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Abstract. Clear cell renal cell carcinoma (ccRCC) is the most 
common and lethal renal malignant tumor in adults. The aim 
of the present study was to identify the key genes involved 
in ccRCC metastasis. Expression profiling data for ccRCC 
patients with metastasis and without metastasis were obtained 
from The Cancer Genome Atlas database. The datasets 
were used to identify differentially expressed genes (DEGs) 
between the metastasis group and the non-metastasis group 
using the DESeq2 package. Function enrichment analyses of 
DEGs were performed. The protein-protein interaction (PPI) 
network was constructed and analyzed using the Search Tool 
for the Retrieval of Interacting Genes and Cytoscape for 
further analysis of the identified hub genes. A total of 472 
DEGs were identified, including 247 that were upregulated 
and 225 that were downregulated in the metastasis group. 
Gene Ontology enrichment analysis revealed that DEGs 
were mainly enriched in cell transmembrane movement and 
mitotic cell cycle process. Kyoto Encyclopedia of Genes 
Genomes pathway analysis revealed that the DEGs were 
mainly involved in the ‘cell cycle’ (hsa04110), ‘collecting 
duct acid secretion’ (hsa04966), ‘complement and coagula-
tion cascades’ (hsa04610) and ‘aldosterone-regulated sodium 
reabsorption’ (hsa04960) pathways. Using the PPI network, 
35 hub genes were identified, and the majority of them were 

upregulated in ccRCC tissue compared with normal kidney 
tissue. The expression levels of certain hub genes (CDKN3, 
TPX2, BUB1B, CDCA8, UBE2C, NDC80, RRM2, NCAPG, 
NCAPH, PTTG1, FAM64A, ANLN, KIF4A, CEP55, CENPF, 
KIF20A, ASPM and HJURP) were significantly associated 
with overall survival and recurrence-free survival in ccRCC. 
The present study has identified key genes associated with the 
metastasis of ccRCC.

Introduction

Renal cell carcinoma (RCC) is the most common and lethal 
renal malignant tumor in adults, and in contrast with stable 
or declining trends for the majority of malignant tumors, 
including lung cancer, prostate cancer, colorectal cancer and 
breast cancer, incidence rates of RCC have been indicated to 
be increased in both men and women (1,2). Clear cell RCC 
(ccRCC) accounts for >85% of RCC cases (1,2). Surgical exci-
sion is the standard treatment for localized ccRCC; however, 
30% of ccRCC patients have metastatic disease at the time 
of diagnosis (3) and 30% of patients with localized disease 
eventually develop metastases (4,5). The number of available 
treatment for metastatic ccRCC has increased over the past 
decade, particularly, immunotherapy and targeted therapy 
have improved the outlook for metastatic ccRCC. However the 
5-year survival and mortality rates remain poor (6,7).

The reduced treatment efficacy of metastatic ccRCC 
is largely attributed to an incomplete understanding of the 
molecular mechanisms that lead to ccRCC metastasis (8), 
therefore, it is crucial to discover novel therapeutic targets 
for metastasic ccRCC. High-throughput technology and 
bioinformatics methods have been widely used to analyze the 
gene expression data of various cancers, including hepatocel-
lular carcinoma (9), lung cancer (10) and ccRCC (11). It has 
been reported as a promising method to identify potential 
biomarkers in tumor diagnosis and therapeutic targets (12,13). 
To the best of our knowledge, there is a limited number of 
studies that have used TCGA data regarding ccRCC to investi-
gate the molecular mechanisms that lead to ccRCC metastasis. 
In the present study, bioinformatics methods were used to 
analyze ccRCC mRNA expression data obtained from The 
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Cancer Genome Atlas (TCGA) database for ccRCC patients 
with metastasis and without metastasis to identify key genes 
of ccRCC metastasis and to further explore the molecular 
mechanisms of ccRCC metastasis.

