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Abstract. Wilms' tumor (WT) is a common kidney cancer. To
date, the expression of genes [transcription factors (TFs), target
genes and host genes] and microRNAs (miRNAs/miRs) in WTs
has captured the attention of biologists, while the regulatory
association between the genes and miRNAs remains unclear.
In the present study, TFs, miRNAs, target genes and host genes
were considered as key factors in the construction of three levels
of regulatory networks, namely, the differentially-expressed
network, the related network and the global network. The four
factors had three types of association, including the regula-
tion of miRNAs by TFs, the targeting of the target genes by
miRNAs and the location of miRNAs at host genes. The differ-
entially-expressed network is the most important of the three
networks, and only involves the differentially-expressed genes
and miRNAs; with the exception of host genes, those elements
all behave abnormally when a WT occurs, which suggests that
the differentially-expressed network can accurately reveal the
pathogenesis of WTs. E2F3, for example, is overexpressed in
WTs, and it regulates hsa-let-7a, hsa-let-7a-1, hsa-miR-106b,
among others. Meanwhile, E2F3 is targeted by hsa-miR-106b,
hsa-miR-17 and hsa-miR-20a. If the regulatory network can
be used to adjust those factors to a normal level, there may
be a chance to cure patients with WTs. WT-associated factors
were placed into the related network; this network is useful for
understanding the regulatory pathways of genes and miRNA
in WTs. The networks provide a novel perspective in order to
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study the inner interactions of genes and miRNAs. The present
study provides authoritative data and regulatory pathway
analysis in order to partially elucidate the pathogenesis of WT,
and thus supplies biologists with a basis for future research.

Introduction

Wilms' tumor (WT), also known as nephroblastoma, is the
most common pediatric renal tumor, arising mainly in children
<5 years of age. The tumor is believed to have an embryonic
kidney cell origin (1). The current treatment protocol for
WTs, as indicated by the International Society of Pediatric
Oncology, involves the use of pre-operative chemotherapy
followed by nephrectomy, however, such chemotherapy is
not of equal benefit to all patients (2). It has been noted that
differentially-expressed genes and microRNA (miRNA/miR)
have a large impact on the development and therapy of WTs,
and that associated genes and miRNA have less effect on WTs.

Genes include transcription factors (TFs), target genes and
host genes, which play different roles in the network process. TFs
and miRNAs are prominent gene expression regulators; gene
regulatory factors are mainly formed from TFs and miRNAs,
which control the developmental processes of genomic infor-
mation in multicellular genomes by specifying when and where
the genes are to be expressed (3,4). Camas et al indicated that
TFs are proteins that bind specific short DNA sequences
adjacent to the genes whose transcription they regulate (5).
miRNAs are a class of small non-coding RNA sequences that
contribute to cancer development and metastasis.

miRNAs pair to the messages of protein-coding genes to
target these genes for post-transcriptional repression (6).

miRNA locates at host genes. Rodriguez et al suggested
that the transcriptional patterns of all miRNA host genes were
selected from a range of sources, highlighting the spatial,
temporal and physiological regulation of miRNA expression,
which strongly suggested parallel transcription of the miRNA
and the host transcripts, and the fact that the two differing
miRNA transcription classes (exonic and intronic) may require
slightly different biogenesis mechanisms (7).

A large amount of data on genes and miRNAs has been
obtained from the experimentation of biologists and scientists.
However, the majority of the experiments were based on one
factor (gene or miRNA), and the regulatory association among
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the data remains unclear. In order to research WTs from a
global perspective, the present study focused on the networks
of TFs, miRNAs, target genes and host genes, and their
control mechanisms. The differentially-expressed network
involves differentially-expressed genes and miRNAs in the
development and progression of WTs; the host genes where
differentially-expressed miRNAs locate were considered as
differentially expressed. The related network contains the asso-
ciated genes and miRNAs in WT. The association between the
genes and miRNA was analyzed in detail, comparing the simi-
larities and differences. The vital linkages, in particular, were
extracted for selective analysis. The study aimed to provide a
greater understanding with regard to the pathogenesis of WTs.

Materials and methods

Extraction of TFs and miRNA regulatory associations. An
experimentally validated dataset on TFs and the miRNAs that
are regulated by them were gathered from TransmiR (8). The
TransmiR dataset is a manually collated collection of regula-
tory associations between TFs and miRNAs. This complete
data was considered as dataset S1.

