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Abstract

Wilms tumor (WT) is a childhood kidney cancer with unknown etiology. Gene expression analysis has
become very essential in WT. Thus, we performed an integrated analysis of gene expression data to
identify new molecular mechanisms and key functional genes in WT. Gene expression (GSE60850)
dataset was downloaded from Gene Expression Omnibus. Differentially expressed genes (DEGs) were
identified using limma. Pathway and Gene Ontology (GO) enrichment analyses were performed for the
DEGs by ToppGene database. Then, protein—protein interaction (PPI) networks and modules were
established by the Mentha database and PEWCC1, and visualized by Cytoscape software. Target gene -
miRNA regulatory network and target gene - TF regulatory network were established by the Network
Analyst database and visualized by Cytoscape software. Finally, survival analysis, expression

analysis, stage analysis, mutation analysis, immunohistochemical (IHC) analysis, receiver operating
characteristic (ROC), reverse transcription polymerase chain reaction (RT-PCR) and immune infiltration
analysis of hub genes was performed. We identified 988 DEGs ultimately including 502 up regulated
genes and 486 down regulated genes. Pathway and GO enrichment analysis revealed that DEGs were
mainly enriched in D-myo-inositol (3,4,5,6)-tetrakisphosphate biosynthesis, platelet activation, cholesterol
biosynthesis Ill, and complement, coagulation cascades, embryo development, cell surface, DNA-binding
transcription factor activity, carboxylic acid metabolic process, extracellular space and signaling receptor
binding. FN1, AURKA, TRIM41, NFKBIA, TXNDC5, SIN3A, MAGI1, GPRASP2, UCHL1 and FXYD6 were
filtrated as the hub genes. These identified DEGs and hub genes facilitate our knowledge of the
underlying molecular mechanism of WT and have the potential to be used as diagnostic and prognostic
biomarkers or therapeutic targets for WT.

Introduction

Wilms tumor (WT) is the rare diagnosed pediatric tumor worldwide and is named as nephroblastoma [1].
WT is form of kidney cancer that mostly advances in children under age under 10 years [2]. Because of
routine early screening and recent advances in treatment techniques, long-term survival rates have
upgraded [3]. However, in developing countries, most WT patients are diagnosed at an end stage, with
poor prognosis [4]. Therefore, further studies should still be emphasized for the early diagnoses,
prognosis and targeted therapy of WT.

Genetic aberrations and its related pathways have been reported to be significant factors contributing to
the progression of WT. Genes such as IGF2 [5], WT1 [6], RASSF1A [7], PAF1 [8], and DROSHA and DICER1
[9] as well as signaling pathways such as WNT/B-catenin pathway [10], IGF signaling pathway [11],
S1P/S1P1 signaling pathway [12], PTEN/PI3K/AKT signaling pathway [13] and VEGF-C/VEGFR-2
signaling pathway [14] were responsible for pathogenesis of WT. Despite improvement and progress in
WT diagnosis, prognosis and treatment, the underlying WT molecular mechanisms are not entirely clear
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and novel diagnosis, prognosis and treatment options are still needed for more effective control of WT
development.

Gene expression profile analysis is a high-throughput method for detecting messenger RNA expression in
various cancer tissues or cell samples. By analyzing the different gene expression between cancer
patients and normal controls, an improved understanding of the molecular mechanism of a various
tumors can be obtained, facilitating the identification of the potential key genes and pathways for
diagnostics markers, prognostics markers and targeted therapy [15-16].

The current study aimed to explore the molecular pathogenesis of WT by a computational bioinformatics
analysis of gene expression. Gene expression data from the Gene Expression Omnibus (GEO) database
was extracted, and differentially expressed genes (DEGs) between WT and normal samples were
identified. The possible functions of the DEGs were predicted using pathway and gene ontology (GO)
enrichment analysis. Furthermore, protein-protein interaction (PPI) networks were constructed using
mentha PPl database, and visualized and module analysis was conducted using Cytoscape software to
search for essential hub genes that may be associated in the progression of WT. Dysregulation of
microRNAs (miRNAs) and transcription factors (TFs) have been indicated to be associated with the
pathogenesis of WT, the WT specific regulatory networks of target gene and miRNA, and target gene and
TFs were constructed. Validation of the hub genes was performed to screen genes with prognostic and
diagnostics significance in WT.

Materials And Methods

Microarray data

Human gene expression microarray data of WT samples (n = 36) and normal samples (n = 36) were
obtained from the Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/) with an
accession ID of GSE60850. The platform of GSE60850 is GPL19130 Breakthrough Human 17K 2.1.2.

Data preprocessing

The raw data in GSE60850 were preprocessed using limma [17], an R software package and it
implemented background correcting, quantile normalization and expression calculation automatically.
Then, probe values were translated to gene-symbol values based on message associated in microarray
platform, and probes without proper gene-symbols were excluded.

Differentially Expressed Genes

Based on the gene expression microarray data, DEGs between WT samples and normal samples were
identified using limma [17], an R software package. The corresponding p-values were calculated using t-
test provided by limma. The genes met the criteria of p-value<0.05 and |log2 fold change (FC)|=1.22 for
up regulated genes and |log2 fold change (FC)|= -1.39 for down regulated genes were defined as

significant DEGs between the two groups.
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Pathway enrichment analysis of DEGs

BIOCYC (https://biocyc.org/) [18], Kyoto Encyclopedia of Genes and Genomes (KEGG;
http://www.genome.jp/kegg/) [19], Pathway Interaction Database (PID, http://pid.nci.nih.gov/) [20],
Reactome (https://reactome.org/PathwayBrowser/) [21], Molecular signatures database (MSigDB,
http://software.broadinstitute.org/gsea/msigdb/) [22], GenMAPP (http://www.genmapp.org/) [23],
Pathway Ontology (https://bioportal.bioontology.org/ontologies/PW) [24] and PantherDB
(http://www.pantherdb.org/) [25] database are used to understand the high-level functions and utilities
of the biological system. ToppGene (ToppFun) (https://toppgene.cchmc.org/enrichment.jsp) [26] is a
comprehensive set of functional annotation tools for researchers to understand biological meaning
behind large scale of genes. P < 0.05 was set as the cut-off criterion.

