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Abstract Glioblastoma (GBM) is among the most

aggressive primary brain tumors, with a median survival

rate of 12–15 months. MicroRNAs have been implicated in

GBM development as oncogenes or tumor suppressors. In

this study, we demonstrated that miR-519a expression was

frequently downregulated in GBM specimens and cell

lines, and that low-levels miR-519a expression signifi-

cantly correlated with poor outcomes associated with

GBM. Analysis of The Cancer Genome Atlas also

demonstrated that low miR-519a expression can predict

poor clinical outcomes in classical and proneural GBM

subtypes. Functionally, re-expression of miR-519a effec-

tively reduced GBM cell proliferation, migration, and

invasion. Mechanistically, we confirmed that the signal

transducer and activator of transcription 3 (STAT3) 30-
UTR was a putative target of miR-519a, and that re-ex-

pression of STAT3 abrogated miR-519a function in GBM

cells. Furthermore, we found that STAT3 expression neg-

atively correlated with that of miR-519a in human GBM

tissues. These results elucidated the prognostic value and

tumor-suppressor role of miR-519a in GBM and further

suggested it as a potential therapeutic target for GBM

treatment.
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Introduction

Glioblastoma (GBM) is among the most aggressive and

lethal brain tumors, with a median survival time

of * 14 months post diagnosis [1]. Even when treated

with a maximal surgical resection and concurrent radiation

therapy and temozolomide (TMZ), followed by an adjuvant

course of TMZ, prognosis for the GBM patient remains

dismal [2]. Furthermore, the highly proliferative and

invasive behavior of GBM tumors aid in the poor prognosis

[3].

Signal transducer and activator of transcription 3

(STAT3) functions as a signal messenger and transcription

factor regulating the expression of downstream targets in

malignant transformation and tumor development. STAT3

overexpression in GBM can promote tumor progression

[4–6], and specific inhibition of the STAT3 signaling

pathway can suppress human GBM proliferation [7] or

migration [8], sensitize GBM to TMZ treatment [9], or

inhibit radiation-induced proneural-to-mesenchymal tran-

sition [10]. Therefore, an important aim in GBM research

is elucidation of the mechanisms associated with STAT3

activation in tumors.

MicroRNAs (miRs or miRNAs) are small noncoding

RNA molecules comprising 20–22 nucleotides that nega-

tively regulate gene expression by binding to the 30-un-

translated region (30UTR) of target messenger RNAs
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(mRNAs), leading to translational repression and/or

mRNA degradation [11]. Studies demonstrated that

deregulated miRNA expression contributes to tumor

development [12]. While previous studies indicated that

miR-9 and miR-124 negatively regulated the STAT3 sig-

naling pathway in glioma, the miR-mediated post-tran-

scriptional regulatory network associated with GBM

remains incomplete [13, 14]. Therefore, it is important to

identify new miRs that regulate STAT3 expression in order

to evaluate their potential roles as new therapeutics against

GBM.

miR-519a belongs to the chr19q13.41 miRNA cluster

(C19MC) and was reported as either an oncogenic miR

associated with ovarian epithelial tumors [15],

ER ? breast cancer [16], and hepatocellular carcinoma

[17], or a tumor suppressor associated with kidney and

lung tumors [18]. We previously demonstrated that

another member of C19MC, miR-517c, was closely

related to improved GBM prognosis. Moreover, the

polycistronic miRNA precursors of up to 50 % of mam-

malian miRNAs that belong to the same cluster are often

co-transcribed from one promoter [19]. Additionally,

miR-519a exhibited significantly higher expression levels

in supratentorial primitive neuroectodermal tumors

(sPNET) [20], and that GBM with PNET-like components

resulted in a better prognosis relative to primary GBM

[21]. Using the MiRGen online biology prediction soft-

ware(http://www.microrna.gr/mirgen/), we discovered

STAT3 as a potential miR-519a target and, therefore,

hypothesized that miR-519a may function as a tumor

suppressor in GBM.

Here, we reported that miR-519a expression was fre-

quently downregulated in GBM specimens and cell lines,

and that low-levels of miR-519a expression significantly

correlated with poor GBM-related outcomes. Our results

indicated that miR-519a functions as a tumor suppressor by

reducing STAT3 expression.