Extraction of miRNAs and target gene regulatory associations.
An experimentally validated dataset on miRNAs and their
target genes was gathered from Tarbase5.0 (http://diana.imis.
athena-innovation.gr/DianaTools/index.php?r=tarbase/index)
and miRTarBase (http:/mirtarbase.mbc.nctu.edu.tw/). To
unify symbols, the official National Center for Biotechnology
Information (NCBI) symbols of genes and miRNAs were used.
The complete dataset was considered as dataset S2.

Extraction of miRNAs and host gene regulatory relations.
miRNAs and their host genes were collected from the NCBI and
miRBase (9). Official NCBI symbols were used for miRNAs
and host genes. This dataset was regarded as dataset S3.

Extracting data of genes and miRNAs. Differentially-expressed
miRNAs and associated miRNAs with regard to WT were gath-
ered from the pertinent literature. The differentially-expressed
miRNAs and associated miRNAs were considered as dataset S4
and S5, respectively.

Differentially-expressed genes were manually collected
from the NCBI Single Nucleotide Polymorphism database
(http://www.ncbi.nlm.nih.gov/snp/) and from the pertinent
literature. Related genes were gathered from the GeneCards
database (http:/www.genecards.org/) and from the pertinent
literature in the Web of Science (http://wokinfo.com/). The
related genes were those to take part in the development,
progression, radical therapy and clinical outcome of WT. In
addition, P-match algorithm (10) was used to extract predicted
TFs. The University of California Santa Cruz database (11)
indicates that target genes of differentially-expressed miRNAs
have 1,000 nt promoter region sequences. P-match combining
pattern and weight matrix approaches was used to identify
TF binding sites (TFBSs) in 1,000- and 5,000-nt promoter
region sequences, and the TFBSs were mapped onto the
promoter regions of targets. The matrix library of P-match,
as well as sets of known TFBSs collected in TRANSFAC
(www.gene-regulation.com/pub/databases.html) provide the
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possibility of searching for a large variety of different TFBSs.
Differentially-expressed genes and related genes were placed
into the S6 and S7 datasets separately.

Three levels of network construction. All the regulatory asso-
ciations in three levels of network (the differentially-expressed
network, the related network and the global network) are based
on TFs, miRNAs, target genes and host genes. Specifically, the
datasets of S1, S2 and S3 contain all the associations among
them, and furthermore, the global network is the combination
of the three datasets.

The related network is a network that contains related genes
and related miRNAs, and the regulatory relations between
them. This was obtained by mapping S4 and S6 onto S1, S2
and S3.

The differentially-expressed network is the smallest and
most important of the three networks. The factors it contains
are differentially expressed. Differentially-expressed genes and
miRNAs acted as primary factors to build up the network. The
regulatory pathways were obtained by mapping S5 and S7 onto
S1, S2 and S3.

Results

Differentially-expressed network of WTs. Numerous signifi-
cant regulatory pathways and factors are shown in Fig. 1;
5 TFs (E2F3, MYCN, SIX1, TP53 and CTNNBI), 38 differ-
entially-expressed miRNAs, 33 host genes and 18 target genes
(TFs targeted by miRNAs were also regarded as target genes)
were determined. A number of regulatory pathways were high-
lighted in the complex network.

The associations of factors can be classified into three
classes: i) miRNAs are regulated by TFs; ii)) miRNAs target
the target genes; and iii) miRNAs locate at host genes. The
network is so complex for the following reasons: Firstly,
certain TFs also act as target genes. For example, TP53 regu-
lates hsa-miR-145, hsa-miR-192, hsa-miR-194, hsa-miR-215,
hsa-miR-200a, hsa-miR-200b and hsa-miR-200c, but is also
targeted by hsa-miR-25 and hsa-miR-125a-5p. Secondly,
miRNAs and genes may form feed-forward loops (FFLs); for
example, hsa-miR-106b targets E2F3, but is also regulated by
E2F3. Thirdly, a single miRNA can locate at more than one
host gene, such as hsa-let-7c, which locates at MIRLET7C,
LINCO00478 and C21orf34. Multiple different miRNAs can also
locate at one host gene; for example, hsa-miR-19a, hsa-miR-17
and hsa-miR-20 are all located at C130rf26. In addition, IGF2
is overexpressed in WT (12). However, IGF2 acts as a target
gene and a host gene; hsa-let-7a targets IGF2 and hsa-miR-483
locates at IGF2. Host genes together with their miRNAs assist
in our comprehension of the development of WTs.

