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Long non-coding RNAs (IncRNAs) have been proven to play important roles in carcinogenesis and development of
numerous cancers, but their biological functions in glioblastoma remain largely unknown. In this study, we found that
HOXB-ASI was highly expressed in human glioblastoma tissues and cell lines, and was associated with survival time of
patients. Further analysis showed that knock-down of HOXB-ASI inhibited cell proliferation via inducing S phase cell
cycle arrest and suppressed migration and invasion ability of cells. Mechanism study revealed that HOXB-AS1 is mainly
located in cytoplasm and functions as competing endogenous RNA via sponging of miR-885-3p. Moreover, inhibition of
miR-885-3p antagonized the effects of HOXB-AS1 knock-down and promoted proliferation, migration and invasion of
glioblastoma cells. Finally, we found that sponging of miR-885-3p by HOXB-AS1 could further affect the expression of
HOXB2. Taken together, we demonstrate that HOXB-AS1/miR-885-3p/HOXB?2 axis regulates proliferation, migration and
invasion of glioblastoma cells and can serve as a potential biomarker for the malignancy.
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Glioblastoma (GBM) is the most common and aggres-
sive form of primary brain tumors with an incidence of
3-4/100,000 per year [1, 2], with a median overall survival
(OS) of approximately 15 months, and only 3-5% of patients
survived longer than 3 years [3, 4]. In the treatments of
GBM patients, maximal surgical resection, radiotherapy, and
chemotherapy with temozolomide (TMZ) remain the most
standard options, which have been demonstrated to signifi-
cantly improve the survival time [5]. However, the high speed
growth of tumor, invasive behaviors, and resistance to radio-
and/or chemotherapy are the main causes leading to the poor
prognosis of GBM patients [6, 7]. Accordingly, it is of great
significance to have a better understanding of the carcino-
genesis and progression of GBM, which could provide new
biomarkers and therapeutic targets for clinical diagnosis and
treatment of GBM patients.

Long non-coding RNAs (IncRNAs), which are more than
200 nucleotides in length, are a recently discovered novel
class of genes with regulatory functions but lacking protein-
coding ability. Increasing evidence has revealed that dysregu-
lated expression of IncRNAs is involved in tumor initiation,
progression, and metastasis [8, 9]. Numerous studies have
proven that IncRNAs could function via different mecha-

nisms including X chromosome inactivation, splicing,
imprinting, epigenetic control, gene transcription regulation,
and sponging microRNAs [10-14]. As one of the most impor-
tant mechanisms, sponging microRNAs and function as a
competing endogenous RNAs (ceRNAs) has shown critical
roles in different cancers [15, 16]. Yang et al. reported that
MCM3AP-AS1 could directly sponge miR-211 and promote
glioblastoma angiogenesis [15]. LncHERG was reported
to promote cell proliferation, migration, and invasion in
glioblastoma [16]. All the studies indicated that IncRNAs
could affect the carcinogenesis and malignant behaviors of
glioblastoma, which further influence the prognosis of GBM
patients. While the functions and mechanisms of IncRNAs
remain largely unknown, it of great significance to explore
novel IncRNAs and to identify their functions, which might
provide potential therapeutic targets for clinical treatments
of GBM patients.

In this study, a newly identified IncRNAs termed
HOXB-AS1, which has not been investigated previously,
was reported. We investigated the tumor promoting roles of
HOXB-ASI via direct sponging of miR-885-3p and further
affecting oncogene HOXB2. The research broadens our
insights into the underlying mechanisms in the proliferation,
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migration and invasion of GBM cells, and provides a new
therapeutic target for GBM patients in clinic.

Materials and methods

Low grade glioma and GBM RNA sequencing data.
The RNA-seq data of 486 low grade glioma (LGG) and 154
glioblastoma (GBM) tissues were downloaded and analyzed
based on the Atlas of Noncoding RNAs in Cancer (TANRIC)
database [17].

Cell lines and cell culture. HA, LN229, U87 and U251
cell lines (ATCC, Rockville, MD, USA) were cultured in
Dulbecco’s modified Eagle’s medium supplemented with 10%
fetal bovine serum (Aurogene) in a humidified atmosphere
containing 5% CO, at 37°C.

