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miR-205 Inhibits Neuroblastoma Growth by Targeting cAMP-Responsive 
Element-Binding Protein 1
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Accumulating evidence indicates that microRNA-205 (miR-205) is involved in tumor initiation, development, 
and metastasis in various cancers. However, its functions in neuroblastoma (NB) remain largely unclear. Here 
we found that miR-205 was significantly downregulated in human NB tissue samples and cell lines. miR-205 
expression was lower in poorly differentiated NB tissues and those of advanced International Neuroblastoma 
Staging System stage. In addition, restoration of miR-205 in NB cells suppressed proliferation, migration, and 
invasion and induced cell apoptosis in vitro, as well as impaired tumor growth in vivo. cAMP-responsive element-
binding protein 1 (CREB1) was identified as a direct target gene of miR-205. Expression of an miR-205 mimic 
in NB cells significantly diminished expression of CREB1 and the CREB1 targets BCL-2 and MMP9. CREB1 
was also found to be upregulated in human NB tissues, its expression being inversely correlated with miR-205 
expression (r = −0.554, p = 0.003). Importantly, CREB1 upregulation partially rescued the inhibitory effects 
of miR-205 on NB cells. These findings suggest that miR-205 may function as a tumor suppressor in NB by 
targeting CREB1.
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INTRODUCTION

Neuroblastoma (NB), the most common extracranial 
tumor among children, accounts for 7% of childhood 
malignancies and >15% of all cancer deaths in this age 
group1. Despite improvements in available treatment strat-
egies, including surgical resection, radiotherapy, and che-
motherapy, the survival rate of NB patients remains very 
low, since the initiation and development of this disease 
involve a complicated, multistep process and numerous 
molecular events2,3. Therefore, there is an urgent need to 
understand the molecular mechanisms regulating NB initi-
ation and progression, enabling the identification of novel 
diagnostic markers and molecular therapeutic agents.

MicroRNAs (miRNAs) are small, endogenous, non-
coding RNAs composed of approximately 19–25 nucle-
otides that negatively regulate gene expression by bind-
ing to the 3¢-untranslated region (3¢-UTR) of their target 
mRNAs4. It has been shown that miRNAs play crucial 
roles in many biological processes, including cell prolif-
eration, differentiation, and death5,6. Increasing evidence 
suggests that miRNAs are involved in various aspects of 
tumor progression, including development, differentiation, 

apoptosis, proliferation, cell cycle, and metastasis, and 
may function as oncogenes or tumor suppressors7–9. To 
date, several reports have demonstrated that certain 
miRNAs exert substantial effects on features of NB tumori-
genesis such as angiogenesis, progression, invasion, and 
metastasis10,11. Targeting of miRNAs may therefore have 
a potent therapeutic impact in this malignancy, for which 
they may also serve as diagnostic markers.

An increasing number of recent studies have revealed 
that miR-205 expression is dysregulated in various can-
cers and has a key function in tumor cell proliferation and 
migration12–18. However, given that the role of miR-205 
in NB and the molecular mechanism responsible remain 
largely obscure, we aimed to investigate these processes 
in the present work.

MATERIALS AND METHODS

Patients and Tissue Samples

Twenty-eight tissue samples and matched adjacent 
normal tissues were collected from patients having under-
gone surgery at The First Hospital of Jilin University 
(Changchun, P.R. China) between July 2013 and July 2015.  
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All samples were immediately frozen in liquid nitro-
gen following surgery and stored at −80°C until RNA 
extraction. Based on the Shimada index, the histol-
ogy of 13 patients was classified as favorable and that 
of 15 as unfavorable. According to the International 
Neuroblastoma Staging System (INSS), 5 patients were 
categorized as stage 1, 8 as stage 2, 10 as stage 3, 3 as 
stage 4, and 2 as stage 4S. Informed consent was obtained 
before using samples in all cases. The study was approved 
by the Medical Ethics Committee of The First Hospital  
of Jilin University.

