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Introduction

Malignant gliomas, as the most common and aggressive 
brain tumors in children and adults, present a dismal 
prognosis with an overall 5‑year survival of 10%. It remains 
one of the greatest challenges to get optimal treatment 
formula. Novel gene expression profiling for addressing 
molecular characterization of brain tumors has pointed to 
genetic and epigenetic alterations. MicroRNA  (miRNA) 
expression profiling has been reported to affect the 
function of genes involved in gliomagenesis, tumor growth, 
proliferation, apoptosis and posttranscriptional regulation 
of anti‑oncogenes.[1,2] As a result, it is suggestive that 
miRNA profiling may be an available way to identify 
glioma origin, prognosis, and response to therapy. As 
a promising therapeutic tool against malignant glioma, 
miRNAs attract increasing attention. In this review, we 
will discuss the most promising miRNA, correlative 
signaling pathway and their relation with gliomas, as well 
as existing troubles to prompt miRNA into being a clinical 
therapeutic strategy for malignant glioma.

Biogenesis of MicroRNA
MiRNAs are short  (~22 nucleotides), single‑stranded 
noncoding RNAs, although a minority is generated 
from intronic areas.[3,4] Since the first miRNAs found in 
Caenorhabditis elegans, the total number of miRNAs 
is exponentially rising. The original miRNA Database, 
generated in 2002 boosted their development of potential 
targets.[5] The biogenesis of miRNAs is under tight temporal 
and spatial control, and their dysregulation is associated 
with somatic stem cell proliferation, even tumorogenesis.[6,7]

Regarding miRNA biogenesis, RNA polymerase II or III 
transcribes miRNA genes into a long transcript, named 
primary microRNA  (pri‑miRNA). Thereafter, the nuclear 
enzyme crops pri‑miRNA into a nucleotide hairpin‑like 
precursor  (pre‑miRNA). Pre‑miRNA is cleaved by an 
endoribonuclease (Dicer) to form a miRNA duplex after the 
transportation of pre‑miRNA by exportin‑5 and RanGTP. 
The miRNA duplex is unwound, and miRNP  (miRNA 
containing ribonucleoprotein) is assembled from mature 
miRNA and Argonaut protein. MiRNP as the effector 
complex manipulates translational inhibition through 
imperfect complementary base‑pairing to untranslated 
regions (UTRs) of their target mRNA or degradation. The 
precise mechanism underlying miRNA’s regulation of gene 
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expression is partly outlined [Figure 1]. It has been estimated 
that half of miRNA genes are located in cancer‑associated 
genes or fragile sites.[8] It is believed that these miRNAs 
regulate 3% of whole genes and up to 30% of coding 
genes.[9,10] Furthermore, a single miRNA can influence up 
to 100 mRNAs simultaneously, and a single target can be 
regulated by one or more miRNAs.[1]

When miRNA expression is amplified in cancer cells, 
it is considered to function as an oncogene. Conversely, 
when downregulated, it might act as a tumor suppressor. 
These alterations of miRNA expression contribute to the 
cancer phenotype, and further affect the clinic pathological 
appearance and prognosis. Recent studies have shown 
that miRNA expression signatures contribute to genetic 
determination of tumor subtypes and maintenance of the 
intra‑tumoral heterogeneity.[11,12] MiRNA expression varies 
among different tissue samples and micro‑environment 
states. As a consequence, it has been used as biomarkers of 
opposite biological states such as cancerous versus normal 
tissues. More and more data of glioma suggest that miRNA 
profiling can serve as a trustworthy formula for glioma 
diagnosis and prognosis.

MicroRNAs and Glioma Genesis

Recently, microarray studies on miRNAs have shown 
significant changes of expression in malignant gliomas.[13‑31] 
The most of over‑expressed miRNAs in tumors were 
involved in propagation processes of glioma. They seemed 

to act as an oncogene that was implicated in malignant 
transformation processes of glioma. Herein, we will 
describe the clinical or experimental utilization of oncogenic 
miRNAs to identify a series of potential therapeutic target 
for malignant glioma [Table 1].

