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ABSTRACT

Glioblastoma Multiforme (GBM) is a Grade IV malignant primary tumor present in the central nervous system.
Despite advancements in treatments, it has a poor prognosis as the median survival is 14 months-15 months. The
goal of this study was to identify the candidate biomarkers as well as the functional pathways regulated in GBM. The
dataset (GSE100675) accessed included 3 glioblastoma tissues, 3 paired tissues, and 3 normal tissues. The
Differentially Expressed Genes (DEGs) were identified using GEO2R, which found a total of 1,609 DEGs (916
downregulated and 693 upregulated). A gene ontology and KEGG pathway analysis was done with the DEGs. The
KEGG pathway analysis was then utilized in constructing a Protein Protein Interaction (PPI) network, identifying the
genes of interest. The interaction network was then put into cytoscape and 10 hub genes were identified. To ensure
reliability of the research, those hub genes were put in GEPIA, and the data was compared for consistency of the
research, with the regulation of all 10 hub genes matching that of a larger dataset. Kaplan-Meier analysis was done on the
hub genes, which demonstrated that an upregulation in Signal Transducer and Activator of Transcription 3
(STAT3) was associated with lower survival. Study shows that STAT3 gene may be a key factor in the progression of
GBM, being crucial in cell proliferation. In conclusion, STAT3, along with the molecular pathways identified, may be
used as a potential prognostic and diagnostic biomarker and can be used to further our understanding of GBM.
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INTRODUCTION

Glioblastoma Multiforme (GBM) is a grade IV malignant
primary tumor present in the central nervous system. It affects

therapy, and surgery [2]. However even with large advances in
treatments, it is still incurable.

Despite extensive studies done in GBM, it still remains to be
poorly understood. Multiple factors cause the tumor, including
mutations. In order to form a deeper understanding of GBM, it
is crucial that its molecular mechanisms be further analyzed to
open more treatment options as well as provide patients with
better care. Additionally, finding molecular biomarkers along
with a potential diagnosis would allow for more personalized

glial cells in the central nervous system and may originate
anywhere in the brain or the spine; however, it does not spread
to other organs or parts of the body. Most people live for 15
months after being affected, but 90% of people die at 24 months
[1]. GBM has an incidence rate of 3.21 per 100,000 people
globally; however, despite being rare, it is the most common
glioma in all age groups and has a poor prognosis as the median

survival is 14 months-15 months after being diagnosed, making
it a significant health issue. The low prognosis is due to the high
molecular heterogeneity and high invasiveness. CT scan, MRI
scan, or a brain PET scan, MR spectroscopy and a tissue biopsy
are often used to diagnose a patient with GBM. Treatment
options include chemotherapy, radiation therapy, targeted

treatment and improved prognosis.

Microarrays were utilized in the screening of Differentially
Expressed Genes (DEGs), allowing for the identification of genes
that are closely related to the occurrence of the tumor. However,
due to the tissue heterogeneity, determining specific molecular
mechanisms of the tumor is a challenge.
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In this research, potential prognostic and therapeutic
biomarkers were discovered using public databases. Identifying
prognostic biomarkers would be advantageous as it would allow
determining who is at a higher risk of getting the tumor and
identify the life threatening tumor early on, allowing treating
GBM earlier and increasing survival rates [3]. The goal of this
study was to identify candidate biomarkers that can be used in
the identification and treatment of glioblastoma multiforme.
Additionally, the goal was to identify the functional pathways
regulated in glioblastoma multiforme.

This study analyzed one microarray dataset consisting of 3
glioblastoma tissue and 3 normal, healthy tissue. DEGs were
filtered using GEO2R, which were then analyzed using the
Database for Annotation, Visualization and Integrated
Discovery (DAVID) functional annotation tool to access the
gene ontology and the KEGG pathway analysis [4]. Search Tool
for the Retrieval of Interacting Genes/Proteins (STRING) was
used to construct a Protein Protein Interaction (PPI) network,
and Cytoscape allowed for further analysis of the network and
identified the hub genes. Gene Expression Profiling Interactive
Analysis (GEPIA) was utilized to validate the research findings.
PROGgeneV?2 allowed for survival analysis and prognostic data
to be analyzed and further interpreted.

