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ABSTRACT

Objective: Glioblastomas (GBMs) are invasive and metastatic cancers with very low overall survival rates.
Therefore, it is very important to propose a new biomarker for GBM diagnosis and prognosis. For this purpose,
we aimed to investigate the prognostic potential of the SLC2A gene family, which has great importance in cancer,
in GBM.

Methods: Solute carrier 2A (SLC2A) gene family expression levels, methylation and overall survival rates were
analyzed with TCGA, GEPIA and UALCAN databases. Mutations were evaluated with Kaplan-Meier Plot and UCSC
Xena database. Protein-protein interactions were analyzed with String database.

Results: No statistically significant mutation was detected in the SLC2A gene family. As a result of the analysis,
high expression in SLC2A1 and SLC2A5 genes and decrease in SLC2A6 gene expression were found to be
statistically significant. Hypermethylation was detected in the promoter regions of SLC2A1, SLC2A2, SLC2A3 and
SLC2A5 genes, while hypomethylation was detected in SLC2A4 and SLC2A6 genes. The increase in SLC2A3 gene
expression was associated with the overall survival rate of the patients.

Conclusion: SLC2A1, SLC2A5 and SLC2A6 gene up-regulation may be a biomarker in the diagnosis of GBM, and
SLC2A3 may be a marker in prognosis.
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Amag: Glioblastomalar (GBM'ler) ¢ok dusiik genel sagkalim oranlarina sahip invaziv ve metastatik kanserlerdir.
Bu nedenle, GBM tanisi ve prognozu igin yeni bir biyobelirteg 6nermek cok 6nemlidir. Bu amagla, kanserde buyik
oneme sahip olan SLC2A gen ailesinin GBM'deki prognostik potansiyelini arastirmayi amagladik.

Yontemler: Solute tasiyici 2A (SLC2A) gen ailesi ekspresyon duzeyleri, metilasyon ve genel sagkalim oranlari
TCGA, GEPIA ve UALCAN veri tabanlari ile analiz edildi. Mutasyonlar Kaplan-Meier Plot ve UCSC Xena veri tabani
ile degerlendirildi. Protein-protein etkilesimleri String veri tabani ile analiz edildi.

Bulgular: SLC2A gen ailesinde istatistiksel olarak anlamli bir mutasyon saptanmadi. Analiz sonucunda SLC2A1 ve
SLC2A5 genlerinde yiliksek ekspresyon ve SLC2A6 gen ekspresyonunda azalma istatistiksel olarak anlamli
bulundu. SLC2A1, SLC2A2, SLC2A3 ve SLC2A5 genlerinin promotor bolgelerinde hipermetilasyon, SLC2A4 ve
SLC2A6 genlerinde ise hipometilasyon saptandi. SLC2A3 gen ekspresyonundaki artis hastalarin genel sag kalim
orant ile iligkili bulundu.

Sonug: SLC2A1, SLC2A5 ve SLC2A6 geninin yukari regilasyonu GBM tanisinda bir biyobelirteg olabilir ve SLC2A3
prognozda bir belirteg olabilir.

Anahtar Kelimeler: Glioblastoma, SLC2A Genleri, Biyoinformatik
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Introduction

Glioblastomas (GBMs) are the most common and
malignant brain tumors in the world. Patients have a low
survival ratel. Especially the 5-year rate of survival of
glioblastoma multiforme (GBM) is low in elderly
patients. The prognosis of GBM varies according to age
and pathological type. The World Health Organization
(WHO) has classified central nervous system (CNS)
gliomas as low-grade and high-grade?. It has a higher
prevalence in men than in women and in Caucasians than
in other ethnicities?. Despite the development of
modern approaches to the treatment of GBM, it remains
afatal disease with an extremely poor prognosis®. A large
number of different genetic and molecular changes
occur in GBM during its development. There are many
important signaling pathways that lead to the growth
and progression of the brain tumor>.

