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Abstract. – OBJECTIVE: Wilms’ tumor is the 
most common malignant tumor in children world-
wide. Considering the poor therapeutic effect on 
Wilms’ tumor, we determined the effects of microR-
NA-613 on cell proliferation and metastasis in vi-
tro, providing therapeutic targets for the treatment 
of Wilms’ tumor.

PATIENTS AND METHODS: Quantitative re-
al-time PCR (qRT-PCR) was employed to identify 
the expression level of miR-613. CCK8 and colo-
ny formation assays were incorporated to assess 
cell viability and proliferation capacity. Cell mi-
gration and invasion assays were performed to 
investigate the metastasis capacity of Wilms’ tu-
mor cells. Flow cytometry was used to detect cell 
cycle distribution and cell apoptosis. Protein lev-
els were assessed by western blotting assay. The 
target gene was predicted and verified by bioin-
formatics analysis and luciferase assay.

RESULTS: The expression of miR-613 was 
downregulated in Wilms’ tumor tissues compared 
with adjacent normal tissues (n=32). Overexpres-
sion of miR-613 could attenuate Wilms’ tumor cell 
viability, proliferation, invasion, and migration ca-
pacity, as well as induce cell cycle arrest at the G0/
G1 phase. FRS2 was chosen as the target of miR-
613 by bioinformatics analysis and a luciferase 
reporter assay. MiR-613 expression was inversely 
correlated with FRS2 in Wilms’ tumor tissues. 
Moreover, restoration of FRS2 rescued the tumor 
suppressive role of miR-613 in Wilms’ tumor cell 
growth and metastasis.

CONCLUSIONS: MiR-613 had a tumor-suppres-
sive effect on Wilms’ tumor progression and me-
tastasis via targeting FRS2 in vitro, which provided 
an innovative and candidate target for the diagno-
sis and treatment of Wilms’ tumor.
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Introduction

Wilms’ tumor, also known as a renal embryonal 
tumor, is a mixed embryonal tumor1. Wilms’ tumor 
is the most common malignant tumor in children and 
comprises a large majority of the diseases in pediatric 
surgery, accounting for approximately 8% of all solid 
tumors in children2. The incidence rate is approxima-
tely 2/100 million, the age of onset is 1-3 years old, 
and the peak incidence is 3 years old2. Combined 
therapies of surgery, chemotherapy, and radiothe-
rapy have greatly improved the prognosis of Wilms’ 
tumor3. However, these methods are not only toxic 
but also have the potential to cause serious adverse 
reactions. Despite the fact that current domestic and 
foreign researchs have found some Wilms’ tumor 
related genes, such as WT1, WT2, WTX, CTNNB1 
and P534-6, the molecular mechanism of Wilms’ tu-
mor development remains unclear. Therefore, further 
exploring the biological characteristics and pathoge-
nesis of Wilms’ tumor is of great clinical value to find 
new therapeutic methods and to improve the survival 
rate of pediatric patients.

As a type of small non-coding RNA transcript, 
microRNA is an endogenous RNA of approxima-
tely 18 to 25 nucleotides in length7. It suppresses 
gene expression through post-transcriptional regu-
lation in various biological processes8. A miRNA 
can bind to the 3’UTR of its target genes to sup-
press protein translation9. An increasing number of 
investigations have discovered that miRNAs can 
play an important role in various cell processes10. 
Therefore, a thorough study of miRNAs may be 
valuable in explaining the occurrence and develop-
ment of tumors.

MiR-613, a tumor-related miRNA, is downre-
gulated and plays an anti-oncogene role in several 
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types of cancers, such as prostate cancer11, breast 
cancer12, osteosarcoma13 and colorectal cancer14. 
Meanwhile, another work15 reported that a miR-
NA participates in the process of Wilms’ tumor 
tumorigenesis. However, the role and mechanism 
of miR-613 in the progression and development of 
Wilms’ tumor remains unknown.

Patients and Methods

Clinical Samples
The 32 pairs of Wilms’ tumor tissues and 

normal matched control kidney tissues used in 
our work were obtained from patients undergoing 
routine surgery at Linyi Central Hospital from 
2015-2017. All surgical specimens were collected 
and then frozen immediately in liquid nitrogen 
until use. The tumor tissues were diagnosed and 
confirmed by pathological examination. This re-
search was approved by the Ethics Committee of 
Shandong University. Written informed consent 
was signed by all participants (or patients’ parents 
on behalf of the children) before the study.

