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 Background: Long non-coding RNA (lncRNA) can act as competing endogenous RNA (ceRNA) during tumor development. 
However, no study has elucidated the ceRNA network in pediatric rhabdoid tumor of the kidney (RTK) and its 
prognostic-related lncRNAs. The goal of the present study was to identify potential biomarkers of prognostic-
related lncRNAs.

 Material/Methods: RNA sequencing and clinical data were procured from the TARGET database. The “EdgeR” package was used 
to obtain differentially expressed lncRNA (DElncRNA), differentially expressed messenger RNAs (DEmRNA), and 
differentially expressed microRNAs (DEmiRNA). Cytoscape software was used to construct a ceRNA network. 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis were con-
ducted on the ceRNA network-related DEmRNA. The Kaplan-Meier method was used for predicting survival 
with ceRNA network-related DElncRNA. Univariate and multivariate Cox analyses were used to identify prog-
nosis-related lncRNAs in the ceRNA network, and an RTK prognostic signature was constructed.

 Results: We identified 1109 DElncRNAs, 215 DEmiRNAs, and 3436 DEmRNAs; and 107 DElncRNAs, 21 DEmiRNAs, and 
74 DEmRNAs were included in the ceRNA regulatory network. GO enrichment analysis and KEGG pathway en-
richment indicated that the DEmRNAs were mainly related to the regulation of phospholipase C activity and 
the MAPK signaling pathway. Survival analysis showed that 9 of 107 DElncRNAs were correlated with progno-
sis (P<0.05). Univariate and multivariate Cox analysis identified 4 DElncRNAs (HNF1A-AS1, TPTEP1, SNHG6, and 
ZNF503-AS2) to establish a predictive model and can be used as independent prognostic biomarkers.

 Conclusions: We constructed a ceRNA network that reveals potential lncRNA biomarkers for pediatric RTK.
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Background

Rhabdoid tumors of the kidney (RTK) are rare but invasive 
renal tumors that occur in infancy and early childhood and 
account for approximately 1.3% of all renal tumors in chil-
dren [1]. The majority of RTKs have SMARCB1 (SWI/SNF Related, 
Matrix Associated, Actin-Dependent Regulator of Chromatin, 
Subfamily B, Member 1, SMARCB1) double allele-inactivating 
mutations [2]. Patients with RTK generally have low survival 
rates, and recurrence, disease progression, and death usually 
occur early, making it the most lethal malignant solid tumor 
among children. Studies have reported that patients with RTK 
aged <6 months have a 2-year event-free survival (EFS) rate of 
15%, while those >27 months have a 2-year EFS of 48% [3]. 
The main modalities of treatment currently include surgery, 
radiotherapy, and chemotherapy. However, it has been found 
that high-dose chemotherapy does not improve the progno-
sis of patients [4]. At present, there are few reports regard-
ing the prognostic molecular markers of RTK. Therefore, we 
sought to identify some novel markers to screen RTK earlier 
and predict patient prognosis.

Long non-coding RNA (lncRNA) refers to a class of RNA mol-
ecules located in the nucleus and cytoplasm of cells widely 
found in eukaryotes, which form a complex regulatory net-
work with target genes and are involved in the pathophysio-
logical processes of the organism [5]. Recently, an increasing 
number of studies have discovered that lncRNA can be used 
as a diagnostic and prognostic marker for a variety of tumors, 
such as gastric cancer [6], liver cancer [7], and pancreatic can-
cer [8]. The competitive endogenous RNA (ceRNA) hypothe-
sis [9] suggests that lncRNAs not only directly regulate the ex-
pression of target genes but also likely affect the number of 
miRNAs by adsorbing the core seed sequences of miRNAs to 
further affect the mRNA levels of target genes [10]. The ceR-
NA network is extensively involved in the regulation of vital 
activities such as inflammation, apoptosis, and differentiation 
in the body. However, little is known regarding the role of ln-
cRNA and related ceRNA regulatory networks in RTK.

We downloaded the RNA expression profiles of PTK from the 
TARGET database for analysis and screened for differentially 
expressed RNAs. Through use of various bioinformatics soft-
ware, the ceRNA network was constructed and many genes 
of potential research interest were identified.

Material and Methods

Acquisition of TARGET pediatric RTK data

The RNA sequencing data and corresponding clinical infor-
mation of pediatric RTK were downloaded from the TARGET 

database (https://ocg.cancer.gov/programs/target; last updated: 
March 31, 2020). The miRNA expression microarray includes 
6 normal samples and 66 tumor samples. The mRNA microar-
ray and lncRNA microarray includes 6 normal samples and 65 
tumor samples. DElncRNAs, DEmRNAs, and DEmiRNAs were 
selected based on the “EdgeR” package of R software (3.6.3). 
For the cutoff criteria, a false discovery rate (FDR) <0.05 and 
an absolute log 2-fold change >2 were the cutoff criteria for 
differentially expressed genes. Using the R software for “gg-
plot2” and the “pheatmap” package, we built volcano maps 
and heat maps of DEmRNAs, DElncRNAs, and DEmiRNAs.

