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ARTICLE INFO ABSTRACT

Keywords: Glioblastoma multiforme (GBM) is the most malignant primary brain tumor found in humans. Mutations in
Glioblastoma isocitrate dehydrogenases 1 (IDH1®32") was observed in GBM. GBMs with IDH1®'32! have longer patient
IDH1 mutation survival compared to GBMs with wild-type IDH1 and identifying the mechanism of this can contribute to the
Féf:gA development of a new treatment for GBM. To investigate the role of IDH1*32 on gene expression, we incor-
WGCNA porated three expression arrays from GEO including GSE36245, GSE131837, and GSE122586, and one expres-
Meta-DE sion array from TCGA which in total investigate gene expression differences between 293 wild type and 41
Hub genes mutant IDH1 GBM samples. Meta-DE package in R software was applied to screen the differentially expressed

genes (DEGs) between IDH1 wild type and IDH1R*'32" GBMs. DEGs were used to construct co-expression net-
works by WGCNA package for TCGA data and genes of the detected module were used to build protein-protein
interaction (PPI) network. Each of the mentioned expression arrays was analyzed independently using limma
package by cutoff [logFC| > 1 and P.value < 0.05, and 13 downregulated and 26 upregulated common genes
were identified. By merging the results of limma package and core genes of the PPI network, 10 hub genes
including ARAP3, ARHGAP11B, BDNF, CFAP45, CXCL8, MMP9, RHOBTB1, SHH, SYNJ2, and VEGFA were
identified. Based on the TCGA database, we tested the prognostic significance of the detected genes using Kaplan-
Meier survival analysis. In conclusion, the results suggested that the hub genes may play role in GBM pathogeny.

1. Introduction NADP to NADPH that is necessary for cellular antioxidant reaction. The

IDH1R'32H gains oncogenic function and converts alpha-ketoglutarate to

According to the WHO classification, gliomas are classified into four
grades in terms of histopathologic features. Glioblastoma (GBM) is in
grade IV of this classification and accounts for about seventy percent of
glioma malignancies. Glioblastoma is the most common and malignant
primary brain tumor that has a poor prognosis despite treatment (sur-
gery, radiotherapy, chemotherapy) and has a median survival of 12-15
months. The glioblastoma is divided into two primary and secondary
subtypes. Over ninety percent of glioblastomas are of the primary type,
which rapidly develops and affects older people. A secondary form of
low-grade astrocytoma develops gradually into glioblastoma and affects
younger people [1-3]. In the last decade, the mechanism of glioblastoma
was extensively researched which led to the identification of several
molecular abnormalities like IDH1R!®2H, IDH1 catalyzes the oxidative
carboxylation of isocitrate to alpha-ketoglutarate and the reduction of

the oncometabolite 2-hydroxyglutarate (2-HG) that subsequently cause
genome-wide methylation change in glioblastoma patients and finally
aberrant gene expression. The mutation of IDH1 is also considered a
strong GBM prognostic factor [4]. The 2016 World Health Organization
(WHO) Classification of Tumors of the Central Nervous System has
subclassified GBM into IDH-wildtype GBM and IDH-mutant GBM [5].
In glioblastoma, the IDHI®32H occurs at the active site of the
enzyme and at the highly conserved codon 132 and causes Arg to His
substitution. The IDH1%!32! has been observed in more than 95% of
secondary GBMs and less than 10% of primary GBMs and is now
considered a definitive marker of secondary GBMs [6]. The prognosis of
GBM patients with IDH1R!32H js better than those with normal IDH1.
GBM patients with normal IDH1 have a median survival of 15 months,

but surprisingly, the median survival of GBM patients with IDH1?32H jg
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about 31 months. Clarifying the reason for better prognosis of GBM
patients with IDH1R'32H can lead to the development new treatment
strategy for gliomas [7].

To determine the effect of IDHI®32! on gene expression in GBM
patients, we collected raw data of 334 GBM samples from TCGA and
GEO. After meta-analysis through Meta-DE package, 1054 genes were
selected for the rest of analysis. By WGCNA package, we performed
weighted co-expression analysis, and detected module was used for
enrichment analysis and protein-protein Interaction network (PPI)
construction. Using limma package, differentially expressed genes
(DEGs) were detected, and by merging the results of limma package with
core genes of PPI, hub genes were detected. Using survival plot the
prognosis of hub genes was evaluated.