The increased glucose uptake by cancer cells is called
the Warburg effect. Numerous investigations have
demonstrated that many cancers overexpress glucose
transporter proteins®. Overexpression of glucose
transporter proteins meets the energy requirements of
tumor cells. It also provides cancer cells with sufficient
precursor molecules for aerobic glycolysis. Thus, the ATP
needs of tumor cells are met’. In human cells, glucose
transport is mediated by the solute carrier 2A (SLC2A)
family. SLC2As are also called the glucose transporter or
GLUT family®. Based on sequence similarity, the SLC2A1-
SLCA4 (GLUT1-4), and SLC2A14 (GLUT14) are group |
GLUTs; SLC2A5 (GLUTS5), SLC2A7 (GLUT7), SLC2A9
(GLUT9), and SLC2A11 (GLUT11) are group Il GLUTSs; and
SLC2A6 (GLUT6), SLC2A8 (GLUTS8), SLC2A10 (GLUT10),
SLC2A12 (GLUT12), and SLC2A13 (GLUT13) are group III°,
SLC2A family proteins have 12 transmembrane regions,
one N-linked glycosylation site, and a cytoplasmic linker
domain'®, Almost all cells in the human body expression
the SLC2A1 gene. The most crucial glucose transporter in
the muscle, neurological system, brain and other tissues
and organs is this protein. Maintaining a balanced
physiological metabolism is crucial for human health!.
Nevertheless, SLC2A1 is also crucial for the metabolic
function of cancer cells. For cancer cells to continue
growing and spreading, they must ingest an excessive
amount of glucose. High protein expression of SLC2A1 in
cells may mean carcinogenesis’2. SLC2A1, SLC2A2,
SLC2A3, and SLC2A4 proteins stimulate glucose uptake by
cancer cells, erythrocytes, pancreatic B-cells, neurons,
cells of the blood-brain barrier, endothelial, fat and
muscle cells13. Cancers of the endometrium, liver, breast,
lung and stomach can grow and spread as a result of
SLC2A1 overexpression 418, In one study, it was predicted
that SLC2A1 might also be associated with GBM
prognosis®. It has been observed that elevated SLC2A2
expression is linked to insulin secretion, glucose
concentration, autonomic nervous system activity, and
the control of body temperature and feeding?°. According
to earlier research, tumor cells use the SLC2A protein to
transfer glucose to intracellular reserves in order to meet
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their high energy requirements. This implies that the
invasiveness and development of tumors may be related
to the expression of distinct SLC2A subtypes?!. Higher
overall survival in cases of breast and liver cancer as well
as other cancers is positively correlated with
overexpression of SLC2A2?2. The SLC2A3 protein is of
major importance in intracellular glucose transport in
glycolysis. Glycolytic activity results in an elevated
metabolic rate and increased glucose uptake, meeting the
increased energy demands of tumor cell proliferation?324,
Overexpression of SLC2A3 has been associated with
poorer clinical outcomes, including increased invasion,
larger tumor size, advanced pathological stage, tumor
recurrence, and vascular embolization?>. In addition,
SLC2A3 leads to changes in the tumor microenvironment
through activation of macrophage infiltration, worsening
the prognosis in gastric and breast cancer?®. SLC2A3 has a
high affinity for glucose and has been found to have
increased expression in patients with brain tumors?’.
SLC2A3 expression level has a significant association with
the pathological grading of glioma tumors?. The
association between SLC2A4 overexpression and many
types of cancer remains unclear?. However, according to
the TCGA database, SLC2A4 is a favorable prognostic
factor for breast cancer3C. Davidson et al (1992) reported
that SLC2A5 is expressed in the brush border membrane
of human small intestinal enterocytes3!. Burant et al
(1992) stated that SLC2AS5 is a fructose transporter and
may be responsible for fructose uptake from the lumen of
the small intestine32. Doege et al (2000) showed that
SLC2A6 was overexpressed in COS-7 cells and had high
glucose transport activity33.