CeRNA network construction

In all, 107 DElncRNAs were used to predict targeted miRNAs by 
miRcode [11] (http://starbase.sysu.edu.cn/). The targeted miRNAs 
were further compared with DEmiRNAs; the intersected miRNAs 
were retained to develop the DElncRNAs-DEmiRNAs ceRNA net-
work. Then, the DEmiRNAs in the DElncRNAs-DEmiRNAs ceRNA 
network were distributed via MiRTarBase [12] (http://mirtarbase.
mbc.nctu.edu.tw), MiRDB [13] (http://www.mirdb.org/miRDB/), 
and TargetScan [14] (http://www.tar-getscan.org/) to predict 
miRNA-targeted mRNAs. The targeted mRNAs were further 
compared with DEmRNAs, and the intersected DEmRNAs were 
retained to develop the DEmiRNAs-DEmRNAs ceRNA network. 
Finally, Cytoscape (v3.8.0) [15] was used for constructing the 
ceRNA network.

Functional enrichment analysis

GO enrichment and KEGG pathway enrichment analysis of the 
ceRNA network-related DEmRNA were achieved using R soft-
ware with the “clusterProfiler” package, and the “enrichplot” 
package was used to draw related functional enrichment and 
pathway enrichment.

Survival analysis

Survival curves and the Kaplan-Meier estimator for the ceR-
NA network-related DElncRNA were computed and plotted 
with the ‘survival’ package, and P<0.05 served as the statis-
tical threshold to screen for survival-associated DElncRNAs in 
the ceRNA network.

Univariate and multivariate analyses to confirm the 
prognostic-associated lncRNA factors in RTK

Based on the clinical information of RTK patients, univariate 
analysis was performed for survival-associated DElncRNAs in 
the ceRNA network using the log rank test. For survival-asso-
ciated DElncRNAs with a P value of <0.05 in univariate anal-
ysis, least absolute shrinkage and selection operator (LASSO) 
analysis was undertaken using the “glmnet” package to select 
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the minimum error value to eliminate over-fitting data, Then, 
multivariate analyses were performed using the Cox regression 
model to identify the prognostic-associated DElncRNA factors 
in RTK. By using the “survivalROC” package, we constructed 
time-dependent receiver-operating characteristic (ROC) curves 
to analyze the predictive accuracy of the risk score model. 
Based on the “survminer” R package, patients were divided 
into high- and low-risk groups according to the risk score (me-
dian cutoff value), and survival was analyzed using the Kaplan-
Meier method. Risk heat maps, risk scores, and survival status 
maps were plotted to verify the predictive ability of the model.

Results

Differentially expressed RNAs in pediatric RTK

A total of 1109 lncRNAs were screened out, of which 421 
were upregulated and 688 were downregulated. Of the 215 
miRNAs, 170 were upregulated and 45 were downregulated. 
Of the 3436 differential mRNAs, 1607 were upregulated and 
1829 were downregulated. Figure 1 shows the volcano maps 
and heat maps.

Construction of ceRNA networks and GO and KEGG 
analyses

We searched the 1109 DElncRNAs in the miRcode database. 
Then, 107 DElncRNAs and 21 DEmiRNAs were used to con-
struct the 513 pairs in the DElncRNAs-DEmiRNAs network. 
Next, we predicted 21 DEmiRNAs in all 3 target-predicting 
databases; then, 21 DEmiRNAs and 74 DEmRNAs construct-
ed 93 pairs of the DEmiRNA-DEmRNAs network. The lncRNA-
miRNA-mRNA ceRNA network was visualized using Cytoscape 
software (Figure 2A). The GO and KEGG enrichment analyses 
were further used to display the biological function of the 74 
ceRNA network-related DEmRNAs. The GO enrichment analysis 
showed that DEmRNAs were mostly related to the regulation of 
DNA-binding transcriptional activator activity, RNA polymerase 
II specificity, and phospholipase C activity (Figure 2B, Table 1). 
Further, KEGG enrichment analysis showed that the mRNAs 
were highly enriched in MAPK signaling pathway (Table 1).

Survival analysis and establishment of the ceRNA 
network-related DElncRNAs prognostic model

Survival analysis results showed that ADAMTS9-AS2, DSCR9, 
EMX2OS, HCG22, HNF1A-AS1, HOTAIR, SNHG6, TPTEP1, and 
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Figure 1.  Heat map and volcano map of differential gene expression in rhabdoid tumor of the kidney (RTK). The colors from green to 
red indicate the trend from low to high expression, respectively. (A) lncRNA, (B) miRNA, (C) mRNA.
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Figure 2.  (A) The lncRNA-miRNA-mRNA ceRNA network, with mRNA in red, miRNA in green, and lncRNA in blue. (B) GO functional 
enrichment analysis results.