2. Methods
2.1. Gene expression profiles data

Three expression arrays including GSE36245, GSE131837, and
GSE122586 from GEO (https://www.ncbi.nlm.nih.gov/geo/) and a
dataset from TCGA (The Cancer Genome Atlas) were downloaded [8].
The selected datasets in total evaluate the expression status of 334 GBM
of which 293 had normal IDH1 and 41 had mutant IDH1 (IDH1R!32%),

2.2. Data processing

Through quantile normalization method in limma package [9] and
log2 transformation of expression matrixes, all datasets were normal-
ized. For better results, we included an only single measure for each
gene, by the aggregate function in S4Vectors package, which gives an
average measure of the probes for each gene.

2.3. Meta-analysis using Meta-DE package

Using Meta-DE package [10] differentially expressed genes were
discovered. We used p-value < 0.05 and FDR <0.05 as cutoff and
moderate T-test for combination of results.

2.4. Enrichment of DEGs through Meta-Path package

By implementation of three frameworks of Meta-Path package [10]
including MAPE_G (Meta-analyses for pathway enrichment at the gene
level), MAPE_P (Meta-analyses for pathway enrichment at the pathway
level), and MAPE _I (Meta-analyses for pathway enrichment at hybrid
level) the most important signaling pathways based on p-value < 0.05
were detected.

2.5. Weighted co-expression network analysis

Using WGCNA package [11], weighted gene co-expression network
of genes was constructed that includes three steps. First, sample clus-
tering of selected genes resulted from Meta-DE. Second, choosing an
appropriate soft threshold power with standard scale-free networks.
Third, calculation of adjacency by pickSoftThreshold function and
conversion of adjacency results into topological overlap matrix (TOM)
and the corresponding dissimilarity (1-TOM). To construct the network,
a minimum module size of 30, and the module detection sensitivity deep
Split 2 in blockwiseConsensusModules function were adopted. The
correlation between, and association of individual genes and clinical
data were evaluated through defining Gene Significance (GS) as the
absolute value. For each module, a quantitative criterion of module
membership (MM) was taken into account as the correlation between
the eigengene module and gene expression profile through which the
similarity of all genes on the array datasets to every module was
measured and determined. Using GS and MM, it is feasible to identify
interesting module (s) containing the genes with the great significance of
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both clinical data and module membership.
2.6. Protein-protein interaction (PPI) network construction

We constructed the PPI of the selected module using STRING and
cytoscape [12]. ClueGO v2.5.3 [13] was utilized to perform pathway
enrichment analysis of the genes, and the most important signaling
pathways based upon KEGG database were detected [14].

2.7. DEGs screening

To select hub genes, each of the expression arrays was analyzed
independently. We used limma package for detection of DEGs between
wild type and IDH1®'32H GBM samples using cutoff [logFC| > 1 and p-
value < 0.05. By merging DEGs and core genes of PPI network, hub
genes were selected.

2.8. Hub genes validation

Kaplan-Meier survival curve of overall survival and disease-free
survival was plotted to analyze the survival differences [15].

3. Results
3.1. Meta-analysis using Meta-DE package

Four microarrays in total (GSE122586, GSE131837, GSE36245, and
TCGA data) were incorporated into the analysis, which includes 334
GBM samples of which 293 with IDH1 wild and 41 with IDH1R132H
genes. The result of Meta-DE package was plotted as a heatmap
(Fig. 1A), Using FDR <0.01 and P.value < 0.05, 1054 genes were
identified.

3.2. Enrichment of DE-genes using meta-path package

Using Meta-path package, 17 dysregulated signaling pathways were
identified and plotted as a heatmap (Fig. 1B). FDR <0.05 and P.value <
0.05 were implemented as a cutoff and signaling pathways like extra-
cellular matrix organization, collagen formation, cell cycle, mitotic
_m_m_gl phases, and DNA replication based on Reactome database,
focal adhesion, and ECM-receptor interaction based on KEGG database,
mitotic nuclear division, and mitotic M phase based on Gene Ontology
were identified.

