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Glioblastoma (GBM) is the most aggressive, deadliest, and most common brain malignancy in adults. Despite the 

advances made in surgical techniques, radiotherapy and chemotherapy, the median survival for GBM patients 

has remained at a mere 14 months. Although anti-angiogenic treatment exerts anti-edematic effect in GBM, 

unfortunately, tumors progress with acquired increased invasiveness. Therefore, it is an important task to gain a 

deeper understanding of the intrinsic and post-treatment invasive phenotypes of GBM in hopes that the gained 

knowledge would lead to novel GBM treatments that are more effective and less toxic. This review will give an 

overview of some of the microRNAs that have been shown to positively and negatively regulate GBM invasion. 
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Gliomas are primary brain cancers that arise from 

non-neural cells called glial cells
 [1]

. In the central nervous 

system (CNS), there are three types of glial cells: astrocytes, 

oligodendrocytes, and microglial cells. Oligodendrocytes are 

responsible for myelination while microglial cells are derived 

from hematopoietic stem cells and phargocytize microbes in 

the CNS. Astrocytes, the most abundant type of glial cells in 

the CNS, are star-shaped cells which establish metabolic 

homeostasis and can shift to a reactive phenotype in response 

to pathogens or injury in the CNS. This shift is normally a 

highly regulated process and its dysregulation has been 

shown to promote malignancy 
[2, 3]

. 

Gliomas can be categorized based on the type of glial cells 

they are most histologically similar to, the location of the 

tumor, and the aggressiveness of the cancer cells. Tumors 

most similar to astrocytes are specifically called 

astrocytomas and can be further classified into grades I-IV 

based on the criteria set by World Health Organization, with 

a higher grade corresponding to more aggressive tumors. 

Grades I and II astrocytomas correspond to low-grade tumors 

that are mostly non-malignant. Grades III and IV 

astrocytomas are high-grade, malignant tumors. Grade III 

astrocytomas are also known as anaplastic astrocytomas (Aas) 

whlie grade IV astrocytomas, commonly referred to as 

glioblastoma (GBM), are the most aggressive of all gliomas
[4, 

5]
.  

MicroRNAs (miRNAs) are a class of short ( ～ 22 

nucleotides) non-coding RNA molecules that can regulate 

gene expression by antisense complementarity to specific 

mRNA. The importance of miRNAs in tumor development 
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and progression has become increasingly evident
 [6]

. Recent 

literatures have shown that certain miRNAs are able to 

regulate the target genes including oncogenes and tumor 

suppressor genes in GBM
[7]

. It is documented that about 253 

miRNAs are up-regulated, about 95 are down-regulated and 

17 show disputed status in GBM when compared to normal 

brain tissues
 [7]

. Importantly, about 85% of these miRNAs are 

not yet functionally characterized
 [8]

. The overexpressed 

miRNAs include few like miR-10b
[9]

, miR-130b 
[10]

, 

miR-30a-5p 
[11]

 and miR-494 
[12]

 that influence processes 

such as proliferation, in vivo tumor growth, invasiveness and 

angiogenesis. The miRNAs which can suppress tumor 

growth are down-regulated in GBM include miR-let-7b/I
[13]

, 

miR-15b/miR-152
 [14]

, miR-146b-5p
 [15]

, miR-410 
[16]

, 

miR-590-3p
 [17]

, miR-661
 [18] 

and miR-34a 
[19]

. 

Since the high degree of infiltration is one of the hallmarks 

of GBM, this review will summarize the complex, multi-step 

process of GBM invasion, molecular pathways that have 

been reported to facilitate GBM invasion, microRNAs that 

have been associated with the process, and current therapies 

with the propensity to inhibit GBM infiltration. 

