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Abstract. microRNAs (miRNAs) are small non‑coding RNAs 
that regulate gene expression by binding to the untranslated 
regions (UTRs) of target mRNAs. Bioinformatic software 
predicted that MYCN, a gene overexpressed in aggressive 
neuroblastoma cells, is a target gene of miRNA‑202 (miR‑202) 
and that the promoter region of miR‑202 contains binding sites 
for the transcription factor E2F1. The aims of this study were 
to explore the regulation of MYCN expression by miR‑202 in 
the LAN‑5 human neuroblastoma cell line and to confirm the 
presence of binding sites for E2F1 in the miR‑202 promoter 
region. LAN‑5 cells were transfected with a synthetic miR‑202 
mimic, an miRNA inhibitor or appropriate control miRNAs. 
miR‑202 expression levels prior to and following transfection 
were measured by quantitative polymerase chain reaction 
(PCR) and MYCN protein expression was measured by western 
blot analysis. The interaction between miR‑202 and MYCN was 
examined using a luciferase reporter assay. The transcription 
start site of miR‑202 was determined by the rapid amplification 
of 5'cDNA ends (5'RACE) test and a chromatin immunoprecipi-
tation (ChIP) assay was used to confirm binding sites for E2F1 
in the miR‑202 promoter region. Overexpression of miR‑202 in 
LAN‑5 cells specifically inhibited MYCN protein expression. 
The 5'RACE test showed that the transcription start site of 
miR‑202 was at a thymidine, 312 bp upstream of the stem‑loop 
sequence. A ChIP assay demonstrated that E2F1 binds directly 
to the miR‑202 promoter region. miR‑202 is activated by E2F1 
and in turn downregulates MYCN protein expression in the 
neuroblastoma cell line LAN‑5. Upregulation of miR‑202 may 
therefore be a novel strategy for neuroblastoma treatment.

Introduction

Neuroblastoma (NB) is the most common type of extracranial 
solid tumor of neuroectodermal cell origin in children, occur-
ring most frequently in the adrenal medulla and sympathetic 
nervous system. Neuroblastoma accounts for 10% of malig-
nant solid tumors in children (1), with ~75% of cases occurring 
prior to 5 years of age. The biological characteristics of NB 
are diverse and unique compared with other types of cancer of 
the nervous system. In a number of infants, NB may spontane-
ously disappear. In other infants, NB may differentiate into 
benign ganglioneuroma following chemotherapy. However, 
in the majority of patients with NB, metastases are observed 
at the time of diagnosis, with rapid progression and mortality 
being a frequent outcome (2). There is a marked correlation 
between amplification of the MYC family gene MYCN, rapid 
progression of NB and poor prognosis (3). A haploid genome, 
consisting of >10 copies of the MYCN gene, is predictive of 
poor outcome independent of anatomic staging, age and other 
clinical variables. By contrast, there is a positive association 
between MYCN amplification and malignant behavior in 
NB (4). microRNAs (miRNAs) are endogenous non‑coding 
RNAs of 22 nucleotides that regulate the expression of proteins 
by binding to complementary sequences in the 3'UTR of target 
genes. It is well documented that miRNAs regulate a variety 
of biological processes, including cell proliferation, apoptosis, 
differentiation and aging (5,6). Accumulating evidence also 
indicates that miRNAs are involved in a number of pathological 
conditions, including cancer, cardiac infarction, arrhythmias, 
viral infection and Alzheimer's disease  (7,8), suggesting 
that miRNAs are a novel target for therapeutic intervention. 
miRNA‑202 (miR‑202) functions as a promoter and suppressor 
of tumor formation and a regulator of immune function (9‑12). 
The expression of miR‑202 is high in human endometrium 
and adipose tissue‑derived stem cells, suggesting that expres-
sion levels may be linked to cell cycle control. Furthermore, 
alterations in miR‑202 expression may be associated with 
the formation of testicular tumors. In addition, miR‑202 may 
regulate the expression of the MYCN gene and thereby inhibit 
the proliferation of neuroblastoma MNA Kelly cells, which 
generally exhibit a high MCYN gene copy number (13). This 
study was designed to examine whether MYCN is a target gene 
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of miR‑202 in the neuroblastoma cell line LAN‑5, whether 
miR‑202 has a binding site for the transcription factor E2F1 
and to define a putative regulatory pathway involving miR‑202, 
MYCN and E2F1. A dysfunctional E2F1/miR‑202/MYCN 
signaling pathway may contribute to malignant transformation 
or enhance the aggression of neuroblastoma.