3.3. Weighted co-expression network analysis

The results of Meta-DE package were considered as input for network
construction in WGCNA package. 1054 genes and 150 GBM samples
from TCGA database including 141 samples with wild type IDH1 and 8
samples with IDH1R?!32H were used for rest of analysis (Fig. 2A). After
normalization and quality assessment of expression matrix of TCGA
dataset, power 7 was selected to reach scale-free network. Through hi-
erarchical clustering for TCGA data, we detected 12 differently colored
modules regarding the number of genes, and genes that could not be
included in any particular module were put into the grey module
(Fig. 2B and C). We selected green module (P. value = 0.0063) as main
module and its scatterplot is provided (Fig. 2D).

3.4. Protein-protein interaction (PPI) network construction

135 genes of green module were used for PPI network construction in
STRING database and based on the degree >25, and betweenness cen-
trality >0.1 as a cutoff was visualized in Cytoscape (Fig. 3A). We
enriched these genes and analyzed them through the Cytoscape plug-in
ClueGo based upon KEGG database, proteoglycans in cancer, age-rage
signaling pathway in diabetic complications, ECM receptor
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Fig. 1. (A) Hierarchical clustering heat map of 1054 DEGs from Wild type IDH1 and IDH1®'32" GBM samples, Red and green indicate high and low expression genes,
respectively. O represent wild type IDH1 and 1 represent IDH1*'*2 samples. (B) heatmap signaling pathways of 1054 DEGs between Wild type IDH1 and IDH1%!32H
GBM samples differentially expressed genes between control-patients samples.

interaction, protein digestion and absorption, gap junctions, and p53
signalling pathway are the most important signaling pathways (Fig. 3B).

3.5. DEGs screening

We analyzed four expression arrays (GSE36245, GSE131837,
GSE122586, and TCGA) to evaluate the gene expression level between
wild type and IDH1®'3?H GBM samples using Limma package. We

screened all the DEGs using |log2FC| > 1 and p-value < 0.05 as the
threshold and showed them as volcano plots (Fig. 4A-D). Following
overlapping, we identified 26 upregulated and 13 downregulated com-
mon genes (Fig. 4E and F). By merging the results of limma package and
core genes of PPI network, ten genes including ARAP3, ARHGAP11B,
BDNF, CFAP45, CXCL8, MMP9, RHOBTB1, SHH, SYNJ2, and VEGFA
were selected.
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Fig. 2. WGCNA data for TCGA data. (A) Clustering dendrogram of samples based on their Euclidean distance and how the clinical traits relate to the sample
dendrogram, white means IDH1 wild type, red means IDH1%*'32" GBM samples. (B) Clustering dendrogram of DEGs with dissimilarity based on topological overlap,
together with assigned module colors. Each color represents a module in the constructed gene co-expression network. (C) Module-trait associations for DEGs. Each
row corresponds to a module eigengene, column to a trait. Each cell contains the corresponding correlation and p-value. The table is color-coded by correlation
according to the color legend. (D) Scatterplot of Gene Significance (GS) for disease gene significance vs. Module Membership (MM) of green module. (E) Visualization
of the eigengene network representing the relationships among the modules and the clinical trait disease status including hierarchical clustering dendrogram and

the heatmap.
4. Discussion

Glioblastoma is the most common central nervous system tumor that
initiates in brain tissue and originates from astrocyte cells [16]. The
subtypes of GBM have been identified based on expression changes of
some genes including TP53 (p53), epidermal growth factor receptor
(EGFR), and IDH1 [17-19]. IDH1R?132H 4pe significantly detectable in
glioblastomas. In general, the present rate of IDH1R32H js about 70%-—
80% [20-22]. Due to the high prevalence of IDH1®'%? in the GBM
population, previous studies have suggested that IDH1 can be used as a
biomarker for glioblastoma. The role of IDH1*'32H _induced tumorige-
nicity in glioblastomas is still under intensive investigation [22-24].

By performing meta-analysis between IDH1 wild type and IDH1R!32H
GBM samples using Meta-DE package, we identified 1054 genes. The
input data for the WGCNA construction consisted of the meta-analysis-
retrieved results and 149 GBM samples obtained from the TCGA data-
base with different IDH1 status. Genes of the green module were
considered for PPI network construction. Each of the expression arrays
was analyzed independently and their shared genes were identified. By
merging the core genes of PPI network and the results of limma package,
10 screened genes were considered as hub genes.

