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MicroRNA-300 inhibited glioblastoma progression through ROCK1
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ABSTRACT
Glioblastoma is a common type of brain aggressive tumors and has a poor 

prognosis. MicroRNAs (miRNAs) are a class of small, endogenous and non-coding 
RNAs that play crucial roles in cell proliferation, survival and invasion. Deregulated 
expression of miR-300 has been studied in a lot of cancers. However, the role of miR-
300 in glioblastoma is still unknown. In this study, we demonstrated that miR-300 
expression was downregulated in glioblastoma tissues compared with the normal 
tissues. Lower expression level of miR-300 was observed in thirty cases (75 %, 30/40) 
of glioblastoma samples compared with the normal samples. Moreover, the overall 
survival of glioblastoma patients with lower miR-300 expression level was shorter 
than those with higher miR-300 expression level. In addition, miR-300 expression was 
also downregulated in glioblastoma cell lines. Overexpression of miR-300 inhibited cell 
proliferation, cell cycle and invasion in glioblastoma cell line U87 and U251. Moreover, 
we identified ROCK1 as a direct target of miR-300 in U87 and U251 cells. Overexpression 
of ROCK1 partially rescued the miR-300-mediated cell growth. ROCK1 expression levels 
in glioblastoma tissues were higher than that in normal tissues. ROCK1 expression levels 
were higher in thirty-one cases of glioblastoma samples than their normal samples. 
Furthermore, the expression level ROCK1 was inversely correlated with the expression 
level of miR-300. Importantly, overexpression of miR-300 suppressed glioblastoma 
progression in an established xenograft model. In conclusion, we revealed that miR-
300 might act as a tumor suppressor gene through inhibiting ROCK1 in glioblastoma.

INTRODUCTION

Glioblastoma is a common form of primary malignant 
brain tumors and the 5-year survival rate is less than 3% [1-
3]. Glioblastoma is characterized by high infiltrative invasion 
and proliferation [4-8]. Despite the combined treatment with 
chemotherapy, radiotherapy and surgery, the overall survival 
of glioblastoma patients is just about 1 to 2 years [9-12]. 
Therefore, it is crucial to identify novel effective therapeutic 
targets to reduce glioblastoma mortality.

MicroRNAs (miRNAs) are a class of small 
(approximately 22 bases), single-stranded and non-coding 
RNAs that bind to the complementary sites in 3’untranslated 

regions (3’-UTR) of target genes to induce translational 
repression or degradation [13-17]. Increasing studies have 
showed that miRNAs play pivotal roles in cell proliferation, 
metabolism, differentiation, invasion and migration [18-24]. 
More importantly, miRNAs play important roles in cancer 
progression and initiation and function as tumor suppressors 
or oncogenes [25-27]. Abnormal expressions of miRNAs 
are associated with various cancers such as gastric cancer, 
renal cell carcinoma, breast cancer, ovarian carcinoma and 
osteosarcoma [28-32].

In the present study, we showed that miR-300 
expression was downregulated in glioblastoma tissues 
and cell lines. Moreover, lower expression of miR-300 
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was correlated with shorter survival in glioblastoma. 
Furthermore, miR-300 suppressed cell proliferation and 
invasion by inhibiting ROCK1 in glioblastoma cells.

RESULTS

MiR-300 expression was downregulated in 
glioblastoma cell lines and tissues

MiR-300 expression was downregulated in 
glioblastoma tissues compared with their normal tissues 
(Figure 1A and 1B). In general, the expression of miR-
300 in glioblastoma tissues was lower than in normal 
tissues (Figure 1C). Among 40 cases, thirty cases (75 %, 
30/40) showed lower level of miR-300 in glioblastoma 
samples compared with their normal samples (Figure 
1D). The overall survival of glioblastoma patients with 
low miR-300 expression was lower than those with high 
expression (Figure 2A). In addition, miR-300 expression 
was downregulated in glioblastoma cell lines (U87, U373, 
U251 and A172) than in NHAs (Figure 2B).