Materials and methods

Materials. LAN‑5 cells were purchased from Tianjin Ke Ruijie 
Biological Ltd.. (Tianjin, China), and HEK293T cells were 
purchased from the Shanghai Institute of Biochemistry and 
Cell Biology (Shanghai, China). RPMI‑1640 medium and 
Lipofectamine 2000 were purchased from Invitrogen Life 
Technologies (Carlsbad, CA, USA). Reagents for quantitative 
polymerase chain reaction (qPCR) were purchased from 
Takara Bio Inc. (Shiga, Japan). Antibodies against E2F1 and 
MYCN were purchased from Sigma‑Aldrich (St. Louis, MO, 
USA). Genome sequencing was performed by the Beijing 
Huada Genomics (Shenzhen, China). Primer premier 5.0 soft-
ware was used for primer design. The synthesis of primers and 
the PAGE purification process was performed by Shanghai 
GenePharma Co., Ltd. (Shanghai, China). The mature sequence 
of hsa‑miR‑202 (5'‑AGAGGUAUAGGGCAUGGGAA‑3', 
MIMAT0002811) and an miRNA inhibitor sequence were 
obtained obtained from miRBase (http://www.mirbase.org/
cgi-bin/get_seq.pl?acc=MIMAT0002811). The negative 
control sequence and negative control inhibitor sequence were 
purchased from Ruibo Biotechnology, Co., Ltd. (Shanghai, 
China).

Cell transfection. The experimental culture groups included: 
i) untransfected LAN‑5 cells (control), ii) cells transfected 
with miR‑202 mimics (50 nmol/l), iii) cells transfected with 
the miR‑202 scramble nucleotide sequence (negative control 
or NC, 50 nmol/l) and iv) cells transfected with an miRNA 
inhibitor (NI; 100 nmol/l), a negative control for NI (NCI; 
50 nmol/l). Cells in log phase growth were seeded on 6‑well 
culture plates (2x105  cells/well) and transfected when the 
cell fusion rate reached 70%. The RNA‑Lipofectamine 2000 
compound was added according to the experimental group 
(1 µl/well to yield 20 nmol/l miRNA). After 36 h, the trans-
fection medium was discarded, the cells were washed with 
serum‑free RPMI‑1640 and cultured in RPMI‑1640 supple-
mented with 10% FBS. Fluorescence microscopy was used to 
determine transfection efficiency.

Quantitative PCR. Total RNA was extracted using TRIzol 
reagent (Invitrogen Life Technologies) according to the manu-
facturer's instructions. Quantitative PCR analysis was 
performed using an Applied Biosystems 7500 Real‑Time PCR 
system (Foster City, CA, USA). The expression level of 
18S RNA was used as an internal control for mRNAs and the 
U6 expression level was used as an internal control for 
miRNAs. The primers used for quantitative PCR analysis 
were as follows: U6 (forward, 5'‑GCTTCGGCAGCACAT 
ATACTAAAAT‑3' and reverse, 5'‑CGCTTCACGAATTTGC 
GTGTCAT‑3'), 18S (forward, 5'‑CCTGGATACCGCAGCT 
AGGA‑3' and reverse, 5'‑GCGGCGCAATACGAATG 
CCCC‑3'); miR‑202 (RT primer, 5'‑CTCAACTGGTGTCGTG 

GAGTCGGCAATTCAGTTGAGTTCCCAT‑3'; forward, 
5'‑ACACTCCAGCTGGGAGAGGTATAGGGCATGG‑3' and 
reverse, 5'‑CTCAACTGGTGTCGTGGA‑3') and MYCN 
(forward, 5'‑CCTGAGCGATTCAGATGA‑3' and reverse, 
5'‑CATAGTTGTGCTGCTGGT‑3'). The expression level was 
calculated using the 2‑ΔΔCt method.

Western blot analysis. LAN‑5 cells were lysed in RIPA 
buffer containing a proteinase inhibitor cocktail (Biocolor 
BioScience & Technology, Shanghai, China). The protein 
concentration was determined using bicinchoninic acid (Bioss, 
Beijing, China). Protein was separated on 10% SDS‑PAGE 
at 30  µg/gel lane and electrotransferred to nitrocellulose 
membranes. Membranes were incubated with a primary 
antibody against MYCN (rabbit polyclonal; Cell Biotech, 
Tianjin, China) at 4˚C overnight, washed extensively with 0.1% 
Tween‑20 in PBS and incubated with a secondary antibody 
conjugated to horseradish peroxidase (1:1,000; Pharmingen, 
Becton Dickinson, San Diego, CA, USA) at room temperature 
for 3 h. Immunolabeling was visualized using the ECL system 
(Amersham, UK). Expression levels were normalized to the 
gel loading control and expressed as fold changes compared 
with baseline (pretransfection) values.