MiR‑21 is the most typical example with overexpression and 
associated with poor prognosis of gliomas.[32,33] Investigation 
revealed high expression of miR‑21 in most of the malignant 
gliomas versus normal brain. Qu et al. found the higher level 
of miRNA21 level in serum of patients with higher grade 
malignant glioma than the control group. It was suggestive 
that miRNA21 might be a potential diagnostic biomarker 
for human malignant glioma. The recent meta‑analysis 
of five studies indicated that a single‑miR21 as one of 
the most representative miRNAs could be a powerful 
clinical biomarker in glioma diagnosis.[34] In accordance, 
β‑catenin has been proposed as an indirect target for 
miR‑21. Knockdown of miR21 inhibited cell invasion by 
β‑catenin regulation via STAT3 pathway.[35] Recent trial 
demonstrated that miR‑21 inhibitor therapy could enhance 
chemosensitivity of glioma resistant cells to anthracyclines 
by inducing apoptosis.[36] Expression of miR‑199b‑5p has 
been found an impressing divergence in nonmetastatic 
patients with medulloblastoma (MB) compared to metastatic 
ones. Over‑expression of miR‑199b‑5p might inhibit 
the expression of cancer stem cell genes and be further 
correlated with the corresponding prognosis.[21,37] MiR‑203 
in ependymoma was recognized as an independent marker 

Figure 1: MicroRNA (miRNA) biogenesis is a multistep process: Transcription, Cropping and Dicing (cytoplasm). Primary microRNA (Pri‑miRNA): 
Polyadenilated RNA transcripts; pre‑miRNA: The hairpin‑loop RNAs; mature miRNA: One strand of the duplex remains on the argonaute 
proteins (AGO). Pre‑miRNA is recognized by the Exportin/Ran‑GTP complex transporter and exported to the cytoplasm. Dicer and AGO mediate 
the process of pre‑miRNA. Drosha: The nuclear enzyme of the RNase III family; AGO: Argonaute proteins.
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for predicting patients’ relapse.[22] MiR‑203 could inhibit the 
proliferation and invasion of glioma cells via suppressing 
the protein expression of PLD2, which demonstrated the 
clinical significance of miR‑203 in gliomas.[38] MiR‑221/222 
was up‑regulated in high‑grade astrocytomas with analogous 
target specificity and increased cell invasion and poor 
prognosis in glioma.[39] Bioinformatic analysis reveals 
that miR221/222 had the potential to regulate about 70 
common target genes and exert cooperative effect on the 
function via AKT pathway.[40] Furthermore, miR‑221/222 
directionally down‑regulated the 3’UTR of the cell cycle 
regulator and p27kip1.[40] Le Sage et al. demonstrated that 
over‑expression of miR‑221/222 regulated cell proliferation 
through maintaining low levels of p27 kip1.[25] MiR‑26a 
was frequently amplified in human gliomas and was 
associated with monoallelic PTEN loss.[28] Furthermore, 
miR‑26a‑mediated PTEN repression in a mouse model 
enhanced de novo tumor formation. Qian’s investigation 
revealed that miR26a regulated its direct target prohibitin 
and promoted glioma progression.[41] Jiang et al. found that 
miR‑182 was up‑regulated in primary glioma specimens 
versus normal brain. MiR‑182 expression level in the 
tumors was statistically correlated with tumor grade and 
clinical features.[42] It was suggestive that miR‑182 is a 
prognostic marker for glioma progression and patient 
survival. Sasayama revealed high expression of miR‑10b in 
glioma samples vs. nonneoplastic tissues and the association 
between its expression level and grade malignancy in 
glioma.[27] Liu’s investigation reported that transforming 
growth factor‑β  (TGF‑β)‑induced miR10a/10b promoted 
glioma migration through the suppression of PTEN.[43] Given 
all that these researches provided a new insight of developing 

miRNA‑based diagnosis and targeting treatment for glioma.

