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Abstract
Background: Competitive endogenous RNAs (ceRNAs) have revealed a new mechanism of interaction
between RNAs. However, an understanding of the ceRNA regulatory network in Wilms
tumour (WT) remains limited.Methods: The expression pro�les of mRNAs, miRNAs and lncRNAs in Wilms
tumour samples and normal samples were obtained from the Therapeutically Applicable Research to
Generate Effective Treatment (TARGET) database. The EdgeR package was employed to identify
differentially expressed lncRNAs, miRNAs and mRNAs. Functional enrichment analyses via the
ClusterPro�le R package were performed, and the lncRNA–miRNA–mRNA interaction ceRNA network was
established in Cytoscape. Subsequently, the correlation between the ceRNA network and overall survival
was analysed.Results: A total of 2,037 lncRNAs, 154 miRNAs and 3,609 mRNAs were identi�ed as
differentially expressed RNAs in Wilms tumour. Of those, 205 lncRNAs, 26 miRNAs and 143 mRNAs were
included in the ceRNA regulatory network. The results of Gene Ontology (GO) analysis revealed that the
differentially expressed genes (DEGs) were mainly enriched in terms related to response to mechanical
stimuli, transcription factor complexes, and transcription factor activity (related to RNA polymerase II
proximal promoter sequence-speci�c DNA binding). The results of the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis showed that the DEGs were mainly enriched in pathways related to
the cell cycle. The survival analysis results showed that 16 out of the 205 lncRNAs, 1 out of 26 miRNAs
and 5 out of 143 mRNAs were associated with overall survival in Wilms tumour patients
(P < 0.05).Conclusions: CeRNA networks play an important role in Wilms tumour. This �nding might
provide effective, novel insights for further understanding the mechanisms underlying Wilms tumour.

Background
Wilms tumour (WT) is the most common type of paediatric renal malignancy. WT patients have a poor
prognosis, although the 5-year overall survival rate is constantly improving with the advancement of
disease-associated therapies [1]. Chemotherapy, surgery and radiation therapy are the main treatment
strategies for WT. However, 50% of children who have a recurrence after these treatments die from this
tumour [2, 3]. Novel therapeutic treatments targeting speci�c mechanisms of WT are still lacking.

Previous studies have demonstrated that numerous key long non-coding RNAs (lncRNAs), microRNAs
(miRNAs) and mRNAs are closely related to the pathogenesis of WT, such as LINC00473 [4], miR-483-5p
[5], miR-195 [4] and HACE1 [6]. However, there are few reports on the development of prognostic
biomarkers in WT. If WT patients who were more likely to have a poor prognosis according to these
prognosis biomarker results could be identi�ed, clinicians might be able to apply more aggressive and
individualized treatment. Therefore, prognostic biomarkers and targeted therapies in WT need to be
identi�ed to improve the clinical outcomes.

In the last decade, the complexity of the human genome has been revealed by advanced RNA sequencing
analysis [7]. Under such circumstances, competing endogenous RNA (ceRNA) analyses have
demonstrated that lncRNAs can communicate with common miRNA response elements and miRNAs to
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construct an intricate interconnected network and ultimately crosstalk with mRNA. The involvement of
the ceRNA regulatory network in tumour initiation and progression has been validated in previous studies
[8, 9]. However, the speci�c ceRNA regulatory network (lncRNA–miRNA–mRNA) in WT remains to be
elucidated.

In the present study, a ceRNA regulatory network (205 mRNAs, 26 lncRNAs and 143 miRNAs) was
constructed to promote the understanding of how lncRNAs sponge miRNA to regulate gene expression in
WT. Subsequently, survival analysis and functional analysis were used to promote a new understanding
of the role of the ceRNA regulatory network in WT carcinogenesis. The present study might provide
insight into the molecular mechanisms that participate in the progression and tumorigenesis of WT.

Methods
Data collection and preprocessing

Data were retrieved from the Therapeutically Applicable Research to Generate Effective Treatment
(TARGET: https://ocg.cancer.gov/programs/target; date: 12 February 2019) database. The data (of
lncRNAs, mRNAs and miRNAs) in the present study are publicly available. Ethics committee approval was
not required because the data in the present study were obtained from the TARGET database. Among the
data, miRNA expression data were acquired from 138 samples, including 6 normal samples and 132 WT
samples. In addition, mRNA and lncRNA expression data were acquired from 132 samples, including 6
normal samples and 126 WT samples. The differentially expressed lncRNAs (DELs), differentially
expressed miRNAs (DEMs) and differentially expressed genes (DEGs) between WT and normal samples
were determined via the EdgeR package in the R software (version 3.3.2). For the cut-off criteria, a
|logFC(fold change)| >1 and a false discovery rate (FDR) of <0.05 were used. A �ow chart of the analysis
procedure is shown in Figure 1.