Associations among genes can be summarized as follows:
Genes affect other genes through miRNAs. For instance,
hsa-miR-145 targets IGF1R and is also regulated by TP53. This
indicates that TP53 could produce an effect on IGFIR through
hsa-miR-145. Combined experimentally validated factors and
their actions reveal the pathogenesis of WTs.

Transcriptional network of TFs and miRNAs in WT. The
transcriptional network is part of a differentially-expressed
network. TFs are proteins that regulate miRNAs. The present
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Figure 1. Differentially-expressed network of genes and miRNAs in Wilms' tumors. miR/miRNA, microRNA.
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Figure 2. Transcriptional network of transcription factors and miRNAs in Wilms' tumors. miR/miRNA, microRNA.

study focused upon TFs, miRNAs and the regulatory asso-
ciations between them. In total, 5 TFs (E2F3, TP53, SIXI,
CTNNBI and MYCN) play a vital role in WTs (Fig. 2).

E2F3 is the core factor in the transcriptional network.
Cooper et al indicated that the E2F3 TF has an established
role in controlling cell cycle progression and proliferation (13).
Furthermore, E2F3 is overexpressed in WTs, implying
that it may be a therapeutic target against the tumors (14).
Hsa-miR-106b, hsa-miR-17 and hsa-miR-20a target E2F3,
and E2F3 regulates 6 miRNAs (hsa-miR-106b, hsa-let-7a,
has-let-7i, has-let-7a-1, hsa-let-7a-2 and hsa-let-7a-3). In other
words, these upstream miRNAs affect downstream miRNAs
through E2F3, which means that certain TFs can be regarded
as bridges to connect predecessors and successors of miRNAs,
and the expression of miRNAs in the important regulatory

pathways when they have changed. E2F3 is such a vital factor
that it should be a critical focus of attention.

SIXT1 has certain differences to E2F3. SIX1 has been shown
to be mainly highly expressed in the blastemal tissue compo-
nents of WT (15). SIX1 was included in the network with
other TFs in order to analyze WT in a systematic manner. No
differentially-expressed miRNAs target SIX1, and SIX1 regu-
lates hsa-miR-200a, hsa-miR-200b and hsa-miR-200c, which
indicates that it may be the first factor to affect the expression
of miRNAs in this regulatory pathway.

Related network of WTs. Numerous regulatory associations
are shown in Fig. 3. The data in the related network include
associated genes and associated miRNAs, including differ-
entially-expressed genes and miRNAs. The related genes
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Figure 3. Related network of genes and miRNAs of Wilms' tumors. miR/miRNA, microRNA.

and miRNAs that have no associations with other factors
are not shown in the figure. The present study focused on
analyzing the pathways between the genes and miRNAs. The
differentially-expressed network is clearly contained within
the related network. Fig. 3 lists 18 TFs (such as LIN28B,
MYC and MYCN), including five differentially-expressed
TFs and three predicted TFs (ZEB1, NFKBI and YY1), as
well as 64 miRNAs (such as hsa-miR-100, hsa-miR-125 and
hsa-miR-106a).

The related TFs LIB28B and MYC play prominent roles
in the related network; they have the most regulatory asso-
ciations. LIN28B regulates 13 miRNAs, including hsa-let-7a,
hsa-let-7b and hsa-let-7c, and these miRNAs target certain
other target genes, which means that LIN28B affects other
target genes by regulating miRNAs. It is significant that
LIN28B is targeted by no miRNAs. MYC regulates 23 related
miRNAs, including hsa-let-7a, hsa-let-7b, hsa-let-7c and
hsa-miR-19a, and is also targeted by 9 related miRNAs,
including hsa-let-7a, hsa-let-7c and hsa-let-7g. The STAT1
gene is represented using a unique square; this gene was
obtained from GeneCards and P-match.

