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MicroRNA-10b-5p downregulation inhibits the invasion of
glioma cells via modulating homeobox B3 expression
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Abstract. MicroRNA-10b (miR-10b) has been reported to
be specifically upregulated in glioma tissues and cell lines.
The aim of the present study was to investigate the effect
of miR-10b-5p on the proliferation and invasion of glioma
cells, and the possible underlying molecular mechanism.
Cell viability was evaluated using an MTT assay, and flow
cytometry was performed for cell cycle analysis. The effects
of miR-10b-5p on glioma cell migration and invasion were
assessed using wound healing and Transwell assays, respec-
tively. The activity of matrix metalloproteinase 2 (MMP2) was
also determined using zymography. Furthermore, homeobox
B3 (HOXB3) mRNA expression in glioma cells was examined
using quantitative polymerase chain reaction analysis. The
protein expression levels of HOXB3, high mobility group box 1
(HMGBI) and Ras homolog family member C (RhoC) were
further measured using western blotting. It was observed that
glioma cells transfected with miR-10b-5p inhibitor exhibited
significantly decreased proliferation. The wound healing and
Transwell assays demonstrated that the miR-10b-5p inhibitor
reduced the ability of glioma cells to migrate and invade,
while transfection with miR-10b-5p mimic exhibited the
opposite effect. HOXB3 was downregulated by miR-10b-5p at
both the mRNA and protein levels. In addition, the expression
of proteins associated with migration and invasion, including
HMGBI, RhoC and MMP2, was upregulated in glioma cells
transfected with miR-10b-5p mimic, while these proteins were
downregulated in cells transfected with miR-10b-5p inhibitor.
Taken together, the findings of the present study indicated that
miR-10b-5p downregulation suppressed glioma cell prolifera-
tion and invasion, possibly by modulating HOXB3, which may
provide a novel bio-target for glioma therapy.
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Introduction

Malignant glioma is the most common intracranial brain
tumor, characterized by continuous growth, aggressive
behavior, invasiveness and high genetic heterogeneity. The
highly infiltrative and migrating behavior of glioma leads to
diffuse growth and frequent recurrence of the tumor (1). The
mean survival of patients with glioma is ~14 months after
diagnosis, despite aggressive treatment with neurosurgery,
radiotherapy and chemotherapy (2). Therefore, better thera-
peutic strategies, such as new molecular targets, are urgently
required to effectively prevent glioma cell invasion.

Recent research revealed the important roles of
microRNA-10b (miR-10b) processing in glioma cell
growth, migration and invasion (3). miR-10b belongs to the
miR-10 family and is located on chromosome 2q31.1, in the
middle of the homeobox D (HOXD) cluster and upstream
of HOXD4 (4). miR-10b has been reported to be highly and
specifically expressed in glioblastoma tissues and glioma cell
lines (5,6). High expression of miR-10b has been associated with
high-grade glioma and poor prognosis (7), whereas miR-10b
downregulation suppressed the growth of subcutaneous and
intracranial glioblastoma xenografts (8). In glioma, miR-10b
downregulated several key cell cycle inhibitors and proapop-
totic genes, such as Bim, TFAP2C, pl6 and p21, indicating its
function in promoting the cell cycle (9). In addition, miR-10b
has been demonstrated to suppress TP53, PAX6, NOTCHI1
and HOXDI10 gene expression, which may coordinately
regulate cancer invasion (10). Our previous study reported
that miR-10b directly targeted Apaf-1 to regulate glioma cell
apoptosis (11). Although several targets of miR-10b have been
identified in glioma, the exact mechanism underlying the
induction of glioma cell invasion by miR-10b remains unclear.
Thus, the current study attempted to follow up on the role of
miR-10b-5p in glioma, exploring its expression and functions
on cell proliferation and invasion.

Based on sequence alignment with the miRBase database
(www.mirbase.org/), miR-10b may target human HOXBS3.
HOXB3 is a transcription factor located on chromosome 17,
which acts as a metastasis suppressor gene, and participates
in cell apoptosis, proliferation, migration, invasion and
epithelial-to-mesenchymal transition (12). Chen et al (13)
reported that miR-10b targeted HOXB3 in endometrial
cancer, which inhibited apoptosis and promoted cell prolif-
eration, migration and invasion. Yang et al (14) also found
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that the upregulation of HOXB3 inhibited pancreatic cancer
cell proliferation, migration and chemosensitivity. Therefore,
it may be hypothesized that HOXB3 plays a functional role
in glioma cells.

