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Background: Wilms tumor (WT) was the most common malignant tumor of urinary system in children. 
With the advances in gene sequencing, research of molecular mechanism of WT tumor was gradually 
increasing. However, few studies have explored the influence of competing endogenous RNA (ceRNA) in 
WT. Accordingly, we aimed to explore the mechanisms of ceRNA co-expression network in WT.
Methods: A total of 6 non-tumor controls and 127 WT patients’ RNA-seq data combined with clinical 
data was acquired from Therapeutically Applicable Research to Generate Effective Treatments (TARGET) 
database. Differentially expressed lncRNA, miRNA and mRNA between WT tissues and normal tissues were 
analyzed using “edgeR” package in R software. Weighted gene co-expression network analysis (WGCNA) 
was utilized to construct the ceRNA co-expression network while Molecular Complex Detection (MCODE) 
algorithm was used to extract the pivotal sub-network. Function annotation of mRNA was performed by 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG). Survival analysis was then 
conducted based on long-rank test and Kaplan-Meier curves using the survival package. 
Results: By applying the “edgeR” package in R, the transcriptome expression data of 127 WT tissues with 
6 normal tissues were normalized. Moreover, 146 DElncRNAs, 62 DEmiRNAs, 287 DEmRNAs of them 
were involved in ceRNA network after applying WGCNA. According to MCODE, we identified that the 
interactions between LINC002253 (lncRNA) and TRIM71 (mRNA) was mediated by hsa-mir-301a and hsa-
mir-301b (miRNA). Furthermore, we detected 13 DElncRNAs which were significantly associated with the 
progression of WT.
Conclusions: We used WGCNA method to construct the WT ceRNA network for the first time. 
TRIM71 was identified to be the most closely related genes involved in hub sub-network by MCDOE, 
suggesting it might act as a new drug target and prognostic factor based on our comprehensive results.
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Introduction

Wilms tumor (WT), also called nephroblastoma, accounted 
for 6–7% of malignant tumors of children under 15 years 
old (1). About 75% of WT were distributed in children 
under 5 years old (2,3). Factors that were related to 
abnormal genes such as tumor predisposition syndromes (4) 
and epigenetic mechanisms (5) might lead to WT. Recently, 
multiple combinations of therapy-surgery, radiation therapy 
or chemotherapy constitute the mainstream strategies for 
WT, but limited improvements have been achieved for 
prognosis of WT in recent years (6,7). Additionally, the 
prognosis of high-risk WT consisted of anaplastic WT, 
rhabdoid tumor or metastatic renal sarcomas were still 
poor (8,9). Due to the limited knowledge of its molecular 
pathogenesis, there was still a lack of individualized targeted 
management. Therefore, the molecular mechanism of WT 
required further exploration. 

With the rapid development of high-throughput 
sequencing technique, we have already characterized 
numerous s igni f icant  bio-markers  across  several 
malignancies. RNA, especially non-coding RNA has 
attracted more attention in recent years as it might act as a 
potential biomarker and drug targets (10,11). Competing 
endogenous RNA (ceRNA), which was proposed by Salmena 
et al. described a complex post-transcriptional network in 
which ceRNA was identified as miRNA sponges to suppress 
miRNA functions by competing miRNA response elements 
(MREs) (12). Through competition, ceRNA could cross-
regulate the stability of other types of RNA and induce 
many genetic metabolic diseases such as tumor. LncRNA has 
been proved closely related to the molecular mechanism of 
tumorigenesis, and studies have shown that lncRNA may play 
an important role as ceRNA (13-16). However, few studies 
have explored the influence of ceRNA in WT and few results 
involved in prognosis have been reported.

Recently, the computational biology tools are widely 
utilized to develop and help generate hypotheses about the 
underlying mechanisms in tumor biology. Therapeutically 
Applicable Research to Generate Effective Treatments 
(TARGET) database has published a batch of information on 
children suffering from WT, which could be used to research 
the occurrence, epigenetic, transcription and other molecular 
mechanisms of WT. In this study, we obtained the expression 
profiles of lncRNAs, miRNAs, mRNAs with TARGET 
database. Then we constructed WT-related ceRNA network 
by using weighted gene co-expression network analysis 
(WGCNA) and Molecular Complex Detection (MCODE). 

