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Abstract. Nephroblastoma (Wilms' tumor) is frequently 
associated with mortality in children. MicroRNAs (miRNAs) 
are important for tumor development serving as oncogenes 
or tumor suppressors. In the present study, miRNA-590 
(miR‑590) was identified to be upregulated in Wilms' tumor 
tissues compared with the normal adjacent tissues. Addi-
tionally, the levels of miR-590 were consistent with their 
clinical stage. Wilms' tumor 1 (WT1) was considered to be 
a tumor suppressor in certain tumor types, and it has been 
detected at low expression levels in various types of cancer 
with high cell proliferation and aggressive behavior. The 
expression levels of miR‑590 were quantified using reverse 
transcription-quantitative polymerase chain reaction. Cell 
proliferation was measured using 5-ethynyl-20-deoxyuridine 
assays. The protein expression levels of WT1 were investigated 
by western blot analysis. To the best of our knowledge, the 
present study was the first to determine that WT1 was a target 
gene of miR-590 as miR-590 was able to negatively regulate 
WT1 expression level by binding to the specific target site 
within the 3'-untranslated region (3'-UTR) of WT1 in G401 
cells. Additionally, overexpression of miR-590 promoted 
G401 cell proliferation which was consistent with the effect 
of small interfering RNA-WT1. Subsequently, the present 
study determined that the cell phenotype altered by miR-590 
overexpression may be reversed by upregulation of WT1 in 
G401 cells. In conclusion, the observations indicated that 
miR-590 may function as an oncogene via targeting WT1 to 
induce G401 cell proliferation. These results may contribute 
to current understanding of the function of miR-590 in 
nephroblastoma.

Introduction

Wilms' tumor is one of the leading types of cancer and has 
become the primary cause of cancer-associated mortality in 
pediatric oncology worldwide (1). Clear cell renal cell carcinoma 
(CCRCC) is the primary type of kidney cancer of which 75-85% 
and 80% of patients are at stage Ⅲ and Ⅳ at the time of diag-
nosis, respectively, whereas the mixture of CCRCC and granular 
cell carcinoma are the predominant types in nephroblastoma (2). 
A previous study indicated that renal cancer incidence in chil-
dren has increased globally in the last 10 years and the mortality 
rate remains high (3). In order to improve the clinical outcome, 
the underlying molecular mechanisms of the pathogenesis and 
progression of nephroblastoma require elucidation.

MicroRNAs (miRNAs) are a family of ~19-22 bp, 
non-coding RNAs that function by regulating gene expression 
via binding to target mRNA and inducing mRNA cleavage or 
translational inhibition. Previous studies have demonstrated 
that miRNAs have an important role in various biological 
processes, including development, cell differentiation, prolif-
eration and apoptosis (4,5). Additionally, abnormal miRNA 
expression patterns occur in various types of cancer, although 
not all malignancies (4,5). There has been increasing interest in 
investigating the importance of miRNA (miR)-590 in cancer 
progression. Previous studies reported that miR-590 was upreg-
ulated in hepatocellular carcinoma cells and CCRCC (6,7). A 
previous study identified that miR‑590 was a novel regulator 
of polybromo 1 (PBRM1) in CCRCC (7); therefore, increases 
the proliferation and invasion abilities of epithelial cells. These 
previous findings may suggest that miR‑590 functions as a 
tumor activator in various types of cancer, although the contrary 
results have been obtained in other types of cancer including 
lung cancer and T-cell acute lymphoblastic leukaemia (8,9). 
Several target genes of miR-590 associated with various types 
of cancer have been identified: Programmed cell death 4, 
transforming growth factor β receptor type II, and phosphatase 
and tensin homolog in human hepatocellular cancer, PBRM1 
in renal cancer, and cell adhesion molecule L1-like (CHL1) in 
cervical cancer (6-8,10). However, the effects of miR-590 in 
CCRCC remain to be elucidated.

