
ONCOLOGY LETTERS  13:  4727-4733,  2017

Abstract. MicroRNA (miR/miRNA)-21 is a well-known 
oncogenic miRNA that is overexpressed in various types of 
tumors. The tumor-suppressor genes programmed cell death 4 
(PDCD4) and phosphatase tensin homologue (PTEN), are 
targets of miR-21, and are underexpressed in several types of 
cancer. However, the expression of miR-21 and its target genes 
in neuroblastoma (NB) remains unclear. In the present study, 
a miR-21 inhibitor oligonucleotide was transfected into the 
SK-N-SH cell line, and the expression of miR-21, PTEN and 
PDCD4 was detected through quantitative polymerase chain 
reaction analysis. Western blotting was used to examine levels 
of PTEN, PDCD4 and caspase-3 proteins. The expression of 
PTEN and PDCD4 in the SK-N-SH cell line transfected with 
the miR-21 inhibitor was significantly increased compared 
with untransfected SK-N-SH and negative control-transfected 
cells. Cell proliferation was inhibited and the apoptotic ratio 
was significantly increased in miR-21 inhibitor-transfected 
cells compared with untransfected SK-N-SH and negative 
control-transfected cells. Western blot analysis revealed a 
significant increase in caspase‑3 expression compared with 
untransfected SK-N-SH and negative control-transfected cells. 
The results of the present study indicate that miR-21 may serve 
an oncogenic role in the cellular processes underlying NB 

development and thus may be a novel therapeutic target for the 
treatment of patients with NB.

Introduction

Neuroblastoma (NB) originates from immature sympathetic 
neural cells and is one of the most common types of solid 
malignant tumors in children. Nearly half of all NB cases 
occur in children <2 years old, and the prognosis varies widely, 
with outcomes ranging between spontaneous regression and 
mortality (1). NB accounts for 7-10% of childhood malignancies 
and ~15% of all childhood cancer-associated mortalities (2,3). 
Thus, the treatment and management of NB continues to be a 
challenge faced by physicians and scientists.

MicroRNAs (miRNAs/miRs) are short non-coding RNAs 
that control gene activity by targeting post-transcriptional 
expression of specific genes (4). miRNAs serve an important 
role in the regulation of fundamental cellular processes, 
including proliferation, migration and differentiation, and are 
involved in the pathogenesis of NB by acting as oncogenes 
or tumor-suppressor genes. For example, miR-23a promotes 
NB cell migration and invasion by targeting the cadherin 1 
gene (5). miR-338-3p suppresses NB proliferation, invasion and 
migration through phosphatidylinositol-3,4,5-trisphosphate 
(PIP3)-dependent rac exchange factor 2 (6). miR-362-5p 
inhibits the proliferation and migration of NB cells by 
targeting phosphatidylinositol-4-phosphate 3-kinase catalytic 
subunit type 2β (7). miR-145 regulates the gene expression of 
hypoxia-inducible factor 2α, thus inhibiting the growth, inva-
sion, metastasis and angiogenesis of NB cells (8). Although 
multiple genetic and molecular lesions have been associated 
with NB tumorigenesis (6,7), the molecular mechanisms regu-
lating NB remain unclear.

miR-21 has been suggested to be oncogenic in multiple 
types of tumors. Previous studies have demonstrated that the 
downregulation of miR-21 suppresses tumor growth and inva-
sion in breast, glioma, gastric and colon cancer cells by directly 
targeting genes for phosphatase tensin homologue (PTEN) 
and programmed cell death 4 (PDCD4) (9-12). To the best of 
our knowledge, no previous studies have investigated the role 
of miR-21 in the NB SK-N-SH cell line, making the present 
study the first to examine the association between PTEN 
and PDCD4 expression, and cell apoptosis in SK-N-SH cells 
transfected with a miR-21 inhibitor. Elucidating the molecular 
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mechanisms underlying NB etiopathogenesis may contribute 
to the identification of suitable therapeutic agents for the treat-
ment of patients with NB.

Materials and methods

Cell culture. SK-N-SH, SH-SY5Y and BE2C cells (American 
Type Culture Collection, Manassas, VA, USA) were obtained 
for use in the present study. LV3-miR-21 inhibitor-transfected 
SK-N-SH cells are denoted as 1381 cells. The cells were 
cultured through serial passage in Dulbecco's modified Eagle's 
medium (DMEM) with 10% fetal bovine serum (FBS; both 
from Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA), 100 IU/ml penicillin and 100 µg/ml streptomycin 
(both from Invitrogen; Thermo Fisher Scientific, Inc.) in a 
humidified atmosphere with 5% CO2 at 37˚C. All procedures 
were performed according to internationally accepted ethical 
guidelines. The present study was approved by the Institutional 
Review Board of the Children's Hospital of Fudan University 
(Shanghai, China).