Luciferase reporter assay. The 3'UTR fragments of the 
MYCN gene were obtained by PCR amplification and cloned 
separately into multiple cloning sites of the psi‑CHECK™‑2 
luciferase miRNA expression reporter vector. HEK293T cells 
were transfected with miR‑202 mimic, miR‑202 inhibitor, a 
control miRNA, a miRNA inhibitor or empty plasmid using 
Lipofectamine 2000 (Invitrogen Life Technologies) according 
to the manufacturer's instructions. Nucleotide substitution 
mutation analysis was performed using direct oligomer 
synthesis of MYCN 3'UTR sequences. The constructs were 
verified by sequencing. Luciferase activity was measured 
using the dual luciferase reporter assay system kit (Promega, 
Madison, WI, USA) according to the manufacturer's instruc-
tions on a Tecan M200 luminescence reader.

Rapid amplification of 5'cDNA ends (5'RACE). The 5'RACE 
measurements were conducted according to the manufacturer's 
instructions (Invitrogen Life Technologies). Briefly, total RNA 
was extracted from LAN‑5 cells with TRIzol reagent 
(Invitrogen Life Technologies). PCR reactions were performed 
using the universal sense primer provided in the 5'RACE kit 
and antisense primers (miR‑202 outer, 5'‑TTAGGCCAG 
ATCCTCAAAGAAG‑3', miR‑202 inter, ATAGGAAAAAG 
GAACGGCGG) specific for the miR‑202 coding sequence. 
The PCR product was cloned and sequenced.

Chromatin immunoprecipitation (ChIP) assay. Neuroblastoma 
cells were cultured in 10‑cm dishes at 5x106/dish. Ice‑cold 
PBS (10 ml) was added to each dish, followed by panning 
and washing on a horizontal shaker (3x1 min). Formaldehyde 
(1% in PBS) was used for crosslinking covalently stabilized 
protein‑DNA complexes. The ultrasonic slicing method was 
used to cut DNA fragments bound to protein into 200‑1,000 bp 
fragments. Following centrifugation, the supernatant was 
collected, added to Protein A Agarose and mixed for 1 h. A 
10 µl aliquot was reserved as the input for later use. Antibodies 
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against E2F1 were added to the remaining supernatant for 
co‑immunoprecipitation and incubated with Protein A Agarose. 
Following precipitation with low salt solution and centrifuga-
tion, the supernatant was discarded and the protein‑DNA 
pellet separated by elution to obtain the DNA template. The 
gene‑specific primers were designed according to the sequence 
of miR‑202 (5'‑GTTCTGCTGCTGCCGAGCGAG‑3' and 
5'‑CCTGGCTCAGCACTCTTCTCACA‑3'). Quantitative 
PCR was performed to measure target DNA levels in the puri-
fied DNA products.

Data analysis. The results are the averages of at least three 
independent experiments from separately treated and 
transfected cultures. Data are expressed as the mean ± SD. 
Statistical comparisons were made by one‑way analysis of 
variance (ANOVA). P<0.05 was considered to indicate a statis-
tically significant difference.

Results

Expression of miR‑202 in LAN‑5 transfection groups. After the 
cells were transfected with the miR‑202 mimic, miR‑202 inhib-
itor or appropriated controls for 36 h, qPCR was performed to 
assess miR‑202 expression (Fig. 1). Expression was significantly 
higher in cultures transfected with miR‑202 mimic compared 
with untransfected controls, while expression was significantly 
inhibited (P<0.05) in the group transfected with the inhibitor 
(NI group) compared with untransfected cultures or cultures 
transfected with the inhibitor control transcript (NIC group).

Effect of miR‑202 on expression of MYCN. After neuroblas-
toma cells in each group were transfected with miR‑202 
mimic, miR‑202 inhibitor or left untransfected for 48 h, qPCR 
was performed to detect the relative expression levels of 
MYCN mRNA. There was no significant difference in MTCN 
mRNA expression among the miR‑202 mimic group, blank 
control group (untransfected) and the miRNA negative control 
group (P>0.05; Fig. 2A). However, western blot analysis of 
the MYCN protein revealed significant differences among the 
miR‑202 mimic group and the negative control group (P<0.05) 
(Fig. 2B and C), suggesting that miR‑202 inhibits translation 
of MYCN.