MiR-300 inhibited glioblastoma cell 
proliferation, cell cycle and invasion

MiR-300 mimic was transfected into U87 and U251 
cells and the efficiency of miR-300 was confirmed by qRT-
PCR analysis (Figures 3A and 3B). Overexpression of miR-
300 inhibited the cell proliferation in U87 and U251 cells 
(Figures 3C and 3D). Furthermore, ectopic expression of miR-
300 repressed cell cycle in U87 and U251 cells (Figures 3E 
and 3F). In addition, ectopic expression of miR-300 inhibited 
cell invasion in U87 and U251 cells (Figures 3G and 3H).

ROCK1 was the direct target of miR-300

Bioinformatic analysis showed that the 3’UTRs of 
ROCK1 had at least 7 nucleotides that were complementary 
to the miR-300 seed region (Figure 4A). We integrated 
a fragment of the ROCK1 3’UTR containing a fragment 
whose target site was mutated, into a luciferase reporter 
vector (Figure 4B). Overexpression of miR-300 inhibited the 
luciferase activity of Wt-3’UTR of ROCK1 by about 60% 
compared with the mutated miR-300 binding site (Figures 4C 
and 4D). Ectopic expression of ROCK1 suppressed ROCK1 
expression in U87 and U251 cells (Figures 4E and 4F).

Overexpression of ROCK1 partially rescued the 
miR-300-mediated cell growth

The efficiency of ROCK1 vector was confirmed by 
western blot and qRT-PCR analysis (Figures 5A and 5B). 
CCK8 analysis demonstrated that ectopic expression of 
ROCK1 partially rescued the miR-300-mediated cell growth in 
U87 and U251 cells (Figures 5C and 5D). Furthermore, the cell 
cycle arrest overexpressing miR-300 was partially increased 
after transfection of ROCK1 vector (Figures 5E and 5F).

The expression level of ROCK1 was inversely 
correlated with the expression level of miR-300

The expression of ROCK1 in glioblastoma tissues 
was higher than in normal tissues (Figure 6A). Thirty-one 
cases (78 %, 31/40) showed higher level of ROCK1 in 
glioblastoma samples compared with their normal samples 
(Figure 6B). Furthermore, ROCK1 expression level was 
inversely correlated with the expression level of miR-300 
(r2=-0.279; p<0.001) (Figure 6C).

MiR-300 inhibited the growth of U87-engrafted 
tumors

We confirmed that miR-300 mimics enhanced 
the expression of miR-300 in the U87-engrafted tumors 
(Figure 7A). MiR-300 mimics suppressed the growth 
of U87-engrafted tumors compared with scrambled 
oligonucleotides-treated tumors (Figure 7B). Moreover, 
the weights of tumors treated by miR-300 were lower 
than the scrambled-injected tumors (Figure 7C). Injection 
of miR-300 mimic inhibited the growth of U87-engrafted 
tumors compared with the scrambled oligonucleotides-
treated tumors (Figure 7D). ROCK1 expression was lower 
in miR-300-treated tumors compared with the scramble-
treated tumors (Figures 7E and 7F).

DISCUSSION

In this study, we demonstrated that miR-300 
expression was downregulated in glioblastoma tissues 
compared with their normal tissues. Thirty cases (75 %, 
30/40) of total patients showed lower level of miR-300 
in glioblastoma samples compared with their normal 
samples. The overall survival of glioblastoma patients 
with low miR-300 expression was lower than those with 
high expression. In addition, miR-300 expression was 
downregulated in glioblastoma cell lines. Overexpression 
of miR-300 inhibited cell proliferation, cell cycle and 
invasion in U87 and U251. We identified ROCK1 
as a direct target of miR-300 in U87 and U251 cells. 
Overexpression of ROCK1 partially rescued the miR-300-
mediated cell growth. Moreover, the expression level of 
ROCK1 in glioblastoma tissues was higher than in normal 
tissues. Thirty-one cases of total patients showed increased 
level of ROCK1 in glioblastoma samples compared with 
their normal samples. Furthermore, ROCK1 expression 
level was inversely correlated with the expression level 
of miR-300. Importantly, overexpression of miR-300 
suppressed progression of glioblastoma in an established 
xenograft model. These data suggested that miR-300 
played an important role in inhibiting the progression and 
development of glioblastoma.