Cell Lines and Transfection

Four human NB cell lines, SH-SY5Y (CRL-2266), 
SK-N-SH (HTB-11), IMR32 (CCL-127), and BE(2)-C 
(CRL-2268), and human umbilical vein endothelial cells 
(HUVECs; CRL-1730) were purchased from the Ameri-
can Type Culture Collection (Manassas, VA, USA). All  
cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM; Gibco, Carlsbad, CA, USA) contain-
ing 10% fetal bovine serum (FBS; HyClone, Logan, UT, 
USA), and 100 U/ml penicillin or 100 mg/ml streptomy-
cin at 37°C in a humidified chamber supplemented with 
5% CO2.

An miR-205 mimic and a corresponding negative 
control (miR-NC) were purchased from GenePharma 
Co., Ltd. (Shanghai, P.R. China) and dissolved in  
diethylpyrocarbonate-treated water. The cAMP-responsive  
element-binding protein 1 (CREB1) overexpression 
plasmid (pCDNA3.1-CREB1) was provided by Dr. Jun  
Wang (Jilin University). Transfection was performed  
using Oligofectamine™ Transfection Reagent (Invitro-
gen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions.

Quantitative Reverse Transcriptase Polymerase 
Chain Reaction (qRT-PCR)

Total RNA (including miRNA) was extracted using 
TRIzol reagent (Invitrogen) according to the manufac-
turer’s protocol and quantified with a NanoDrop ND-100 
Spectrophotometer (NanoDrop Technologies, Wilmington, 
DE, USA). For measurement of miR-205 expression, 
qRT-PCR was performed with a TaqMan®

 MicroRNA 
Reverse Transcription Kit (Applied Biosystems, Foster 
City, CA, USA) and a miScript SYBR Green PCR Kit 
(QIAGEN, Hilden, Germany) on an ABI 7900 Real-Time 
PCR System (Applied Biosystems). To quantify CREB1 
mRNA levels, cDNA was synthesized with a PrimeScript 
RT Reagent Kit (Takara, Dalian, P.R. China) and then 
was quantified with Real-Time PCR Mixture Reagent 
(Takara) using specific primers, as previously described19. 
Relative miRNA and mRNA expression was quanti-
fied with cycle threshold (Ct) values and normalized 
using the 2−DDCt method to U6 small nuclear RNA and 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
levels, respectively.

Cell Proliferation

MTT assay was used to assess cell proliferation. 
Briefly, 2 ́  104 transfected cells/well were seeded onto 
24-well plates and cultured for 24–72 h. At each time 
point (24, 48, and 72 h), 100 µl of medium was replaced 
with an equal volume of fresh medium containing 0.5 mg/
ml MTT (Sigma-Aldrich, St. Louis, MO, USA), which 
was incubated with cells at 37°C for 4 h. The medium 
was then replaced with 100 µl of dimethyl sulfoxide 
(DMSO; Sigma-Aldrich), and the plates were shaken at 
37°C for 10 min. Absorbance at a wavelength of 570 nm 
was then measured in a microplate spectrophotometer 
(Thermo Labsystems, Vantaa, Finland). Three wells were 
processed in parallel for each group, and all experiments 
were performed in triplicate.

Cell Apoptosis Assay

Cells were stained with annexin V and 7-aminoactin-
omycin using an ApoScreen Annexin-V Apoptosis Kit 
(Southern Biotech, Birmingham, AL, USA) according to 
the manufacturer’s instructions. The stained cells were 
examined using a flow cytometer (Beckman Coulter, Brea, 
CA, USA) with a single 488-nm laser excitation source. 
Apoptosis was analyzed using CellQuest software (BD 
Biosciences, San Jose, CA, USA).

Cell Migration Assay

Cell migration was determined by wound healing 
assays. Briefly, transfected cells were cultured in six-
well plates (5 ́  104 cells/well) for 24 h. These cultures 
were then scratched using a sterile plastic micropipette 
tip to create an artificial wound. Photographs were taken 
24 h later using an X71 inverted microscope (Olympus, 
Tokyo, Japan).

