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Abstract: In recent years, changes in microRNA (miRNA) expression have been detected in almost all human cancer 
types, including glioblastoma (GBM). Dysregulation of miRNAs may play tumor-suppressing or oncogenic roles in 
the initiation and progression of GBM, and may be involved in the regulation of multiple pathological behaviors. 
Therefore, identifying the clinical value and functional role of GBM-related miRNAs may provide effective therapeutic 
targets for the treatment of patients with this fatal malignancy. Dysregulation of miR-744 has been identified in sev-
eral human cancer types. However, to the best of our knowledge, little is known concerning the expression pattern 
and biological roles of miR-744 in GBM. In this study, we found that miR-744 was significantly downregulated in GBM 
tissues and cell lines. Decreased miR-744 expression was significantly correlated with the Karnofsky Performance 
Scale (KPS) and World Health Organization (WHO) grade in GBM patients. miR-744 upregulation inhibited the prolif-
eration, colony formation, migration, and invasion, in addition to inducing apoptosis of GBM cells in vitro. Inhibition 
of miR-744 had the opposite effect on these behaviors in GBM cells. Additionally, miR-744 attenuated the tumor 
growth of GBM cells in vivo. Furthermore, NIN1/RPN12 binding protein1 homolog (NOB1) was identified as a direct 
target gene of miR-744 in GBM cells. NOB1 was confirmed to be upregulated in GBM tissues, and this was inversely 
correlated with upregulation of miR-744 expression. Moreover, NOB1 knockdown exhibited similar inhibitory effects 
as miR-744 overexpression in GBM cells. Notably, recovered NOB1 expression counteracted the tumor-suppressing 
roles of miR-744 in the malignant phenotypes of GBM cells. Taken together, these results demonstrate that miR-
744 directly targets NOB1 to inhibit the aggressive behaviors of GBM cells. Hence, the miR-744/NOB1 axis may be 
useful in the identification of novel therapies for GBM patients. 
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Introduction

Glioma is the most common and prevalent 
malignancy in the human central nervous sys-
tem [1]. Glioblastoma (GBM), also known as 
World Health Organization (WHO) grade IV glio-
ma, is the most common and deadly glioma  
[2]. The therapeutic strategies for GBM, includ-
ing surgical resection, chemoradiotherapy, ge- 
ne therapy, immunotherapy, have developed 
rapidly in recent years [3]. Unfortunately, the 
prognosis of GBM patients remains unsatisfac-
tory, with a median survival duration of only 
9-12 months [4]. Metastasis, recurrence, un- 
limited proliferation, fast diffuse infiltration, 
and significant apoptosis resistance are con- 

sidered to be the major factors that cause poor 
prognosis of patients with GBM [5, 6]. The 
mechanism underlying the occurrence and 
development of GBM has not been fully eluci-
dated, and this explains the lack of improve-
ment in therapeutic outcomes [7]. Thus, it is 
urgent to further elucidate the molecular pa- 
thogenesis of GBM and identify effective the- 
rapeutic methods to improve the survival of 
patients with this fatal disease. 

The discovery of microRNAs (miRNAs) has pro-
vided novel insight and their subsequent study 
has provided in-depth understanding of the car-
cinogenesis and cancer progression in recent 
years [8]. miRNAs are a series of endogenous, 
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non-coding, and short RNAs 17-24 nucleotides 
in length [9]. miRNAs are considered to be a 
novel group of gene regulators, and they modu-
late gene expression by directly binding to par-
tially complimentary sequences in the 3’-un- 
translated regions (3’-UTRs) of their target 
genes, thereby causing translation suppression 
and/or the degradation of mRNAs [10]. In total, 
>1,500 mature miRNAs have been validated in 
the human genome, and these miRNAs partici-
pate in the regulation of ~30% of human pro-
tein-coding genes [11]. Dysregulation of miR-
NAs has been identified in nearly all human 
cancer types, including GBM [12], colorectal 
cancer [13], thyroid cancer [14], bladder can- 
cer [15], and osteosarcoma [16]. A variety of 
miRNAs have been reported to be aberrantly 
expressed in GBM, which is closely related to 
the aggressive behaviors of GBM cells [17-19]. 
Highly expressed miRNAs in GBM may play 
oncogenic roles by inhibiting tumor suppres-
sors [20]. By contrast, low-expressed miRNAs 
may serve as tumor suppressors by blocking 
oncogenes [21]. Accordingly, miRNAs may be 
promising biomarkers for the diagnosis, treat-
ment, and prognosis of patients with this dead-
ly malignancy. 

Dysregulation of miR-744 has been identified  
in several human cancer types [22-24]. How- 
ever, to the best of our knowledge, little is 
known concerning the expression pattern and 
biological roles of miR-744 in GBM. In this 
study, the expression level of miR-744 in GBM 
was detected and its clinical significance was 
also evaluated. Functional experiments were 
performed to determine the specific roles of 
miR-744 in the progression and development  
of GBM. Moreover, the molecular mechanisms 
underlying the activity of miR-744 in GBM cells 
were illustrated. Our study may offer a novel 
therapeutic target for the management of pa- 
tients with this malignancy.