MATERIALS AND METHODS

GBM tissue and normal tissue were accessed using the accession
code GSE100675 on Gene Expression Omnibus (GEO)
database, allowing access to database using nextgeneration
sequencing along with microarray datasets. The gene expressions
were further evaluated using GEO2R. DEGs were determined
by comparing gene expression in GBM and normal tissue. In
order to determine what genes were upregulated, the fold
change value was to be greater than 1. If it was less than -1, it was
to be downregulated. This was done to shorten the list of genes
to analyze further. DEGs were identified by using a p<0.05 on
the short listed genes.

The DAVID functional annotation tool was used to do
the KEGG pathway analysis and access the gene ontology of
the dataset with a p<0.05. The gene ontology categorizes the
DEGs into three functional
component, molecular function, and biological processes.

groups which are cellular

To construct a PPI network, the STRING database was utilized
by using the proteins the DEGs coded for. The network was
then put into cytoscape, which was utilized in analyzing the
between the candidate proteins the DEGs
transcribed for. Cytoscape also identified the degree of
connectivity for each node along with the total number of
connections that were in the PPI and the total number of nodes

(5].

interactions

GEPIA database was used in the validation of the research and
confirming its reliability. The database accessed data from The
Cancer Genome Atlas (TCGA) and showed the expression of a
gene in a cancer in relation to a healthy individual. Validation
was done by comparing the regulation of genes collected from

the dataset accessed in this study to that of a larger dataset from
TCGA.
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PROGgeneV2, a prognostic database, allowed for analysis of the
prognosis and survival of a patient in relation to the hub genes.
Data derived from TCGA was used to indicate survival rate.
Kaplan-Meier analysis was done on the hub genes. Patients that
had GBM were classified into either having a higher expression
or a lower expression of the gene. The survival of each patient
was then plotted on a graph, allowing a visual representation of
survivability of the patient in relation to expression of the gene.
A p<0.05 was used to determine which plotted dataset has a
difference considered statistically significant [6].

RESULTS

Identification of DEGs

Dataset was accessed from gene expression omnibus
(GSE100675). It consists of 9 samples: 3 of glioblastoma tissues, 3

normal tissues, and 3 paired tissues.

Differentially expressed genes in the dataset were identified
using microarray analysis. When glioblastoma
compared with normal tissue, it was found that there were 693
significantly ~ upregulated  genes and 916  significantly
downregulated genes, a total of 1,609 DEGs (Figure 1 and Table 1).
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Figure 1: The boxplots above show that the dataset has been
normalized by eliminating variation that can be accounted for
between GBM and normal tissue.
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Table 1: Shows a list of the genes that were identified as DEGs from the comparison between glioblastoma tissue and normal
tissue. The genes that have been bolded are those that were identified as the 10 hub genes.

