, regardless 
of mass volume. It can also cause herniation, especially 
in glioblastomas (21,29,40). Glioblastomas are the most 
common primary CNS tumor, accounting for about half of all 
primary intracranial tumors. 
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distinction between cytotoxic and vasogenic edema some-
what redundant. Both the BBB and cell membrane transport 
mechanisms can be affected by glial cells through mediators 
such as vascular endothelial growth factor, prostaglandin E2/ 
prostaglandin F2 alpha, cyclooxygenase 2, and nitric oxide 
synthase (7). The increased accumulation of extracellular fluid 
becomes a separate lesion that impairs hemostasis in the pa-
renchymal tissue. There is an increase in intracranial pressure, 
which causes a decrease in cerebral perfusion pressure and 
cerebral blood flow. This may result in herniation, ischemia, 
or death. Cerebral edema can also facilitate tumoral invasion 
through the loss of peritumoral tissue (20,40). However, the 
clinical symptoms of tumor-related cerebral edema depend on 
the size and location of the tumor.

In patients with glial tumors, the volume of peritumoral 
edema is measured using magnetic resonance imaging 
(MRI). Contrast material is administered intravenously (IV) 
and the presence or absence of contrast enhancement in 
the components of the tumor is assessed. The glial tumor is 
identified by contrast enhancement on T1-weighted images 
(T1W) after administration of a gadolinium-based contrast 
agent. The peritumoral edema in glioblastomas has a high 
signal on T2-weighted/ fluid attenuation inversion recovery 
(T2W/ FLAIR) images (37). Abnormality surrounding the 
enhanced solid lesion image is defined as peritumoral edema. 
However, this area may also contain diffuse-uncontrasted 
tumor cells. As there is no single magnetic resonance (MR) 
sequence able to differentiate between vasogenic edema and 
tumor cell infiltration, combinations of MRI sequences are 
used to achieve this (9). Diffuse, non-enhanced areas of tumor 
infiltration within the peritumoral edema can be calculated 
by an apparent diffusion coefficient gradient or FLAIR 
identification of areas with higher cell density (19). 

Current medical treatment of cerebral edema can be either 
targeted or non-targeted. OSM-0205, mannitol, diuretics, hy-
pertonic saline, anesthesia/ sedation, and glucocorticoids are 
non-targeted treatment modalities (9,11). Targeted therapies 
address the dysfunctions in neurovascular intercellular signal-
ing involved in cerebral edema. 

The Sur1-Trpm4 receptor channel complex is found on 
the surface of neurons, astrocytes, oligodendrocytes, and 
microvascular endothelial cells (7). Sur1 is a membrane 
protein that interacts with pore-forming Kir6.2 subunits to 
create adenosine triphosphate (ATP)-sensitive K+ channels. 
This channel belongs to a large family of ATP-binding cassette 
transporters. Trpm4 is an ATP/Ca2+-sensitive nonselective 
cation channel. Sur1 interactions with Trpm4 are referred to 
as Sur1-Trpm4 channels. These are known to contribute to 
cytotoxic edema the formation of vasogenic edema, and BBB 
breakdown. While Sur1 is constitutively expressed, Trpm4 is 
not normally present in brain tissue (22). Previous studies have 
shown that Sur1-Trpm4 plays an important role in ischemic 
and hemorrhagic strokes, traumatic brain and spinal cord 
injuries, and spontaneous subarachnoid hemorrhages (SAH) 
(6,7,33,42). Moreover, the administration of Sur1-Trpm4 
receptor antagonists after CNS injuries has been shown to 
have neuroprotective effects and to reduce cerebral edema 

(6,31). In this study, we searched for the presence of Sur1-
Trpm4 receptors in the pathological tissue excised from high-
grade glial tumors and compared their expression levels with 
preoperative edema volumes. 

█   MATERIAL and METHODS
Study Design

This retrospective study was approved by our institutional 
ethics committee (54022451-050.05.04), and was conducted 
in accordance with the tenets of the 2013 revision of 
the Declaration of Helsinki. The data used in this study 
were collected from our hospital’s medical records. The 
demographic and clinical information of the 50 patients 
included is summarized in Table I. Inclusion criteria were 
adults (≥18 years) with newly diagnosed and histologically-
proven grade 4 glioblastoma multiforme (using the World 
Health Organization [WHO], 2016 grading system) treated 
between May 2017 and October 2020. Patients who were 
using glucocorticoids or oral antidiabetic medication before 
the primary MRI; who underwent neuronavigation-assisted 
brain biopsy; who had recurrent glial tumors, gliomas affecting 
both hemispheres, or brain stem gliomas; who were receiving 
radiotherapy; or who had active or chronic infections were 
excluded from this study.