Plasmid construction, lentivirus packaging and cell infection. 
A lentiviral vector, pGLV3/H1/green fluorescent protein (GFP) + 
Puromycin (pGLV3; Shanghai GenePhama Co., Ltd., Shanghai, 
China), was used to construct the pGLV3-miR-21 inhibitor 
plasmid. The miR-21 inhibitor and negative control (NC) 
oligonucleotides were synthesized by Shanghai GenePhama 
Co., Ltd. (Table I). The miR-21 small hairpin (sh) DNA double 
stranded template sequence was synthesized by Huajin Nano 
Technology Co., Ltd. (Shanghai, China) using miR-21 inhibitor 
forward (BamHI) and reverse (EcoRI) primers (Fermentas; 
Thermo Fisher Scientific, Inc.). Subsequently, the miR-21 
inhibitor sequence was inserted into the pGLV3 lentivirus 
plasmid. pGLV3-shDNA-NC was used as a negative control and 
was constructed using forward (BamHI) and reverse (EcoRI) 
primers.

The 293T producer cell line (Cell Bank of Type Culture 
Collection of the Chinese Academy of Sciences, Shanghai, 
China) was cultured in DMEM with 10% FBS, 100 U/ml peni-
cillin and 100 µg/ml streptomycin. Subsequently, 1 day prior 
to transfection, the cells (5x105/ml) were seeded into a 15-cm 
dish. pGLV3-miR-21 inhibitor or pGLV3 vectors and packaging 
plasmids, including pGag/Pol, pRev and pVSV-G (Shanghai 
GenePhama Co., Ltd.), were co-transfected using RNAi-Mate 
(Shanghai GenePhama Co., Ltd.) according to the manufacturer's 
protocol. The supernatant was collected 72 h post-transfection, 
centrifuged (2,200 x g at 4˚C for 4 min), passed through a 
0.45-µm syringe filter and centrifuged again (50,000 x g at 
4˚C for 2 h). The viral titer was measured according to the 
expression of GFP following the manufacturer's protocol. The 
packaged lentiviruses were designated LV3-miR-21 inhibitor 
and LV3‑NC. The sequences of all vectors were verified through 
sequence analysis.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA, was isolated from cells using TRIzol® 

reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. RT was performed using 
gene‑specific RT primers from the TaqMan® MicroRNA Assay 
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) and 

the TaqMan MicroRNA Reverse Transcription kit (Takara Bio, 
Inc., Otsu, Japan) according to the manufacturer's protocol. To 
estimate the expression of miR‑21, the quantification cycle (Cq) 
values were normalized using U6 as an internal control. The 
PCR results were separated by 2% agarose electrophoresis gel 
containing ethidium bromide (0.5 µg/ml) using electrophoresis 
apparatus (Bulletin #M1704498; Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) and a Visualizer (Bio-Rad GelDoc XR; 
Bio-Rad Laboratories, Inc.). For the analysis of PTEN and 
PDCD4 expression, complementary DNA was synthesized using 
PrimeScript™ RT Master Mix (Takara Bio, Inc.) according to 
the manufacturer's protocol. RT-qPCR was carried out using a 
SYBR Premix Ex Taq™ II (Takara Bio, Inc.). The housekeeping 
gene GAPDH was used for normalization. Primers are illus-
trated in Table II.

RT-qPCR was performed using the Rotor-Gene 3000™ 
system with Rotor Gene Detection software (version 6.1.90; 
both from Qiagen, Inc., Valencia, CA, USA). The following 
thermocycling conditions were performed: 3 min at 95˚C; and 
40 cycles of 95˚C for 15 sec, 58˚C for 30 sec and 72˚C for 
30 sec. All reactions were performed in triplicate. The 2‑∆∆Cq 
method (13) was used for the relative quantification of the gene 
expression of miR-21, PTEN and PDCD4.