GO enrichment analysis of DEGs

GO (http://www.geneontology.org/) [27] enrichment analysis is a universal genes analysis method, which
can contribute functional classification for genomic data, including categories of BPs, cellular component
(CC), and molecular function (MF). ToppGene (ToppFun) (https://toppgene.cchmc.org/enrichment.jsp)
[26] is an online tool for gene functional classification, which can systematic and integrative analysis of
large gene lists. In this study, to analyze the functions of DEGs, GO enrichment analysis were conducted
using the ToppGene online tool; p < 0.05 was set as the cutoff point.

PPI network construction and module analysis

Mentha (https://mentha.uniroma2.it/index.php) [28] was an online biological tool which had a major role
in the analysis of biological information and integrates different PPl database such as IntAct
(https://www.ebi.ac.uk/intact/) [29], MINT (https://mint.bio.uniroma2.it/) [30], BioGRID
(https://thebiogrid.org/) [31], DIP (http://dip.doe-mbi.ucla.edu/dip/Main.cgi) [32] and MatrixDB
(http://matrixdb.univ-lyon1.fr/) [33]. As a result, based on the STRING database, a protein—protein
interaction (PPI) network of WT was built. PPIs of DEGs (up and down regulated genes) were selected
with a combination score >0.9. Subsequently, the PPI network was input into Cytoscape
(http://www.cytoscape.org/) (version: 3.7.2) [34]. Five topological methods (node degree, betweenness
centrality, stress centrality, closeness centrality and clustering coefficient ) using to rank and evaluated
hub genes using network analyzer [35-39] and modules analysis were taken using PEWCC1 of Cytoscape
plugin [40].

Construction of target gene - miRNA regulatory network

The target genes - miRNA interactions were predicted with NetworkAnalyst
(https://www.networkanalyst.ca/) [41], which involves two miRNA databases such as DIANA-TarBase
(http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=tarbase/index) [42] and miRTarBase
(http://mirtarbase.mbc.nctu.edu.tw/php/download.php) [43]. Subsequently, the target genes - miRNA
regulatory network was input into Cytoscape (version: 3.7.2) [34].
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Construction of target gene - TF regulatory network

Experimentally-validated target genes and their TFs were screened in one TF database ChEA database
(http://amp.pharm.mssm.edu/lib/chea.jsp) [44]. TFs that have a regulatory relationship with the target
genes in the constructed network were identified. The NetworkAnalyst (https://www.networkanalyst.ca/)
[41] online tool was used to predict TF-regulating genes in the network. Cytoscape (version: 3.7.2) [34], an
open-source platform for visualizing complex networks, was used to visualize target genes - TF regulatory
network.

Validation of hub genes

The survival probability study was implemented using Kaplan-Meier method to compare overall survival
curves between high and low expression gene groups UALCAN (https://ualcan.path.uab.edu/index.html)
online dataset [45], which is a user-friendly, interactive web resource for the analysis of cancer
transcriptome data.. P<0.05 was considered to indicate a statistically significant difference. The
expression analysis and stage analysis of hub genes were analyzed using UALCAN online dataset [45].
The mutation frequencies of up and down hub genes were inquired in cBioportal online database
(http://www.cbioportal.org/) [46]. In addition, up and down regulated hub genes were further validated for
their prognostic values (immunohistochemical (IHC) analysis in normal and cancer tissue) using The
Cancer Genome Atlas database (https://www.proteinatlas.org/) [47]. Receiver operating characteristic
(ROC) analyses are generally used to check out the conduct of disease diagnosis and prognosis. The
area under the curve (AUC) was used to demonstrate the accuracy of an individual gene for predicting
recurrence using R package“pROC” [48]. Reverse transcription polymerase chain reaction (RT-PCR) was
carried out for validation of up and down regulated hub genes. Total RNA was extracted from the WT
tissue sample and normal kidney tissue samples using TRI Reagent® (Sigma, USA) according to the
manufacturer's protocol. A RNA was reverse transcribed into cDNA using FastQuant RT kit (with gDNase;
Tiangen Biotech Co., Ltd.), according to the manufacturer's protocol. The primer sequences (Genewiz,
Inc.) used for RT-PCR are listed in Table 1. The mRNA expression levels of hub genes were measured by
Real time-PCR using the QuantStudio 7 Flex real-time PCR system (Thermo Fisher Scientific, Waltham,
MA, USA) . The following reaction conditions were used for RT-PCR: Initial denaturation at 95°C for 3 min
followed by 40 cycles of denaturation at 95°C for 10 sec and annealing and elongation at 60°C for 30 sec.
The relative expression levels of up and down regulated hub genes were determined using the 2 2ACt
method [49] and normalized to the internal reference gene, B-actin. Immune infiltration analysis was
performed using the TIMER (https://cistrome.shinyapps.io/timer/) [50] is a RNA-Seq expression profiling
database from The Cancer Genome Atlas (TCGA) portal for up and down regulated hub genes, which is
used to check the immune infiltrates (B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages, and
dendritic cells) across WT.

Results

Identification of DEGs
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After data, including 36 WT samples and 36 normal samples, was downloaded from GEO database and
preprocessed. The results before and after normalization are shown Fig. 1A and Fig. 1B. 988 DEGs,
including 486 up genes and 502 down genes were identified using limma packages on the basis of the
cut off criteria (P<0.05 and |log2 fold change (FC)| > 1.39 for up regulated genes and |log2 fold change
(FC)| < -1.22 for down regulated genes) in WT samples compared with normal samples (Table 1). The
volcano plot showed the up regulated and down regulated genes in dataset GSE60850 is shown in Fig. 2.
The details of up and down regulated gene expression heat map are shown in Fig. 3 and Fig. 4.