Volumetric Assessment

All radiological samples were evaluated and assessed in 
the presence of a single radiologist. Preoperative MRI was 
performed using the Magnetom Avanto 1.5T system (Siemens, 
Munich, Germany) using a head coil. The MRI protocol 
included T1-weighted (T1W) imaging with a repetition time 
(TR)/echo time (TE) of 475/10 ms, T2W imaging sequences 
in the axial and sagittal planes with TR/TE of 4870/87 ms, 
and FLAIR imaging in the axial and coronal planes with TR/
TE/inversion-time (TI) of 9000/87/2500 ms and 5-mm-thick 
sections. Thereafter, T1W 3D magnetization-prepared rapid 
gradient echo (MP-RAGE) sequences with and without 
contrast medium (gadolinium-diethylenetriamine pentaacetic 
acid, 0.1 mmol/kg, IV), with TR/TE/TI of 12.5/5/450 ms, were 
applied.

The volume of each patient’s brain mass and the volume of 
their edema on the T2W, FLAIR, diffusion, and post-contrast 
MP-RAGE images were measured using version VB30A_
HF06 of the syngo.via console (Siemens, Germany) and the 
MIP Thin, ROI freehand, VOI freehang and Create VOI, and 
VRT Thin stages programs (Figure 1). The mass volume was 
measured on the T2W, diffusion, and post-contrast MP-RAGE 
sequences, and both the mass and edema were measured on 
the FLAIR sequences. 

Immunohistochemistry

All of the histopathological specimens were evaluated and 
diagnosed by a single pathologist. For the purposes of this 
study, formalin-fixed, paraffin-embedded tissue blocks were 
obtained from the Department of Pathology archives, and 
hematoxylin-eosin (H&E)-staining was performed for specimen 
reevaluation and block selection. We mounted 4-µm-thick 
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sections on poly-L-lysine-coated slides and deparaffinized 
and hydrated them through graded alcohol to water. The 
sections were stained with rabbit polyclonal antibody against 
SUR1 (Invitrogen, Fisher Scientific, Göteborg, Sweden; 

catalog no: PA5-59947; 1/100 titer) and mouse monoclonal 
antibody against Trpm4 (Novus Biologicals, Englewood, CO, 
USA; catalog no: NBP1-48036; 1/100 titer; clone OTI10H5) 
following the protocol of Ventana Medical Systems. The 

Table I: Clinicopathological and Imaging Characteristics of High-Grade Glial Tumors

Variable       Total Sample (n=50)

Gender, n (%)
Male 24 (48)

Female 26 (52)

Age n (%)

Mean: 49.6 (min: 18–max:79, SD±14.7)

≤ 60 years 24 48.0

≥60 - ≤70 years 18 36.0

>70 years 8 16.0

Location                                       n                         (%)

Right Hemisphere; 16 (32%)
Left Hemisphere; 34(68 %)

Temporal Lobe 34 68.0

Frontal Lobe 20 40.0

Parietal Lobe 11 22.0

Talamic 2 4.0

Immunohistochemistry

Sur1

non = 21 (42%)
weak= 20 (40%)
moderate= 9 (18%)
severe= 0 (0%)

Trpm4

non = 13 (26%)
weak= 23 (46%)
moderate= 14 (28%)
severe= 0 (0%)

Ki-67 index (%)  29.14 (min:5-max:80;SD:±16.77)

Number of Mitosis 19.24 (min:1-max:70; SD:±13.60)

ATRX  Mutation
Yes: 7

No: 43

IDH Mutation 
Yes: 14  n=7 [Astrocytoma, IDH-mutant  (Grade 4)]     
 n=7 (Anaplastic Oligodendroglioma)

No: 36 (Wilde Type) 

Radiological Assessment

Enhancing Tumor Volume (cm3)
T1 sequence 54.97 (min:1.20-max:157; SD ± 39.22)

Tumor Volume (cm3)
T2 sequence 49.98 (min:5.50-max:150; SD ± 40.351)

Total Volume (Tm+edema cm3)
FLAIR 126.15 (min:19-max:280; SD ± 74.90)

Diffusion-Restricted Tumor Volume (cm3) 51.92 (min:0.00-max:170; SD ± 46.1)

SD: Standard deviation.
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data were described as medians and interquartile ranges or 
r frequencies and percentages. The relationships between 
the variables were analyzed using Spearman’s correlation 
coefficient. A p-value of <0.05 was considered statistically 
significant.

