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ABSTRACT
Clear cell  renal carcinoma (CCRC) is the most common type of renal carcinoma. We hope to find out the potential key genes
playing important  roles  in  CCRC genesis  and progression by analysing the recent  expression profiling by array  from 2014 to
2016. In order to find out the differentially expressed genes (DEGs) between CCRC and normal renal tissue. Gene Ontology (GO)
and Kyoto Encyclopedia of Genes, and Genomes (KEGG) pathway enrichment were carried out by the Database for Annotation,
Visualization and Integrated Discovery (DAVID) v6.8. Protein-Protein Interaction (PPI) Networks Functional Enrichment Analysis
of these DEGs was analyzed using the Search Tool for Recurring Instances of Neighbouring Genes (STRING). The results were
then visualized by the software Cytoscape. The authors also used the online tool of Kaplan–Meier plotter survival analysis to
assess the significance of the top ten genes in the prognosis of CCRC. A total of 192 DEGs were identified and the top ten key
genes were picked out by the software Cytoscape. FN1, CXCR4, LOX, and PLG were then further screened out based on the
overall  survival  analysis;  SLC12A1  and  LOX  were  screened  out  after  the  recurrence-free  survival  analysis.  LOX  was  finally
believed to be the most reliable prognostic factor since it has prognostic value for both overall survival and recurrence-free
survival analysis. Our analysis suggests that LOX is the most reliable prognostic factor for CCRC patients.
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INTRODUCTION
Clear cell renal carcinoma (CCRC) is the most common subtype of
renal  carcinoma  and  accounts  for  about  75%  of  renal
carcinoma.1 About 210,000 new cases occur globally each year.2

Although breakthroughs have been made in various aspects of
CCRC in recent years, the early screening and late prognosis of
CCRC patients is still poor.3 From a global perspective, the inci-
dence of RCC varied geographically with the highest incidence in
developed countries and significantly growing incidence in devel-
oping countries year by year.4-6 Although the detection rate of
early CCRC has increased significantly with the development of
imaging technology, there are still 30% of patients with CCRC who
have entered the advanced stage when they are diagnosed.7
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In this study, the authors tried to seek novel CCRC potential key
genes in CCRC patients. In order to find out the differentially
expressed  genes  (DEGs)  between  CCRC and  normal  kidney
tissues,  bioinformatics  technology  GEO2R  (http://www.
ncbi.nlm.nih. gov/geo/geo2r) was applied to analyze the gene
expression profiling by microarray downloaded from the Gene
Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.-
gov/geo/).  The intersection part of  the five gene expression
profiles was identified by the Venn diagram online tool (http://
bioinformatics.psb.ugent.be/webtools/Venn/). Gene Ontology
(GO) functional annotation analysis and Kyoto Encyclopedia of
Genes  and  Genomes  (KEGG)  pathway  enrichment  analysis
were carried out for the screened DEGs by the Database for
Annotation,  Visualization  and  Integrated  Discovery  (DAVID)
tools (http://david.ncifcrf.gov/). Then, a protein–protein inter-
action (PPI) network was created on The Search Tool for the
Retrieval of Interacting Networks Genes (STRING) database
(http://string-db.org/) and key genes related to CCRCs were
identified by Cytoscape software (http://www.cytoscape.org/).
The overall survival and recurrence-free survival analysis of
these key genes were further screened out using the online
Kaplan–Meier plotter tool (http://kmplot.com/analysis/).
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METHODOLOGY

The analysed gene expression datasets in this research were
from the GEO database. The authors found totally 249 series
about human CCRC from this database. After repeated delibera-
tion,  5  gene  expression  profiles  (GSE53757,  GSE46699,
GSE66272, GSE68417 and GSE65194) were picked out whose
basic information is shown in Figure 1. Among them, GSE53757,
GSE46699, and GSE66272 were from the GPL570 ([HG-U133_-
Plus_2]  Affymetrix  Human  Genome  U133  Plus  2.0  Array);
GSE68417  was  from  GPL6244  ([HuGene-1_0-st]  Affymetrix
Human Gene 1.0 ST Array); and GSE71963 was from GPL6480
(Agilent-014850  Whole  Human  Genome  Microarray  4x44K
G4112F). All these data can be freely downloaded online.