Pathway enrichment analysis of DEGs

Pathway enrichment analysis of the DEGs (up and down regulated genes) was performed using
ToppGene. Pathways were identified for the up regulated genes, including the cholesterol biosynthesis Il
(via desmosterol), superpathway of methionine degradation, complement and coagulation cascades,
ECM-receptor interaction, FOXA1 transcription factor network, direct p53 effectors, hemostasis,
extracellular matrix organization, phenylalanine tyrosine and tryptophan biosynthesis, tyrosine
metabolism, ensemble of genes encoding extracellular matrix and extracellular matrix-associated
proteins, genes encoding enzymes and their regulators involved in the remodeling of the extracellular
matrix, plasminogen activating cascade, blood coagulation, altered lipoprotein metabolic,
gluconeogenesis pathway, phenylalanine and tyrosine metabolism. Similarly, pathways were identified
for the up regulated genes including the D-myo-inositol (3,4,5,6)-tetrakisphosphate biosynthesis, 1D-myo-
inositol hexakisphosphate biosynthesis V (from Ins(1,3,4)P3), platelet activation, protein digestion and
absorption, endothelins, alpha-synucleinsignaling, extracellular matrix organization, degradation of the
extracellular matrix, MAP kinase kinase activity, glycolysis, gluconeogenesis, ensemble of genes encoding
extracellular matrix and extracellular matrix-associated proteins, ensemble of genes encoding core
extracellular matrix including ECM glycoproteins, collagens and proteoglycans, Wnt signaling pathway,
integrin signalling pathway, activinsignalin, parkinson disease, quinapril pathway and diltiazem pathway.
The detailed results of pathway enrichment analysis for up and down regulated genes are presented in
Table 2 and Table 3.

GO enrichment analysis of DEGs

All up and down regulated genes were uploaded to the ToppGene software to identify GO function. GO
enrichment analysis results for up and down regulated genes are presented in Table 4 and Table 5. For
biological processes (BP), the top GO terms of up and down regulated genes were significantly enriched
in carboxylic acid metabolic process, oxoacid metabolic process, embryo development and animal organ
morphogenesis, were included. For cell component (CC), top GO terms of up and down regulated genes
were significantly enriched in cell surface, endoplasmic reticulum, neuron projection and neuron part. For
molecular function (MF), the top GO terms of up and down regulated genes were significantly enriched in
signaling receptor binding, identical protein binding, DNA-binding transcription factor activity and
calcium ion binding.

PPI network construction and module analysis
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The Mentha PPI database was used to construct PPl networks. The PPI network of the up regulated
genes is illustrated in Fig. 5 with 7649 nodes and 17236 edges. The topology analysis (higest node
degree distribution, betweenness centrality, stress centrality, closeness centrality and lowest clustring
coefficient) for up regulated genes showed that ESR1, FN1, AURKA, SMURF1, PDK1, NANOG, SLC25A5,
NUDT21, KCNQ3, ADM, CEL, CXCL3 and GABRA5 were the hub genes (Table. 6) and statistical results in
scatter plot for node degree distribution, betweenness centrality, stress centrality, closeness centrality and
clustring coefficient are shown in Fig. 6A - 6E. These identified hug genes were enriched in neuron part,
ECM-receptor interaction, metabolism of proteins, negative regulation of response to stimulus, carboxylic
acid metabolic process, response to oxygen-containing compound, programmed cell death, identical
protein binding, cell surface, signaling receptor binding, metabolic pathways, ensemble of genes
encoding extracellular matrix and extracellular matrix-associated proteins, and regulation of response to
stress. Similarly, PPI network of the down regulated genes is illustrated in Fig. 7 with 7691 nodes and
16050 edges. The topology analysis (higest node degree distribution, betweenness centrality, stress
centrality, closeness centrality and lowest clustring coefficient) for down regulated genes showed that
VCAM1, DDITA4L, TCF4, PLK1, RB1, MEOX2, SYK, PLXDC1, TCF7L2, MAPK10, MAGI1 and MRPL15 were
the hub genes (Table. 6) and statistical results in scatter plot for node degree distribution, betweenness
centrality, stress centrality, closeness centrality and clustring coefficient are shown in Fig. 8A-8E. These
identified hug genes were enriched in cell adhesion molecules (CAMs), regulation of Wnt-mediated beta
catenin signaling and target gene transcription, FoxO family signaling, regulation of retinoblastoma
protein, embryo development, animal organ morphogenesis, ensemble of genes encoding extracellular
matrix and extracellular matrix-associated proteins, pathways in cancer, innate immune system and ATP
binding.

Based on the hub genes (up and down regulated) from the PPI module, pathway and GO terms for further
analysis. We chose the four most significant modules (up regulated genes) for further analysis (Fig.9).
Module 14 consisted of 174 nodes and 311 edges, module 24 consisted of 131 nodes and 144 edges,
module 39 consisted of 113 nodes and 111 edges, and module 40 consisted of 97 nodes and 99 edges.
Hub genes in these PPl modules were mainly enriched in the ECM-receptor interaction, metabolism of
proteins, negative regulation of response to stimulus, programmed cell death, response to endogenous
stimulus, neuron part, protein-containing complex binding, focal adhesion, proteoglycans in cancer,
regulation of cell differentiation, signaling receptor binding, enzyme regulator activity, carboxylic acid
metabolic process, regulation of response to stress, metabolism of amino acids and derivatives,
metabolism of lipids and lipoproteins, cell motility and enzyme binding. Finally, we chose the four most
significant modules (down regulated genes) for further analysis (Fig.10). Module 17 consisted of 145
nodes and 186 edges, module 24 consisted of 122 nodes and 188 edges, module 34 consisted of 100
nodes and 117 edges, and module 40 consisted of 93 nodes and 95 edges. Hub genes in these PPI
modules were mainly enriched in the pathways including DNA-binding transcription factor activity,
transcription regulatory region DNA binding, sequence-specific DNA binding, pathways in cancer,
extracellular matrix organization, hemostasis, innate immune system, PDGFR-beta signaling pathway,
cytokine signaling in immune system, signaling receptor binding, molecular function regulator, Wnt

Page 7/49



signaling pathway, embryo development, neurogenesis, regulation of cell differentiation, positive
regulation of multicellular organismal process and cell surface.

