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ABSTRACT

Clearcell renal cell carcinoma(ccRCG}¥ one of the most common cancersworldwide. Despiteintense efforts to
elucidae its pathogenesisthe molecularmechanismsand geneticcharacteristicsof this cancerremain unknown.
In this study, three expressionprofile data sets(GSE5641, GSE6441and GSBE6270 were integrated to identify
candidategenesthat could elucidatefunctional pathwaysin ccRCCExpressiordata from 63 ccRC@umors and 54
normal sampleswere pooled and analyzed.The GSEprofiles shared 379 differentially expressedgenes(DEGs
including 249 upregulatedgenes,and 130 downregulatedgenes A protein-protein interaction network (PPl)was
constructed and analyzedusing STRINGnd Cytoscape Functionaland signalingpathways of the shared DEG
with significantp valueswere identified. KaplarrMeier plots of integrated expressionscoreswere usedto analyze
survival outcomes. Thesesuggestedthat FN1, ICAM1 CXCR4TYROBPEGK CAV1 CCNDland PECAM1/CD:
were independentprognosticfactorsin ccRC(Finally,to investigateearly eventsin renal cancer,we screenedfor
the hub genesCCNDJIand PECAM1/CD31n summary, integrated bioinformatics analysisidentified candidate
DEGsand pathwaysin ccRC@hat couldimprove our understandingof the causesand underlyingmolecularevents
of ccRCCThesecandidategenesand pathwayscould be therapeutictargetsfor ccRCC.

INTRODUCTION the World Health Organization, it is one of the most
deadly urinary tumors with an annual global mortality
Kidney cancer is one of the most common urinary rate of approximately 90,00[B]. Although extensive
tumors in the world, with an estimated 73,820 new cases research has beerorwucted on the mechanisms of
and 14,770 deaths in the United States in 4@19The carcinogenesisind progressionthe etiology ofccRCC
incidence and mortality of kidney cancer in China is also  still remainsunclear. The development and progression
increasing. In 2015, the estimated number of new cases of RCC isreportedy associated with a variety of factors,

was 66,800 and the number of deaths was 23200 including genetic aberrations and cellular or metabolic
Clear cell renal cell carcinoma (ccRCC) is the major factors[4]. Consideringhe high morbidity and mortality
subtype of kidney cancer andtie most common type of RCC, it is critical to reveal the causes and the

of renal cell carcinoma (RCC) in adults. According to  underlying molecular mechanismsnd to explore
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molecular biomarkers for early diagnosis, prevention
and personalized therapy

Clear cell renal cell carcinoma represents a
heterogeneous group of histologically similar neoplasms.
Its development and progression are multistep processes
characterized by aberrant genes, which subsequently
lead to phenotypic cellular transformation .[3RNA
sequencing (RNASeq) has been used to detect gerome
wide genetic changes [6]. Comprehensive and
systematic study of the interactions between
differentially expressed pathways and proiaing
genes can more accurately identify the biological
change that occur during the process 6ERCC
carcinogenesis. Therefore, using these bioinformatics
methods to analyze RNB8eq data can aid the
understanding of molecular pathogenesis and identify
relevant tumor biomarkersTo fully comprehend the
changes in gee expression that occur during ccRCC,
RNA-Seq has been used to identify many key genes
involved in disease progression. So far, the key drivers
of carcinogenesis are still unknown, limiting the
progress of ccRCC targeted therapy [7]. Therefore,
understanithg the pathogenesis of this disease remains a
major challenge and many key genes are yet to be
identified.

In this study, we first selected the gene sets 158E]
GSEL6441 and GSB6270from the Gene Expression
Omnibus (GEO). Second, we applied the Rkpge
d.IMMA 6 from the Bioconductoproject[8] and Venn
diagram software to obtain the differentially expressed
genes (DEGs) commonly found in the above three data
sets. Third, the Database for Annotation, Visualization
and Integrated Discovery (DAVID) wassed to analyze
these DEGs including molecular function (MF), cellular
components (CC), biological processes (BP), and Kyoto
Encyclopedia of Gene and Genome (KEGG) pathways.
Fourth, we established a protgirotein interaction (PPI)
network and then apghl Cytotype MCODE (Molecular
Complex Detection) for additional DEG analysis to
identify some significant module. Fifth, cytoHubba was
usedto screen 10 hub genes. In addition, these hub genes
were imported into the Kaplan Meier plotter online
database toldain important prognostic information (P <
0.05). Meanwhile, we further verified the expression of
hub DEGs between ccRCC tissues and normal kidney
tissues by gene expression profiling analysis (GEPIA
P<0.05). Finally, two DEGs (CCND1 and
PECAM1/CD31) wee generated. In summary, the aim
of this study was to improve the understanding of the
carcinogenesis of ccRCC by analyzing information
about the genetic changes that occur during disease
progression and by revealing the expression of
biomarkers that maye used for clinical diagnosis,
treatment, and disease progression monitoring.