The present study determined that the expression level 
of miR-590 was increased in nephroblastoma tissues and the 
levels were consistent with the clinical stage of the tissue, 
which indicated that miR-590 was involved in the pathogen-
esis of Wilms' tumor. miR-590 induced G401 cell proliferation 
through Wilms' tumor 1 (WT1) as upregulation of miR-590 
expression had the same effect as siRNA-WT1.
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Materials and methods

Clinical samples. Clinical Wilms' tumor samples were 
collected from 65 patients (male:female, 34:31; age, 
5 months-7 years old) who underwent positive debulking 
surgery in the Pediatric Surgery Department of the First Affili-
ated Hospital of Suzhou University (Suzhou, China) between 
March 2013 and March 2015. The diagnosed Wilms' tumor 
tissues were reviewed by an experienced pathologist, using 
histological slides, according to the 2007 guidelines of WHO 
classification (11). The present study contained 25 stage I-II, 
20 stage III and 20 stage IV renal cancer samples. Addition-
ally, normal kidney tissue samples were obtained from 20 
patients (male:female, 12:8; age, 5 months-6.5 years old) at 
the Emergency Department with Kidney Trauma at the First 
Affiliated Hospital of Suzhou University between March 2013 
and March 2015. The present study was approved by the Ethics 
Committee of the Children's Hospital of Soochow University 
(Suzhou, China) and informed consent was obtained from the 
guardians of all patients.

Plasmid construction. 3'-untranslated region (3'-UTR) of 
human WT1 was amplified by polymerase chain reaction 
(PCR) and the PCR fragment was inserted into the down-
stream of luciferase coding sequence of pcDNA3.1-luciferase 
reporter plasmid (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) between the restriction site of BamHI 
and EcoRI. For 3'-UTR mutation, the predicted miR-590 
binding site was randomly scrambled by PCR-mediated 
site‑specific mutation. For WT1 overexpression in G401 cells, 
the coding DNA sequence (CDS) of WT1 was cloned into 
pCDNA3.1. The vectors used in the present study were veri-
fied by sequencing, and the primers were as follows: Wild type 
3'-UTR of WT1 forward (F) 5'-CGG GAT CCC TGG GAG TGT 
CCT TAG TGT-3' and reverse (R) 5'-CGG AAT TCA ACC CCA 
TTC AAC CAC AG-3'; mutant 3'-UTR of WT1 F 5'-TGA CAA 
CTA CCA TTA GGA CTG-3' and R 5'-ACAGTCCTAATGG-
TAGTTGTC-3'; CDS of WT1 F 5'-CCA AGC TTG GCT TTG 
CTG CTG AGG AC-3' R 5'-GCT CTA GAA CCT CGG GAA 
TGT TAG AC-3'.

Cell culture. G401 cells were purchased from the Cell Bank 
of the Chinese Academy of Sciences (Shanghai, China). G401 
cells were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Invitrogen; Thermo Fisher Scientific, Inc.) supple-
mented with 10% fetal bovine serum (FBS) at 37˚C, 5% CO2 
and 100% humidity.

Cell transfection. G401 cells were seeded at a density of 
5x106 cells/well 16 h before transfection using DMEM 
medium with 1% penicillin/streptomycin. When cells reached 
60% confluence, they were transfected with miRNA mimic, 
si-RNA WT1 (cat. no. sc-36846; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) or expression vectors using Lipo-
fectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. Briefly, 10 nM 
miRNA mimic, 100 nM si-RNA, 800 ng plasmid and Lipo-
fectamine 2000 were diluted in the serum-free medium 
respectively at room temperature for 5 min. After 5 min, the 
diluted miRNA mimic, si-RNA or plasmid was mixed with 

the diluted Lipofectamine 2000 and incubated for 20 min at 
room temperature. The mixture was added to cells uniformly 
at 30 µl/well. Cells were cultured at 37˚C, 5% CO2 for 6 h, the 
medium was changed with fresh DMEM supplemented with 
10% FBS and 1% penicillin/streptomycin.