ZEBI1, NFKB1 and YY1 are three related TFs that
were obtained from P-match. ZEB1 is targeted by
5 miRNAs (hsa-miR-200a, hsa-miR-200b, hsa-miR-200c,
hsa-miR-141 and hsa-miR-429) and regulates 19 miRNAs
(including hsa-let-7a, hsa-let-7b, hsa-let-7c, hsa-miR-200a,
hsa-miR-200b and hsa-miR-200c). The pathways concerning
ZEBI are suggested to play a significant role in the devel-
opment and pathogenesis of WTs. Detailed information on
ZEBI1, NFKBI and YY1 is introduced in the following text.

Global network of WTs. The global network is too complex
and large to be represented in this study. It contains a large
number of associations between S1, S2 and S3 datasets.
Certain genes and miRNAs in the global network are also
involved with other tumors, such as renal cell carcinoma (16),
which indicates that the global network affects more than
one type of tumor. Therefore, the global network provides
a novel perspective for research regarding the pathogenesis
of WT.

Comparison and analysis of features of differentially-
expressed genes in the WT networks. The pathways of the
genes and miRNAs has been described as aforementioned;
in this section, the study focuses on differentially-expressed
genes. The total 84 differentially-expressed genes concerned
with WT can be classified into 4 classes.

The first class of genes (E2F3, CTNNBI and TP53)
has 6 types of adjacency nodes. Those adjacency nodes are
viewed as 3 successors and 3 predecessors. The following
text focuses on E2F3.

Table I shows the miRNAs that target E2F3 and are regu-
lated by E2F3. In total, 3 differentially-expressed miRNAs
(hsa-miR-17, hsa-miR-20a and hsa-miR-106b) target E2F3
in the differentially-expressed network, while 4 and 11
miRNAs target E2F3 in the related and global networks,
respectively. E2F3 regulates 6 differentially-expressed
miRNAs (hsa-let-7a, hsa-let-7a-1, hsa-let-7a-2, hsa-let-7a-3,
hsa-let-7i and hsa-miR-106b) in the differentially-expressed
network. While in the related and global networks, E2F3
regulates 6 and 13 miRNAs, respectively.
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Gene association

Differentially-expressed network

Related network Global network

E2F3
miRNAs targeting the gene

miRNAs regulated by the gene let-7a, let-7a-1, let-7a-2,

let-7a-3, let-71, miR-106b

miR-17, miR-20a, miR-106b

miR-17, miR-20a,
miR-106b, miR-200b-3p

miR-17, miR-20a,
miR-106b, miR-200b-3p,
miR-125b, miR-128,
miR-195, miR-203a,
miR-210, miR-34a,
miR-34c-5p

let-7a, let-7a-1, let-7a-2,
let-7a-3, let-7i,
miR-106b, miR-15a,
miR-15b, miR-16,
miR-16-2, miR-195,
miR-34, miR-34a

let-7a, let-7a-1, let-7a-2
let-7a-3, let-71, miR-106b

miR/miRNA, microRNA.

The second class of genes includes EZH2 only. EZH2 has
three successors and two predecessors. Differentially-expressed
miRNAs hsa-miR-199a-5p and hsa-miR-217 target EZH2 in
the differentially-expressed network, while 4 and 16 miRNAs
target EZH2 in the related and global networks, respectively.
No differentially-expressed miRNAs are regulated by EZH2
in the differentially-expressed network. Related miRNA
hsa-miR-137 is regulated by EZH?2 in the related network and
3 miRNAs are regulated by EZH2 in the global network.

The third class of genes (TP73, MYCN, SIX1 and EGFR)
has 4 types of adjacency nodes. Despite the fact that they all
have 4 adjacency nodes, these genes are not the same. TP73
has no adjacency node in the differentially-expressed network.
TP73 regulates hsa-miR-145 and is targeted by hsa-miR-193a-5p
in the related network. MYCN and SIX1 are targeted by no
miRNAs in the differentially-expressed and related networks.
EGFR regulates no miRNAs in the differentially-expressed
and related networks.

The fourth class of genes (including DICERI1, BBC3,
RARA, IGFIR and ACVR2B) has 3 types of adjacency nodes.
All of these differentially-expressed genes have no successor,
but have 3 predecessors. For example, DICERI is targeted
by hsa-let-7a and hsa-let-7d in the differentially-expressed
network, while 9 and 17 miRNAs target DICERI in the related
and global networks, respectively. No miRNA is regulated by
DICERI1 in the three levels of network.