On the other side of the same coin, several miRNAs with 
suppressive expression have been identified in brain 
gliomas. For example, Conti A performed the analysis of 
miRNA expression pattern in gliomas at different stages of 
malignancy and suggested that miR‑181 seemed to become 
into a criteria between high‑grade and low‑grade gliomas. 
In biological, the family of miRNA181 with low expression 
was associated with the processes of glioma progression in 
different manners.[17,18] According to Chen’ study, B‑cell 
lymphoma‑2 (Bcl‑2) was a potential target of miR‑181a for 
enhancing the effect of radiation treatment on malignant 
glioma cells. Present study demonstrated that aplysin was 
believed to enhance the effect of temozolomide on glioma 
cells by increasing miR181 expression.[44] At the molecular 
level, expression of cyclin B1 (a positive cell cycle regulator) 
could be negatively regulated by miR181, which inhibited 
glioma cell proliferation.[45] Furthermore, miR‑181c could 
enhance the effect of miR‑21 as an anticancer target against 
glioma. Down‑regulation of miR‑128 was prevailing in 
high‑grade gliomas and the plasma levels of miR‑128 with 
significant alteration in glioblastoma multiforme  (GBM) 
patients could discriminate glioma from a healthy population 
with high specificity and sensitivity.[46] Down‑regulation of 
miR‑128 was correlated with increased proliferation and poor 
differentiation of glioma cells, and vice versa.[19,20] MiR‑153 
inhibited Bcl‑2 and myeloid cell leukemia sequence‑1) 
expressions by directly targeting the 3’UTR regions of 
their respective mRNAs. It was therefore considered 
that miR‑153 exerted pro‑apoptotic effects in gliomas.[47] 
Transient transfection of miR‑153 into glioblastoma stem 
cells could impair their self‑renewal ability and induce their 
differentiation. Meanwhile, miR‑153 could also repress 
tumor stem cell growth and induce apoptosis.[48] These 
studies indicated that reactivation of miR‑153 expression 
suggested novel therapeutic strategies for malignant 
gliomas. Glioma patients further demonstrated that 
miR‑34a expression levels positively correlated with tumor 
malignancy grades and lower expression levels correlated 
with worse progression‑free survival and overall survival.[49] 
It was suggested that miR‑34a expression could be potential 
useful signature for predicting prognosis of glioma. MiR‑34a 
was shown a positive correlation with p53 in MB and 
GBM samples. Loss of miR‑34a presents a mechanism 
of down‑regulating p53 pathway through modulation of 
melanoma associated antigens  (MAGE‑A) genes. It was 
considered that expression levels of miR‑34a and p53 in MB 
were associated with drug resistance and chemosensitivity.[23] 
MiR‑451 was considered as a tumor suppressor function 
in human gliomas and played an important role in tumor 
growth, invasion and apoptosis. Down‑regulation of 
miR‑451 might conditionally activated AMPK signaling 
pathway and therefore achieved the increased cell survival.[50] 
MiR‑451 expression was down‑regulated in glioma samples 
and was inversely correlated with malignancy grades of 
glioma. Furthermore, miR‑451 had tumor suppressive 
traits and could repress glioma progression through 

Table 1: Expression of miRNAs and potential relative 
signaling pathway in malignant glioma

miRNA Level of 
expression

Reference Signaling pathway

MiR21 Up‑regulation 13,18 TGF, STAT3
MiR199b Up‑regulation 21 Notch1
MiR203 Up‑regulation 22 Cell cycle
MiR221/222 Up‑regulation 18,25 AKT, apoptosis
MiR26b Up‑regulation 28 AKT
MiR182 Up‑regulation 42 /
MiR10b Up‑regulation 27 AKT
MiR181 Down‑regulation 17,18,29 Calcium signaling 

pathway
MiR128 Down‑regulation 19,20 P53, RTK signaling, 

mTOR
MiR153 Down‑regulation 47 /
MiR34a Down‑regulation 23 P53 pathway, Notch
MiR451 Down‑regulation 50 AKT, AMPK
MiR146b Down‑regulation 31 /
MiR17 Down‑regulation 50 /
MiR184 Down‑regulation 53 /
MiR326 Down‑regulation 61 Notch
MiR7 Down‑regulation 24 AKT, EGFR
TFG: Transforming growth factor; EGFR: Epidermal growth‑factor 
receptor; miRNA: Micro RNA.
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targeting CAB39 directly and inhibiting AKT pathway 
indirectly.[51] Using microarrays, miR‑146b was significantly 
down‑regulated in human glioblastoma tissue. Alteration 
of miR‑146b expression might reduce the migration and 
invasion of glioma cells.[31] Recent study revealed that 
decreased miR‑146b‑5p expression was strongly correlated 
with chromosome 10q loss in malignant gliomas. The 
over‑expression miR‑146b‑5p in glioma cells led to the 
inhibition of tumor cell migration and invasion.[52] Reduced 
expression of miR‑17 and miR‑184 was identified between 
Grade  IV secondary gliomas and corresponding Grade  II 
primary gliomas. Both of the miRNAs act a potential role 
of inhibiting cell viability, proliferation, and invasion.[53]