Materials and methods 

Human tissue specimens 

A total of 47 paired GBM tissues and adjacent 
non-tumor tissues were obtained from Huizhou 
Municipal Central Hospital between August 
2014 and June 2017. None of the patients had 
been treated with pre-operative radiotherapy or 
chemotherapy. All tissues were obtained imme-
diately after surgical resection and stored at 

-80°C until further use. This study was approv- 
ed by the Ethics Committee of Huizhou Mu- 
nicipal Central Hospital. Written informed con-
sent was obtained from all participations en- 
rolled in the current research. 

Cell culture 

Normal human astrocytes (NHAs) were pur-
chased from ScienCell Research Laboratories 
(Carlsbad, CA, USA), and grown in astrocyte 
medium (ScienCell Research Laboratories) 
supplemented with 10% fetal bovine serum 
(FBS; Gibco; Thermo Fisher Scientific, Waltham, 
MA, USA). In total, 4 GBM cell lines, including 
T98, LN229, U138, and U251, were purchased 
from the Shanghai Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China), and 
cultured in Dulbecco’s modified Eagle medium 
(DMEM) containing 10% FBS and 1% penicil- 
lin/streptomycin mixture (both from Gibco; 
Thermo Fisher Scientific). All cells were main-
tained at 37°C in a humidified chamber sup-
plied with 5% CO2. 

Transfection experiments 

Synthetic miR-744 mimics, miR-744 inhibitor, 
miRNA mimic negative control (miR-NC), and 
negative control RNA inhibitor (NC inhibitor) 
were chemically synthesized by Genepharma 
(Shanghai, China). miR-NC represents as a  
control for the miR-744 mimics, and NC inhibi-
tor was used as the corresponding control for 
miR-744 inhibitor. NOB1 siRNA and negative 
control siRNA (NC siRNA) were obtained from 
Guangzhou RiboBio Co., Ltd. (Guangzhou, 
China). The NOB1 overexpression plasmid pc- 
DNA3.1-NOB1 (pc-NOB1) and empty pcDNA3.1 
plasmid were constructed by the Chinese 
Academy of Sciences (Changchun, China). Ce- 
lls were plated into 6-well plates at an initial 
density of 5 × 105 cells per well. Cell transfec-
tion was performed using Lipofectamine 2000 
Transfection Reagent (Invitrogen; Thermo Fi- 
sher Scientific) in accordance with the manu-
facturer’s protocol. The transfected cells were 
incubated at 37°C with 5% CO2 for 6 h, and the 
transfection mixture was replaced with fresh 
DMEM containing 10% FBS. 

RNA extraction and reverse transcription-quan-
titative polymerase chain reaction (RT-qPCR) 

Total RNA of cell lines or tissue specimens  
was isolated using TRIzol® reagent (Invitrogen; 
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Thermo Fisher Scientific), according to the man-
ufacturer’s instructions. The concentration and 
quality of total RNA was determined using a 
Nanodrop 2000 spectrophotometer (Thermo 
Fisher Scientific). For miR-744 detection, total 
RNA was converted into cDNA using a Taq- 
ManTM MicroRNA Reverse Transcription Kit 
(Applied Biosystems; Thermo Fisher Scientific). 
The synthesized cDNA was then subjected to 
quantitative PCR (qPCR) with a TaqMan microR-
NA assay kit (Applied Biosystems; Thermo 
Fisher Scientific). To quantify NOB1 mRNA ex- 
pression, reverse transcription was conducted 
using a Prime-Script RT Reagent Kit (Takara 
Bio, Dalian, China), followed by qPCR using the 
SYBR Premix Ex TaqTM Kit (Takara Bio). U6 
snRNA and β-actin were used as internal con-
trols to normalize the relative expression levels 
of miR-744 and NOB1, respectively. Relative 
gene expression was analyzed by the 2-ΔΔCq 
method [25].

Cell counting kit-8 (CCK-8) assay 

After incubation at 37°C with 5% CO2 for 24 h, 
cells were collected and inoculated into 96-well 
plates at 3 × 103 cells/well, and the volume of 
the culture medium was 100 μL each well. 
CCK-8 assay (Dojindo, Kumamoto, Japan) was 
carried out to evaluate cell proliferation at 4 
time points: 0, 24, 48, and 72 h after inocula-
tion. In brief, a total of 10 μL CCK-8 solution 
was added into each well and the culture plates 
were incubated at 37°C with 5% CO2 for an 
additional 2 h. The absorbance was detected  
at 450 nm by using a microplate reader (Bio-
Rad Laboratories, Richmond, CA, USA).

