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Abstract. Long non-coding RNAs (lncRNAs) make up a 
significant portion of transcripts that are not translated into 
proteins and lncRNAs were previously thought to be tran-
scriptional noise. Recently, there has been increased interest 
in lncRNAs due to their diverse functions in human cancers. 
At present, lncRNAs are considered to be the main component 
of the competing endogenous RNA (ceRNA) network due 
to their regulatory role in protein-coding gene expression by 
acting as microRNA (miRNA) sponges. However, the function 
of the lncRNA-mediated ceRNA network in renal cell carci-
noma remains unknown. To examine the specific mechanism, 
we compared the expression profiles of mRNAs, lncRNAs, 
and miRNAs between renal cell carcinoma tissues and non-
tumor normal tissues using the Gene Expression Omnibus 
database. As a result, 5 lncRNAs were identified as aberrantly 
expressed and significantly correlated with the tumorigenesis 
and/or progression of renal cell carcinoma with the threshold 
value of absolute log2 fold change >1 and corrected P<0.05. 
Among the 5 dysregulated lncRNAs, 2 of them were prog-
nostic biomarkers according to the overall survival analysis for 
patients with renal cell carcinoma. We successfully constructed 
a dysregulated lncRNA-associated ceRNA network, which 
included 4 renal cell carcinoma‑specific lncRNAs, 17 mRNAs 
and 2 miRNAs. In summary, the present study identified 
new lncRNA biomarkers and potential targets for renal cell 
carcinoma therapy. In particular, the novel ceRNA network 
identified in our study will be vital for understanding the 

regulatory mechanisms mediated by lncRNAs in the patho-
genesis of renal cell carcinoma.

Introduction

Worldwide, renal cell carcinoma (RCC) accounts for ~90% 
of all kidney neoplasms and 2-3% of adult malignant tumors, 
and it is the ninth most common cancer (1-3). RCC leads to a 
considerable mortality rate, which is ~100,000 patients a year, 
and the morbidity and mortality rates are increasing at a rate 
of 2-3% per decade (4). There were ~63,920 newly diagnosed 
cases of RCC in the US in 2014 (5). The treatment of meta-
static RCC has improved in the past few decades. Although 
cytoreductive nephrectomy is effective for the treatment of 
early and local RCC, ~30% of patients suffer from metastatic 
disease after surgery. In addition, other therapeutic methods, 
such as immunotherapy have been used for the treatment of 
RCC; however, the effectiveness is limited (6). Therefore, the 
identification of potential biomarkers and therapeutic targets 
for RCC is urgently needed.

With the advancement of techniques used in genome-wide 
platforms, long non-coding RNAs (lncRNAs) have been 
identified and defined as RNA molecules of greater than 200 
nucleotides in length and without apparent protein-coding 
potential  (7,8). Thousands of lncRNAs in both humans 
and mice have been identified by the combined analysis of 
Chip-seq and RNA-seq data; however, only a few have been 
assigned any function (9-11). Accumulating evidence suggests 
that lncRNAs play a vital role in various biological responses, 
such as the regulation of epigenetic silencing by chromatin 
remodeling, regulation of splicing, recruitment of transcription 
factors, and regulation of mRNA stability. lncRNAs can func-
tion by regulating the alternative splicing of pre-mRNAs and 
as competing endogenous RNAs (ceRNAs) that competitively 
bind to microRNAs (miRNAs) to suppress the inactivation of 
the target genes of miRNAs (12-14). Considering the potential 
significance of lncRNAs in physiological and pathological 
responses, many efforts have been made to elucidate the func-
tion of lncRNAs in carcinogenesis and cancer metastasis (15).