Materials and methods

Human tissue specimens

A total of 46 human GBM specimens and 15 normal brain

(NB) tissue samples were obtained from the Department of

Neurosurgery at Nanfang Hospital of Southern Medical

University, Guangzhou, China. The study was approval by

the Ethics Committees of Nanfang Hospital. All patients

provided written informed consent in our study. The

diagnoses of all specimens were based on pathological

evidence.

Cell lines and transfection

The normal human astrocyte (NHA) cell line was obtained

from the American Type Culture Collection (ATCC;

Manassas, VA, USA). The human GBM cell lines (U87-

MG, T98G, A172, and U373) were purchased from the

Chinese Academy of Sciences (Shanghai, China). We also

established patient-derived GMB cell lines (G131212 and

G141119; Fig. S1) that were cultured in neurobasal media

with FBS, L-glutamate, ascorbic acid, rhEGF, insulin, and

gentamicin sulfate/amphotericin B. The miR-519a mimics

and mimic controls were synthesized and purified by

GenePharma (Shanghai, China), and plasmids carrying

human STAT3 were purchased from VigeneBio (Shan-

dong, China). Cell transfection was performed using

Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)

according to manufacturer instructions.

Analyses of genomic data and clinical information

miR-519a expression data and clinical information for 505

GBM patients were downloaded from The Cancer Genome

Atlas (TCGA). Only 170 patients treated with newly

diagnosed GBM who had undergone surgery plus standard

chemoradiotherapy were included. The 170 GBM patient

samples were sub-classified into four different molecular

subtypes according to previously reported procedures [22],

and then divided into high- and low-miR-519a groups

according to the median value of miR-519a expression in

all GBM patients and each subtype.

RNA isolation and reverse transcription polymerase

chain reaction

The expression levels of miRNA and mRNA was detected

using quantitative reverse transcription polymerase chain

reaction (RT-qPCR) [23]. miRNA and mRNA expression

levels were normalized to U6 and GAPDH, respectively.

All primers are listed in Supplementary Table S1.

Western blot analysis

Western blotting was performed as described previously

[24]. GAPDH served as the loading control.

Cell proliferation assay

Transfected GBM cells were seeded into 96-well plates for

1–5 days. Proliferation in each well was assessed at 24, 48,

72, 96, and 120 h using the Cell Counting Kit-8 (CCK-8,

Dojindo; Kumamoto, Japan). Absorbance was measured at

450 nm to calculate the number of viable cells.
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Cell cycle and apoptosis assays

Apoptosis and cell cycle progression were assessed 48 h

after transfection. For analysis of apoptosis, transfected

cells were detected using the ApopNexin FITC Apoptosis

Detection Kit (Beyotime; Jiangsu, China) according to

manufacturer instructions. The analysis of the apoptosis

rate (%)was performed by flow cytometry (BD Bio-

sciences, San Diego, CA, USA). The analysis of cell cycle

distribution was then performed using a FACScan flow

cytometer (BD Biosciences).

Wound healing and transwell assays

Cells were grown to 60 % confluence six-well plates, and

then culture medium was replaced with serum-free

DMEM. The monolayer cells were serum-starved for 12 h

before being transfected with 50 nM miR-519a or negative

control. Six hours after transfection, a scratch was made

using a 20-lL pipette tip. The healing process was moni-

tored for 24 h under a microscope, and the rate of wound

closure was quantified using ImageJ software (NIH;

Bethesda, MD, USA). Transfected cells in 200 lL serum-

free DMEM medium were seeded onto a 1:10-diluted

Matrigel-coated membrane matrix upper chamber, and 600

lL of high-glucose DMEM medium supplemented with

10 % FBS was added to the lower chamber wells as

chemoattractants. The invasive cells located on the lower

surface of the membrane were stained with 0.1 % crystal

violet (Sigma-Aldrich) and counted.

Luciferase reporter assay

The STAT3 30-UTR fragment containing the predicted

miR-519a-binding site was amplified using primer pairs

STAT3-UTR-F/R, inserted into the XbaI site of a pGL3-

basic vector (Promega; Madison, WI, USA), and named

pGL3-Wt STAT3 30-UTR. Mutation in the miR-519a-seed

regions of the STAT3 30-UTR was generated using the

QuikChange Multi-site-directed mutagenesis kit (Promega)

and named pGL3-Mut STAT3 30-UTR. The luciferase

activity assay was performed in 96-well plates. U87MG

and T98G cells were co-transfected with the pGL3 reporter

vector and the miR-519a mimics or the negative control

(miR-NC) using Lipofectamine 2000 (Invitrogen). As a

control, the pRL-TK containing renilla luciferase was co-

transfected for normalization. Forty-eight hours after

transfection, firefly and renilla luciferase assays were per-

formed using the Dual-Luciferase Reporter System (Pro-

mega) according to manufacturer instructions. The relative

luciferase activity was reported was by normalizing firefly

luminescence to that of renilla.