Construction of target gene - miRNA regulatory network

Based on the interaction information of target genes and miRNAs in corresponding miRNA databases, the
integrated regulatory network of target genes (up and down regulated) and relevant miRNAs were
constructed (Fig. 11 and Fig. 12). We found that up regulated target genes such as CCND1 can be
targeted by 197 miRNAs (ex, hsa-mir-2392), SCD can be targeted by 167 miRNAs (ex, hsa-mir-1269a),
PTP4A1 can be targeted by 132 miRNAs (ex, hsa-mir-6731-5p), LDLR can be targeted by 123 miRNAs
(ex, hsa-mir-4295) and RRM2 can be targeted by 102 miRNAs (ex, hsa-mir-4458) are listed in Table 7.
These identified target genes were enriched in focal adhesion, PPAR signaling pathway, cell motility,
organic substance catabolic process and superpathway of purine nucleotide salvage. Similarly, we found
that down regulated target genes such as ZNF703 can be targeted by 115 miRNAs (ex, hsa-mir-3938),
ENPPS5 can be targeted by 114 miRNAs (ex, hsa-mir-4768-3p), MYLIP can be targeted by 113 miRNAs (ex,
hsa-mir-552-5p), ENAH can be targeted by 92 miRNAs (ex, hsa-mir-4282) and ZBTB20 can be targeted by
85 miRNAs (ex, hsa-mir-4282) are listed in Table 7. These identified target genes were enriched in
regulation of multicellular organismal development, integral component of plasma membrane, adaptive
immune system, axon guidance and positive regulation of multicellular organismal process.

Construction of target gene - TF regulatory network

Based on the interaction information of target genes and TFs in corresponding TF database, the
integrated regulatory network of target genes (up and down regulated) and relevant TFs were constructed
(Fig. 13 and Fig. 14). We found that up regulated target genes such as MAGEC2 can be targeted by 207
TFs (ex, SOX2), TSPAN7 can be targeted by 173 TFs (ex, MYC), ESR1 can be targeted by 172 TFs (ex,
HNF4A), PCSK6 can be targeted by 166 TFs (ex, EGR1) and LDLR can be targeted by 145 TFs (ex, TP63)
are listed in Table 8. These identified target genes were enriched in organic substance catabolic process,
intrinsic component of plasma membrane, neuron part, golgi apparatus and identical protein
binding.Similarly, we found that down regulated target genes such as PLEKHO1 can be targeted by 184
TFs (ex, SOX2), CACHD1 can be targeted by 151 TFs (ex, AR), CASD1 can be targeted by 139 TFs (ex,
NANOG), GLIS3 can be targeted by 132 TFs (ex, STAT3) and AFF3 can be targeted by 130 TFs (ex, TP53)
are listed in Table 8. These identified target genes were enriched in cell projection part, regulation of
transcription by RNA polymerase Il and DNA-binding transcription factor activity.

Validation of hub genes

Te overall survival rates of patients with high expression of UCHL1, FN1, AURKA, TRIM41 and TXNDC5
were all significantly lower than those of patients with low/medium expression (Fig. 15), while overall
survival rates of patients with low expression of SIN3A, MAGI1, GPRASP2, FXYD6 and NFKBIA were all
significantly lower than those of patients with high expression (Fig. 16). The box plots (expression
analysis) showed that the expression levels of FN1, AURKA, TRIM41, NFKBIA and TXNDC5 were
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significantly higher in primary tumor than those in the normal kidney for WT patients from TCGA (Fig.
17A-17E), while the expression levels of SIN3A, MAGI1, GPRASP2, UCHL1 and FXYD6 were significantly
lower in primary tumor than those in the normal kidney for WT patients from TCGA (Fig. 17F -17J). The
box plot suggested (stage analysis) that the high expression level of FN1, AURKA, TRIM41, NFKBIA and
TXNDC5 show significant distance in different pathological stages in KT compared to normal (Fig. 18A
-18E), while low expression level of SIN3A, MAGIT, GPRASP2, UCHL1 and FXYD6 show significant
distance in different pathological stages in KT compared to normal (Fig. 18F -18J). Up and down
regulated hub genes’ alteration statuses in TCGA WT patients were analyzed using the CbioPortal
database. FN1 altered (2%), and missense mutation, truncating mutation, amplification and deep dilation
were the main type. AURKA altered (0%). TRIM41 altered (8%), and missense mutation and amplification
were the main type. NFKBIA altered (0.3%), and amplification was the main type. TXNDC5 altered (0.7%),
and missense mutation and truncating mutation were the main type. SIN3A altered (0.3%), and
missense mutation was the main type. MAGI1 altered (2.8%), and inframe mutation, amplification and
deep dilation was the main type. GPRASP2 altered (2%), and truncating mutation and amplification were
the main type. UCHL1 altered (0%). FXYD®6 altered (0.3%), and amplification was the main type. The
frequencies of alteration of each hub gene are shown in Fig. 19. The Human Protein Atlas database,
which indicated the expression level of FN1, AURKA, TRIM41, NFKBIA and TXNDCS5 were higher in WT
tissue compared to normal kidney tissues (Fig. 20A-20E), while expression level of SIN3A, MAGI1,
GPRASP2, UCHL1 and FXYD6 were lower in WT tissue compared to normal kidney tissues (Fig. 20F-20J).
The ROC curve defined an optimal threshold to predict the recurrence risk of WT, and the AUC values of
the ROC for FN1, AURKA, TRIM41, NFKBIA, TXNDC5, SIN3A, MAGI1, GPRASP2, UCHL1 and FXYD6 were
0.991, 0.998,0.952, 0.939, 0.994, 0.954, 0.905, 0.947, 0.938 and 0.973, respectively (Fig. 21). RT-PCR
result were consistent with the results of the database analysis, mMRNA expression level of FN1, AURKA,
TRIM41, NFKBIA and TXNDCS5 were significantly higher in WT tissues compared with normal kidney
tissues (Fig. 22A - 22E), while mRNA expression level of SIN3A, MAGI1, GPRASP2, UCHL1 and FXYD6
were significantly lower in WT tissues compared with normal kidney tissues (Fig. 22F — 22J). The
Immune infiltration analysis of up and down hub genes from the TIMER was investigated using TCGA
database. The results demonstrated that the higher expression level of FN1, AURKA, TRIM41, NFKBIA and
TXNDCS5 were all negatively associated with tumor purity (Fig. 23A - 23E), while lower expression level of
SIN3A, MAGI1, GPRASP2, UCHL1 and FXYD6 positively associated with tumor purity (Fig. 23F - 23J).