 

Prediction of lncRNA–miRNA and miRNA–mRNA interactions

DEL-DEM-DEG interactions were divided into DEL-DEM and DEM-DEG pairs. The StarBase database
(http://starbase.sysu.edu.cn/) was employed to change the miRNA sequences. MiRcode [10]
(http://www.mircode.org/) is an effective online software that provides the interactions between lncRNAs
and miRNAs. MiRTarBase [11] (http://mirtarbase.mbc.nctu.edu.tw), miRDB [12]
(http://www.mirdb.org/miRDB/), and TargetScan [13] (http://www.targetscan.org/) are online tools that
were used to retrieve and predict target mRNAs of the miRNAs. A Venn diagram was constructed to
obtain the overlapping portion of target miRNAs and mRNAs. Matched DEL-DEM and DEM-DEG
interactions were screened for further bioinformatics analysis.

 

CeRNA network construction and functional enrichment analysis
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Cytoscape software (Version 3.6.1) was utilized to construct and visualize the DEL-DEM-DEG ceRNA
network. Cytoscape was used to visualize the molecular interaction networks according to gene
expression pro�les and annotations. To better comprehend the tumorigenesis mechanisms in WT, Gene
Ontology (GO) functional enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis of DEGs in the ceRNA network were performed via the ClusterPro�le R
package. An FDR <0.05 was used as a cut-off value.

 

Survival analysis

Identi�cation of prognostic DEL, DEM and DEG signatures were executed via the log-rank test and
Kaplan-Meier analysis. The survival curves were constructed using the ‘survival’ package. Survival
analysis was performed according to Kaplan‐Meier univariate survival analysis. P<0.05 was selected as
the statistical threshold value. All survival analyses were conducted using R software (version: 3.3.2).

Results
DEL, DEG and DEM identi�cation in WT

LncRNA, mRNA, and miRNA expression pro�les between WT samples and normal samples acquired from
TARGET were analysed in the present study. A total of 2,037 DELs, 154 DEMs and 3,609 DEGs were
identi�ed in the present study. A total of 1,247 upregulated and 790 downregulated DELs were identi�ed
in WT with a cut-off threshold of a |logFC(fold change)| >1 and a false discovery rate (FDR) of <0.05. The
distribution of DELs between WT and normal controls is presented as a heatmap plot in Figure 2a.
According to the cut-off threshold of a |logFC(fold change)| >1 and a false discovery rate (FDR) of <0.05,
105 upregulated and 49 downregulated DEMs were identi�ed in WT. A heatmap plot of the related DEMs
between WT and normal controls is shown in Figure 2b. A total of 1,894 upregulated and 1,715
downregulated DEGs were identi�ed in WT. The DEG distribution between WT and normal controls is
presented as a heatmap plot in Figure 2c. The top 10 upregulated and downregulated DELs, DEMs and
DEGs are shown in Table 1.

 

CeRNA network construction and functional enrichment analysis

A dysregulated lncRNA-miRNA-mRNA ceRNA network in WT was constructed according to the
interactions of 980 DEL-DEM pairs and 235 DEM-DEG pairs between 205 DELs, 26 DEMs, and 143 DEGs.
The ultimate lncRNA-miRNA-mRNA ceRNA regulatory network visualized in Cytoscape is presented in
Figure 3.

GO and KEGG analyses were also performed to reveal the functions of the 143 DEGs that were included
in the ceRNA network (see Table 2). The DEGs were enriched in 99 “biological processes (BP)” terms, and
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the top �ve terms were response to mechanical stimulus, G1/S transition of mitotic cell cycle, cell cycle
G1/S phase transition, muscle cell proliferation, and mesenchymal cell differentiation. The DEGs were
enriched in 8 “cellular component (CC)” terms, and the top �ve terms were transcription factor complex,
cyclin-dependent protein kinase holoenzyme complex, nuclear chromatin, nuclear transcription factor
complex, and Flemming body. The DEGs were enriched in 10 “molecular function (MF)” terms. The top
�ve terms were transcription factor activity (related to RNA polymerase II proximal promoter sequence-
speci�c DNA binding), transcriptional activator activity (related to RNA polymerase II transcription
regulatory region sequence-speci�c DNA binding), proximal promoter sequence-speci�c DNA binding,
transcriptional activator activity (related to RNA polymerase II proximal promoter sequence-speci�c DNA
binding), and transcriptional repressor activity (related to RNA polymerase II transcription regulatory
region sequence-speci�c DNA binding). Additionally, KEGG pathway analysis showed that DEGs were
enriched in 30 pathways, such as pathways related to cell cycle, small-cell lung cancer, p53 signalling,
microRNAs in cancer, and cellular senescence (Table 2 and Figure 4).