Recently, some studies reported that miRNAs play 

essential roles in tumor invasion and migration
 [20, 21]

. Among 

these miRNAs, miR-10b was first reported to induce breast 

cancer cell invasion and metastasis, which was also found to 

be associated with tumor invasive potential in hepatic cancer
 

[22]
, pancreatic cancer 

[23]
, glioma

 [24]
, esophageal cancer 

[25]
 

and neurofibromatosis 
[26]

. Moreover, miR-10b inhibited the 

translation of mRNA encoding HOXD10 (homeobox D10), 

which further regulated RHOC, a pro-metastasis gene 

belonging to the Ras homolog gene family. Therefore, the 

TWIST1-miR-10b-HOXD10-RHOC pathway was crucial for 

breast cancer cell invasion and metastasis. Tumor invasion 

and metastasis is a complex and multi-step process: thus, 

miR-10b may play roles in different steps via different 

targets. Sun et al. 
[9]

 showed that miR-10b was 

over-expressed in glioma samples and directly associated 

with the glioma’s pathological grade and malignancy. It also 

found that miR-10b induced glioma cell invasion by 

modulating tumor invasion factors MMP-14 and uPAR 

expression via the direct target HOXD10. The 

miR-10b/HOXD10/MMP-14/uPAR signaling pathway might 

contribute to the invasion of glioma. Accordingly, glioma 

cells lost their invasive ability when treated with specific 

antisense oligonucleotides (miR-10b inhibitors), suggesting 

that miR-10b could be used as a new bio-target to cure 

glioma. 

MicroRNA-130b (miR-130b) has been recognized as an 

oncogenic miRNA and is implicated in the initiation and 

development of human cancers. MiR-130b was 

overexpressed in human colorectal cancer 
[27]

, bladder cancer 
[28]

, malignant melanoma 
[29]

, gastric cancer 
[30]

, 

hepatocellular carcinoma 
[31]

 and metastatic renal carcinoma 
[32]

. Zhao et al. reported that miR-130b inhibited cell 

proliferation and invasion by targeting signal transducer and 

activator of transcription 3 (STAT3) in pancreatic cancer 
[33]

. 

In endometrial cancer, p53 mutants mediated-miR-130b 

repression resulted in zinc-finger E-box binding homeobox 1 

(ZEB1)-dependent epithelial-mesenchymal transition (EMT) 
[34]

. Malzkorn et al. reported that miR-130b was expressed at 

a significant higher level in primary grade IV gliomas as 

compared with that in grade II gliomas 
[35]

. Sheng et al. 

reported that miR-103b promoted invasion and migration of 

glioma cells. Notably, miR-130b regulated peroxisome 

proliferator-activated receptor gamma (PPAPγ) abundance 

and epithelial-mesenchymal transition (EMT) in glioma cells. 

PPAPγ was identified as a functional target of miR-130b in 

glioma. MiR-130b is an independent prognostic biomarker 

for indicating survival of glioma patients and promotes 

glioma cell migration and invasion by targeting PPARγ
[10]

. 

MiR-30a-5p was found to be dysregulated in diverse 

cancers and involved in the regulation of tumor progression 
[36]

. In glioma, miR-30a-5p is overexpressed as compared 

with normal brain tissue, and its expression level is positively 

correlated with tumor grade of malignancy 
[37]

. Moreover, 

inhibition of miR-30a-5p suppresses glioma cell growth 
[38]

. 

Neural cell adhesion molecule (NCAM/CD56) is a 

cell-surface molecule in the nervous system and participates 

in a number of biological processes including cell migration, 

neurite outgrowth, and synaptic plasticity 
[39]

. In glioma, 

NCAM expression is decreased and introduction of NCAM 

into glioma cells inhibits cell growth and invasion
[40]

. Wang 

et al. showed that miR-30a-5p was activated by 

Wnt/β-catenin pathway through direct binding of 

β-catenin/TCF4 to two sites in the promoter region of 

miR-30a-5p. Moreover, Wnt/β-catenin pathway represses 

NCAM expression in glioma cells, which depends on 

miR-30a-5p. Finally, they found that miR-30a-5p promotes 

glioma cell growth invasion by repressing NCAM, which 

demonstrated a novel Wnt/β-catenin-miR-30a-5p-NCAM 

regulatory axis which played important roles in controlling 

glioma cell invasion and tumorigenesis 
[11]

. 