RESULTS
Identification of DEGs inkidney cancer

There were 63 ccRCC tissues and 54 normal kidney
tissues in our present study. Via limma software
package, 2217, 3197 and 5343 DEGs from C&6#]
GSEL6441and GSIB6270were extracted respectively.
The differential expression of multiple genes from two
ses of sample data included in each of the three
microarrays is shown in Figure 1AC. Then, Venn
diagram software was used to identify the commonly
DEGs in the three datasets. Results showed that a total
of 379 commonly DEGs were detected, including 249
downregulated genes (logFC< 1) and 130regulated
genes (logFC> 1) in the ccRCC tissues (Figure 1D).

DEGs gene ontology and KEGG pathway analysis in
kidney cancers

To analyze the biological classification of DEGs,
functional and pathwayenrichment analyse were
performed using DAVID. GCanalysis results showed
that changes in BP of DEGs were significantly enriched
in angiogenesis extracellular matrix organization
response to hypoxiagxcretion and response to drug
(Table 1). Changes in CC were mainly iehed in
extracellular exosomelasma membranextracellular
space cell surface andintegral component of plasma
membrane(Table 1). Changes iMF of DEGs were
mainly enriched in transporter activity protein
homodimerization activity  receptor binding
extracellular matrix structural constitugandcysteine
type endopeptidase inhibitor activity involved in
apoptotic proces¢Table 1). KEGG pathway analysis
revealed that th®EGs were mainly enriched iniral
myocarditis Cell adhesion moleculesPhagpsome
Biosynthesis of antibioticsand PI3K-Akt signaling
pathway(Table 1).

The significant modular analyses through DEGs
proteini protein interaction network (PPI)

To identify the significant modular, tH&TRING online
database (available onlineattp://stringdb.org and
Cytoscape software were used to merge the 379 DEGs.
The PPI network of DEGs was constructed (Figure 1E)
and the most significant module was obtained using
Cytoscape (Figure 1Fyhefunctional analyses of genes
involved in this module were analyzed using DAVID.
GO analysis results showed that changes in BP of the
significant module genes were significantly enriched in
response to hypoxiaangiogenesispositive regulation

of peptidase activity, platelet degranulationand
mammary gland alveolus development (Table 2).
Changes in CC of the significant module genes were
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mainly enriched in platelet alpha granule lumen, binding (Table 2). KEGG pathway analysis revealed
extracellular spageextracellular region, cell surface, that the significant module genes were mainly
and cytoplasmiovesicle (Table 2). Changes MF of enriched m focal adhesion,ladder cancermpathways in
the significant module genes were mainly enriched in  cancer, proteoglycans in cancer and viral myocarditis
peptidase activator activity, integrin binding and protein  (Table 3).
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Figure 1 Differential expression of data between two sets of samples, Venn diagram, PPl network and the modficaghi

module of DEGYA) GSE15641 dataB)(GSE16441 data, and (GSE66270 data. The red points represent upregulated genes screened on

the basis of fold change > 1.0 and a correctedalee of < 0.05. The blue points represent downregulation of theesgion of genes
screened on the basis of fold change < 1.0 and a correctedue of < 0.05. The black points represent genes with no significant difference.

(D) DEGs were selected with a [fold change| >1 andaRie <0.05 among the mMRNA expression fingfisets GSE15641, GSE16441 and
GSE66270. The 3 datasets showed an overlap of 379 g&hd$hg PPl network of DEGs was constructed using Cytoséxdéne( most
significant module was obtained from PPI network with 12 nodes and 58 edges. Upregulagsdagemmarked in light red; downregulated

genes are marked in light bluébbreviations: FC: fold change; GEO: Gene Expression Omnibus; DEGs: differentially expressed genes; PPI:
proteingprotein interaction.
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Table 1. GO and KEGG pathway enrichment analySIBEGs in ccRCC samples.