MicroRNA as a Target in Signaling Pathways

The most important pathways regulating glioma cell 
proliferation include the epidermal growth factor 
receptor (EGFR) and PI3K/AKT signaling pathways, p53 
pathway, TGF‑dependent apoptotic signaling cascade, as 
well as the Notch pathway and nuclear Factor‑κB (NF‑κB) 
pathway.[54] MiRNAs were linked with the regulation of 
all above‑mentioned pathways suggesting their intimate 
implication in different phenotypes of malignant gliomas.[55]

To date, bio‑informational analysis revealed that miR‑21 
was associated with TGF‑β signaling pathway in GBM.[56] In 
addition, inhibition of miR‑21 with antisense oligonucleotides 
resulted in suppression of EGFR signaling pathway and 
regulation of glioma proliferation.[57] Furthermore, leucine 
rich repeat interacting protein 1 acted as a direct target 
for miR‑21 and could directly inhibit NF‑κB signaling 
pathway, thus disrupting invasiveness and migration of 
gliomas.[58] MiR‑221/222 in previous literature was found to 
regulate several genes involved in AKT signaling pathways 
and the pro‑apoptotic gene P53 upregulated modulator 
of apoptosis.[15,39] In addition, a recent investigation 
revealed that chronic miR221/222 mediated MGMT 
down‑regulation could render glioma cells unable to repair 
genetic damage.[59] The result indicated that the target of 
miR221/222 pointed to MGMT of DNA repairment in the 
process of gliomagenesis. It was suggestive that the direct/
indirect targets of miR‑128 covered the angiopoietin‑related 
protein  (5ARP5), p53, Bmi‑1, and the cell cycle gene 
activator  (E2F‑3a). The functions of these genes were 
involved in the regulation of cell renewal, proliferation, 
differentiation, and tumorigenesis.[19,20] In addition, miR‑128 
might act on caspase‑mediated apoptosis and suppress tumor 
growth. MiR‑451 was attributed as a tumor suppressor 
function targeting of the AKT and AMPK signaling pathway. 
Down‑regulation of miR‑451 was suggested to have an impact 
in cell growth, migration, invasion, and apoptosis. Based on 
a multidimensional genomic data set of glioblastoma from 
Tumor Cancer Genome Atlas  (TCGA) datasets, miR‑26a 
was validated to be a cooperating component of a frequently 
occurring amplicon, where contained oncogenes CENTG1 
that regulate AKT pathways. By integrating DNA copy 
number, mRNA, miRNA, and DNA methylation data, 

the clinic further investigated several potential targets of 
miR‑26a in glioma, including PTEN, RB1, and MAP3K2/
MEKK2.[60] MiR‑326 was down‑regulated in gliomas and 
was identified as a direct regulator of Notch expression in 
glioblastoma stem cells.[61] Similar in kind, miR‑7  (with 
down‑regulation in tumor samples) reduced the viability 
and invasiveness of glioblastoma cells by directly targeting 
EGFR and AKT pathway.[24]

Diagnostic and Prognostic Value of 
Multi‑microRNA Signature

The heterogeneous and unpredictable nature of malignant 
glioma has attracted scientists’ attention on molecular 
markers that might complement the examination of brain 
tumor pathology. At the moment, miRNA isolation and 
detection was no longer an obstacle. In addition, miRNAs 
could also be detected in formalin‑fixed paraffin‑embedded 
tissues, serum, cerebrospinal fluid, plasma, and urine. 
MiRNA‑based q‑real‑time polymerase chain reaction 
diagnostic test afforded an accurate classification of brain 
tumors with a remarkable sensitivity and specificity of 
84% and 95%, respectively.[62] Skog’s study shed a bright 
light on detection of exosomes which was a small complex 
containing miRNAs and proteins. As a result, miRNA 
profiling of tumors and normal tissues improved to become 
an important instrument to classify, diagnose, and predict 
the outcome.[63] Ongoing clinical trials aimed to identify 
certain miRNAs with potential prognostic capacity in blood 
samples and/or cerebrospinal fluid of glioma patients during 
the course of treatment.