MiR-494 was observed to enhance invasion of glioma cell 

line U-251 cells by activating MMP-2. The miR-494-induced 

invasive potential was accompanied by, and dependent on, 

epidermal growth factor receptor (EGFR) upregulation and 

the activation of its downstream signaling constituents, Akt 

and ERK. Among the putative target proteins tested, p190B 

RhoGAP (p190B) was downregulated by miR-494, and its 

reduced expression was responsible for the increase in EGFR 

expression. Ectopic expression of p190B suppressed the 
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miR-494-induced EGFR upregulation and invasion 

promotion, thereby suggesting that p190B depletion is 

critical for the invasion-promoting action of miR-494 
[12]

. 

The miRNAs of the let-7 family have been demonstrated 

to reduce GBM cell growth and migration via Ras inhibition 
[41]

. IKBKE (inhibitor of nuclear factor kappa-B kinase 

subunit epsilon), which is also called IKKε and IKKi, is a 

member of the IκB kinase (IKK) family 
[42]

. Tian et al. 

reported that IKBKE was overexpressed in human gliomas 

and that the downregulation of IKBKE markedly inhibits the 

proliferative and invasive abilities of glioma cells, which was 

consistent with the results reported by several different 

research groups. They verified that the microRNAs let-7b 

and let-7i target IKBKE through luciferase assays and found 

that let-7b/I mimics can knock down IKBKE and upregulate 

E-cadherin through western blot analysis. Moreover, the 

expression levels of let-7b/I were significantly lower in 

glioma cell lines than that in normal brain tissues, as 

determined by quantitative real-time PCR. Furthermore, 

let-7b/I inhibit the invasion and migration of glioma cells, as 

determined through wound healing and Transwell assays. 

The above-mentioned data suggest that let-7b/I inhibit the 

invasive ability of glioma cells by directly downregulating 

IKBKE and indirectly upregulating E-cadherin 
[13]

. 

Angiogenesis is essential for tumor growth and metastasis 

when the tumor reaches 1-2 mm in diameter 
[43,44]

. 

Capillary-like tube formation is reduced significantly by 

miR-15b which was reversed by miR-15b inhibition
[45]

. 

However, some microRNAs such as miR-152 had no effect 

on endothelial cell tube formation
[45]

. Further experiment 

found that the MEK-ERK pathway is deactivated by both 

miR-15b and miR-152 via NRP-2 and MMP-3 respectively 

in 9L cells
[14]

. 

MiR-146b-5p is expressed ubiquitously in most human 

organs, especially in the lung, thymus, and spleen 
[46]

. In 

papillary thyroid carcinoma and lung cancer, miR-146b-5p is 

up-regulated, and this up-regulation is associated with a more 

malignant phenotype 
[47]

. However, in melanoma, breast 

cancer, prostate cancer, pancreatic cancer, and glioma, 

miR-146b-5p expression is usually low
 [48]

. Li et al. found 

that decreased miR-146b-5p expression was strongly 

correlated with chromosome 10q loss in gliomas, especially 

glioblastomas. The overexpression of miR-146b-5p in 

glioblastoma cell lines led to MMP16 mRNA silencing, 

MMP2 inactivation, and the inhibition of tumor cell 

migration and invasion. Those results suggest that the 

restoration of miR-146b-5p expression may be a feasible 

approach for inhibiting the migration and invasion of 

malignant gliomas 
[16]

. 