Materials and methods

Data collection. Expression profiling and clinical records 
of patients with ccRCC in TCGA (https://cancergenome.
nih.gov/) were obtained from UCSC Xena (http://xena.ucsc.
edu/) (14). The gene expression profiles (dataset ID:TCGA-
KIRC/Xena_Matrices/TCGA-KIRC.htseq_counts.tsv) were 
displayed as read counts based on the IlluminaHiSeq platform 
(Illumina Inc., San Diego, CA, USA), including 534 ccRCC 
and 72 healthy kidney tissues samples. Subsequent to removing 
healthy kidney tissue samples, the samples of ccRCC were 
included in the present study if the following criteria were met: 
i) Expression profile and clinical records were available; ii) the 
mRNAs with low abundances (i.e., all mRNAs with <50 read 
counts across all samples) were removed; iii) the patients could 
be classified in to metastasis and non‑metastasis groups at the 
time of diagnosis according to the American Joint Committee 
on Cancer Tumor-Node-Metastasis system (https://cancer-
staging.org/). A total of 416 ccRCCs met the criteria for the 
the metastasis group and 78 for the non-metastasis group. 
Approval by a local ethics committee was not required as the 
study adhered to TCGA publication guidelines and data access 
policies.

Analysis of differentially expressed genes (DEGs) for 
ccRCC with and without metastases. Expression levels of 
genes were compared between the metastasis group and the 
non-metastasis group to identify differentially expressed 
genes (DEGs) using the unpaired Student's t-test, within the 
DESeq2 3.8 software using R (15). |log2FoldChange|>0.585 
and adjusted P‑value <0.0001 were considered as threshold 
values for the DEGs.

Kyoto Encyclopedia of Genes and Genomes (KEGG) and 
Gene Ontology (GO) enrichment analyses of DEGs. The 
R package within the 3.8 clusterProfiler software (16) was 
used to analyze and visualize functional profiles of gene and 
gene clusters from GO (17) and KEGG (18). GO and KEGG 
pathway enrichment analysis for DEGs was also performed 
using clusterProfiler package. A false discovery rate (FDR) 
of <0.05 was considered for a significant GO function and 
KEGG pathway.

Protein‑protein interaction (PPI). To obtain insights into the 
interactions among DEGs associated with ccRCC metastasis, 
a PPI network was constructed using the Search Tool for the 
Retrieval of Interacting Genes (STRING) (19), a database of 
known and predicted protein interactions. An interaction with 
a threshold combined score ≥0.4 was considered statistically 
significant. The PPI network was visualized by Cytoscape 3.6.1 
software (http://www.cytoscape.org/) (20).

Hub genes selection and analysis. CytoHubba is a common 
tool for analyzing PPI networks (21). The hub genes were 
selected using the cytoHubba plugin of Cytoscape software. 

Figure 1. A volcano plot of the differentially expressed genes of clear cell 
renal cell carcinoma between the metastasis group and the non-metastasis 
group. Red indicates upregulated genes and blue indicates downregulated 
genes. The gray area shows the gene expression below the threshold criteria 
(|log2Fold‑Change|>0.585 or adjusted P‑value <0.0001).

Table I. Features of clear cell renal cell carcinoma patients 
with metastasis (n=78) and without metastasis (n=416).

 Non-metastasis Metastasis
 group group
 ----------------------------- ---------------------------
Factors n % n %