Recent studies have demonstrated that miR-
300 plays important roles in tumor development [33-
35]. For example, Zhang et al. showed that miR-300 



Oncotarget36531www.impactjournals.com/oncotarget

Figure 1: The expression of miR-300 was down-regulated in glioblastoma tissues. A, B. The expression of miR-300 in 
glioblastoma tissues was measured by using qRT-PCR. C. The expression of miR-300 in glioblastoma tissues was significant lower than in 
normal tissues. D. Thirty cases (75 %, 30/40) showed lower level of miR-300 in glioblastoma samples compared with their normal samples.

Figure 2: The expression of miR-300 was down-regulated in glioblastoma cell lines. A. The overall survival of glioblastoma 
patients with low miR-300 expression was lower than that of patients with high expression. B. The expression of miR-300 in glioblastoma 
cell lines and NHAs was measured by using qRT-PCR.
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was commonly upregulated in glioma tissues, and the 
expression of miR-300 was higher in glioma stem-like 
cells (GSLCs) [36]. Moreover, miR-300 enhanced the 
GSLCs self-renewal and reduced differentiation by 
inhibiting LZTS2 expression. Xue et al. found that 
miR-300 expression was increased in osteosarcoma 
cell lines and tissues [37]. Overexpression of miR-300 
increased osteosarcoma cell invasion, proliferation and 
EMT by inhibiting bromodomain-containing protein 7 
(BRD7) expression. In this study, we found that miR-
300 expression was downregulated in glioblastoma 

tissues compared with their normal tissues. The overall 
survival of glioblastoma patients with low miR-300 
expression was lower than that of patients with high 
expression. In addition, miR-300 was downregulated 
in glioblastoma cell lines. Overexpression of miR-300 
inhibited cell proliferation, cells cycle and invasion in 
U87 and U251 cells. We also found that overexpression 
of miR-300 suppressed progression of glioblastoma in 
an established xenograft model. The contrasting data 
may be due to the indistinctive change and the different 
quantity of clinical samples.

Figure 3: miR-300 inhibited glioblastoma cell proliferation, cell cycle and invasion. A, B. The expression of miR-300 in U87 
and U251 cells was detected by using qRT-PCR. C, D. The cell proliferation was measured by using CCK-8 assay in U87 and U251 cells. 
E, F. ectopic expression of miR-300 repressed the U87 and U251 cells cycle. G, H. ectopic expression of miR-300 repressed the U87 and 
U251 cells invasion. *p<0.05, and **p<0.01, *** p<0.001.
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MiRNAs play their roles through binding to their 
target mRNAs and inhibiting their protein expressions 
[38-40]. In our study, we identified ROCK1 as a 
direct target of miR-300 in glioblastoma. TargetScan 
and dual luciferase activity assay showed that there 
was a putative-binding site on the 3’UTR of ROCK1 
mRNA with miR-300. Overexpression of miR-300 
suppressed the luciferase activity of reporter vector 
with miR-300 response elements. Ectopic expression 
of miR-300 inhibited the expression of ROCK1 in 
both U87 and U251 cells. More importantly, we found 
that overexpression of ROCK1 partially rescued the 
miR-300-mediated cell growth. We also demonstrated 
that the expression level of ROCK1 in glioblastoma 

tissues was higher than in normal tissues. In addition, 
the ROCK1 expression level was inversely correlated 
with the expression level of miR-300 in glioblastoma 
tissues. These data suggested that miR-300 inhibited 
glioblastoma cell proliferation, cell cycle and cell 
invasion through suppressing ROCK1.

