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Topology based Proteinprotein interaction analysis of Oral cancer proteins

Keerti Kumar Yaday Ajay Kumar Singh¢

Central University of South BiharGaya (Bihar) 824236, India

Abstract

Oral Cancer (OC) is a common type of head and neck cancer and affects the major population
in worldwide. This study focus on the network based prgteitein interaction (PPIS)
approach for oral cancer targets identification and systems biology appaseh dnalysis.

Total 47 oral cancer gene targets were extracted from the BioXpress database, Oral Cancer
Gene Database (OrCGDB) and HNC database. The related protein networks were explored
and visualised by the help of Cytoscape v3.7.2 software. Topologgichons were
performed by Molecular Complex Detection toMG@ODE) andBiological Networks Gene
Ontology Tool(BiINGO) plugin from Cytoscape v3.7.2 software. The comprehensive study

by MCODE tools gives 3 clusters of 15 common oral cancer gemediced proteins were
namelyGSK3 b , P K M,-b1,C@58, SMARS, MYC,LDHA, HIF1-U, P-D, AKT 3,
PIK3CA, ILK, UBC, E2F1 and SKPhe 15 oral cancer genes with their significant P value <
0.05 show that these genes are highly responsible for the develophitet oral cancer
disease. Network base interaction analysis among these 15 proteins, can be one of potential
solution as antcancer drug molecules against multiple targets of oral cancer.

Keywords: Oral Cancer, ProteiRrotein networks, topology analgsi Gene Ontology,

Cluster Analysis.
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Abbreviation:

S.no. | Abbreviation Explanation

1 GSK-3 b Glycogen synthase kinase 3

2 PKM pyruvate kinase muscle isozyme

3 Cateninbl betacatenin

4 Tp53 Tumor protein P53

5 SMAD-3 Mothers againsiecapentaplegic homolog 3

6 MYC MYC Proto-Oncogene

7 LDHA Lactate dehydrogenase A

8 HIF1-U Hypoxiainducible factor 1alpha

9 PDPK-1 Phosphoinositidelependent Kinas#

10 AKT3 AKT Serine/Threonine Kinase 3

11 PIK3CA Phosphatidylinosite#,5-Bisphosphate -Kinase Catalytic Subunit
Alpha

12 ILK Integrin Linked Kinase

13 UBC PolyubiquitinC

14 E2F1 E2F Transcription Factor 1

15 SKP Periplasmic protein

16 OrCGDB Oral Cancer Gene Database

17 BINGO Biological Networks Gene Ontology tool

18 MCODE Molecular Complex Detection

19 PPIs proteinprotein interaction

20 oscc Oral squamous cell carcinoma

21 WHO World Health Organization

22 ACTREC Advanced Centre for Treatment Research & Educati@saimcer

23 HNSCC Head and neck squamous cell carcinoma
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Introduction

Cancer is currently one of the most common diseases afflicting the human population all
over the world. Oral squamous cell carcinoma (OSCC) is one of the most common head
and neckregion cancer primarily affects the squamous cells of the oral cavity. Cigarette
smoking, betel nut chewing, quid and khat chewing, and alcohol intake are the most
common risk factors for OSCC, reported in various stddesording to the most recent
WHO survey, the number diead and neck squamous cell carcinokiidRCC) cases are
increasing and will reach 53,5000 by 2840

Various advance biomedical techniques such as surgery, chemotherapy and radiation
therapy are now used to treat cancer, but they are unable to detect oral cancer in its early
stages. Despite major advances in cancer care and managementrelg@QCnortality
remains unchanged. Oral cancer is typically diagnosed in its later stages, and the rate of
recurrence is often high, so early detection and diagnostic techniques for disease control
and prevention may play a critical role in its preventionlabt decade several studies
have been perform to understand the molecular basis of invasive OSCC but production
and metastasis is remain unclear, which is crucial for understanding the mechanism of its
activatiorf. A study performed in 2019evealed the relationship between chronic
periodontitis,Porphyromonas gingivaliand cancer by the help of PPIs network analysis.
This study identifiedL6, STAT1, LYN, BDNF, C3, CD274 PDCD1LG2,andCXCL10as
potential candidate genes that might facilitate the prevention and treatment of. @8CC
another researcher work on the oral cancer cell signalling pathway are shows that the
TP53 protein are highly responsible for the signalling mechanism of the oral caficer
progression and developmerithe various stiies are also performed to identification of