Discussion

To better uncover the molecular pathogenesis and develop new prognostic, diagnostics and therapeutic
strategies for WT, we performed this integrated analysis between WT patients and normal controls. A
total of 988 genes across the studies were consistently differentially expressed in WT (502 up regulated
and 486 down regulated) with FDR < 0.05. MEIS1 was identified with development of WT [51]. GUCY1A3
was linked with angiogenesis in glioma [52], but this gene may be involved in angiogenesis in WT. TFF1
was linked with progression of gastric cancer [53], but this gene may be involved in pathogenesis of WT.
Elevated expression of genes such as FGG (fibrinogen gamma chain) [54] and CGA (glycoprotein
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hormones, alpha polypeptide) [55] were liable for advancement of hepatocellular carcinoma, but high
expression of these genes may be associated with pathogenesis of WT. Methylation inactivation of
tumor suppressor genes such as HOXA11 [56] and MAPK10 [57] were associated with development of
various cancers types, but loss of these genes may be liable for progression of WT. Genes such as
COL3AT1 [58], ST100P [59] and MYO1B [60] were important for invasion of various cancer cells types, but
these genes may be linked with invasion of WT cells.

In pathway enrichment analysis for up regulated genes were carried out.. High expression of enriched
genes such as SERPINA1 [61], FGB (fibrinogen beta chain) [62], SCG3 [63], ITIH3 [64], FST (follistatin) [65],
AMBP (alpha-1-microglobulin/bikunin precursor) [66], IGFBP1 [67], IGFBP6 [68] and PLOD3 [69] were
responsible for advancement of various cancers types, but over expression of these genes may linked
with pathogenesis of WT. Enriched genes such as CLU (clusterin) [70], VTN (vitronectin) [71], SERPINE1
[72], SERPINE2 [73], FN1 [74], SLC3A2 [75], ITGA2 [76], ITGA3 [77], ITGA5 [78], DOCK2 [79], L1ICAM [80],
CAV1 [81], TSPAN7 [82], CRLF1 [83], SRPX (sushi-repeat-containing protein, X-linked) [84], FGL1 [85],
CCL20 [86], COL1A2 [87], SEMA3C [88], GDF15 [89], ANXA11 [90], SPP1 [91], LAMAT1 [92], TDGF1 [93],
CXCL3 [94], LGALS3 [95], SERPINB1 [96] and LUM (lumican) [97] were associated with invasion of
various cancer cells types, but these genes may be liable for invasion of WT cells. Enriched genes such as
SERPINAS5 [98], ENO2 [99] and CSTB (cystatin B (stefin B)) [100] were involved in development of various
cancers types, but these genes may be responsible for advancement of WT. Alteration in genes such as
ESR1 [101], FOXA1 [102] and PRSS1 [103] were important for development of various cancer types, but
mutation in these genes may be liable for progression of WT. Enriched genes such as NKX3-1 [104],
GATA2 [105], CEACAM1 [106], RAB27B [107], SCUBE2 [108] and THBS2 [109] were involved in
advancement of various cancers types, but these genes may be responsible for progression of WT.
Enriched polymorphic genes such as MMP1 [110], APOA1 [111], ITPR3 [112], MMP3 [110], IGFBP3 [113],
CSH1 [114], SERPINAG6 [115] and APOC2 [116] were associated with pathogenesis of various cancers
types, but these polymorphic genes may be linked with development of WT. Enriched genes such as
VEGFC (vascular endothelial growth factor C) [117], GATA3 [118], CD44 [119] and S100A4 [120] were
important for development of WT. Our study found that FDFT1, EBP (emopamil binding protein (sterol
isomerase)), DHCR7, F5 (coagulation factor V (proaccelerin, labile factor)), SERPINC1, C4A, C4BPB, APOB
(apolipoprotein B (including Ag(x) antigen)), PDE2A, DGKZ (diacylglycerol kinase, zeta 104kDa), APOH
(apolipoprotein H (beta-2-glycoprotein 1)), LRP8, HBE1, HBG1, GOT1, PAH (phenylalanine hydroxylase),
FSTL3, AREG (amphiregulin (schwannoma-derived growth factor), ITIH2, COCH (coagulation factor C
homolog, cochlin (limulus polyphemus)), CLEC2B, HGD (homogentisate 1,2-dioxygenase (homogentisate
oxidase)) and YARS (tyrosyl-tRNAsynthetase) are up regulated in WT and has potential as a novel
diagnostic and prognostic biomarker, and therapeutic target. In pathway enrichment analysis for down
regulated genes were carried out. FCER1G was associated with chronic inflammation in kidney cancer
[121], but this gene may be important for pathogenesis of WT. Enriched genes such as COL1A1 [122]
STIM1 [123], MFAP2 [124], EFEMP1 [125], MMP11 [126], VCAM1 [127], COL2A1 [128], COL4A2 [129],
COL13A1 [130], FMOD (fibromodulin) [131], ITGA8 [132], CAPN6 [133], MGP (matrix Gla protein) [134],
SPONT1 [135], FGF7 [136], PLXNA2 [137], CXCL12 [138], PTN (pleiotrophin (heparin binding growth factor
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8, neurite growth-promoting factor 1)) [139], FNDC1 [140], SERPING1 [141], PCSK6 [142], TCF7L2 [143]
and TLE4 [144] were associated with invasion of various cancer cells types, but these genes may be
liable for invasion of WT cells. Methylation inactivation of enriched tumor suppressor genes such as
ADCY4 [145], FBLN1 [146], FBN2 [147], ADAMTSO9 [148], NELL2 [149] and PCDH18 [150] were important
for progression of various cancers such as breast cancer, colorectal cancer, nasopharyngeal cancer and
kidney cancer, but loss of these genes may be linked with development of WT. Enriched genes such as
VWF (Von Willebrand factor) [151] and ACVR2B [152] were identified with progression of WT. ITPR1 was
linked with activation of autophagy in kidney cancer [153], but this gene may be responsible for induction
of autophagy in WT. SYK (spleen tyrosine kinase) was liable for cancer drug resistance in ovarian cancer
[154], but this gene may be involved in chemo resistance in WT. Enriched polymorphic genes such as
MMP7 [155] and C1QA [156] were answerable for progression of various cancer types, but these
polymorphic genes may be important for advancement of WT. Enriched genes such as ST100A9 [157],
SCUBE3 [158], PDGFC (platelet derived growth factor C) [159] and CTBP2 [160] were linked with
development of various cancer types, but elevated expression of these genes may be responsible for
progression of WT. Low expression of genes such as SPARCL1 [161], SEMA3F [162], PCDH9 [163], CDH11
[164] and NR3C2 [165] were liable for development various cancer types, but decrease expression of
these genes may be associated with advancement of WT. PLXDC1 was identified with angiogenesis in
ovarian cancer [166], but this gene may be associated with angiogenesis in WT. Our study found that
ITPK1, ADCY2, MYLK (myosin, light polypeptide kinase), EDNRA (endothelin receptor type A), COL14AT,
FBN3, ASPN (asporin (LRR class 1)), NCAM1, KLKB1, TLL1, F13A1, FGF14, C1QTNF7, PAPPA2, FRAST,
CILP (cartilage intermediate layer protein, nucleotide pyrophosphohydrolase), NRG3, FREM1, FGL2,
BMPER (BMP binding endothelial regulator), RSPO3, PLXDC2, TNFSF8, DCHS1, MYCN (V-
mycmyelocytomatosis viral related oncogene, neuroblastoma derived (avian)), PCDHB14, CDHS5,
ACVR2A, KCNJ8 and ABCC9 are down regulated in WT and has potential as a novel diagnostic and
prognostic biomarker, and therapeutic target.