In summary, we showed that miR-300 was 
downregulated in glioblastoma tissues and cell lines. 
Moreover, low expression of miR-300 was correlated with 
short survival in glioblastoma patients. We demonstrated 
that miR-300 suppressed cell proliferation and invasion by 
suppressing ROCK1 in glioblastoma cells. In conclusion, 
we revealed that miR-300 might act as a tumor suppressor 
gene through inhibiting ROCK1 in glioblastoma.

Figure 4: ROCK1 is the direct target of miR-300. A, B. The WT and Mut of 3′UTR of ROCK1 mRNA contains the binding 
sequences of miR-300. C, D. Relative luciferase activity of the indicated PDK1 reporter construct in U87 and U251 cells is shown. Firefly 
luciferase values were normalized to Renilla luciferase activity and plotted as relative luciferase activity. E, F. The protein expression of 
ROCK1 in U87 and U251 cells was measured by western blot. *** p<0.001.
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Figure 5: Overexpression of ROCK1 partially rescued the miR-300-mediated cell growth. A. The protein expression of 
ROCK1 in U87 cells was measured by western blot. B. The mRNA expression of ROCK1 in U87 cells was measured by qRT-PCR. 
C, D. The cell proliferation was measured by using CCK-8 assay in U87 and U251 cells. E, F. The cell cycle was detected by using flow 
cytometry. *p<0.05, and **p<0.01, *** p<0.001.

Figure 6: The expression of ROCK1 was inversely with the expression of miR-300. A. The expression of miR-300 in 
glioblastoma tissues was significant lower than in normal tissues. B. Thirty-one cases (78 %, 31/40) showed higher level of ROCK1 in 
glioblastoma samples compared with their normal samples. C. The ROCK1 expression was inverse correlated with the expression of miR-
300 (r=-0.528; p<0.001).
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MATERIALS AND METHODS

Patient samples and cell lines

Human glioblastoma samples and non-neoplastic 
samples (located >3 cm from the tumors) were taken from 
our hospital. These patients had not received radiotherapy 
or chemotherapy before surgery. These samples were 
stored in liquid nitrogen until used. Human glioblastoma 
cell lines (U87, U373, U251 and A172) and normal human 
astrocytes (NHAs) were from the ATCC and cultured 
in DMEM/F-12 supplemented with FBS (fetal bovine 
serum). All Patients were given informed consent and our 
study was approved by the ethical board of the institute of 
The 2nd Affiliated Hospital of Harbin Medical University 
and complied with Declaration of Helsinki.

Cell transfection

MiR-300 mimics and scramble oligonucleotides 
(10nmol/l), ROCK1 vector and control vector were obtained 
from Ambion (Ambion, USA). Cell transfection was 
performed using Lipofectamine 2000 (Life Technologies, 
USA) according to manufacturer’s information.

QRT-PCR

Total RNA extraction was performed used Trizol 
(Invitrogen). The relative expression of ROCK1 and 

miR-300 were detected using Quantitative RT-PCR 
(qRT-PCR) on IQ5 Real-Time PCR system and snRNA 
U6 or GAPDH was used as control. Primers used 
for miR-XX and are as follows: ROCK1, 5’-AGGA 
AGGCGGACATATTAGTCCCT-3’ (forward), 5’-AGAC 
GATAGTTGGGTCCCGGC-3’ (reverse); GAPDH, 5’-AT 
GTCGTGGAGTCTACTGGC-3’ (forward), 5’-TGACCTT 
GCCCACAGCCTTG-3’ (reverse).

Dual luciferase activity assay

The 3’UTR target site was generated by PCR and 
the luciferase reporter constructs with the ROCK1 3’UTR 
carrying a putative miR-300-binding site into pMiR-report 
vector were amplified by PCR. Cells were co-transfected 
with the reporter construct, control vector and miR-300 or 
scramble using Lipofectamine 2000 (Life Technologies, 
USA). Reporter assays were done using the dual-luciferase 
assay system (Promega) following to the manufacturer’s 
information.