miRNAs are another class of non-coding RNAs with 
a length of ~22  nucleotides that have been extensively 
studied (16). miRNAs regulate the expression of target genes 
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by partial complementary binding to miRNA response 
elements (MREs), which contain the corresponding mRNA 
sequences (17). One miRNA is able to regulate several mRNA 
transcripts, and one transcript may be the target of several 
different miRNAs. The miRNA regulatory network plays 
an important role in many biological responses, including 
carcinogenesis and tumor metastasis (18,19). ceRNAs are tran-
scripts that cross-regulate each other by competing for shared 
miRNAs  (20,21). mRNAs, lncRNAs and other RNAs can 
function as natural miRNA sponges by using shared MREs 
to suppress miRNA function  (20). Certain lncRNAs have 
been identified and experimentally validated (22). H19 is an 
lncRNA that modulates the let-7 miRNA family members and 
miR-106a availability by acting as a molecular sponge (23,24). 
The muscle-specific lncRNA linc-MD1 can interact with 
miR-133 to regulate the expression of muscle-specific gene 
expression  (25). Such a RNA interaction could regulate 
many physiological and pathological responses and thus may 
provide new ideas for cancer therapy. Thus far, the lncRNA-
miRNA-mRNA ceRNA network in hepatocellular, breast and 
gastric cancer, has been constructed and analyzed (26-29). 
However, similar studies involving RCC are rare. Moreover, 
genome‑wide comprehensive analysis of RCC-associated 
miRNAs and lncRNAs has been limited.

In the present study, we analyzed the mRNA, lncRNA, 
and miRNA expression profiles from RCC-associated data-
bases (GSE66270, GSE40914 and GSE71302, respectively). 
We identified a total of 2,378 aberrantly expressed RNAs; 
2 upregulated and 3 downregulated RNAs were categorized as 
lncRNAs. Furthermore, we identified differentially expressed 
miRNAs (DEmiRNAs) in patients with RCC to elucidate the 
potential crosstalk between lncRNA, miRNA and mRNA. 
Ultimately, a lncRNA-miRNA-mRNA ceRNA network was 
constructed from 4 dysregulated lncRNAs, 17 mRNAs and 
2 miRNAs by bioinformatic analysis.

Materials and methods

Study materials. Three RNA datasets (mRNA, lncRNA 
and miRNA) were selected in this study. In these datasets, 
GSE66270, GSE40914 and GSE71302 were analyzed as 
they were associated with renal cancer (30-32). GSE66270 
(mRNA) of the Affymetrix Human Genome U133 Plus 2.0 
Array (GPL570) platform consisted of 28 samples including 
14 renal cancer and 14 normal samples. GSE40914 (lncRNA) 
was composed of three sub-datasets, GSE40911, GSE40912 
and GSE40913. The GSE40911 dataset was selected for the 
extraction of differentially expressed lncRNAs (DElncRNAs). 
GSE40911 was based on the IQUSP_Human_intronic_4k_v2.0 
(GPL3985) platform, which consisted of 44 samples including 
22 renal cancer and 22 normal samples. GSE71302 (miRNA) 
was based on the Agilent-021827 Human miRNA Microarray 
(V3) (miRBase release 12.0 miRNA ID version) (GPL10850) 
platform, which consisted of 10 samples including 5 renal 
cancer and 5 normal samples.

Identification of differentially expressed genes. The analysis 
and extraction of differentially expressed genes were conducted 
with R language software, which included background correc-
tion, normalization, and calculation of the expression value of 

the original data and screening of the differentially expressed 
genes. The Benjamini-Hochberg (BH) method was used for 
statistical corrections. The online tool GEO2R was used for 
the extraction of differentially expressed genes as original data 
of the expression level for GSE40911 and GSE71302 were not 
available. In terms of the difference in expression threshold, 
genes were considered as significant with |log2FoldChange| >1 
and corrected P<0.05.

After all genes with different expression levels were 
collected, which were determined according to the previously 
set threshold for GSE40911, the corresponding GPL3985 plat-
form was downloaded to annotate the data. The empty 
comment lines were deleted, and all the information of the 
non-coding RNAs were filtered out. Based on the information 
of the non-coding RNAs and all the differentially expressed 
genes, DElncRNAs were obtained.

Survival analysis. A total of 417  renal cancer samples in 
the database were retrieved from the Cancer Genome Atlas 
data portal. The survival package of R statistical program-
ming software was used for the survival analysis of filtered 
DElncRNAs and DEmiRNAs.

Functional enrichment analysis. When a sufficient number of 
differentially expressed mRNAs (DEmRNAs) was obtained, 
enrichment analysis of the differentially expressed genes was 
carried out using the cluster Profile package of R software. 
The enrichKEGG and enrichGO functions were used for 
KEGG and Gene Ontology (GO) enrichment analysis, respec-
tively. GO terms and KEGG pathways with BH-corrected 
P<0.05 were filtered out to obtain the final results. As for the 
pathway that ranked first in KEGG enrichment analysis and 
the pathway relevant to renal cancer, the Pathview package 
of R software was used for the mapping of related genes and 
determination of the location of differentially expressed genes 
in the entire pathway.

