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Abstract. Micro ribonucleic acid (miR)-21 in the prolifera-
tion and apoptosis of Wilms' tumor (WT) cells was explored. 
SK-NEP-1 cells were transfected with miR-21 inhibitor to 
silence the expression of miR-21. Then, the effects of miR-21 
silencing on the proliferation and apoptosis of WT SK-NEP-1 
cells were detected through cell counting kit-8 (CCK-8), 
colony formation assay and flow cytometry. The targets of 
miR-21 were analyzed via TargetScan database. Fluorescence 
real-time quantitative polymerase chain reaction (RT-qPCR) 
assay and western blot analysis were conducted to detect the 
changes in messenger RNA (mRNA) and protein expres-
sion levels of gene of phosphate and tension homology 
deleted on chromosome ten (PTEN) after silencing miR-21. 
Whether miR-21 directly binds to PTEN was examined by 
activity detection via dual luciferase reporter gene assay. 
Western blotting was employed to detect the correlation of 
miR-21 with PTEN and protein kinase B (Akt). Compared 
with normal control (NC) group, miR-21 inhibitor group 
had significantly inhibited proliferation of SK‑NEP‑1 cells 
(P<0.05), notably reduced number of clones (P<0.05) and 
overtly raised proportion of apoptotic cells (P<0.05). The 
suppression of miR-21 expression upregulated the mRNA and 
protein expression levels of PTEN, and the results of activity 
detection via dual luciferase reporter gene assay indicated 
that miR-21 bound to PTEN 3'-untranslated region (UTR) 
to repress its expression (P<0.05). PTEN silencing increased 
phosphorylated Akt (p-Akt) level in SK-NEP-1 cells, but 
there was no changes in Akt protein level. After silencing 
both PTEN and miR-21, the decrease in p-Akt was reversed, 
thereby reversing the inhibitory effect of miR-21 on the 
proliferation of SK-NEP-1 cells (P<0.05). miR-21 affects the 
proliferation and apoptosis of WT SK-NEP-1 cells via the 
PTEN/Akt pathway.

Introduction

Wilms' tumor (WT), a malignant embryonic tumor derived 
from nephridioblasts, accounts for ~87% of childhood kidney 
tumors, of which the peak age is 3-4 years, and 80% of patients 
are aged <5 years (1). Such a tumor, first described by Rance 
in 1814, is named as Wilms' tumor since Max Wilms further 
described its characteristics in 1899 (2). As to its treatment, 
surgical resection is mainly adopted at present. Besides, WT 
is sensitive to radiotherapy, postoperative radiotherapy can 
improve the efficacy (3), while preoperative chemotherapy is 
able to decrease the size of the tumor, reduce the risk of surgery, 
and increase the rate of complete resection. The prognosis of 
WT depends on histological type, tumor stage, patient age and 
biological characteristics (4), and is good in most WT patients. 
After systemic treatment, the 4-year survival rate of patients 
with WT at any stage is ~54.8-90% (5). However, there are no 
special precautions for WT. Therefore, the detection and treat-
ment as early as possible are important for the improvement of 
the prognosis of WT patients.

Micro ribonucleic acids (miRNAs) pair with their messenger 
RNAs (mRNAs) to induce post-transcriptional inhibition on 
their target genes, which are widely involved in modulating 
most physiological processes such as apoptosis, prolifera-
tion, survival, cell cycle and differentiation (6). Considering 
that >50% of miRNAs are located in cancer-related genomic 
regions or vulnerable sites, they are of importance in the patho-
genesis of many types of cancer, including WT. For instance, 
Ludwig et al (7) identified the miRNA expression profiles in 
36 WT tissues and 4 normal kidney tissues via microarray 
and discovered that miR-183, miR-301a/b and miR-335 are 
upregulated in embryonic subtypes, and miR-181b, miR-223 
and miR-630 are raised in regression subtypes. Jiang et al (8) 
proved that miR-1180 is overexpressed in WT tissues, and its 
knockdown induces apoptosis of SK-NEP-1 cells and reduces 
tumor growth in nude mice. Liu et al (9) collected WT tissues 
and adjacent normal tissues from WT patients and confirmed 
that the knockdown of miR-19b evidently represses the prolif-
eration, invasion and migration of WT SK-NEP-1 cells, and 
the inhibition of miR-19b suppresses the progression of WT 
by modulating the gene of phosphate and tension homology 
deleted on chromosome ten (PTEN)/phosphatidylinositol 
3-kinase (PI3K)/protein kinase B (Akt) signaling pathway. All 
of the above findings suggest that miRNAs play important roles 
in the development and progression of WT.
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It has been confirmed that miR-21 is overexpressed in 
almost all solid tumors studied, accounting for 15-25% of total 
miRNAs in tumor cells and serves as a proto-oncogene (10). 
Moreover, miR-21 can negatively regulate various target 
genes, such as programmed cell death 4 (PDCD-4) (11). Given 
this, miR-21 is a vital participant promoting the proliferation 
and differentiation of certain tumor cells. However, the studies 
on the role of miR-21 in WT are rare. Hence, in this study, the 
effects of miR-21 on the proliferation and apoptosis of WT 
were investigated.

