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Abstract. MicroRNA (miR)‑206 has been found to be 
deregulated in various types of human cancer, including 
medulloblastoma. However, the regulatory mechanism of 
miR‑206 in medulloblastoma growth and metastasis remains 
largely unclear. In the present study, reverse transcrip-
tion‑quantitative polymerase chain reaction data indicated that 
miR‑206 was significantly downregulated in medulloblastoma 
tissues compared with adjacent non‑tumor tissues (P<0.01). 
Furthermore, low expression of miR‑206 was significantly 
associated with seeding at presentation and anaplastic 
histology (P<0.01), but not with sex, age, or residual tumors. 
Overexpression of miR‑206 significantly reduced the viability 
and migration of medulloblastoma D341 cells (P<0.01). LIM 
and SH3 protein 1 (LASP1) was further identified as a novel 
target of miR‑206 in D341 cells. mRNA levels of LASP1 were 
significantly higher in medulloblastoma tissues compared to 
adjacent non‑tumor tissues (P<0.01), with an inverse correlation 
to the miR‑206 levels in medulloblastoma tissues. In addition, 
protein expression levels of LASP1 ere negatively regulated by 
miR‑206 in D341 cells. Further investigation showed that over-
expression of LASP1 significantly eliminated the inhibitory 
effects of miR‑206 on the migration and invasion of D341 cells 
(P<0.01). In conclusion, our study demonstrates that miR‑206 
has a suppressive role in medulloblastoma cell viability and 
invasion, partly at least, via the targeting of LASP1. Our study 
highlights the importance of the miR‑206/LASP1 in medul-
loblastoma.

Introduction

Medulloblastoma is the most common malignant pediatric 
brain tumor and is one of the leading causes of cancer‑related 

mortality in children (1,2). Although great advances in the 
diagnosis and treatment of medulloblastoma have been made, 
the prognosis for patients with advanced medulloblastoma 
remains poor (3,4). Various oncogenes and tumor suppressors 
including LIM and SH3 protein 1 (LASP1) have been found to 
be deregulated in medulloblastoma (5,6). LASP1 was reported 
to be significantly upregulated in medulloblastoma, and knock-
down of LASP1 reduced cell proliferation and migration, and 
increased cell adhesion in medulloblastoma (6). However, the 
molecular mechanism underlying the regulation of LASP1 
expression in medulloblastoma still remains largely unknown.

MicroRNAs (miRs), which is a type of small non‑coding 
RNAs, is able to negatively regulate gene expression by 
directly binding to the 3'‑untranslational region (UTR) of 
target mRNA, resulting in either translation inhibition or 
mRNA degradation (7,8). Through mediation of their target 
genes, miRs have been found to be involved in various cellular 
biological processes, including cell proliferation, differ-
entiation, apoptosis, cell cycle progression, migration, and 
tumorigenesis (9). Deregulations of various miRs have been 
observed in medulloblastoma, which may contribute to the 
development and malignant progression of this disease (10,11). 
For instance, miR‑192 suppresses leptomeningeal dissemina-
tion of medulloblastoma by inhibiting cell proliferation and 
anchoring through the repression of DHFR, integrins, and 
CD47 (12).

miR‑206 has been demonstrated to be involved in various 
physiological and pathological processes. For instance, 
expression of miR‑206 is reduced in breast cancer and may be 
associated with advanced disease progression and poor patient 
prognosis (13). miR‑206 was also found to control the transi-
tion from growth to differentiation in rhabdomyosarcoma 
cells by integrating multiple components of differentiation 
pathways  (14). In addition, miR‑206 is downregulated in 
ERα‑positive endometrioid adenocarcinoma, and has suppres-
sive effects on tumor cell proliferation and invasion  (15). 
Recently, miR‑206 was reported to act as a tumor suppressor 
in medulloblastoma (16). miR‑206 levels were significantly 
downregulated in medulloblastoma tissues and cell lines, and 
overexpression of miR‑206 effectively inhibited the prolif-
eration of medulloblastoma cells, likely via the inhibition of 
OTX2 protein expression, an oncogenic miR‑206 target, which 
was overexpressed in medulloblastoma (16). As one miR has 
many targets and may function through different targets in 
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different cell types (7), whether other targets of miR‑206 exist 
in medulloblastoma still remains to be studied. The present 
study aimed to investigate the clinical significance and regula-
tory mechanism of miR‑206 in medulloblastoma.