Total RNA preparation and reverse transcription‑quantitative 
PCR (RT‑qPCR) analysis. Total RNA extracted from G401 
cells and renal samples with TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) were synthesized by RevertAid 
First Strand cDNA Synthesis kit (Thermo Fisher Scientific, 
Inc.) using the specific miR-590 RT primer supplied from 
Guangzhou RiboBio Co., Ltd. (Guangzhou, China). The 
qPCR was performed with 20 ng cDNA using 2X UltraSYBR 
Mixture kit (Takara Bio, Inc., Otsu, Japan) according to the 
manufacturer's protocol. U6 was used as a reference gene deter-
mined at the same time. The miRNA qPCR detection primers 
purchased from Guangzhou RiboBio Co., Ltd. were used for 
qPCR analysis for miR-590 and U6. qPCR was performed in 
triplicate for each experiment. The cycling conditions were 
as follows: Initial denaturation at 95˚C for 1 min, 30 cyles of 
denaturation at 94˚C for 30 sec, annealing at 58˚C for 30 sec 
and extension at 72˚C at 10 sec, followed by 72˚C for 2 min 
and 16˚C for 5 min. The reaction mixture contained 2X Ultra-
SYBR Mixture (10 µl), primers (forward/reverse, 0.5 µl/0.5 µl) 
and ddH2O (9 µl).

Luciferase activity assay. For the luciferase activity 
assay, G401 cells were cultured in a 24-well plate at a 
density of 2.5x105 cells/well 1 day prior to the trans-
fection. When cells reached 60% confluence 200 ng 
pcDNA3.1-luciferase, pcDNA3.1-luciferase-WT1-3'UTR 
or pcDNA3.1-luciferase-WT1-3'UTR mutant and miR590 
mimic or miRNA control plus 10 ng pRLSV40 was used 
for transfection using Lipofectamine 2000 according to the 
manufacturer's protocol. The medium was changed after 6 h. 
Luciferase activity was quantified 36 h after transfection using 
Dual Glow Luciferase Assay system (Promega Corporation, 
Madison, WI, USA). Firefly luciferase activity was normalized 
to Renilla luciferase activity for each well. Three independent 
experiments were performed for each group.

5‑ethynyl‑20‑deoxyuridine (EdU) assays. Briefly, G401 
cells were seeded into a 24-well plate at a density of 
5x106 cells/well 1 day prior to transfection. After 12 h, G401 
cells were transfected with 10 nM miR-590 mimic, 10 nM 
miRNA control, 10 nM miR-590 inhibitor, 10 nM miRNA 
inhibitor, 10 nM si-RNA-WT1, 10 nM si-RNA-control or 
800 ng pCDNA3.1-WT1. The proliferation of G401 cells 
was quantified in vitro 24 h after transfection by EdU DNA 
Proliferation and Detection kit (Ribobio Co., Ltd.) following 
the manufacturer's protocol.

Western blotting. G401 cells were washed with 800 µl 1X 
PBS 3 times for 5 min and lysed with 150 µl radioimmu-
noprecipitation assay per well. For kidney samples, tissue 
was homogenized in lysis buffer and sonicated for 3 min. 
The protein concentration of each sample was deter-
mined by bicinchoninic acid assay (Beyotime Institute of 
Biotechnology, Haimen, China). Proteins (50 µg/lane) were 
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segregated using 10% SDS-PAGE gel and immunoblotting 
was performed using polyclonal antibodies against WT1 
(AB10840; 1:2,500; Abcam, Cambridge, UK) and β-tubulin 
(AB6040; 1:5,000; Abcam). The two antibodies were 
used at 4˚C overnight at 1 mg/ml in PBS with 5% non-fat 
milk according to the manufacturer's protocol. Then the 
PVDF membrane was probed with horseradish peroxidase 
(HRP)-conjugated antibodies (1:4,000; Santa Cruz Biotech-
nology, Inc., Dallas, TX, USA). Finally, immunoreactivity 
was detected using Chemiluminescent HRP Substrate 
reagent (Merck Millipore, Darmstadt, Germany) and the 
signal was analyzed using Bio-Rad ChemiDoc XRS+ 
(BioRad Laboratories, Inc., Hercules, CA, USA). β-tubulin 
was used as an internal control. Western blot analysis was 
performed in triplicate for each group.

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation. A one-way analysis of variance followed by 
Newman-Keuls comparison post-hoc test was performed using 
GraphPad Prism, version 5.0 (GraphPad Software, San Diego, 
CA, USA). P<0.05 was considered to indicate a statistically 
significant difference. All of the experimental values are the 
means of triplicate independent repeats.