Comparison and analysis of features of differentially-expressed
miRNAs in the WT networks. The same method was used to
compare every differentially-expressed miRNA, and 87 vali-
dated differentially-expressed miRNAs were extracted from
the permanent literature. These can be classified into four
classes.

The first class of miRNAs (hsa-miR-17, hsa-miR-19a,
hsa-miR-20a, hsa-miR-145, hsa-miR-200c¢ and hsa-miR-373)
has 6 types of adjacency nodes. All 6 miRNAs have 3 succes-
sors and 3 predecessors. hsa-miR-20a is used here as an example
to fully understand the regulatory mechanisms between genes

and miRNAs (Table II). MYCN regulates hsa-miR-20a in
the differentially-expressed network, 3 and 10 genes regulate
hsa-miR-20a in the related and global networks, respectively.
E2F3 is targeted by hsa-miR-20a in the differentially-expressed
network. Furthermore, 7 and 29 genes are targeted by
hsa-miR-20a in the related and global networks, respectively.

The second class of miRNAs (hsa-let-7d, hsa-let-7g and
hsa-miR-106a) has 5 types of adjacency nodes. Despite the same
amount of adjacency nodes, hsa-miR-106a has 2 successors
and 3 predecessors, while the other miRNAs (hsa-let-7d and
hsa-let-7g) have 3 successors and 2 predecessors. Hsa-miR106a
is regulated by MYCN in the differentially-expressed network,
while 4 and 6 genes regulate hsa-miR106a in the related and
global networks, respectively. There is no miRNA targeted by
hsa-miR106a in the differentially-expressed network. In the
related network, VEGFA is targeted by hsa-miR106a. In addi-
tion, hsa-miR106a targets 22 genes.

The third class of miRNAs (hsa-miR-224, hsa-miR-25,
hsa-miR-24, hsa-miR-192, hsa-miR-194 and hsa-miR-200b)
has 4 types of adjacency nodes. While 3 of them (hsa-miR-224,
hsa-miR-25 and hsa-miR-24) have 3 types of successors and
1 type of predecessor, the others have 1 type of successor and
3 types of predecessors. Hsa-miR-224 targets NCOAG in the
differentially-expressed and related networks, and 18 genes are
targeted by hsa-miR-224 in the global network.

The fourth class of miRNAs (hsa-miR-126, hsa-miR-154,
hsa-miR-197, hsa-miR-22, hsa-miR-27a and hsa-miR-302a) has
3 types of adjacency nodes. The 3 types of adjacency nodes can
be regard as 2 types of 2 successors and 1 type of predecessor.
For example, none of the genes regulate or are targeted by
hsa-miR-126 in the differentially-expressed network; VEGFA
is targeted by hsa-miR-126 in the related network.

Comparison and analysis of features of predicted TFs in the
WT networks. In total, 17 predicted TFs (including NFKBI,
ZEBI, CREBI, HLF, ELK, NR2F2, STAT1, CUX1 and
YY1) were extracted by P-match, and the same method as
aforementioned was used to analyze them. Among the 17 TFs,
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Table II. Regulatory relation between hsa-miR-20a and genes.
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Regulatory relation Differentially-expressed network

Related network

Global network

hsa-miR-20a
Genes that regulate miRNA MYCN
Genes targeted by miRNA E2F3

MYCN, CCND1,MYC
E2F1, ESR1, NKX2-5,
SPI1, STAT5B, TLX1,
TLX3

E2F3, CCND1, CCND2
HIF1A,MYC, THBSI
VEGFA

MYCN, CCND1,MYC,

E2F3, CCND1, CCND2,
HIF1A,MYC, THBSI,
VEGFA, APP, BCL2,

BIM, BMPR2, BNIP2,
CDKNI1A, E2F1,ILS,
JAK1,MAP3K12,MAPKO9,
MEF2D, MUC17, NRAS,
PTEN,RB1,RBL1,RBL2,
RUNXI1, WEEI1, SMAD4,
TGFBR2

miR/miRNA, microRNA.

Table III. Regulatory relation between ZEB1 and miRNAs.