Cell Invasion Assay

Cell invasion was measured using Matrigel invasion 
assays. Briefly, 2 ́  105 transfected cells in serum-free 
DMEM were seeded into the upper BD BioCoat Matrigel 
Invasion Chamber (BD Biosciences), and 750 µl of medium 
containing 10% FBS as a chemoattractant was added to 
the lower chamber. The cells were incubated for 24 h, 
after which noninvading cells were removed with a cot-
ton swab. Invading cells were fixed in 20% methanol and 
stained with 0.1% crystal violet. Under an X71 inverted 
microscope (Olympus), the fixed cells in five randomly 
selected fields were photographed and counted.

Identification of Putative Binding Targets for miR-205

The databases TargetScan (http://www.targetscan.org) 
and miRanda (http://microrna.org) were used to identify 
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putative targets for miR-205. The likely target CREB  
was identified, and its expression was investigated.

Luciferase Reporter Assay

Human CREB1 3¢-UTR sequences containing the 
wild-type (Wt) or mutant (Mut) miR-205 binding region 
were subcloned into the psiCHECK-2 vector (Promega) 
between the XhoI and NotI sites. These constructs were 
termed CREB1-Wt-3¢-UTR and CREB1-Mut-3¢-UTR, 
respectively. Cells were seeded into 24-well plates and 
cultured for 24 h before being cotransfected with the 
CREB1-Wt-3¢-UTR or CREB1-Mut-3¢-UTR reporter plas-
mid (100 ng) and the miR-205 mimic or miR-NC (100 nM). 
Forty-eight hours after transfection, luciferase activity was 
determined using the Dual-Luciferase Reporter System 
(Promega).

Western Blotting

Cells or tissues were incubated on ice with lysis  
buffer [50 mM Tris-HCl (pH 7.5), 20 mM NaCl, 5 mM 
ethylenediaminetetraacetic acid (EDTA), 1% Triton 
X-100, 0.1% sodium dodecyl sulfate (SDS), 5% glycerol, 
and protease inhibitors] and centrifuged at 20,000 ́  g at 
4°C for 15 min. Supernatants were collected, and their 
protein concentrations were determined with a Pierce 
Bicinchoninic Acid Protein Assay Kit (Thermo Fisher, 
Waltham, MA, USA). Equal amounts of protein (30 mg) 
were separated by 10% SDS-polyacrylamide gel elec-
trophoresis and transferred to polyvinylidene difluoride 
membranes (Millipore, Bedford, MA, USA). After block-
ing for 1 h with 5% skimmed milk in Tris-buffered saline 
(TBS; 10 mM Tris and 150 mM NaCl), the membranes 
were incubated with the following primary antibodies 
overnight at 4°C, all of which were raised in mice and 
supplied by Santa Cruz Biotechnology (Santa Cruz, CA, 
USA): anti-CREB1 (1:1,000 dilution), anti-B-cell lym-
phoma 2 (BCL-2; 1:800), anti-matrix metalloproteinase9 
(MMP9; 1:1,000), and anti-GAPDH (1:2,000). The mem-
branes were subsequently washed three times with TBS 
and incubated with horseradish peroxidase-conjugated 
goat anti-mouse IgG (1:5,000; Santa Cruz Biotechnology) 
for 2 h at room temperature. Immunoreactive protein bands 
were detected with an enhanced chemiluminescence-based 
FluorChem® FC2 imaging system (Alpha Innotech, San 
Jose, CA, USA).

Tumor Xenograft Model

Twenty 6-week-old male BALB/c nude mice weigh-
ing 18–20 g were obtained from the Experimental Animal 
Center of Changchun Institute for Biological Sciences 
(Changchun, P.R. China) and kept under specific pathogen- 
free conditions. All animal experimental procedures were 
approved by the Institutional Animal Care and Use Com-
mittee of Jilin University.