Western blot (WB) analysis. In order to extract the cellular 
protein, cells were lysed on ice for 30 min with radioim-
munoprecipitation assay buffer (50 mmol/l Tris-HCl, pH 7.5; 
150 mmol/l NaCl; 0.5% deoxycholate; and 0.1% SDS). Protein 
concentration was determined using a Pierce™ BCA Protein 
Assay kit (Thermo Fisher Scientific Inc.) according to the manu-
facturer's protocol. Following denaturation in boiling water for 
5 min, 20-µg samples were separated on 10% SDS-PAGE gels 
(Bio-Rad Laboratories, Inc.) and transferred onto polyvinylidene 
fluoride membranes (EMD Millipore, Billerica, MA, USA).

The membranes were blocked using 5% non-fat milk and 
incubated overnight at 4˚C with primary rabbit polyclonal 
anti-human antibodies directed against PTEN (#9188), PDCD4 
(#9535) or caspase-3 (#9662; all primary antibody dilutions 
were 1:1,500; Cell Signaling Technology, Inc., Danvers, MA, 
USA). Membranes were incubated for 2 h at room temperature 
with a goat anti-rabbit horseradish peroxidase-conjugated 
immunoglobulin Gc secondary antibody (#W10809; dilution, 
1:3,000; Pierce; Thermo Fisher Scientific, Inc.). Subsequently, 
proteins were visualized using an ECL substrate (Immobilon 
Western Chemiluminescent HRP substrate; EMD Millipore) 
according to the manufacturer's protocol, using a Bio-Rad 
Molecular Imager ChemiDoc™ XRS+ with Image Lab™ soft-
ware 2.0 (Bio-Rad Laboratories, Inc.) and analyzed by ImageJ 
(version 2.1.4.7; National Institutes of Health, Bethesda, MD, 
USA). Membranes were also probed with an anti-human anti-
body directed against GAPDH (1:10,000; Shanghai Kangcheng 
Biological Engineering Co., Ltd., Shanghai, China) to ensure 
equal loading of protein. All experiments were performed in 
triplicate.

Cell proliferation. Cell proliferation was measured using a 
cell counting kit (CCK-8; Dojindo Molecular Technologies, 
Inc., Kumamoto, Japan). Cells were seeded into 96-well 
plates (1x103 cells/well) and cultured for 24 h. The viability of 
SK-N-SH cells transfected with miR-21 inhibitor or NC was 
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analyzed every 24 h following transfection. CCK-8 (10 µl) was 
added to each well of the 96‑well plates and incubated in 37˚C 
for 4 h. Proliferation rates were determined at 0, 24, 48 and 
72 h following transfection. The optical density was measured 
at wavelength of 490 nm using a 2550 EIA reader (Bio-Rad 
Laboratories, Inc.).

Hoechst 33342 staining. The SK-N-SH, SH-SY5Y and BE2C 
cell lines were cultured in 6-well tissue culture plates. The 
culture medium was removed and the cells were fixed in 4% 
paraformaldehyde for 10 min at room temperature. Following 
washing twice in PBS, the cells were stained with 10 µM 
Hoechst 33342 (Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany) at 37˚C for 30 min. The nuclear structure of the 
cells was examined using an IX71 fluorescence microscope 
(Olympus Corporation, Tokyo, Japan). Quantitative analysis 

was performed by counting green fluorescent (apoptosis‑posi-
tive) cells under x400 magnification in three independent 
fields. The values are expressed as the percentage of apoptotic 
cells relative to the total number of cells per field.

Statistical analysis. All data are presented as the mean ± stan-
dard deviation. Statistical analysis was performed using SPSS 
statistical software (version 17.0; SPSS, Inc., Chicago, IL, USA). 
The significance of differences between groups was analyzed 
using one-way analysis of variance. P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑21 inhibitor downregulates miR‑21 in SK‑N‑SH cells. 
The infection efficiency of lentivirus in SK‑N‑SH, SH‑SY5Y 
and BE2C cells was estimated at 95, 75 and 95%, respectively 
through fluorescence microscopy (Fig. 1A). The expression of 
miR-21 was detected in all three cell lines. The results of 2% 
agarose gel electrophoresis demonstrated that the size of the 
PCR products was correct (U6, 70 bp; miR-21, 82 bp), without 
any non‑specific bands, and that only specifically amplified 
products were present (Fig. 1B).