Materials and methods

Tissue samples. The study protocol was approved by the Ethics 
Committee of People's Hospital of Binzhou City (Binzhou, 
China). A total of 63  cases of medulloblastoma tissues, 
as well as their matched adjacent non‑tumor tissues, were 
collected at the People's Hospital of Binzhou City (Binzhou, 
China). Written informed consent was obtained from all 
participants. Clinical characteristics of medulloblastoma 
patients re summarized in Table I. All tissues were immedi-
ately snap‑frozen in liquid nitrogen after surgical removal and 
stored at ‑80˚C before use.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Total RNA was extracted using TRIzol 
reagent (Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
according to the manufacturer's instructions. miR‑206 expression 
was detected by qPCR using a mirVana™ RT‑PCR microRNA 
detection kit (Thermo Fisher Scientific, Inc.), in accordance 
with the manufacturer's instructions. U6 was used as an internal 
reference (catalogue no. HmiRQP9001; Fulgene, Guangzhou, 
China). mRNA expression was detected using a SYBR‑Green 
RT‑PCR kit (Thermo Fisher Scientific, Inc.), according to the 
manufacturer's instructions. GAPDH was used as an internal 
reference. Primer sequences were as follows: LASP1 forward, 
5'‑TGC​GGC​AAG​ATC​GTG​TAT​CC‑3' and reverse, 5'‑GCA​
GTA​GGG​CTT​CTT​CTC​GTA​G‑3'; and GAPDH forward, 
5'‑GGA​GCG​AGA​TCC​CTC​CAA​AAT‑3' and reverse, 5'‑GGC​
TGT​TGT​CAT​ACT​TCT​CAT​GG‑3'. Relative expression levels 
were determined according to the 2‑ΔΔCq method (17).

Cell culture. Human medulloblastoma cell line D341 was 
purchased from Cell Bank of Chinese Academic Institute, 
(Shanghai, China). All cell lines were cultured in Dulbecco's 
modified Eagle's medium (DMEM; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS (Thermo Fisher Scientific, 
Inc.) in a humidified incubator at 37˚C with 5% CO2.

Cell transfection. Cell transfection was conducted using 
Lipofectamine 2000 (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. D341 cells, at a 
density of 5x106 were transfected with scramble miR mimic 
(miR‑NC), miR‑206 mimic, NC inhibitor, miR‑206 inhibitor, or 
co‑transfected with LASP1 siRNA and miR‑206 inhibitor, or 
pcDNA3.1‑LASP1 plasmid and miR‑206 mimic, respectively.

MTT assay. To determine cell viability, D341 cell suspension 
was plated in a 96‑well plate, and cultured at 37˚C in a humidi-
fied incubator with 5% CO2 for 0, 24, 48 or 72 h. Subsequently, 
MTT (10 µl; 5 mg/ml) was added into each well and incubated 
at 37˚C in a humidified incubator with 5% CO2 for 4 h. The 
supernatant was removed and 100 µl DMSO was added into 
each well. Optical density (OD) at 570 nm was measured 
using an ELx800 Absorbance Microplate Reader (BioTek 
Instruments, Inc., Winooski, VT, USA).

Wound healing assay. D341 cells, at a density of 1x105 were 
cultured to confluence. Wounds of 1‑mm width were created 
with a plastic scriber, and cells were washed and incubated in 
serum‑free DMEM. After wounding for 24 h, the medium was 
replaced with DMEM supplemented with 10% FBS. Cultures 
at 0 and 48 h were fixed and observed under a light microscope.