Cell Lines and Transfection
SK-NEP-1 and G401, human kidney (Wilms’ 

Tumor) cell lines, were purchased from Shanghai 
Model Cell Bank (Shanghai, China). SK-NEP-1 
and G401 cells were cultured in Dulbecco’s Mo-
dified Eagle Medium (DMEM) supplemented with 
10% fetal bovine serum (FBS), 100 U/mL peni-
cillin and 100 μg/mL streptomycin. All cells were 
cultured in an incubator at 37 °C with 5% CO2.

MiR-613 mimics and the corresponding nega-
tive control (miR-NC) and miR-613 inhibitor and 
its corresponding negative control (Inhibitor-NC) 
were obtained from RiboBio (Guangzhou, Chi-
na). The FRS2 coding sequence was inserted into 
the pCDNA3.1vector (Invitrogen, Carlsbad, CA, 
USA) for FRS2 overexpression, and was confir-
med by sequencing. Meanwhile, the knockdown 
of FRS2 was assessed by siRNA-FRS2. Tran-
sfections were performed using Lipofectamine 
3000 Reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s protocols.

RNA Extraction and qRT-PCR
Total RNA was extracted from collected frozen 

Wilms’ tumor tissues and normal matched con-
trol kidney tissues using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) following the manufacturer’s 
protocols. PrimeScript® RT reagent kit (TaKaRa, 
Dalian, China) was used to synthesize cDNAs. U6 

was used for normalization. Then, we performed 
PCR reactions using the following primers: miR-613, 
forward, 5’-GTG AGT GCG TTT CCA AGT GT-3’ 
and reverse, 5’-TGA GTG GCA AAG AAG GAA 
CAT T-3’; and U6, forward, 5’-GCA CCT TAG 
GCT GAA CA-3’ and reverse, 5’-AGC TTA TGC 
CGA GCT CTT GT-3’. The mRNA level of FRS2 
was measured by SYBR Green real-time PCR and 
normalized to GAPDH using the following primers: 
FRS2, forward, 5’-GTG CCG CAT CTT TAC CCT 
CA-3’ and reverse, 5’-TCG CCA TTA AAT TCT 
GGC TGC-3’; and GAPDH, forward, 5’-CGG AGT 
TGT TCG TAT TCG G-3’ and reverse, 5’-TAC ATG 
ATG TGG ACG GCA TT-3’. qRT-PCR was perfor-
med using the ABI 7500 Fast Real-Time PCR system 
(Applied Biosystems, Foster City, CA, USA).

Cell Counting Kit-8 Assay and 
Colony Formation Assay

Cell viability was detected by a Cell Coun-
ting Kit-8 (CCK8) assay (Promega, Madison, WI, 
USA) after transfection according to the manufactu-
rer’s protocol. The transfected cells were grown 
in 96-well plates (2000 cells/well), then 10 μL of 
CCK8 solution was added to 90 μL of DMEM me-
dium and incubated for 3 h, and the absorbance was 
measured at 450 nm. The absorbance was measured 
at 12 h, 24 h, 48 h and 72 h after cell transfection.

To further investigate the cell proliferation capaci-
ty of Wilms’ tumor cells, cells were plated in 6-well 
plates at a density of 5×102 cells per well and cultured 
for 2 weeks. The colonies were fixed in 70% ice-cold 
methanol for 10 min, stained with 0.5% crystal violet 
for another 10 minutes and, then, washed 3 times 
with phosphate buffered saline (PBS).

Cell Cycle Analysis
For cell cycle analysis, SK-NEP-1 and G401 

cells were prepared and stained with propidium 
iodide (PI) using the BD CycletestPlus DNA Re-
agent Kit (BD Biosciences, Franklin Lakes, NJ, 
USA). The relative ratio of cells in the G0/G1, S, 
or G2/M phase was analyzed by Flowjo 7.6. Each 
experiment was performed three times.

Cell Apoptosis Analysis
SK-NEP-1 and G401 cell suspensions were pre-

pared and double-stained with 5 μL of Annexin 
V-FITC and 1 μL of PI 50 μg/mL). After incubating 
in the dark for 15 min, cells were quantified by a flow 
cytometer equipped with CellQuest software (BD 
Bioscience, Franklin Lakes, NJ, USA). The percenta-
ge of early apoptotic cells was analyzed by Flowjo7.6. 
Each experiment was performed three times.