Western blot analysis

Protein from cells or tissues was extracted using 
BCA kit. Protein was separated by 10% SDS–PAGE 
and then transferred onto PVDF membranes (Millipore 
Corporation, USA). The membrane was blocked with 
5% milk and then incubated with primary antibodies 
(ROCK1, GAPDH, Cell Signaling Technology, USA). The 

Figure 7: miR-300 inhibited the growth of U87-engrafted tumors. A. The expression of miR-300 was measured by qRT-
PCR. B. We demonstrated that miR-300 mimic suppressed the growth of U87-engrafted tumors compared to scrambled oligonucleotides-
treated tumors. C. The weights of tumors treated by miR-300 were lower than scrambled-injected tumors. D. Representative tumors were 
photographed treatment with miR-300 mimic or scramble. E. The mRNA expression of ROCK1 was measured by qRT-PCR. F. The protein 
expression of ROCK1 was measured by western blot. *p<0.05, and **p<0.01, *** p<0.001.
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membranes were incubated with the second antibodies and 
then measured using the ECL detecting system (Thermo 
Scientific, USA). GPADH was used as loading control.

Cell proliferation and invasion assays

Cell growth was measured by using CCK-8 assay 
(Dojindo, Kumamoto, Japan) according to manufacturer’s 
information. Proliferation rate was measured at 0 hour, 
24 hour, 48 hour and 72 hour after treatment. For cell 
invasion assay, cell was determined using Matrigel Invasion 
Chambers (BD Biosciences). Cells were cultured in 
Matrigel-coated transwell chambers and medium containing 
5% FBS in the lower chamber as the chemoattractant. 
Invasive cells located on the lower surface of the chamber 
were stained with crystal violet and counted.

In vivo tumorigenesis assay

U87 cells (5×106 cells per mouse) were inoculated 
subcutaneously into the dorsal flanks of 6-week-old 
female nude mice. On the day 10, when tumors reached 
about 50 mm3, miR-300 mimics or the scrambled (100 
nmol per mouse in 100 μl total volume containing 10 μl 
Lipofectamine 2000and 90 μl phosphate-buffered saline) 
were injected into the tumors with 26-gauge needles every 
three days. The tumor length, width and weight were 
detected every 3 days. Mice were euthanized using cervical 
dislocation on the 25th days after cancer cell inoculation.

Statistical analysis

Data are showed as the mean ± SD (standard 
deviation). The differences between groups were measured 
using Student t test or one-way ANOVA. Survival rate 
was estimated with the use of the Kaplan-Meier method. 
Spearman’s coefficient of correlation was performed 
to detect the correlation. p<0.05 was considered as 
statistically significant.

ACKNOWLEDGMENTS

This work was supported by grants from First 
prize of Heilongjiang Postdoctoral Science Foundation 
(BS142785).

Second prize of China Postdoctoral Science 
Foundation (2014M561373).

Foundation for Returness of Ministry of Education 
of China.

Doctoral Fund of The second affiliated to Harbin 
Medical University (BS2012-18).

The Since Returning Foundation of Heilongjiang 
Province (LC2013C40).

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Manterola L, Guruceaga E, Gallego Perez-Larraya J, 
Gonzalez-Huarriz M, Jauregui P, Tejada S, Diez-Valle R, 
Segura V, Sampron N, Barrena C, Ruiz I, Agirre A, Ayuso A, 
Rodriguez J, Gonzalez A, Xipell E, et al. A small noncoding 
RNA signature found in exosomes of GBM patient serum as 
a diagnostic tool. Neuro-oncology. 2014; 16:520-527.