Equal numbers of SH-SY5Y cells (2 ́  106) stably 
expressing the miR-205 or miR-NC were suspended in 
100 µl of serum-free DMEM and injected subcutaneously 
into the right posterior flanks of the mice (n = 10 each 
group), respectively. Tumor volume (V) was monitored 
and calculated according to the formula V = 0.5 ́  L ́  W2, 
measuring tumor length (L) and width (W) every 7 days 
for 5 weeks. Mice were euthanized by cervical disloca-
tion 35 days after injection, and tumor tissues were striped  
and weighed. Tumor tissues were embedded in paraffin 
and sectioned into 5-mm slices for Ki-67 immunohis-
tochemistry. miR-205 and CREB1 expression was mea-
sured in tumor tissues by qRT-PCR and Western blotting, 
respectively.

Statistical Analysis

All data are reported as mean ± standard deviation 
(SD), and experiments were repeated at least three times. 
Statistical analysis was performed using SPSS 18.0 (SPSS 
Inc., Chicago, IL, USA) and GraphPad Prism 5 (GraphPad 
Software, Inc., San Diego, CA, USA). Differences were 
identified by a two-tailed Student’s t-test or one-way 
ANOVA. The relationship between CREB1 and miR-205 
expression was tested with two-tailed Pearson’s correla-
tion analysis. Values of p < 0.05 were considered statisti-
cally significant.

RESULTS

miR-205 Expression Was Downregulated in NB Tissue 
Samples and Cell Lines

To investigate the role of miR-205 in NB occurrence, 
we measured its expression in specimens of NB and adja-
cent nontumor tissues from 28 patients using qRT-PCR. 
miR-205 levels were found to be decreased in NB tis-
sues compared with adjacent normal specimens (Fig. 1A). 
In addition, miR-205 expression was lower in well-
differentiated NB tissues (p < 0.01) (Fig. 1B) and those 
of advanced INSS stage (p < 0.01) (Fig. 1C). Moreover, 
compared to HUVECs, the four NB cell lines exhibited 
diminished levels of this miRNA (Fig. 1D). miR-205 
expression was lowest in SH-SY5Y cells (Fig. 1D); there-
fore, this line was used in subsequent experiments.

miR-205 Inhibited Proliferation, Migration, 
and Invasion and Induced Apoptosis in NB Cells

To further investigate its biological role in NB, we 
assessed the effects of overexpressing miR-205 in SH- 
SY5Y cells by transfection with an miR-205 mimic and 
evaluated subsequent cell proliferation, migration, inva-
sion, and apoptosis. Transcript levels of miR-205 in 
SH-SY5Y cells transfected with the miR-205 mimic were 
shown to be increased by qRT-PCR compared to those 
in the miR-NC group (Fig. 2A). In comparison with the 
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miR-NC group, expression of the miR-205 mimic signifi-
cantly inhibited proliferation of SH-SY5Y cells accord-
ing to the MTT assay (Fig. 2B). Wound healing and 
invasion assays showed that the miR-205 overexpression 
significantly suppressed the migration and invasion of 
SH-SY5Y cells (Fig. 2C and D). Flow cytometry revealed 
that transfection with the miR-205 mimic significantly 
raised the apoptosis rate of SH-SY5Y cells compared to 
the miR-NC group (Fig. 2E). These results suggest that 
miR-205 inhibits NB cell proliferation, migration, and 
invasion and induces cell apoptosis.