H.-F. Wang, Y.-Y. Zhang, H.-W. Zhuang, M. Xu

3362

Cell Migration Assay
A wound-healing assay was used to assess the 

cell migration capacity. Transfected cells were 
cultured in 6-well plates marked with a horizon-
tal line on the back. The cell layer was scratched 
with a pipette tip across the confluent cell layer. 
Then, the cells were washed gently and cultured 
with serum-free medium for 24-48 h. Wound 
closure was recorded using a light microscope 
(DFC500, Leica, Wetzlar, Germany).

Cell Invasion Assay
A transwell assay was performed to measure 

cell invasion. Cells were cultured in the upper in-
vasion chamber (BD Bioscience, Franklin Lakes, 
NJ, USA) coated with Matrigel. Serum-free me-
dium was added into the upper chamber, whereas 
10% FBS-supplemented medium was added into 
the lower chamber. After 48 h, the cells cultured 
on the upper side of the filter, which did not inva-
de through the chamber, were removed. Then, the 
cells in the lower chamber were fixed using 100% 
pre-cooled methanol, stained with 0.05% crystal 
violet and analyzed with a microscope (Olympus, 
Tokyo, Japan). The values of invading cells were 
measured by counting five fields per membrane.

Bioinformatics Analysis
Target Scan (http://www.targetscan.org/

vert_71/) and Star Base v2.0 (http://starbase.sysu.
edu.cn/index.php) were utilized to predict the tar-
get genes. As shown in the database, FRS2 was the 
candidate gene that we chose. The results of the 
bioinformatics analysis indicated that the 3’UTR 
of FRS2 binds to miR-613. Then, qRT-PCR was 
performed to detect whether FRS2is inversely 
correlated with miR-613 expression in Wilms’ 
tumor cells.

Luciferase Reporter Assay
We purchased the FRS2 3’UTR vector wi-

th luciferase reporter from Genechem (Shanghai, 
China). Cells were transfected with the pGL3 luci-
ferase expression construct containing the 3′UTR 
of FRS2 in the pRL-TK Renilla luciferase vector 
(Promega, Shanghai, China) and miR-613 mimics 
or miR-NC (Ribobio, Guangzhou, China). The 
Duo-Glo luciferase assay kit (Promega, Shanghai, 
China) was used to detect the luciferase signal fol-
lowing the manufacturer’s instructions. Meanwhi-
le, we mutated the predicted miR-613binding site 
in the 3’UTR of FRS2 and examined whether this 
mutation could abrogate the decrease in luciferase 
activity by miR-613 mimics. 

Western Blot Analysis
To investigate the relative protein expression 

level, cells were washed with ice-cold PBS and 
lysed using lysis buffer. Then, we measured 
the concentration of the collected protein using 
a protein assay kit purchased from Beyotime 
(Shanghai, China). The extracted protein (sum of 
20 μg) was denatured and chilled on ice. Ten per-
cent SDS-PAGE was used to separate the proteins 
which were then transferred to polyvinylidene 
difluoride (PVDF) membranes (Millipore, Bille-
rica, MA, USA). Fat-free milk (5%) was used to 
block non-specific protein interactions in TBST 
buffer, which contains Tris-HCl (50 mM), NaCl 
(150 mM) and Tween 20 (0.05%) at 4°C for 1h. 
The membranes with proteins bound were incu-
bated overnight at 4°C in fat-free milk with a 
primary antibody against FRS2 (Absci, Nanjing, 
China). TBST buffer was used to wash the un-
bound antibody (10 min each for three washes). 
Then, the membranes were incubated with secon-
dary antibody conjugated with horseradish pe-
roxide (1 h) at room temperature. After washing 
the membranes three times in TBST buffer, we 
developed the membranes using enhanced chemi-
luminescence (ECL) (Millipore, Billerica, MA, 
USA) following the manufacturer’s instructions.

Statistical Analysis
SPSS 19.0 software (IBM, Armonk, NY, USA) 

was used for statistical analysis. Statistical data were 
presented with Graph-PAD prism software. Quan-
titative data were presented as the mean ± SD. The 
independent samples t-test (SPSS, USA) was used 
to perform statistical analysis. The regression and 
correlation analyses were analyzed using Spearman’s 
chi-squared test. The relative expression of mRNA 
was measured using the 2-ΔΔCT. The results were 
determined to be statistically significant at p<0.05.