2. Skog J, Wurdinger T, van Rijn S, Meijer DH, Gainche L, Sena-
Esteves M, Curry WT, Jr., Carter BS, Krichevsky AM and 
Breakefield XO. Glioblastoma microvesicles transport RNA 
and proteins that promote tumour growth and provide diagnostic 
biomarkers. Nature cell biology. 2008; 10:1470-1476.

3. Yang C, Wang C, Chen X, Chen S, Zhang Y, Zhi F, Wang 
J, Li L, Zhou X, Li N, Pan H, Zhang J, Zen K, Zhang CY 
and Zhang C. Identification of seven serum microRNAs 
from a genome-wide serum microRNA expression profile as 
potential noninvasive biomarkers for malignant astrocytomas. 
International journal of cancer. 2013; 132:116-127.

4. Dong H, Luo L, Hong S, Siu H, Xiao Y, Jin L, Chen R 
and Xiong M. Integrated analysis of mutations, miRNA and 
mRNA expression in glioblastoma. BMC systems biology. 
2010; 4:163.

5. Bier A, Giladi N, Kronfeld N, Lee HK, Cazacu S, 
Finniss S, Xiang C, Poisson L, deCarvalho AC, Slavin S, 
Jacoby E, Yalon M, Toren A, Mikkelsen T and Brodie C. 
MicroRNA-137 is downregulated in glioblastoma and inhibits 
the stemness of glioma stem cells by targeting RTVP-1. 
Oncotarget. 2013; 4:665-676. doi: 10.18632/oncotarget.928.

6. Babae N, Bourajjaj M, Liu Y, Van Beijnum JR, Cerisoli 
F, Scaria PV, Verheul M, Van Berkel MP, Pieters EH, 
Van Haastert RJ, Yousefi A, Mastrobattista E, Storm 
G, Berezikov E, Cuppen E, Woodle M, et al. Systemic 
miRNA-7 delivery inhibits tumor angiogenesis and growth 
in murine xenograft glioblastoma. Oncotarget. 2014; 
5:6687-6700. doi: 10.18632/oncotarget.2235.

7. Codo P, Weller M, Meister G, Szabo E, Steinle A, Wolter 
M, Reifenberger G and Roth P. MicroRNA-mediated down-
regulation of NKG2D ligands contributes to glioma immune 
escape. Oncotarget. 2014; 5:7651-7662. doi: 10.18632/
oncotarget.2287.

8. Wei X, Chen D, Lv T, Li G and Qu S. Serum MicroRNA-
125b as a Potential Biomarker for Glioma Diagnosis. Mol 
Neurobiol. 2016; 53:163-170.

9. Lee ST, Chu K, Oh HJ, Im WS, Lim JY, Kim SK, Park CK, 
Jung KH, Lee SK, Kim M and Roh JK. Let-7 microRNA 
inhibits the proliferation of human glioblastoma cells. 
Journal of neuro-oncology. 2011; 102:19-24.

10. Chu PM, Ma HI, Chen LH, Chen MT, Huang PI, Lin SZ and 
Chiou SH. Deregulated microRNAs identified in isolated 
glioblastoma stem cells: an overview. Cell transplantation. 
2013; 22:741-753.

11. Wang YY, Sun G, Luo H, Wang XF, Lan FM, Yue X, 
Fu LS, Pu PY, Kang CS, Liu N and You YP. MiR-21 
modulates hTERT through a STAT3-dependent manner on 



Oncotarget36537www.impactjournals.com/oncotarget

glioblastoma cell growth. CNS neuroscience & therapeutics. 
2012; 18:722-728.

12. Schraivogel D, Weinmann L, Beier D, Tabatabai G, 
Eichner A, Zhu JY, Anton M, Sixt M, Weller M, Beier CP 
and Meister G. CAMTA1 is a novel tumour suppressor 
regulated by miR-9/9* in glioblastoma stem cells. The 
EMBO journal. 2011; 30:4309-4322.

13. Li Z, Yu X, Shen J, Chan MT and Wu WK. MicroRNA in 
intervertebral disc degeneration. Cell proliferation. 2015; 
48:278-283.