What’s more, functional enrichment analysis and survival 
analysis was performed to reveal mechanisms and prognosis 
from the differentially expressed genes. This study might 
provide new drug biological targets for further studying to 
predict the prognosis of the disease. To our knowledge, this is 
the first study attempting to disclose the ceRNA network of 
lncRNAs, miRNAs and mRNAs in WT.

Methods

Population data acquisition

RNA sequencing and clinical data was obtained from 
the TARGET database portal (https://ocg.cancer.gov/
programs/target/projects/kidney-tumors). Filtering 
primary data with inclusion criteria, a total of 6 non-
tumor controls and 127 WT patients’ RNA-Seq data and 
clinical data was acquired. Of note, the control non-tumor 
tissues were extracted from the precancerous lesions. RNA 
sequence data was derived from IlluminaHiSeq RNA-Seq 
platforms. This study followed the publication guidelines 
provided by TARGET. The detailed clinical information of  
127 WT patients (92 cases ≥3 years old, 35 cases <3 years 
old, 74 cases of female, 53 cases of male) was shown in  
Table 1. In terms of racial categories, Caucasian was the 
main component. As for tumor stage, patients with stage 
II [49] and III [46] were the main part in comparison with 
other tumor stages. 

Identification of differentially expressed RNA

Raw differentially expressed data was encoded and identified 
based on the annotation from the Ensebml database (http://
www.ensembl.org/index.html). Consequences of the 
differentially expression of lncRNA (DElncRNA), miRNA 
(DEmiRNA) and mRNA (DEmRNA) between WT tissue 
and normal tissue were carried out by “edgeR” package in R 
software (17). |log2 fold-change| >2 and the P value of false 
discovery rate (FDR) <0.05 were settled as a threshold (18).  
Besides, we generated volcano maps and heat maps of 
differentially expressed RNA with using heatmap package 
and gplots in R software. 

Construction of the gene co-expression network

WGCNA was applied for obtaining the pairs of lncRNA-
miRNA and miRNA-mRNA and seeking clusters of highly 
correlated genes (19). For the purpose of identifying the 
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reciprocities among lncRNA-miRNA-mRNA, WGCNA 
was used to construct the network with a power cut-
off threshold of 6 and a module size of 20. Utilizing the 
interaction between lncRNA-miRNA and miRNA-mRNA, 
gene co-expression network was constructed and visualized 
by Cytoscape 3.4.0. (http://www.cytoscape.org/) (20). Then, 
MCODE (21), a Cytoscape plugin which detected serried 
connected region in network extracted the hub subnetwork. 
Finally, Pearson’s correlation coefficient was calculated 
between lncRNA and mRNA in hub subnetwork. 

Function annotation 

Gene Ontology (GO) enrichment analysis was conducted 
by DAVID (database for annotation, visualization, and 

integrated discovery) with FDR <0.01. Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway analysis which 
was employed to excavate the biological action mechanisms 
of DEmRNAs involved in co-expression network was 
performed using the R clusterProfiler package (22) with 
the threshold of P value <0.05. Then, we applied GO plot 
package of R software to explore the GO terms and KEGG 
pathways that are closely related to tumorigenesis.

Survival analysis

In order to evaluate the prognostic value of DElncRNAs, 
DEmiRNAs and DEmRNAs, we performed survival 
analysis of those RNAs by applying “survival” package in 
R software. The long-rank test was employed to compare 
the difference. Additionally, Kaplan-Meier method was 
performed to generate the survival curves.  

Statistical analysis 

The normalization procedure was conducted via edgeR 
package, and Kaplan-Meier curves with log-rank test were 
performed by survival package. The Student’s t-test was 
used for continuous variables, while categorical variables 
were compared with Chi-square (χ2) test. Wilcoxon 
rank-sum test was utilized to compare ranked data with 
two category and Kruskal-Wallis test was utilized for 
comparisons among three or more groups. All statistical 
analysis was conducted in R studio (Version 3.5.1), and we 
regarded the statistical significance with P<0.05. 