Bioinformatics analysis and dual luciferase reporter assay. 
TargetScan 7.0 software (targetscan.org) was used to predict 
the putative target genes of miR‑206. Wild‑type (WT) or 
mutant type (WT) 3'‑UTR of LASP1 were constructed and 
inserted into the multiple clone sites (MCS) in the psiCHECK2 
luciferase reporter vector (Promega Corp., Madison, WA, 
USA), respectively. For luciferase reporter assay, D341 cells, at 
a density of 5x106 were co‑transfected with WT‑LASP1‑3'UTR 
or MT‑LASP1‑3'UTR reporter plasmids with miR‑206 
mimic or miR‑NC, respectively, using Lipofectamine 2000. 
Luciferase activities were determined after transfection for 
48 h using a dual‑luciferase reporter assay system (Promega 
Corp.). Renilla luciferase activity was normalized to firefly 
luciferase activity.

Western blot analysis. Cells were lysed in cold radioimmuno-
precipitation lysis buffer. Protein concentration was examined 
using a BCA Protein Assay kit (Thermo Fisher Scientific, Inc.). 
A total of 50 µg of protein was separated by 10% SDS‑PAGE, 
transferred to a polyvinylidene difluoride membrane (Thermo 
Fisher Scientific, Inc.), and incubated in 5% nonfat dried milk 
in PBS (Thermo Fisher Scientific, Inc.) at 4˚C overnight. 
Following this, the membrane was incubated with monoclonal 
rabbit LASP1 primary antibody (1:50; ab156872; Abcam, 

Table I. Association between miR‑206 expression and clinico-
pathological characteristics in medulloblastoma.

		  Low 	 High
		  miR‑206	 miR‑206
Variables	 N	 (n=34)	 (n=31)	 P‑value

Sex				    0.622
  Male	 36	 20	 16	
  Female	 29	 14	 15	
Age at diagnosis				    0.779
  >3 years	 48	 26	 22	
  <3 years	 17	   8	   9	
Residual tumor				    0.430
  >1.5 cm2	   7	   5	   2	
  <1.5 cm2	 58	 29	 29	
Seeding at presentation				    0.045a

  Yes	 28	 19	   9	
  No	 37	 15	 22	
Anaplastic histology				    0.007b

  Yes	 11	 10	   1	
  No	 54	 24	 30

aP<0.05; bP<0.01. miR, microRNA.
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Cambridge, MA, USA) and polyclonal rabbit GAPDH primary 
antibody (1:100; ab9485; Abcam) at room temperature for 3 h. 
Following washing with PBS three times, the membrane was 
incubated with HRP‑conjugated goat anti‑rabbit secondary 
antibody (1:10,000; ab6271; Abcam) for 40  min at room 
temperature. The membrane was washed again with PBS 
three times and an enhanced chemiluminescence western 
blotting kit (Thermo Fisher Scientific, Inc.) was used to detect 
the immune complexes. Image‑Pro Plus software (version 6.0; 
Media Cybernetics, Inc., Rockville, MD, USA) was used to 
analyze the relative protein expression levels, as represented as 
the density ratio vs. GAPDH.

Statistical analysis. Data were expressed as mean ± standard 
deviation. SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) was used 
to conduct statistical analysis. Comparison of quantitative data 
was analyzed using an unpaired t‑test. Comparison of quali-
tative data was analyzed by the Chi‑square test. Correlation 
was determined by Pearson correlation analysis. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑206 is downregulated in medulloblastoma. RT‑qPCR 
was conducted to determine the miR‑206 levels in 63 paired 
primary medulloblastoma tissues and adjacent non‑tumor 
tissues. Our data showed that miR‑206 levels were signifi-
cantly reduced in medulloblastoma tissues when compared 
with adjacent non‑tumor tissues (P<0.01; Fig. 1).