Statistical analysis

Each experiment was performed at least three times. Data

are presented as mean ± SD. The IBM SPSS 19.0 (SPSS;

Chicago, IL, USA) and GraphPad Prism 5 software

(GraphPad Software, Inc.; San Diego, CA, USA) were used

for statistical analysis. p\ 0.05 was considered to be sta-

tistically significant.

Results

Downregulated miR-519a in GBM tissue and cells is

inversely correlated with disease progression

To explore the role of miR-519a in GBM, we performed

qRT-PCR to investigate its expression in 46 primary GBM

samples and 15 NB tissue samples and cell lines. The qRT-

PCR assays showed that miR-519a expression in GBM

tissues was significantly lower than that observed in NB

tissues (Fig. 1a). Similarly, miR-519a expression in a panel

of GBM cell lines (U87-MG, T98G, A172, and U373) was

downregulated as compared with an NHA cell line

(Fig. 1b). To investigate the prognostic role of miR-519a

downregulation in GBM, patients were divided into high-

and low-miR-519a groups according to the median value of

miR-519a expression in all 46 cases. Kaplan–Meier anal-

ysis revealed that patients with high miR-519a expression

had significantly longer tumor-free survival and overall

survival rates (Fig. 1c, d). Using TCGA data, we analyzed

the prognostic value in GBM and found that GBM patients

expressing low levels of miR-519a had a significantly

shorter overall survival rate. Additionally, we carried out

survival analyses for each molecular subtype and found

that only the proneural and classical GBM subtypes

retained statistical significance (Fig. 1f, g, and Fig. S2).

miR-519a regulates biological behavior in GBM cell

lines and patient-derived GBM cells

To investigate miR-519a function in GBM cell lines and

patient-derived GBM cells, we transiently transfected miR-

519a mimics or miR-NC mimics into U87-MG, T98G,

G131212, and G141119 cells to assess the effects of miR-

519a on cell proliferation, apoptosis, migration, and inva-

sion. CCK-8 assays showed that miR-519a significantly

decreased GBM cell viability as compared with miR-NC

controls (Fig. 2a). Flow cytometry assays further revealed

that miR-519a upregulation induced a sub-G1 cell cycle

arrest as indicated by the increased percentage of cells in

G0/G1 phase and the decreased percentage in S and G2/M

phases (Fig. 2b). Additionally, apoptosis assessment by

flow cytometry showed that miR-519a transfection induced
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apoptosis in GBM cells (Fig. 2c). Our data showed that

miR-519a overexpression significantly inhibited GBM cell

proliferation.

We also conducted in vitro Matrigel invasion assays to

assess miR-519a effects on GBM cell invasion. To exclude

the effects of miR-519a-induced dead cells on migration

and invasion, we performed flow cytometry assays and

verified that live-cell numbers in the miR-519a group were

no different from the miR-NC group at the corresponding

migration and invasion assay time points (Fig. S3). The

number of cells migrating through the extracellular matrix

was decreased in cells transfected with miR-519a mimics

(Fig. 2d). Next, we conducted a wound-healing assay to

address the role of miR-519a in GBM cell migration. miR-

519a overexpression also significantly decreased wound-

closure percentage (Fig. 2e). These results highlighted the

potential role of miR-519a in suppressing migration and

invasion.