Regulatory relation Differentially-expressed network

Related network

Global network

ZEBI

miRNAs targeting the gene miR-200a, miR-200b,

miR-200c, miR-141

let-7, let-7a, let-7a-1,
let-7a-2, let-7a-3, let-7b,
let-7¢, let-7d, let-7e,

let-7f, let-7f-1, let-7f-2,
let-7g, miR-141, miR-200a,
miR-200b, miR-200c¢

miRNAs regulated by the gene

miR-200a, miR-200b
miR-200c, miR-141

let-7, let-7a, let-7a-1,
let-7a-2, let-7a-3, let-7b,
let-7¢, let-7d, let-7e,

let-71, let-7f-1, let-7f-2,
let-7g, miR-141, miR-200a
miR-200b, miR-200c,
miR-34b

miR-200a, miR-200b,
miR-200c, miR-141,
miR-205, miR-429
let-7, let-7a, let-7a-1,
let-7a-2, let-7a-3, let-7b,
let-7¢c, let-7d, let-7e,
let-7f, let-7f-1, let-7f-2,
, let-7g, miR-141,
miR-200a, miR-200b,
miR-200c, miR-34b,
miR-34, miR-34a

miR/miRNA, microRNA.

13 have no adjacency nodes in the differentially-expressed
and related networks. Only NFKBI, ZEBI, STAT1 and YY1
were analyzed in this section. These genes can be classified
into 2 types of genes.

The first type of TF (ZEB1 and NFKBI) has 6 types of
adjacency nodes. Table III shows the regulatory mechanism
for ZEB1. The hsa-miR-200a, hsa-miR-200b, hsa-miR-200c
and hsa-miR-141 differentially-expressed miRNAs target
ZEBI. In the related network, ZEBI is also targeted by
these 4 miRNAs. While 6 miRNAs target ZEB1 in the
global network, 17 miRNAs (including hsa-let-7, hsa-let-7a,
hsa-let-7a-1, hsa-let-7a-2 and hsa-let-7a-3) regulate ZEBI1
in the differentially-expressed network. A total of 18 and
20 miRNAs regulate ZEBI in the related and global networks,
respectively.

The second class of TFs (YY1) has 4 types of adjacency
nodes. Hsa-miR-29b-2 is regulated by YY1 in the related
network; and 8 miRNAs are regulated by YY1 in the global
network. Hsa-miR-31 targets YY1 in the related network, and
2 miRNAs (hsa-miR-31 and hsa-miR-34a) target YY1 in the
global network.

Discussion

In the present study, validated data were collected from
authoritative databases and the permanent literature. These
data were composed of genes and miRNAs. Three levels of
network (the differentially-expressed network, the related
network and the global network) were constructed from genes,
miRNAs and the regulatory mechanisms between them. The



intricate association between genes and miRNAs was the most
significant point to analyze in the study.

After fully researching the networks and comparing the
similarities and differences among the pathways, certain
important factors and pathways were found. There are
5 TFs (E2F3, MYCN, TP53, SIX1 and CTNNBI) in the
differentially-expressed network. Notably, SIX1 regulates
hsa-miR-200a, hsa-miR-200b and hsa-miR-200c in the differ-
entially-expressed network. However, no miRNA targets SIX1
in the differentially-expressed and related networks, which
suggests that SIX1 may be the first factor in the pathogenesis of
WT.In addition, E2F3 together with hsa-miR-106b forms an FFL
in the differentially-expressed network; furthermore, LIN28B
and hsa-let-7d also form an FFL in the related network. These
FFLs make a difference in the pathogenesis and progression of
WT as they have been identified to serve a key role in increasing
tumor growth and regulation of WT mechanisms (17). In order
to investigate the pathogenesis and determine better methods for
curing patients with WTs, further comprehensive and authorita-
tive data and pathways will be used to construct the three level
networks, which can be used to explain the interaction between
genes and miRNAs more clearly.

The method proposed by the present study may be useful
in preventing the occurrence of WT. Core genes and miRNAs
not only affect WT, but exhibit an important function in other
tumors. CTNNBI exhibits a significant role in WT, while it is
also involved in hepatoblastoma (18). Furthermore, hsa-let-7a
is differentially expressed in WT, and is also overexpressed
in retinoblastoma (19). The present study provides a novel
perspective for biologists with regard to WT treatment. The
same differentially-expressed genes and miRNAs exhibit
various functions in different tumors. Therefore, future studies
will focus on the similarities and differences among similar
studies on other cancers.
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