Construction of stable HOXB-AS1 knock-down cell
lines. HOXB-AS1 specific sShRNA vector and its control
were acquired from Vigene Biosciences (Rockville, USA)
and were transfected into U87 and U251 cell lines using
Lipofectamine® RNAiMAX Reagent (Thermo Fisher Scien-
tific, Inc.) according to the manufacturer’s protocol. The
shRNA sequence to HOXB-AS1 was 5-GGAAGAGGATT-
GTGAAGTTTA-3’

Cell viability assay. Cell viability was determined by
a 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay for 6 days. 20 ul of MTT (5 mg/ml in
PBS) was added into each well and incubated for 4 h. The
supernatants were carefully aspirated, and 100 ul of dimethyl
sulfoxide (DMSQO) was added to each well. Absorbance values
at 490 nm were measured on a Microplate Reader (Bio-Rad).
Ethynyl deoxyuridine (Edu) assays was performed as previ-
ously described [18].

Cell apoptosis assay. Cell apoptosis was detected using
an Annexin V-FITC/PI apoptosis detection kit (JingMei
Biotech, Beijing, China) as previously described [19]. Briefly,
cells were treated with EDTA-free trypsin, and resuspended
with 400 uL Annexin binding buffer at a concentration of 10°
cells/ml. Then, 5ml FITC-conjugated AnnexinV and 10 ml
PI were added to the cells and incubated at room tempera-
ture for 15min in dark. Cell apoptosis assay was performed
within 1h post-staining on a flow cytometry.

Cell cycle assay. Cells were collected, washed twice with
1x PBS, and fixed in 70% ethanol at —20°C. After 24 h of
fixation, cells were incubated with RNase A (Takara Bio, Inc.,
Otsu, Japan) at 100 ug/ml in 1X PBS for 30 min at 37 °C. Cells
were then stained with propidium iodide (PL; BD Biosci-
ences, San Jose, CA, USA) at 50 pg/ml for 30 min at room
temperature. Subsequently, cells were analyzed for DNA
content using a BD FACSCalibur flow cytometer (BD Biosci-
ences).

Wound healing assay. Cells were harvested and reseeded
into 96-well culture plates at the concentration of 3x10%/
well and 2x10*well, respectively. After 16 h incubation,
when cells had reached more than 90% convergence, the
wound was performed, washed twice in PBS, replaced with

serum-free medium, and maintained in an incubator. Cells
were photographed after 0, 8, and 24 h, and the width of the
wound was recorded as the wound distance.

Transwell assay. The cell migration ability was analyzed
by a transwell assay, which was performed in 24-well
transwell chambers (Corning, NY, USA). After 24 h transfec-
tion, cells in 200 ml serum-free medium were reseeded into
the upper chamber. The lower chamber was filled with 600 pL
medium with 20% FBS. After incubating, cells on the inner
membrane were removed. The outer membrane was fixed
with 4% paraformaldehyde and stained with 0.1% crystal
violet solution. The invasion assay was performed in the
same way as the migration assay except that the membrane
was coated with matrigel (BD Biosciences, Bedford, MA,
USA). The cells were observed under a microscope and five
fields were randomly selected to be photographed.

Dual-luciferase reporter assay. Dual-luciferase miRNA
Target Expression vector pmirGLO (Promega, Madison, W1,
USA) was used to generate luciferase reporter constructs. Full
length HOXB-AS1 sequences with wild type (Wt) or mutant
type (Mut) microRNA binding sites were obtained from
Vigene Biosciences (Rockville, USA). Cells were seeded in
96-well plates and co-transfected with wild-type or mutated
HOXB-AS1 constructs and miR-885-3p mimic. Luciferase
activity was measured with the dual-luciferase reporter assay
system (Promega). Firefly luciferase activity was normalized
against Renilla luciferase activity.