█   RESULTS
The patients meeting the inclusion criteria in the study period 
comprised 26 (52%) females and 14 (28%) males, with a 
mean age of 49.62 (18–79) years. In our cohort, 52% were 
>60 years of age at the time of diagnosis. These age and sex 
distributions roughly corresponded to those in previous studies 
of this patient demographic. The tumors were predominantly 
located within the temporal lobe (n=20; 40%), followed by the 
frontal lobe (n=17; 34%), parietal lobe (n=11; 22%), and the 
left thalamus (n=2; 4%). The hemispheric distribution of our 
patients’ tumors was 32% (16/50) in the right hemisphere and 
68% (34/50) in the left hemisphere (Table I).

staining was performed on a Ventana BenchMark Ultra 
(Ventana Medical Systems, Inc., Tucson, AZ, USA). The slides 
were then reviewed using a Nikon Eclipse Ci-E microscope 
(Nikon Corp., Tokyo, Japan) at various magnifications. The 
staining patterns of Sur1 and Trpm4 antibodies in the selected 
tumor areas were evaluated as cytoplasmic (Figure 2). The 
proportions of tumor cells detected were graded 1 for <25%, 
2 for 25–75%, and 3 for >75%. The staining intensities were 
graded as 0 (none), 1 (weak), 2 (moderate), or 3 (severe). These 
were combined into histochemical (H)-scores for the extent 
and intensity of staining. H-scores of 1–4 were regarded as 
low expression and scores of 5–9 as high expression (10). 
We later looked for correlations between these results and 
peritumoral edema volumes.

Statistical Analysis

All statistical analyses were performed using SPSS for Windows 
version 22.0 (SPSS Inc., Armonk, NY, USA). This software was 
also used to create graphical presentations of the data. The 

Figure 1: Magnetic resonance images from a two-dimensional volumetric assessment of glioblastoma in the left temporal lobe. A region 
of interest was created in the axial section of the MRI and screenshots were taken of the edematous segment of the glioblastoma. 
A) FLAIR imaging (masked with red) showing a mass and edema. B) T2 imaging (masked with green) of the lesion mass. C) Diffusion 
imaging (masked with green) of the lesion mass. D) T1 3D (MP-RAGE) post-contrast imaging, (masked with red) of the lesion mass.
FLAIR: Fluid-attenuated inversion recovery; MRI: Magnetic resonance imaging; MP-RAGE: Magnetization-prepared rapid gradient 
echo.

Figure 2: Immunohistochemically stained glioblastomas. H-scores were assigned to the staining intensity seen in the tumors assessed 
in this study. These were: 0 (none), 1 (weak), 2 (moderate), or 3 (severe). A) WHO grade H&E-stained tumor. B) Cytoplasmic and 
membranous granular stained and Sur1 stained tumor. C) Cytoplasmic and membranous granular stained and Trpm4 stained tumor. All 
at x200 magnification. H&E: hematoxylin and eosin; WHO: World Health Organization.

A B C D

A B C
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Correlation Analysis 

Weak positive correlations were found between Trpm4 and Ki-
67 (r=0.37; p=0.008), between Trpm4 and mitotic rate (r=0.31; 
p=0.0029), and between Sur1 and Ki-67 (r=0.306; p=0.031). 
There was no significant correlation between Sur1 and the 
mitotic rate (r=0.267; p=0.061). A moderate positive correlation 
was found between Sur1 and Trpm4 (r=0.41; p=0.003).

There were strong positive correlations between the total 
lesion volume on FLAIR (VF) and the mass lesion volume on 
T2 (MLVT2) (r=0.754; p<0.001), between VF and contrast-
enhanced mass volume on T1 (CEMVT1) (r=0.781; p<0.001), 
between MLVT2 and MVM-DWI (r=0.854; p<0.001), and 
between CEMVT1 and MVM-DWI (r=0.845; p<0.001). There 
were moderately strong positive correlations between VF and 
mass volume measurement by diffusion-weighted imaging 
(MVM-DWI) (r=0.715; p<0.001), and between MLVT2 and 
CEMVT1 (r=0.939; p<0.001) (Table II).

There was no significant relationship between Trpm4 and VF 
(r=0.044; p=0.762) or between MLVT2, CEMVT1, and MVM-
DWI (Figure 3). Moreover, when the Sur1 MR parameters were 
compared, no significant relationships were found between 
VF, MLVT2, CEMVT1, and MVM-DWI (Tables II, Figure 4).

Immunohistochemical Results

Among the samples from our cohort, 42% (n=21) showed 
no Sur1 staining, 40% (n=20) showed weak staining, and 
18% (n=9) showed moderate staining. None of the samples 
showed intense/severe Sur1 staining.

For Trpm4, 26% (n=13) of the samples showed no staining, 
46% (n=23) showed weak staining, and 28% (n=14) showed 
moderate staining. None of the samples showed intense/
severe Trpm4 staining.