GO enrichment analysis for up regulated genes were carried out. High expression of enriched genes such
as PDK1 [167], GCLM (glutamate-cysteine ligase, modifier subunit) [168], SPHK1 [169], NQO1 [170], CBS
(cystathionine-beta-synthase) [171], P4HB [172], PCK2 [173], ADA (adenosine deaminase) [174], ADM
(adrenomedullin) [175], AGR2 [176], ULBP2 [177], PTPRZ1 [178], LDLR (low density lipoprotein receptor
(familial hypercholesterolemia)) [179], CASK (calcium/calmodulin-dependent serine protein kinase
(MAGUK family)) [180], KRT17 [181], TRAP1 [182] and EMP2 [183] were liable for progression of various
cancer types, but increase expression of these genes may be important for pathogenesis of WT. Enriched
genes such as ACSL4 [184], TYRP1 [185], PPA1 [186], PSMB8 [187], STAT5B [188], ENPP1 [189], CLIC1
[190], STC2 [191], BCHE (butyrylcholinesterase) [192], APOM (apolipoprotein M) [193], HMGAT1 [194],
ICAM3 [195], DNER (delta-notch-like EGF repeat-containing transmembrane) [196] and CAV2 [197] were
linked with invasion of various cancer cells types, but these genes may be liable for invasion of WT cells.
Enriched genes such as FBP1 [198], INSIG1 [199], IER3 [200], GLDC (glycine dehydrogenase
(decarboxylating)) [201], KYNU (kynureninase (L-kynurenine hydrolase)) [202], PLA2G2A [203], DKK1
[204], AZGP1 [205], WFDC1 [206] and SOCS2 [207] were answerable for pathogenesis of various cancer
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types, but low expression of these genes may be associated with development of WT. Enriched
polymorphic genes such as COMT (catechol-O-methyltransferase) [208], PTGS2 [209], UTS2 [210],
TMBIM1 [211], TAP2 [212] and EFNA1 [213] were culpable for progression of various cancer types, but
these polymorphic genes may be linked with development of WT. Enriched genes such as SLC27A2 [214]
and KRT10 [215] were important for drug resistance in ovarian cancer, but these genes may be liable for
chemo resistance in WT. Methylation inactivation of tumor suppressor CDH13 was associated with
progression of breast cancer [216], but inactivation of this gene may be important for advancement of
WT. Our study found that CDH13, CEL (carboxyl ester lipase (bile salt-stimulated lipase)), MAT1A, ETFB
(electron-transfer-flavoprotein, beta polypeptide), TYR (tyrosinase (oculocutaneous albinism 1A)),
MID1IP1, SCD (stearoyl-CoA desaturase (delta-9-desaturase)), PYCR2, PLP1, WARS (tryptophanyl-
tRNAsynthetase), ERO1A, SLC7A2, DECR2, ALDH4A1, CTPS1, GALE (UDP-galactose-4-epimerase),
CYP8B1, DCT (dopachrometautomerase (dopachrome delta-isomerase, tyrosine-related protein 2)),
PSMD6, RGN (regucalcin (senescence marker protein-30)), OTC (ornithine carbamoyltransferase), MECR
(mitochondrial trans-2-enoyl-CoA reductase), EHHADH (enoyl-Coenzyme A, hydratase/3-hydroxyacyl
Coenzyme A dehydrogenase), UGT2A3, PCCB (propionyl coenzyme A carboxylase, beta polypeptide),
NRNT1, HISTT1H2BG, HISTTH2BK, NLGN1, HAMP (hepcidin antimicrobial peptide), KLHL17, HISTTH2BJ,
LCP1, KLRK1, ILTRARP, GABRAS5, BCAS3, CD3G and TSPAN4 are up regulated in WT and has potential as a
novel diagnostic and prognostic biomarker, and therapeutic target. Similarly, GO enrichment analysis for
down regulated genes was carried out. Enriched genes such as MEOX2 [217], SIX1 [218] and RARA
(retinoic acid receptor, alpha) [219] were identified with development of WT. Methylation inactivation of
enriched tumor suppressor genes such as HOXAS5 [220], SALL2 [221], TCF21 [222], PAX1 [223], ZNF516
[224], EBF3 [225] and ZNF677 [226] were liable for advancement of various cancer types, but loss of
these genes may be important for pathogenesis of WT. Low expression of enriched genes such as HOXB6
[227], TSHZ3 [228], SIN3A [229], CAMTA1 [230], TCF4 [231] and MEIS2 [232] were linked with progression
of various cancer types, but decrease expression of these genes may be responsible for advancement of
WT. Enriched genes such as HOXC10 [233], RECK (reversion-inducing-cysteine-rich protein with kazal
motifs) [234], NRP1 [235], STOX2 [236], NR2F2 [237], GPR161 [238], PBX1 [239], KLF7 [240], TCF12 [241],
TFAP4 [242], KLF12 [243] and ZBTB20 [244] were linked with invasion of various cancer cells types, but
these genes may be responsible for invasion of WT cells. Enriched genes such as FGFR2 [245], RARB
(retinoic acid receptor, beta) [246], EFNB1 [247], ABCG1 [248], AUTS2 [249], MLLT11 [250], GLIS3 [251],
HIF3A [252], ELF1 [253], STAG1 [254], BCL11A [255] and TSC22D1 [256] were important for pathogenesis
of various cancer types, but these genes may be linked with progression of WT. CNOT2 was linked with
angiogenesis in breast cancer [257], but this gene may be associated with angiogenesis in WT. AFF3 was
important for drug resistance in breast cancer [258], but this gene may be involved with chemo resistance
in WT. Our study found that PDGFRB (platelet-derived growth factor receptor, beta polypeptide),
KIDINS220, CLICS5, PGAP1, FLRT3, SLC8A1, ENAH (enabled homolog (Drosophila)), SMO (smoothened
homolog (Drosophila)), STOX1, NRK (nik related kinase), MAFB (V-mafmusculoaponeuroticfibrosarcoma
oncogene homolog B (avian)), RB1, NR2F1, MED25, ZNF211, ZNF605, ZNF420, ZNF135, ZNF300,
ZNF501 and ZNF532 are down regulated in WT and has potential as a novel diagnostic and prognostic
biomarker, and therapeutic target.
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PPI network was constructed and analyzed for up regulated genes. AURKA was important for
pathogenesis WT [259]. SMURF1 was responsible for invasion of breast cancer cells [260], but this gene
may be liable for invasion of WT cells. NUDT21 was involved in proliferation of glioblastoma cells [261],
but this gene may be associated with proliferation WT cells. Our study found that NANOG
(nanoghomeobox), SLC25A5 and KCNQ3 are up regulated in WT and has potential as a novel diagnostic
and prognostic biomarker, and therapeutic target. Similarly, PPl network was constructed and analyzed
for down regulated genes. PLK1 was associated with proliferation of kidney cancer cells [262], but this
gene may be liable for proliferation of WT cells. Low expression of MAGI1 was linked with progression of
kidney cancer [263], but decrease expression of this gene may be responsible for pathogenesis of WT.
Our study found that DDIT4L and MRPL15 are down regulated in WT and has potential as a novel
diagnostic and prognostic biomarker, and therapeutic target.