MET is a proto-oncogene that encodes a protein known as 

hepatocyte growth factor receptor (HGFR)
 [49]

. The MET has 

been implicated in the development and progression of 

several human cancers, such as hepatocellular carcinoma, 

osteosarcoma, colorectal cancer, and GBMs
 [50]

. MET 

activation, as the consequence of ligand binding, receptor 

overexpression or interaction with other membrane receptors, 

which evokes pleiotropic biological responses, is often 

defined as ‘invasive growth’: this is a genetic program 

consisting of rate-limiting steps that takes place 

physiologically during embryogenesis and tissue repair, and 

pathologically in oncogenesis 
[51]

. Chen et al. showed that 

miR-410 directly targeted MET in glioma cells. While 

restoring expression of miR-410 led to proliferation 

inhibition and reduced invasive capability in glioma cells. 

They showed that miR-410 played an important role in 

regulating MET-induced AKT signal transduction. While 

downregulation of MET by RNAi, which resulted in effects 

similar to that with miR-410 transfection in glioma cells. 

Those findings suggest that miR-410, a direct regulator of 

MET, may function as a tumor suppressor in human gliomas 
[17]

.  

Pang et al. showed that ectopic expression of miR-590-3p 

suppressed and miR-590-3p-in promoted EMT, migration, 

and invasion in U87MG and A172 cells. Bioinformatics 

coupled with luciferase and Western blot assays also 

revealed that miR-590-3p inhibited expression of ZEB1 and 

ZEB2, which are master regulator of tumor metastasis. Those 

indicated that miR-590-3p functions as a suppressor of GBM 

EMT and metastasis by targeting ZEB1 and ZEB2, and it 

may be a therapeutic target for metastatic GBM
 [18]

. 

The overexpression of miR-661 obviously suppressed the 

proliferation, migration and invasion of glioma cells. 

MiRNA target prediction algorithms implied that hTERT is a 

candidate target gene for miR-661. A fluorescent reporter 

assay confirmed that miR-661 could lead to hTERT gene 

silencing by recognizing and specifically binding to the 

predicted site of the hTERT mRNA 3’ untranslated region 

(3’UTR) specifically. Furthermore, hTERT knockdown 

significantly decreased the growth and viability of glioma 

cells. These results indicate that miR-661 can inhibit glioma 

cell proliferation, migration and invasion by targeting 

hTERT 
[19]

. 

MicroRNA-34a is found to be expressed in multiple 

cancer types such as neuroblastoma 
[50]

, colon cancer 
[51]

, 

prostate 
[52]

 and pancreatic cancer 
[53]

. It was documented to 

be a tumor suppressor for glioma and is considered as a 

potential prognostic marker for glioma because its expression 

negatively correlates with patient survival in grade III and IV 

glial tumors 
[19, 54, 55]

. A study on miR-34a indicated that 
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Musashi-1 and platelet-derived growth factor receptor-α 

(PDGFRA) were identified to be the targets of miR-34a, 

which may explain the increased PDGF signaling is caused 

by the loss of miR-34a in GBM
[56]

. 

In conclusion, while the current standard first-line 

regiment has moderately prolonged survival, the problem of 

tumor recurrence has not been solved. Because GBM is so 

invasive, these cancer cells can move into normal brain tissue 

where they escape surgery and/or radiation therapy. 

Therefore, there is an urgent need for developing new 

treatment options that can suppress the invasiveness of GBM 

cells, and the first step is to gain a better understanding of the 

molecular pathways involved in mediating intrinsic and 

post-treatment invasion of GBM. 

Conflict of interests 

The authors have declared that no conflict of interests 

exists. 

References 

1. Ferluga S, Debinski W. Ephs and Ephrins in malignant gliomas. 

Growth Factors 2014; 32: 190-201. 

2. Biasoli D, Sorinho MF, da Fonseca AC, de Matos DG, Romao L, 

de Moraes Maciel R, et al. Glioblastoma cells inhibit astrocytic 

p53-expression favoring cancer malignancy. Oncogenesis 2014; 3: 

e123. 

3. Yang C, Rahimpour S, Yu AC, Lonser RR, Zhuang Z. Regulation 

and dysregulation of astrocyte activation and implications in 

tumor formation. Cell Mol Life Sci 2013; 70: 4201-4211. 