DEGs

Gene names

Upregulated

ESM1 EMPI1 CHI3L1 HISTIH3F PTBPI SP110 SIPR3 PFNI1 HIFIA
ZFP36L2 BAZIA CLEC2B PARP9 CDK4 ARHGAPI5 CDK2
HISTIHZAM NEDD1 WEE1 IQGAP1 SEC61A1 ARHGDIB SLC31Al
DTX3L ADAM9 IFI16 LPL PNP ELTD1 TMEMI179B FAM60A SEPNI
PTPRC LAMCI GPR65 PDIA3 PRRX1 PROS1 EDNRA MSN HLA-DPB1
HLA-H COL8A1 BTG2 MMP14 MMP2 ID3 TNFRSF19 LYN GANAB
RAB13 GRN ANXA2 ETS1 MBOAT1 ZC3HAV1 CD37 MYD88 CD14
HLA-G SNAP23 ODC1 FCGR3A HIST2H2AA4 PARP14 ZBTB20 PYGL
SERPINA3 CALR FAMI111A FN1 EDEM2 CXCL10 IDH1 MMP9 STT3A
CD93 PSME2 MSR1 YBX3 MLEC PPIB EIF4A1 SPPL2A SAMHDI
MKI167 EIF4A1P2 PRCP TMX1 MAML2 ANXA2P2 LAPTM5 RELA
SPARC STK32A NOPIO RP2 IFI30 ITPR2 MAP7D3 NMI ANGPT2
TRIM25 FKBP7 TNPO1 ATRAID TGFB1 CYBB COTL1 KDELC2 MGP
CMTM6 RNASE2 TYROBP CI1QC AIF1 ENG P4HB MS4A7 CDCA7L
CCDC80 CD58 HISTIH3B HLAB ETV6 EVI2ZB LAMB2 AASS
TXNDC5 HISTIH2ZAG MAN2B1 DOCKI1 FGL2 STAT3 NCKAPIL
SPP1 HISTIHIB CTSS PIK3CG PLBD1 NUP205 CDK6 GNL2
LINCO00152 VSIG4 CD4 RPLPO FPR1 CD63 XRN2 GAS2ZL3
HIST2ZH2AA4 HLA-DPA1 KNTC1 ADAP2 RBL1 LAP3 OS9 RPN2 E2F7
IRAK4 ITGB1 SNORDé69 PPP1R14BP3 BT3P10 PSME1 Clorf162 DUSP6
MPEG1 TGFBR1 MYOIE TLR1 HIST1H2BK KDELR2 LIMD1 DESI2
PRDM1 TGFBI1I1 BTK MAPKAPK2 HEATR1 APBBIIP SNORD78
MYLI2A TRAM2 SAMD9 HISTIH3] ATP7A FYB DCBLD2 PLP2
FCERIG FLVCR2Z TOP2A USP3 SP1 TLN1 HLA-DOA ADAMI17
OR56B1 TGFBR2 OLFML2B MS4A6A SCAF11 HERC5 TP53 MIR2I
IGFBP7 LOC541471 LITAF BGN PECAM1 NAGA BIN2 RNF213 RIT1
PLVAP HISTIH3D VCAN-AS1 MOBIA CD68 DOCK2 SEMA5A CLICI
IFITM2 NFE2ZL3 LAPTM4A DHX40 CKS2 GBP5 EMP3 HISTIH4L
TNFSF13B HLA-E PARP4 FSTL1 IGSF6 CD226 ANXAS5 ITGA4 CHDI
DRAM2 MS4A4A CCL4 PRRCI PRKD3 GMFG SNORD27 MVP N4BP2
SNORD10 TIMP1I DOCKS8 PGM2 RNFT1 CD53 EMB NPL CIQB
NUP107 STAT1 FCGRZA CFI NUP160 ITGA2Z HLA-DMB FCGR2C
HISTIH2AI CXCL16 HAVCR2 TAGLN2 FPR3 EML4 DDX21 TRAMI
YBX1 HSPA5 LIMA1 FCGR3B CXCL9 MCL1 RECQL DCAF13 TRIAPI
ZNF217 PDPN SCIMP MAGT! LY86 SULF2 PRDX4 TNFRSFIA
ADAMI12 FAMI29A GBP2 SNORDS82 SLC16A4 FKBP15 IQGAP2
FCGRIA CTSC ITGAl STXI11 RBMSI IFITM3 UCP2 OLRI
LOC100129034 AZM IGF2R CTSK MYO9B VCL PHLDAI TLRS8
GALNT1 VCAN VIM TAP1 GALNT2 LOCI100506474 GBP3 RRM2
ANXATI LYZ PDIA4 IL17RA COL4A1 MTMRI11 LXN FCGRI1B ESCO2
IL13RA1 HLA-DRA SOATI1 HIST2H3D MIR612 HISTIH3H SRPX2
EMR2 GBP1 GLA ATP6VOE1 SERPINBI CTSA MYOF HISTIH2BO
SMC4 ABCA1 POFUT! HISTIHZAC ITGAV TMEM255A FCGRIC
STK17A HLA-DMA GLIPR1 SIGLEC9 MDM2 HIST1H2BM NUSAPI
GNS HLA-C SRPX TXNIP CD248 APOL6 CD86 NID1 SMC5 MAP3K1
EZH2 UTP20 IBSP ZFP36L1 HISTIH2BF LMAN1 FCGBP EDA2ZR
INSM1 FKBP14 OSMR LGMN MRC2 APOCI1 LMNBI TREM2
ANXA2P1 ZAK IFIH1 KDELR1 COL4A2 STC1 CDHI11 TLR3 ATP10D
NRAS SNORA53 MIR4521 HISTIH2B] COLGALT1 SLC40A1 GNG5P2
FLNA CALD!I LAMB1 MT2A NECAP2 HISTIHIC MTHFD2
ADAMTS9 SERPINBS SNORDI14B HISTIH3C TFPI HCLS1 BCATI
SERPINAI RPS19 SNORD4B DERL2 ATL3 PLSCR1 LPCAT3 C19orf38
CASP1 FAM111B TNC TMEM194A ZFP36 CDK1 PCNA IFITM4P IF144
ITGB3 MIDN CD151 TRIM38 NES RAPIB CD74 FKBP9 SLC43A3
CD84 CPVL ARHGAP42 ELK3 CD44 PAGI1 H3F3A CALU JAGI
KIF20A HPGDS SULF1 BUBI PLOD1 SCPEP1 AIMI FTL FBN1 ELF1
GNG5 S100A11 HISTIH3E GAPT PXDN SRGN CLIC4 AAED1 LIMSI
UGDH ANO6 LGALS3BP
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Downregulated