CREB1 Was Found to be a Target of miR-205  
in NB Cells

To determine the mechanism of action of miR-205 in 
NB cells, we performed a miRNA target search using 
TargetScan and miRanda. A highly conserved putative 

miR-205 recognition sequence was identified in the 
3¢-UTR of CREB1 at positions 2,036–2,043 (Fig. 3A), 
suggesting that this gene may be a target of miR-205. 
To establish whether this miRNA does target this site,  
we cotransfected Wt or Mut CREB1 3¢-UTR constructs  
(Fig. 3A) and the miR-205 mimic or miR-NC into SH- 
SY5Ycells and carried out a luciferase assay. Expression 
of the miR-205 mimic in SH-SY5Y cells suppressed 
luciferase activity associated with the CREB1-Wt-3¢-
UTR plasmid, but not that resulting from the CREB1-
Mut-3¢-UTR plasmid (Fig. 3B). As expected, qRT-PCR 
and Western blotting showed that the miR-205 mimic 
signifi cantly reduced CREB1 mRNA and protein expres-
sion in SH-SY5Y cells (Fig. 3C and D). Furthermore, it 
signifi cantly decreased protein levels of the CREB1 tar-
gets BCL-2 and MMP9 (Fig. 3D). Thus, CREB1 may be 
a target of miR-205 in NB cells.

Figure 1. MicroRNA-205 (miR-205) expression was downregulated in neuroblastoma (NB) tissues and cell lines. (A) Relative  
miR-205 expression in 28 pairs of NB specimens and adjacent normal tissues was determined by quantitative reverse transcriptase 
polymerase chain reaction (qRT-PCR). (B) qRT-PCR was used to measure miR-205 levels in poorly (PD) and well-differentiated 
(WD) NB tissues. (C) qRT-PCR showing miR-205 levels in NB tissues of different International Neuroblastoma Staging System 
(INSS) stages. (D) Relative miR-205 expression in human umbilical vein endothelial cells (HUVECs) and the NB cell lines SH-SY5Y, 
SK-N-SH, IMR32, and BE(2)-C was determined by qRT-PCR. For all experiments in this figure, U6 small nuclear RNA (snRNA) was 
used as an internal control. **p < 0.01.
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Figure 2. Transfection with an miR-205 mimic inhibited the proliferation, migration, and invasion and induced the apoptosis of NB 
cells. (A) miR-205 expression level was examined by qRT-PCR after transfection of SH-SY5Y cells. U6 snRNA served as an internal 
control. (B–E) Cell proliferation, migration, invasion, and apoptosis were evaluated in SH-SY5Y cells transfected with the miR-205 
mimic or miR-NC. **p < 0.01.
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CREB1 and miR-205 Expression Levels Were Inversely 
Correlated in NB Tissues

qRT-PCR revealed CREB1 mRNA expression to be 
greatly increased in NB specimens compared with adja-
cent normal tissues (Fig. 4A). In NB tissues, CREB1 tran-
script levels were also found to be inversely correlated 
with miR-205 expression by two-tailed Pearson’s corre-
lation analysis (r = −0.643, p < 0.001) (Fig. 4B).

CREB1 Overexpression Partially Attenuated the Effects 
of miR-205 in NB Cells

To determine whether the suppressive effect of miR-
205 on NB cells was dependent on regulation of CREB1 
expression, a CREB1 overexpression plasmid (pcDNA3.1-
CREB1) was transfected into SH-SY5Y cells stably 
expressing the miR-205 mimic. After confirming that 
cotransfection with the overexpression CREB1 plasmid 
and miR-205 mimic obviously increased CREB1 mRNA 
and protein expression compared to transfection with 
the miR-205 mimic alone (Fig. 5A and B), the prolifera-
tion, migration, invasion, and apoptosis of the transfected 
cells were assayed. Restoration of CREB1 expression in 

SH-SY5Y cells partially reversed the effects of the miR-
205 mimic on cell proliferation, migration, invasion, and 
apoptosis (Fig. 5C–F). These data indicate that miR-205 
exerts tumor-suppressive effects on NB cells, in part by 
suppressing CREB1 expression.

miR-205 Suppressed Tumor Growth in Nude Mice 
by Inhibiting CREB1

Finally, we tested whether miR-205 expression could 
influence the growth of NB in vivo. SH-SY5Y cells 
stably expressing the miR-205 mimic or miR-NC were 
injected subcutaneously into nude mice, and tumor sizes 
were measured every 7 days for 35 days. Tumor growth 
curves showed progressive expansion of SH-SY5Y cells 
transfected with miR-NC, while those transfected with 
the miR-205 mimic exhibited slower growth (Fig. 6A). 
Following euthanasia of mice and tissue collection, we 
found that tumor size and weight in the miR-205 mimic 
group were significantly smaller than those of the miR-NC 
group (Fig. 6B and C).