 

Survival analysis

Kaplan-Meier univariate survival analysis was performed using the combined clinical information and
gene expression pro�les of 205 lncRNAs, 26 miRNAs and 143 mRNAs in the ceRNA network in WT
samples. According to the analysis, 14 lncRNAs among 205 DELs were closely related to the overall
survival of WT patients (Figure 5). For AC005609.1, AC135178.1, AL391832.1, AL445228.2, DENND5B-
AS1, DLEU2, GRM7-AS3, LINC00303 and LINC00473, low expression was related to a high overall survival
rate in WT patients. High expression of ADAMTS9-AS1, MEG3, MYB-AS1, NRG1-IT1, and RMST was
related to high survival rates in WT patients. In addition, 1 miRNA among 26 DEMs was closely related to
the prognosis of WT patients (Figure 6). High expression of hsa-mir-200a was related to high survival
rates in WT patients. Eight mRNAs among 143 DEGs were closely related to the overall survival of WT
patients (Figure 7). For CDCA4, CEP55, DEPDC1, OSR1, PHF19 and PLEKHA8, low expression was related
to a high overall survival rate in WT patients. High expression of KIAA0922 and ZBTB4 was signi�cantly
related to high survival rates in WT patients.

Discussion
WT is a type of paediatric renal malignancy. Although overall survival in WT patients is
constantly improved, disease recurrence and poor prognosis are still the main causes of cancer-related
death in childhood [1]. Dysregulated genes are considered to be the major cause of tumorigenesis in WT.
Recently, increasing attention has been paid to the crucial roles of the ceRNA network in gene expression
regulation at the transcription, post-transcription and translation levels). A previous study reported the
regulatory role of ceRNA networks in the proliferation, metastasis and invasion of cancer [14, 15]. To
better understand how the ceRNA regulatory network affects WT, large-scale WT data from the TARGET
database were analysed, and a dysregulated ceRNA regulatory network in WT was successfully
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constructed. A dysregulated ceRNA network in WT was constructed according to the interactions of 980
DEL–DEM pairs and 235 DEM–DEG pairs between 205 DELs, 26 DEMs, and 143 DEGs. In addition,
Kaplan-Meier curves were generated to identify prognostic biomarkers in WT. Fourteen differentially
expressed lncRNAs (AC005609.1, AC135178.1, ADAMTS9-AS1, AL391832.1, AL445228.2, DENND5B-AS1,
DLEU2, GRM7-AS3, LINC00303, LINC00473, MEG3, MYB-AS1, NRG1-IT1, and RMST), 1 differentially
expressed miRNA (hsa-mir-200a) and 8 differentially expressed mRNAs (CDCA4, CEP55, DEPDC1,
KIAA0922, OSR1, PHF19, PLEKHA8, and ZBTB4) were shown to be signi�cantly associated with the
overall survival rate in WT.

Long noncoding RNAs (lncRNAs) are de�ned as noncoding RNAs longer than 200 nucleotides [16].
lncRNAs were shown to be involved in a variety of biological regulatory functions, including metastasis
and tumorigenesis of cancer [17, 18]. A total of 1,247 upregulated and 790 downregulated DELs were
identi�ed in the present study. A total of 205 DELs were included in the construction of the ceRNA
network. Additionally, 14 out of the 205 DELs were associated with overall survival in WT patients
(P < 0.05). Some differentially expressed lncRNAs in our analysis have been investigated in WT: for
example, LINC00473 was show to be capable of decreasing miR-195 expression levels and inhibiting
miR-195 function in WT [4]. A dysregulated lncRNA signature including LINC00473/miR-195/IKKα was
shown to play a protumorigenic pathogenesis role in WT [4]. The abovementioned molecular experiments
partially supported our results in the present study. The identi�ed lncRNAs might serve as prognostic
biomarkers and therapeutic targets in WT. In previous studies, RMST was shown to possibly inhibit cell
proliferation, invasion, and migration, enhance cell apoptosis, and regulate the cell cycle to act as a
tumour suppressor in triple-negative breast cancer [19]. MEG3, a myeloid-related lncRNA, plays a tumour
suppressor role in various solid neoplasms [20, 21]. DLEU2 was shown to control miR-16-1 to regulate
proliferation, invasion and migration in laryngeal cancer [22]. ADAMTS9-AS1 was related to the overall
survival of breast cancer [23], bladder cancer [24] and colon adenocarcinoma [25] patients. Few studies,
however, have explored the relationship between the abovementioned DELs and tumorigenesis in WT.
Additionally, little is known about the regulatory role of LINC00303, GRM7-AS3, DLEU2, DENND5B-AS1,
AL445228.2, AL391832.1, AC135178.1 and AC005609.1 in cancer. Therefore, further studies are needed
to illuminate the molecular and biological mechanisms of these DELs in WT.