potential genes of oral cavity cancer using network analysis based app?d&ches
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In recent years, identifying genes and their functions associated with this complex
disorder has become a critical featuperimental approaches, e.g. genetic linkage
association studi@s expression profilin and genomavide association studiE'shave

been found to be successful in identifying high relative risk genes for diseases like
cancet?, asthm&®, diabete¥ and other diseases. For the early detection and diagnosis of
oral cancer, system biolodyased approaches for PPIs analysis are important. While
individual proteins are not involved in disease progression, recent studies have shown that
a large number oproteins are collectively involved in cancer disease progression. The
mechanism of or al cancer can be easily wund
derived from interaction networkdDiseaserelated protein analysis in a systematic
interaction pttern study is called a PPIs netwdpk.

Diseases are oftenly caused by mutatighat disrupt the binding interface or induce
biochemically abnormal allosteric changes in proteins. Protein interaction networks can

therefore identify the molecular mechanisms causes of disease, which in turn can help
with prevention, diagnosis, andettapy strategies®

This study only looks at PPIs using a topokimased method, but it doesn't show whether
proteins interact or not, or what are their interaction affinities. It also does not define PPls
sites and cannot predict the end products of RRlstions.

The main objective of this research work is to find out the potential oral cancer proteins
which are highly involved in the progression of the oral cancer. Previous studies also
predicted the several oral cancer targeted genes by combiningrthedrgenes with
related GO termé. One of the current study identified the significaole of TP53
protein in oral cancer network with other 29 neighbors but the contribution of the
neighbouring protein in the backbone was not incledbtbst of the published studies

takes one or two database systems sucBis&GeNET databasegeo database for the
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sanalysis of oral cancer protein using PPIs network which restrict the numbetedh pro

for the network development and improvise the final resdgen through many
researchers were worked on oral cancer potential gene identification through PPIs
network, very few studies showed the significance analysis at statistics level.rHhre, i

study we have taken three different oral cancer specific data base syBteKess
databases, Oral Cancer Gene Database (OrCGDB) and HNC database (HNCDB) for the
PPIs network based study for the identification of potential oral cancer pndteihave
selected theBioXpress databases oral cancer data wignificance level 0.05, of up
regulated genesvhich increased the reliability of the result. Statistical analysis have
identifiesfifteen important potential proteins of oral cancer diseagedan be used not

only as markers of disease at its early stages but also as targeted proteins for drug

designing for treatment.

2 Material and methods

2.1 Data retrieval, Network generation and analysis

BioXpress databas¥s Oral Cancer Gene Database (OrCGHBB)nd HNC database
(HNCDB)? retrieving research information on oral cancers and their subtypesfirst

step in this analysis & to gather data on genes linked to head and neck cancer from the
BioXpress database. It includes mRNA data for genes associated with head and neck
cancer. The significance level of this data is 0.05, and 2323 number of up regulated genes
have been showto substantially express head and neck cancer data from 41 patient
sample sets that were obtained and processed. The second set of information came from
the ACTREC Mumbai's OrCGDB. This dataset contains data for 374 oral cancer genes.
The third dataset ohin from HNC database contains 1368 number of oral cancer genes.

The total 47 numbers of oral cancer genes were found to be common in these three
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databases linked to oral cancers using showigime 1. The NetworkAnalyst todt was

used to analyze the 47 common oral cancer genes and tool createthetvadx with

790 nodes and 1010 edges using the String v11 soffw@ihe networks were analysed
usingthe Cytoscape v3.7.2 tool, which can be used to combine a bimolecular interaction

network with highthroughput expression resifts

BioXpress

HNC

Figure 1: Venn-diagram of oral cancer genes

2.2 Clustering and GO analysis
MCODE is used to find topographically linked regions in a network. The PPIs networks
with a score greater than 2.0 and at least 2 nodessereted as significant prediction
according to MCODE. Seed nodes were evaluated as a complex with the highest
weighted vertex value in the second stage of the MCODEiplagalysis (forward and
outward)?* The GO predicts the functions of each cluster that are generated by the
MCODE plugin. On the basis of the GO hierarchy, the BINGO Plugindhagdicts the
leading functional characters of an ocalncer gene dataset in Cytoscape v3.7.2 graph

format.