Figure 1: This picture shows the basic information about 5 gene expres-
sion profiles selected from the GEO datasets profiles. All are freely down-
loaded online. (A) Volcano plots show statistical significance versus a
range of change. Blue dots mean downregulated genes and red dots
imply upregulated genes. (B) Mean difference plots display log2 fold alter-
ation versus mean log2 values of expression. Blue dots mean downregu-
lated genes and red dots imply upregulated genes. (C) Uniform manifold
approximation and projection (UMAP) is a dimensionality reduction tech-
nique for visualising the relationship between samples. The figure shows
the number of nearest neighbors used in the calculation.

The online GEO2R analysis tool was used to screen the DEGs
between CCRCs and normal tissues. GEO2R is a shared online
tool permitting researchers to identify DEGs by comparing two
or more series of specimens in the GEO series.GEO2R uses the

GEO query and Limmar packages of the Bioconductor project to
compare the data provided by the original committer. During
this process of the analysis, the p-value and |logFC| were used
to  screen  the  DEGs.  Genes  that  met  both  p  <0.05  and
|logFC| ≥2.0 were considered as DEGs. DEGs occur simultane-
ously in the five selected gene profiles were identified using the
Venn diagram website.

GO analysis is mostly used in large-scale functional enrichment
research; Functions of all genes are classified into biological
process (BP), cellular component (CC), and molecular function
(MF) by this method. KEGG is a widely used database resource
to  understand  high-level  functions  and  utilities  of  cells,
organisms and the ecosystem etc. from molecular-level, espe-
cially large-scale molecular datasets. The Database for Annota-
tion, Visualisation and Integrated Discovery (DAVID) tools was
used  to  perform GO and  KEGG analysis.  Here  in  our  study
p <0.05 and fold enrichment≥40 were considered statistically
significant.

The Search Tool for the Retrieval of Interacting Networks Gene
(STRING) database is a functional protein association network
to analyse the protein-protein interactions (PPI). To seek the
potential  PPI,  the newest  STRING version 11.0 was used to
analyse the DEGs identified previously. The minimum required
interaction score was set at 0.4 and the disconnected or fewer
connected elements were excluded. Afterward, Cytoscape soft-
ware was used to optimize the PPI network Cytoscape. Nodes
with a higher level of connectivity are more important in the
whole network. Cytoscape CytoHubba in Cytoscape was used
to analyse the connectivity level of each protein node. The top
10 genes were selected as key genes in this study.

The Kaplan–Meier plotter is an online tool to assess the effect of
various genes on patients’ survivals based on large quantities
of cancer cases. We use the mRNA pancancer database in the
Kaplan–Meier plotter to assess the prognostic significance of
key  genes  in  CCCCRC patients.  In  the  current  study,  CCRC
patients  were  divided  into  low  expression  groups  and  high
expression groups based on the best cutoff values of mRNA
expression provided by the website. p<0.01 and p<0.05 were
considered  to  be  statistically  significant  for  overall  survival
analysis and recurrence-free survival analysis, respectively.

RESULTS

Five gene expression profiles (GSE53757, GSE46699, GSE66272,
GSE68417, and GSE71963) were selected in this study. Among
them, the numbers of CCRC samples and normal samples are
listed in Table I.

Table  I:  Essential  information  of  the  5  datasets  from the  GEO
database.

Datasets CCRC number Con number Total number
GSE53757 72 72 144
GSE46699 67 63 130
GSE66272 26 27 53
GSE71963 32 16 48
GSE68417 29 14 43
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Table II: Results of Enriched GO and KEGG analysis.