ID Description Adjusted P value Count

GO: 0001228
DNA-binding transcription activator activity, RNA polymerase 
II-specific

0.000159 11

GO: 0010863 Positive regulation of phospholipase C activity 0.000742 5

GO: 1900274 Regulation of phospholipase C activity 0.000742 5

GO: 0010518 Positive regulation of phospholipase activity 0.001943 5

GO: 0010517 Regulation of phospholipase activity 0.00266 5

GO: 0060193 Positive regulation of lipase activity 0.00266 5

GO: 0007435 Salivary gland morphogenesis 0.00266 4

GO: 0007431 Salivary gland development 0.003219 4

GO: 0035272 Exocrine system development 0.00782 4

KEGG: hsa04010 MAPK signaling pathway 0.022328 7

KEGG: hsa05215 Prostate cancer 0.045291 4

Table 1. GO enrichment analysis (top 10) and KEGG pathways (top 5) of the DEmRNAs.
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ZNF503-AS2 were correlated with prognosis (P<0.05) (Figure 3). 
These significant survival-associated DElncRNAs were fur-
ther submitted to univariate and multivariate Cox regres-
sion analyses to screen prognosis-related DElncRNAs for RTK. 
Subsequently, 6 lncRNAs were obtained after univariate Cox 
regression analysis by using P<0.05 (Table 2). All 6 lncRNAs 
underwent LASSO regression analysis (Figure 4A, 4B), and 
a prognostic model for prognostic-associated lncRNAs was 
constructed. The 4 prognostic-associated lncRNAs contained 
HNF1A-AS1, TPTEP1, and SNHG6, and ZNF503-AS2 (Figure 4C, 
Table 2). The model risk score was calculated as follows: risk 
score=(0.460038×exp_ HNF1A-AS1)+(0.249016×exp_ ZNF503-
AS2)+(–1.557758×exp_) SNHG6)+(0.443621×exp_ TPTEP1), 
where HNF1A-AS1, TPTEP1, and ZNF503-AS2 were associated 

with high risk of death and SNHG6 is associated with low risk 
of death. The 4 prognostic-associated lncRNAs of the distribu-
tion of survival risk score (Figure 5A), survival time (Figure 5B), 
and expression heatmap (Figure 5C) revealed that the high-risk 
group was more likely to have a worse prognosis. According 
to the median risk score (median risk score=0.863512), pedi-
atric RTK patients were divided into a low-group and high-risk 
group. Survival analysis revealed that the low-risk group was 
had a better prognosis (P<0.0001, Figure 5D). The ROC curves 
for the 4 lncRNAs in the signature had area under the curve 
values >0.5 (Figure 5E, 5F). These findings suggested that the 4 
identified lncRNAs may serve as meaningful prognostic markers.
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Figure 3.  Kaplan-Meier curves of lncRNA correlation with OS in the RTK ceRNA network; red lines represent high expression and blue 
lines represent low expression.
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Univariate Cox analyses Multivariate Cox analyses

LncRNA HR P LncRNA coeff Pr(>|z|)

HNF1A-AS1 1.504584301 3.45E-05 HNF1A-AS1 0.460038 7.64E-05

SNHG6 0.171502952 0.0011426 SNHG6 –1.55776 0.029187

EMX2OS 1.200107761 0.0046485

ADAMTS9-AS2 1.326528303 0.005559

ZNF503-AS2 1.330339167 0.0117347 ZNF503-AS2 0.249016 0.080237

TPTEP1 1.574114447 0.0207131 TPTEP1 0.443622 0.006629

HCG22 1.122011596 0.058778

DSCR9 0.679105342 0.0754403

HOTAIR 0.902184196 0.1121019

Table 2. Univariate and multivariate Cox analysis of overall survival.
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Discussion

RTK is a highly malignant and aggressive tumor, and, unfor-
tunately, the overall prognosis for RTK is still only about 20–
25% [3]. Therefore, accurate prediction of prognosis is essential 
for the personalized treatment of these patients. We sought to 
find novel biomarkers to diagnose RTK earlier and predict the 
prognosis of patients. We screened our 4 prognosis-associated 
lncRNAs based on a ceRNA network combined with clinical in-
formation of patients to identify prognostic biomarkers of RTK.