4. Ostrom QT, Gittleman H, Liao P, Rouse C, Chen Y, Dowling J, 

et al. CBTRUS statistical report: primary brain and central 

nervous system tumors diagnosed in the United States in 

2007-2011. Neuro-Oncol 2014; 16 (Suppl.4): iv1-63. 

5. Thomas AA, Brennan CW, DeAngelis LM, Omuro AM. 

Emerging therapies for glioblastoma. JAMA Neurol 2014; 71: 

1437-1444. 

6. Johnson DR, O’Neill BP. Glioblastoma survival in the United 

States before and during the temozolomide era. J Neurooncol 

2012; 107: 359-364. 

7. Sachin S. Rathod, Sandhya B. Rani, Mohsina Khan, Dattatraya 

Muzumdar, Anjali Shiras. Tumor suppressive miRNA-34a 

suppresses cell proliferation and tumor growth of glioma stem 

cells by targeting Akt and Wnt signaling pathways. FEBS Open 

Bio 2014 ; 4: 485-495 

8. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, 

Taphoorn MJ, et al. Radiotherapy plus concomitant and adjuvant 

temozolomide for glioblastoma. N Engl J Med 2005; 352: 

987-996. 

9. Sun L, Yan W, Wang Y, Sun G, Luo H, Zhang J, et al. 

MicroRNA-10b induces glioma cell invasion by modulating 

MMP-14 and uPAR expression via HOXD10. Brain Research 

2011; 1389: 9-18. 

10. Sheng X, Chen H, Wang H, Ding Z, Xu G, Zhang J, et al. 

MicroRNA-130b promotes cell migration and invasion by 

targeting peroxisome proliferator-activated receptor gamma in 

human glioma. Biomedicine & Pharmacotherapy 2015; 76: 

121-126. 

11. Wang Z, Dai X, Chen Y, Sun C, Zhu Q, Zhao H, et al. 

MiR-30a-5p is induced by Wnt/β-catenin pathway and promotes 

glioma cell invasion by repressing NCAM. Biochemical and 

Biophysical Research Communications 2015; 465: 374-380. 

12. Kwak SY, Yang JS, Kim BY, Bae IH, Han YH. Ionizing 

radiation-inducible miR-494 promotes glioma cell invasion 

through EGFR stabilization by taargeting p190B RhoGAP. 

Biochimica et Biophysica Acta 2014; 1843: 508-516. 

13. Tian Y, Hao S, Ye M, Zhang A, Nan Y, Wang G, et al. 

MicroRNAs let-7b/I suppress human glioma cell invasion and 

migration by targeting IKBKE directly. Biochemical and 

Biophysical Research Communications 2015; 458: 307-312. 

14. Zheng X, Chopp M, Lu Y, Buller B, Jiang F. MiR-15b and 

miR-152 reduce glioma cell invasion and angiogenesis via NRP-2 

and MMP-3. Cancer Letters 2013; 329: 146-154. 

15. Li Y, Wang Y, Yu L, Sun C, Cheng D, Yu S, et al. miR-146b-5p 

inhibits glioma migration and invasion by targeting MMP16. 

Cancer Letters 2013; 339: 260-269. 

16. Chen L, Zhang J, Feng Y, Li R, Sun X, Du W, et al. MiR-410 

regulates MET to influence the proliferation and invasion of 

glioma. The International Journal of Biochemistry & Cell 

Biology 2012; 44: 1711-1717. 

17. Pang H, Zheng Y, Zhao Y, Xiu X, Wang J. miR-590-3p 

suppresses cancer cell migration, invasion and 

epithelial-mesenchymal transition in glioblastoma multiforme by 

targeting ZEB1 and ZEB2. Biochemical and Biophysical 

Research Communications 2015; 468: 739-745. 