Term Description Count in gene set P-value
Gene Ontology

G0:0001525 Angiogenesis 24 4.59E10
G0:0030198 Extracellular matrix organization 22 1.33E09
G0:0001666 Response to hypoxia 20 4.94E09
G0:0007588 Excretion 10 6.05E08
G0:0042493 Response to drug 24 1.63E07
GO0:0070062 Extracellular exosome 128 2.66E20
G0:0005886 Plasma membrane 142 4.29E12
G0:0005615 Extracellular space 67 1.11E11
G0:0009986 Cell surface 36 1.37E09
G0:0005887 Integral component of plasma membrane 62 1.12E08
G0:0005215 Transporter activity 19 2.19E07
G0:0042803 Protein homodimerization activity 36 3.44E06
G0:0005102 Receptor binding 21 4.90E05
G0:0005201 Extracellular matrix structuradonstituent 9 6.94E05
G0:0043027 Cysteinetype endogsgg?oatfce;?:ézggr activity involved in 6 9.09E05
Biological pathway

hsa05416 Viral myocarditis 12 6.03E07
hsa04514 Cell adhesion molecules (CAMSs) 17 3.51E06
hsa04145 Phagosome 17 7.21E06
hsa01130 Biosynthesis of antibiotics 20 1.29E05
hsa04151 PI3K-Akt signaling pathway 26 2.30E05
hsa04510 Focal adhesion 19 3.10E05
hsa04066 HIF-1 signaling pathway 12 1.06E04
hsa00010 Glycolysis /Gluconeogenesis 10 1.33E04
hsa04512 ECM-receptor interaction 11 2.13E04
hsa03320 PPAR signaling pathway 9 7.09E04

Table 2. GO and KEGG pathway enrichment analysis of the significant module in ccRCC samples.

Term Description Count in gene set P-value
Gene Ontology

G0:0001666 Response to hypoxia 5 3.32E06
G0:0001525 Angiogenesis 5 9.29E06
G0:0010952 Positive regulation of peptidase activity 3 3.03E05
GO0:0002576 Platelet degranulation 4 3.57E05
G0:0060749 Mammary glandalveolus development 3 5.28E05
G0:0031093 Platelet alpha granule lumen 4 4.22E06
GO0:0005615 Extracellular space 7 5.39E05
GO0:0005576 Extracellular region 6 0.00157
G0:0009986 Cell surface 4 0.00361
G0:0031410 Cytoplasmic vesicle 3 0.00844
G0:0016504 Peptidase activator activity 3 1.73E05
G0:0005178 Integrin binding 3 0.00203
G0:0005515 Protein binding 11 0.00843
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G0:0001618 Virus receptor activity 2 0.04469
Biological pathway

hsa04510 Focal adhesion 5 1.42E04
hsa05219 Bladder cancer 3 0.00151
hsa05200 Pathways in cancer 5 0.00167
hsa05205 Proteoglycans in cancer 4 0.0025
hsa05416 Viral myocarditis 3 0.00291
hsa05212 Pancreatic cancer 3 0.00377
hsa04066 HIF-1 signaling pathway 3 0.00806
hsa04668 TNF signaling pathway 3 0.00994

Table3. Functional roles ofLlO hub genes.

No. Gene Full name Function
symbol
Vascular Endothelial Growth  Pathways: VEGF Signaling Pathway and Bladder cancer; GO: prof
1 VEGFA ST L . R .
Factor A homodimerization activity androtein heterodimerization activity.
5 EN1 Fibronectin 1 PathwaysRET 5|gr.1allng gnd _CeI_I surface |nteract|o_ns fat the vascul
wall; GO: heparin binding and protease binding.
3 ITGB1 Integrin Subunit Beta 2 Pathways: Activated TLR4 §|gnglllng aﬁdc_al' Adhesion; GO: protein
heterodimerization activity.
Intercellular Adhesion Pathwaysinterferon gamma signaling and Glucocorticoid receptol
4 ICAM1
Molecule 1 regulatory network.
PathwaysHumancytomegalovirus infection and Blodgrain Barrier
C-X-C Motif Chemokine  and Immune Cell Transmigration: VCAWCD106 Signaling Pathways
5 CXCR4 ) . - S -
Receptor 4 GO: G proteircoupled receptor activity and ubiquitin protein ligase
binding.
6 PECAM1 Platelet And Endothelial Cell Pahways:Blood-Brain Barrier and Immune Cell Transmigration:
Adhesion Molecule 1 VCAM-1/CD106 Signaling Pathways and Innate Immune Systen
7 CCND1 Cyclin D1 PathwaysGastric canceand Bladder cancer; GO: protein kinase acti\
and enzyme binding.
. . PathwaysRET signaling and Innate Immune System; GO: identice
8 TYROBP TYRO Prqtel_n Tyrosm_e protein binding and obsolete signal transducer activity, downstrean
Kinase Binding Protein
receptor.
9 EGE Epidermal Growth Factor Pathvx{aysQas_trlc cancer_an\z(esmlemedlated transport; G_O:.calcmrr
ion binding and epidermal growth factor receptor binding.
10 CAV1 Caveolin 1 Pathv_vaysl_:ocal Adhe5|_0n _and TNF_S|gn§1I|ng (REACTQME); GO:
identical protein binding and signaling receptor binding.
Hub gene selection and survival outcomes of the using cBioPortal online platform (Figure 2B). The
cohorts biological process and KEGG enrichment analysis of