Construction of the ceRNA network and interactions among 
DEmRNAs. lncRNA-miRNA interactions and miRNA-mRNA 
interactions were predicted using miRcode (http://www.
mircode.org/) and miRTarBase (http://mirtarbase.mbc.nctu.
edu.tw/) (33,34). The miRNA-mRNA pairs were validated 
by various methods including qRT-PCR, western blotting, 
ChIP-seq and microarray. To obtain a more reliable ceRNA 
network, high-correlation sets in the miRTarBase were 
selected to predict the interactions between miRNAs and 
mRNAs. The results of the lncRNA-miRNA-mRNA network 
were visualized by Cytoscape 3.3.0 (35).

STRING database was used to screen interactions among 
DEmRNAs with the threshold of combined score >0.4. The 
renal cancer sub-network was imported into the Cytoscape 
database to calculate the connectivity, and the top 10 genes 
with the highest degree were selected as hub genes.

Real-time quantitative PCR. Total RNA was isolated from 
ACHN and HK-2 cells using an RNeasy® Mini kit (Qiagen, 
Hilden, Germany) according to the manufacturer's instruc-
tions. First-strand cDNA was synthesized from 11 µg of total 
RNA using the Transcript or First Strand cDNA Synthesis 
kit (Roche, Mannheim, Germany) as instructed by the 
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manufacturer. qRT-PCR reactions were performed on an 
Applied Biosystems® 7500 real-time PCR system (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) using the following 
procedure: 95˚C for 10 min, followed by 40 cycles of 95˚C for 
30 sec and 60˚C for 1 min. To create a qRT-PCR standard, 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was 
used as an internal control. The 2-ΔΔCt method was used for 
data analysis.

Results

DEmRNAs and enrichment analysis in renal cancer. According 
to the threshold value of absolute log2 fold change >1 and 
corrected P<0.05, 2,318 mRNAs including 1,370 upregulated 
and 948 downregulated genes were identified as DEmRNAs in 
the GSE66270 database. The top 100 upregulated and the top 
100 downregulated genes were outlined through the heatmap 

function in the gplots package of R software (Fig. 1A). The 
results demonstrated that the expression of selected RNAs 
was significantly different between renal cancer and normal 
tissues.

For a better understanding of the mechanisms of these 
differentially expressed genes, which were implicated in the 
tumorigenesis of renal cancer, functional enrichment analysis 
was performed using the enrichKEGG function of R soft-
ware based on KOBAS 2.0. The phagosome pathway was 
identified as the pathway most significantly related to cancer 
(P<0.01); thus, visualization of the phagosome pathway was 
performed using the Pathview package. As shown in Fig. 1B, 
37 DEmRNAs (33 upregulated and 4 downregulated) were 
involved in the phagosome pathway. Furthermore, the mapping 
of hsa05211 (the RCC pathway), associated with the tumorigen-
esis of renal cancer, was also performed. As shown in Fig. 1C, 
15 DEmRNAs (12 upregulated and 3 downregulated) were 

Figure 1. DEmRNAs in renal cancer. A total of 2,318 DEmRNAs were identified this study, and the relevant pathway analysis was performed using KEGG. 
(A) The expression profiles of the top 100 upregulated and 100 downregulated DEmRNAs were visualized using heatmaps. (B) Mapping of the phagosome 
pathway in the KEGG database. Red rectangles are upregulated DEmRNAs, and green boxes are downregulated DEmRNAs.
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involved in the hsa05211 pathway. In addition, Fig. 2 shows the 
top 20 significantly enriched GO terms (Fig. 2A) and KEGG 
pathways (Fig. 2B) of DEmRNAs.

DElncRNAs and DEmiRNAs in renal cancer. According 
to the threshold value of absolute log2 fold change >1 and 
corrected P<0.05, 5 lncRNAs, which included 2 upregulated 

Figure 2. Functional enrichment analysis of DEmRNAs. (A) The top 20 most significantly enriched GO terms of DEmRNAs. (B) The top 20 most significantly 
enriched KEGG pathways of DEmRNAs. DEmRNAs, differentially expressed miRNAs.