Module analysis was performed for up regulated genes. Genes such as IGF2BP1 [264] and PIR (Pirin
(iron-binding nuclear protein)) [265] were linked with invasion of various cancer cells types, bur these
genes may be involved in invasion of WT cells. Over expression of CCND1 was involved in pathogenesis
of breast cancer [266], but high expression of this gene may be linked with progression of WT. Our study
found that APRT, HBZ, EIF2S1, CUL7 and TKT are up regulated in WT and has potential as a novel
diagnostic and prognostic biomarker, and therapeutic target. Similarly, module analysis was performed
for down regulated genes. FANCC (fanconianemia, complementation group C) was important for
advancement of WT [267].

Target gene - miRNA network was constructed and analyzed for up regulated genes. PTP4A1 was
important for invasion of breast cancer cells [268], but this gene may be linked with invasion of WT
cells. High expression RRM2 of was involved in advancement of cervical cancer [269], but elevated
expression of this gene may be associated with development of WT. Similarly, target gene - miRNA
network was constructed and analyzed for down regulated genes. ZNF703 was liable for invasion of
colorectal cancer cells [270], but this gene may be responsible for invasion of WT cells.

Target gene - TF network was constructed and analyzed for up regulated genes. MAGEC2 was linked with
invasion of breast cancer cells [271], but this gene may be involved in invasion of WT cells. Similarly,
target gene - TF network was constructed and analyzed for down regulated genes. Methylation
inactivation of tumor suppressor PLEKHO1 was responsible for advancement of gastric cancer [272], but
loss of this gene may be important for pathogenesis of WT. Our study found that CACHD1 and CASD1
are down regulated in WT and has potential as a novel diagnostic and prognostic biomarker, and
therapeutic target.

In the current investigation, the DEGs between WT and normal tissue samples in the GSE60850 dataset
were determined, and the up and down regulated hub genes among the DEGs were demonstrated to be
associated with the prognosis and diagonsis of patients with WT. Furthermore, FN1, AURKA, TRIMA41,
NFKBIA, TXNDC5, SIN3A, MAGI1, GPRASP2, UCHL1 and FXYD6 were identified as possible candidate
biomarkers for patients with WT. High FN1, AURKA, TRIM41, NFKBIA, TXNDC5 mRNA expression levels
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and low SIN3A, MAGI1, GPRASP2, UCHL1 and FXYD6 mRNA expression levels were validated by TCGA
database, human protein atlas database and subsequent ROC analysis and RT-qPCR analysis, which
may preliminarily discover the pathophysiological role of these hub genes in WT at the molecular level.