18. Li Z, Liu YH, Diao HY, Ma J, Yao YL. MiR-661 inhibits glioma 

cell proliferation, migration and invasion by targeting hTERT. 

Biochemical and Biophysical Research Communications 2015; 

468: 870-876. 

19. Rathod SS, Rani SB, Khan M, Muzumdar D, Shiras A. Tumor 

suppressive miRNA-34a suppresses cell proliferation and tumor 

growth of glioma stem cells by targeting Akt and Wnt signaling 

pathways. FEBS Open Bio 2014; 4: 485-495. 

20. B Mark，WL Frankel，P Fabio，V Stefano，A Hansjuerg. 

MicroRNA expression patterns to differentiate pancreatic 

adenocarcinoma from normal pancreas and chronic pancreatitis. 

JAMA 2007; 297: 1901-1908. 

21. Lauren Bryan, Barbara S. Paugh, Dmitri Kapitonov, Katarzyna M. 

Wilczynska, Silvina M. Alvarez, Sandeep K. Singh, et al. 

Sphingosine-1-phosphate and interleukin-1 independently 

regulate plasminogen activator inhibitor-1 and urokinase-type 

plasminogen activator receptor expression in glioblastoma cells: 

implications for invasiveness. Mol Cancer Res 2008; 6: 

1469-1477. 

22. Qian Dong, Dan Yu, Chuan-Min Yang, Buxian Jiang, Hong 

Zhang. Expression of the reversion-inducing cysteine-rich protein 

with Kazal motifs and matrix metalloproteinase-14 in 

neuroblastoma and the role in tumour metastasis. Int J Exp Pathol 

2010; 91: 368-373. 

23. Yun Fang, Congzhu Shi, Elisabetta Manduchi, Mete Civelek, 

Peter F. Davies. MicroRNA-10a regulation of proinflammatory 

phenotype in athero-susceptible endothelium in vivo and in vitro. 

Proc Natl Acad Sci USA 2010; 107: 13450-13455. 

24. Harriet E Gee,Carme Camps,Francesca M Buffa,Stefano 

Colella,Helen Sheldon,Jonathan M Gleadle, et al. 

MicroRNA-10b and breast cancer metastasis. Nature 2008; 455: 

http://xueshu.baidu.com/s?wd=author%3A%28Mark%2C%20Bloomston%29%20Division%20of%20Surgical%20Oncology%2C%20James%20Cancer%20Hospital%20and%20Solove%20Research%20Institute%2C%20Ohio%20State%20University%2C%20Columbus%2C%20USA.%20mark.bloomston%40osumc.edu&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Wendy%20L%2C%20Frankel%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Fabio%2C%20Petrocca%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Stefano%2C%20Volinia%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Hansjuerg%2C%20Alder%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson


Cancer Cell & Microenvironment 2016; 3: e1237. doi: 10.14800/ccm.1237; ©  2016 by Xin-Yun Ye, et al. 

http://www.smartscitech.com/index.php/ccm 
 

Page 5 of 5 
 

E8-E9. 

25. Qihong Huang, Kiranmai Gumireddy, Mariette Schrier, Carlos le 

Sage, Remco Nagel, Suresh Nair, et al. The microRNAs miR-373 

and miR-520c promote tumour invasion and metastasis. Nat Cell 

Biol 2008; 10: 202-210. 

26. Li Ma, Ferenc Reinhardt, Elizabeth Pan, Jürgen Soutschek, 

Balkrishen Bhat, Eric G Marcusson. Therapeutic silencing of 

miR-10b inhibits metastasis in a mouse mammary tumor model. 

Nat Biotechnol 2010; 28: 341-347. 

27. Ratert N, Meyer HA, Jung M, Lioudmer P, Mollenkopf HJ, 

Wagner I, et al. miRNA profiling identifies candiate mirnas for 

bladder cancer diagnosis and clinical outcome. J Mol Diagn 2013; 

15: 695-705. 