Sex   
  Male 272 65.38 55 70.51
  Female 144 34.62 23 29.49
Age, years   
  <65 253 60.82 55 70.51
  ≥65 163 39.18 23 29.49
Histological grade   
  G1 10 2.40 0 0.00
  G2 199 47.84 10 12.82
  G3 161 38.70 33 42.31
  G4 39 9.38 35 44.87
  Gx/Not known 7 1.68 0 0.00
Pathological T stage   
  T1 241 57.93 4 5.13
  T2 54 12.98 10 12.82
  T3 118 28.37 56 71.79
  T4 3 0.72 8 10.26
Pathological N stage   
  N1 11 2.64 5 6.41
  N0 199 47.84 37 47.44
  Nx 206 49.52 36 46.15
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Any overlap in the top 50 list of genes, from the four ranking 
methods, were defined as hub genes. The four ranking methods 
include Degree (22), Maximum Neighborhood Component (23), 
Density of Maximum Neighborhood Component (23) and 
Maximal Clique Centrality (21). The expression levels of 
the hub genes in the ccRCC tissue were compared with the 
expression levels in normal kidney tissue from TCGA and 
Genotype‑Tissue Expression (GTEx) projects (https://www.
genome.gov/gtex/) using the Limma software (24) in Gene 
Expression Profiling Interactive Analysis (GEPIA) (25). 
In addition, the overall survival (OS) and recurrence-free 
survival (RFS) analyses of the hub genes were performed 
using the Kaplan-Meier survival method with log-rank test in 
GEPIA. GEPIA is a newly developed interactive web server 
for analyzing the RNA sequencing expression data of tumors 
and normal samples from TCGA and the GTEx projects. It 
should be noted that GEPIA does not provide specific P‑values 
and confidence intervals.

Results

Identification of DEGs associated with ccRCC metastasis. 
Based on the aforementioned inclusion criteria, 494 ccRCCs in 
TCGA database were included and divided into the metastasis 
group, with 78 patients, and the non-metastasis group, with 
416 patients (Table I). A total of 472 DEGs, including 247 upreg-
ulated DEGs and 225 downregulated DEGs, were identified in 
the metastasis group compared with the non-metastasis group. 
The results are presented as a volcano plot (Fig. 1). Red dots 

indicate high expression and blue dots indicate low expression. 
Gray dots represent the gene expression with the |log2Fold-
Change|<0.585 or adjusted P‑value ≥0.0001.

KEGG and GO enrichment analyses of DEGs. To analyze 
the biological classification of DEGs, functional and pathway 
enrichment analyses were performed using the clusterProfiler 
software. GO analysis results (Fig. 2A-C) showed that changes 
in the molecular function (MF) of DEGs were significantly 
enriched in ‘microtubule motor activity’ (GO:0003777), ‘active 
transmembrane transporter activity’ (GO:0022804), ‘inorganic 
anion transmembrane transporter activity’ (GO:0015103), 
‘motor activity’ (GO:0003774) and ‘microtubule binding’ 
(GO:0008017). KEGG pathway analysis (Fig. 2D) revealed that 
the DEGs were mainly enriched in the ‘cell cycle’ (hsa04110), 
‘collecting duct acid secretion’ (hsa04966), ‘complement and 
coagulation cascades’ (hsa04610) and ‘aldosterone-regulated 
sodium reabsorption’ (hsa04960) pathways.

PPI network construction. To obtain the interactions between 
the 472 DEGs in the metastasis group, a PPI network was 
constructed using the STRING database and visualized by 
cytoscape software. As shown in Fig. 3, the network included 
264 nodes and 2,977 edges. Red nodes indicate upregulated 
genes and light blue nodes indicate downregulated genes in 
the metastasis group.

Hub gene selection and analysis. Among the lists of the top 50 
genes selected respectively by the four ranking methods, 

Figure 2. Annotation of the statistical significant enriched Gene Ontology and KEGG pathways of differentially expressed genes between the metastasis 
group and the non-metastasis group: (A) Cellular component, (B) biological process, (C) molecular function and (D) KEGG pathway analysis. KEGG, Kyoto 
Encyclopedia of Genes and Genomes.



WEI et al:  IDENTIFICATION OF KEY GENES INVOLVED IN THE METASTASIS OF ccRCC4324

Figure 3. A graphic representation of the protein-protein interaction network based on differentially expressed genes of clear cell renal cell carcinoma between 
the metastasis and non-metastasis group. Red nodes indicate upregulated  genes and light blue nodes indicate downregulated genes in the metastasis group.