UNCI13C CACNG2 HS6ST3 SV2ZB HCN1 CAMKI1G PHYHIP SULT4A1
SLCI12A5 RGS4 MYTIL TESPA1 SLCIAZ RIMSZ WASF3 NAPB
SLC6A17 CELF4 SLC39A12 NCDN SYT4 RBFOX1 CACNA2D3
SPTBNZ GRINZA GABRG2 ELAVL2 SYNI KCNC2Z GOTI1 ATPI1A3
NEFL NSMF KIAA0513 JPH3 RGS7 PPP2R2C CDS1 CLVS2 GABRAI
RAB3A MAPKI0 GNG3 CKMTIA CHD5 ATP2B3 CALM3 SYN2
SHANK3 DNM1 VSTMZA FBXW7 MAP7D2 SLC17A7 GRINI IDS
PTPN5 TMEMI130 HLF NEFM FBXL16 PACSIN1 SNAP25 CAll
KIAA1045 CKMTIB SYT5 JAKMIP1I OPALIN CACNG3 KCNH3
RFPLIS UBEZQL1 SYP CTNNA2Z NMNATZ UNC79 CAMKK2
SLC17A6 SH3GL2 RBFOX3 AGAP2 TRHDE SVOP DLG4 RAB6B
GAD2 RUNDC3A FRMPD4 SYT1 STX1B GABRB2Z HSPAIZA IGIP
SLC4A10 NRXN3 MAST3 CNTNAP1 CABLESI PAK1 SNCA CHGB
STS8SIA3 RYRZ VSNLI1 BRSK1 MOAPI EEF1A2 ARRB1 ARHGAP44
ATXN7L3 KIF5A ARHGAP32 INA STMNZ PSD IQSEC3 GRIA2Z
CENDI1 NCS1 SCN2B DUSP8 GFOD1 GRM5 SHANKI1 GRAMDIB
SLC8A2 ZNF483 GADI1 BTBDI10 GABRA4 GP1BB FAM73A THRA
STXBP6 LGI1 RIMSI STXBP5L DDN CREG2 BSN ETNPPL AGXT2ZL1
PCSKz HPCAL4 LOC100128264 CAMKZA MASTI KCNNI
KIAA1549L DGKZ RIMS3 KRT222 OLFM3 TSPYL1 CLDN10 CAMTAZ
DLGAP2 CAMKZNI PDEIB KIAA1107 NDRG3 NDRG4 RABI1FIP4
FAM163B ATP6V1G2 MAP3K10 SCN3B STXBP1 CAMK2ZG VAMP2
CPEB3 GABRG1 KCNB1 UNCI13A ADCY1 C90rf172 NEURL GPRASPI
MAPIA FAM81IA TMEM150C RAP1IGAP2 PCDH9 SLC25A4 RANBP3L
FRMPDZP1 LONRF2 CDK5R1 PITPNM3 MGAT5B LINC00507 PPP3R1
KIAA0319 HABP4 KBTBD11 SNORD115-2 GUCY1B3 STX1A CASKINI
PRKCB NELL1 MAP2K4 CRYM MAP6 CPLX2Z MAPKSIP3 SLC6A15
EPB41L1 TAGLN3 SLCOI1C1 CACNAIB GARNL3 SNORDI11535
KGFLP2 GABARAPL1 PDEZA CDHI18 PDP1 LRRC7 LOC440894
TCEAL7 L1CAM CEP170B AJAP1 TPPP CACNB1 SH3GL3 FEZF2
GABRAZ MAL2 HOOKI1 NAPG AP3B2 WDR47 ACTL6B JPH4
CDK5R2 LMO3 SRRM4 RALYL ENCI PSD2 GLUDI1 PRKCE AMPH
CAMKI1D PPMIK KCNBZ LINC00087 KCNAB1 DLGAP3 OLFM1 CIT
KCNV1 PDESB ATP2B2 SCNZA CELF3 SYT7 EMX2 RABI1IFIP2
CACNB3 KCNH1 RB1CC1 TMEM132D KIF3C DCLK1 PRMT8 GPR22
STOX1 THRB BCL11A RAPGEF4 IQSEC2 DOCZA DLGAP1 CAMKK1
CLSTN3 PDZD4 MLIP MCF2L2 GLRB HMP19 EMX20S§ CAMK4
NRGN SLITRK4 MYRIP PTPRT GAS7 DOC2ZB PRNP AKT3 HIVEP2
ENTPD3 UNCS80 RIMBPZ SCNSA KCNJ9 KIAA1644 ATP6VOAI
SPRYD3 RAPGEFL1 PPP4R4 DBC1 DLG3 NRG3 NELL2 SNORD115-30