110 3 Results

111 3.1 Network Analysis

112 After a comprehensive analysis results were obtained for the PPIs networks of BioXpress
113 database, OrCGDB and HNC databadee PPIs network contains 1010 nodes and 790

114 edges. In predicted network, nodes represent proteins and edges denote the physical and
115 functional interaction between proteins. The oral cancer PPls networks and their
116 properties are shown figure 2 and table-1.
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118 Figure 2: PPIs network of oral cancer obtained from the Oral Cancer datasets.
119
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Tablei 1. Properties of oral cancer PPIs networks.

Clustering coefficient 0.061 Number of edges 1010
Connected components |1 Number of nodes 790

Network diameter 10 Network density 0.003
Network radius 5 Network heterogeneity | 3.384
Network centralisation 0.167 Shortest paths 623310(100%
Avg. Number of neighbour| 2.557 Characteristic path length 4.084

The number of connections associated with a node determines the degree of that node in
the network. Hub proteins are nodes with a higher degree that are important for the
network structure as well as functionally important nodes. The network analyzetespera
according to the power law of node degree distribution and betweenness. The network
centrality distribution of oral cancer proteins represents the proteins with high centrality
value. These highly connected nodes and edges are significantly showsetsabral

cancer genes are highly involved in the functional and biological process of the oral
cancer disease generation. Thegree Centrality Distribution curve and betweenness

Centrality Distribution Curve of the PPI Network of Oral Cancer are showvigure 3,

and 4.
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Figure 3. Degree Centrality Distribution curve of Oral Cancer PPIs Network.
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Figure 4: Betweeness Centrality Distribution Curve of Oral Cancer PPIs Network.
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136 A network with a power law degree distribution is referred to as a-beslenetwork.
137 These PPIs network haveSk3 b , P KM, -bl,dp58,eSMAES proteins, MYC,

138 LDHA, HIF1-U , P-D, RKT3, PIK3CA, ILK, UBC, E2F1 and SKP2.

139 3.2 Clustering of network

140 The PPIs data of oral cancer genes clusters were analysed by the help of MCODE plug
141 These approaches have the all nodes in whole weights by local neighbourhood density
142 and determine the highly connected region in the cluster. These highly connetied reg

143 mainly show those genes which are mainly affects the molecular an functional
144 mechanism of the disease. MCODE plaghat shows all 3 sub networks are described

145 in theTable 2.

146
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Table -2. The three significant clusters of oral cancer PPIs network antheir properties

TP53
VAR PKM
myc  / o

HIFIA

Nodes

8

Edges

11

Node proteins

GSK3B, PKM, LDHA,
HIF1A, MYC, CTNNB1,

— g TP53, SMAD3
GSK3B
Seed node GSK3B
cmnms y ;DB Seed Proteins GSK3B
Seed MCODE score| 1.33
PDPKL Nodes 4
s — Edges 5

Node proteins

PDPK1, AKT3, PIK3CA,
ILK

Seed node PDKP1
PIK3CA
\ Seed Proteins PDPK1
Seed MCODE score| 1.79
ILK
Nodes 3
UBC
Edges 3
E2F1
skP2 Node proteins UBC, E2F1, SKP2
Seed node UBC
Seed Proteins UBC
Seed MCODE score| 0.48

3.3 Gene Ontology analysis

Functional distribution of BP, MF and CC of oral cancer genes cluster were shéigurén
5, 6 and 7respectively. The binomial test is applied for the construction and analysis of the
gene ontology of the given protein set. The majority of hub protesmeeaolved in protein
binding activity, catalytic activity and transcription regulation process. In these gene

enrichment analysis yellow nodes depicts the GO categories that arexpvessed at

11
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significance level. It also shows that the more signitigavalue, the gene node colours are

increasingly more orange which indicate potential functional hub protein.

3.3.1 Biological process

GO study of BP describes the main biological processes involved in the oral cancer signalling
pathway.These BP dipicts thaee perticular genes are highly involves in these ypes of BP
of the cell. The basic BP and its involved genes are showabia 3 of the GO enrichment

study.