Results

miR‑590 expression in nephroblastoma. The present study 
quantified the expression levels of miR‑590 in Wilms' tumor to 
confirm the involvement of miR‑590 in nephroblastoma using 
RT‑qPCR. miR‑590 expression levels were significantly higher 
in Wilms' tumor tissues compared with normal kidney tissue 
(P<0.05; Fig. 1A). Additionally, the clinical and pathological 
data of 65 patients with cancer, 25 at stage Ⅰ/Ⅱ, 20 at stage Ⅲ 
and 20 at stage Ⅳ were also evaluated. The expression level 
of miR-590 was quantified in 65 matched tumor samples 
compared with the adjacent normal tissues using RT-qPCR. 
The present study determined that miR-590 was upregu lated 
in 65 tumor tissues compared with the paired adjacent normal 
tissues. miR-590 expression levels were greater in cancer 
tissues of patients with stage III or IV tumors compared with 
stage I/II (Fig. 1B). Therefore, the present study determined 
that miR-590 upregulation was associated with the develop-
ment of cancer.

Prediction of miR‑590 binding site in the 3'‑UTR of WT1 
mRNA. In order to identify the potential downstream targets 
of miR-590, three independent online databases were used, 
TargetScan, PicTar and miRBase. Several putative targets were 
unanimously forecasted using the aforementioned three data-
bases and WT1 was selected as the candidate gene as previous 
studies have reported its important role in cancer (12-14) and 
it carries a putative miR-590 binding site within its 3'-UTR, 
which is located at 1155-1162 bp (Fig. 2A).

miR‑590 regulates WT1 expression by binding to its 3'‑UTR. 
In order to verify that miR-590 binds to the predicted region 
and the binding leads to translational inhibition, a luciferase 
reporter plasmid with either wide-type or mutant sequence of 
WT1 mRNA 3'-UTR was cotransfected with miR-590 mimic 
or miR-control mimic. Successful overexpression of exogenous 

miR-590 in G401 cells for 36 h downregulated the activity of 
the luciferase reporter, which was inserted with wild-type 
WT1 3'-UTR, whereas the activity with mutated WT1 was 
not affected, indicating that the mutant target was a potential 
functional site for miR-590 in WT1 3'-UTR (Fig. 2B and C). In 
order to determine whether miR-590 has a functional role in 
WT1 downregulation, G401 cells were treated with miR-590 
mimic and western blot analysis indicated that miR-590 over-
expression led to a reduction in WT1 protein levels (Fig. 2D). 
These findings indicated that miR‑590‑mediated suppression 
of WT1 expression via binding to 3'-UTR of WT1.

miR‑590 promotes cell proliferation. As miR-590 expres-
sion was upregulated in Wilms' tumor, which indicated its 
potential role in the pathogenesis of Wilms' tumor. The effect 
of increased miR-590 expression on cell proliferation was 
evaluated. In order to investigate this, miR-590 mimics were 
transfected into the G401 cells and the effect of miR-590 
expression on cell proliferation was analyzed using EdU assay. 
miR-590 expression level was markedly upregulated in G401 
cells treated with miR-590 mimics compared with control 
mimics, as determined by RT-qPCR (P<0.01; 100-fold). 
Additionally, cells labeled with EdU were immunostained 
for EdU (Fig. 3, red), whereas the nuclei were stained with 
DAPI (Fig. 3, blue). The EdU assay data demonstrated that the 
overexpression of miR-590 promoted cell proliferation 48 h 
after transfection (P<0.05; Fig. 3).

WT1 siRNA transfection leads to G401 cell proliferation. The 
aforementioned results indicated the potential role of miR-590 
in the regulation of G401 cell proliferation and WT1 gene 
expression. Therefore, the importance of WT1 as a functional 
target of miR-590 was determined in G401 cell proliferation. 
To determine the effect of WT1 on cell proliferation, siRNA 
was used to downregulate WT1 expression levels. WT1 si-RNA 
markedly reduced WT1 protein expression levels in G401 cells 
compared with the control siRNA. Following downregulation 
of WT1 expression levels, a marked increase in proliferation 
occurred 48 h after treatment with siRNA. Additionally, the 
statistical analysis indicated that the number of cells was mark-
edly different between two groups (Fig. 4). These findings 
suggested that WT1 affected the proliferation in G401 cells.