28. Sand M, Skygan M, Sand D, Georgas D, Gambichler T, Hahn SA, 

et al. Comparative microarray analysis of microRNA expression 

profiles in primary cutaneous malignant melanoma, cutaneous 

malignant melanoma metastases, and benign melanocytic nevi. 

Cell Tissue Res 2013; 351: 85-98. 

29. ai KW, Koh KX, Loh M, Tada K, Subramaniam MM, Lim XY, et 

al. MicroRNA-130b regulates the tumor suppressor RUNX3 in 

gastric cancer. Eur J Cancer 2010; 46: 1456-1463. 

30. Wang WY, Zhang HF, Wang L, Ma YP, Gao F, Zhang SJ, et al. 

High expression of microRNA-130b correlates with poor 

prognosis of patients with hepatocellular carcinoma. Diagn Pathol 

2014; 9: 160. 

31. Wu X, Weng L, Li X, Guo C, Pal SK, Jin JM, et al. Identification 

of a 4-microRNA signature for clear cell renal cell carcinoma 

metastasis and prognosis. PloS One 2012; 7: e35661. 

32. Kjersem JB, Ikdahl T, Lingjaerde OC, Guren T, Tveit KM, Kure 

EH. Plasma microRNAs predicting clinical outcome in metastatic 

colorectal cancer patients receiving first-line oxaliplatin-based 

treatment. Mol Oncol 2014; 8: 59-67. 

33. Liu AM, Yao TJ, Wang W, Wong KF, Lee NP, Fan ST, et al. 

Circulating miR-15b and miR-130b in serum as potential markers 

for detecting hepatocellular carcinoma: a retrospective cohort 

study. BMJ Open 2012; 2: e000825. 

34. Tu K, Zheng X, Dou C, Li C, Yang W, Yao Y, et al. 

MicroRNA-130b promotes cell aggressiveness by inhibiting 

peroxisome proliferator-activated receptor gamma in human 

hepatocellular carcinoma. Int J Mol Sci 2014; 15: 20486-20499. 

35. Malzkorn B, Wolter M, Liesenberg F, Grzendowski M, Stuhler K, 

Meyer HE, et al. Identification and functional characterization of 

microRNAs involved in the malignant progression of gliomas. 

Brain Pathol 2010; 20: 539-550. 

36. Jia Z, Wang K, Wang G, Zhang A, Pu P. MiR-30a-5p antisense 

oligonucleotide suppresses glioma cell growth by targeting 

SEPT7. PloS One 2013; 8: e55008. 

37. Volinia S, Calin GA, Liu CG, Ambs S, Cimmino A, Petrocca F, 

et al. A microRNA expression signature of human solid tumors 

defines cancer gene targets. Proc Natl Acad Sci USA 2006; 103: 

2257-2261. 

38. Clevers H, Nusse R. Wnt/beta-catenin signaling and disease. Cell 

2012; 149: 1192-1205. 

39. Cai WY, Wei TZ, Luo QC, Wu QW, Liu QF, Yang M, et al. The 

Wnt-beta-catenin pathway represses let-7 microRNA expression 

through transactivation of Lin28 to augment breast cancer stem 

cell expansion. J Cell Sci 2013; 126: 2877-2889. 

40. Zhou AD, Diao LT, Xu H, Xiao ZD, Li JH, Zhou H, et al. 

Beta-catemin/LEF1 transactivates the microRNA-371-373 cluster 

that modulates the Wnt/beta-catenin-signaling pathway. 

Oncogene 2012; 31: 2968-2978. 

41. Gavin P. Dunn, Mikael L. Rinne, Jill Wykosky, Giannicola 

Genovese, Steven N. Quayle, Ian F. Dunn, et al. Emerging 

insights into the molecular and cellular basis of glioblastoma. 

Genes Dev 2012; 26: 756-784. 

42. Boehm JS, Zhao JJ, Yao J, Kim SY, Ron Firestein, Ian F. Dunn, 

et al. Integrative genomic approaches identify IKBKE as a breast 

cancer oncogene. Cell 2007; 129: 1065-1079. 