STAT3 is a direct downstream target of miR-519a

To explore potential miR-519a-related downstream target

genes, we used MiRGen software to predict possible

mRNA targets. The miR-519a seed sequence matched the

STAT3 30-UTR (Fig. 3a), with STAT3 being a key onco-

gene associated with GBM. We then performed a dual-

Fig. 1 miR-519a was associated with prognosis of GBM patients and

the TCGA cohort a The qRT-PCR assay revealed that miR-519a

expression was significantly decreased in GBM tissues (n = 46) as

compared with normal brain tissues (n = 15). b The qRT-PCR assay

revealed that miR-519a levels in a panel of GBM cell lines (U87-MG,

T98G, A172, and U373) were downregulated as compared with an

NHA cell line. c, d Kaplan–Meier curves showed the longer tumor-

free survival and overall survival rates of patients with high miR-519a

expression. e–g In TCGA data analysis, Kaplan–Meier plots were

estimated according to different miR-519a gene expression levels

related to overall survival of GBM patients in the TCGA GBM

cohort. The results were presented as mean ± SD and from three

independent experiments. Statistical significance was denoted by

*p\ 0.05 and **p\ 0.01
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luciferase reporter assay in U87-MG and T98G cells to

investigate whether STAT3 was a direct miR-519a target.

Our results showed that miR-519a significantly inhibited

firefly luciferase reporter activity with the wild-type

STAT3 30-UTR, but had no effect on mutated variations of

the STAT3 30-UTR (Fig. 3b). Moreover, the re-expression

of miR-519a reduced STAT3 mRNA levels as compared to

results observed from the negative control in U87-MG and

T98G cells (Fig. 3c). miR-519a also regulated STAT3

protein translation levels. Concentrations of STAT3 protein

and phosphorylated STAT3 (p-STAT3) decreased after re-

expression of miR-519a. Since Mcl-1, Bcl-2, cyclin D1,

and MMP2 are downstream molecules involved in the

STAT3 signaling pathway, we further investigated the

expression of these proteins in GBM cells following miR-

519a overexpression. miR-519a coordinately downregu-

lated Mcl-1, Bcl-2, cyclin D1, and MMP2 (Fig. 3d)

expression. These results demonstrated that miR-519a

downregulated STAT3 expression by inhibiting its trans-

lation, indicating that STAT3 was a direct target for miR-

519a in GBM cells.

STAT3 overexpression attenuated miR-519a tumor-

suppressor functions in vitro

To determine whether STAT3 re-expression could reverse

the tumor-suppressor function of miR-519a in GBM, we

performed a series of rescue experiments using an

expression construct encoding STAT3, but lacking the 30-
UTR. GBM cells were transfected with this construct

together with miR-519a mimics or with control mimics.

Our results indicated that enforced STAT3 expression

recapitulated the inhibitory effects of miR-519a in GBM

cells, and endogenous STAT3 expression levels were

detected by western blot in U87-MG and T98G cells

(Fig. 4a). CCK-8 (Fig. 4b), cell apoptosis (Fig. 4c), and

bFig. 2 miR-519a overexpression inhibited cell proliferation, inva-

sion, and migration, and induced apoptosis in GBM cell lines and

patient-derived cells. a Cell proliferation in the miR-519a or miR-NC

group was analyzed by CCK-8 assay at 24, 48, 72,96, and 120 h after

transfection. b The apoptosis rate of GBM cell lines and patient-

derived cells were assessed by flow cytometry following Annexin V

and propidium iodide staining. c Flow cytometric analysis of cell

cycle distribution. d The effect of miR-519a on the migration was

determined by wound-healing assay. e Cell invasion was measured by

Matrigel invasion assay. The results were presented as mean ± SD

from three independent experiments. Statistical significance was

denoted by *p\ 0.05 and **p\ 0.01

Fig. 3 STAT3 was a direct

downstream target of miR-519a

in GBM cell lines. a miR-519a

and its putative binding

sequence in the STAT3 30-UTR.

The mutant miR-519a-binding

sites were generated in the

complementary site for the miR-

519a seed region (wt, wild type;

mut, mutant). b miR-519a

overexpression suppressed

luciferase activity for wild-type,

but not mutant STAT3 30-UTR

in U87-MG and T98G cells.