Materials and methods

Materials. Roswell Park Memorial Institute (RPMI)-1640 
medium (HyClone; GE Healthcare Life Sciences), fetal bovine 
serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.), M‑MLV 
reverse transcriptase (Promega Corporation), apoptosis 
assay kit (Sigma-Aldrich; Merck KGaA), 2X Ultra SYBR 
Mixture kit (Takara Bio), Lipofectamine 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.), cell counting kit‑8 (CCK‑8) 
reagents (Dojindo), psiCHECKTM plasmids and dual luciferase 
kit (Promega Corporation), PTEN, Akt, phosphorylated Akt 
(p-Akt) antibodies (Cell Signaling Technology, Inc.), CFX96 
sequence detection system (Bio-Rad Laboratories, Inc.) and 
flow cytometer (BD Biosciences).

Cell culture and miRNA transfection. Human WT SK-NEP-1 
cell line was from American Type Culture Collection (ATCC). 
The SK-NEP-1 cells were inoculated in RPMI-1640 medium 
containing 10% FBS and cultured in a 5% CO2 incubator at 
37˚C. miR‑21 mimic and inhibitor as well as si‑PTEN were 
designed and synthesized by RiboBio, and then transfected 
into the SK-NEP-1 cells according to the transfection instruc-
tions of Lipofectamine 2000.

Real‑time quantitative polymerase chain reaction (RT‑qPCR) 
assay. Total RNAs were extracted from the SK-NEP-1 cells 
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.), 
reverse transcribed into complementary deoxyribonucleic 
acids (cDNAs) using the M‑MLV reverse transcriptase 
(Promega Corporation) as per the instructions of the reverse 
transcription kit. RT-qPCR was carried out on a CFX96 
sequence detection system with 20 ng of cDNA using the 
2X Ultra SYBR Mixture kit. The thermal cycle: initial dena-
turation at 95˚C for 1 min, denaturation at 94˚C for 30 sec, 
annealing at 58˚C for 30 sec and extension at 72˚C for 10 sec 
for a total of 30 cycles, and then at 72˚C for 2 min and at 16˚C 
for 5 min. The primer sequences are: miR-21: F, 5'-GCC 
AGGCATAGCTTATCAGACTG-3' and R, 5'-CCACTG 
TCTAGCACGACACTAA-3'; PTEN: F, 5'-AAAGGGACGAA 
CTGGTGTAATG-3' and R, 5'-TGGTCCTTACTTCCCCATA 
GAA-3'; U6: F, 5'-GCTTCGGCAGCACATATACTAAAAT-3' 
and R, 5'-CGCTTCACGAATTTGCGTGTCAT-3'; and 
GAPDH: F, 5'-CGGAGTCAACGGATTTGGTCGTAT-3' and 
5'-AGCCTT CTCCATGGTGGTGAAGAC-3'.

Cell proliferation assay. The proliferation ability of SK-NEP-1 
cells transfected with miR-21 inhibitor or control was detected 
using the CCK-8. The cells were seeded into a 96-well plate 
at a density of 2x103 cells/well and transfected for 24, 48 and 

72 h as described above. Then, the cells were added with 10 µl 
of CCK-8 solution and incubated in an incubator for 3 h. A 
microplate reader was utilized to read the optical density (OD) 
value at a wavelength of 450 nm. Colony formation assay 
was conducted to determine the clonogenic capacity of the 
SK-NEP-1 cells transfected with miR-21 inhibitor or control. 
The SK-NEP-1 cells transfected for 24 h were re-inoculated 
into a 6-well plate at 500 cells/well for 2 weeks of culture. 
Paraformaldehyde was added to fix the viable clones, followed 
by staining with 0.5% crystal violet at 37˚C for 1 h. Thereafter, 
viable cells were counted, and images were captured with a 
digital camera.