Results

MiR-613 Expression was Decreased in 
Wilms’ Tumor Tissues

The miR-613 expression level was detected by 
qRT-PCR in 32 pairs of Wilms’ tumor tissues, 
and normal matched control kidney tissues. The 
result indicated that miR-613 expression was 
remarkably decreased in Wilms’ tumor tissues 
compared with the paired normal kidney tissues 
at the mRNA level (Figure 1A). This evidence 
implied that miR-613 might play a potential role 
in Wilms’ tumor development and progression.
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Figure 1. MiR-613 was downregulated in Wilms’ tumor tissues and inhibited cell viability and proliferation in vitro. A, MiR-
613 expression level in Wilms’ tumor tissues (T) and normal matched control kidney tissues (N), n=32; B, Transfection efficiency 
in SK-NEP-1 and G401 cells transfected with miR-613 mimics and miR-NC; C, CCK8 assay was performed to determine the vi-
ability of SK-NEP-1 and G401 cells transfected with miR-613 mimics and miR-NC; D, Colony formation assay was performed to 
determine the proliferation of SK-NEP-1 and G401 cells transfected with miR-613 mimics and miR-NC; E, Flow cytometric anal-
ysis was performed to detect the apoptotic rates of SK-NEP-1 and G401 cells transfected with miR-613 mimics and miR-NC, the 
data show no difference; F, Flow cytometric analysis was performed to detect the cell cycle distribution of SK-NEP-1 and G401 
cells transfected with miR-613 mimics and miR-NC. Total RNA was detected by qRT-PCR, and GAPDH was used as an internal 
control. Data are presented as the mean ± SD of three independent experiments. **p < 0.01, ***p < 0.001.
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MiR-613 Inhibited Cell Viability 
and Proliferation in vitro

To evaluate the biological role of miR-613 in 
Wilms’ tumor tumorigenesis in vitro, SK-NEP-1 
and G401 cells were transfected with miR-613 mi-
mics and miR-NC to overexpress miR-613 (Figure 
1B). Then, we measured cell viability and prolifera-
tion using a CCK8 assay in Wilms’ tumor cell lines. 
The viability and proliferation of Wilms’ tumor 
cells were significantly inhibited in a time-depen-
dent manner after transfection with miR-613 mimic 
compared with miR-NC (Figure 1C).

Meanwhile, we outperformed a colony forma-
tion assay to further explore the cell proliferation 
capacity. The results showed that fewer formed 
colonies in Wilms’ tumor cells transfected with 
miR-613 mimics compared with miR-NC cells 
(Figure 1D). Collectively, these results demon-
strated that miR-613 can inhibit Wilms’ tumor 
proliferation and viability.

MiR-613 Induced Cell-Cycle Arrest 
at the G0/G1 Phase

Because miR-613 can regulate the cell prolife-
ration capacity, we determined whether apoptosis 
and the cell cycle were also affected by miR-613. 
As shown by flow cytometric analysis, there was 
no influence of miR-613 on Wilms’ tumor cell 
apoptosis (Figure 1E). Moreover, the percentage 
of Wilms’ tumor cells transfected with miR-613 
mimics increased in the G0/G1 phase, but the 
percentage in the S phased increased noticeably 
compared with miR-NC cells (Figure 1F). The 
results indicated that miR-613 impaired Wilms’ 
tumor cell proliferation capacity by inducing cell-
cycle arrest at the G0/G1 phase.

MiR-613 Inhibited Cell Migration 
and Invasion in vitro

We next evaluated the role of miR-613 in 
Wilms’ tumor cell metastasis in vitro. As shown 
by a wound-healing assay, overexpressed miR-
613 could suppress Wilms’ tumor cell migration 
compared with the negative control cells (Figure 
2A). Meanwhile, the effects of miR-613 on cell 
invasion measured by transwell assay were the 
same as the former results (Figure 2B). These 
results demonstrated that miR-613 could inhibit 
the cell metastasis of Wilms’ tumor cells.

FRS2 is the Target Gene of miR-613
To better understand the mechanism regar-

ding how miR-613 participates in these biological 
processes, we selected FRS2 as a potential down-

stream target of miR-613 using Target Scan and 
Star Base database (Figure 3A). According to the 
prediction, miR-613 was transfected with a FRS2 
3’UTR luciferase reporter gene into G401 cells. 
The results suggested that luciferase activity de-
creased in Wilms’ tumor cells transfected with 
wild-type FRS2 and miR-613 mimics compared 
with cells transfected with mutated FRS2+ miR-
NC (Figure 3B), indicating that FRS2 is a target 
gene of miR-613.