Colony formation assay

Transfected cells were harvested after 24 h of 
incubation and seeded into 6-well plates at  
an initial density of 1000 cells/well. After cul-
turing for 2 weeks at 37°C and 5% CO2, cells 
were fixed with 100% methanol and stained 
with methyl violet. The number of colonies 
formed was evaluated under an inverted light 
microscope (Olympus, Tokyo, Japan). 

Flow cytometry analysis of cell apoptosis

The percentage of apoptosis cells was deter-
mined by an Annexin V fluorescein isothiocya-
nate (FITC) Apoptosis Detection Kit (BioLegend, 
San Diego, CA, USA), based on the manufac-

turer’s protocol. In detail, transfected cells  
were harvested at 48 h post-transfection, 
washed thrice with PBS (Gibco; Thermo Fisher 
Scientific) and resuspended in 100 µL of bind-
ing buffer. The cells were then stained with 5 µL 
annexin V-FITC and 5 µL propidium iodide at 
room temperature for 30 min in the dark. Fi- 
nally, stained cells were analyzed by a flow 
cytometer (FACScanTM; BD Biosciences, Fran- 
klin Lakes, NJ, USA).

Transwell migration and invasion assays 

The migratory and invasiveness abilities of 
GBM cells were assessed using an 8-µm pore 
polycarbonate membrane Boyden chamber in- 
sert in a Corning Transwell apparatus (Corning, 
NY, USA). The chambers used for invasion as- 
says were coated with Matrigel (BD Bioscienc- 
es, Bedford, MA, USA), while no Matrigel was 
used for migration assays. For both assays, 
transfected cells were collected at 48 h post-
transfection, washed with FBS-free medium 
and mechanically dissociated into a single cell 
suspension. A total of 5 × 104 cells in 200 µL 
FBS-free DMEM were plated into the upper 
compartment of chamber insets. The lower 
compartments were filled with 500 µL DMEM 
containing 20% FBS to serve as a chemoat- 
tractant. After 24 h of incubation, a cotton 
swab was used to gently remove the cells that 
remained on the upper surface of chamber 
inserts. The migrated and invaded cells were 
fixed with 100% methanol, stained with 0.05% 
crystal violet, washed with PBS, and air-dried. 
The migratory and invasiveness capacities 
were analyzed by counting the number of 
migrated and invaded cells in 5 randomly cho-
sen microscopic fields as observed under an 
inverted light microscope. 

Xenograft tumor assay 

BALB/c nude mice aged 4-6 weeks old were 
acquired from the Shanghai Laboratory Animal 
Center (Shanghai, China). Cells transfected 
with miR-744 mimics or miR-NC was subcuta-
neously injected into both flanks of nude mice 
(4 nude mice per group). The nude mice were 
maintained in pathogen-free conditions for 1 
month. The width and length of the tumor xeno-
grafts formed was detected every 2 days using 
a Vernier caliper. On day 31, all mice were sac-
rificed, and the weights of the tumor xenografts 
were measured. The tumor volumes were cal-
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culated by the following formula: volume (mm3) 
= width2 (mm2) * length (mm)/2. The animal 
experiments were approved by the Ethics Re- 
view Committee of Huizhou Municipal Central 
Hospital.

Bioinformatics analysis and luciferase reporter 
assay 

Two miRNA target prediction websites, includ-
ing TargetScan (http://targetscan.org/) and 
miRDB (http://www.mirdb.org/), were used to 
search for the putative targets of miR-744. 
NOB1 was predicted as the potential target of 
miR-744, and this association was then evalu-
ated using a luciferase reporter assay. The 
3’-UTR of NOB1 containing wild type (wt) and 
mutant (mut) miR-744 binding site was chemi-
cally constructed by Genepharma, cloned into 
the pmirGLO luciferase reporter vector (Pro- 
mega Corporation, Madison, WI, USA) to gener-
ate pmirGLO-NOB1-3’-UTR wt and pmirGLO-
NOB1-3’-UTR mut, respectively. For the reporter 
assay, cells were plated into 24-well plates at 
1.0 × 105 cells per well. Lipofectamine 2000 
was employed to co-transfect cells with miR-
744 mimics/inhibitor or miR-NC/NC inhibitor 
and pmirGLO-NOB1-3’-UTR wt or pmirGLO-NO- 
B1-3’-UTR mut, according to the manufactur-
er’s protocol. A total of 48 h after transfection, 
luciferase activity was measured using a Dual-
Luciferase Reporter Assay System (Promega 
Corporation). The Renilla luciferase activity  
was normalized to that of the firefly luciferase 
activity.