MicroRNAs are single-stranded and 18-25 nucleotide-long noncoding RNAs that target mRNAs to control
gene expression [26]. DEMs in WT, including 105 upregulated and 49 downregulated DEMs, were
summarized in the present study. In the present study, the ceRNA network contained 14 differentially
expressed miRNAs. However, only one miRNA (miR-200a) was related to overall survival in WT patients.
miR-200a is an important member of the miR-200 family. It has been reported that miR-200a participates
in several biological processes to control the progression of cancer [27, 28]. miR-200a was shown to
target FOXA1 and act as a tumour suppressor in the survival, proliferation and invasion of glioma cells
[28]. In addition, miR-200a might inactivate BRD4-mediated AR signalling to inhibit the progression of
prostate cancer [27]. Moreover, previous studies have reported that miR-200a participates in the
development and occurrence of oesophageal cancer, breast cancer and endometrial cancer by targeting
speci�c genes, such as CRMP‐1, EPHA2 and PTEN [29-31]. However, there is no research to clearly
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elucidate the role of miR-200a in WT. The understanding of the role of miR-200a in the progression of WT
is limited and requires more targeted molecular studies.

To further investigate the related cellular mechanisms in WT, GO and KEGG analyses of 143 DEGs in the
ceRNA network were performed. The GO analysis results showed that the DEGs were mainly enriched in
terms related to response to mechanical stimuli, transcription factor complexes and transcription factor
activity (related to RNA polymerase II proximal promoter sequence-speci�c DNA binding). The KEGG
analysis results indicated that DEGs in the ceRNA network were mainly enriched in pathways related to
the cell cycle, small-cell lung cancer, p53 signalling, microRNAs in cancer, and cellular senescence. In
recent years, many studies have reported the same �ndings. The PI3K-AKT-p53 signalling pathway is
involved in the tumorigenesis of WT and might represent a potential target in the future [32]. MiRNAs,
which are single-stranded and 18-25-nucleotide-long noncoding RNAs [26], were involved in regulating
proliferation, the cell cycle and apoptosis in WT [33, 34]. Cellular senescence was reported to be
responsible for restricted proliferation in WT, and this result was linked to increased p21 expression and
was independent of p53 expression [35]. The abovementioned related studies and experiments
partially support our GO and KEGG analysis results in the present study.

The major limitation of the present study is that con�rmation of the differentially expressed lncRNAs,
miRNAs, mRNA and relative pathways in tumour tissues and blood is lacking. Further targeted studies
related to this ceRNA network need to be designed to verify and investigate these valuable ncRNAs in the
progression of WT.