the hub genes is shown in Figurei2D. Hierarchical
We filtered 30 hub genes that were identified by clustering shows that the hub gene can basically

filtering according tothe criterion of degrees >10 distinguish between kidney carcsamples and nen
criteria (each node had mottean 10 interactions), and cancer samples (Figure 2E).

the 10 most signficant genes according to node degree

were VEGFA, FN1 ITGB2 ICAM1, CXCR4 To determine whether the hub genes in ccRCC have
PECAM1/CD31 TYROBR CCND1, EGF, CAVl1. clinical relevance, we performed correlation analysis
(Figure 2A)The names, abbreviatioasd functions for with the clinical correlative of kidney cancer outcomes
these hub genes are shown in T&blé network of the in TCGA kidney cancer data sets. Using tluata
hub genes and their @xpresn genesvas analyzed from gene expression profiling interactive analysis
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Figure 2 Interaction network and analysis of the hub gene®) Screen out the 10 most important hub genes using the cytoscape
software plugin cytoHubbaBJ Hub gees and their cexpression genes were analyzed using cBioPortal. Nodes with bold black outline
represent hub genes. Nodes with thin black outline represent thexgession genesC( The biologic process functional annotation analysis

of hub genes waseasformed by ClueGO and CluePedia. Different colors of nodes refer to the functional annotation of ontologies. Corrected P
value <.01 was considered statistically significab}.The KEGG functional annotation analysis of hub genes was performed by @h#GO
CluePedia. Different colors of nodes refer to the functional annotation of ontologies. Corrected P value <.01 was costsitiieally
significant. E) Hierarchical clustering heatmap of 10 most important hub genes was constructed depend on hie&ARed indicates that

the expression of genes is relatively upregulated, green indicates that the expression of genes is relatively downregdlatadk indicates

no significant changes in gene expression; gray indicates that the signal streiggtiiesfwas not high enough to be detected. Abbreviation:
TCGAthe cancer genome atlas progratkEGG: Kyoto Encyclopedia of GenesGambmes
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(GEPIA), we noted that ccRCC patients who had

an association of genomic alterations ®CND1
showedreductions in overall and diseasee survival
(P=2.5E05 for overall survival and P=6.785 for
diseasdree survival) (Figure 3Ai3B). In addition,
the PECAMI1/CD31 alteration was significantly
associatedvith worse overall survival (P=3.385 for
overall survival) while diseaseee survival was not
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statistically significant (P=0.2fbr diseasdree survival)
(Figure3Ci 3D).

Additionally, when have optimized cuiff for hub gene
analysis, we found that high expressiorFdfl, ICAM1,
CXCR4 TYROBPR EGF, andCAV1are associated with
poor prognosis (Figurd) and suggested that thesexge
can also be used as indicators to monitor prognosis.
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Figure 3 Univariate survival analysis of the hub genes was performed using the Kaplarer curve.(A¢B) The gene of CCND1
expression showed obviously significant betl2FS and OS in ccRCC samples (Logrank P €&Db)t{e expression of theECAM1/CD31
gene showed a significantly better OS in the ccRCC sample, whereas there was no statistical difference in DFS. Ablifévidiseaskeee

survival; OSoverall survival; ccRCC: clear cell renal cell carcinoma.
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Differential expression of CCND1 and adjacent normal tissues respectively based on RNA

PECAM1/CD31 sequence data from TCGA databa3eanscriptional
level of CCND1 expressions were found highly

The mRNA expression dECND1and PECAM1/CD31 expressed in533 ccRCC tissues compared witfr2

were compared betweekidney tumor samples and normal tissues (FigurgA). As was shown ifrigure5B,

Figure 4. Univariate survival analysis of the hub genes was performed using the Kafd#er curve.The 8 genes of 10 hub
genes showed significant difference in OS. Each elevated expression in the 5 significant hub genes showed gifizasiyvgorse OS in
ccRCC samples, whereas elevation of the remaining 3 hub genes showed better OS (Logrank P < .05). Abbreviation: GSivalerall s

ccRCC: Clear cell renal cell carcinoma.
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