Clinical significance of miR‑206 expression in medul-
loblastoma was further investigated. According to the mean 
expression of miR‑206 in medulloblastoma tissues, we 
divided these patients into high miR‑206 expression and 
low miR‑206 expression subgroups. As indicated in Table I, 
low expression of miR‑206 was significantly associated with 
seeding at presentation and anaplastic histology (P<0.05 and 
P<0.01, respectively), but not with sex, age, or residual tumor. 
These findings suggest that the reduced expression of 
miR‑206 may contribute to the malignant progression of 
medulloblastoma.

miR‑206 has suppressive effects on the viability and migration 
of medulloblastoma cells. To further elucidate the exact role of 
miR‑206 in medulloblastoma, miR‑206 mimic was to transfect 
medulloblastoma D341 cells. Transfection with miR‑NC was 
used as a control. As shown in Fig. 2A, miR‑206 levels were 
significantly higher in the miR‑206 group compared with the 
miR‑NC group (P<0.01). MTT assay and wound healing assay 
were conducted to examine cell viability and migration. As 
indicated in Fig. 2B and C, overexpression of miR‑206 caused 
a significant decrease in D341 cell viability and invasion, 
when compared to the miR‑NC group, respectively (P<0.01). 
According to these data, we suggest that miR‑206 may have 
suppressive effects on medulloblastoma growth and metas-
tasis.

LASP1 is a target gene of miR‑206 in D341 cells. Potential 
target genes of miR‑206 were further investigated using 
bioinformatics analysis. TargetScan software predicated 
that LASP1 was a putative target of miR‑206 (Fig. 3A). To 

clarify this association, MT or WT 3'‑UTRs of LASP1 was 
constructed and inserted into the MCS in the psiCHECK2 
luciferase reporter vector, respectively (Fig.  3B and C). 
Luciferase reporter assay data showed that the luciferase 
activity was significantly reduced in D341 cells co‑transfected 
with miR‑206 mimic and WT‑LASP1‑3'UTR reporter plasmid, 
but remained unchanged in the other groups, when compared 
to the control group (P<0.01; Fig. 3D). These data indicate that 
LASP1 is a direct target of miR‑206 in medulloblastoma cells.

LASP1 is upregulated in medulloblastoma and inversely 
correlated to miR‑206 expression. To further clarify the rela-
tionship between miR‑206 and LASP1 in medulloblastoma, 
we further examined the expression of LASP1 in medullo-
blastoma tissues and adjacent tissues. RT‑qPCR data indicated 
that the mRNA levels of LASP1 were significantly increased 
in medulloblastoma tissues, when compared with those in 
adjacent non‑tumor tissues (P<0.01; Fig. 4A). We observed an 
inverse correlation between the LASP1 and miR‑206 levels 
in medulloblastoma tissues (r=0.532; Fig. 4B). These findings 
suggest that the upregulation of LASP1 may be due to the 
downregulation of miR‑206 in medulloblastoma.

Protein expression of LASP1 is negatively regulated by 
miR‑206 in D341 cells. As miRs generally inhibit the expres-
sion of their target genes at the post‑transcriptional level, we 
examined the protein expression of LASP1 using western blot-
ting. LASP1 protein expression levels were markedly reduced 
in miR‑206‑overexpressing D341 cells compared with the 
control group (Fig. 5A). To further confirm these findings, 
D341 cells were transfected with miR‑206 inhibitor and or 
NC inhibitor as the control. Following transfection, miR‑206 
levels were significantly reduced in the miR‑206 inhibitor 
group when compared with the NC inhibitor group (P<0.01; 
Fig. 5B). Further investigation showed that knockdown of 
miR‑206 induced a significant increase in protein levels of 
LASP1 (Fig. 5C). Accordingly, miR‑206 negatively regulates 
the protein expression of LASP1 in D341 cells.

Figure 1. Reverse transcription‑quantitative polymerase chain reaction 
was conducted to examine the miR‑206 levels in a total of 65 cases of 
medulloblastoma tissues compared to adjacent non‑tumor tissues. **P<0.01 
vs. adjacent.
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Figure 2. CD341 cells were transfected with miR‑206 mimic or scramble miR mimic (miR‑NC) as the control group. (A) Reverse transcription‑quantitative 
polymerase chain reaction was conducted to examine the miR‑206 expression. (B) MTT assay and (C) wound healing assay were used to examine the cell 
proliferation and migration. **P<0.01 vs. miR‑NC.