The mean Ki-67 index was 29.14 (±16.77; 5-80) and the mean 
mitotic rate was 19.24 (±13.60; 1-70). ATRX mutations were 
identified in seven patients and IDH mutations in 14 patients 
(Table I).

Volumetric Results

On T1-weighted imaging, the mean tumor volume with contrast 
enhancement was 54.97 (±39.22) cm3 (1.20–157 cm3). On T2-
weighted imaging, the mean tumor volume was 49.98 (±40.35) 
cm3 (5.50–50 cm3). The mean tumor and edema volume 
measured on the FLAIR sequences was 126.15 (±74.90) cm3 

(19–280 cm3) and the mean tumor volume restricting diffusion 
was 51.92 (±46.1) cm3 (12:00–170 cm3) (Table I).

Table II: Results of a Spearman’s Correlation Coefficient Analysis of Glial Tumor Characteristics. Significant p-values are Shown in         
Bold Type

CEMVT1: Contrast-enhanced mass volume on T1 (cm3); MLVT2: Mass lesion volume on T2; MVM-DWI: Mass volume measurement by diffusion-
weighted imaging (cm3); VF: Total lesion volume on FLAIR (cm3).

VF MLTV2 CEMTV1 MVM-DWI Ki 67 Mitosis Trpm 4 h surh

VF
Correlation 1.000 0.754" 0.781" 0.715" 0.091 0.011 -0.044 0.076
Coefficient (r) 
p-value <0.001 <0.001 <0.001 0.530 0.942 0.762 0.600

MLTV2
Correlation 0.939" 0.854" -0.010 0.020 0.052 0.158
Coefficient (r) 
p-value <0.001 <0.001 0.947 0.892 0.719 0.274

CEMTV1
Correlation 1.000 0.845" -0.039 -0.025 0.011 0.177
Coefficient (r) 
p-value <0.001 0.787 0.862 0.939 0.22

MVM-DWI
Correlation 1.000 0.022 0.049 0.028 0.021
Coefficient (r) 
p-value 0.878 0.736 0.847 0.887

Ki 67
Correlation 1.000 0.718" 0.370" 0.306"
Coefficient (r) 
p-value <0.001 0.008 0.031

Mitosis
Correlation 1.000 0.310" 0.267
Coefficient (r) 
p-value 0.029 0.061

Trpm 4 h
Correlation 1.000 0.410"
Coefficient (r) 
p-value 0.003

Sur 1 h
Correlation 1.000
Coefficient (r) 
p-value
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neural injuries, including stroke and spinal cord damage 
(7,9,14). The Sur and Trpm families are both next-generation 
membrane proteins known to regulate the behavior of cancer 
cells (18).

Sur1 is a member of the ATP-binding cassette transporter 
superfamily and, alone, has no known function. Sur1 is 
encoded by the ABCC8 gene (18,33), the mRNA expression 
of which is an independent prognostic indicator for glioma. 
It can also predict chemosensitivity (44). Previous studies 
have found various levels of Sur1 expression in both pediatric 
and adult brain tumors (38). In the present study, 58% of the 
grade 4 glial tumors analyzed were positive for Sur1 following 
immunohistochemical staining. This result was compatible 
with the findings of previous research (12). The existing 
literature has demonstrated the upregulation of Sur1 (with or 
without Trpm4) in stroke, traumatic brain injury, intracerebral 
hemorrhage, subarachnoid hemorrhage, spinal cord injury, 
encephalomyelitis, CNS metastases, cardiac arrest, hepatic 
failure, and even cerebral malaria (9,14,25). 

Trpm4 is a member of a large protein superfamily consisting 
of 28 cation channels. The members of this family are 

█   DISCUSSION
When peritumoral edema occurs with glial tumors, it is gen-
erally vasogenic. The disruption of microvascular circulation 
causes extravasation of plasma fluid and its proteins, increas-
ing the interstitial pressure (9,20). This edema significantly in-
creases the patient’s morbidity and mortality risks (20). The 
Sur1 receptor, together with the Trpm4 channels it regulates, 
was discovered 20 years ago and is known as the Sur1–Trpm4 
ion channel complex (14). It has since been found on the mem-
brane surfaces of neurons, astrocytes, oligodendrocytes, and 
microvascular endothelial cells (9). Studies in molecular biol-
ogy have identified the two-channel subunits of the complex 
(24,32), its biophysical and molecular properties (24,30,35), 
and some of the transcription mechanisms responsible for its 
de novo pathological upregulation (34). The co-expression of 
Sur1-Trpm4 causes upregulation of perivascular tumor necro-
sis factor, extravasation of serum immunoglobulin G, and as-
sociated inflammation in necrotic endothelial cells (22). These 
increase extravasated serum proteins, microglia cell levels, 
and abnormal BBB permeability (7,9).