AKAPI11 ST6GALNACS5 TBR1 PDZD2 GDAP1 HS38T4 ADCY5 PCLO
RTN1 UNC5D CNTNAPZ KALRN CDH9 FNDC9 CACNB2Z NSF
TMEMS59L ADD3 C1QL3 PPPIR9B TUBGZ PTPRNZ BEX5 MUMILI
SNORDI1153 GNAL KIF3A ABR CYP4X1 IQSECI ACO2Z PAK3
PI4KAP1  WDRI17 PIP4K2B SEPT3 NDST3 IPCEF1 EPHB6
SNORD115-27 NEUROD6 MAPK9 ORI1411 LREN5 Cllorf87 SCAMP5
RNF144A-AS1 SNORD115-24 RAB3C MICU3 CAP2 MYCBPZ FAM153A
GABRB3 ANK2 KHDRBS2 GABRD DRD1 CHNI TOMIL2 TPRGIL
CHD3 EPHX4 SLC25A27 EPHA4 PPFIA2Z SLC25A18 CYP46A1 NRIP3
FLRT2 CHRNB2 NEGRI NTRK2 NPTN GDA GHITM MFSD4 STXBP5
ALDOC SNORD115-17 SNORD115-19 HECW1 POU4F1-AS1 FAM153B
SNORD11426 NGEF SNORDI1154 RASGRFZ BC146931 HTR5A
ATP8A2 CNKSRZ OMD PPPIR16B MKL2 KCNH7 NRSN1 PGBD5
MYO5A NSFP1 RUNDC3B DYNCII1 PAFAHIBI NRXNI NLK NBEA
TRPC5 SLC39A10 SYNJ1 GABRA5 PRKACB WDR7 FXYD1 KCNIP4
GRIN2B HOMERI KCNQ3 SGSM2 TSPYL5 PAK7 KCNMAI
HMGCLLI SGIP1 DKK3 GRM1 C2orf80 FAIM2 SNORD113-4 SYT16
TMEM63C SCG5 BSCL2 PEG3 ZIM2 VIP RND1 KCNIP2 RELN NSF
PI4KAP2 CACNB4 TRIM2 NYAP2 NET1 KCNA4 CNTNAP5 NPTX1
TMEMI14A AK5 ADD2 NEBL CDKL5 PREPL CELF5 SST SNAP9I1
BTRC REPS2 LINCO00641 SAMDI2 NAPIL2Z KCTD16 MCHR2
SNORD115-8 TTC7B DLGZ2 ATRNLI1 TSPYLZ LMTK2 SNORD115-37
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ACTR3B FRRSIL NEURODZ APC SNORDI113-6 NECABI1 SLITRKI
DGKB ATL1 GLRA3 SYNGAPI KLHL2 FGF12 SNORDI11531
CACNAIA CNIHZ KIFIA NDFIPZ LMO7 PPPIRIA ACVRIC
WBSCR17 GPR83 TLN2 ERC2 ZBTB18 TTLL7 NUAK1 PPP3CA FSTL5
TTBK2 TTC9B PNMALI1 LINC00622 TENM2 PHACTR1 ALDH2
STOX2 RASGRF1 RTN4RL1 SIDT1 AGTPBP1I HHATL RGS7BP
SNORD114-9 CDKL2 NAPIL3 DZIP3 GABRBI PRKCG MAPT PYGM
Cl140rf132 SLC35F3 CDH12 SPOCK1 WIF1 SERPINI1 ATP1B1 DNAJC6
ALDH6A1 ANKRD36BP2 KLC1 OXCTI1 SLC25A23 HECW2 ARPP21
MIR4534 SNORDI11544 SOGA3 CAMKZB CAMTAI DOK6 DPP10
CABP1 CHGA CYFIP2Z GLTID1 PPMIH ASIC2 R3HDMI
SNORD114-25 ATP2B1 SNORD114-20 SCAI CLCN4 KCTD8 SLC9A6
ELAVL3 SNORD115-28 ATCAY ENHO SSTR2 KCNA2 RAB3B FOCAD
B3GAT1 LINC00966 SERINC1 SNORDI115-33 SNORDI114-21 FXYD7
LINC00294 SNORDI11521 MARCH4 MRO LINC00889 HMGCSI
SNORD115-25 NEFH EHD3 ZDBF2 FRY GABBR2Z BEX1 PARTI