Results

Differentially expressed gene profiles

By applying the “edgeR” package in R,  127 WT 
tissues and 6 normal tissues were identified. A total of  
5,801 differentially expressed genes were found between 
them, including 2,037 DElncRNAs (1,247 up-regulated and  
790 downregulated), 154 DEmiRNAs (105 up-regulated 
and 49 downregulated), and 3,610 DEmRNAs (1,895 up-
regulated and 1,715 downregulated) with thresholds of 
|log2 fold-change| >2 and adjusted P value <0.05. Then the 
heatmap and volcano map were drawn as shown in Figures 1,2.

Construction of gene co-expression network

To explore how lncRNA regulated mRNA by combining 

Table 1 Clinical characteristics of 127 patients with WT

Characteristic No. of cases

Age (years)

≤3 35

>3 92

Gender

Male 53

Female 74

Race

White 95

Black or African American 18

Other 5

Not reported 9

Tumor stage

I 17

II 49

III 46

IV 15

Vital status

Alive 75

Dead 52

Survival time (years)

≤5 24

>5 103

WT, Wilms tumor.
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Figure 1 Heatmap of differentially expressed RNAs between WT and normal tissues. (A) LncRNAs; (B) miRNAs; (C) mRNAs. WT, Wilms 
tumor.

miRNA in WT, pairs of lncRNA-miRNA and miRNA-
mRNA were used to build ceRNA network by WGCNA. 
A total of 536 pairs of interacting lncRNAs and miRNAs 
and 4,151 pairs of interacting miRNAs and mRNAs were 
confirmed. Finally, 146 DElncRNAs, 62 DEmiRNAs,  
287 DEmRNAs were involved in ceRNA network (Figure 3).

Hub subnetwork analysis

As various interacting pathways were found, we performed 
MCODE [21], a Cytoscape plugin to find densely 
connected regions in ceRNA network. As demonstrated, 
LINC002253 (lncRNA) was interacted with TRIM71 
(mRNA) mediated by hsa-mir-301a and hsa-mir-301b 
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Figure 2 Volcano plot of differentially expressed lncRNAs (A); miRNA (B) and mRNAs (C). The red point in the plot represents up-
regulated RNAs and blue point represents down-regulated RNAs. FC, fold change; FDR, false discovery rate.

Figure 3 The ceRNA network of lncRNA-miRNA-mRNA in WT constructed from Cytoscape software. Red diamonds indicate IncRNAs, 
blue polygon indicate miRNA and green oval indicate mRNA. The comprehensive lines or colors represented the underlying interactions 
among them in WT. ceRNA, competing endogenous RNA; WT, Wilms tumor.
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and hsa-mir-301b (miRNA); (B) Pearson’s correlation coefficient between LINC002253 and TRIM71; (C) Kaplan-Meier survival curves of 
TRIM71.

(miRNA). The P value of Pearson’s correlation coefficient 
between LINC002253 and TRIM71 was <0.0001. Survival 
analysis which was utilized to identify the correlation 
between TRIM71 expression and clinical prognosis implied 
TRIM71 was negatively associated with overall survival (OS) 
of WT patients (the P value was <0.05) (Figure 4). 

Function annotation of DEmRNA in ceRNA network

Furthermore, GO and KEGG analysis was conducted 
to obtain the biological functions of DEmRNAs. The 
GO network of biological process (BP) was shown in 
Figure 5, which pointed out that the most enriched GO 
terms in BP was tumor-related “mitotic nuclear division”. 
As for KEGG pathway analysis, 8 enriched pathways 

(Table 2) were detected. “Cell cycle”, “DNA replication”, 
“Oocyte meiosis” and “Homologous recombination” were 
considered as tumor-related pathways (Figure 6). 