Moreover, we found that the protein level of Ki-67, 
a molecular biomarker for proliferation, was obviously 

Figure 3. cAMP-responsive element-binding protein 1 (CREB1) was found to be a target of miR-205 in NB cells. (A) Predicted  
miR-205 binding sites in the CREB1 mRNA sequence are shown. A mutation was introduced in the site complementary to the  
miR-205 seed region in the CREB1 3¢-untranslated region (3¢-UTR). (B) Luciferase reporter assays were performed using SH-SY5Y 
cells cotransfected with the miR-205 mimic or miR-NC and CREB1-Wt-3¢-UTR or CREB1-Mut-3¢-UTR reporter plasmid. (C) Using 
qRT-PCR, CREB1 mRNA levels in SH-SY5Y cells transfected with the miR-205 mimic or miR-NC were measured. Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was used as an internal control. (D) Western blotting was used to measure CREB1, B-cell 
lymphoma 2 (BCL-2), and matrix metalloproteinase 9 (MMP9) expression in SH-SY5Y cells transfected with the miR-205 mimic or 
miR-NC. GAPDH was used as a loading control. **p < 0.01.
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decreased in the miR-205 mimic group compared to the 
miR-NC group (Fig. 6D). Finally, measurement of miR-
205 and CREB1 expression by qRT-PCR and Western 
blotting, respectively, showed that tumors derived from 
miR-205 mimic-transfected cells contained higher num-
bers of miR-205 transcripts (Fig. 6E) and lower CREB1 
protein levels (Fig. 6F). This implies that miR-205 can 
restrict NB tumorigenicity in vivo by suppressing CREB1 
expression.

DISCUSSION

Accumulating evidence has shown that miRNAs are 
involved in the initiation and development of NB and 
may serve as effective molecular biomarkers for cancer 
diagnosis, prognosis, and therapy10,11. In the present study, 
miR-205 expression was found to be downregulated in 
NB cell lines and tissues and significantly negatively 
associated with poor differentiation and advanced INSS 
stage. We also demonstrated that restoration of miR-
205 expression in NB cells significantly decreased their 
proliferation, migration, and invasion and induced their 
apoptosis in vitro, as well as suppressed tumor growth 
in vivo. These results suggest a crucial role for miR-205 
in NB tumorigenesis and a possible therapeutic approach 
for the treatment of this disease.

miR-205, located within the second intron of the 
LOC642587 locus on chromosome 1, has been reported 
to be upregulated in liver cancer16, non-small cell lung 
cancer20, ovarian cancer21, and laryngeal squamous cell 
carcinoma13, suggesting that it functions as an oncogene 
in these malignancies. In contrast, several authors have 
reported that miR-205 is downregulated and functions 
as a tumor suppressor in gastric cancer17, osteosarcoma22, 

breast cancer12, prostate cancer23, and colorectal cancer18. 
These findings highlight the conflicting roles of miR-205 
in different cancers, which may depend on the specific 
tissue and conditions in question. However, the effects of 
miR-205 on NB and their underlying molecular mecha-
nisms remain unclear. Here we investigated the functions 
of this miR-205 in NB in vitro and in vivo, finding its  
expression to be significantly decreased in NB tissues and 
cell lines. Moreover, transfection of an miR-205 mimic 
suppressed NB cell growth in vitro and in vivo by targeting 
CREB1. Our results suggest that miR-205 might function 
as a tumor suppressor in this cancer.