Gene ontology: The DAVID functional annotation tool
was used to analyze the gene ontology, comparing
glioblastoma tissue with normal tissue. After the DEGs were
sorted into the three categories, the top 10 most significant
In biological

mostly

go terms were identified for each category.
the upregulated DEGs

in  nucleosome

processes, were involved
assembly, negative regulation of gene
expression, and chromatin silencing at DNA, while the
downregulated DEGs were mostly involved in

synapse transmission and nervous system development.

chemical

In cellular components, upregulated genes were involved
with while
downregulated  genes mostly with
plasma membrane and cell junction [7].

extracellular  exosome and  membrane,

were involved

In molecular functions, upregulated DEGs were enriched
mostly in protein binding and protein heterodimerization
activity, while downregulated DEGs were enriched in calcium
ion binding and calmodulin binding. These findings suggest
that the wupregulated DEGs are mostly involved with
protein  binding, exosome, and membrane,
and the downregulated DEGs are mostly involved with

plasma membrane, cell

extracellular

chemical
that
synaptic transmission is the most enriched term in biological

junction, and
demonstrated

synaptic

transmission. It is also chemical

processes, plasma membrane in cellular components, and
protein binding in molecular functions (Figures 2 and 3).
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Figure 2: The graph above depicts the gene ontology when
comparing significantly upregulated genes in normal tissue and
GBM tissue and obtained using the DAVID functional
annotation tool. Due to the vast number of genes listed, the top
ten for each ontological category were looked at. These are
functions that may be crucial in the development of the tumor.




Kumari AS

Gene Ontology Analysis - Downregulated Genes

Figure 3: The graph above depicts the gene ontology
when comparing significantly downregulated genes in
normal tissue and GBM tissue and obtained using the
DAVID functional annotation tool. Due to the vast number
of genes listed, the top ten for each ontological category were
looked at similar to the figure above. These are also functions

that may be crucial in the development of the tumor.
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KEGG pathway analysis: The DAVID functional annotation
tool was utilized to do KEGG pathway analysis as well, where
pathways that have been upregulated and downregulated were
identified. Online publications and research were used to
determine which pathways are needed to look at based on its
relevance to glioblastoma and whether it has been proved to be
linked to its progression [8]. The most enriched upregulated and
downregulated pathway are the pathways in cancer pathway and
cAMP signaling pathway respectively (Tables 2 and 3).

Table 2: Constructed after a KEGG pathway analysis was done using the DAVID functional annotation tool. Through the analysis,
4 pathways were found to be significantly upregulated. These pathways are significant in the development of the tumor due to the
statistical significance and number of genes present in each pathway.

Upregulated pathways

Pathway/Name Gene #

P-value Genes

hsa04514: Cell Adhesion Molecules 21
(CAMs)

1.18 x 10° ITGB1, CD86, HLA-DRB5, ITGA4,
HLA-B, HLA-C, HLAG, HLAE,
HLA-DMA, VCAN, CD4, HLA-
DMB, PTPRC, HLA- DPB],
PECAMI1, HLADRA, ITGAY,
CD226, CD58, HLA-DOA, HLA-

DPA1

hsa04151:
pathway

PI3K-Akt  signaling 28

8.99 x 104 ITGB1, ITGB3, TNC, LAMCI,
IL2RG, RELA, PIK3CG, NRAS,
GNGS5, IBSP, SPP1, ITGAV, MCLI,
ANGPT2, ITGA4, LAMB2, ITGAZ,
ITGAI, FNI1, LAMBI, OSMR,
CDKe, COL4A2, COL4AL,

MDM2, TP53CDK4, CDK2,

hsa04064: NF-kappa B signaling 10
pathway

9.16 x 10° LYN, CCL4, BTK, TRIM25, CD14,
IRAKH4, RELA, MYDSS,

TNFSF13B, TNFRSF1A

hsa05200: Pathways in cancer 29

2.97 x10% ITGBI, LAMCI, ETSI, HIFIA,
RELA, PIK3CG, NRAS, EDNRA,

GNGS5, ITGAV, TGFBI, LAMB2,

STATI, MMP2, ITGA2, STATS,
FNI, LAMBI, MMP9,
TGFBR1,TGFBR2, CDKB,

COL4A2, COL4Al, CDK4, CDK2,
CKS2, MDM2, TP53

J Clin Trials, Vol.13 Iss.2 No:1000525
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Table 3: Constructed after a KEGG pathway analysis was done using the DAVID Functional Annotation Tool. Through

the analysis, 8 pathways were found to be significantly downregulated. These

are also significant in the

development of the tumor due to the statistical significance and number of genes present in each pathway.