Figure 1. Continued. (C) Mapping of the hsa05211 (renal cell carcinoma) pathway in the KEGG database. Red boxes are upregulated DEmRNAs, and green 
boxes are downregulated DEmRNAs. DEmRNAs, differentially expressed miRNAs.
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and 3  downregulated lncRNAs  (Table  I), were identified 
as differentially expressed in the GSE40911 database. In 
addition, 55 miRNAs, which included 28 upregulated and 
27 downregulated miRNAs, were identified as differentially 
expressed in the GSE71302 database.

The ceRNA network in renal cancer. For a better under-
standing of the characteristics of DElncRNAs in renal cancer, 
a dysregulated lncRNA-miRNA-mRNA ceRNA network was 
constructed by extracting the interaction pairs of lncRNA-
miRNA in miRcode and miRNA-mRNA in miRTarBase. 
In the ceRNA network, 17 DEmRNAs (14 upregulated and 
3  downregulated) and 5  DElncRNAs (2  upregulated and 
3 downregulated) were identified. Moreover, 2 upregulated 
miRNAs (hsa-miR-570 and hsa-miR-508-3p) were identified in 
the network. The ceRNA network was divided into two parts, 
and the miRNA was located at the center of each part. The 
two parts were connected through 2 lncRNAs, which included 
the upregulated RBPMS and the downregulated RAB31. The 
network is shown in Fig. 3A.

Furthermore, the DEmRNAs involved in the ceRNA 
network were analyzed by KOBAS 3.0 to uncover signaling 
pathways that are regulated by DElncRNAs indirectly. As 
shown in Table  II, 6  KEGG pathways were significantly 
enriched (P<0.05), and the top KEGG pathway was the diabetic 
complications pathway. Moreover, the other top 2 KEGG path-
ways were renal cancer-related pathways.

It is possible that DElncRNAs could indirectly interact 
with DEmRNAs in renal cancer through miRNAs, such 
as hsa-miR-570 and hsa-miR-508-3p, as demonstrated 
in the ceRNA network. To explore the co-expression of 
each RNA in the network, the heatmaps of the expression 
profiles of DElncRNAs, DEmRNAs and DEmiRNAs were 
obtained (Fig. 3B).

Survival analysis of lncRNAs. The overall survival analysis 
of the 5  DElncRNAs in patients with renal cancer was 
performed by Kaplan-Meier curve analysis. As shown 
in Fig.  4, the expression levels of RAB31  (HR=1.017, 
95%  CI, 0.971-1.432) and ACTN4 (HR=1.130, 95%  CI, 
1.011-1.659) were negatively correlated with the overall 
survival of patients  (P<0.05). Survival analysis of the 
DEmiRNAs showed that 3 highly expressed DEmiRNAs 
were negatively correlated with the patient overall survival, 
which were miR-362-5p (HR=1.113, 95% CI, 1.017-1.590), 
miR-508-3p  (HR=0.830, 95% CI, 0.613-0.932), and miR-
532-5p (HR=0.787, 95% CI, 0.548-0.916). The results are 
presented in Fig. 5.

Screening of key genes. According to the threshold of 
combined score >0.4, a total of 3,277 interaction pairs among 
the DEmRNAs were obtained. The top 10 genes with the 
highest degree are shown in Table III.

Table III. The top 10 DEmRNAs with highest degree.

Gene symbol	 Gene name	 Degree

FN1	 Fibronectin 1	 98
FBXO6	 F-box protein 6	 82
TP53	 Tumor protein P53	 72
MYC	 MYC proto-oncogene	 66
CDK1	 Cyclin-dependent kinase 1	 62
JUN	 Jun proto-oncogene	 47
LYN	 LYN proto-oncogene	 47
SHC1	 SHC adaptor protein 1	 46
LCK	 LCK proto-oncogene	 45
ITGA4	 Integrin subunit α4	 42

Table I. Differentially expressed lncRNAs in renal cancer.