43. Wurdinger T, Tannous BA. Glioma angiogenesis: towards novel 

RNA therapeutics. Cell Adhesion and Migration 2009; 3: 

230-235. 

44. Yi R, Fuchs E. MicroRNAs and their roles in mammalian stem 

cells. Journal of Cell Science 2011; 124: 1775-1783. 

45. Xuguang Zheng, Michael Chopp, Yong Lu, Ben Buller, Feng 

Jiang. MiR-15b and miR-152 reduce glioma cell invasion and 

angiogenesis via NRP-2 and MMP-3. Cancer Lett 2013; 329: 

146-154. 

46. Shenouda SK, Alahari SK. MicroRNA function in cancer: 

oncogene or a tumor suppressor? Cancer Metastasis Reviews 

2009; 28: 369-378. 

47. Lawler S, Chiocca EA. Emerging functions of microRNAs in 

glioblastoma. Journal of Neuro-Oncology 2009; 92: 297-306. 

48. Di Leva G, Briskin D, Croce CM. MicroRNA in cancer: new 

hopes for antineoplastic chemotherapy. Upsala Journal of 

Medical Sciences 2012; 117: 202-216. 

49. Cecchi F, Rabe DC, Bottaro DP. Targeting the hgf/met signalling 

pathway in cancer. European Journal of Cancer 2010; 46: 

1260-1270. 

50. Fischer SE. Small rna-mediated gene silencing pathways in c 

Elegans. International Journal of Biochemistry & Cell Biology 

2010; 42: 1306-1315. 

51. Noushmehr H, Weisenberger DJ, Diefes K, Phillips HS, Pujara K, 

Berman BP, et al. Identification of a cpg island methylator 

phenotype that defines a distinct subgroup of glioma. Cancer Cell 

2010; 17: 510-522. 

52. Meacham CE and Morrison SJ. Tumour heterogeneity and cancer 

cell plasticity. Nature 2013; 501: 328-337. 

53. Hadjipanayis CG and Van Meir EG. Brain cancer propagating 

cells: biology, genetics and targeted therapies. Trends Mol Med 

2009; 15: 519-530. 

54. Moller HG, Rasmussen AP, Andersen HH, Johnsen KB, 

Henriksen M and Duroux M. A systematic review of microRNA 

in glioblastoma multiforme: micro-modulators in the 

meenchymal mode of migration and invasion. Mol Neurobiol 

2013; 47: 131-144. 

55. Gao H, Zhao H and Xiang W. Expression level of human 

miR-34a correlates with glioma grade and prognosis. J 

Neurooncol 2013; 113: 221-228. 

56. Gonzalez-Gomez P, Sanchez P and Mira H. MicroRNAs as 

regulators of neural stem cell-related pathways in glioblastoma 

multiforme. Mol. Neurobiol 2011; 44: 235-249. 

57. Tivnan A, Tracey L, Buckley PG, Alcock LC, Davidoff AM and 

Stallings RL. MicroRNA-34a is a potent tumor suppressor 

molecule in vivo in neuroblastoma. BMC Cancer 2011; 11: 33. 

58. Siemens H, Neumann J, Jackstade R, Mansmann U, Horst D, 

Kirchner T, et al. Detection of miR-34a promoter methylation in 

combination with elevated expression of c-Met and beta-catenin 

predicts distant metastasis of colon cancer. Clin Cancer Res 2013; 

19: 710-720. 

https://www.researchgate.net/researcher/39919913_Ferenc_Reinhardt
https://www.researchgate.net/researcher/44228396_Elizabeth_Pan
https://www.researchgate.net/researcher/38642671_Juergen_Soutschek
https://www.researchgate.net/researcher/2091643398_Balkrishen_Bhat
https://www.researchgate.net/researcher/38155068_Eric_G_Marcusson