Down regulated pathways

Pathway/Name Gene #

P-value

Genes

hsa04024: cAMP signaling pathway 30

4.22x 1012

CAMKZB, GRIAZ, RYR2,
CAMK2A, ATPIA3, ADCYI,
ADCY5, MAPK9, PAKI, GRIN2A,
AKTS3, DRDI, CAMK2G,
PRKACB, GABBR2, GABBRI,
ATP2B3, ATP2B2, ATP2B1, SSTRZ,
ATPIBI,  CALMI,  CALMZ,
RAPGEF4GRIN2B, GRINI,
MAPK10, CAMK4,  FXYDI,
CALM3,

hsa04080:  Neuroactive  ligand- 29

receptor interaction

5.70x 108

GABRB3, GABRBZ, GRIAZ,
GABRBI1, THRB, THRA, GPR83,
GRM1, MCHRZ, GRINZA, GRM5,
GLRA3, DRD1, GABRD, CHRNB2,
GABRA2, GABBR2, GABRA],
GABBR1, GABRA5, GABRA4,
GABRGI1, GRINI, GLRBSSTRZ,
HTR5A,  GABRG3,  GRINZB,
GABRGZ,

hsa04726: Serotonergic synapse 14

5.29x10°

GABRB3, PRKCG, GABRB2Z,
GABRBI, PRKCB, KCNJ9,
CACNAIB, CACNAIA, HTR5A,
ADCYS5, GNG3, CYP4X1,
PRKACB, KCNJ3

hsa04014: Ras signaling pathway 20

1.16 x 104

PRKCG,  PRKCB,  RASGREFZ,
RASGRF1,  GRIN2ZB,  GRINI,
MAPK10, MAPK9, GNG3, PAK],
GRIN2A,  SYNGAPI,  AKT3,
CALM3, CALM1, PAK3, CALM2Z,
FGF12, PRKACB, PAK5

hsa04310: Wnt signaling pathway 15

1.34x 104

PRKCG, CAMK2B,  PRKCB,
CAMKZA, NLK, MAPK10,
MAPKO, PPP3CA, PPP3CB,
PPP3R1, APC, WIFI, BTRC,
CAMK2G, PRKACB

hsa05214: Glioma 9

1.07x 10°

CAMK?2B, PRKCG, PRKCB, AKT3,
CAMK2A, CALM3, CALM],
CAMK2G, CALM2

hsa04070: Phosphatidylinositol 10

signaling system

4.20x 10°

CDS1, PRKCG, SYNJ1, DGKB,
PRKCB, CALM3, PIP4K2B,
CALM1, CALM2, DGKZ

hsa04722: Neurotrophin signaling 11
pathway

5.23x10°

CAMK2B, MAPKI10, MAPKY,
NTRK2, CAMKH4, AKT3,
CAMK2A, CALM3, CALM],
CAMK2G, CALM2
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Construction of the PP1 network and identification of hub genes:
The STRING database and cytoscape software were utilized in
constructing a PPI network. A total of 148 DEGs were put into
the software and database, resulting in a PP1 network that
consisted of 130 nodes and 484 edges. From the 130 nodes, the
10 nodes with the highest degrees of connectivity were identified
[9]. Cytoscape was used to analyze and identify the top 10 hub
genes. The top ten hub genes with a degree of connectivity of 14
or higher were ITGBI, GNG3, GNGS5, NRAS, CAMK2A,
CAMK2B, ITGAV, ITGB3, ADCY5, and STAT3. ITGB1 has the
highest degree of connectivity at 22 (Figure 4).

Figure 4: A protein-protein interaction network was
constructed from STRING using genes from all of the
significantly regulated pathways. It is composed of 130
nodes and 484 edges and was constructed at the highest

confidence level (0.900).