Figure 3. (A) TargetScan software indicated that LASP1 was a target gene of miR‑206. (B and C) Luciferase reporter vectors containing WT or MT of LASP1 
3'‑UTR were generated. (D) Luciferase activity was significantly reduced in CD341 cells co‑transfected with the WT‑LASP1‑3'UTR luciferase reporter vector 
and miR‑206 mimics, when compared to the control group. However, these effects were eliminated by transfection with MT‑LASP1‑3'UTR luciferase reporter 
vector. **P<0.01 vs. control. LASP1, LIM and SH3 protein 1; WT, wild‑type; MT, mutant; UTR, untranslated region.
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miR‑206 inhibits medulloblastoma cell migration via targeting 
LASP1. We investigated whether LASP1 acted as a downstream 
effector in the miR‑206‑mediated viability and migration of 
medulloblastoma cells. miR‑206‑overexpressing D341 cells 
were transfected with pcDNA3.1‑LASP1 expression plasmid. 

As shown in Fig. 6A, protein expression levels of LASP1 were 
significantly increased in the miR‑206 + LASP1 group, when 
compared with the miR‑206 group (P<0.01). MTT assay and 
wound healing assay data further indicated that the viability 
and migration of D341 cells were significantly increased in the 

Figure 4. (A) Reverse transcription‑quantitative polymerase chain reaction was used to examine the mRNA levels of LASP1 in a total of 65 cases of medul-
loblastoma tissues compared to adjacent non‑tumor tissues. **P<0.01 vs. adjacent. (B) An inverse correlation was observed between the miR‑206 and LASP1 
mRNA levels in medulloblastoma tissues (r=0.532). LASP1, LIM and SH3 protein 1.

Figure 5. (A) Western blot analysis was used to examine the protein expression of LASP1 in CD341 cells transfected with miR‑206 mimic or scramble miR 
mimic (miR‑NC). **P<0.01 vs. miR‑NC. (B) Reverse transcription‑quantitative polymerase chain reaction was used to examine the miR‑206 levels in CD341 
cells transfected with miR‑206 inhibitor or NC. (C) Western blot was used to examine the protein expression of LASP1. **P<0.01 vs. NC inhibitor. LASP1, 
LIM and SH3 protein 1; NC, negative control.
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miR‑206 + LASP1 group compared with the miR‑206 group 
(P<0.05), indicating that overexpression of LASP1 attenuated 
the inhibitory effects of miR‑206 on D341 cells viability and 
migration (Fig. 6B and C). Taken together, our findings suggest 
that miR‑206 inhibits the viability and migration of medul-
loblastoma cells, partly at least, via directly targeting LASP1.

Discussion

miR‑206 has been demonstrated to have a tumor suppressive 
role in medulloblastoma (16). However, the underlying mecha-
nism of miR‑206 in medulloblastoma growth and metastasis 
remains unclear. The present study demonstrated that miR‑206 
was significantly downregulated in medulloblastoma tissues, 
as compared with adjacent non‑tumor tissues, and low expres-
sion of miR‑206 was significantly associated with seeding at 
presentation and anaplastic histology, but not with sex, age, 
or residual tumor. Overexpression of miR‑206 significantly 
reduced the viability and migration of medulloblastoma D341 
cells. LASP1, which was upregulated in medulloblastoma, was 
further identified as a target gene of miR‑206, and its protein 
expression was negatively regulated by miR‑206 in D341 cells. 
Further investigation indicated that overexpression of LASP1 
significantly eliminated the inhibitory effects of miR‑206 on 
the migration and invasion of D341 cells.