GENE	 logFC	 adj.P.Val	 P-value

ACTN4	 1.005228	 6.45E-08	 1.43E-09
CTHRC1	 -2.63837	 1.56E-12	 7.13E-15
IGFBP7	 -2.29773	 4.46E-10	 5.25E-12
RAB31	 -1.199	 2.86E-10	 3.27E-12
RBPMS	 1.296871	 1.56E-09	 1.99E-11

lncRNAs, long non-coding RNAs; FC, fold change; ACTN4, actinin 
alpha 4; CTHRC1, collagen triple helix repeat containing 1; IGFBP7, 
insulin like growth factor binding protein 7; RAB31, RAB31, member 
RAS oncogene family; RBPMS, RNA binding protein, mRNA 
processing factor.

Table II. KEGG pathways of DEmRNAs that were involved in the ceRNA network.

ID	 Pathway category	 P-value

hsa04933	 AGE-RAGE signaling pathway in diabetic complications	 7.78E-04
hsa05211	 Renal cell carcinoma	 2.70E-02
hsa04610	 Complement and coagulation cascades	 3.17E-02
hsa04066	 HIF-1 signaling pathway	 4.10E-02
hsa04668	 TNF signaling pathway	 4.37E-02
hsa04142	 Lysosome	 4.87E-02

DEmRNAs, differentially expressed miRNAs; ceRNA, competing endogenous RNA.
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Figure 4. Kaplan-Meier analysis of the RAB31 and ACTN4 lncRNAs to determine the overall survival of patients with renal cancer. ACTN4, actinin alpha 4; 
RAB31, RAB31, member RAS oncogene family. x-axis and y-axis represents survival time in month and survival probability.

Figure 3. The ceRNA network mediated by DElncRNAs in renal cancer. (A) Global view of the lncRNA-miRNA-mRNA network in renal cancer. Upregulated 
genes are indicated in red color, and downregulated genes are indicated in green color. lncRNAs, miRNAs, and mRNAs are represented as hexagon, rhombus, 
and ellipse, respectively. (B) Heatmap of the expression profiles of lncRNAs, miRNAs and mRNAs in the network. The horizontal axis represents the sample 
capacity and the vertical axis represents the types of RNA. The blue and red bars at the top of the heatmap represent normal and renal cancer samples, 
respectively. ceRNA, competing endogenous RNA; DEmRNAs, differentially expressed miRNAs.
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Real-time quantitative PCR. Expression differences of 
ACTN4 and RAB31 between RCC cells ACHN and normal 
renal cells HK-2 were explored thorough qRT-PCR. Primers 
used for ACTN4 were (5'→3'): forward primer, 5-ATG​GTG​
GAC​TAC​CAC​GCG​GCG​AAC​C-3 and reverse primer, 5-TCA​
CAG​GTC​GCT​CTC​GCC​ATA​CAA​G-3; primers used for 
RAB31 were (5'→3'): forward primer, 5-ATG​ATG​GCG​ATA​
CGG​GAG​CTC​AAA​G-3 and reverse primer, 5-TCA​ACA​
GCA​CCG​GCG​GCT​GGC​TTG​C-3. Consistent with the results 
from the microarray analysis, both RAB31 and ACTN4 were 
upregulated in RCC cells compared with levels in the normal 
cells (Fig. 6).

Discussion

Increasing evidence suggests that lncRNAs are crucial in 
human cancer. Various studies have revealed that the differ-
ential expression of lncRNAs plays an important role in the 
development of cancer  (36,37). Recently, there have been 
efforts to identify aberrantly expressed lncRNAs in muscle-
invasive bladder cancer. Based on a large sample size from the 
TCGA data portal, several dysregulated lncRNAs have been 
identified (38). However, a limited number of studies have 
identified RCC-specific lncRNAs.

Currently, lncRNAs closely associated with tumor status 
are thought to be more suitable than mRNAs as diagnostic and 
prognostic biomarkers (39). Some lncRNAs that have been well 
studied, such as H19, are considered as powerful predictors or 
potential targets in cancers (40). However, the relationship of 
lncRNAs with RCC remains unclear. Therefore, the expres-
sion profiles of lncRNAs, miRNAs and mRNAs in RCC were 
analyzed with a focus on the clinical diagnostic significance 
of DElncRNAs. In the present study, 5 lncRNAs with aber-
rant expression were identified in RCC compared with normal 
samples. In addition, 2 DElncRNAs (ACTN4 and RAB31) 
were included in the ceRNA network, which were significantly 
correlated with the overall survival of patients with RCC; this 
result strongly indicated that these DElncRNAs may function 
not only as key oncogenes but also as prognostic markers in 
RCC progression.