The 10 hub genes included ARAP3, ARHGAP11B, BDNF, CFAP45,
CXCL8, MMP9, RHOBTB1, SHH, SYNJ2, and VEGFA. ARAP3 (ArfGAP
with RhoGAP domain, ankyrin repeat, and PH domain 3) can be found in

the plasma membrane and serves as a PI3K effector regulating both Arf
and Rho GTPases [25]. ARAP3 dysregulation has been reported in
various malignancies. It causes cell proliferation in papillary thyroid
carcinoma [26]. The tumorigenic role of ARAP3 through the effect on
NEDD9 has been investigated. NEDD9 is the marker of
epithelial-mesenchymal transition (EMT) in breast cancer [27,28].

Brain-derived neurotrophic factor (BDNF) is one of the most common
neurotrophins in the mammalian brain. BDNF acts via its receptors
tropomycin receptor kinase B (TrkB) and the low affinity p75 neuro-
trophin receptor (p75NTR) [29]. BDNF signaling is involved in several
essential processes in the brain synapses and considered as essential
mediator of plasticity in the CNS [29]. BDNF overexpression has been
found in many types of cancer like bladder, NSCLC, colorectal, and
breast carcinomas with suggested therapeutical potentials [30-32]. In
glioma cell lines, BDNF also has been shown to promote tumor cell
growth and migration [33]. High expression levels of BDNF predicts
tumor remission and poor prognosis and survival for the cancerous pa-
tients [34].

ARHGAP11B is a human-specific gene which is found to be localized
in mitochondria and favorably expressed in human neural progenitors of
fetal neocortex with highest expression level in radial glial cells [35]. It
has been known to be evolutionarily appeared in human after separation
from chimpanzee by partial duplication of ARHGAP11A gene which
encodes a Rho GTPase activating protein (Rho-GAP). ARHGAP11B may
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Fig. 3. (A) Protein-protein interaction network of the DEGs. Showing genes with the highest number of interactions. The gradual change in the size indicates the
score level.

connectivity degree. The gradual change in the color indicates the betweenness centrality. The thickness of the edges stands for the credibility. (B) Enriched KEGG
pathways using the ClueGo plugin of Cytoscape. Functionally grouped networks based on KEGG database of Genes with terms as nodes linked based on their k

act as a contributor to neocortex expansion in humans by increasing its requires further studies to reveal its potential role in tumorigenesis
size and folding and enhances the generation of basal progenitors and

self-renewal in mice [36]. ARHGAP11A protein is suggested to play role

in multiple cancers including glioblastoma [37], however ARHGAP11B

although it is known that ARHGAP11B enhances basal progenitor cell
proliferation.

Cilia and flagella associated protein 45 (CFAP45) gene (also known as
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NESG1 and CCDC19) encodes the CFAP45 protein which is preferen-
tially expressed in human nasopharynx, trachea, and sperm flagella
where stroke power and motility, respectively are associated physio-
logical activities. CFAP45 deficiency has been revealed to cause situs
abnormalities and asthenospermia [38], more importantly CFAP45 acts
as a tumor suppressor preventing tumor cell proliferation, invasion, and
metastasis [39] and thus its downregulation is especially associated with
nasopharyngeal carcinoma (NPC) and NSCLC [40].

CXC Chemokine Ligand 8 or CXCL8 (Interleukin-8, IL-8) gene encodes
IL-8 which is secreted from many blood cells in response to infections,
hypoxic conditions and more importantly found to be involved in
tumorigenesis [41]. CXCL8 protein plays a critical role in
inflammation-mediated tissue damage and its upregulation is associated
with diseases of the central nervous system (CNS) like multiple sclerosis
[41]. Additionally, CXCL8 has been found to show mitogenic effects and
so expressed on cell membrane of cancer cells along with its receptors
CXCR1 and 2 form an axis stimulating cancer growth [42,43]. Similarly,
in glioblastoma cells CXCL8 has been shown to be upregulated [44],
enhances progression of glioma via activating the JAK/-
STAT1/HIF-1a/Snail signaling pathway [45] and its high expression
predicts recurrence of glioblastoma [46].