Validation: GEPIA was used to validate the research. Boxplots
were employed to compare the regulation of the genes in the
sample accessed to a larger sample. It was determined if genes
have been upregulated or downregulated in a larger sample size
to ensure that it matches with the sample size. Analyzing if the
gene is regulated similarly in both sample sizes validated the
findings. The regulation of the genes in the smaller dataset
composing of 3 GBM tissues and 3 normal tissues accessed
through GEO was compared to a larger dataset consisting of 163
GBM tissues and 207 normal tissues (Figure 5).
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ITGB3

Figure 5: The boxplots above were obtained from GEPIA when
comparing the regulation of each gene to a larger sample to
ensure that the gene regulation matched. The red boxplots
represent GBM tissue and the gray boxplots represent normal
tissue. The larger sample consisted of 163 tumor tissues and 207
normal tissues. The regulation of all ten genes in the sample
from the dataset matched that of a larger dataset, validating the

research.

Survival analysis: When using PROGgeneV2, line graphs were
utilized to determine how the regulation of a specific gene may
affect the survival rate of a person while also making sure that
the results are statistically significant with a p>0.05 (Table 4).
Based on PROGgeneV2, high expression of the STAT3 gene is
negatively associated with patients with a lower survival (Figure

6).

TCoA-GBM
‘SURVIVAL MEASURE - OVERALL SURVIVAL
T3 GENE EXPRESSION
COHORT DIVIDED AT MEDIAN OF GENE EXPRESSION

OVERALL SLAVIVAL
0

i

[T, T
Figure 6: The above figure was obtained using

PROGgeneV2 from The Cancer Genome Atlas (TCGA). Data
from the figures above show a lower survival rate of the
individual when the gene is upregulated. The low DP-value

conveys that this difference in survival rate is significant

and should be taken into consideration.
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Table 4: The below table was obtained using PROGgeneV2 from The Cancer Genome Atlas (TCGA). Data from the figures above
show a lower survival rate of the individual when the gene is upregulated. The low P-value conveys that this difference in survival

rate is significant and should be taken into consideration.

Category Samples No of events Median survival Low conf int (95%) Upp conf int (95%)
High 27 205 384 345 451
Low 27 221 438 399 479

DISCUSSION

In this study, a total of 1,609 Differentially Expressed Genes
(DEGs) (915 downregulated and 694 upregulated) were
identified. The gene ontology revealed that the upregulated
DEGs were involved mostly with cell proliferation and cell
cycle, while the downregulated DEGs were involved mostly
in synapses and nervous system development. The
progression of GBM may be connected to multiple cellular
components, biological processes, and molecular processes,
as signified by the gene ontology. Studies show that
disruption in cell proliferation is involved with the
progression and development of the tumor. Functions from
gene ontology and pathways from the KEGG pathway
analysis may be crucial in the development of the tumor,
requiring further study to be done.

The DEGs were put into STRING, creating a Protein-
Protein Interaction network (PPI) composed of 130 nodes
and 484 edges (connections to other genes). Using the
DEGs and the PPI, 10 hub genes were identified through
Cytoscape. A Kaplan-Meier analysis of the hub genes showed
that overexpression of STAT3 is associated negatively with
the patients, decreasing the survival rate significantly. Hence,
STAT3 may be a key gene in GBM, whose functions may be
integral in the tumor progression [10]. Signal Transducer
and Activator of Transcription 3 (STAT3) genes is a
cytoplasmic transcription factor regulated by cytokine and
growth factor receptor, with a location of 17q21.2. The gene
promotes transcription of multiple genes contributing to the
cancer, including angiogenesis, anti-apoptosis, invasion, and
cell cycle progression. It is proven to be found at a high
regulation in many tumors, including GBM, and has been
identified to be crucial in tumor progression.

CONCLUSION

The results of this study suggest that the Pathways and other
processes identified through gene ontology and KEGG
pathway analysis may be in close relation with the
occurrence of GBM and its progression. STAT3 is found to
be a key gene that can be associated with the prognosis of
the tumor.
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Due to its crucial role in the tumor progression and the poor
survival rate when the gene is excessively expressed, STAT3
gene can be used as a prognostic biomarker with an
upregulation being a sign. Additionally, identification of the
upregulation may be helpful in identifying GBM cells. This
gene can be used for therapeutic purposes and can be used in
targeted therapy for the tumor by attacking the cells that have
a high expression of the STAT3 gene. Further research is
STAT3 as a GBM biomarker and

potential applications of pathways in the treatment of the

needed to evaluate

tumor.
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