Many miRs have been found to be involved in medul-
loblastoma development and malignant progression, acting as 
oncogenes or tumor suppressors. For instance, microRNA‑10b 
was reported to be significantly upregulated in medulloblastoma 
tissues, and to have a promoting role in tumor cell proliferation 
and survival (18). miR‑367 was found to promote proliferation, 
invasion, and stem‑like traits in medulloblastoma cells (19). 
On the contrary, miR‑148a was able to inhibit the invasion and 
tumorigenic potential of medulloblastoma cells by targeting 
Neuropilin 1 (20). miR‑31 was found to suppress the prolifera-
tion of medulloblastoma cells by inhibiting DNA replication via 
minichromosome maintenance 2 (21). Lucon et al (22) performed 
microarray analysis and found 64 miRs were downregulated, 
whereas 20 miRs were upregulated in medulloblastoma. The 
majority of downregulated miRs, including miR‑206, were at 
the 14q32 locus, suggesting that this miR locus is regulated as 
a module in medulloblastoma. However, no previous study has 
focused on the clinical significance of miR‑206 expression in 
this disease. In this study, we found that miR‑206 was signifi-
cantly downregulated in medulloblastoma tissues compared to 
adjacent non‑tumor tissues. Furthermore, we observed that low 
expression of miR‑206 was significantly associated with seeding 
at presentation and anaplastic histology, but not with sex, age, or 
residual tumor. These data suggest that the decreased expression 
of miR‑206 may contribute to medulloblastoma progression. We 

Figure 6. CD341 cells were transfected with miR‑206 mimic, or co‑transfected with miR‑206 mimic and LASP1 expression plasmid, respectively. (A) Western 
blot analysis was conducted to examine the protein expression levels of LASP1. (B) MTT assay and (C) wound healing assay were used to examine cell 
viability and migration, respectively. **P<0.01 vs. miR‑206. LASP1, LIM and SH3 protein 1.
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further conducted in vitro experiments and found that miR‑206 
had suppressive effects on the viability and migration of medul-
loblastoma D341 cells. Panwalkar et al (16) also reported that 
overexpression of miR‑206 could inhibit the proliferation of 
medulloblastoma cells.

LASP1, which is a LIM protein and a member of the nebulin 
family of actin‑binding proteins, is a cAMP and cGMP depen-
dent signaling protein that binds to the actin cytoskeleton (23). 
LASP1 has been demonstrated to have an oncogenic role in 
different cancer types, including colorectal cancer, prostate 
cancer, breast cancer, gastric cancer, and esophageal squamous 
cell carcinoma (24‑28). Traenka et al (6) reported that LASP1 
may have a role in medulloblastoma as LASP1 was upregulated 
in medulloblastoma (6); this is consistent with our findings. 
Furthermore, high protein levels of LASP1 were found to be 
strongly correlated with metastatic dissemination and poor 
prognosis of patients with medulloblastoma. This previous 
study also showed that knockdown of LASP1 inhibited cell 
proliferation and migration, and increased cell adhesion in 
medulloblastoma  (6). However, the molecular mechanism 
underlying LASP1 expression in medulloblastoma has never 
been studied, to our knowledge. In the present study, LASP1 was 
identified as a novel target gene of miR‑206 using bioinformatic 
analysis and luciferase reporter assay, and the protein expres-
sion of LASP1 was demonstrated to be negatively regulated by 
miR‑206 in medulloblastoma cells. According to our findings 
and the previous studies outlined, we hypothesize that LASP1 
may act as a downstream effector in the miR‑206‑mediated 
viability and migration of medulloblastoma cells. To clarify 
this speculation, miR‑206‑overexpressing D341 cells were 
transfected with pcDNA3.1‑LASP1 expression plasmid to 
upregulate the expression levels of LASP1, and it was demon-
strated that LASP1 overexpression significantly eliminated the 
suppressive effects of miR‑206 on the viability and migration 
of D341 cells. These findings suggest that miR‑206 inhibits the 
viability and migration of medulloblastoma cells by directly 
targeting LASP1.