12
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Figure 5:

5.00E-2 < 5.00E-7

Biological process of oral cancer PPIs network obtained from BiNGO Plugin.
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166  Table 3: Oral cancer genes involve in biological process

S. No GO Description P-value Genes

1 Cell surface receptor linked 0.030882 GSK3B, SMAD3,
signaling pathway ILK, CTNNB1
Centrosome organization 0.030864 CTNNB1
Regulation of dephosphorylation 0.030864 SMAD3
Positive regulation of protein 0.030864 GSK3B
complex assembly

5 Regulation of protein kinase B 0.030864 ILK
signaling cascade

6 Synaptic vesicle transport 0.030864 CTNNB1
Embryonic digitmorphogenesis  0.030864 CTNNB1

8 Positive regulation of endothelial 0.030864 HIF1A
cell proliferation

9 Positive regulation of signaling 0.030016 ILK, CTNNB1
process

10 Regulation of catabolic process 0.030016 SMAD3, HIF1A

167

168  3.3.2 Molecular functions (MF)

169 The MF gene enrichment analysis identifies the major elements of the gene product's
170  functions at the molecular levelhese MF dipicts that these perticular genes are highly
171  involves in these ypes of MF of the cEhese MF mainly participate in bindingdnatalytic

172  activities of proteins, which are essential in cancer cell signalling protakke 4 lists the

173  cancer genes involved in oral cancer signalling pathways, as well as their MF and how they

174  involved in cancer cell metastasis and their progression

14
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Figure 6: Molecular function of oral cancer PPIs network obtained from BiINGO Plugin.
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Table 4: Oral cancer genes involve in molecular functional.

S. No. GO Description p-value Genes
1 Kinase binding 7.8284E07 GSK3B, SMADS3, PDPK1, CTNNB1,
TP53
Promoter binding 2.7055E06 SMAD3, MYC, CTNNB1, TP53
3 DNA regulatory region 3.1029E06 SMAD3, MYC, CTNNB1, TP53
binding
4 GO Description 3.5408E06 GSK3B, SMAD3, E2F1, CTNNB1,
HIF1A, TP53
5 Enzyme binding 0.000010607 GSK3B, SMAD3, PDPK1, CTNNB1,
HIF1A, TP53
6 Sequencespecific DNA 0.000010703 SMAD3, MYC, E2F1, CTNNB1,
binding HIF1A, TP53
Protein kinase binding 0.000015068 GSK3B, SMAD3, PDPK1, TP53
8 Phosphotransferase  0.000016234 GSK3B, PKM, PIK3CA, PDPK1,
activity, alcohol group AKT3, ILK
as acceptor
9 Kinase activity 0.00002621 GSK3B, PKM, PIK3CA, PDPK1,
AKT3, ILK
10 Transcription activator 0.000026833 SMAD3, MYC, E2F1, CTNNB1,

activity

TP53

16



181 3.3.3 Cellular Component (CC)

182  The CC analysis describes the parts of the cell or their extracellular environment that play a
183  significant role in cancer cell signallinfhese GO aalysis dipicts that these perticular genes
184  are highly involves in perticular types of CC of the cEdble 5 indicates which cellular

185  components are involved in the oral cancer signalling process, as well as which proteins are
186 involved in cancer cell signaling mechanism.

187

17
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Figure 7: Cellular component of oral cancer PPIs network obtained from BiINGO Plugin.
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Table 5: Oral cancer genes involve in Cellular Component.

S.NO. GO Description P-Value Genes
1 Cytosol 1.9217E07 GSK3B, LDHA, SMAD3, PKM,
PIK3CA, PDPK1, ILK, CTNNB1,
TP53
2 Axin-APC-betacatenin  3.0488E06 GSK3B, CTNNB1
GSK3B complex
3 Transcription factor 0.000019405 SMAD3, E2F1, CTNNB1, HIF1A
complex
4 Protein complex 0.000059852 GSK3B, SMAD3, PIK3CA, E2F1,
ILK, CTNNB1, SKP2, HIF1A, TP53
5 Nucleoplasm 0.000067641 SMAD3, MYC, E2F1, CTNNB1,
HIF1A, TP53
6 Nucleoplasm part 0.000088053 SMAD3, E2F1, CTNNB1, HIF1A,
TP53
Dendritic shaft 0.00010895 ILK, CTNNB1
8 Macromolecular comple; 0.00028788 GSK3B, SMADS3, PIK3CA, E2F1,
ILK, CTNNB1, SKP2, HIF1A, TP53
9 Nuclear lumen 0.00045816 SMAD3, MYC, E2F1, CTNNBI1,
HIF1A, TP53
10 Intracellularorganelle 0.0015036 SMAD3, MYC, E2F1, CTNNBL1,
lumen HIF1A, TP53