Statistical analysis demonstrated no significant difference 
between miR-21 expression in SK-N-SH and SH-SY5Y cells 
(Fig. 1C). However, miR-21 expression in BE2C cells was signi-
ficantly lower compared with that in SK‑N‑SH and SH‑SY5Y 
cell lines (both P<0.01; Fig. 1C). Based on its miR-21 expression 
and infection efficiency, the SK‑N‑SH cell line was selected 
for further experiments. Following transfection, the expression 
of miR-21 was determined by RT-qPCR. The expression of 
miR‑21 was significantly diminished in LV3‑miR‑21 inhibi‑
tor-transfected cells (1381) compared with that in untransfected 
SK-N-SH and LV3-NC-transfected cells (both P<0.01; Fig. 1D).

miR‑21 inhibitor upregulates messenger RNA (mRNA) 
and protein expression of PTEN and PDCD4 in 1381 cells. 
Following miR-21 inhibitor transfection, the expression 
of PTEN and PDCD4 protein in 1381 cells was increased 
compared with that in the control SK-N-SH and NC groups, 
in which PTEN and PDCD4 expression was similar (Fig. 2A). 
Quantification of triplicate WB analysis demonstrated a 
significant increase in the expression of PTEN (Fig. 2B) and 

Table I. Sequences of miR-21 inhibitor and control oligonucleotides, and primers used in their construction. 

Oligonucleotide Sequence

miR-21 inhibitor 5'-TCAACATCAGTCTGATAAGCTA-3'
  Forward, BamHI 5'-GATCCTCAACATCAGTCTGATAAGCTACGATTCAACATCAGTCTGATAAGCTAACCGGTTCAA
 CATCAGTCTGATAAGCTATCACTCAACATCAGTCTGATAAGCTATTTTTTGAATT-3'
  Reverse, EcoRI 5'-ACCGGTTAGCTTATCAGACTGATGTTGAATCGTAGCTTATCAGACTGATGTTGAGAATTCAAA
 AAATAGCTTATCAGACTGATGTTGAGTGATAGCTTATCAGACTGATGTTGA-3'
miR-NC 5'-TTCTCCGAACGTGTCACGT-3'
  Forward, BamHI 5'-GATCCGTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAACTTTTTTG-3'
  Reverse, EcoRI 5'-AATTCAAAAAAGTTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAACG-3'

miR, microRNA; NC, negative control.

Table II. Primer sequences used in quantitative polymerase chain 
reactions.

Primer Sequence

U6
  Forward 5'-ATTGGAACGATACAGAGAAGATT-3'
  Reverse 5'-GGAACGCTTCACGAATTTG-3'
miR-21
  Forward 5'-ACGTTGTGTAGCTTATCAGACTG-3'
  Reverse 5'-AATGGTTGTTCTCCACACTCTC-3'
GAPDH
  Forward 5'-GAGTCAACGGATTTGGTCGT-3'
  Reverse 5'-TTGATTTTGGAGGGATCTCG-3'
PTEN
  Forward 5'-GCACTGTTGTTTCACAAGATGATG-3'
  Reverse 5'-GCAGACCACAAACTGAGGATTG-3'
PDCD4
  Forward 5'-CGACAGTGGGAGTGACGCCCTTA-3'
  Reverse 5'-CAGACACCTTTGCCTCCTGCACC-3'

miR, microRNA; PDCD4, programmed cell death 4; PTEN, phosphatase 
and tensin homologue.
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Figure 1. Transfection of NB cell lines with miR-21 inhibitory or NC oligonucleotides. (A) Infection efficiency of lentivirus determined by fluorescence micros-
copy in SK‑N‑SH (95%), SH‑SY5Y (75%) and BE2C (95%) cells (x100). The top panels are fluorescent images and the bottom panels are white light images of 
the cells. (B) Gel electrophoresis of PCR products illustrating specific amplification of correctly‑sized miR‑21 products in each cell line. (C) RT-qPCR analysis 
demonstrated no significant difference between miR‑21 expression relative to U6 in SK‑N‑SH and SH‑SY5Y cells. However, significantly decreased expression of 
miR-21 was observed in BE2C cells compared with that in SK-N-SH and SH-SY5Y cells. (D) RT‑qPCR analysis demonstrated significantly decreased expression 
of miR-21 relative to U6 in 1381 cells compared with that in untransfected SK-N-SH cells and cells transfected with NC. **P<0.01 vs. NC and SK-N-SH. NC, nega-
tive control; miR, microRNA; 1381, SK-N-SH cells transfected with miR-21 inhibitor; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