Survival analysis 

The 146 DElncRNAs in ceRNA network were further 
analyzed by “survival” package in R software to investigate 
their correlations with clinical features. Kaplan-Meier curve 
analysis was performed to generate the survival curves. 
Above all, 13 DElncRNAs were significantly associated 
with the progression of WT. Among them, 8 lncRNAs 
(AC096721.1, AC108860.2, AC145422.1, AL133383.1, 
AL390719.2, DLGAP1-AS1, MEG3 and RMST) were 
associated with WT patients’ prolonged survival time, while 
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Figure 5 The enriched GO terms drawn in GOplot package reveals the potential biological mechanisms that the DEmRNAs might be 
involved in. FC, fold change; GO, Gene Ontology. 

the remaining 5 (AC108025.1, AC124067.3, AP001347.1, 
DLEU2 and LINC02253) were negatively correlated with 
OS. The top 6 most significant associated DElncRNAs 
were enumerated in Figure 7.

Discussion

WT is the most common neoplasm of the kidney in infants. 
Up to 25% of the patients suffered from chronic sequelae 

of disease in 25 years after being diagnosed (23). Although 
many researches have explored the molecular pathogenesis 
of WT, most of them focused on one term of lncRNA, 
miRNA or mRNA. As results, there was a lack of the 
regulatory network of overall interaction. At present, the 
ceRNA hypothesis, a new gene regulation term in which 
lncRNA could be served as the miRNA sponges to take 
part in regulating mRNA expression levels may be a new 
direction. In this study, we attempted to construct ceRNA 
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Figure 6 Top 8 enriched KEGG pathways of DEmRNAs involved in the ceRNA network. KEGG, Kyoto Encyclopedia of Genes and 
Genomes.

Table 2 KEGG pathways enriched by DEmRNAs involved ceRNA network

Pathway ID Description P value Gene counts

hsa04110 Cell cycle 0.000000 37

hsa03030 DNA replication 0.000424 11

hsa04960 Aldosterone-regulated sodium reabsorption 0.000424 11

hsa04114 Oocyte meiosis 0.001904 20

hsa03440 Homologous recombination 0.004535 10

hsa04966 Collecting duct acid secretion 0.004535 8

hsa03460 Fanconi anemia pathway 0.008351 11

hsa04914 Progesterone-mediated oocyte maturation 0.017597 15

ceRNA, competing endogenous RNA.
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Figure 7 Kaplan-Meier survival curves of top 6 DElncRNAs associated with overall survival in WT. WT, Wilms tumor.

network by using WGCNA method and explore the 
molecular mechanism of WT. 

With more and more advances in RNA sequencing 
technologies, some studies suggested more than 90% of 
transcriptions were lncRNA so that it might be a promising 
prognostic biomarker (24-26). A large number of lncRNAs 
have been proved to be abnormally expressed in a variety 
of tumors, and regulating gene expression at the level 
of epigenetic, transcriptional and post-transcription  
(27-30). Sun et al. pointed out that lncRNA X-inactive 
specific transcript (XIST) which was down-regulated in 
renal cell carcinoma (RCC) tissues can up-regulate the 
expression of P21 through bonding with miR-106b-5p, and 
act as a tumor suppressor role in RCC (30). 

The TARGET program applied a comprehensive 
genomic approach to determine molecular changes that 
drive childhood cancers (https://www.ocg.cancer.gov/). 
Such program aimed to use data to guide the development 
of effective, less toxic therapies. With open access to 
the resources of TARGET database related to WT, we 
confirmed the correlation among lncRNAs, miRNAs 
and mRNAXs and conducted a gene co-expression 

ceRNA network by WGCNA. One hundred and forty-
six DElncRNAs were involved in WT ceRNA network. 
Among them, 13 (AC096721.1, AC108860.2, AC145422.1, 
AL133383.1, AL390719.2, DLGAP1-AS1, MEG3, RMST, 
AC108025.1, AC124067.3, AP001347.1, DLEU2 and 
LINC02253) were proved to have impact on OS of WT. 
Some DElncRNAs has been proved to own the potential to 
be biomarkers of WT. MEG3 transcripts a 1.6-kb lncRNA 
and has been found to inhibit the progression of several 
tumor cells, such as liver, colorectal, gastric, endometrial 
and osteosarcoma cancer cells by tumor suppressor genes 
p53 and Rb (31). A study suggested that MEG3 promoted 
metastasis and invasion of endometrial cancer cell by acting 
on upstream modulators or downstream effectors of p53 
signaling pathway (32). In glioma tissue, upregulation of 
MEG3 expression significantly inhibited the proliferation 
of cancer in human glioma cell lines by enhancing p53 
expression. What’s more, DLEU2, which was located in 
chromosome band 13q14, was observed to be deleted or 
epigenetically suppressed in leukemia, and was regarded 
as a negative regulator of cell proliferation. A Cytogenetic 
study on chronic lymphocytic leukemia patients has found 