(Millipore, Burlington, MA, USA). After blocking 
for 2 h with 5% fat-free milk, the membranes 
were incubated overnight at 4°C with primary 
antibodies against NOB1 (cat. no. ab224619; 
1:1,000 dilution) or GAPDH (cat. no. ab201822; 
1:1,000 dilution; both from Abcam, Cambridge, 
UK). After that, the membranes were wash- 
ed thrice with Tris-buffered saline and 0.05% 
Tween-20 (TBST) followed by incubation with a 
goat anti-mouse horseradish peroxidase-conju-
gated secondary antibody (cat. no. ab6721; 
1:5,000 dilution; Abcam) at room temperature 
for 2 h. Finally, the protein signals were devel-
oped using an ECL Protein Detection Kit (Pier- 
ce Biotechnology, Inc.). GAPDH was used as a 
loading control.

Statistical analysis

SPSS software (version 18.0; SPSS, Inc., Chi- 
cago, IL, USA) was used for all statistical analy-
sis. All data are presented as the mean ± SD 
from 3 independent experiments. The compari-
son of data was performed using Student’s 
t-test or one-way analysis of variance (ANOVA). 
Dunnett’s test was applied for post hoc analy-
sis following ANOVA. χ2 test was adopted to 
analyze the relation between miR-744 expres-
sion and clinicopathological variables of GBM 
patients. The correlation between miR-744 and 
NOB1 mRNA levels was determined using Spe- 
arman’s correlation analysis. P<0.05 was con-
sidered to indicate a statistically significant 
difference.

Figure 1. miR-744 is downregulated in GBM tissues and cell lines. A. Rela-
tive miR-744 expression was determined in 47 paired GBM tissues and 
adjacent non-tumor tissues. *P<0.05 vs. non-tumor tissues. B. RT-qPCR 
analysis was used to detect miR-744 expression in 4 GBM cell lines (T98, 
LN229, U138, and U251) and normal human astrocytes (NHAs). *P<0.05 
vs. NHAs. 

Protein extraction and western 
blot analysis 

A total protein extraction kit 
(Nanjing KeyGen Biotech Co., 
Ltd., Nanjing, China) was used 
to isolate total protein from  
tissue specimens or cells ac- 
cording to the manufacturer’s 
instructions. The concentrati- 
on of total protein was deter-
mined with a Bicinchoninic 
Acid Assay Kit (Pierce Biote- 
chnology Inc., Rockford, IL, 
USA). Equal amounts of prote- 
in were loaded onto 10% SDS-
PAGE gels for electrophoresis 
and transferred to polyvinyli-
dene difluoride membranes 
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Results 

miR-744 is downregulated in GBM tissues and 
cell lines 

To examine the expression status of miR-744  
in GBM, we performed RT-qPCR analysis in 47 
paired GBM tissues and adjacent non-tumor 
tissues. The data revealed that miR-744 was 
significantly downregulated in GBM tissues 
compared with that in adjacent non-tumor tis-
sues (Figure 1A, P<0.05). We then explored the 
relationship between miR-744 and clinicopath-
ological characteristics of GBM patients. All 
patients were divided into either an miR-744-
low or miR-744-high expression group based  
on the median value of miR-744. Statistical 
analysis indicated that expression level of miR-
744 was correlated with the Karnofsky Per- 
formance Scale (KPS; P = 0.013) and World 
Health Organization (WHO) grade (P = 0.005) 
and GBM patients (Table 1). However, there 
was no significant association with gender (P = 
0.474), age (P = 0.423) or extension of resec-
tion (P = 0.679) in GBM patients. 

We next detected the expression levels of miR-
744 in 4 GBM cell lines (T98, LN229, U138, 
and U251) and normal human astrocytes 

(NHAs). The data obtained from RT-qPCR analy-
sis showed that expression level of miR-744 
was lower in all tested GBM cell lines compared 
to NHAs (Figure 1B, P<0.05). Taken together, 
these results imply that miR-744 expression is 
decreased in GBM, suggesting that this miRNA 
may have tumor-suppressor activity in GBM 
progression. 

miR-744 inhibits the proliferation and colony 
formation, and induces apoptosis of GBM cells 

We performed gain- and loss-of-function assays 
to investigate the functional roles of miR-744 in 
GBM cells. T98 and U251 exhibited the rela-
tively lowest and highest miR-744 expression 
among the 4 GBM cell lines, respectively; thus, 
T98 and U251 cells were transfected with miR-
744 mimics and miR-744 inhibitor, respective- 
ly. miR-744 expression in the transfected cells 
was evaluated by RT-qPCR and was demon-
strated to be markedly upregulated in T98 cells 
transfected with miR-744 mimics but signifi-
cantly decreased in U251 cells treated with the 
miR-744 inhibitor (Figure 2A, P<0.05). The pro-
liferation of GBM cells, measured by CCK-8 
assay, was shown to be markedly decreased in 
the miR-744 overexpressing-T98 cells, and in- 
creased in the U251 cells after transfection 
with miR-744 inhibitor (Figure 2B, P<0.05). 
Additionally, colony formation assays revealed 
that the colony formation ability in T98 cells 
transfected with miR-744 mimics was sup-
pressed compared to cells transfected with 
miR-NC; the colony formation ability in U251 
cells transfected with the miR-744 inhibitor  
was elevated relative to that in NC inhibitor 
groups (Figure 2C, P<0.05). Furthermore, flow 
cytometry analysis was utilized to examine the 
effect of miR-744 expression in GBM cell apo- 
ptosis. As shown in Figure 2D, in miR-744 mim-
ics-transfected T98 cells, the apoptosis rate 
was noticeably elevated. On the contrary, the 
percentage of apoptotic cells was significantly 
restricted in U251 cells following miR-744 in- 
hibitor transfection (Figure 2D, P<0.05). These 
results suggest that miR-744 may play inhibito-
ry roles in the growth of GBM cells in vitro. 