Figure 2. Expression of PTEN and PDCD4 protein and mRNA in 1381 cells transfected with a miR-21 inhibitory oligonucleotide. (A) Representative WB analysis 
of protein expression in untransfected SK-N-SH, NC-transfected and 1381 cells (left to right lanes, respectively). Quantitation of triplicate WB analysis demon-
strated that expression of (B) PTEN and (C) PDCD4 was significantly increased when miR‑21 was inhibited in 1381 cells. RT‑qPCR analysis of (D) PTEN and 
(E) PDCD4 mRNA expression relative to U6 demonstrated a significant increase in 1381 cells compared with that in untransfected SK‑N‑SH cells and cells 
transfected with NC. **P<0.01 vs. NC and SK-N-SH. NC, negative control; miR, microRNA; 1381, SK-N-SH cells transfected with miR-21 inhibitor; RT-qPCR, 
reverse transcription-quantitative polymerase chain reaction; WB, western blot; PDCD4, programmed cell death 4; PTEN, phosphatase and tensin homologue; 
mRNA, messenger RNA.
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PDCD4 (Fig. 2C) protein compared with that in the NC and 
SK-N-SH groups (both P<0.01). In addition, RT-qPCR analysis 
revealed significantly increased expression of PTEN (Fig. 2D) 
and PDCD4 (Fig. 2E) mRNA in 1381 cells compared with that 
in the control cell group (both P<0.01).

miR‑21 inhibitor reduces proliferation and induces apoptosis in 
1381 cells. Hoechst 33342 nucleic acid staining was performed 
on untransfected cells and cells transfected with LV3-NC and 
LV3-miR-21 inhibitor. Fig. 3A illustrates the characteristic 
appearance, including nuclear chromatin condensation and 
nuclear fragmentation, in apoptotic 1381 cells. Transfection 
with the miR‑21 inhibitor resulted in a significant increase in 
the number of apoptotic 1381 cells (12.45±1.99%) compared 
with the basal apoptosis level observed in the NC (3.04±0.68%) 
and untransfected SK-N-SH (3.65±0.46%) groups (both 
P<0.01; Fig. 3B). The CCK-8 assay revealed that transfection 
with the miR‑21 inhibitor significantly inhibited the prolifera-
tion of 1381 cells compared with the cell viability noticed in 
the untransfected SK-N-SH and NC groups (P<0.05; Fig. 3C). 
Furthermore, WB analysis (Fig. 3D) demonstrated a significant 
increase in the expression of activated caspase-3 protein in 1381 
cells compared with that in NC and SK-N-SH cells (P<0.01; 
Fig. 3E).

Discussion

miRNAs are endogenous, 19-22-nucleotide long, non-coding 
RNAs that can negatively regulate protein expression by 
inducing the degradation of target mRNAs, inhibiting their 

translation or both, by specifically binding to the 3' untranslated 
regions of target mRNAs (4). Although increasing evidence 
suggests that a novel class of miRNAs can regulate various 
target genes, including oncogenes and tumor suppressors, the 
role of miRNAs in NB remains unclear (14).

Previous evidence indicates that miR-21 participates in 
the development and progression of various types of human 
tumors, including glioblastoma, hepatocellular, lung, colon, 
and prostate cancer (15,16). miR-21 is encoded by chromo-
some 17q23.2, which is frequently involved in unbalanced 
translocations in NB cell lines (15). In addition, miR-21 is 
among the most frequently detected miRNAs in primary 
NB tumors and NB cell lines (17,18). Furthermore, NB cell 
lines that have been established from human NB cells exhibit 
similar cellular heterogeneity. Based on the morphological 
appearance, biochemical properties and growth patterns, three 
major cell types have been identified in NB cell lines. These 
have been designated as neuroblastic, substrate-adherent and 
non-neuronal, and intermediate-type NB cells (19). SH-SY5Y, 
SK-N-SH, and BE2C cell lines represent the above three types, 
respectively (19). The SK-N-SH cell line was selected following 
consideration of its miR‑21 expression and the infection effi-
ciency of the lentivirus into the target cells.