For example, Srinivasan’s study revealed that a multi‑miRNA 
expression signature successfully distinguished malignancy 
degrades of gliomas with a remarkable sensitivity and 
specificity.[64] In addition, another study from Lages’s 
team presented seven dysregulated miRNAs that allow 
discrimination of oligodendrogliomas from glioblastomas.[65] 
Hayes et al. identified a nine‑miRNA signature that stratified 
high‑  and low‑risk patients in GBM. In addition, the 
majority of nine miRNAs have been previously linked to 
malignant glioma biology or treatment response.[66] Further 
miRNA‑mRNA interaction within the nine‑miRNA signature 
revealed a relevant regulatory network. Barbano R explored 
and identified 22 miRNAs distinguishing Grade II gliomas 
from malignant gliomas by array analysis. A  six‑miRNA 
signature of those miRNAs demonstrated a significant 
association with prognosis based on the TCGA datasets.[33] 
MiR‑196a with up‑regulation in higher grade gliomas was 
positively associated with poorer prognosis. Multivariate 
analysis revealed that miR‑196 was an independent 
predictor of overall survival in glioblastoma patients.[67] 
Recent research from malignant gloma samples developed a 
five‑miRNA signature (including risky miR‑196a) that could 
identify patients with a high risk of an unfavorable outcome 
in anaplastic gliomas regardless of histology type.[68] These 
results echoed the hypothesis that specific multi‑miRNA 
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signature served as a prognostic marker for patient risk 
stratification in malignant gliomas.

Current Challenges

MicroRNA‑based target therapies have proven as an 
attractive approach. Despite the large progress in the 
field, many challenges are still ahead. One of the biggest 
obstacles is the identification of definitive single‑  and 
multi‑miRNA signature for malignant glioma by large and 
comprehensive profiling studies. These results will develop 
a set of diagnostic and prognostic biomarkers for clinical 
evaluation and therapy. Another emerging theme in miRNA 
cancer research relates to the ability of a single‑miRNA to 
target multiple effectors. Therefore, miRNA target specificity 
is considered as the rate‑limiting step for miRNA‑targeting 
therapy against malignant gliomas. How to improve the 
specificity of miRNA targeting effectors? In the process of 
biogenesis, miRNAs primary function as posttranscriptional 
negative regulators of gene expression through binding to 
their mRNA targets  [Figure  1]. The integrative analysis 
of miRNA and mRNA expression profiling may facilitate 
the identification of a miR’s targets by considerable 
bioinformatic algorithms. The miRNA‑mRNA interactions 
from the large scale of datasets may be reduced to several 
relevant signaling pathways, through which miRNAs 
regulate the progression of malignant gliomas [Figure 2]. 
According to multi‑miRNA signature and corresponding 
mRNA alteration for some subtype of gliomas, combined 
miRNA‑based target therapy may allow a specific regulation 
on core signaling pathway.

In conclusion, microRNAs beneficially or not regulate 
tumor cell proliferation, apoptosis, stem cell maintenance, 

invasion, and angiogenesis by the reciprocal interaction 
with target mRNAs. However, the information of details 
in this process remains incomplete, and further research 
is necessary for a better understanding of the role of 
miRNAs in glioma cells. Minimally invasive approaches 
for miRNAs may be a promising tool of monitoring glioma 
progression. Before miRNA‑based target therapy being 
translated into clinical practice, a large scale of clinical 
samples should be independently validated for core and 
promising candidate in miRNAs data. Consequently, 
core miRNAs should undertake further investigation in 
multicenter clinical trials. In the future, tailored treatment 
regimens should be framed by miRNA profiles and other 
genetic alterations.
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