miR-744 attenuates the migration and inva-
sion of GBM cells 

Next, transwell migration and invasion assays 
were carried out in order to investigate the 
effects of miR-744 in GBM cell metastasis. The 

Table 1. The relationship between of miR-744 
and clinicopathological characteristics of GBM 
patients

Characteristics
miR-744 expression

p
Low High

Gender 0.474
    Male 15 12
    Female 9 11
Age 0.423
    <55 years 10 7
    ≥55 years 14 16
Extension of resection 0.679
    Subtotal 8 9
    Total 16 14
KPS
    ≥80 7 15 0.013*
    <80 17 8
WHO grade
    I-II 8 17 0.005*
    III 16 6
*P<0.05. KPS, Karnofsky performance score; WHO, World 
Health Organization.
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Figure 2. Effects of miR-744 on cell proliferation, colony formation, and apoptosis in GBM cells. T98 cells were transfected with miR-744 mimics or miR-NC, while 
U251 cells were treated with miR-744 inhibitor or NC inhibitor. A. Expression level of miR-744 in T98 cells was significantly increased by miR-744 mimics but was 
decreased by miR-744 inhibitor in U251 cells. *P<0.05 vs. miR-NC. #P<0.05 vs. NC inhibitor. B. The proliferation ability in the abovementioned cells was evaluated 
using CCK-8 assay. *P<0.05 vs. miR-NC. #P<0.05 vs. NC inhibitor. C. Colony formation assay was applied to examine the colony formation ability in T98 and U251 
cells treated as described above. *P<0.05 vs. miR-NC. #P<0.05 vs. NC inhibitor. D. Following transfection 48 h, flow cytometry analysis was carried out to measure 
the apoptosis rate. *P<0.05 vs. miR-NC. #P<0.05 vs. NC inhibitor.
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Figure 3. miR-744 plays an inhibitory role in the migratory and invasive abilities of GBM cells. T98 and U251 cells were transfected with miR-744 mimics and miR-
744 inhibitor for 48 h, respectively. Transwell migration and invasion assays were employed to assess the migration (A) and invasion (B). *P<0.05 vs. miR-NC. 
#P<0.05 vs. NC inhibitor.
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results showed that miR-744 mimics transfec-
tion prohibited the migration (Figure 3A, P< 
0.05) and invasion (Figure 3B, P<0.05) of T98 
cells, while miR-744 inhibitor promoted these 
abilities compared with NC inhibitor groups in 
U251 cells. These results suggest that miR-744 
may markedly decrease in vitro metastasis of 
GBM cells.

NOB1 is a direct target gene of miR-744 in 
GBM cells 

To illustrate the mechanism underlying the 
tumor-suppressor activity of miR-744 in GBM 
cells, we predicted the putative target genes of 
miR-744 by bioinformatics analysis. The seed 
sequences of miR-744 matched the 3’-UTR of 
NOB1 (Figure 4A). NOB1 was chosen for fur-
ther identification because this gene was previ-
ously reported to be involved in the genesis  
and development of GBM [26, 27]. The lucifer-
ase reporter assay was carried out to confirm 
that NOB1 is the target gene of miR-744 as pre-
dicted. The results revealed that the luciferase 
activity of plasmid carrying wt NOB1 3’-UTR 
was significantly decreased by miR-744 overex-
pression in T98 cells or increased by miR-744 
inhibition in U251 cells (Figure 4B, P<0.05). 

However, these effects were abolished when 
the miR-744 binding sequences in the 3’-UTR  
of NOB1 were mutated. Furthermore, results of 
RT-qPCR showed that miR-744 upregulation 
reduced NOB1 expression in T98 cells, while 
miR-744 knockdown increased NOB1 expres-
sion in U251 cells, at both the mRNA (Figure 
4C, P<0.05) and protein (Figure 4D, P<0.05) 
levels. These results suggest that NOB1 is a 
direct target gene of miR-744 in GBM cells. 