To further investigate the molecular mechanisms under-
lying the influence of miR-205 on NB, we used two algo-
rithms (TargetScan and miRanda) to identify its putative 
protein-coding gene targets, particularly those known to 
promote cancer cell proliferation, migration, and invasion. 
From this, CREB1 was selected, given its close association 
with carcinogenesis and metastasis and role as an oncogene 
in various cancers24,25. We subsequently generated plas-
mids carrying a Wt or Mut CREB1 3¢-UTR sequence and 
cotransfected them with the miR-205 mimic or miR-NC 
into SH-SY5Y cells for evaluation by luciferase reporter 
assay, which confirmed that CREB1 was an miR-205 tar-
get. qRT-PCR and Western blotting also revealed that the 
expression of miR-205 mimic in NB cells significantly 
inhibited CREB1 expression, showing that miR-205 tar-
gets CREB1 in NB. A recent study established that miR-
205 inhibits tumorigenesis and metastasis in colorectal 
cancer through its effect on CREB126. Here we extended 
these findings to NB occurrence and development.

CREB1, located on chromosome 2q34 in humans, 
encodes a transcription factor of the leucine zipper 

Figure 4. Expression of CREB1 was inversely correlated with that of miR-205 in NB tissues. (A) CREB1 mRNA levels in 28 paired 
NB and adjacent normal tissue samples were determined by qRT-PCR, using GAPDH as an internal control. (B) The negative relation-
ship between CREB1 and miR-205 expression in NB tissue samples (n = 28) was assessed by two-tailed Pearson’s correlation analysis. 
**p< 0.01.
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family of DNA-binding proteins27,28. Activated CREB1 
can recognize the conserved cAMP-responsive element 
and regulate the expression of downstream genes, such as 
those encoding proteins involved in apoptosis (BCL-2), 
invasion (MMP9), cell cycle (cyclin A1, B1, and D2), 
signal transduction [activating transcription factor 3 and 
nuclear factor k light chain enhancer of activated B cells 
(NF-kB)], and other growth-related genes29, associated 

with cell proliferation, migration, differentiation, and sur-
vival signaling pathways30. CREB1 has been shown to 
be a proto-oncogenic transcription factor capable of pro-
moting tumorigenesis in many cancers, including NB31,32. 
In the current work, we demonstrated that CREB1 is a 
direct target of miR-205 in NB cells. We also found that 
the expression of an miR-205 mimic inhibited CREB1 
and reduced levels of the downstream proteins BCL-2 

Figure 6. miR-205 suppressed tumor growth in nude mice by inhibiting CREB1. (A) Tumor growth curves were established by 
measuring tumor volume every 7 days after injection. (B) Photographs of xenograft tumors isolated from nude mice in each treat-
ment group on day 35 after injection. (C) Weight of xenograft tumors isolated from nude mice in each treatment group on day 35 after 
injection. (D) Ki-67 immunochemistry assays were used to assess the inhibitory effects of miR-205 in xenograft tumors. (E) Relative 
miR-205 expression in xenograft tumors was determined by qRT-PCR, using U6 snRNA as an internal control. (F) CREB1 protein 
expression in xenograft tumors was determined by Western blotting, with GAPDH serving as a loading control. **p < 0.01.
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and MMP9. Moreover, our data indicate that CREB1 
was upregulated in NB tissues, in which expression of 
its mRNA negatively correlated with that of miR-205. 
Of note, overexpression of CREB1 partially reversed the 
effects of miR-205 on cell proliferation, migration, inva-
sion, and apoptosis. These results suggest that miR-205 
functions as a tumor suppressor in NB, at least in part by 
inhibiting CREB1.

In summary, the present investigation revealed that 
miR-205 appears to exhibit a tumor-suppressive function 
in NB, at least to a certain extent by inhibiting CREB1. 
Elucidation of the mechanisms by which miR-205 affects 
NB may contribute to our understanding of the initiation 
and progression of this malignancy.
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