PTEN and PDCD4 are target genes of miR-21 (20), 
which were validated by the three following target prediction 
programs: PicTar (http://pictar.mdc-berlin.de/), TargetScan 
(http://www.targetscan.org) and miRanda (http://www.
microrna.org). PDCD4 suppresses several proteins that regulate 
translation and cell proliferation, and has been implicated in 
tissue invasion and proliferation (20,21). PTEN is a phosphatase 

Figure 3. Apoptosis, proliferation and caspase-3 activation in 1381 cells. (A) Hoechst 33342 nucleic acid staining in untransfected SK-N-SH, NC-transfected and 
1381 cells. Arrows indicate the characteristic appearance of nuclear chromatin condensation and nuclear fragmentation in apoptotic 1381 cells. Magnification, 
x400. (B) The percentage of apoptotic cells in the 1381 group was significantly increased compared with that in NC and untransfected SK‑N‑SH cells (**P<0.01). 
(C) CCK‑8 assay demonstrated that the miR‑21‑inhibitor significantly reduced the proliferation of 1381 cells compared with the viability of SK‑N‑SH and NC 
cells at 24, 48 and 72 h. WB analysis illustrating a (D) representative image from triplicate experiments and (E) quantitative results, indicating a significantly 
increased level of activated caspase-3 protein when miR-21 was inhibited in 1381 cells, compared with that in NC and SK-N-SH cells. *P<0.05, **P<0.01 vs. 
NC and SK-N-SH. NC, negative control; miR, microRNA; 1381, SK-N-SH cells transfected with miR-21 inhibitor; WB, western blot; CCK, cell counting kit.
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that maintains low levels of PIP3 by conversion to phosphati-
dylinositol 4,5-bisphosphate. When PTEN fails to maintain 
this homeostasis, PIP3 levels increase and activate the AKT 
serine/threonine kinase (Akt) signaling pathway. Activation of 
the Akt signaling pathway leads to several effects, including 
promotion of cell growth and proliferation, and inhibition of 
apoptosis (20,21). For example, miR-21 promotes cell growth 
and migration by targeting PDCD4 gene expression in Kazakh 
esophageal squamous cell carcinoma (22). Similarly, overex-
pression of miR-21 in cervical cancer promotes the proliferation 
and migration of cells via inhibition of PTEN (23). The results 
of the present study have demonstrated that the downregula-
tion of miR-21 following transfection with a miR-21-inhibitor 
results in a significant increase in PTEN and PDCD4 mRNA 
and protein expression compared with that observed in untrans-
fected and NC-transfected cells. Furthermore, miR-21 inhibitor 
transfection led to a significant reduction in tumor cell growth 
and induction of apoptosis compared with the effects observed 
in untransfected and NC-transfected cells. Thus, this result 
suggests that the reduction of miR-21 activates the caspase-3 
signaling pathway, possibly mediated by PTEN/PDCD4 
induction, to subsequently inhibit cell proliferation and induce 
apoptosis.

Chan et al (24) demonstrated that miR-21 is commonly and 
markedly upregulated in human glioblastoma, and that inhib-
iting miR-21 expression leads to caspase-3/caspase-7 activation 
and associated apoptotic cell death in multiple glioblastoma 
cell lines. Zhou et al (25) reported that the reduction of miR-21 
by antisense oligonucleotides activates the caspase-9 and 
caspase-3 signaling pathways, possibly mediated by multiple 
potential target genes, and subsequently induce glioma cell 
apoptosis. Recently, White et al (26) demonstrated that endo-
thelial apoptosis in pulmonary hypertension is controlled by 
the miR-21/PDCD4/caspase-3 axis. Li et al (27) reported that, 
in ovarian cancer A2780 cells, icariin substantially decreased 
miR-21 expression, increased the expression levels of target 
proteins PTEN and reversion-inducing-cysteine-rich protein 
with kazal motifs, suppressed cell proliferation, accelerated 
apoptosis and increased caspase-3 activity, compared with the 
effects observed in the untreated control group. The results of 
the current study indicate that miR-21 regulates the potential 
targets PTEN/PDCD4 to activate the caspase-3 signaling 
pathway. However, the mechanism underlying miR-21-mediated 
regulation of the caspase-3 signaling pathway remains unclear 
and warrants further investigation.

In conclusion, the present study has demonstrated that 
miR-21 expression is downregulated in NB cells, and has 
revealed that the inhibition of miR-21 can promote cell apoptosis 
and inhibit proliferation by upregulating tumor-suppressive 
PTEN/PDCD4 expression via caspase-3 activation. To the best 
of our knowledge, the present study is the first to confirm that 
miR-21 regulates PTEN/PDCD4 in NB. These results suggest 
that miR-21 is an effective therapeutic target in the treatment 
of patients with NB.
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