Conclusion
In summary, differentially expressed lncRNAs, mRNAs, and miRNAs were identi�ed, and a functional
lncRNA-miRNA-mRNA ceRNA regulatory network for WT tumorigenesis was successfully constructed.
Signi�cantly altered lncRNAs, miRNAs and mRNAs might serve as prognostic biomarkers and therapeutic
targets for tumorigenesis in WT. The ceRNA regulatory network might illuminate the inner molecular
mechanism involved in the progression and tumorigenesis of WT.
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Genesymbol LogFC Subtype FDR Change
AC093702.1 11.75304022 LncRNA 2.01E-19 Up
LINC01807 10.67432032 LncRNA 1.69E-08 Up
PCDH9-AS1 10.30383735 LncRNA 1.88E-05 Up
AL162413.1 10.26553625 LncRNA 0.000295922 Up
AC006206.2 10.21420894 LncRNA 8.28E-06 Up
AL390115.1 9.729226944 LncRNA 1.19E-08 Up
UG0898H09 9.427695354 LncRNA 9.76E-26 Up
AC247036.1 9.286751894 LncRNA 5.88E-06 Up
DUXAP8 9.25496143 LncRNA 0.000437101 Up
AC022858.1 9.063334433 LncRNA 3.24E-16 Up
AC093583.1 -10.96822749 LncRNA 1.49E-245 Down
LINC01187 -9.174377289 LncRNA 6.88E-68 Down
AC087379.2 -9.017856086 LncRNA 2.11E-53 Down
AC073172.1 -8.966181441 LncRNA 7.03E-78 Down
LINC00284 -8.757230026 LncRNA 2.03E-91 Down
LINC02121 -8.537836046 LncRNA 2.95E-35 Down
AC124017.1 -8.365347845 LncRNA 3.87E-156 Down
UCA1 -7.89490469 LncRNA 2.23E-66 Down
LINC02437 -7.873710855 LncRNA 1.57E-56 Down
LINC00982 -7.628461662 LncRNA 2.29E-34 Down
hsa-mir-383 9.298659023 miRNA 4.06E-06 Up
hsa-mir-1269a 7.525185748 miRNA 0.000415743 Up
hsa-mir-1269b 6.968194063 miRNA 0.046671257 Up
hsa-mir-767 6.775915413 miRNA 0.006257893 Up
hsa-mir-548f-1 6.766938092 miRNA 1.24E-07 Up
hsa-mir-2115 6.512683834 miRNA 4.88E-05 Up
hsa-mir-301b 6.276573984 miRNA 1.89E-10 Up
hsa-mir-105-1 6.260382994 miRNA 0.019280135 Up
hsa-mir-483 6.210785374 miRNA 1.38E-11 Up
hsa-mir-105-2 5.578850103 miRNA 0.025007756 Up
hsa-mir-934 -8.458976144 miRNA 8.18E-109 Down
hsa-mir-203a -5.559616525 miRNA 2.43E-29 Down
hsa-mir-29c -4.184218278 miRNA 8.62E-46 Down
hsa-mir-506 -4.068436968 miRNA 7.11E-10 Down
hsa-mir-29a -4.000404843 miRNA 1.54E-26 Down
hsa-mir-30a -3.996893892 miRNA 7.42E-27 Down
hsa-mir-514a-1 -3.966692055 miRNA 6.42E-12 Down
hsa-mir-514a-2 -3.896476522 miRNA 2.33E-13 Down
hsa-mir-514a-3 -3.863700282 miRNA 5.84E-12 Down
hsa-mir-203b -3.503204575 miRNA 1.32E-06 Down
MYL1 13.24180081 mRNA 0.016634278 Up
SIX2 12.51605746 mRNA 7.12E-40 Up
LIN28B 12.3533245 mRNA 1.86E-06 Up
DGKK 12.1463413 mRNA 2.92E-16 Up
SLC32A1 12.07892059 mRNA 6.16E-15 Up
PRAC1 11.60603916 mRNA 0.025719602 Up
VSTM2B 11.49565361 mRNA 2.18E-11 Up
PDYN 11.47837196 mRNA 5.87E-08 Up
DLK1 11.38084591 mRNA 4.70E-07 Up
CHRNA1 11.35683528 mRNA 2.26E-16 Up
UMOD -18.32990509 mRNA 1.01E-105 Down



Page 13/20

AQP2 -13.93867978 mRNA 3.73E-188 Down
KNG1 -12.65984726 mRNA 1.45E-142 Down
FXYD4 -12.05988592 mRNA 4.23E-79 Down
GP2 -10.99884235 mRNA 6.06E-73 Down
SLC9A4 -10.4495998 mRNA 6.00E-124 Down
SLC12A1 -10.42592663 mRNA 4.25E-130 Down
CLCNKA -10.25241114 mRNA 3.78E-198 Down
BSND -10.05878694 mRNA 7.49E-148 Down
HRG -10.05099801 mRNA 1.98E-134 Down

Abbreviations: FC, fold change; FDR, false discovery rate.