Apoptosis assay. The SK-NEP-1 cells were seeded into a 
6-well plate for 1 day and then transfected for 48 h. Next, the 
cells were trypsinized, harvested, washed twice with cold 
phosphate buffered saline (PBS), and then re-suspended in 
1X binding buffer. Thereafter, the cell suspension (1x105 cells) 
was added with Annexin V and propidium iodide solution at 
a ratio of 100 µl: 5 µl, mixed and let stand in a dark place at 
room temperature for 15 min. The suspension was added with 
1X binding buffer and loaded on the instrument for detection. 
Each assay was repeated 3 times independently.

Western blot analysis. The SK-NEP-1 cells were collected and 
lysed in HEPES lysis buffer containing protease inhibitors. 
The bicinchoninic acid (BCA) protein concentration assay 
kit (Pierce; Thermo Fisher Scientific, Inc.) was employed to 
quantify the total protein concentration. An equal amount of 
50 µg of total protein was separated by 10% sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred onto a polyvinylidene fluoride (PVDF) membranes 
(EMD Millipore). The membrane with separated proteins was 
blocked with 5% non-fat milk powder at room temperature 
for 1 h, incubated with the corresponding primary antibodies 
at 4˚C overnight, washed with Tris‑buffered saline with 
Tween-20 (TBST) 3 times, and incubated with the secondary 
antibodies at 4˚C for 1 h. Target protein expression bands were 
visualized through electrochemiluminescence.

Detection of luciferase activity. TargetScan was employed to 
predict the targets of miR-21. In the luciferase reporter gene 
assay, the 3'-untranslated region (UTR) was designed based 
on bioinformatics software. The PTEN 3'-UTR sequences 
containing predicted miR-21 binding sites and corresponding 
mutation sites were subjected to PCR amplification and 
then inserted into the psiCHECK™ vector together with the 
downstream luciferase genes. SK-NEP-1 cells were cultured 
in a 24-well plate at a density of 2.5x105 cells/wells, and then 
co-transfected with PTEN wild-type (WT) or mutant (MUT) 
reporter plasmids (final concentration: 10 nM) and miR‑21 
mimic or control, and 48 h later, the dual luciferase assay kit 
was utilized to determine the luciferase activity.

Statistical analysis. Data were expressed as mean ± standard 
deviation. Differences between two groups were analyzed by 
using the Student's t-test. Comparison between multiple groups 
was done using One‑way ANOVA test followed by post hoc 
test (least significant difference). P<0.05 was considered to 
indicate a statistically significant difference.
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Results

Silencing miR‑21 inhibits proliferation of SK‑NEP‑1 cells. To 
investigate the key role of miR-21 in the proliferation of WT 
cells, miR-21 inhibitor was transfected into SK-NEP-1 cells 
to silence the expression of miR-21. The results (Fig. 1A) of 
RT-qPCR analysis showed that at 48 h after transfection, the 
expression of miR-21 was remarkably decreased in SK-NEP-1 
cells (P<0.05), demonstrating that the expression of miR-21 was 
silenced, so in vitro studies can be conducted. Next, CCK-8 assay 
was carried out to explore the influence of silencing miR‑21 on 
the proliferation of WT SK-NEP-1 cells, and it was found that 
the proliferation ability of SK-NEP-1 cells was clearly repressed 

in miR-21 inhibitor group compared with that in normal 
control (NC) group (P<0.05) (Fig. 1B), which was further veri-
fied through colony formation assay subsequently. The results 
(Fig. 1C) revealed that the number of clones was obviously lower 
in miR-21 inhibitor group than that in NC group (P<0.05).

Effects of miR‑21 silencing on apoptosis of SK‑NEP‑1 cells. 
The role of miR-21 in apoptosis of WT cells was investigated. 
The SK-NEP-1 cells were transfected with miR-21 inhibitor 
and cultured for 48 h, followed by detection of apoptosis via 
flow cytometry. The results revealed that the ratio of apoptotic 
cells was markedly higher in miR-21 inhibitor group than that 
in NC group (P<0.05) (Fig. 2).