In the present study, to explore the effect of miR-10b on
glioma cell proliferation and invasion, miR-10b-5p mimic
or inhibitor was transfected into U87 and U251 cells.
Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) analysis was applied to assess the mRNA
expression level of HOXB3 in glioma cells. Furthermore, the
effect of miR-10b-5p on the expression of invasion-associated
proteins in glioma cells was investigated using various
methods, including western blotting and zymography. The
results of the present study may provide an insight into the
molecular mechanisms underlying the effect of miR-10b-5p
in glioma cells.

Materials and methods

Cell lines and cell culture. The human glioma cell lines U251
(cat. no. TCHu 58) and U87-MG (glioblastoma of human
origin, cat. no. TCHul38; Chinese Academy of sciences)
were obtained from the National Infrastructure of Cell Line
Resource (Shanghai, China) and grown in Dulbecco's modi-
fied Eagle's medium and RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), respectively.
Complete medium was supplemented with 10% fetal bovine
serum (FBS), 100 U/ml penicillin and 100 mg/ml strepto-
mycin (Gibco; Thermo Fisher Scientific, Inc.). The cell lines
were cultured in an incubator at 37°C with a 5% CO, atmo-
sphere. The cell lines were identified by the Genetic Testing
Biotechnology Corporation (Suzhou, China) and represented
a 94% match with the cell lines of the DSMZ Reference
Database.

Transient transfection. miR-10b-5p mimic, inhibitor and
corresponding negative control were chemically synthe-
sized by RiboBio Co., Ltd. (Guangzhou, China). The mimic
and inhibitor sequences were as follows: miR-10b-5p
mimic, 5'-UACCCUGUAGAACCGAAUUUGUG-3"; and
control mimic, 5-UUUGUACUACACAAAAGUACUG-3';
miR-10b-5p inhibitor, 5'-UACCCUGUAGAACCGAAUUUG
UG-3', and control inhibitor, 5'-UCACAACCUCCUAGA
AAGAGUAGA-3'". Prior to transfection, cells were plated at
70-80% confluence, and then transfection of oligonucleotides
was performed using the Lipofectamine™ 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). A total of 100 nM
mimic, 200 nM inhibitor or corresponding control miRNA
was added to each well. The cells were incubated for 48 h after
transfection and then subjected to various assays.

Cell viability assay. U87 and U251 cells (5x10° cells/well)
were seeded in triplicate into 96-well plates in 100 xl complete
medium. Cells were then transfected with miR-10b-5p mimic,
miR-10b-5p inhibitor or control miRNA. After 48 h of
incubation, cell viability was evaluated using an MTT assay.
Approximately 20 ul of 5 mg/ml MTT solution (Thermo Fisher
Scientific, Inc.) was added to each well, and the samples were
incubated for 4 h at 37°C. Subsequently, the supernatant was
carefully removed, and 150 1 DMSO was added to dissolve
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the cells. The optical density at 570 nm was measured using a
microplate reader (Thermo Fisher Scientific, Inc.).

Cell cycle analysis. U87 and U251 cells (1x10° cells/well)
were seeded into 24-well plates and allowed to grow for 48 h,
followed by transfection with miR-10b-5p mimic or inhibitor.
Cells were harvested by trypsinization, and then cell pellets
were collected, washed twice with phosphate-buffered saline
(PBS) and fixed with 70% ethanol for 3 h at -20°C. The fixed
cells were washed once with PBS, mixed with an equal
volume of Muse cell cycle reagent (Merck KGaA, Darmstadt,
Germany) and then incubated for 30 min at room temperature
in the dark. Then cells were analyzed by flow cytometry. The
distribution of cells at each cell cycle phase was determined
by Muse® Cell Analyzer using the Muse® Cell Cycle Assay
kit (Merck KGaA), analyzing a mean number of 10,000 cells.

Wound healing assay. U87 and U251 cells (1x10° cells/well)
were seeded into 6-well plates. After reaching 70% conflu-
ence, the cells were transfected with miR-10b-5p mimic or
inhibitor, and incubated for 48 h. Using a 200-ul sterile pipette
tip, three scratches were created in each well (15). Next, the
cells were washed twice with PBS and incubated in medium
supplemented with 2% FBS for 24 h. In order to assess the
cell migration, images of the wells were captured at 0 and
24 h in three randomly selected microscopic fields (Olympus
Corporation, Tokyo, Japan). The distance over which the
cells had migrated into the denuded area was determined
by measuring the wound width at 0 and 24 h using ImageJ
software (National Institutes of Health, Bethesda, MD, USA)
to calculate the healing rate.