Category Serial number Explanation p value Fold enriched
BP term GO:0002576 Platelet degranulation 9.73E-10 97.81747573
BP term GO:0001525 Angiogenesis 0.00594392 22.59013453
BP term GO:0060749 Mammary gland alveolus development 0.009076825 197.5529412
BP term GO:0048754 Branching morphogenesis of an epithelial tube 0.012262881 146.0173913
BP term GO:0008284 Positive regulation of cell proliferation 0.024312383 10.81030043
BP term GO:0043406 Positive regulation of MAP kinase activity 0.031188723 56.9220339
BP term GO:0030324 Lung development 0.040013341 44.18947368
BP term GO:0022617 Extracellular matrix disassembly 0.040013341 44.18947368
BP term GO:0042060 Wound healing 0.042079309 41.98
CC term GO:0031093 Platelet alpha granule lumen 2.59E-11 198.8072727
CC term GO:0072562 Blood microparticle 4.61E-05 47.95789474
CC term GO:0005578 Proteinaceous extracellular matrix 0.007245386 20.4
CC term GO:0016324 Apical plasma membrane 0.008494581 18.78762887
CC term GO:0009986 Cell surface 0.027671485 10.08708487
MF term GO:0008201 Heparin binding 0.003076526 31.651875
MF term GO:0005507 Copper ion binding 0.029469823 60.28928571
KEGG hsa05200 Pathways in cancer 0.003251076 10.00218103
KEGG hsa04510 Focal adhesion 0.01236384 14.31137309
KEGG hsa05219 Bladder cancer 0.035244994 47.93728223

Figure 2: Venn results of shared DEGs in the 5 selected datasets.
A showed all shared DEGs. B showed the upregulated DEGs. C
showed the downregulated DEGs.

Figure 3: PPI network created with the DEGs. A: The peripheral red and
central green represent upregulated and downregulated genes, respec-
tively; B: The peripheral orange-red nodes indicate the top 10 genes in
the PPI network; C: Only the top 10 genes screened out were displayed.

Based on our criteria of DEGs selection, we got 1287 DEGs from
GSE5377, 528 were upregulated and 759 were downregulated;
for GSE46699,  we obtained 343 DEGs, 135 were upregulated,
208 were downregulated; For GSE66272, 1536 DEGs with 656
upregulated  and  880  downregulated  were  found;  From
GSE68417, 437 DEGs of 79 up regulation and 358 down regula-
tion were screened out; from GSE71963, 1143 DEGs with 341 up
regulation  and  802  down  regulation  were  filtered  out.  All  DEGs
were obtained through comparison with CCRC and normal kidney
tissues.  Afterward,  we  get  the  shared  DEGs  in  5  datasets
selected by Venn analysis (Figure 2).

In the end, we got 192 shared DEGs from all the 5 datasets,
among which 48 were upregulated, 144 were downregulated.

The results  of  our  GO analysis  showed that  the DEGs were
primarily included in BPs (9), secondly CC (5), and thirdly MF (2)
(Table II). Our KEGG results showed that DEGs were primarily
included in 3 pathways as shown in Table II.

PPI of the DEGs was analysed using the STRING website, then
imported into Cytoscape software to be optimised and visu-
alised as presented in Figure 3. The top ten genes in the PPI
network  were  also  screened  out  according  to  connectivity
degrees by Cytohubba in Cytoscape, and optimised and visu-
alised by Cytoscape software (Figure 3).

The symbol, description, connectivity degree, and type of the
selected leading 10 key genes are shown in Table III.

Table III:  The leading 10 key genes with the highest connectivity
degree.