c miR-519a re-expression

reduced STAT3 mRNA levels

as compared with the negative

control in U87-MG and T98G

cells. d miR-519a upregulation

in U87-MG and T98G cells

inhibited STAT3, p-STAT3,

Mcl-1, Bcl-2, Cyclin D1, and

MMP2 expression. The results

were presented as mean ± SD

from three independent

experiments. Statistical

significance was denoted as

*p\ 0.05 and **p\ 0.01
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cycle (Fig. 4d) assays all revealed that miR-519-related

decreases in cell proliferation were reversed by restoration

of STAT3 expression. To further determine the role of

STAT3 in miR-519a–mediated antitumor activity in GBM

cells, we performed a wound-healing assay to assess GBM

cell migration. As shown in Fig. 4e, ectopic expression of

STAT3 rescued inhibition of cell migration associated with

miR-519a upregulation. Consistently, the transwell assay

showed that decreased invasion capability in miR-519a-

overexpressing cells was rescued by STAT3 overexpres-

sion (Fig. 4f).Restoration of STAT3 expression in miR-

519a-overexpressed cells reverses the reduction of down-

stream genes (Bcl-2, Mcl-l, cyclinDl and MMP2)in STAT3

signaling pathways (Fig.S4).These results indicated that

STAT3 was crucial for miR-519a-mediated tumor-sup-

pressor activity in GBM.

Clinical associations of miR-519a with STAT3

expression

To determine an association between miR-519a expression

and STAT3 expression in human GBM tissues, STAT3

expression was detected in tissues from 46 GBM patients

using qRT-PCR. We used Pearson rank correlation analysis

to reveal a negative correlation between miR-519a

expression and STAT3 mRNA levels (Fig. 5a). GBM tis-

sues were then segregated into two groups according to

median miR-519a expression. We founded that STAT3

expression in GBM tissues expressing high levels of miR-

519a was significantly lower than that observed in cases

involving lower levels of miR-519a expression (Fig. 5b).

Furthermore, immunohistochemistry assays revealed that

STAT3 expression was significantly reduced in patients

with higher miR-519a levels, while STAT3 levels were

increased in patients with lower miR-519a levels (Fig. 5c).

Discussion

miRNAs are closely involved in the regulation of cellular

functions through post-transcriptional regulation of gene

expression via binding to 30-UTRs in mRNA, resulting in

translational repression and/or targeted degradation [11].

Accumulating evidence indicates that miRNAs function as

oncomiRs or tumor suppressors in different tumors by

targeting protein-coding genes. Here, we demonstrated that

miR-519a acted as a tumor suppressor in GBM, and that

miR-519a expression was frequently downregulated in

GBM specimens and cell lines. Additionally, low levels of

miR-519a expression significantly correlated with poor

GBM-related outcomes. The prognostic value of miR-519a

was also validated in the TCGA cohort. In survival anal-

yses for each molecular subtype, we found that patients in

the proneural and classical GBM subtypes with high miR-

519a levels survived longer. Neural and mesenchymal

GBM subtypes exhibited no significant differences in

clinical prognosis. This analysis showed that the relation-

ship of miR-519a with overall survival in GBM was highly

subtype specific. A previous study also reported that miR-

222 could predict prognosis in classical and neural GBM,

miR-370 could predict prognosis in neural GBM, and miR-

34a, miR-145, and miR-182 could predict prognosis in a

proneural non-G-CIMP group [25]. These results may be

related to the different genetic backgrounds associated with

each subtype. Furthermore, tumor microenvironments

could also be associated with the differences. The neural

and mesenchymal subtypes have been reported to harbor

similar gene expression characteristics within normal

neural and stromal tissues, respectively [26, 27]. Studies

involving neural and stromal cells need to be undertaken to

verify these results. miR-519a could function as a marker

for predicting proneural and classical GBM subtypes.

miRNAs from C19MC were reported to mediate onco-

genic functions, whereas others were associated with

tumor-suppressor functions [28]. Previous studies sug-

gested that miR-519a upregulation correlated significantly

with advanced clinical stages and poor prognosis in ovarian

epithelial tumors. miR519a was also considered a putative

target of TGFBR2, a known tumor suppressor associated

with many human cancers [15]. Moreover, Ward et al. [16]

identified miRNA-519a as a novel oncomiR in

ER ? breast cancer cells, and validated three central

tumor-suppressor genes (CDKN1A, RB1, and PTEN) as

direct miRNA-519a targets [16]. Furthermore, Wang et al.

[17] identified that miRNA-519a was upregulated in hep-

atitis B virus-associated hepatocellular carcinoma [17].

Interestingly, Abdelmohsen et al. [18] recently reported

that miR-519 inhibited tumorigenesis by repressing

expression of the RNA-binding protein HuR, a key regu-

lator of gene expression [18]. Our previous reports [20]

indicated that miR-519a may function as a tumor sup-

pressor in GBM. Here, our results indicated that re-ex-

pression of miR-519a exhibited inhibitory effects on GBM

cell lines and patient-derived GBM cells.