miR-744 expression is inversely correlated with 
NOB1 expression in GBM tissues 

To clarify the association between miR-744  
and NOB1 in GBM, we detected NOB1 expres-
sion in 47 paired GBM tissues and adjacent 
non-tumor tissues. RT-qPCR analysis showed 
that the expression level of NOB1 was higher in 
GBM tissues than that in adjacent non-tumor 
tissues (Figure 5A, P<0.05). Meanwhile, west-
ern blot analysis was utilized to measure NOB1 
protein expression in several pairs of GBM tis-
sues and adjacent non-tumor tissues. It was 
observed that the NOB1 protein was upregu-
lated in GBM tissues compared with that in 
adjacent non-tumor tissues (Figure 5B and 5C, 
P<0.05). Furthermore, an inverse correlation 

Figure 4. NOB1 is a direct target gene of miR-744 in GBM cells. A. The NOB1 3’-UTR contains the predicted miR-
744 binding site. The mut miR-744 binding sequences are also shown. B. T98 and U251 cells were transfected with 
luciferase reporter plasmid harboring wt or mut NOB1 3’-UTR and miR-744 mimics or miR-744 inhibitor. Luciferase 
reporter assay was performed after 48 h of incubation. *P<0.05 vs. miR-NC. #P<0.05 vs. NC inhibitor. C, D. The 
effects of miR-744 on the expression of NOB1 mRNA and protein levels in T98 and U251 cells using RT-qPCR and 
western blot analysis, respectively. *P<0.05 vs. miR-NC. #P<0.05 vs. NC inhibitor.
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Figure 5. Upregulation of NOB1 is inversely correlated with miR-744 ex-
pression in GBM tissues. A. Expression levels of NOB1 mRNA in 47 paired 
GBM tissues and adjacent non-tumor tissues were detected by RT-qPCR. 
*P<0.05 vs. non-tumor tissues. B, C. NOB1 protein expression in several 
paired GBM tissues and adjacent non-tumor tissues was evaluated using 
western blot analysis. *P<0.05 vs. non-tumor tissues. D. Spearman’s corre-
lation analysis of the relationship between miR-744 and NOB1 mRNA levels 
in GBM tissues. r = -0.5150, P = 0.0002.

was identified between miR-744 and NOB1 
mRNA levels in GBM tissues (Figure 5D; r = 
-0.5150, P = 0.0002). These results suggest 
that the upregulation of NOB1 in GBM tissues 
was, at least partly, induced by miR-744 down- 
regulation. 

Inhibition of NOB1 phenocopies the tumor 
suppressive effects of miR-744 overexpression 
in GBM cells 

NOB1 was validated as a direct target gene of 
miR-744 in GBM cells; hence, we subsequently 
explored the functional roles of NOB1 in GBM 
cells. To this end, siRNA targeting the expres-
sion of NOB1 (NOB1 siRNA) was applied to 
knock down endogenous NOB1 expression in 
T98 and U251 cells. Western blot analysis con-
firmed that NOB1 siRNA transfection effective-
ly decreased NOB1 protein expression in T98 
and U251 cells (Figure 6A, P<0.05). As expect-
ed, NOB1 knockdown restricted the prolifera-
tion (Figure 6B, P<0.05) and colony formation 

(Figure 6C, P<0.05), promot- 
ed apoptosis (Figure 6D, P< 
0.05), and decreased migra-
tion (Figure 6E, P<0.05) and 
invasion (Figure 6F, P<0.05)  
of T98 and U251 cells. These 
results demonstrate that the 
biological roles of NOB1 kno- 
ckdown are similar with those 
induced by miR-744 overex-
pression in GBM cells, further 
suggesting NOB1 as a func-
tional downstream target of 
miR-744 in GBM cells. 

Recovered NOB1 expression 
abolishes the effects of miR-
744 in the malignant pheno-
types of GBM cells 

Rescue experiments were con-
ducted to address the fact th- 
at the effects of miR-744 in 
malignant phenotypes of GBM 
cells were mediated by regu- 
lation of NOB1. miR-744-over-
expressing T98 cells were tr- 
ansfected with a NOB1 overex-
pression plasmid (pc-NOB1), 
while miR-744 inhibitor-trans-
fected U251 cells were co-tr- 
ansfected with NOB1 siRNA, in 

order to recover NOB1 expression. Following 
transfection, western blot analysis revealed 
that the downregulation of NOB1 caused by 
miR-744 overexpression was restored in T98 
cells after co-transfection with pc-NOB1 (Fi- 
gure 7A, P<0.05). In addition, NOB1 siRNA co-
transfection recovered NOB1 expression in 
U251 cells that was increased by miR-744 
underexpression (Figure 7A, P<0.05). Func- 
tional experiments demonstrated that recov-
ered NOB1 expression abolished the effects  
of miR-744 in the proliferation (Figure 7B, 
P<0.05), colony formation (Figure 7C, P<0.05), 
apoptosis (Figure 7D, P<0.05), migration (Fi- 
gure 7E, P<0.05), and invasion (Figure 7F, 
P<0.05) of T98 and U251 cells. These results 
suggest that miR-744 may serve a suppressive 
role in GBM cells, at least partly, via directly tar-
geting NOB1. 