In this study, we aimed to investigate the expression
and methylation levels of SLC2A1- SLC2A6 genes
belonging to the SLC2A family in human GBM tissue and
healthy tissue samples using The Cancer Genome Atlas
(TCGA) and UALCAN databases, to determine the
mutation rates in these genes using Kaplan-Meier Plot
and UCSC Xena databases, and finally to determine
protein-protein interactions using String databases.
There is no study on GBM and SLC2A gene families in the
literature.

Material and Methods

Sampling and Data Extraction

This is a bioinformatics study planned to reveal the
relationship between GBM and SLC2A1, SLC2A2, SLC2A3,
SLC2A4, SLC2A5 and SLC2A6 genes and proteins
belonging to the SLC2A gene family. Data from GBM
patient and control groups were obtained using TCGA
(https://www.cancer.gov/tcga) databases for analysis in
the study. Ethics committee approvals of the patients
were obtained within the scope of the Cancer Genome
Project. Access to GBM patient and control group data
was provided from the TCGA database on 08.12.2024.
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Gene expression, Methylation and Survival analysis

Expression, methylation and survival data of GBM
patient and control groups were analyzed using TCGA
(https://www.cancer.gov/tcga), GEPIA database
(http://gepia.cancer-pku.cn/), UALCAN database
(https://ualcan.path.uab.edu/analysis.html).

Mutation analysis

Mutations from GBM patients were analyzed using
Kaplan-Meier Plot (https://kmplot.com/analysis/) and
UCSC Xena databases (https://xena.ucsc.edu/).

Protein-Protein Interaction

The interactions of SLC2A1-SLC2A6 proteins with
each other and with different proteins were analyzed
using the String database (https://string-db.org/).

Statistical Analysis

In the evaluation of the data of our study, the
expression relationship between GBM and control
tissues was evaluated with One-Way ANOVA test using
UALCAN databases. Methylation analyses were analyzed
with Student's t-test using UALCAN databases. Survival
rates of patients were evaluated using UALCAN
database. Mutation analyses were analyzed using
Kaplan-Meier Plot and UCSC Xena databases. A log-rank
p-value below 0.05 was considered statistically
significant.

Results

Expression level of SLC2A family genes in GBM

Expression levels of SLC2A1-SLC2A6 genes in GBM
tumor and healthy control tissues were analyzed using
TCGA and GEPIA databases. As a result of the analysis,
no statistically significant relationship was observed in
SLC2A2, SLC2A3 and SLC2A4 genes. However, the
difference between GBM tumor tissue and healthy tissue
in SLC2A1, SLC2A5 and SLC2A6 genes was found to be
significant (T=163, N=207, p<0.005) (Figure 1). The
expression level of SLC2A1 gene in tumor tissue was
determined to be higher compared to the healthy
control group, but this significant difference in
expression level was not found to be associated with the
survival rate of the patients (p=0.95) (Figure 2). When we
evaluated SLC2A2 gene expression, it was determined
that the expression level in tumor tissue was similar to
the healthy control tissue and no significant relationship
was detected. The patient's survival rate was not shown
to be substantially correlated with this relationship in
expression level (p=0.68) (Figure 2). SLC2A3 gene
expression was found to be higher in tumor tissue
compared to the control group. There was no statistical
significance in this difference. However, the survival
rates of patients with high SLC2A3 expression were

found to be statistically significant (p=0.033) (Figure 2).
SLC2A4 gene expression level was lower in tumor tissue
compared to the control group, but this difference was
not statistically significant (p=0.96) (Figure 2). SLC2A5
gene expression level was found to be higher in tumor
tissue. This difference was statistically significant. This
statistical difference in expression level is not associated
with the survival rate of the patients (p=0.60) (Figure 2).
When we evaluated the SLC2A6 gene, although the
decrease in expression level in the tumor tissue was
found to be significant, it was not found to be associated
with the survival rate of the patients (p=0.35). (Figure 2).

Expression levels of SLC2A1-SLC2A6 genes and other
different genes associated with GBM are given in Figure
3. According to Microarray analysis results, SLC2A1,
SLC2A3 and SLC2A5 gene expression levels were
determined to be higher in GBM tumor tissue compared
to the control group (Figure 3).