In vitro migration and invasion assays. Cell migration
and invasion were assayed using 8-ym pore polycarbonate
membrane Transwell chambers (Corning Costar, Corning,
NY, USA). Briefly, U87 and U251 cells seeded in 6-well
plates (1x10° cells/well) transfected with miR-10b-5p mimic
or inhibitor for 48 h were transferred onto the upper Transwell
chamber that was filled with 200 pl serum-free medium for
24 h. Complete medium (600 pl) was added to the lower
chamber of each well. For the Transwell invasion assay, the plate
inserts used were precoated with Matrigel (BD Biosciences,
San Jose, CA, USA). After 24 h, the cells were washed three
times with PBS, and non-migratory or non-invasive cells in
the upper side of the chambers were removed with cotton
swabs. The cells that had migrated or invaded were fixed in
4% paraformaldehyde and then stained with 0.5% crystal
violet solution for 30 min. Following washing twice with PBS,
images of the cells were obtained at a magnification of x200.
Finally, the chambers were eluted by 33% acetic acid, and the
optical density at 570 nm was measured.

Gelatin zymography. The activity of matrix metalloproteinase
2 (MMP2) in the miR-10b-5p mimic or inhibitor groups was
analyzed in order to assess changes in the invasive ability of
glioma cells. Briefly, supernatant fractions of cells cultured in
serum-free medium for 24 h were concentrated using 10 kDa
Vivaspin 500 (Sartorius AG, Géttingen, Germany). Equal
amounts of proteins were separated via 8% SDS-PAGE with
0.1% gelatin under non-reducing conditions. Following the
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completion of electrophoresis, the gels were washed twice with
renaturing buffer (containing 50 mM Tris-HCI, pH 7.6, 5 mM
CaCl,, 1 uM ZnCl, and 2.5% Triton X-100) within 30 min at
room temperature. The gels were subsequently incubated in
developing buffer (containing 50 mM Tris-HCI, pH 7.6, 5 mM
CaCl,, 1 uM ZnCl,, 200 mM NaCl and 0.02% Brij-35) at 37°C
for 24 h, washed in water, stained with Coomassie Brilliant
Blue R-250 for 1 h, and then destained with 40% methanol and
5% acetic acid until the bands were visible. Band intensities
were quantitatively determined by ImagelJ software.

miR-10b-5p target gene identification. Using bioinformatics
software (TargetScan7.1; www.targetscan.org/vert_71/; and
miRanda database; www.mirbase.org/), gene binding sites
between miR-10b-5p and HOXB3 were detected.

RT-gPCR analysis. Total RNA was isolated from the cultured
cells using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). To quantify the relative content of miR-10b-5p
and HOXB3 mRNA, ~1 ug of RNA from each sample was
reverse-transcribed using the Advantage RT-for-PCR kit (Takara
Biotechnology Co., Ltd., Dalian, China). RT was conducted with
oligo d(T)18 primers (Takara Biotechnology Co., Ltd.) and the
miR-10b-5p RT primer, 5-CTCAACTGGTGTCGTGGAGTC
GGCAATTCAGTTGAGCACAAATT-3' (Genscript Biotech,
Piscataway, NJ, USA). Next, qPCR was run using SYBR Green
PCR Master Mix (Invitrogen; Thermo Fisher Scientific, Inc.)
and specific primers for miR-10b-5p, U6, HOXB3 and [-actin
on an iQ5 Sequence Detector (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). The primer sequences were as follows:
miR-10b-5p, 5-GGGTACCCTGTAGAACCG-3' (forward) and
5-AACTGGTGTCGTGGAGTCGGC-3' (reverse); U6, 5-CTC
GCTTCGGCAGCACA-3' (forward) and 5-AACGCTTCA
CGAATTTGCGT-3' (reverse); HOXB3, 5"ACCTTTCCCATC
ACCCTT-3' (forward) and 5'-CGCTTCTTGGATTCTACC-3'
(reverse); p-actin, 5'-ACACTGTGCCCATCTACG-3' (forward)
and 5"TGTCACGCACGATTTCC-3' (reverse). Subsequently,
the comparative 2244 method (16) was used to quantify the
gene expression levels. The relative expression of miR-10b-5p
and HOXB3 mRNA was normalized to that of U6 and p-actin,
respectively.