ACTN4 is a non-muscle type α-catenin that is only 
expressed in non-muscle cells (41). In particular, ACTN4 is 
associated with cell migration and cell adhesion, and it was 
first identified in 1988 as a metastasis-related gene (42). In this 
study, the expression of ACTN4 was negatively correlated with 
overall survival, which was consistent with the results of a 
previous study reporting that patients with ACTN4 amplifica-
tion have significantly worse overall survival in comparison 
with those without ACTN4 amplification (43). Various studies 
have shown that ACTN4 is expressed in several types of 
cancers, such as invasive ductal adenocarcinoma and ovarian 
cancer, and it has been used as a biomarker for therapeutic 
response (41,43,44). RAB31 belongs to the Ras superfamily 
of small GTPase and was first identified in human mela-
nocytes  (45,46). There has been increased interest in the 
relationship between RAB31 and human cancer. Gene expres-
sion profiling analysis has revealed the overexpression of 
RAB31 in estrogen receptor α-positive breast carcinomas (47). 
Elevated transcript levels of RAB31 were reported in breast 
cancer cells expressing the urokinase-type plasminogen 
activator (uPA)-receptor splice variant uPAR-del4/5, and high 
Rab31 levels were found to be significantly associated with 
overall survival and distant metastasis-free survival (48-50). 
A meta-analysis of microarray data found that Rab31 is one of 
the 10 key genes in glioblastoma multiforme development (51). 
In this study, our results showed that the expression of RAB31 

Figure 5. Kaplan-Meier analysis of the hsa-miR-532-5p, hsa-miR-508-3p and hsa-miR-362-5p miRNAs to determine the overall survival of patients with renal 
cancer. x-axis and y-axis represents survival time in month and survival probability.

Figure 6. qRT-PCR analysis of ACTN4 and RAB31 in ACHN RCC cells and 
HK-2 normal renal cells. ACTN4, actinin alpha 4; RAB31, RAB31, member 
RAS oncogene family.
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was negatively associated with the overall survival of patients, 
which was consistent with the previously reported results for 
many types of cancers. These lncRNAs were identified as 
prognostic predictors, and they may contribute to the targeted 
therapy of RCC in the future.

Several miRNAs have been well characterized in human 
diseases including lung cancer and bladder cancer (52,53). 
However, only a few lncRNAs have been mechanically and 
functionally characterized. In this study, we identified specific 
lncRNAs and miRNAs of RCC in a database and constructed 
a ceRNA network, which would be relevant for further inves-
tigations. Many protein-coding genes in the ceRNA network, 
such as FN1, TP53 and MYC, are known as oncogenes and/or 
tumor inhibitors related to RCC development and progression, 
which may be potential therapeutic targets of cancer (54-56). 
Six pathways of DEmRNAs were significantly enriched in the 
ceRNA network, and the top KEGG pathway was the diabetic 
complications pathway. This finding indicated that the diabetic 
complications pathway may be involved in the progression of 
RCC.

Although there has been increased interest in the func-
tion of lncRNAs in recent years, the functional association of 
lncRNAs and miRNAs remains unclear. The identification of 
DEmiRNAs in RCC is necessary for determining the oncogenic 
pathways mediated by miRNA. In this study, we identified 
miRNAs related to tumor initiation in renal cells. Moreover, 
a lncRNA-miRNA-mRNA ceRNA network was constructed 
to illustrate the interaction between miRNAs, lncRNAs and 
coding genes. Two DElncRNAs (ACTN4 and RAB31) were 
identified in this study, which may be potential prognostic 
markers and oncogenes in RCC progression. In particular, the 
ceRNA network built in this study would contribute to the 
elucidation of the unknown ceRNA regulatory network in RCC.

In conclusion, we identified tumor initiation-related 
miRNAs, and the lncRNA-miRNA-mRNA ceRNA network 
in RCC was constructed. The interaction between miRNAs, 
lncRNAs and coding genes was investigated. Further studies 
would help to elucidate the primary mechanism of miRNAs 
and lncRNAs in RCC.
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