4  Discussion

The 3 gene clusters that play a crucial role in oral cancer research have been identified using
systems biology approach. Among three clusters, the first cluster pr&B€SB, PKM,

LDHA, HIF1A, MYC, CTNNB1, TP53, SMABS3 common connected nodes. In this cluster
seed protein isGSK3-b. GSK3-b is a serine / threonine kinase involved in many
physiological processes and is a highly conserved region that belong<Ciel @@ family of

protein kinasesGSK-3 fhelongs to the cyclin D1 family. Cyclin D1 belongs to potent proto
oncogenes and has been expressed in various cancer pathways such d@&SEC3ED also

19
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also contains serine/threonine kinase activity, which is prominently involved in the glycogen
metabolic procegsd TP53is a very important protein for the involvement of the cell
apoptosis and oral cancer progressiddH levels were studied as important biomarkers for
cancerous disease. The high leveld BH involved in oral sub mucous fibrosis indicating
that it is resposible for the breakdown process of tissue. These are mainly twoLippes
andLDH-B which involved in metabolic interactions, metabolic fuel exchange and serve as
potential targets for anticancer drug development. The degulated level ofHIF is
respnsible for the transcription of target cancer genes, which play an important role in the
regulation of various cancer cell processes such as angiogenesis, cell proliferation, glucose
metabolism, pH regulation and migration proce€sérscreased levels ®RAS, pSaswell as
C-MYC protein provide information on molecular level changes in the cancer cell. An
increased level of-mycis also a poor prognosis of oral squamous cell ca:enycgene
amplification has also been reported in the head and neck type of cameeexpressed
levels of theCDK-4 play an important role, either for gene amplification or in the progression
of cancerous tumors through tekemycr e gu |l at e d-Cateairt ib & muyltifunctional
protein. It regulates the cell adhesion process-bgkerin mediated pathway. It is a target
transcriptional transcription of the Winglesé/if) signaling pathway and thAPC gene
product, which are involved in the initiation of various types of cancer. Glucose metabolism
mediated byPKM2 fuel overgrowth and proliferatiGh Other evidence linkg PKM2 to
tumorigenesis also suggests tR&M2 decreases through cancer cell proliferation, induced
cell apoptosis, via RNAenference or pharmacological agents. The increased therapeutic
sensitivity has also decreased the tumorigenicity reported iragiveell as in vitro studié%

The second cluster consists BDPK1, AKT3, PIK3CA, ILKcancer proteins. The seed
protein of this cluster iSPDPK-1 which is mainly involved in the cell proliferation

mechanismAkt3is a very important component of the cancer pathway, its increased levels

20
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are decrees the tumour development process. It is the major mediator of on¢t§&nic
signalling®. PIK3CA,PI3BKcont ri butes to the ampli PBkation
p 1 1 @IB3increases, which is an important means of activating’tB& / AKT signalling
pathway. PIP3 is coupled to a @erminal placestrin homology (PH) domain with
phosphoinositide dependence protein kinhse

PIK3CA is reported to participate in tumorigenesis and the developmental process of cancer
in the form of Oncogerfé Previous studies have shown that ®KK / AKT signalling
pathway was often activated by gene mutations to promote tumour growth. PIK3CA
regulatesPIP3 and is highly helpful in promotin@IP3 to activatePDK1. AKT activity is
regulated by regulating the contentRIHP3, allowing its activation by activated membrane
PDK1 that bindsAKT to the cell membrane. Integrlnnked Kinase LK) functions to
regulate several key biological processes, including cell cycle, growth, and angiogenesis; its
high expression enhances tumorigenesis. HBEK1 / Aktpathway is helpful in condlling

cell proliferation, apoptosis, and migration in a variety of cadters

The third cluster obtained in our study consistsU®C, E2F1, SKP2The seed protein
mainly involved in the protein degradation process is Ubigq@tinThese UbiquitirC
mediators are helpful in targeting variety of oncogenic E3 ligase tumor proteins for
degradation. Deregulation of E3 ligase is important in inducing an imbalance between the
oncogenic signal and the tumor suppressor pathway. It leads to cellular label changes, tumor
progression and metasis process in oral and other types of caficERf1 also plays a key

role in the obtained uakter protein oral cancer factors. The transcription factor elicited by
E2f1 plays a very important role in caneaffected cell cycle regulation and apoptosis
proces®. Skp2is a member protein of thelfox family of substrateecognition subunits of

the SCF ubiquitin-protein ligase complex. It plays an important role in ubiquitediated

degradation of several regulators wlammalian G1 progression, including the cyclin