Methylation level of SLC2A family genes in GBM

Promoter methylation levels of the SLC2A gene
family in GBM tumor tissue and healthy control tissue
are given in Figure 4. While hypermethylation was
observed in SLC2A1, SLC2A2, SLC2A3 and SLC2A5 genes
in GBM tumor tissue, hypomethylation was observed in
SLC2A4 and SLC2A6 genes.

Mutation Analysis

Somatic mutation (Single Nucleotide Polymorphisms
and small INDELS-Ensemble somatic mutation Variant)
analysis in SLC2A1, SLC2A2, SLC2A3, SLC2A4, SLC2A5 and
SLC2A6 genes in GBM patients was performed in 381
individuals. Five patients with mutations in the SLC2A1
gene and two patients with mutations in SLC2A2,
SLC2A3, SLC2A4 and SLC2A5 genes were identified. Only
one patient with mutations in the SLC2A6 gene was
identified. No statistical significance was found between
those with or without mutations (p<0.05) (Figure 5).

Protein-Protein Interaction

The interactions of SLC2A1-SLC2A6 proteins with
other proteins were analyzed using the String database
(Figure 6). As a result of the analysis, the proteins with
the highest homology scores with these proteins were
Cellular tumor antigen p53 (Tp53), Hexokinase-4 (GCK),
Solute carrier family 2, facilitated glucose transporter
member 14 (SLC2A14), Ras-related protein Rab-10
(RAB10), Carbonic anhydrase 6 (CA6), MFS domain-
containing protein (SLC2A11-2), respectively (Table 1).
When the molecular function of SLC2A family proteins
was examined, it was determined that they had the
highest Glucose transmembrane transporter activity, the
highest Glucose import during the biological process,
and when evaluated in terms of KEGG pathways, they
were associated with the highest rate of insulin
resistance (Figure 7).
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Tablel. Predicted Functional Proteins Associated with SLC2A1-SLC2A6 Proteins.