Symbol Description Connectivity
degree Gene type

ALB Albumin 53 Downregulated
VEGFA Vascular endothelial

growth factor A 33 Upregulated

EGF Epidermal growth
factor 32 Downregulated

FN1 Fibronectin 1 28 Upregulated
KNG1 Kininogen 1 19 Downregulated
AQP2 Aquaporin 2 18 Downregulated
CXCR4 C-X-C motif

chemokine receptor 4 18 Upregulated

SLC12A1 Solute carrier family
12, member 1 18 Downregulated

LOX Lysyl oxidase 18 upregulated
PLG Plasminogen 17 Downregulated

The Kaplan–Meier plotter was used to determine whether the
ten potential key genes have prognostic values. Totally 530
CCRC patients were available to analyse the overall survival,
and 117 CCRC patients can be used to analyse the recur-
rence-free  survival.  The  best  cutoff  value  was  selected.  If
p <0.05 is considered to have statistical significance, 5 of the
ten key genes are prognostic markers for the overall survival
analysis in CCRC, but the results of KNG1 is contradictory to
our  previous  analysis,  that  is  the  DEGs  analysis  results
showed that KNG1 is downregulated in CCRC compared with
that  in  normal  kidney  tissue,  while  the  survival  analysis
showed it is favorable for the CCRCs when downregulated in
CCRCs (Figure 4).
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Figure 4: Results of Kaplan–Meier overall survival analysis of the ten key gene expressions in CCRC patients, p <0.05.

Figure 5: Results of Kaplan–Meier overall survival analysis of the four
key gene expression in CCRC patients, p <0.01.

When p <0.01 is considered statistically significant, the results
showed that four of the ten key genes have prognostic value for
the overall survival analysis of CCRC and this is also consistent
with our previous DEGs analysis (Figure 5). Of these four genes,
FN1, CXCR4, and LOX are up-regulated and PLG are down-regu-
lated in CCRC compared with that in normal kidney tissue.

From our results, overexpression of FN1, CXCR4, and LOX are
unfavorable prognostic markers and upregulation of PLG is a
favorable prognostic marker for CCRC. Then we believe that
these four genes have good prognostic value for the overall
survival of CCRC patients.

When analysing the recurrence-free survival of the top ten
genes, we found that if p <0.01 is considered to have statis-

tical significance, none of the ten genes has the prognostic
value (Figure 6).

When  p  <.05  is  considered  to  have  statistical  significance,
there are three genes ALB, SLC12A1, and LOX are prog-
nostic  factors  for  recurrence-free  survival  in  CCRC.
Compared with our previous DEGs analysis, both SLC12A1
and  LOX have  prognostic  values  for  the  recurrence-free
survival of CCRC (Figure 7).

Combined  with  the  above  overall  survival  analysis,  we
believe that LOX is the most reliable prognostic factor and
high expression of LOX is an unfavorable marker for CCRC
patients because it has the prognostic value for both overall
and recurrence-free survival analysis in CCRC.

DISCUSSION

CCRC accounts for nearly 80% of CCRC cases.8 A literature
reported that the global morbidity of CCRC occupied 2.2%
of the new cancer cases, and the mortality of CCRC made
up 1.8% of all dead cancer patients.9 From a global perspec-
tive, the morbidity of CCRC varied geographically with the
highest morbidity in developed countries.4-6

Both kidneys are located deep in the retroperitoneal space,
making that CCRC is difficult to detect early, which in turn
leads to distant metastasis of CCRC at the time of diag-
nosis.10,11 Surgical resection and radiotherapy are common
treatment methods for CCRC, but the results are not satis-
factory.12-15 In addition, there is some other literature that
reported that CCRC is  not sensitive to chemotherapy or
radiotherapy.16,17  Hence,  the  identification  of  potential  key
genes for CCRC can provide new targets for clinical specific
targeted therapies of CCRC.
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Figure 6: Results of recurrence-free survival analysis of the top ten key genes.

Figure 7: The results of recurrence-free survival analysis of SLC12A1
and LOX with p value <0.05.

Figure 8: The results of survival analysis of LOXL2. Left: Result of
overall survival analysis of LOXL2, p <0.01 Right: Results of recur-
rence-free survival analysis of LOXL2, p <0.01.

In  the  current  study,  the  authors  screened  out  DEGs
between the CCRC and the normal human kidney tissues
from 5 GEO datasets. When selecting gene expression files,
the  authors  tried  to  select  the  latest  gene  expression
profiles with the largest number of patient cases to ensure
the  reliability  of  the  results.  Totally,  192 DEGs with  48
upregulated and 144 downregulated were identified.