Western blotting. Radioimmunoprecipitation assay lysis
buffer (Boster Biological Technology, Ltd., Wuhan, China)
with freshly added protease inhibitor cocktail and phenyl-
methylsulfonyl fluoride was used to isolate the total protein
from the cells. The protein concentration was then quantified
using a BCA Protein Assay kit (Boster Biological Technology,
Ltd.). Next, 30 pg protein was loaded onto 10% SDS-PAGE
and transferred onto polyvinylidene difluoride membranes
(Merck Millipore, Billerica, MA, USA). Following blocking
with 5% (w/v) milk in tris-buffered saline containing 0.1%
(v/v) Tween 20 (TBST) for 1 h at room temperature, the blots
were probed with the following primary antibodies overnight
at 4°C: HOXB3 (cat. no. abs139097-100 pg; Absin Bioscience,
Inc., Shanghai, China; dilution, 1:500), Ras homolog family
member C (RhoC; cat. no. 3430S; Cell Signaling Technology
Inc.,Danvers,MA, USA; dilution, 1:1,000), high mobility group
box 1 (HMGBI; cat. no. ab92310-100 pl; Abcam, Cambridge,
MA, USA; dilution, 1:1,000) and B-actin (cat. no. 4970S Cell
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Signaling Technology, Inc.; dilution, 1:1,000). Subsequently,
the samples were incubated with the appropriate secondary
antibodies (horseradish peroxidase-conjugated anti-rabbit
or anti-mouse IgG; cat. no. BA1054 and BA1050; Boster
Biological Technology, Ltd., China; 1:3,000) for 1 h at room
temperature. The bands were visualized with ECL substrate
(Thermo Fisher Scientific, Inc.) using the Syngene G:BOX
system (Gene Company, Ltd., Hong Kong, China). Each
band was quantified by densitometry using Gen Tools soft-
ware program (Gene Company, Ltd.), with B-actin used for
normalization.

Statistical analysis. Statistical analysis for all the experi-
ments was performed using Student's two-tailed t-test for
comparison of two independent groups (experimental group
and corresponding control group) with GraphPad Prism 5
software (GraphPad Software, Inc., La Jolla, CA, USA). Data
from three independent experiments are presented as the
mean = standard error of the mean. A P-value of <0.05 was
considered to denote a statistically significant difference.

Results

miR-10b-5p downregulation inhibits the proliferation of
glioma cells. As reported previously, miR-10b is significantly
overexpressed in glioma cell lines (6). In the present study,
RT-qPCR analysis was performed to examining the efficiency
of mimic/inhibitor transfection and cell viability in glioma cells
(Fig. 1A). Compared with the corresponding control group, the
expression of miR-10b-5p was significantly increased in the
mimic group, while that of the inhibitor group was decreased.
A cell viability assay was also performed to investigate the
effect of miR-10b-5p expression on the proliferation of glioma
cells. In the miR-10b-5p inhibitor group, the cell viability
was significantly lower at 48 h after transfection, reduced to
76.2+4.7 and 80.2+7.1% of the control inhibitor group in U251
and U87 cells, respectively (P<0.05; Fig. 1B). By contrast, no
statistically significant difference in cell viability was detected
between the miR-10b-5p mimic and control mimic groups.

To further explore how miR-10b-5p affects the growth of
glioma cells, the cell cycle distribution of glioma cells trans-
fected with miR-10b-5p mimic or inhibitor was analyzed. The
data shown in Fig. 1C and D demonstrated that the fraction
of U251 cells in G2/M phase was significantly decreased
following inhibitor transfection (7.9+0.5%) as compared with
that in the control group (12.7+1.3%; P<0.05). By contrast,
U87 cells accumulated in the G,/G, phase of the cell cycle
following transfection with miR-10b-5p inhibitor (70.9+1.4%),
as compared with the corresponding control group (60+0.8%;
P<0.05). These data clearly indicated that miR-10b-5p down-
regulation affects cell cycle progression mainly by prolonging
the G2/M or G,/G, phase. By contrast, transfection with
miR-10b-5p mimic exerted no marked effect on the cell cycle
distribution (Fig. 1C and D).