14. Yu X and Li Z. The role of MicroRNAs expression in 
laryngeal cancer. Oncotarget. 2015; 6:23297-23305.  
doi: 10.18632/oncotarget.4195.

15. Yu X, Li Z, Shen J, Wu WK, Liang J, Weng X and Qiu 
G. MicroRNA-10b Promotes Nucleus Pulposus Cell 
Proliferation through RhoC-Akt Pathway by Targeting 
HOXD10 in Intervetebral Disc Degeneration. PloS one. 
2013; 8:e83080.

16. Dong R, Liu X, Zhang Q, Jiang Z, Li Y, Wei Y, Yang Q, 
Liu J, Wei JJ, Shao C, Liu Z and Kong B. miR-145 inhibits 
tumor growth and metastasis by targeting metadherin in 
high-grade serous ovarian carcinoma. Oncotarget. 2014; 
5:10816-10829. doi: 10.18632/oncotarget.2522.

17. Ohno M, Otsuka M, Kishikawa T, Shibata C, Yoshikawa 
T, Takata A, Muroyama R, Kowatari N, Sato M, Kato N, 
Kuroda S and Koike K. Specific delivery of microRNA93 
into HBV-replicating hepatocytes downregulates 
protein expression of liver cancer susceptible gene 
MICA. Oncotarget. 2014; 5:5581-5590. doi: 10.18632/
oncotarget.2143.

18. Li Z, Yu X, Wang Y, Shen J, Wu WK, Liang J and 
Feng F. By downregulating TIAM1 expression, 
microRNA-329 suppresses gastric cancer invasion 
and growth. Oncotarget. 2015; 6:17559-17569. 
doi: 10.18632/oncotarget.2755.

19. Li Z, Yu X, Shen J, Law PT, Chan MT and Wu WK. 
MicroRNA expression and its implications for diagnosis 
and therapy of gallbladder cancer. Oncotarget. 2015; 
6:13914-13924. doi: 10.18632/oncotarget.4227.

20. Li Z, Yu X, Shen J and Jiang Y. MicroRNA dysregulation in 
uveal melanoma: a new player enters the game. Oncotarget. 
2015; 6:4562-4568. doi: 10.18632/oncotarget.2923.

21. Yu X and Li Z. MicroRNAs regulate vascular smooth 
muscle cell functions in atherosclerosis (review). 
International journal of molecular medicine. 2014; 
34:923-933.

22. Li Z, Lei H, Luo M, Wang Y, Dong L, Ma Y, Liu C, Song 
W, Wang F, Zhang J, Shen J and Yu J. DNA methylation 
downregulated mir-10b acts as a tumor suppressor in 
gastric cancer. Gastric cancer. 2015; 18:43-54.

23. Yu X, Li Z and Liu J. MiRNAs in primary cutaneous 
lymphomas. Cell proliferation. 2015; 48:271-277.

24. Han K, Chen X, Bian N, Ma B, Yang T, Cai C, Fan 
Q, Zhou Y and Zhao T. MicroRNA profiling identifies 

MiR-195 suppresses osteosarcoma cell metastasis by targeting 
CCND1. Oncotarget. 2015; 6:8875-8889. doi: 10.18632 
/oncotarget.3560.

25. Niu G, Li B, Sun J and Sun L. miR-454 is down-regulated 
in osteosarcomas and suppresses cell proliferation and 
invasion by directly targeting c-Met. Cell proliferation. 
2015; 48:348-355.

26. Li J, You T and Jing J. MiR-125b inhibits cell biological 
progression of Ewing’s sarcoma by suppressing the 
PI3K/Akt signalling pathway. Cell proliferation. 2014; 
47:152-160.

27. Huang J, Zhang SY, Gao YM, Liu YF, Liu YB, Zhao ZG and 
Yang K. MicroRNAs as oncogenes or tumour suppressors 
in oesophageal cancer: potential biomarkers and therapeutic 
targets. Cell proliferation. 2014; 47:277-286.