In conclusion, to the best of our knowledge, the present 
study is the first to demonstrate the regulatory mechanism 
of the miR‑206/LASP1 axis in medulloblastoma growth 
and metastasis, suggesting that it may become a potential 
therapeutic target for medulloblastoma. Future investiga-
tions should aim to further reveal the regulatory role of the 
miR‑206/LASP1 axis in medulloblastoma in vivo.

References

  1.	 Borowska A and Jóźwiak J: Medulloblastoma: Molecular path-
ways and histopathological classification. Arch Med Sci 12: 
659‑666, 2016.

  2.	Kijima N and Kanemura Y: Molecular classification of medul-
loblastoma. Neurol Med Chir (Tokyo) 56: 687‑697, 2016.

  3.	Gupta  T, Shirsat  N and Jalali  R: Molecular subgrouping of 
medulloblastoma: Impact upon research and clinical practice. 
Curr Pediatr Rev 11: 106‑119, 2015.

  4.	Aref D and Croul S: Medulloblastoma: Recurrence and metas-
tasis. CNS Oncol 2: 377‑385, 2013.

  5.	Roussel MF and Robinson GW: Role of MYC in medulloblas-
toma. Cold Spring Harb Perspect Med 3: pii: a014308, 2013.

  6.	Traenka C, Remke M, Korshunov A, Bender S, Hielscher T, 
Northcott PA, Witt H, Ryzhova M, Felsberg J, Benner A, et al: 
Role of LIM and SH3 protein 1 (LASP1) in the metastatic 
dissemination of medulloblastoma. Cancer Res 70: 8003‑8014, 
2010.

  7.	 Ambros V: The functions of animal microRNAs. Nature 431: 
350‑355, 2004.

  8.	Moss EG: MicroRNAs: Hidden in the genome. Curr Biol 12: 
R138‑R140, 2002.

  9.	 Bartel DP: MicroRNAs: Genomics, biogenesis, mechanism, and 
function. Cell 116: 281‑297, 2004.

10.	 Lv SQ, Kim YH, Giulio F, Shalaby T, Nobusawa S, Yang H, Zhou Z, 
Grotzer M and Ohgaki H: Genetic alterations in microRNAs in 
medulloblastomas. Brain Pathol 22: 230‑239, 2012.

11.	 Garg  N, Vijayakumar  T, Bakhshinyan  D, Venugopal  C and 
Singh SK: MicroRNA regulation of brain tumour initiating cells in 
central nervous system tumours. Stem Cells Int 2015: 141793, 2015.

12.	Yang SY, Choi SA, Lee JY, Park AK, Wang KC, Phi JH, Koh EJ, 
Park WY, Park SH, Hwang DW, et al: miR‑192 suppresses lepto-
meningeal dissemination of medulloblastoma by modulating cell 
proliferation and anchoring through the regulation of DHFR, 
integrins, and CD47. Oncotarget 6: 43712‑43730, 2015.

13.	 Li Y, Hong F and Yu Z: Decreased expression of microRNA‑206 
in breast cancer and its association with disease characteristics 
and patient survival. J Int Med Res 41: 596‑602, 2013.

14.	 Macquarrie KL, Yao Z, Young JM, Cao Y and Tapscott SJ: 
miR‑206 integrates multiple components of differentiation path-
ways to control the transition from growth to differentiation in 
rhabdomyosarcoma cells. Skelet Muscle 2: 7, 2012.

15.	 Chen X, Yan Q, Li S, Zhou L, Yang H, Yang Y, Liu X and 
Wan X: Expression of the tumor suppressor miR‑206 is associ-
ated with cellular proliferative inhibition and impairs invasion 
in ERα‑positive endometrioid adenocarcinoma. Cancer Lett 314: 
41‑53, 2012.

16.	 Panwalkar P, Moiyadi A, Goel A, Shetty P, Goel N, Sridhar E and 
Shirsat N: MiR‑206, a cerebellum enriched miRNA is downregu-
lated in all medulloblastoma subgroups and its overexpression is 
necessary for growth inhibition of medulloblastoma cells. J Mol 
Neurosci 56: 673‑680, 2015.