Antiproliferative effect of WT1 on G401 cells in vitro. The 
present study determined that miR-590 expression was 
upregulated in Wilms' tumor, was associated with Wilms' 
tumor clinical stage, and that miR-590 directly suppressed 
the expression of WT1. Therefore, the current study aimed to 
determine whether an increase in WT1 expression may provide 
an explanation for the observed effects of miR-590 overexpres-
sion. WT1 overexpression with pCDNA3.1-WT1 transfection 
was performed, followed by EdU assay. The successful over-
expression of WT1 in G401 cells was confirmed by western 
blot analysis (Fig. 5). The effect of WT1 treatment for 48 h on 
cell proliferation is presented in Fig. 6. Exposure to WT1 led 
to a reduction in cell proliferation compared with the control 
group. Therefore, WT1 inhibition may partly elucidate the 
proliferative effects of miR-590 on G401 cells and WT1 may 
be involved in the miR-590-mediated proliferation in G401 
cells.
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Discussion

Previous studies have identified that miRNAs are key in 
novel pathways of carcinogenesis (4,5,15). miRNAs function 
either as tumor suppressors or oncogenes. Aberrant expression 
of miR‑590 has been identified in various types of human 
cancers, including acute myeloid leukemia (16), hepatocellular 
carcinoma (6), cervical cancer (10) and kidney cancer (7). 
Additionally, previous studies have suggested that miR-590 

upregulation may be associated with cancer metastasis (6,7). A 
previous study demonstrated that the miR-590 expression level 
was significantly higher in recurrent compared with primary 
tumors in GC cells and tissues (17). Therefore, miR-590 may 
act as a tumor promoter in some malignant diseases; however, 
in order to elucidate the specific functions, further investiga-
tion is required.

The present study demonstrated that the endogenous 
miR-590 expression level was significantly upregulated in 

Figure 1. miR-590 was upregulated in Wilms' tumor tissue. (A) Quantitative polymerase chain reaction analysis of miR-590 expression levels in Wilms' 
tumor tissue (n=65), the adjacent normal tissue (n=65) and normal kidney (n=20). The relative quantity of miR-590 was normalized to U6. (B) Expression 
levels of miR-590 in different clinical tumor stages of Wilms' tumor. The relative quantity of miR-590 was normalized to U6. All data are presented as the 
mean ± standard deviation from three independent experiments. *P<0.05, **P<0.01. miR, micro RNA.

Figure 2. miR-590 targeted WT1 and its expression. (A) Schematic presentation of the binding site of miR-590 in the 3'-UTR of WT1 and WT1 3'-UTR luciferase 
reporter constructs, including wild-type and mutant type. (B) Validation of the transfection of miR-590 by using reverse transcription-quantitative polymerase 
chain reaction. (C) Dual-luciferase reporter assays indicated that in the wild-type miR-590 expression was reduced, and in the mutant, the WT1 3'-UTR 
binding site was affected, thus activity in G401 cells was inhibited following transfection with miR-590 mimic. (D) Western blot analysis of WT1 expression 
level in cultured G401 cells transfected with miR-590 (10 nM) or miR-NC. Quantitative analysis of WT1 protein level was normalized to β-tubulin. All data 
are presented as the mean ± standard deviation from three independent experiments. *P<0.01 vs. miR-control. CMV, cytomegalovirus; WT1, Wilms' tumor 1; 
3'-UTR, 3'-untranslated region; miR, microRNA.

  A   B

  D  C

  B  A
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Wilms' tumor tissue compared with normal renal tissue, 
which was consistent with a previous study reporting high 
miR-590 levels in kidney cancer tissues (7). Subsequently 
gain-of-function and loss-of-function approaches were used 
by transfection with miR-590 mimics or miR-590 inhibitor 
in G401 cells to determine the function of miR-590. Change 
in the rate of cell proliferation is one of the key phenotypes 
observed in malignant transformation, which may lead to 
a human cancer mortality rate as high as 90% (18,19). The 
findings of the current study indicated that the overexpression 
of miR-590 increased G401 cell proliferation, having a tumor 
promoter role in Wilms' tumor development.