miR‑202 binds to the MYCN 3'UTR. TargetScan (human 6.2 
version), a miRNA target gene prediction software application, 
predicted two miR‑202 binding sites at 505 and 869 bp in the 
MYCN 3'UTR sequence. The full‑length sequence of the MYCN 
3'UTR (910 bp) was cloned downstream of the luciferase gene 
in the psiCHECK carrier to construct the psiCHECK‑2‑MYCN 
3'UTR carrier. LAN‑5 cells were cotransfected with the 
miR‑202 mimic vector and vectors carrying mutations in 
the MYCN 3'UTR‑binding site  1 (505  bp), binding site  2 
(869 bp) or both, to confirm direct binding of miR‑202 and 
MYCN 3'UTR. Cotransfection of LAN‑5 cells with miR‑202 
mimic and psiCHECK‑2 MYCN 3'UTR significantly inhibited 
luciferase activity (P<0.05), while transfection with vectors 
carrying a mutation at binding sites 1 and 2 or both vectors 
had little effect on luciferase activity, indicating that miR‑202 
may directly regulate the expression of MYCN by binding to 
target sites within the MYCN 3'UTR sequence (Fig. 3).

Transcription initiation site for miR‑202 determined by 
5'RACE assay. Downstream‑specific primers were designed 
to amplify the miR‑202 gene by PCR (Fig. 4). Specific bands 
were observed corresponding to miR‑202‑1, ‑2 and ‑3. The 
miR‑202‑1 band was the largest at >300 bp. The primary 
transcriptional copy of miR‑202 was ~300  bp. The DNA 
fragments were separated from the protein, recovered from 
the gel and cloned on the T‑vector for sequencing. Sequences 

Figure 1. The expression of miR‑202 after transfection with miR‑202 mimics 
and miR‑202 inhibitor in LAN‑5 cells. *P<0.05 vs. control and NI, NC, NCI 
groups. Bars: 1, control group; 2, miR‑202 mimics group; 3, NI group; 4, 
NC group; 5, NCI group. NC, negative control; NI, mRNA inhibitor; NCI, 
negative control for NI; miR‑202, microRNA‑202.

Figure 2. The effects of miR‑202 mimics on the expression of MYCN. 
(A) The MYCN mRNA expression levels were determined by quantitative 
PCR, *P>0.05 vs. control and NC group. (B) The MYCN protein expression 
levels were determined by western blotting, *P<0.05 vs. control and NC 
group. (C) Western blot electrophoresis diagram. Lanes: 1, control group; 
2, negative group; and 3, miR‑202 mimics group. PCR, polymerase chain 
reaction; NC, negative control; NI, mRNA inhibitor; NCI, negative control 
for NI; miR‑202, microRNA‑202.
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of the acquired DNA fragments were compared and the start 
site for transcription was determined to be a T‑vector 312 bp 
upstream of the miR‑202 stem‑loop sequence. ConSite, a 
transcription factor prediction software (obtained at http://asp.
ii.uib.no:8090/cgi‑bin/CONSITE/consite) predicted an E2F1 
binding site +17 bp upstream of the initiation site of miR‑202.

Binding of E2F1 to the miR‑202 promoter as revealed by 
ChIP assay. ChIP assay was used to verify the predicted 
binding sites of E2F1  +17  bp upstream of the miR‑202 
initiation site. First, western blot analysis was used to detect 
the expression of E2F1 in LAN‑5 cells. Electrophoresis of 
ChIP assay produced positive bands for the E2F1 antibody 
group but none for the negative control IgG group or blank 

group (water). Results from quantitative PCR showed that in 
lysates, including the E2F1 antibody, the relative expression 
of E2F1 amplified by the E2F1ChIPF/R primer was ~18‑fold 
higher than that in the negative group, suggesting that the 
DNA was isolated using the E2F1 antibody containing the 
predicted miR‑202 promoter sequence. These results indicate 
that E2F1 may directly bind to the promoter sequence of 
miR‑202 (Fig. 5).

Discussion

Amplification and overexpression of the MYCN oncogene 
is frequently observed in NB. Tumors with the MYCN 
amplification exhibit an invasive growth pattern, malignant 

Figure 3. The interaction between miR‑202 and MYCN was detected by the sensor reporter. (A) Comparison of luciferase activity of plasmid‑transfected cloned 
MYCN‑3'UTR *P>0.05 vs. control and NC. (B) The luciferase activity comparison of plasmid‑transfected cloned mut‑MYCN‑3'UTR, P>0.05 vs. control 
and NC. (C) The target sequence for miR‑202 at MYCN 3'‑UTR. Bars: 1, control; 2, miR‑202 mimic; 3, NC; 4, NI and 5, NCI groups. NC, negative control; 
NI, mRNA inhibitor; NCI, negative control for NI; miR‑202, microRNA‑202.