Figure 1. Effects of miR-21 silencing on proliferation ability of WT SK-NEP-1 cells. (A) Silencing effect on miR-21 detected via RT-qPCR. (B) Proliferation 
ability of SK-NEP-1 cells in miR-21 inhibitor group and NC group determined through CCK-8. (C) Clonogenic capacity of SK-NEP-1 cells in miR-21 inhibitor 
group and NC group analyzed by colony formation assay. *P<0.05. miR, micro ribonucleic acid; RT-qPCR, real-time quantitative polymerase chain reaction; 
WT, Wilms' tumor; NC, normal control; CCK-8, cell counting kit-8.

Figure 2. Effects of miR‑21 silencing on apoptosis of WT SK‑NEP‑1 cells determined through flow cytometry. *P<0.05. miR, micro ribonucleic acid; 
WT, Wilms' tumor.
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miR‑21 bound to 3'‑UTR of PTEN. Online TargetScan soft-
ware was applied to analyze miRNA target genes, and it was 
discovered that PTEN was the most likely potential target of 
miR-21. The effects of miR-21 inhibition on PTEN expression 
was verified in SK-NEP-1 cells. After the SK-NEP-1 cells 
were transfected with miR-21 inhibitor and cultured for 72 h, 

RT-qPCR assay and western blot analysis were performed to 
detect the changes in PTEN at the mRNA and protein levels. 
The results uncovered that repressing miR-21 expression 
upregulated the PTEN expression at both the mRNA level 
(Fig. 3A, P<0.05) and the protein level (Fig. 3B), implying that 
miR‑21 negatively regulates PTEN. To confirm that PTEN is 

Figure 3. miR-21 binds to 3'-UTR of PTEN. (A and B) Effects of miR-21 repression on mRNA and protein expression levels of PTEN detected through RT-qPCR 
assay and western blot analysis. (C) Binding of miR-21 to 3'-UTR of PTEN predicted using software. (D) Luciferase activity in the cells co-transfected with PTEN 
3'-UTR WT/MUT and miR-21 minic detected via dual luciferase reporter gene assay. *P<0.05. miR, micro ribonucleic acid; UTR, untranslated region; PTEN, phos-
phate and tension homology deleted on chromosome ten; mRNA, messenger RNA; RT-qPCR, real-time quantitative polymerase chain reaction; WT, Wilms' tumor.

Figure 4. Correlation of miR-21 with PTEN and PI3K/Akt pathway. (A) Effects of silencing PTEN on p-Akt and Akt protein levels determined through western 
blotting. (B) Effects of concurrent silencing of PTEN and miR-21 on p-Akt and Akt protein levels detected by western blotting. (C) Involvement of PTEN 
in the inhibitory effect of miR-21 on proliferation of SK-NEP-1 cells detected via CCK-8 assay. *P<0.05. miR, micro ribonucleic acid; PTEN, phosphate and 
tension homology deleted on chromosome ten; PI3K, phosphatidylinositol 3-kinase; Akt, protein kinase B; p-Akt, phosphorylated Akt; WT, Wilms' tumor; 
CCK-8, cell counting kit-8.
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a functional target of miR-21, the activity detection via dual 
luciferase reporter gene assay was carried out using the cells 
co-transfected with PTEN 3'-UTR WT/MUT and miR-21 
minic (Fig. 3C). The miR-21 minic group exhibited inhibited 
luciferase activity of WT plasmids but unchanged luciferase 
activity of MUT plasmids, indicating that miR-21 suppresses 
the expression of PTEN by binding to PTEN 3'-UTR.

Correlation of miR‑21 with PTEN and Akt pathway. The 
suppression of PTEN expression may have a relation to the 
Akt pathway. Therefore, the associations of miR-21 with 
PTEN and Akt were studied. The results showed that after 
silencing PTEN, the p-Akt level rose in SK-NEP-1 cells, but 
the Akt protein level had no obvious changes, suggesting 
that PTEN negatively modulates p-Akt. After silencing both 
PTEN and miR-21, the lower p-Akt was reversed, which thus 
reversed the inhibitory effect of miR-21 on the proliferation of 
SK-NEP-1 cells (P<0.05), implying that miR-21 inhibits the 
proliferation of the WT SK-NEP-1 cells through the PTEN/Akt 
pathway (Fig. 4).