Meanwhile, we further detected the FRS2 
expression level in Wilms’ tumor cells tran-
sfected with miR-613 mimics or miR-NC. The 
results indicated that FRS2 was downregulated 
in Wilms’ tumor cells transfected with miR-613 
mimics at the mRNA and protein levels compa-
red with miR-NC cells (Figure 3C-D).

Furthermore, we also detected whether the 
knockdown of miR-613 could lead to an increase 
in the endogenous expression level of FRS2. The 
results indicated that the mRNA and protein le-
vels of FRS2 were elevated compared with Inhi-
bitor-NC cells (Figure 3E-F). These results indi-
cated that FRS2 is directly targeted by miR-613.

Restoration of FRS2 Rescued the Tumor 
Suppressive Role of miR-613

To future identify the interaction of miR-613 
and FRS2, we measured the expression level 
of FRS2 in Wilms’ tumor tissues. The results 
indicated that FRS2 was overexpressed in Wil-
ms’ tumor tissues compared with paired normal 
kidney tissues on the mRNA level (Figure 4A), 
and the expression level of FRS2 was negatively 
correlated with the expression level of miR-613 
in Wilms’ tumor tissues (Figure 4B). Secondly, 
we explored whether FRS2 is responsible for 
the functional effects of miR-613 in Wilms’ tu-
mor tumorigenesis. We overexpressed FRS2 by 
transfecting miR-613-overexpressing SK-NEP-1 
and G401 cells with pCDNA3.1-FRS2. Also, we 
downregulated FRS2 expression by transfecting 
miR-613-overexpressing SK-NEP-1 and G401 
cells with siRNA-FRS2 (Figure 4C). FRS2 re-
storation not only increased the proliferation ca-
pacity of miR-613-transfected cells (Figure 4D) 
and attenuated the cell cycle distribution at the 
G0/G1 phase (Figure 4E), but it also increased the 
cell migration and invasion capacities partially 
compared with miR-613-NC cells (Figure 4F-G). 
Meanwhile, knockdown of FRS2 phenocopied 
miR-613 overexpression (Figure 4C and G). The 
results implied that miR-613 suppressed Wilms’ 
tumor tumorigenesis by regulating FRS2.
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Discussion

The pathogenesis of Wilms’ tumor is not clear at 
present. The hypothesis mainly includes a “two hit 
model theory” and “nephrogenic rest theory”16,17, 
but any of these hypotheses alone has its limita-
tions to explain the pathogenesis of the tumor. In 
recent years, due to the rapid development of mo-
lecular biology, many Researches have determined 
that the malignant progression of Wilms’ tumor 
can be attributed to abnormal activation of mul-
tiple signaling pathways, such as Stat318, WT119, 
WTX20 and TP53 signaling pathways21, which pro-
vides a new direction for the treatment of Wilms’ 

tumor pathogenesis. More and more studies have 
suggested that miRNAs play a crucial role in car-
cinogenesis and the cancer progression of various 
types of tumors. For example, Karimi Dermani et 
al22 found that resveratrol could inhibit apoptosis, 
inhibit invasion, and switch from an EMT to MET 
phenotype through the upregulation of miR-200c 
in colorectal cancer. Shen et al23 demonstrated 
that miR-660-5p functions as an oncogene in hu-
man breast cancer via targeting TFCP2 and may 
provide a promising therapeutic strategy for the 
treatment of breast cancer. Tian et al24 revealed 
that miR-509-5p inhibited the cell proliferation and 
metastasis of prostate cancer by targeting MDM2. 

Figure 2. MiR-613 in-
hibited cell migration 
and invasion in vitro. A, 
A wound healing assay 
was performed to as-
sess the cell migration 
capacity of SK-NEP-1 
and G401 cells trans-
fected with miR-613 
mimics and miR-NC; B, 
A transwell assay was 
performed to assess 
the cell invasion capac-
ity of SK-NEP-1 and 
G401 cells transfected 
with miR-613 mimics 
and miR-NC. Data are 
presented as the mean 
± SD of three indepen-
dent experiments. **p 
< 0.01.