miR-10b-5p upregulation promotes glioma cell migration
and invasion. The role of miR-10b-5p on glioma cell migra-
tion was further investigated. Glioma cells transfected with
the miR-10b-5p mimic or inhibitor were used in the wound
healing assay. The results indicated that miR-10b-5p inhibition
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Figure 1. Effect of miR-10b-5p on glioma cell viability and cell cycle. (A) miR-10b-5p was subjected to reverse transcription-quantitative polymerase chain
reaction analysis to detect miR-10b-5p and U6 expression levels. (B) Cell viability was suppressed following transfection with miR-10b-5p inhibitor in U251
and U87 cells. (C) Cell cycle analysis and (D) cell proportions (%) in each phase of the cell cycle were determined in glioma cells transfected with miR-10b-5p
mimic or inhibitor. miR-10b-5p inhibition induced cell cycle arrest at the Go/G, or G2/M phase. Data were analyzed by Student's t-test. ‘P<0.05 and “"P<0.01
vs. control inhibitor group; #P<0.01, vs. control mimic group. miR, microRNA.

markedly suppressed the migration ability of U251 and U87
cells (Fig. 2A and B), with a reduction of 22.1+4.7% observed
in U251 cells and 26.2+6.7% in U87 cells compared with the
control inhibitor (P<0.05). By contrast, the migration ability
in the miR-10b-5p mimic-transfected group was not evidently
affected.

In addition, Transwell assay was performed to test the effect
of miR-10b-5p on cell migration and invasion. The experi-
ments demonstrated that the number of glioma cells migrating
through non-coated and Matrigel-coated Transwell membranes
was significantly reduced following inhibition of miR-10b-5p
expression. As presented in Fig. 3A-C,a 41.1+5.6% reduction in
the migration of U251 cells and a 39.4+3.4% reduction in U87

cells were observed compared with the control inhibitor group
(P<0.01). Similarly, miR-10b-5p inhibitor led to a 30.3+3.3%
reduction in invasion in U251 cells and a 44.2+2.0% reduc-
tion in U87 cells, as compared with the control inhibitor group
(P<0.01). By contrast, miR-10b-5p mimic transfection signifi-
cantly increased the migration and invasion of glioma cells in
comparison with those in the control mimic group.
Overexpression of MMP?2 and its extracellular activation, as
well as its pro-invasion function, have been widely reported in
glioma (17). To investigate the effect of miR-10b-5p on the gelati-
nase activity of MMP?2 in glioma cells, gelatin zymography was
performed. As shown by zymography analysis (Fig. 4A and B),
MMP2 secretion was significantly reduced in the miR-10b-5p
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Figure 2. miR-10b-5p regulates glioma cell migration. (A) U251 and (B) U87 cell migration was significantly reduced in the miR-10b-5p inhibitor group. The
left panel displays images of the wound healing assay (magnification x100), while the right panel presents a graphic presentation of the mean healing rates.
Relative migration was quantified and compared with the corresponding control group. ‘P<0.05 vs. control inhibitor group. miR, microRNA.
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Figure 3. miR-10b-5p regulates glioma cell invasion. (A) U251 and (B) U87 cell invasion and migration Transwell assay following transfected with miR-10b-5p
mimic, inhibitor or control (magnification, x200). (C) Graphic representation of the mean migration and invasion percentages. The miR-10b-5p inhibitor group
exhibited lower migratory and invasive abilities compared with the control inhibitor group, while the opposite effect was observed in the miR-10b-5p mimic
group. “P<0.01 vs. control inhibitor group; “P<0.05 vs. control mimic group. miR, microRNA.
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Figure 4. Downregulation of miR-10b-5p inhibits invasion via MMP2 regulation. (A) A gelatin zymography assay was conducted to assess the gelatinase
activity changes of MMP2 in U251 and U87 cells. Areas of proteolytic activity appear as clear bands. (B) Quantitative evaluation of MMP?2 protein secretions
on gelatin zymography. Results were expressed as the percent change of the corresponding control. Data were analyzed by Student's t-test. "P<0.05 vs. control
inhibitor group; P<0.01 vs. control mimic group. miR, microRNA; MMP2, matrix metalloproteinase 2.

inhibitor group when compared with the control inhibitor group
in glioma cells (P<0.05). In the miR-10b-5p mimic group, a
marked increase in MMP2 secretion was only observed in U87
cells, but not in U251 cells. Collectively, the results indicate that
downregulated miR-10b-5p inhibits the invasion of glioma cells
by downregulating the expression of MMP-2.