The authors found the main GO BP, CC, and MF terms and
major KEGG pathways the DEGs were involved by DAVID
Bioinformatics  Resources  6.8.  A  PPI  network  was  then
created to detect the interaction of the DEGs, and ten key

genes were screened out. Finally, the Kaplan–Meier plotter
website was used to evaluate the prognostic significance of
the key genes in CCRC patients. After the overall and recur-
rence-free survival analysis, we found that there are four key
genes  that  may  have  prognostic  value  for  the  overall
survival of CCRC patients but the authors believe that LOX
was the most reliable because it has prognostic value for
both overall survival and recurrence-free survival analysis.
Overexpression of LOX is unfavorable for CCRC patients.

LOX  is  abbreviated  from  lysyl  oxidase  (LOX).  From  our
previous GO enrichment analysis, the authors knew that LOX
is the main participants in the oxidation-reduction process.
The LOX  family features in sustaining the structural  inte-
grality and tensional force of connective tissue.18-20 In addi-
tion LOX family genes also include LOXL1, LOXL2, LOXL3 and
LOXL4 (Lysyl Oxidase Like 1, 2, 3, and 4).21-25 Researchers
have found that some LOX family genes are involved in the
genesis and progression of some malignancies. Cao et al.
demonstrated that LOXL2 overexpression is an unfavorable
survival prognostic factor in cervical cancer.26 The PPI anal-
ysis showed that both LOX and LOXL2 from the LOX family
were upregulated in CCRC patients (Figure 3) and the Kaplan
Meier survival analysis also showed that overexpression of
both LOX and LOXL2 (Figures 5, 7, 8) are unfavorable for
CCRC patients. Lin and Zhang also demonstrated that LOX
was significantly upregulated and predicted poor survival in
CCRC with the various analysing method, which is consistent
with the results of this study.27,28 Meanwhile, some experi-
mental results are consistent with our analysis results, which
further proves the feasibility of this bioinformatics analysis
method.29,30

Except for LOX, the authors also found that the other 9 key
genes in CCRC, which include ALB, VEGFA, EGF, FN1, KNG1,
AQP2, CXCR4, SLC12A1, and PLG. From the GO and KEGG
pathway enrichment analysis, most of them participate in
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the  proteinaceous  extracellular  matrix  or  extracellular
matrix  disassembly,  angiogenesis,  cell  proliferation,  and
pathways in cancer etc. which implied their possible roles in
the tumorigenesis. From the survival analysis, the authors
found that CXCR4 and FN1 were upregulated in CCRC tissue
compared to normal kidney tissue and their overexpression
predict poor overall survival in CCRC patients. In contrast,
PLG  and  SLC12A1  were  downregulated  in  CCRC  tissue
compared with normal kidney tissue and their overexpres-
sion heralds a good clinical outcome for overall survival of
CCRC patients; LOX  has prognostic value for both overall
and recurrence-free survival; the survival analysis results of
other five genes showed no statistical significance for CCRC
patients.  However,  to  confirm  these  results,  further  larger
data analysis or experimental studies are needed.

CONCLUSION

Our meta-analysis recognised 192 DEGs between CCRC and
normal kidney tissues from GEO datasets. Among them, 5
key genes might function as key genes of CCRC, including
LOX, CXCR4, FN1, PLG, and SLC12A1. Some of them were
upregulated in CCRC, and their overexpression was related
with the unfavorable clinical outcomes; others were downreg-
ulated in CCRC and their overexpression was favorable for
the CCRC patients. Among them, LOX was believed to have
most reliable prognostic value for CCRC patients and overex-
pression  of  LOX  was  unfavorable  for  CCRC  patients.
Although  the  further  experimental  study  is  needed,  the
authors believe LOX can serve as a potential prognostic and
therapeutic  target  for  the  clinical  application  of  CCRC
therapy.
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