Matrix metalloproteinase 9 (MMP9) gene encodes the MMP9 protein
which is a zinc-dependent endopeptidase, produced in inactive “pro”
form and requires NHo-terminal enzymatic digestion to be activated
[47]. Same to other metalloproteases, MMP9 facilitates tumor

progression by enhancement in tumor cell proliferation, migration, in-
vasion, and particularly metastasis via affecting extracellular matrix
(ECM) [47]. In consistent with studies on other types of cancer, in
glioblastoma cell lines, MMP9 has been found to be significantly
increased via enhanced gene copy numbers compared with normal
controls, promotes cell growth and tumorigenesis, also its expression
levels are associated with clinical grades of the disease [48,49].
Rho-related BTB domain containing 1 (RHOBTBI) is a tumor sup-
pressor gene located on chromosome 10q21.3 encodes a protein which
belongs to a subfamily of Rho GTPase family. Proteins of this subfamily
are atypical GTPases which are larger related to conventional Rho
GTPases, containing extra domains and unlike others don’t turn between
GTP- and GDP-bounded forms [50]. RHOBTBI and 3 play roles in cell
membrane trafficking events and cytoskeletal organization [51].
RHOBTBI was first suggested as a tumor suppressor in head and neck
cancer [52], now studied in many other cancers and its depletion is
associated with increased tumorigenesis [50]. RHOBTBI mutations have
been identified as one of the driving genetic causes in glioblastoma [53].
Sonic hedgehog (SHH) gene is member of a family which have been
conserved among vertebrate during evolution. SHH is expressed in many
various tissues including CNS during early human development
involved in especially anterior-posterior limb axis and specification of
different cells in brain and neural tube [54,55]. SHH acts as the ligand in
the Hedgehog signaling pathway which its dysregulation has been
associated with anomalies and several sporadic cancers such as



S. Najafi et al.

medulloblastoma, colon, pancreatic metastases, small cell lung carci-
nomas, and cancer stem cells (CSCs) of glioma [56,57].

SYNJ2 gene encodes Synaptojanin 2 polyphosphoinositide phos-
phatase which plays role as an effector for Racl GTPase of the Rho
GTPases family [58], regulates clathrin-mediated endocytosis and thus
mediates Racl control over cell growth control [59]. Synaptojanin 2
dysregulation or some polymorphisms are established to contribute to
several cancers such as colorectal, breast, and glioma tumorigenesis [58,
60] and its depletion inhibited lamellipodia and invadopodia formation,
and prevented migration and invasion of glioblastoma cell lines [61].

VEGFA gene encodes for vascular endothelial growth factor A pro-
duced by endothelial cells, infiltrating myeloid cells and hypoxic tumor
cells contributes to expansion of a vascular bed for cancer cells [62].
VEGFA via interaction with its receptors especially VEGFR 2 activates
several signaling pathways PI3K/Akt and Rho GTPases plays an
important role in regulation of angiogenesis, vascular permeability, and
inflammation [62]. Dysregulation of VEGFA has been linked with
enhanced tumorigenesis in a wide variety of cancers. Similarly, glio-
blastoma cell lines have been found to secret VEGFA in extracellular
vesicles [63], positively influences glioblastoma development in model
cells [64], and causes increased invasive factor MMP2 to facilitate
progression [63].

Taken together, these 10 genes as the hub genes, which we identified
to change on IDH1 expression in GBM, are previously known to play role
in various cellular functions. Among them, several are particularly
involved in development and progression of human cancers. Thus, we
suggest that IDH1 mutation may affect gene expression pattern in GBM,
which in turn potentially can promote progression and aggressiveness of
the malignancy. This assertion requires particularly experimental in-
vestigations to be validated.

5. Conclusion

This study is among the first attempts evaluating the effect of
IDH1R132H mutation compared to IDH1 wild type on the whole-
genome expression in GBM samples. In total 334 GBM samples
including 293 wild type and 41 IDH1R132H from both TCGA and GEO
databases were incorporated into the study. Meta-DE package was used
for meta-analysis and WGCNA was employed to construct the co-
expression networks. PPI network of the detected module was built
using STRING and Cytoscape. Finally, 10 hub genes including ARAP3,
ARHGAP11B, BDNF, CFAP45, CXCL8, MMP9, RHOBTB1, SHH, SYNJ2,
and VEGFA were detected, which their expression was approved by
analyzing each of the expression arrays independently. The prognostic
potentials of the hub genes were validated by plotting the Kaplan-Meier
survival curve. Based on the previously identified roles of these genes in
literature, they are suggested that may be involved in cellular processes,
which can lead to promoted aggressiveness of GBM. Further in-
vestigations are recommended to explore the precise roles of these genes
in GBM pathogeny.
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