In conclusion, 988 DEGs and 10 hub genes were identified as potential diagnostic or prognostic
biomarkers of WT. The current investigation identified several genes which had not been already
associated with WT and implemented evidence that these genes were associated with this disease.
Encourage examines are recommended to authenticate these results and to more precisely analyze the
associations between these genes and WT. Overall, the current investigation highlights possibly new
targets for more individualized treatment of patients with WT.
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Figure 1

Box plots of the gene expression data before normalization (A) and after normalization (B). Horizontal
axis represents the sample symbol and the vertical axis represents the gene expression values. The black
line in the box plot represents the median value of gene expression. (A1 — A36 = normal tissues samples;

B1 - B36 = WT tissues samples)
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Volcano plot of differentially expressed genes. Genes with a significant change of more than two-fold
were selected. Green dot significant up regulated genes and red dot significant down regulated genes.
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Figure 3

Heat map of up regulated differentially expressed genes. Legend on the top left indicate log fold change
of genes. (A1 — A36 = normal tissues samples; B1 — B36 = WT tissues samples)

Page 38/49



15000

Conrit

0

color Key
4 2 0 2 4

Figure 4

Heat map of down regulated differentially expressed genes. Legend on the top left indicate log fold
change of genes. (A1 — A36 = normal tissues samples; B1 — B36 = WT tissues samples)

Figure 5

Protein—protein interaction network of up regulated genes. Green nodes denotes up regulated genes.
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Regression diagrams for up regulated genes. (A- Node degree; B- Betweenness centrality; C- Stress
centrality ; D-Closeness centrality; E- Clustering coefficient)

Figure 7

Protein—protein interaction network of down regulated genes. Red nodes denotes down regulated genes.
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Figure 8

Regression diagrams for down regulated genes. (A- Node degree; B- Betweenness centrality; C- Stress
centrality ; D-Closeness centrality; E- Clustering coefficient)
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Figure 9

Modules in PPI network. The green nodes denote the up regulated genes.

Page 41/49



Module 17 Module 24

Figure 10

Modules in PPI network. The red nodes denote the down regulated genes.

Figure 11

The network of up regulated genes and their related miRNAs. The green circles nodes are the up regulated
genes, and chocolate color diamond nodes are the miRNAs
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Figure 12

The network of down regulated genes and their related miRNAs. The red circles nodes are the down
regulated genes, and blue color diamond nodes are the miRNAs
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Figure 13

The network of up regulated genes and their related TFs. The green circles nodes are the up regulated

genes, and blue color triangle nodes are the TFs
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Figure 14

The network of down regulated genes and their related TFs. The green circles nodes are the down
regulated genes, and purple color triangle nodes are the TFs
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Figure 15

Overall survival analysis of hub genes. Overall survival analyses were performed using the UALCAN
online platform. Red line denotes - high expression; Blue line denotes — low expression A) UCHL1 B) FN1
C) AURKA D) TRIM41 E) TXNDC5

Page 44/49



Efiect of BIIIA sxperasicn bevel on KINL paber! surviesl

Effect of MAGI sxpreasion vl on KIRG patient survive

- DB0EEE = 00051

Efiect of NFKEIA sugeeasion kewel on KIRG patien survivel

| — F
i
e D
‘—|_l L o
! L
1
|
£
i
fim i T~
% L
i ] ——y
B = 00318 " ]
pad P mininn == - £ t ) t s
S——

Figure 16

Overall survival analysis of hub genes. Overall survival analyses were performed using the UALCAN

online platform. Red line denotes - high expression; Blue line denotes — low expression A) SIN3A B)
MAGI1 C) GPRASP2 D) FXYD6 E) NFKBIA
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Figure 17

Box plots (expression analysis) hub genes were produced using the UALCAN platform. A) UCHL1 B) FN1
C) AURKA D) TRIM41 E) TXNDC5 F) SIN3A G) MAGIT H) GPRASP2 |) FXYD6 J) NFKBIA
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Figure 18

Box plots (stage analysis) of hub genes were produced using the UALCAN platform. A) UCHL1 B) FN1 C)
AURKA D) TRIM41 E) TXNDC5 F) SIN3A G) MAGI1 H) GPRASP2 I) FXYD6 J) NFKBIA
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Figure 19

Mutation analyses of hub genes were produced using the CbioPortal online platform. A) UCHL1 B) FN1
C) AURKA D) TRIM41 E) TXNDC5 F) SIN3A G) MAGIT H) GPRASP2 |) FXYD6 J) NFKBIA
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Figure 20

Immunohisto chemical analyses of hub genes were produced using the human protein atlas (HPA) online
platform. A) UCHL1 B) FN1 C) AURKA D) TRIM41 E) TXNDCS5 F) SIN3A G) MAGI1 H) GPRASP2 I) FXYD6
J) NFKBIA
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ROC curve validated the sensitivity, specificity of hub genes as a predictive biomarker for WT prognosis.
A) UCHL1 B) FN1 C) AURKA D) TRIM41 E) TXNDC5 F) SIN3A G) MAGIT H) GPRASP2 |) FXYD6 J) NFKBIA
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Figure 22

Validation of hub genes (up and down regulated) by RT- PCR. A) UCHL1 B) FN1 C) AURKA D) TRIM41 E)
TXNDCS5 F) SIN3A G) MAGI1 H) GPRASP2 I) FXYD6 J) NFKBIA
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Figure 23

Scatter plot for immune infiltration for hub genes (up and down regulated). A) UCHL1 B) FN1 C) AURKA
D) TRIM41 E) TXNDCS5 F) SIN3A G) MAGI1 H) GPRASP2 I) FXYD6 J) NFKBIA
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