Proteins  Proteins Associated Predicted functional proteins Homology score
SLC2A1 TP53 Cellular tumor antigen p53 0.967
SLC2A1 SLC2A4 Solute carrier family 2, facilitated glucose transporter member 4 0.909
SLC2A1 SLC2A2 Solute carrier family 2, facilitated glucose transporter member 2 0.906
SLC2A1 HIF1A Hypoxia-inducible factor 1-alpha 0.902
SLC2A1 BSG Basigin 0.900
SLC2A1 EPAS1 Endothelial PAS domain-containing protein 1 0.888
SLC2A1 STOM Erythrocyte band 7 integral membrane protein 0.880
SLC2A1 SLC5A1 Sodium/glucose cotransporter 1 0.874
SLC2A1 LDHA Lactate dehydrogenase A 0.863
SLC2A1 CA9 Carbonic anhydrase 9 0.849
SLC2A2 GCK Hexokinase-4 0.961
SLC2A2 HNF1A Hepatocyte nuclear factor 1-alpha 0.954
SLC2A2 INS Insulin A chain 0.942
SLC2A2 TP53 Cellular tumor antigen p53 0.926
SLC2A2 SLC2A1 Solute carrier family 2, facilitated glucose transporter member 1 0.906
SLC2A2 SLC2A5 Sodium/glucose cotransporter 1 0.899
SLC2A2 GCG Glicentin-related polypeptide 0.876
SLC2A2 NEUROD1 Neurogenic differentiation factor 1 0.866
SLC2A2 NKX6-1 Homeobox protein Nkx-6.1 0.862
SLC2A2 NEUROG3 Neurogenin-3 0.854
SLC2A3 SLC2A14 Solute carrier family 2, facilitated glucose transporter member 14 0.868
SLC2A3 CREB1 Cyclic AMP-responsive element-binding protein 1 0.817
SLC2A3 MECP2 Methyl-CpG-binding protein 2 0.781
SLC2A3 HK1 Hexokinase-1 0.737
SLC2A3 HIF1A Hypoxia-inducible factor 1-alpha 0.736
SLC2A3 PFKFB3 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase 3 0.736
SLC2A3 LDHA Lactate dehydrogenase A 0.730
SLC2A3 SLC16A3 Monocarboxylate transporter 4 0.730
SLC2A3 HK2 Hexokinase-2 0.711
SLC2A3 PKM Pyruvate kinase 0.689
SLC2A4 RAB10 Ras-related protein Rab-10 0.984
SLC2A4 INS Insulin A chain 0.977
SLC2A4 RAB14 Ras-related protein Rab-14 0.973
SLC2A4 TBC1D4 TBC1 domain family member 4 0.969
SLC2A4 RABSA Ras-related protein Rab-8A 0.968
SLC2A4 ASPSCR1 Tether containing UBX domain for GLUT4 0.968
SLC2A4 RAB2A Ras-related protein Rab-2A 0.955
SLC2A4 VAMP2 Vesicle-associated membrane protein 2 0.945
SLC2A4 IRS1 Insulin receptor substrate 1 0.940
SLC2A4 PPARG Peroxisome proliferator-activated receptor gamma 0.934
SLC2A5 CA6 Carbonic anhydrase 6 0.866
SLC2A5 SLC5A1 Sodium/glucose cotransporter 1 0.861
SLC2A5 KHK Ketohexokinase 0.796
SLC2A5 CA3 Carbonic anhydrase 3 0.764
SLC2A5 ENO1 Alpha-enolase 0.745
SLC2A5 SLC22A12 Solute carrier family 22 member 12 0.731
SLC2A5 SLC15A1 Solute carrier family 15 member 1 0.664
SLC2A5 TAS1R3 Taste receptor type 1 member 3 0.618
SLC2A5 G6PC3 Glucose-6-phosphatase 3 0.611
SLC2A5 G6PC2 Glucose-6-phosphatase 2 0.607
SLC2A6 SLC2A11-2 MFS domain-containing protein 0.849
SLC2A6 SLC2A11 Solute carrier family 2, facilitated glucose transporter member 11 0.525
SLC2A6 SLC2A3 Solute carrier family 2, facilitated glucose transporter member 3 0.512
SLC2A6 SLC22A8 Solute carrier family 22 member 8 0.475
SLC2A6 SLC2A7 Solute carrier family 2, facilitated glucose transporter member 7 0.472
SLC2A6 SLC2A1 Solute carrier family 2, facilitated glucose transporter member 1 0.469
SLC2A6 SLC2A2 Solute carrier family 2, facilitated glucose transporter member 2 0.467
SLC2A6 DHDH Dihydrodiol dehydrogenase 0.466
SLC2A6 SLC2A5 Solute carrier family 2, facilitated glucose transporter member 5 0.465
SLC2A6 NFKBIE NF-kappa-B inhibitor epsilon 0.463
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Molecular Function (Gene Ontology) enrichment
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Figure 6. String analysis of known and predicted protein-protein interactions with proteins SLC2A-SLC2A6. Red
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Figure 7. Diagrams of the molecular function, biological process, and KEGG pathways of SLC2A1-SLC2A6 proteins
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Discussion