miR-10b-5p modulates HOXB3 and invasion-associated gene
expression in glioma cells. A previous study identified HOXB3
as a target gene of miR-10b (14). In the current study, the
TargetScan prediction tool was used, and the analysis revealed
that HOXB3 contained potential binding sites for miR-10b-5p
(Fig. 5A). To identify whether miR-10b-5p can regulate
HOXB3 expression in glioma cell lines, the mRNA level of
HOXB3 in miR-10b-5p mimic- or inhibitor-transfected glioma
cells was first examined. In U251 cells, miR-10b-5p overex-
pression led to a marked decrease in HOXB3 mRNA level,
while miR-10b-5p downregulation significantly increased
HOXB3 mRNA (Fig. 5B). Western blotting further revealed
that the HOXB3 protein expression level was significantly
downregulated following miR-10b-5p mimic transfection in
both U251 and U87 cells (P<0.05; Fig. 5C and D). By contrast,
the miR-10b-5p inhibitor transfection effectively increased the
HOXB3 protein expression level (Fig. 5C and D). These results
indicated that the HOXB3 gene may be a target of miR-10b-5p.

It has been reported that RhoC, a member of the Ras
homolog gene family, is critical for invasion and metastasis,
and is specifically upregulated in glioma (18). In order to inves-
tigate whether RhoC is regulated by miR-10b-5p, its protein
expression was detected with western blotting. Consistently,
the results demonstrated that RhoC was significantly down-
regulated by miR-10b-5p in both U251 and U87 cells (P<0.05;
Fig. 5C and D). Furthermore, the protein expression of HMGBI1
was evaluated, which has been reported to be involved in the
malignant phenotype of glioma cells (19). As shown in Fig. 5C
and D, miR-10b-5p inhibition significantly reduced the protein
expression of HMGBI, while upregulation of this miRNA
markedly increased HMGBI protein (P<0.05).

Discussion

Several microRNAs have recently been identified as either
promoters or suppressors of glioma cell invasion and metastasis.

miR-10b is known to be induced by the metastasis-promoting
transcription factor Twist (20). The present study data from
MTT and cell cycle assays demonstrated that downregulated
miR-10b-5p inhibited U251 and U87 cell proliferation, and
caused cell cycle arrest. These findings are consistent with
those of a previous study by Gabriely et al (6), which reported
that miR-10b inhibition led to reduction of glioma cell growth
and caused cell cycle arrest at G2 phase in U251 cells, whereas
it induced accumulation of U87 cells in the Gl phase. Further
wound healing, Transwell and gelatin zymography assays
conducted in the present study demonstrated that miR-10b-5p
inhibition prevented glioma cell migration and invasion,
whereas miR-10b-5p mimic promoted the migration and inva-
sion of both U87 and U251 cells. Previous research revealed
that U87 cells lost their invasion potential upon miR-10b
inhibition, as well as exhibited reduced MMP2 protein expres-
sion, while the invasive ability of U251 cells was enhanced
by miR-10b mimic transfection (21,22). Taken together, the
current study results combined with previous data suggest an
important role for miR-10b-5p in the regulation of glioma cell
growth.

HOX genes are known to be master genes encoding a
subset of highly conserved transcription factors that serve
key roles in the morphogenesis of tissues and organ develop-
ment in embryos, and their dysregulation is implicated in
various types of cancer, including glioma (23). As a member
of the HOX gene family, HOXB3 is known as a regulator of
gene transcription during development. In fact, HOXB3 has
been reported to serve critical roles in cancer initiation and
progression, which was confirmed in breast (24), prostate (25),
pancreatic (14) and endometrial cancer (13). However, the
role of HOXB3 in glioma remains unclear. The findings of
the present study indicated a significant association between
HOXB3 and miR-10b-5p. HOXB3 expression was upregulated
at the mRNA and protein levels in glioma cells with inhibition
of miR-10b-5p. These results indicated that HOXB3 may be a
downstream target gene of miR-10b-5p in glioma.