Sur1-Trpm4 plays a role in the etiology of vasogenic edema 
and its upregulation is involved in the pathogenesis of several 

Figure 3: The intensity of Sur1 and Trpm4 staining of glial tumors. Stain intensity was graded as 0 (none), 1 (weak), 2 (moderate), or 3 
(severe). A) Staining intensity distribution between VF and Sur1. B) Staining intensity distribution between VF and Trpm4. VF: total lesion 
volume on FLAIR (cm3).

Figure 4: Distribution of Sur1 and Trpm4 staining intensity in glial tumors. Stain intensity was graded as 0 (none), 1 (weak), 2 (moderate), 
or 3 (severe). A) Distribution between CEMTV1 and Sur 1. B) Distribution between CEMTV1 and Trpm4. CEMVT1: Contrast-enhanced 
mass volume on T1 (cm3).

A B

A B
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However, there is still no gold standard technique able to pro-
duce metric measurements of peritumoral edema volumes 
(14,27,39).

Many studies have investigated the correlations between 
histological and molecular markers and pretreatment MR se-
quences in glial tumors. Such research generally has three 
main objectives. Firstly, they aim to determine whether par-
ticular markers are accurate prognostic indicators. Secondly, 
they aim to identify any relationships between the markers 
and the pretreatment MRI findings. Thirdly, they aim to es-
tablish the markers’ potential as treatment targets. Despite 
advanced artificial intelligence analyses and the discovery of 
several new biomarkers, strong, consistent, informative cor-
relations between glial tumors and biomarkers have not yet 
been established (2,13). The multiform nature of glial tumors is 
likely to significantly complicate any correlations between the 
biomarkers and tumor MRI data. In our study, no significant 
correlations were found between Sur1-Trpm4 ratios and either 
tumor volume or peritumoral edema volume (Table II). 

Cerebral edema increases the risk of neurological morbidity 
and mortality in both adults and children with brain tumors. 
Despite substantial research over the last 40 years, gluco-
corticoids are still the primary therapy used in the treatment 
of tumor-related cerebral edema. These can have many side 
effects, including immunosuppression, endocrinopathies, and 
Cushing’s syndrome. Therefore, new treatments for peritumor-
al edema and related cognitive deficits are needed (9,11,26). 
The Sur1-Trpm4 complex contributes to many subtypes of 
cerebral edema. The BBB disintegration and oncotic death of 
endothelial cells that can result from cytotoxic and vasogenic 
edema have been demonstrated by several studies (14-16). 
Inhibitors of these receptors reduce cerebral edema, have 
neuroprotective effects, and lower mortality rates in ischemic 
stroke, traumatic brain injury, and subarachnoid hemorrhage 
(36). In the present study, we identified varying levels of the 
Sur1-Trpm4 complex among patients with glial tumors. How-
ever, we found no significant correlation between peritumoral 
edema volumes, as measured in FLAIR/T1 images, and Sur1-
Trpm4 expression levels.

Study Limitations

The limited number of cases was the greatest limitation of 
this study. Many more cases are required in future research, 
and these should include the subgroups of glioblastoma (4). 
Analysis of glioblastoma subgroups and genetic or mRNA 
expression may have been more effective and informative 
than microscopic examination. Another major limitation was 
our failure to analyze other subgroups of the Sur and Trpm 
receptor families. 

█   CONCLUSION
In this clinical study, the presence of Sur1-Trpm4 channel 
receptors in high-grade gliomas was demonstrated for the 
first time. However, this receptor group was not statistically 
correlated with the volume of peritumoral edema in 
preoperative MRI examinations. The Sur1-Trpm4 receptor 
complex is known to play an active role in subarachnoid 

permeable to divalent cations, such as Ca2+ (22). A few of the 
Trpm channels contribute to glioma invasion by inducing Ca2+ 

signaling, migration processes, and cytoskeleton changes. 
Studies have shown a relationship between the expression of 
Trpm channels in glioblastoma and the probability of survival 
(1,12). A study found the genetic expression of Trpm channels, 
especially Trpm2, Trpm3, Trpm7, and Trpm8, in patients with 
glioblastomas to be significantly higher than in a healthy 
control group (1). In the present study, Trpm4 was found in 
74% of our immunohistochemical stains. The Trpm4 channels 
play important roles in prostate cancer, diffuse large B-cell 
lymphoma, pancreatic, colorectal, hepatic, urinary bladder, 
breast, and endometrial cancers (3). Human cervical-uterine 
cancer-derived cell lines have been shown to display high 
Trpm4 mRNA levels and Trpm4 channel amplification (12). In 
light of the research discussed above, Trpm4 channels have 
been suggested as potential targets for anti-cancer treatment 
(3). We found varying levels of Trpm4 channel expression in 
high-grade glial tumors.