21



251 dependent kinase inhibitp27. It is a dosadependent tumor suppressor prot&kp2 andp-

252 27 protein expression provides important information in oral cancer progression, including
253  dysplasia and OSCE

254  The gene ontology study of 15 oral cancer targets is performed by the BINGO tool. In the
255  PPIs networks, the oral cancer targets demonstrate a major contribution in the BP, CC, and
256 MF. The BP analysis of the oral cancemgts reveals that these proteins play a key role in
257 cell surface receptor linked signaling pathway, centrosome organization, regulation of
258 dephosphorylation among other things. TB8K3B, SMAD3, ILK and CTNNEie highly

259 involved in the cell surface receptor linked signaling pathway of oral cafieeroral cancer

260 targets’ MF analysis reveals that these oral cancer target proteins are involved in kinase
261  binding, promoter binding, DNA regulatory region bindiagd other processes. TGSK3B,

262 SMAD3, PDPK1, CTNNB&nd TP53 proteins are highly involved in the kinase binding of

263 the oral cancer biological functiohe cytosol, AxirAPC-betacateninGSK3B complex,

264  transcription factor complex, and others are all imed in the PPIs networks of oral cancer

265 targets, according with CC analysis. TBG8&K3B, LDHA, SMAD3, PKM, PIK3CA, PDPK1,

266 ILK, CTNNBland TP53proteins are highly involved in cytosol cellular component in oral

267 cancer.

268 5 Conclusion

269 Based on the systems biologpproach, target potential cancer proteins that are highly

270  responsible for the alteration of the oral cancer pathways were predicted. This analysis
271  derives 47 proteins that are common in head and neck cancer and oral cancer. The PPIs based
272 study predictsthat the potential 15 proteins which were highly involved in oral cancer

273  proteinprotein network constructionPredicted proteins in this analysis were finally

274  predicted on the basis of significance value 0.05. These final proteirGSiK& b |, PKM,
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Catenn-bl, Tp53, SMAB3, MYC,LDHA, HIF1-U, P-D, FAKT3, PIK3CA, ILK, UBC,
E2F1 and SKRwhich belongs td different protein clusters. These predicted proteins are
mainly affect the whole signalling process of the cancer cell so by affecting (activation or
inhibition) it is easy to analyse the whole cancer cell signalling mechanism. These signalling
system aalyses are helpful for the development of the new treatment strategy against the oral
cancer.
Based on network analysis and gene set enrichment analysis of 15 genes, it has been
concluded that these genes play an important role in oral cancer developheestreened
cancer targets all together may play important role for oral cancer biomarker development
and computeraided drug designing in future.
Highlights:
1 PPIs network is amntegrating topology based approamhCancer Systems Biology
for understanding of cancer process.
1 PPIs network is useful for understanding the early diagnosis and treatment of Oral
Cancer.
1 PPIs network describe the interaction pattern of protein which are helpful for
understanding cancetetabolic pathways.
1 PPIs network basempproaches would be able to solve the cell singling related

problems involved in oral cancer.
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403

Tables:

Tablei 1. Properties of oral cancer PPIs networks.

Clustering coefficient 0.061 Number of edges 1010
Connected components |1 Number of nodes 790
Networkdiameter 10 Network density 0.003
Network radius 5 Network heterogeneity | 3.384
Network centralisation 0.167 Shortest paths 623310(100%
Avg. Number of neighbour{ 2.557 Characteristic path length 4.084
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404 Table -2. The three significant clusters of oratancer PPIs network and their properties
Nodes 8
Edges 11
e T 8 = Node proteins GSK3B, PKM, LDHA,
I~ 7\ HIFLA, MYC, CTNNBL,
. TP53, SMAD3
|, /| LDHA
GSK3B // [
\ yau Seed node GSK3B
A .
pa|atr™ Seed Proteins GSK3B
Seed MCODE score| 1.33
PDPKL Nodes 4
kTS Edges 5
Node proteins PDPK1, AKT3, PIK3CA,
ILK
Seed node PDKP1
PIK3CA
\ Seed Proteins PDPK1
Seed MCODE score| 1.79
ILK
Nodes 3
UBC
Edges 3
E2F1
SKP2 Node proteins UBC, E2F1, SKP2
Seed node uUBC
Seed Proteins uUBC
Seed MCODE score| 0.48
405
406
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409