17.	 Livak KJ and Schmittgen TD: Analysis of relative gene expression 
data using real‑tie quantitative PCR and the 2(‑Delta Delta C(T)) 
Method. Methods 25: 402‑408, 2001.

18.	 Pal R and Greene S: microRNA‑10b is overexpressed and critical 
for cell survival and proliferation in medulloblastoma. PLoS 
One 10: e0137845, 2015.

19.	 Kaid C, Silva PB, Cortez BA, Rodini CO, Semedo‑Kuriki P and 
Okamoto OK: miR‑367 promotes proliferation and stem‑like 
traits in medulloblastoma cells. Cancer Sci 106: 1188‑1195, 2015.

20.	Yogi  K, Sridhar  E, Goel  N, Jalali  R, Goel  A, Moiyadi  A, 
Thorat R, Panwalkar P, Khire A, Dasgupta A, et al: MiR‑148a, 
a microRNA upregulated in the WNT subgroup tumors, inhibits 
invasion and tumorigenic potential of medulloblastoma cells by 
targeting Neuropilin 1. Oncoscience 2: 334‑348, 2015.

21.	 Jin Y, Xiong A, Zhang Z, Li S, Huang H, Yu TT, Cao X and 
Cheng  SY: MicroRNA‑31 suppresses medulloblastoma cell 
growth by inhibiting DNA replication through minichromosome 
maintenance 2. Oncotarget 5: 4821‑4833, 2014.

22.	Lucon DR, Rocha Cde S, Craveiro RB, Dilloo D, Cardinalli IA, 
Cavalcanti DP, Aguiar Sdos S, Maurer‑Morelli C and Yunes JA: 
Downregulation of 14q32 microRNAs in primary human desmo-
plastic medulloblastoma. Front Oncol 3: 254, 2013.

23.	Orth MF, Cazes A, Butt E and Grunewald TG: An update on the 
LIM and SH3 domain protein 1 (LASP1): A versatile structural, 
signaling, and biomarker protein. Oncotarget 6: 26‑42, 2015.

24.	Wang C, Zheng X, Shen C and Shi Y: MicroRNA‑203 suppresses 
cell proliferation and migration by targeting BIRC5 and LASP1 
in human triple‑negative breast cancer cells. J Exp Clin Cancer 
Res 31: 58, 2012.

25.	Wang H, Shi J, Luo Y, Liao Q, Niu Y, Zhang F, Shao Z, Ding Y 
and Zhao L: LIM and SH3 protein 1 induces TGFβ‑mediated 
epithelial‑mesenchymal transition in human colorectal cancer by 
regulating S100A4 expression. Clin Cancer Res 20: 5835‑5847, 
2014.

26.	Nishikawa R, Goto Y, Sakamoto S, Chiyomaru T, Enokida H, 
Kojima S, Kinoshita T, Yamamoto N, Nakagawa M, Naya Y, et al: 
Tumor‑suppressive microRNA‑218 inhibits cancer cell migration 
and invasion via targeting of LASP1 in prostate cancer. Cancer 
Sci 105: 802‑811, 2014.

27.	 Zheng J, Yu S, Qiao Y, Zhang H, Liang S, Wang H, Liu Y, Zhou F, 
Jiang J and Lu S: LASP‑1 promotes tumor proliferation and 
metastasis and is an independent unfavorable prognostic factor 
in gastric cancer. J Cancer Res Clin Oncol 140: 1891‑1899, 2014.

28.	Du YY, Zhao LM, Chen L, Sang MX, Li J, Ma M and Liu JF: 
The tumor‑suppressive function of miR‑1 by targeting LASP1 
and TAGLN2 in esophageal squamous cell carcinoma. 
J Gastroenterol Hepatol 31: 384‑393, 2016.

https://www.spandidos-publications.com/10.3892/etm.2017.5016
https://www.spandidos-publications.com/10.3892/etm.2017.5016