At present, the ceRNA hypothesis suggests that lncRNA can com-
petitively bind to miRNA and act as an “miRNA sponge” to indi-
rectly regulate the downstream target genes of the miRNA [9]. 
A growing body of evidence suggests that lncRNAs can serve as 
molecular biomarkers in multiple cancer types to predict patient 
prognosis. However, thus far, there have been very few reports 
on the ceRNA network related to pediatric RTK. Ren et al. ob-
tained 109 samples of rhabdoid tumor through the GEO data-
base, including 31 rhabdoid tumor and 21 normal kidneys, and 

through use of the co-expression method, they finally identified 
RPL5 and RPL10 as potential diagnostic markers for AT/RT [16]. 
Their research provides an idea for the diagnosis of rhabdoid 
tumor. However, due to the lack of clinical survival informa-
tion of patients, the markers they screened cannot be judged 
to predict prognosis. In our research, we downloaded RNA-seq 
data from the TARGET database, which is a database with com-
plete clinical information and sequencing information, and we 
constructed a ceRNA network containing 107 DElncRNAs, 21 
DEmiRNAs, and 78 DEmRNAs. To screen out prognosis-related 
lncRNAs, we conducted survival analysis on 107 DElncRNAs in 
the ceRNA network and found that 9 were related to surviv-
al. These significant survival-associated DElncRNAs were fur-
ther submitted to univariate and multivariate Cox regression 
analyses to screen prognosis-related lncRNAs for RTK. Finally, 
4 prognosis-related lncRNAs (HNF1A-AS1, TPTEP1, SNHG6, and 
ZNF503-AS2) were used to establish a prognostic model. The 
3- and 5-year survival probability areas under the ROC curves 
were 0.93 and 0.889, respectively, which fully explained the ac-
curacy of the lncRNA prognostic models.
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To study the function of the ceRNA network, we performed 
KEGG and GO enrichment analysis on DEmRNAs in ceRNA, 
which are mainly enriched in the MAPK signaling pathway. In 
cancer, the constitutively active MAPK signaling pathway of-
ten leads to promotion of abnormal cell growth and tumori-
genesis [17] such as liver cancer [18] and gastric cancer [19]. 
In colon cancer, HNF1A-AS1 upregulates OTX1 to activate the 
ERK/MAPK pathway [20]. Among the 4 prognostic-associated 
lncRNAs found in our study, HNF1A-AS1 was enriched in the 
MAPK signaling pathway. Therefore, we predicted that HNF1A-
AS1 can promote the development of RTK by activating the 
ERK/MAPK pathway. The high expression of TPTEP1 can pre-
dict the prolonged overall survival of patients with lung can-
cer [21]. TPTEP1 overexpression suppressed cell proliferation 
and metastasis but did not affect cell apoptosis in hepatocel-
lular carcinoma [22]. However, in our study, the survival rate 
of patients with TPTEP1 overexpression was low, which like-
ly means that in RTK, TPTEP1 overexpression can promote 
tumor development, which needs to be further confirmed 
in future studies. Overexpression of SNHG6 is related to tu-
mor progression and poor prognosis. In rectal cancer, SNHG6 
promotes the migration, invasion, and epithelial-mesenchy-
mal transition of colorectal cancer cells through the miR-26a/
EZH2 axis [23]. SNHG6 is overexpressed in childhood Wilms’ 
tumors, and SNHG6 knockout can inhibit proliferation, mi-
gration, and invasion [24]. Our study found that patients with 
high SNHG6 expression have a lower survival rate. It is possi-
ble that in patients with RTK, high SNHG6 expression can in-
hibit tumor growth. ZNF503 is involved in the development 
of tumors. In hepatocellular carcinoma, ZNF503 promotes mi-
gration, invasion, and epithelial-mesenchymal transition (EMT) 
processes by regulating GATA3 expression [25]. However, very 

few studies have focused on the relationships among HNF1A-
AS1, TPTEP1, SNHG6, and ZNF503-AS2 in RTK. Therefore, we 
need further experimental research to clarify the molecular 
mechanism and biological functions of these prognostic-re-
lated lncRNAs in RTK.

Our study has some limitations. First, our clinical sample size 
was not large enough. Second, we were able to predict the 
relationship between lncRNA and miRNA and between miR-
NA and mRNA only through online databases; hence, further 
experimental research should be conducted to address this 
issue. Last, the 4 prognostic-related lncRNAs selected in this 
study did not perform any biological functions. However, the 
strength of our research lies in being one of the first studies 
to predict the molecular mechanism of RTK from the perspec-
tive of the ceRNA network, and at the same time screen out 4 
lncRNA prognostic biomarkers based on the ceRNA network 
combined with clinical prognostic information. This likely pro-
vides new ideas for RTK research.

Conclusions

In conclusion, we identified 4 lncRNAs related to RTK patient 
prognosis that can be used as candidate biomarkers and ther-
apeutic targets. Further large-scale studies are required to val-
idate and strengthen our findings.
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