482 Guan et al. ceRNA network in WT

  Transl Androl Urol 2020;9(2):473-484 | http://dx.doi.org/10.21037/tau.2020.01.34© Translational Andrology and Urology. All rights reserved.

that DLEU2 deletion will lead to chromosome breakage, 
telomere deletion, polykaryotic cells and other genetic 
instability (33). RMST suppressed the development of 
triple-negative breast cancer through inhibiting cell 
proliferation, invasion and migration (34). As far as we 
know, there was no related literature about function of 
AC096721.1, AC108860.2, AC145422.1, AL133383.1, 
AL390719.2, DLGAP1-AS1, RMST, AC108025.1, 
AC124067.3, AP001347.1 and LINC02253 in tumor, which 
deserved further exploration. 

Furthermore, among all DEmRNAs in ceRNA network, 
TRIM71 regulated by LINC002253 was identified to be 
the hub gene by MCODE. TRIM71 belongs to Tripartite 
motif (TRIM) family proteins, most of which hold E3 
ubiquitin ligase activity and can regulate intracellular signal 
transduction, cell apoptosis and affects tumorigenesis (35).  
TRIM71 was biased expressed in testis and kidney, 
encoding an E3 ubiquitin-protein ligase that binds with 
miRNAs. This gene maintained the growth of embryonic 
stem cells and accelerated the transformation from G1 
phase to S phase of cell cycle (https://www.ncbi.nlm.nih.
gov/gene/131405). We found that the higher expression 
of TRIM71 was positively correlated with the higher 
expression of LINC002253, indicating that TRIM71 was 
likely to affect tumor development. Survival analysis showed 
that TRIM71 was highly expressed in WT patients with 
poor prognosis, suggesting a potential of being a tumor 
prognostic marker. Ren et al. pointed out that TRIM71 
promoted the proliferation of non-small cell lung cancer 
cells through activation of the inhibitor of κB pathway (36). 
Another study indicated that TRIM71 could interact with 
p53, control its abundance by ubiquitination and decrease 
p53-dependent pro-apoptotic responses (37). However, the 
specific biological mechanism of TRIM71 in WT remained 
unclear and needs to be further explored. 

Because mRNA functions as downstream of the network 
in ceRNA hypothesis, GO and KEGG analysis was 
conducted to excavate the biological action mechanisms and 
pathways of the DemRNAs. “Mitotic nuclear division” was 
the most enriched GO terms in BP. Its abnormity may lead 
to chromosome division errors which accounts for excessive 
cell proliferation. We speculated that it might also play a 
role in the occurrence of WT. Other certified tumor-related 
terms included “nuclear chromatin” (38), “G2/M transition 
of mitotic cell cycle” (39), “sister chromatid cohesion” (40), 
“regulation of transcription involved in G1/S transition 
of mitotic cell cycle” (31), “DNA repair” (41), “cell 
proliferation” (31) and “cell division” (42). The pathway 

analyses showed that various pathways were involved in 
cell division and proliferation, such as “DNA replication 
pathway”, “Oocyte meiosis pathway” and “Homologous 
recombination pathway”.

Admittedly, our article still has some limitations. First, 
due to the rarity of WT, we are currently unable to conduct 
the multi-center clinical verification. Second, we have not 
conducted in vivo and in vitro experiments so far. So, we 
have limited evidence to explain the mechanism of WT 
caused by TRIM71 in particular. Nevertheless, our study 
explored the most closely related genes involved in hub sub-
network of WT, which could provide preliminary results for 
further study.
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