Gliomas are classified as grades | to IV according to the
level of malignancy determined by their histopathological
type. Gliomas with a grade | malignancy level have low
proliferative potential and are related to lesions that can be
treated with surgical procedures. In contrast, grades Il to IV
gliomas are highly malignant and invasive. GBM is the most
aggressive, invasive and undifferentiated tumor type. GBM is
defined as grade IV by WHO343, Since GBM is aggressive and
invasive, early diagnosis is necessary to increase the survival
rate of patients. Therefore, new potential biomarkers are
needed for the diagnosis and prognosis of GBM. The SLC2A
gene family may be an important biomarker in GBM. This
study is significant since it is the first to use the TCGA
database to ascertain the level of expression of SLC2A family
genes in 207 normal tissues and 163 GBM tumor tissues.
Based on our research, SLC2A1, SLC2A2, SLC2A3, and SLC2A5
genes were significantly upregulated in GBM as a result of
gene expression analysis. However, SLC2A4 and SLC2A6
genes were downregulated. Expression levels of SLC2A
family members are increased in different tumors, thus
indicating the potential oncogenic effect of the SLC2A
family36. According to studies, SLC2A1 has a strong affinity for
mannose, galactose, and glucose. Additionally, this
transporter has been demonstrated to be strongly expressed
at the blood-brain barrier, where it controls the rate at which
glucose enters the brain. In addition, high expression of
SLC2A1 has been detected in erythrocytes, which rely solely
on glycolysis for ATP production, and in the placenta, where
SLC2A1-null mice have been shown to utilize glucose
extensively, resulting in embryonic lethality?”. The positive
expression rate of SLC2A1 can approach 50% in a variety of
malignant tumor cells, such as those found in the breast,
liver, pancreas, ovary, lung, esophagus, brain, kidney, skin,
endometrial, colon and cervical regions. Thus, the degree of
hypoxia, invasion, and metastasis, as well as the proliferation
of malignant tumors, may be associated with SLC2A138, As a
result of the analysis, we found that SLC2A1 gene expression
levels were significantly higher in GBM patients. In addition,
we detected hypermethylation in the promoter region.
Nevertheless, there was no correlation between the patients'
survival rate and this elevated expression or
hypermethylation. The primary hepatic tissue sugar
transporter, SLC2A2, has a decreased affinity for glucose. In
a study conducted by Yun et al. (2017) in patients with
hepatocellular cancer, SLC2A2 was determined to be
associated with clinical stages and was independently
associated with the survival rate of patients®. In our analysis,
the increase in SLC2A2 gene expression level in GBM tumor
tissue was not found to be significant. However,
hypermethylation was detected in the promoter region. The
increase in expression level was not associated with the
survival rate of the patients. Recent studies have shown that
SLC2A3 levels are increased in circulating tumor cells that
tend to metastasize to the brain. In addition, SLC2A3 is
essential for tumor cells to survive in the brain*'. Additionally,
it has been noted that a higher risk of metastasis in head and
neck and breast malignancies is positively connected with
elevated SLC2A3 gene expression®. In the analysis, the
increase in SLC2A3 gene expression level in GBM tumor
tissue was not significant and hypermethylation was
268

detected in the promoter region. Although it was not
significant, the increase in expression level was found to be
associated with the survival rate of the patients. In the study
of Shi et al., SLC2A4 expression was significantly reduced in
breast cancer and hypermethylation in the promoter region
was detected®. Similarly, we noted a decrease in GBM tumor
tissue in our study. However, this decrease was not
significant. This decrease in expression level was not found to
be associated with the survival rate of the patients.
Groenendyk et al. reported that they stopped -cell
proliferation, migration and metastasis by blocking SLC2A5
fructose transport. In addition, they found that the
localization and structure of mitochondria in cancer cells with
suppressed SLC2A5 gene played a role in the metastasis of
cancer cells®. SLC2A5 expression is elevated in metastatic
liver lesions, lung tumors, brain, colon, testicular, uterine and
breast carcinoma*. In this study, SLC2A5 gene expression
level was significantly increased in GBM tumor tissue.
Hypermethylation was detected in the promoter region.
However, the increase in expression level was not found to
be associated with the survival rate of the patients SLC2A6
overexpression can cause mitochondrial damage, stop
cancer cells from proliferating, and cause tumor cells to
undergo apoptosis®. SLC2A6 gene expression level was
significantly decreased and hypomethylation was detected in
the promoter region. However, the increase in expression
level was not found to be associated with the survival rate of
the patients.

Conclusion

Consequently, we believe that SLC2A1, SLC2A5 and
SLC2A6 may be useful prognostic biomarkers for GBM by
showing the association of SLC2A family genes expression
with GBM in this study. Although the increase in expression
level was not significant, SLC2A3 expression was found to be
associated with the survival rate of patients. Therefore, it is
thought that the increase in SLC2A1, SLC2A5 and SLC2A6
gene expression may be a biomarker in the diagnosis of GBM,
and SLC2A3 may be a marker in prognosis.
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