Table 3: Oral cancer genes involve in biological process

S. No GO Description P-value Genes

1 Cell surface receptor linked 0.030882 GSK3B, SMAD3,
signaling pathway ILK, CTNNB1
Centrosome organization 0.030864 CTNNB1
Regulation of dephosphorylation 0.030864 SMAD3
Positive regulation of protein 0.030864 GSK3B
complexassembly

5 Regulation of protein kinase B 0.030864 ILK
signaling cascade

6 Synaptic vesicle transport 0.030864 CTNNB1
Embryonic digit morphogenesis  0.030864 CTNNB1

8 Positive regulation of endothelial 0.030864 HIF1A
cell proliferation

9 Positive regulation of signaling 0.030016 ILK, CTNNB1
process

10 Regulation of catabolic process 0.030016 SMAD3, HIF1A
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411

412

Table 4: Oral cancer genes involve in molecular functional.

S. No. GO Description p-value Genes
1 Kinase binding 7.8284E07 GSK3B, SMADS3, PDPK1, CTNNB1,
TP53
Promoter binding 2.7055E06 SMAD3, MYC, CTNNB1, TP53
3 DNA regulatory region 3.1029E06 SMAD3, MYC, CTNNB1, TP53
binding
4 GO Description 3.5408E06 GSK3B, SMAD3, E2F1, CTNNB1,
HIF1A, TP53
5 Enzyme binding 0.000010607 GSK3B, SMAD3, PDPK1, CTNNB1,
HIF1A, TP53
6 Sequencespecific DNA 0.000010703 SMAD3, MYC, E2F1, CTNNB1,
binding HIF1A, TP53
Protein kinase binding 0.000015068 GSK3B, SMAD3, PDPK1, TP53
8 Phosphotransferase  0.000016234 GSK3B, PKM, PIK3CA, PDPK1,
activity, alcohol group AKT3, ILK
asacceptor
9 Kinase activity 0.00002621 GSK3B, PKM, PIK3CA, PDPK1,
AKT3, ILK
10 Transcription activator 0.000026833 SMAD3, MYC, E2F1, CTNNB1,

activity

TP53
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415

Table 5: Oral cancer genes involve in CellulaComponent.

S.NO. GO Description P-Value Genes
1 Cytosol 1.9217E07 GSK3B, LDHA, SMAD3, PKM,
PIK3CA, PDPK1, ILK, CTNNB1,
TP53
2 Axin-APC-betacatenin  3.0488E06 GSK3B, CTNNB1
GSK3B complex
3 Transcription factor 0.000019405 SMAD3, E2F1,CTNNB1, HIF1A
complex
4 Protein complex 0.000059852 GSK3B, SMAD3, PIK3CA, E2F1,
ILK, CTNNB1, SKP2, HIF1A, TP53
5 Nucleoplasm 0.000067641 SMAD3, MYC, E2F1, CTNNB1,
HIF1A, TP53
6 Nucleoplasm part 0.000088053 SMAD3, E2F1, CTNNB1, HIF1A,
TP53
Dendritic shaft 0.00010895 ILK, CTNNB1
8 Macromolecular comple; 0.00028788 GSK3B, SMADS3, PIK3CA, E2F1,
ILK, CTNNB1, SKP2, HIF1A, TP53
9 Nuclear lumen 0.00045816 SMAD3, MYC, E2F1, CTNNBI1,
HIF1A, TP53
10 Intracellular organelle  0.0015036 SMAD3, MYC, E2F1, CTNNBL1,

lumen

HIF1A, TP53
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Figures:

BioXpress

HNC

Figure 1: Venn-diagram of oral cancer genes
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Figure 2: PPIs network of oral cancer obtained from the Oral Cancer datasets.
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Figure 3. Degree Centrality Distribution curve of Oral Cancer PPIs Network.
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Figure 5:
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Biological process of oral cancer PPIs network obtained from BiNGO Plugin.
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Figure 6: Molecular function of oral cancer PPIs network obtained from BiINGO Plugin.
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Figure 7: Cellular component of oral cancer PPIs network obtained from BiINGO Plugin.
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