We found a moderately significant relationship between 
Sur1 and Trpm4 (r=0.41; p=0.003). The unique form of Sur1-
Trpm4 is not usually present in brain tissue. Rather, de novo 
upregulation of Sur1-Trpm4 occurs following the onset of 
certain brain pathologies (4,41), including subarachnoid 
hemorrhage, ischemic stroke, and spinal cord injury. Our 
study adds high-grade glial tumors to this list.

Glial tumor types and subtypes vary in their cellular 
proliferation potential (8). Although molecular studies are 
beginning to replace classical approaches to the study of 
pathological diagnostic processes, the mitotic rate is still the 
main determinant of proliferation potential as an increase in 
the mitotic rate is indicative of an increase in proliferation 
potential and, thus, a poorer prognosis. The mitotic index is 
a simple count of the number of mitotic figures visible in the 
10x magnification field after H&E tissue staining (4,8). In our 
study, no statistical relationship was found between Sur 1 and 
the number of mitoses. (r=0.267; p=0.061). On the other hand, 
a weak significant correlation was found between Trpm4 and 
mitosis (r=0.31; p=0.0029). The Ki-67 index has been used 
for many years in malignant tissue examinations to distinguish 
between proliferating and non-proliferating cells. Increases in 
the Ki-67 index are correlated with increases in the degree 
of malignancy in astrocytomas and the index is used as a 
prognostic indicator and to estimate survival probabilities 
(5,13). In our study, weak positive correlations were found 
between Trpm4 and Ki-67 (r=0.37; p=0.008) and between 
Sur1 and Ki-67 (r=0.306; p=0.031).

MRI parameters are the gold standard imaging technique for 
the diagnosis, surgical planning, and follow-up of glioblas-
tomas (20,43). Advanced MRI sequences, such as diffusion 
tensor imaging, perfusion, DWI, and magnetic resonance 
spectroscopy provide additional information about brain tu-
mors beyond the anatomical and functional (17,19,28). Such 
techniques have been studied for their potential use in the 
quantitative measurement of vasogenic cerebral edema. This 
is achieved through their measurements of alterations in the 
brain’s water content, blood flow, and biochemistry (13,17,43). 
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2019 
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RK, Sahuquillo J, Sheth KN, Simard JM: Role of sulfonylurea 
receptor 1 and glibenclamide in traumatic brain injury: A 
review of the evidence. Int J Mol Sci 21(2):409, 2020  

15. Jha RM, Kochanek PM: A precision medicine approach to 
cerebral edema and intracranial hypertension after severe 
traumatic brain injury: Quo vadis? Curr Neurol Neurosci Rep 
18(12):105, 2018 

16. Jha RM, Kochanek PM, Simard JM: Pathophysiology 
and treatment of cerebral edema in traumatic brain injury. 
Neuropharmacology 145(Pt B):230-246, 2019
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The evaluation of the effects of steroid treatment on the tumor 
and peritumoral edema by DWI and MR spectroscopy in brain 
tumors. Neurol Neurochir Pol 52(4):495-504, 2018

18. Lastraioli E, Iorio J, Arcangeli A: Ion channel expression as 
promising cancer biomarker. Biochim Biophys Acta 1848(10 
Pt B):2685-2702, 2015

19. Lemercier P, Paz Maya S, Patrie JT, Flors L, Leiva-Salinas C: 
Gradient of apparent diffusion coefficient values in peritumoral 
edema helps in differentiation of glioblastoma from solitary 
metastatic lesions. AJR Am J Roentgenol 203(1):163-169, 
2014  

20. Lin ZX: Glioma-related edema: New insight into molecular 
mechanisms and their clinical implications. Chin J Cancer  
32(1):49-52, 2013  

21. Liu SY, Mei WZ, Lin ZX:  Pre-operative peritumoral edema 
and survival rate in glioblastoma multiforme. Onkologie 
36(11):679-684, 2013 

22. Mehta RI, Tosun C, Ivanova S, Tsymbalyuk N, Famakin BM, 
Kwon MS, Castellani RJ, Gerzanich V, Simard JM: Sur1-
Trpm4 cation channel expression in human cerebral infarcts. J 
Neuropathol Exp Neurol 74(8):835-849, 2015  

hemorrhage, traumatic brain injury, and stroke. Therefore, 
there is a need for further preclinical and clinical studies to 
identify the role and activities of Sur1-Trpm4 receptors in high-
grade glial tumor subtypes. 

█   ACKNOWLEDGEMENDS
This prospective study was approved by Bezmialem Vakif 
University ethical board under decision number 54022451-
050.05.04. 