Table 2. The enriched GO terms (top 5) and KEGG pathways (top 5) of the DEGs

Category Term ID Count FDR
GO BP response to mechanical stimulus GO:0009612 11 0.001184756
GO BP G1/S transition of mitotic cell cycle GO:0000082 12 0.001333555
GO BP cell cycle G1/S phase transition GO:0044843 12 0.001784413
GO BP muscle cell proliferation GO:0033002 10 0.002607351
GO BP mesenchymal cell differentiation GO:0048762 9 0.009770918
GO CC transcription factor complex GO:0005667 10 0.01896361
GO CC cyclin-dependent protein kinase holoenzyme

complex
GO:0000307 4 0.01896361

GO CC nuclear chromatin GO:0000790 10 0.01896361
GO CC nuclear transcription factor complex GO:0044798 7 0.024102204
GO CC Flemming body GO:0090543 3 0.037639391
GO MF transcription factor activity, RNA polymerase

II proximal promoter sequence-specific DNA
binding

GO:0000982 15 0.000130468

GO MF transcriptional activator activity, RNA
polymerase II transcription regulatory
region sequence-specific DNA binding

GO:0001228 15 0.000130468

GO MF proximal promoter sequence-specific DNA
binding

GO:0000987 14 0.000902732

GO MF transcriptional activator activity, RNA
polymerase II proximal promoter sequence-
specific DNA binding

GO:0001077 11 0.000902732

GO MF transcriptional repressor activity, RNA
polymerase II transcription regulatory
region sequence-specific DNA binding

GO:0001227 10 0.000902732

KEGG Cell cycle hsa04110 10 6.52E-06
KEGG Small cell lung cancer hsa05222 8 4.96E-05
KEGG p53 signaling pathway hsa04115 7 7.55E-05
KEGG MicroRNAs in cancer hsa05206 12 0.00013503
KEGG Cellular senescence hsa04218 9 0.000137065

Abbreviations: FDR, false discovery rate.

Figures
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Figure 1

The �ow chart of the analysis procedure. TARGET: Therapeutically Applicable Research to Generate
Effective Treatment; DELs: differentially expressed lncRNAs; DEMs: differentially expressed miRNAs;
DEGs: differentially expressed genes; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and
Genomes pathway enrichment analysis;
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Figure 2

Heatmap analysis of differentially expressed lncRNAs (a), miRNAs (b), and mRNAs (c) (top 30). Each row
represents a sample, and each column represents an lncRNA, miRNA, or mRNA. High or low relative
expression is displayed as a red or green strip, respectively.
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Figure 3

Competitive endogenous RNA (ceRNA) regulation network of 205 lncRNAs, 26 miRNAs and 143 mRNAs
in Wilms tumor. The red diamond indicates the upregulated LncRNAs, blue diamond indicates the
downregulated LncRNAs; The red triangle indicates the upregulated miRNAs, blue triangle indicates the
downregulated miRNAs; The red circle indicates the upregulated mRNAs, blue circle indicates the
downregulated mRNAs; Connectivity of two nodes were expressed as edge number. lncRNA, long
noncoding RNA; miRNA, microRNA; mRNA, messenger RNA.
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Figure 4

The top 20 Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis of genes involved
in the ceRNA regulation network of Wilms tumor.The X-axis represents the GeneRatio for the proportion of
genesrelated GeneRatio, with the top 20 KEGG terms shown on the Y-axis; The graph displays only top 20
KEGG terms. In this graph, the color change between blue and red denote the signi�cance of the
correlation between low and high, and the different size of a dot represents related mRNA numbers.
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Figure 5

Kaplan‐Meier curve of the lncRNAs that are signi�cantly associated with OS in Wilms tumour patients. (a)
AC005609.1, (b) AC135178.1, (c) RMST, (d) NRG1-IT1, (e) MYB-AS1, (f) MEG3, (g) LINC00473, (h)
LINC00303, (i) GRM7-AS3, (j) DLEU2, (k) DENND5B-AS1, (l) AL445228.2, (n) AL391832.1, and (m)
ADAMTS9-AS1. The red and blue curves represent samples with higher and lower expression of lncRNAs,
respectively.
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Figure 6

Kaplan‐Meier curve of hsa-mir-200a that are signi�cantly associated with overall survival in Wilms tumor
patients. The red and blue curve represents samples with a higher and lower expression of miRNAs,
respectively.
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Figure 7

Kaplan‐Meier curve of the mRNAs that are signi�cantly associated with OS in Wilms tumour patients. (a)
OSR1, (b) DEPDC1, (c) PLEKHA8, (d) PHF19, (e) CEP55, (f) CDCA4, (g) KIAA0922, and (h) ZBTB4. The red
and blue curves represent samples with higher and lower expression of mRNAs, respectively.