Discussion

WT is usually detected in children aged <5 years, with an 
average age of onset of 38 months (2). WT is the most common 
malignant solid tumor in children, but it is widely regarded as 
one of the most treatable tumors due to modern comprehensive 
treatments in which analyzing sensitive molecular biomarkers 
to guide treatment and follow-up is playing a crucial role (4,12).

Currently, extensive research has manifested that miRNAs 
can act as powerful cancer biomarkers (e.g., cancer type, 
prognosis and response to treatment) to play an important 
role in cell differentiation, proliferation, cell cycle control and 
apoptosis. More than 50% of human miRNA genes are located 
in vulnerable sites and regions and often associated with the 
development of cancers (13), which demonstrates the potential 
importance of miRNAs in cancers. In addition, miRNAs 
have been verified to serve as oncogenes or tumor suppres-
sors and key molecules in the development and progression 
of cancers (14). As one of the overexpressed miRNAs most 
commonly found in solid tumors (10), miR-21 may act as an 
oncogene in the development and progression of cancers.

Increasing number of studies have proved that (15,16) 
miR-21 is an attractive target in the multi-regulation of tumor 
genetics and pharmacology. Overexpression of miR-21 in 
pancreatic endocrine and acinar tumors is closely corre-
lated with high Ki67 (a cell proliferation index) and liver 
metastasis (17). Analysis of the effects of anticancer chemo-
therapeutic agents such as 5‑fluorouracil and gemcitabine on 
miRNAs has demonstrated that repressing miR-21 increases 
the sensitivity to gemcitabine-induced apoptosis, whereas 
miR-21 expression is increased after responding to the process 
with 5‑fluorouracil (18). Besides, miR‑21 is also detected in 
biological fluids such as serum. In comparison with healthy 
control samples, serum samples from patients with diffuse 
large B-cell lymphoma exhibit highly expressed miR-21. 
Moreover, the miR-21 expression in disease samples has an 
association with recurrence-free survival, but it is not related 
to overall survival. These methods highlight the potential 
application of miRNAs in cancers as non-invasive diagnostic 

markers (19). In this study, it was discovered that silencing 
miR-21 inhibited the proliferation of WT SK-NEP-1 cells and 
induced apoptosis.

PTEN was originally discovered to participate in the 
development of various diseases as a suppressor gene. 
PTEN knockdown is able to accelerate cell proliferation. 
Researchers have found that PTEN inhibits Akt activity by 
repressing PI3K activity. Akt participates in angiogenesis 
and metastasis and partially prolongs survival signals (20). 
The lack of PTEN may result in the sustained activation of 
the signaling pathway, thus losing the control of cell growth. 
Given this, PTEN upregulation is capable of promoting 
cardiomyocyte apoptosis, while its inactivation can reduce 
apoptosis (21). Previous studies have reported that apoptosis 
can eliminate harmful substances in cells, accordingly 
respond to cell invasion, provide energy for subcellular 
structure production and metabolism, and even maintain 
cell stability. The activated PI3K/Akt signaling pathway 
has important effects on the differentiation, proliferation 
and apoptosis of smooth muscle cells and vascular fibro-
blasts (22). A recent study (23) showed that miR-21 may 
target the key proteins of the PTEN/PI3K/Akt signaling 
pathway to mediate the proliferation, apoptosis, migration 
and invasion of human esophageal cancer cells and cell cycle 
progression. In this study, it was confirmed through the dual 
luciferase reporter gene assay that miR-21 bound to PTEN 
3'-UTR to inhibit PTEN expression. Next, the associations 
of miR-21 with PTEN and PI3K/Akt signaling pathway were 
investigated, and it was uncovered that silencing PTEN 
elevated the p-Akt level, but had no great impact on the Akt 
protein level, suggesting that PTEN negatively modulates 
p-Akt. After silencing both PTEN and miR-21, the decrease 
in p-Akt was reversed.

In conclusion, the results of this study suggest that miR-21 
mediates the proliferation repression in the WT SK-NEP-1 
cells through the PTEN/Akt pathway.
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