miR-744 inhibits tumor growth of GBM in vivo

To further investigate the effect of miR-744 in 
the GBM in in vivo tumor growth, a xenograft 



Deng et al. MiR-744 in glioblastoma

2247 Am J Cancer Res 2018;8(11):2238-2253

Figure 6. Downregulation of NOB1 suppresses GBM cell proliferation and colony formation, promotes cell apop-
tosis, and impedes cell migration and invasion. T98 and U251 cells were treated with NOB1 siRNA or NC siRNA. 
After incubation for different times, transfected cells were used in the following assays. A. Western blot analysis 
was conducted to determine NOB1 protein expression in T98 and U251 cells transfected with NOB1 siRNA or NC 
siRNA. *P<0.05 vs. NC siRNA. B, C. Proliferation and colony formation capacities in the abovementioned cells 
were examined using CCK-8 and colony formation assays, respectively. *P<0.05 vs. NC siRNA. D. The percentage 
of apoptotic cells was evaluated in NOB1 siRNA or NC siRNA transfected- T98 and U251 cells via flow cytometry 
analysis. *P<0.05 vs. NC siRNA. E, F. Transwell migration and invasion assays were used to determine the effects of 
NOB1 knockdown on the migration and invasion in T98 and U251 cells. *P<0.05 vs. NC siRNA.

tumor assay was performed. Firstly, T98 cells 
transfected with miR-744 mimics or miR-NC 
were subcutaneously implanted into nude 

mice. The tumor volume was determined, dem-
onstrating that the volume of tumor xenografts 
in miR-744 group were lower than those of the 
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Figure 7. NOB1 reintroduction reverses the effects of miR-744 on GBM cells in vitro. T98 cells were co-transfected with miR-744 mimics and pc-NOB1 or pcDNA3.1, 
while miR-744 inhibitor along with NC siRNA or NOB1 siRNA was transfected into U251 cells. A. Western blot analysis was carried out to measure NOB1 protein 
expression. *P<0.05 vs. miR-NC. **P<0.05 vs. miR-744 mimics+pcDNA3.1. #P<0.05 vs. NC inhibitor. **P<0.05 vs. miR-744 inhibitor+NC siRNA. B-F. Proliferation, 
colony formation, apoptosis, migration and invasion in T98 and U251 cells treated as above were examined using CCK-8 assay, colony formation assay, flow cytom-
etry analysis, and transwell migration and invasion assays, respectively. *P<0.05 vs. miR-NC. **P<0.05 vs. miR-744 mimics+pcDNA3.1. #P<0.05 vs. NC inhibitor. 
**P<0.05 vs. miR-744 inhibitor+NC siRNA.
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miR-NC group (Figure 8A and 8B, P<0.05). The 
maximum diameter of a single tumor was 1.8 
cm, while the minimum was 0.5 cm. The wei- 
ghts of tumor xenografts formed were also 
measured on day 31, after all mice were sacri-
ficed. It was observed that the tumor weights in 
the miR-744 group were lower than those of the 
miR-NC-treated group (Figure 8C, P<0.05). In 
addition, the expression level of miR-744 in the 
tumor xenografts was detected by RT-qPCR. 
The results showed that miR-744 was marked- 
ly upregulated in the miR-744 mimics-treated 
tumor xenografts (Figure 8D, P<0.05). Further- 
more, the tumor xenografts of the miR-744 
group expressed lower levels of NOB1 protein 
compared to the miR-NC group (Figure 8E). 
These results demonstrate that miR-744 direct-
ly targets NOB1 to exert a significant inhibitory 
effect on the growth of GBM cells in vivo.

Discussion 

In recent years, miRNAs have garnered increas-
ing attention for their crucial roles in tumori- 
genesis and tumor development [28, 29]. 
Changes in miRNA expression have been de- 
tected in almost all human cancer types, includ-
ing GBM [12, 13, 30]. Dysregulation of miRNAs 
may play tumor-suppressing or oncogenic roles 

in GBM initiation and progression, and may be 
involved in the regulation of multiple pathologi-
cal behaviors. Therefore, identifying the clinical 
value and functional role of GBM-related miR-
NAs may provide effective therapeutic targets 
for the treatment of patients with this fatal 
malignancy. In this study, we detected miR-744 
expression in GBM for the first time and deter-
mined its clinical significance. Additionally, the 
specific roles and underlying molecular mecha-
nisms of miR-744 in GBM progression were 
investigated. This study helps to illustrate the 
role of miR-744 in GBM and may be an effective 
therapeutic target for GBM therapy. 

miR-744 is downregulated in colorectal cancer, 
and the downregulation of miR-744 is signi- 
ficantly correlated with lymphatic metastasis 
and TNM stage [22]. miR-744 is also low-ex- 
pressed in cervical cancer [23] and hepatocel-
lular carcinoma [24]. By contrast, miR-744 is 
upregulated in nasopharyngeal carcinoma. Hi- 
ghly expressed miR-744 is strongly associated 
with the tumor node stage, and clinical stage 
and grade in nasopharyngeal carcinoma pa- 
tients. Nasopharyngeal carcinoma patients wi- 
th high miR-744 expression exhibit lower five-
year overall and relapse-free survival rates 
compared to patients with high miR-744 expres-