Figure 4. Top 50 genes selected based on the four ranking methods. (A) Degree, (B) DMNC, (C) MCC and (D) MNC. The darker the color of the node, the 
higher the score. DMNC, density of maximum neighborhood component; MCC, maximal elique centrality; MNC, maximum neighborhood component.
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35 genes overlapped and were identified as hub genes (Figs. 4 
and 5). All 35 genes were upregulated in the metastasis group 
and were subsequently analyzed using GEPIA. The results of 
the 35 hub genes analyzed by GEPIA are shown in Table II. 
Based on the same cutoffs (|log2FC|>0.585 and P<0.0001), 
26 of the 35 hub genes were upregulated in ccRCC tissue 
compared with normal kidney tissue from TCGA and GTEx 
projects (Fig. 6). Subsequently, survival analysis of the hub 
genes was performed using a Kaplan-Meier curve in GEPIA. 
ccRCC patients with high expression (>median expression 
value) of some hub genes (CDKN3, TPX2, BUB1B, CDCA8, 
UBE2C, NDC80, RRM2, NCAPG, NCAPH, PTTG1, 
FAM64A, ANLN, KIF4A, CEP55, CENPF, KIF20A, ASPM 

Figure 5. Venn plot of the overlapping genes for the top 50 genes selected 
based on the four ranking methods, Degree, DMNC, MNC, and MCC. 
DMNC, density of maximum neighborhood component; MCC, maximal 
elique centrality; MNC, maximum neighborhood component.

Table II. Results of the 35 hub genes using the Gene Expression Profiling Interactive Analysis software.

 Overall Recurrence-free Clear cell renal cell carcinoma
Hub gene survival associated survival associated versus normal kidney tissue

KIF23 √a  
CDKN3 √ √ Upregulated
TPX2 √ √ Upregulated
BUB1B √ √ Upregulated
CDCA8 √ √ Upregulated
UBE2C √ √ Upregulated
NDC80 √ √ Upregulated
KIF15   
PBK   Upregulated
MELK √  Upregulated
RRM2 √ √ Upregulated
DLGAP5   Upregulated
NCAPG √ √ Upregulated
EXO1   
NUF2 √  Upregulated
NCAPH √ √ Upregulated
KIF18A  √ 
PTTG1 √ √ Upregulated
FAM64A √ √ Upregulated
ANLN √ √ Upregulated
SHCBP1   
CENPE √  
MCM10   
MKI67   Upregulated
KIF14  √ 
HMMR  √ Upregulated
KIF4A √ √ Upregulated
CEP55 √ √ Upregulated
CENPF √ √ Upregulated
KIF20A √ √ Upregulated
CDC45 √  Upregulated
ASPM √ √ Upregulated
NEK2  √ Upregulated
TTK  √ 
HJURP √ √ Upregulated

a√. P<0.05; P<0.001 and |log2Fold‑change|>0.585.
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and HJURP) showed worse OS time and RFS time (data not 
shown; P<0.05).

Discussion

Even with strict adherence to the National Comprehensive 
Cancer Network guidelines (NCCN Guidelines®), ~30% of 
ccRCC recurrences will be missed (26). According to the 
guidelines, patients with ccRCC would benefit from more 
aggressive treatment and monitoring management. To find 
potentially effective therapeutic targets, there is an urgent 
requirement to explore the molecular mechanisms that lead 
to ccRCC metastasis. The present study utilized a relatively 
large sample dataset obtained from TCGA. These data were 
analyzed to identify DEGs between ccRCC patients with 
metastasis and without metastasis. A total of 472 DEGs, 
including 247 upregulated genes and 225 downregulated genes, 
were identified in the metastasis group compared with the 
non-metastasis group. KEGG pathway analysis revealed that 
the DEGs were mainly involved in the ‘cell cycle’ (hsa04110), 
‘collecting duct acid secretion’ (hsa04966), ‘complement and 
coagulation cascades’ (hsa04610) and ‘aldosterone-regulated 
sodium reabsorption’ (hsa04960) pathways. It is well known 
that the cell cycle pathway serves an important role in the 
development of different cancer types, including ccRCC (27). 
Askeland et al (28) showed that the cell cycle progression 
score can predict metastatic progression of ccRCC following 
resection. The present results suggest that the ‘collecting duct 
acid secretion’, ‘complement and coagulation cascades’ and 
‘aldosterone-regulated sodium reabsorption’ pathways may 
also be associated with ccRCC metastasis. GO enrichment 
analysis revealed that DEGs were mainly associated with ‘cell 
transmembrane movement’ and ‘mitotic cell cycle process’. 
The present results provide bioinformatics evidence for further 
research.