In the present study, RhoC expression was regulated by
transfection with miR-10b-5p mimic and inhibitor, and its alter-
ation was inversely associated with that of HOXB3 expression.
Overexpression of miR-10b-5p upregulated RhoC expression
and downregulated HOXB3 expression. Previous correlative
studies indicated that miR-10b targeted HOXDIO0 in glioma
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Figure 5. Effect of miR-10b-5p on the expression levels of HOXB3, HMGBI1 and RhoC in glioma cells. (A) miR-10b-5p binding sites in the 3'UTR of HOXB3
mRNA, predicted by TargetScan. (B) Reverse transcription-quantitative polymerase chain reaction analysis for HOXB3 in glioma cells transfected with
miR-10b-5p mimic, inhibitor or control, indicating that miR-10b-5p regulated the mRNA level of HOXB3. (C) Western blots and (D) quantified results of the
expression levels of HOXB3, HMGBI and RhoC in human glioma cells treated with miR-10b-5p mimic, miR-10b-5p inhibitor or control. The expression of
B-actin served as an endogenous control. miR-10b-5p inhibitor significantly enhanced HOXB3 protein expression, and decreased the downstream RhoC and
HMGBI protein expression levels in U251 and U87 cells. miR-10b-5p mimic exerted the opposite effect. Data were analyzed by Student's t-test. ‘P<0.05 and
“P<0.01 vs. control inhibitor group; “P<0.05 and *P<0.01 vs. control mimic group. miR, microRNA; 3'UTR, 3"-untranslated region; HOXB3, homeobox B3;

RhoC, Ras homolog family member C; HMGBI, high mobility group box 1.

cells, and HOXDI10 was reported to suppress the expression
of genes involved in tumor metastasis, including RhoC (9,22).
However, it has yet to be determined whether HOXDI10
signaling exerts a cross-link effect on HOXB3 regulation in
glioma cells, since miR-10b functions as a powerful oncogenic
miRNA directly targeting different genes. Future experiments
may help elucidate the different miR-10b-associated molecular
pathways regulating glioma development.

HMGBI, as a member of the HMGB family, has been
found to be overexpressed in various tumors, including
human glioma (19). It has been reported that HMGBI1 was
significantly upregulated in glioma cells, whereas inhibition of

HMGBI suppressed the proliferation and migration of glioma
cells, and promoted apoptosis (19,26). HMGBI participates in
the crosstalk with multiple miRNAs, and promotes metastasis
and invasion in glioma. HMGBI is target gene of miR-218 in
glioma cells, which directly suppresses the HMGB1-RAGE
pathway (27). miR-129-2 targets HMGBI, thereby suppressing
glioma cell growth, migration and invasion, and promoting cell
apoptosis (28). In the present study, the regulation of HMGBI1
protein expression by miR-10b-5p was similar with that of
RhoC expression, with inhibition of miR-10b-5p triggering a
significant reduction in the protein expression of HMGBI. It
has been reported that HMGBI induces glioma cell growth
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and migration through its intracellular signaling pathways,
including nuclear factor-kB, mitogen-activated protein kinase
and extracellular signal-regulated kinase (29,30), suggesting
that the mechanism of action of miR-10b may be involved
in glioma invasion. Further studies are needed to elucidate
the underlying molecular mechanism. To the best of our
knowledge, the data reported in the present study are the
first to demonstrate an association of the expression level of
miR-10b-5p with HOXB3 and HMGBI in glioma.

A limitation of the present study is that the results illus-
trated the effect of miR-10b-5p on the invasion ability of
glioma cells in vitro. In the future, animal models will also
be applied to our study to comprehensively evaluate the
effect of miR-10b-5p in the glioma. Furthermore, although
the current data demonstrated that there was an inverse
correlation between expression of the miR-10b-5p and that of
HOXB3 mRNA and protein, it is important to consolidate this
finding using dual-luciferase reporter assay, as well as rescue
experiments. It is thus recommended that the exact correlation
between miR-10b and HOXB3 in the invasion of glioma cells
is investigated in future studies.

In conclusion, miR-10b-5p mimic and inhibitor were
demonstrated to serve key roles in the regulation of U87 and
U251 cell proliferation and invasion capacities in the present
study. Transfection with miR-10b-5p inhibitor suppressed
glioma cell growth, while miR-10b-5p mimic promoted the
migration and invasion of glioma cells. Downregulation of
miR-10b-5p increased the expression of HOXB3, resulting in
a marked decrease in HMGBI and RhoC protein levels. These
results expanded the list of miR-10b-moderated genes to
include HOXB3 in glioma. In addition, the findings provided
an insight into the possible mechanism underlying the regula-
tion of glioma by miR-10b-5p, indicating that miR-10b-5p may
represent a promising target in glioma treatment.
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