Figure 8. miR-744 hinders GBM tumor growth in vivo. A. Tumor xenografts derived from miR-744 mimics or miR-NC-
transfected T98 cells. B. The volume of tumor xenografts was detected every 2 days until mice were sacrificed. The 
tumor volumes were calculated by the following formula: volume (mm3) = width2 (mm2) * length (mm)/2. *P<0.05 
vs. miR-NC. C. The weight of excised tumor xenografts in the miR-744 or miR-NC group. *P<0.05 vs. miR-NC. D. miR-
744 expression in tumor xenografts derived from miR-744 mimics or miR-NC-transfected T98 cells was detected 
using RT-qPCR. *P<0.05 vs. miR-NC. E. Western blot analysis was used to measure protein expression in tumor 
xenografts.
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sion [31]. Notably, miR-744 expression level is 
identified as an independent biomarker for pre-
dicting the clinical outcomes of nasopharyn-
geal carcinoma patients [31]. Furthermore, 
miR-744 is overexpressed in prostate cancer 
[32], laryngeal squamous cell carcinoma [33], 
and pancreatic cancer patients [34, 35]. How- 
ever, little is known about the expression pat-
tern of miR-744 in GBM. To address this, RT- 
qPCR analysis was used to measure miR-744 
expression in GBM tissues and cell lines. More 
importantly, the clinical significance of miR-744 
in GBM patients was determined. The data 
revealed that miR-744 was decreased in GBM, 
and it exhibited a significant relationship with 
KPS and WHO grade. These studies suggest 
that miR-744 may be a biomarker for the diag-
nosis of patients with these specific cancer 
types. 

miR-744 overexpression inhibits the prolifera-
tion and invasion of colorectal cancer cells 
[22]. In cervical cancer, ectopic miR-744 ex- 
pression attenuates cell proliferation and pro-
motes cell apoptosis [23]. In hepatocellular  
carcinoma, resumption of miR-744 expression 
restricts cell proliferation and induces cell cycle 
arrest [36]. By contrast, miR-744 plays an onco-
genic role in prostate cancer by regulating cell 
growth and metastasis in vitro as well tumor 
growth in vivo [32]. In addition, miR-744 serves 
as an oncogene in laryngeal squamous cell car-
cinoma [33], pancreatic cancer [35], and naso-
pharyngeal carcinoma [37]. However, the de- 
tailed roles of miR-744 in GBM progression and 
development have not been elucidated as of 
yet. Herein, a series of experiments were per-
formed to explore the effects of miR-744 in 
GBM cells. The results showed that restoration 
of miR-744 expression prohibited GBM cell pro-
liferation and colony formation, increased cell 
apoptosis, decreased migration and invasion in 
vitro, and inhibited tumor growth in vivo. miR-
744 knockdown exerted an opposite effect on 
these behaviors of GBM cells. These findings 
suggest miR-744 as a novel promising thera-
peutic target for treating patients with these 
human cancer types. 

Identification of the direct targets of miR-744 in 
GBM is essential for understanding their func-
tional roles in the GBM genesis and develop-
ment, and may be useful in developing effec-
tive therapeutic techniques. In our current 
study, NOB1, an essential gene encoding the 

Nin one binding protein, was demonstrated to 
be a novel and downstream direct target gene 
of miR-744 in GBM cells. High expression of 
NOB1 has been reported in several human 
malignant tumor types, such as prostate can-
cer [38], ovarian cancer [39], gastric cancer 
[40], and non-small cell lung cancer [41]. It is 
upregulated in GBM tissues and significantly 
correlates with tumor grade [26]. GBM patients 
with high NOB1 levels possess unfavorable 
clinical outcomes compared to patients with 
low NOB1 levels [27]. NOB1 is implicated in the 
regulation of GBM genesis and development  
by affecting cell proliferation, colony formation, 
cell cycle, apoptosis, and metastasis [26, 27]. 
In our current study, miR-744 directly targeted 
NOB1 to inhibit the aggressive behaviors of 
GBM cells. Therefore, the miR-744/NOB1 axis 
may be a therapeutic target to block the rapid 
growth and metastasis of GBM. 

In conclusion, we found that miR-744 was 
downregulated in GBM tissues and cell lines. 
Low miR-744 expression was significantly cor-
related with KPS and WHO grade in GBM 
patients. Further functional investigation re- 
vealed that miR-744 directly targets NOB1 to 
exert tumor suppressor activity in GBM cell pro-
liferation, colony formation, apoptosis, migra-
tion, invasion in vitro and tumor growth in vivo. 
This study provides new clues to guide thera-
peutic intervention for GBM patients.
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