Several biological targets of miR-590 have been iden-
tified. For example, miR-590 downregulates PBRM1 
expression, leading to increased cell proliferation and inva-
sion in CCRCC (7) and promotes cervical cancer cell growth 
and invasion by targeting CHL1 (10). The present study 
demonstrated that miR-590 inhibited WT1 expression by 
targeting the 3'-UTR, indicating that WT1 is a direct target 

Figure 4. Importance of WT1 in G401 cell proliferation using siRNA. G401 morphology was determined by fluorescence microscopy. Proliferation was 
assessed using an EdU cell proliferation assay kit. G401 cells were stained by EdU and DAPI 36 h after transfection. Cell proliferation rate was increased 
following overexpression of si‑RNA‑WT1. Magnification, x100. siRNA, small interfering RNA; WT1, Wilms' tumor 1; EdU, 5‑ethynyl‑20‑deoxyuridine.

Figure 3. miR‑590 affects G401 cell proliferation. G401 morphology was determined by fluorescence microscopy. Proliferation was assessed using an EdU cell 
proliferation assay kit. G401 cells were stained by EdU and DAPI 36 h after transfection. Cell proliferation rate was increased following the overexpression of 
miR590. Magnification, x100. miR, micro RNA; EdU, 5‑ethynyl‑20‑deoxyuridine. 

Figure 5. Western blot analysis of WT1 expression level in cultured 
G401 cells. Quantitative analysis of WT1 protein levels was normalized to 
β-tubulin. WT1 was successfully expressed in G401 cells. PCDNA-3.1 and 
PCDNA-3.1-WT1 plasmids (500 or 1,000 ng) were transfected into G401 
cells with Lipofectamine 2000. WT1, Wilms' tumor 1.
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of miR-590. As the Wilms' tumor transcription factor (WT1) 
was originally classified as a tumor suppressor, miR‑590 may 
be a tumor activator, inversely associated with its specific 
target gene.

Wilms' tumor has an incidence of ~1 in 10,000 live births 
and is one of the most common solid tumors occurring in 
childhood in the developed world (20-22). The mean age 
of patients when diagnosed is 43-48 months, depending 
on gender (women express clearer clinical symptoms thus 
are likely to be diagnosed earlier) and 95% of patients are 
diagnosed by 10 years of age (20,21). Tumors often occur 
unilaterally in 90-95% of cases (in a single kidney); however, 
they may also occur bilaterally. The bilateral patients present 
clinical symptoms 12 months earlier compared with unilateral 
patients (22-24). According to previous studies, ~2% of cases 
have an affected relative and Wilms' tumor predisposition 
segregates in families as an autosomal dominant trait (23,24). 
The WT1 tumor suppressor factors, which were involved 
in the development of nephroblastoma, were the first tumor 
repressor genes to be cloned (25,26). Observational data 
from Wilms' tumors and acute myeloid leukemia combined 
with improved knowledge of temporal and spatial expression 
levels of WT1 in nephrogenesis and hematopoiesis suggest 
that functional loss of WT1 has an important role in a subset 
of these malignant diseases (27-30). However, in vivo and 
in vitro experimental data indicated that functional loss 
of WT1 may result in differing phenotypic consequences, 
including apoptosis, quiescence or proliferation, depending 
on the differentiation status of the cell (31-33). In the present 
study, the knockdown of WT1 expression by siRNA-WT1 had 
a proliferative effect on G401 cells, similar effect to overex-
pression of miR-590. WT1 upregulation may rescue the cell 
proliferative phenotype of G401 cells via siRNA-WT1 (34). 
Therefore, WT1 may be one of the key mediators of G401 
suppression by miR-590. A previous study suggested that 
WT1 may be involved in the progression of cancer (29). As 
WT1 is a target gene of miR-590, the suppression of WT1 
expression may be due to miR-590 overexpression in Wilms' 
tumor.

In conclusion, the results of the present study are consis-
tent with the hypothesis that miR-590 may promote G401 cell 
proliferation via downregulation of it specific target gene, WT1 
as miR-590 expression level increased in Wilms' tumor tissues 
compared with normal kidney tissues. A direct and functional 
target of miR-590, WT1, is downregulated and associated with 
cell proliferation in G401. Further investigations should be 
undertaken and directed toward complete understanding of the 
underlying molecular mechanism of the miRNA upregulation 
within tumorigenesis, in order to develop promising strategies 
for targeted therapy of Wilms' tumor in the future.
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