STAT3 is a signal mediator that can be activated by a

variety of cytokines, growth factors, and interferons [29],

and is persistently active in approximately 70 % of human

malignancies, including GBM [4, 30]. In GBM, aberrant

STAT3 activation is associated with poor prognosis [31,

32], and miR-mediated inhibition of the STAT3 signaling

pathway is an effective strategy for GBM therapy [13].

Constitutive STAT3 activation is involved in cell prolif-

eration, apoptosis, angiogenesis, migration, and invasion in

glioma [4]. STAT3 activation requires phosphorylation of

its tyrosine residue (p-STAT3-Y705) [33], resulting in

p-STAT3 forming dimers with partner proteins in order to
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translocate into the nucleus to activate expression of

downstream targets, including Bcl-2, Mcl-l, cyclinDl, and

MMP2. The downregulation of cyclin Dl can result in cell

cycle arrest at the G1 phase [34]. Furthermore,

downregulation of p-STAT3 can promote apoptosis

through downregulation of Mcl-1 and Bcl-2 [35]. MMP2 is

overexpressed in GBM tissues [36] and plays a pivotal role

in cell migration and invasion through degradation of the

extracellular matrix [37]. Here, we showed that STAT3

was a direct target of miR-519a, and that miR-519a over-

expression significantly reduced the levels of both STAT3

protein and mRNA. We also demonstrated that miR-519a

expression levels negatively correlated with STAT3

mRNA levels in human GBM specimens.

To further understand the underlying mechanisms by

which miR-519a exerts its biological effects on GBM cells,

it is necessary to identify its downstream functional targets.

In our study, western blot analysis revealed that miR-519a

overexpression significantly reduced STAT3 concentra-

tions, resulting in the downregulation of p-STAT3,Bcl-2,

Mcl-l, cyclin Dl, and MMP2 expression levels. Further-

more, STAT3 re-expression rescued these downstream

bFig. 4 Restoration of STAT3 expression rescued miR-519a–induced

proliferation, migration, and invasion in GBM cells. a Endogenous

STAT3 expression levels were detected by western blot in U87-MG

cells and T98G cells transfected with miR-519a or miR-NC mimics in

the presence of STAT3 or vector control. b CCK-8 assay showed that

STAT3 overexpression promoted cell growth and abrogated the

reduction in cell viability induced by miR-519a. c Apoptosis assays

showed that restoration of STAT3 expression rescued the acceleration

of apoptosis caused by miR-519a. d Cell cycle analysis showed that

STAT3 overexpression restored G0/G1 cell-cycle progression

arrested by miR-519a. e Cell migration was analyzed by wound-

healing assays. f Cell invasion was analyzed by transwell assays. The

results were presented as mean ± SD from three independent

experiments. Statistical significance was denoted as *p\ 0.05 and

**p\ 0.01

Fig. 5 miR-519a expression negatively correlated with STAT3 levels

in GBM tissues. a Pearson’s correlation analysis showed a statisti-

cally significant inverse correlation (R = - 0.8325, p\ 0.001)

between miR-519a and STAT3 expression in human GBM tissues.

b STAT3 expression in the group expressing high levels of miR-519a

was significantly lower than that in the group expression lower levels

of miR-519a (p\ 0.01). c Immunohistochemistry assays showed an

inverse relationship between miR-519a expression of and STAT3

levels in human GBM specimens. d Model explaining miR-519a

functions as a tumor suppressor in GBM through downregulation of

the STAT3-signaling pathway
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genes expression in miR-519a-overexpressing cells. These

data displayed evidence of miR-519a-mediated suppression

of the STAT3 signaling pathway in GBM cells.

In conclusion, our results showed that miR-519a

expression was frequently downregulated in GBM speci-

mens and cell lines, and that low levels of miR-519a

expression correlated with poor GBM-related outcomes.

Furthermore, we demonstrated the significant prognostic

value of miR-519a in specific molecular GBM subtypes,

and that miR-519a functions as a tumor suppressor

responsible for reductions in STAT3 expression and

translation. Further studies of a larger population is

required to validate the effectiveness of miR-519a as a

biomarker for GBM diagnosis and therapy.
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