The 35 overlapping genes among the top 50 genes in the 
PPI network found using four ranking methods were selected. 
All 35 genes were upregulated in the metastasis group, 

and 26 genes of them were upregulated in ccRCC tissues 
compared with normal kidney tissues. This result reveals that 
these genes may serve an important role in the progression 
of ccRCC. The expression level of CDKN3, TPX2, BUB1B, 
CDCA8, UBE2C, NDC80, RRM2, NCAPG, NCAPH, 
PTTG1, FAM64A, ANLN, KIF4A, CEP55, CENPF, KIF20A, 
ASPM and HJURP was significantly associated with overall 
survival and recurrence-free survival time (P<0.05). These 
findings may provide valuable prognostic biomarkers and 
therapeutic targets for ccRCC; however, further investigation 
is required.

Prior to the present study, few studies have addressed 
the gaps in the molecular mechanisms that lead to ccRCC 
metastases. Ho et al (29) identified and validated 7 genes that 
support ccRCC metastases by comparing gene expression 
profiles between metastatic tumors and their patient‑matched 
primary tumor. The 7 genes (DCN, SLIT2, LUM, LAMA2, 
ADAMTS12, CEACAM6 and LMO3) were enriched for 
extracellular matrix (ECM) genes. Ghatalia et al (30) identi-
fied 9 overexpressed kinase genes (EPHB2, AURKA, GSG2, 
IKBKE, MELK, CSK, CHEK2, CDC7 and MAP3K8) 
(P<0.001) in metastatic ccRCC tumor tissue. In the present 
study, the aim was to focus on DEGs between the metastasis 
group and the non-metastasis group. However, due to lack of 
experimental validation, it is not clear whether these genes 
are causal or merely markers. Notably, the metastasis group 
was not only characterized by organ metastases, but also by 
more advanced tumors (stage T3 72 vs. 28%) and less differ-
entiated tumors (grade 4 45 vs. 9%), when compared with 
the non-metastasis group, respectively. These results suggest 
DEGs between the groups may also be associated with locally 
advanced tumors. The main aim of the present study was to 
identify potential key genes for ccRCC with metastasis and 
without metastasis, considering that advanced ccRCC is just 
a relative definition that is likely to change as treatments 
improve (31). From a biological point of view, genes that 
promote tumor metastasis are likely to be genes that promote 
tumor progression. Therefore, it is reasonable that there were 

Figure 6. Expression levels in clear cell renal cell carcinoma tissue for the 35 hub genes compared with normal kidney tissue in The Cancer Genome Atlas and 
Genotype‑Tissue Expression projects. TPM, transcripts per kilobase million; (N), normal kidney tissue; (T), tumor tissue.
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more T3/T4 or G3/G4 patients in the metastasis group as 
compared with the non-metastasis group, as the present study 
data shows. As few drugs have shown efficacy in the adjuvant 
treatment for preventing ccRCC metastasis or recurrence (32), 
more studies are required to identify biomarkers and explore 
the molecular mechanism of ccRCC metastasis.

There are a few important limitations to the present study. 
One limitation is that there were more patients within the 
non-metastatic group (n=416) compared with the metastatic 
group (n=78). Another limitation is the difference in the 
proportion of patients with T3/T4 or G3/G4 in the two groups. 
In addition, stratified differential expression gene analysis 
based on histological grade (or pathological T stage), was not 
performed. Although a powerful significance level (P<0.0001) 
was used, based on bioinformatic analysis, a study with a 
larger sample size and experimental validation is required.

In conclusion, the present study identified key DEGs in 
primary tumor tissues of ccRCC with metastasis compared 
with ccRCC without metastasis. The key genes involved in 
the metastasis of ccRCC may provide valuable prognostic 
biomarkers and therapeutic targets for ccRCC.
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