28. Wang Z, Wang N, Liu P, Chen Q, Situ H, Xie T, Zhang 
J, Peng C, Lin Y and Chen J. MicroRNA-25 regulates 
chemoresistance-associated autophagy in breast cancer 
cells, a process modulated by the natural autophagy 
inducer isoliquiritigenin. Oncotarget. 2014; 5:7013-7026. 
doi: 10.18632/oncotarget.2192.

29. Sun J, Feng X, Gao S and Xiao Z. microRNA-338-3p 
functions as a tumor suppressor in human nonsmallcell lung 
carcinoma and targets Ras-related protein 14. Molecular 
medicine reports. 2015; 11:1400-1406.

30. Redova M, Poprach A, Nekvindova J, Iliev R, Radova L, 
Lakomy R, Svoboda M, Vyzula R and Slaby O. Circulating 
miR-378 and miR-451 in serum are potential biomarkers 
for renal cell carcinoma. Journal of translational medicine. 
2012; 10:55.

31. Cappellesso R, Tinazzi A, Giurici T, Simonato F, Guzzardo 
V, Ventura L, Crescenzi M, Chiarelli S and Fassina A. 
Programmed cell death 4 and microRNA 21 inverse 
expression is maintained in cells and exosomes from 
ovarian serous carcinoma effusions. Cancer cytopathology. 
2014; 122:685-693.

32. Li E, Zhang J, Yuan T and Ma B. miR-145 inhibits 
osteosarcoma cells proliferation and invasion by targeting 
ROCK1. Tumour biology. 2014; 35:7645-7650.

33. Yu J, Xie F, Bao X, Chen W and Xu Q. miR-300 inhibits 
epithelial to mesenchymal transition and metastasis by 
targeting Twist in human epithelial cancer. Molecular 
cancer. 2014; 13:121.

34. Xu XH, Li DW, Feng H, Chen HM and Song YQ. MiR-300 
regulate the malignancy of breast cancer by targeting p53. 
International journal of clinical and experimental medicine. 
2015; 8:6957-6966.

35. Shen Z, Li C, Zhang K, Yu W, Xiao H, Li B and Liu T. The 
up-regulation of miR-300 in gastric cancer and its effects 
on cells malignancy. International journal of clinical and 
experimental medicine. 2015; 8:6773-6783.

36. Zhang D, Yang G, Chen X, Li C, Wang L, Liu Y, Han D, 
Liu H, Hou X, Zhang W, Han Z, Gao X and Zhao S. mir-
300 promotes self-renewal and inhibits the differentiation of 



Oncotarget36538www.impactjournals.com/oncotarget

glioma stem-like cells. Journal of molecular neuroscience. 
2014; 53:637-644.

37. Xue Z, Zhao J, Niu L, An G, Guo Y and Ni L. Up-Regulation of 
MiR-300 Promotes Proliferation and Invasion of Osteosarcoma 
by Targeting BRD7. PloS one. 2015; 10:e0127682.

38. Yu L, Ding GF, He C, Sun L, Jiang Y and Zhu L. 
MicroRNA-424 is down-regulated in hepatocellular 
carcinoma and suppresses cell migration and invasion 
through c-Myb. PloS one. 2014; 9:e91661.

39. Li M, Tian L, Wang L, Yao H, Zhang J, Lu J, Sun Y, Gao X, 
Xiao H and Liu M. Down-regulation of miR-129-5p inhibits 
growth and induces apoptosis in laryngeal squamous cell 
carcinoma by targeting APC. PloS one. 2013; 8:e77829.

40. Li D, Xie X, Wang J, Bian Y, Li Q, Gao X and Wang C. 
MiR-486 Regulates Lactation and Targets the PTEN Gene 
in Cow Mammary Glands. PloS one. 2015; 10:e0118284.