Figure 4. 5'RACE assay determined the transcription start site of miR‑202. (A) PCR electrophoresis diagram. Lane M1, 1 kb DNA ladder marker; lanes 1‑6, 
miR‑202 1‑6 double enzyme product with HindIII/EcoRI; lane M2, DL2000 DNA marker. (B) miR‑202 promoter diagram and predicted E2F1 binding site. 
(C) Sequencing result diagram. miR‑202; microRNA‑202; 5'RACE, rapid amplification of 5'cDNA ends.
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proliferation of cancer cells, a rapid increase in tumor 
volume, rupture through the tumor capsule and invasion of 
surrounding tissues, early systemic metastasis, poor prog-
nosis and high mortality (14). This study of the molecular 
mechanisms of MYCN regulation by miR‑202 defines a 
potential regulatory pathway for control of cell prolifera-
tion and a promising therapeutic target for the treatment of 
NB (15).

miRNAs regulate a variety of critical biological 
processes by controlling the expression of target genes, 
including genes involved in cell proliferation, apoptosis 
and malignant transformation  (16). miRNAs may inhibit 
translation or activate mRNA degradation through comple-
mentary pairing with a 3'UTR sequence (17). Bioinformatics 
prediction provides a convenient and powerful method for 
identifying potential miRNA target genes (18). TargetScan, 
the standard software for prediction of miRNA target genes, 
predicted two possible binding sites on the MYCN 3'UTR 
for miR‑202 and it was confirmed that they are indeed 
regulatory sites for MYCN expression. miR‑202 overexpres-
sion significantly reduced the luciferase activity of a vector 
containing MYCN 3'UTR and mutation of these potential 
miR‑202 binding sites significantly reduced the inhibitory 
effect of miR‑202 on luciferase activity (Fig. 3). Through 
these direct binding sites for miR‑202 on MYCN, miR‑202 
overexpression may significantly reduce the expression of 
MYCN protein (Fig.  2B  and  C). However, miR‑202 had 
no effect on the expression of MYCN mRNA (Fig.  2A), 
indicating that miR‑202 binding to the 3'UTR suppresses 
MYCN expression at the post‑transcriptional level.

The E2F1 transcription factor is the most significant acti-
vator governing the transition from G1 to S phase and thus, is 
a key regulator of cell proliferation. The Rb/E2F complex is a 
critical intermediary step in this process (19). In normal cells, 

Rb in the low phosphorylation state and E2F, form a complex 
that inhibits the transcription of the proto‑oncogenes c‑myc, 
c‑fos and others to inhibit cell growth. By contrast, highly 
phosphorylated Rb and E2F initiates downstream gene expres-
sion and promotes cell cycle progression (20,21). Thus, E2F 
plays a dual role depending on the phosphorylation status of 
Rb. Previous studies have shown that E2F activity is required 
for MYCN overexpression in neuroblastoma cells (13,14). In 
IMR‑32 cells, overexpression of cP16INK4A may shift Rb to 
the low phosphorylation state, decreasing E2F1 activity and 
downregulating MYCN expression  (22‑24). In the current 
study, E2F1 was observed to bind to the miR‑202 promoter and 
miR‑202 was observed to directly target MYCN (Figs. 4 and 5). 
Previous studies demonstrated that miR‑202 directly binds 
to MYCN in SMS‑KMN cells, thereby downregulating 
MYCN expression. A potential negative feed‑forward loop 
may exist among E2F1, miR‑202 and MYCN. Under normal 
circumstances, E2F1 indirectly inhibits MYCN activity by 
upregulating miR‑202, thus preventing excessive activation of 
MYCN by E2F1. A dynamic balance among these three mole-
cules may maintain normal cell growth. However, this balance 
is disturbed in nascent neuroblastoma cells, with eventual loss 
of MYCN regulation and malignant transformation.

Therefore, elucidation of the molecular mechanisms regu-
lating E2F1, miR‑202 and MYCN may identify novel molecular 
targets for the treatment of NB and aid in the development of 
novel therapeutic strategies.
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Figure 5. ChIP assay confirmed the binding sites of transcription factor E2F1 in miR‑202 promoter region. (A) E2F1 protein expression levels in LAN‑5 
cells was detected by western blot analysis. (B) Electrophoresis diagram of ChIP assay. (C) Quantitative PCR detected miR‑202 promoter DNA sequence 
immunoprecipitated by the E2F1 antibody (*P<0.05 vs. IgG group). PCR, polymerase chain reaction; ChIP, chromatin immunoprecipitation.
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