This study was supported by Bezmialem Vakif University 
Scientific Research Projects Unit (BAP Project Number: 
22/04/2019-6986)

AUTHORSHIP CONTRIBUTION
Study conception and design: TTD
Data collection: IY
Analysis and interpretation of results: MHS
Draft manuscript preparation: GC
Critical revision of the article: MNO
Other (study supervision, fundings, materials, etc...): AT
All authors (TTD, MHS, GC, IY, AT, MNO) reviewed the results and 
approved the final version of the manuscript.

█   REFERENCES
1. Alptekin M, Eroglu S, Tutar E, Sencan S, Geyik MA, Ulasli M, 

Demiryurek AT, Camci C: Gene expressions of TRP channels 
in glioblastoma multiforme and relation with survival. Tumour 
Biol 36(12):9209-9213, 2015  

2. Booth TC, Williams M, Luis A, Cardoso J, Ashkan K, Shuaib H: 
Machine learning and glioma imaging biomarkers. Clin Radiol 
75(1):20-32, 2020

3. Borgström A, Peinelt C, Stokłosa P: TRPM4 in cancer-a new 
potential drug target. Biomolecules 11(2):229, 2021

4. Brat DJ, Aldape K, Colman H, Holland EC, Louis DN, Jenkins 
RB, Kleinschmidt-DeMasters BK, Perry A, Reifenberger G, 
Stupp R, von Deimling A, Weller M: cIMPACT-NOW update 
3: Recommended diagnostic criteria for “Diffuse astrocytic 
glioma, IDH-wildtype, with molecular features of glioblastoma, 
WHO grade IV”. Acta Neuropathol 136(5):805-810, 2018 

5. Chen WJ, He DS, Tang RX, Ren FH, Chen G:  Ki-67 is a 
valuable prognostic factor in gliomas: Evidence from a 
systematic review and meta-analysis. Asian Pac J Cancer 
Prev 16(2):411-420, 2015 

6. DeWitt DS, Hawkins BE, Dixon CE, Kochanek PM, Armstead 
W, Bass CR, Bramlett HM, Buki A, Dietrich WD, Ferguson 
AR, Hall ED, Hayes  RL, Hinds SR, LaPlaca MC, Long JB, 
Meaney DF, Mondello S, Noble-Haeusslein LJ, Poloyac SM, 
Prough DS, Robertson CS, Saatman KE, Shultz SR, Shear DA, 
Smith DH, Valadka AB, VandeVord P, Zhang L:  Pre-clinical 
testing of therapies for traumatic brain injury. J Neurotrauma 
35(23):2737-2754, 2018  

7. Dundar TT, Abdallah A, Yurtsever I, Guler EM, Ozer OF, Uysal 
O:  Serum SUR1 and TRPM4 in patients with subarachnoid 
hemorrhage. Neurosurg Rev 43(6):1595-1603, 2020 



  101 Turk Neurosurg 34(1):93-101, 2024 | 101

Dundar TT. et al: Peritumoral Edema in High-Grade Glial Tumors

35. Sorensen AG: Magnetic resonance as a cancer imaging 
biomarker. J Clin Oncol 24(20):3274-3281, 2006

36. Stokum JA, Keledjian K, Hayman E, Karimy JK, Pampori A, 
Imran Z, Woo SK, Gerzanich V, Simard JM: Glibenclamide 
pretreatment protects against chronic memory dysfunction 
and glial activation in rat cranial blast traumatic brain injury. 
Behav Brain Res (333):43-53, 2017 

37. Stoyanov GS, Dzhenkov DL, Kitanova M, Donev IS, Ghenev P: 
Correlation between Ki-67 index, World Health Organization 
grade and patient survival in glial tumors with astrocytic 
differentiation. Cureus 9(6):e1396, 2017 

38. Thompson EM, Halvorson K, McLendon R: Sulfonylurea 
receptor 1 expression is variable in adult and pediatric brain 
tumors. Clin Neuropathol (5):221-227, 2018 

39. Verduin M, Primakov S, Compter I, Woodruff HC, van Kuijk 
SMJ, Ramaekers BLT, te Dorsthorst M, Revenich EGM, 
Laan M, Pegge SAH, Meijer FJA, Beckervordersandforth J, 
Speel EJ, Kusters B, de Leng WWJ, Anten MM, Broen MPG, 
Ackermans L, Schijns OEMG, Teernstra O, Hovinga K, Vooijs 
MA, Tjan-Heijnen VCG, Eekers DBP, Postma AA, Lambin 
P, Hoeben A: Prognostic and predictive value of integrated 
qualitative and quantitative magnetic resonance imaging 
analysis in glioblastoma. Cancers (Basel) 13(4):722, 2021 