H.-F. Wang, Y.-Y. Zhang, H.-W. Zhuang, M. Xu

3366

Figure 3. FRS2 is the target gene of miR-613. A, FRS2 was selected as the potential downstream target of miR-613 using 
bioinformatics analysis; B,  Luciferase activities of G401 cells transfected with the wild-type or mutated FRS2 3′UTR togeth-
er with miR-613 mimics or miR-NC; C,  FRS2 mRNA expression level of SK-NEP-1 and G401 cells transfected with miR-613 
mimics or miR-NC; D,  FRS2 protein expression level in SK-NEP-1 and G401 cells transfected with miR-613 mimics or miR-
NC. Data are presented as the mean ± SD of three independent experiments. E, FRS2 mRNA expression level in SK-NEP-1 
and G401 cells transfected with miR-613 inhibitor or Inhibitor-NC; F, FRS2 protein expression level in SK-NEP-1 and G401 
cells transfected with miR-613 inhibitor or Inhibitor-NC. **p < 0.01.
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Figure 4. Restoration of FRS2 rescued the tumor suppressive role of miR-613. A, FRS2 expression level in Wilms’ tumor 
tissues (T) and normal matched control kidney tissues (N), n=32; B, Correlation between miR-613 and FRS2 expression in 
Wilms’ tumor tissues (n=32); C, Transfection efficiency in SK-NEP-1 and G401 cells transfected with miR-613 negative con-
trol (NC), mimics, and/or pCDNA3.1-FRS2or siRNA-FRS2; D, The effect of ectopic expression of FRS2 on cell proliferation; 
E, Analysis of the effect of ectopic expression of FRS2 on cell cycle; F, The effect of ectopic expression of FRS2 on cell mi-
gration; G, The effect of ectopic expression of FRS2 on cell invasion. Data are presented as the mean ± SD of three indepen-
dent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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Du et al25 reported that miR-543 promotes the cell 
growth and metastasis of prostate cancer via tar-
geting RKIP. Several reports have investigated the 
role of miRNAs in Wilms’ tumor tumorigenesis. 
Guo et al26 found that miR-206 could promote 
podocyte injury in adriamycin-induced nephro-
pathy via targeting FRS2. He et al15 demonstrated 
that transcription factors, miRNAs, target genes 
and the host gene-differentially expressed network 
could accurately reveal the pathogenesis of Wilms’ 
tumor. To date, there has been no systematic study 
of the relationship between miR-613 and Wilms’ 
tumor tumorigenesis. In this investigation, we 
demonstrated that miR-613 was downregulated 
in Wilms’ tumor tissues compared with adjacent 
normal tissues, implying that miR-613 plays a 
potential and vital role in the progression and 
development of Wilms’ tumor. In addition, ove-
rexpression of miR-613 attenuated Wilms’ tumor 
cell viability, proliferation, invasion and migration 
capacity, as well as induced cell cycle arrest at the 
G0/G1 phase. Taken together, these findings sug-
gest that miR-613 exerts a suppressive effect on the 
cell proliferation and metastasis of Wilms’ tumor. 
To further identify the underlying mechanism of 
how miR-613 inhibits Wilms’ tumor cell tumori-
genesis and metastasis, we predicted and selected 
FRS2 as a novel target of miR-613 by bioinforma-
tics analysis. FRS2 (Fibroblast Growth Factor 2) is 
involved in the tumorigenesis of certain types of 
malignancies, including breast cancer27 and pro-
state cancer28. FRS2 might regulate tumorigenesis 
primarily via mediating mitogenic FGF signaling 
in prostate cancer and might serve as a prognostic 
biomarker for hormone receptor-positive breast 
cancer patients. FRS2 can also be regulated by 
miRNAs in tumorigenesis, such as miR-206 in ga-
stric cancer29. In our work, we revealed that FRS2 
is directly targeted by miR-613, and the miR-613 
expression level is inversely correlated with FRS2 
in Wilms’ tumor tissues. Moreover, the restoration 
of FRS2 could rescue the tumor suppressive role of 
miR-613 in Wilms’ tumor cell growth and meta-
stasis, while the knockdown of FRS2 phenocopied 
miR-613 overexpression.

Conclusions

We demonstrated that miR-613 has a tu-
mor-suppressive effect on Wilms’ tumor pro-
gression and metastasis via targeting FRS2 in 
vitro. Our findings may help to further elucidate 
the molecular mechanisms underlying Wilms’ 

tumor progression and indicate miR-613 as an 
innovative target for diagnosis and treatment of 
Wilms’ tumor.
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