40. Vollmann-Zwerenz A, Leidgens V, Feliciello G, Klein CA, Hau P: 
Tumor cell invasion in glioblastoma. Int J Mol Sci 21(6):1932, 
2020

41. Weller M, van den Bent M, Preusser M, Le Rhun E, Tonn JC, 
Minniti G, Bendszus M, Balana C, Chinot O, Dirven L, French 
P, Hegi ME, Jakola AS, Platten M, Roth P, Rudà R, Short S, 
Smits M, Martin Taphoorn JB, von Deimling A, Westphal M, 
Soffietti R, Reifenberger G, Wick W: EANO guidelines on the 
diagnosis and treatment of diffuse gliomas of adulthood. Nat 
Rev Clin Oncol 18(3):170-186, 2021 

42. Wilkinson CM, Brar PS, Balay CJ, Colbourne F:  Glibenclamide, 
a Sur1-Trpm4 antagonist, does not improve outcome after 
collagenase-induced intracerebral hemorrhage. PLoS One 
14(5):e021595-e021597, 2019  

43. Wong E, Nahar N, Hau E, Varikatt W, Gebski V, Ng T, 
Jayamohan J, Sundaresan P: Cut-point for Ki-67 proliferation 
index as a prognostic marker for glioblastoma. Asia Pac J Clin 
Oncol 15(1):5-9, 2019

44. Zhou K, Liu Y, Zhao Z, Wang Y, Huang L, Chai R, Li G, Jiang 
T:  ABCC8 mRNA expression is an independent prognostic 
factor for glioma and can predict chemosensitivity. Sci Rep 
10(1):12682, 2020 

23. Michinaga S, Koyama Y: Pathogenesis of brain edema and 
investigation into anti-edema drugs. Int J Mol Sci 16(5):9949-
9975, 2015

24. Patel AD, Gerzanich V, Geng Z, Simard JM: Glibenclamide 
reduces hippocampal injury and preserves rapid spatial 
learning in a model of traumatic brain injury. J Neuropathol 
Exp Neurol 69(12):1177-1190, 2010  

25. Pergakis M, Badjatia N, Chaturvedi S, Cronin CA, Kimberly 
WT, Sheth KN, Simard JM: BIIB093 (IV glibenclamide): An 
investigational compound for the prevention and treatment 
of severe cerebral edema. Expert Opin Investig Drugs 
28(12):1031-1040, 2019 

26. Ryan R, Booth S, Price S:  Corticosteroid-use in primary and 
secondary brain tumour patients: A review. J Neurooncol 
106(3):449-459, 2021

27. Sengupta A, Ramaniharan AK, Gupta RK, Agarwal S, Singh 
A: Glioma grading using a machine-learning framework 
based on optimized features obtained from T1 perfusion MRI 
and volumes of tumor components. J Magn Reson Imaging 
50(4):1295-1306, 2019 

28. Shiroishi MS, Boxerman JL, Pope WB: Physiologic MRI 
for assessment of response to therapy and prognosis in 
glioblastoma. Neuro Oncol 18(4):467-478, 2016 

29. Silbergeld DL, Rostomily RC, Alvord EC Jr: The cause of 
death in patients with glioblastoma is multifactorial: Clinical 
factors and autopsy findings in 117 cases of supratentorial 
glioblastoma in adults. J Neurooncol 10(2):179-185, 1991 

30. Simard JM, Chen M, Tarasov KV, Bhatta S, Ivanova S, 
Melnitchenko L, Tsymbalyuk N, West GA, Gerzanich V: Newly 
expressed SUR1-regulated NC(Ca-ATP) channel mediates 
cerebral edema after ischemic stroke. Nat Med 12(4):433-440, 
2006 

31. Simard JM, Geng Z, Woo SK, Ivanova S, Tosun C, 
Melnichenko L, Gerzanich V: Glibenclamide reduces 
inflammation, vasogenic edema, and caspase-3 activation 
after subarachnoid hemorrhage. J Cereb Blood Flow Metab 
29(2):317-330, 2009

32. Simard JM, Tsymbalyuk N, Tsymbalyuk O, Ivanova S, Yurovsky 
V, Gerzanich V:  Glibenclamide is superior to decompressive 
craniectomy in a rat model of malignant stroke. Stroke 
41(3):531-537, 2010

33. Simard JM, Woo SK, Schwartzbauer GT, Gerzanich V: 
Sulfonylurea receptor 1 in central nervous system injury: A 
focused review. J Cereb Blood Flow Metab 32(9):1699-1717, 
2012  

34. Simard JM, Yurovsky V, Tsymbalyuk N, Melnichenko L, Ivanova 
S, Gerzanich V:  Protective effect of delayed treatment with 
low-dose glibenclamide in three models of ischemic stroke. 
Stroke 40(2):604-609, 2009  