RNA immunoprecipitation (RIP) assay. RIP experiments
were performed using the Magna RIP RNA-Binding Protein
Immunoprecipitation Kit (Millipore, Billerica, MA, USA)
according to the manufacturer’s instructions. Antibodies
for RIP assays of AGO2, or control IgG were purchased
from Millipore. The coprecipitated RNAs were detected by
qRT-PCR. The total RNAs were the input controls.

Quantitative RT-PCR analysis. Total RNA was extracted
from cells using the TRIzol reagent (Invitrogen, Carlsbad,
CA, USA). PrimeScript Reverse Transcriptase (RT) Reagent
Kit (TaKaRa, Shiga, Japan) was used to synthesize cDNA
from total RNA. MiRNA from 1lug of total RNA was
reverse transcribed using the Prime-Script miRNA cDNA
Synthesis Kit (TaKaRa). Real-time PCR was performed on
Applied Biosystems StepOne plus System, and results were
analyzed as previously described [20]. The primers used in
our study included: HOXB-AS1 F: GGGGACTCCAGC-
GAAAT; HOXB-ASI R: ACCCGAAGCCCAACCAG;
GAPDH F: GTCTCCTCTGACTTCAACAGCG; GAPDHR:
ACCACCCTGTTGCTGTAGCCAA; MiR-885-3p: AGGCA-
GCGGGGTGTAGTGGATA; U6: GCGCGTCGTGAAGCG-
TTC.

Western blot analysis. Western blot analysis was
performed as described previously [17]. In brief, cells were
harvested and lysed in lysis buffer containing protease
inhibitors. Subsequently, 50 pg of total cellular protein from
each sample were separated by 10% SDS-PAGE and electro-
transferred onto polyvinylidene fluoride (PVDF) membrane
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using a semi-dry blotting apparatus (Bio-Rad, Hercules,
CA, USA). The membranes were blocked with 5% nonfat
milk at room temperature for 1 h, and then incubated with
primary antibodies overnight at 4°C. After incubation with
the appropriate secondary antibodies, the protein bands were
detected using the Pro-lighting HRP agent. Expression of
B-actin was used as a loading control. The antibody used in
this study was obtained from Abcam: HOXB2 (ab220390),
b-Actin (ab8226).

Statistical analysis. All data are presented as means + S.D.
from at least three independent experiments. The software
SPSS V18.0 was used for statistical analysis. Statistical signifi-
cance of differences between two groups was evaluated using

GMB (N=154)

LGG (N=486)

=

Student’s t-test, and one-way ANOVA was used to determine
the significance of differences among multiple groups. Differ-
ences with p<0.05 were considered statistically significant.

Results

LncRNA HOXB-AS1 was up-regulated in GBM and
associated with prognosis. To explore potential functional
IncRNAs associated with GBM, the IncRNA expression data
and clinical information of LGG and GBM patients were
downloaded and analyzed, and a total of 486 LGG and 154
GBM patients were involved (Figure 1A). Compared with
LGGttissues, 199 IncRNAs were upregulated and 185 IncRNAs
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Figure 1. LncRNA HOXB-AS1 was up-regulated in GBM and associated with prognosis. A) Heat map diagram depicted the expression of significantly
dysregulated IncRNAs in GBM compared with LGG. B) Expression of HOXB-AS1 in GBM was significantly higher compared with LGG. C) Expression
of HOXB-AS1 in normal HA cell lines and GBM cell lines. D) High expression of HOXB-AS1 predicted poorer prognosis in both LGG and GBM based

on Kaplan-Meier analysis. **p<0.001.
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were downregulated in GBM patients, and HOXB-AS1 was
one of the most significantly up-regulated IncRNAs. The
expression of HOXB-ASI in both LGG and GBM tissues
are shown (Figure 1B). We then examined the expression of
HOXB-ASI in human astrocyte (HA) cell line and human
glioma cell lines (LN229, U87 and U251), and a remarkable
up-regulation of HOXB-AS1 was found in human glioma cell
lines (Figure 1C). Also, we found that the overexpression of
HOXB-AS1 contributed to poorer prognosis in both LGG
and GBM patients based on TCGA database (Figure 1D). In
conclusion, our results indicated that HOXB-AS1 might be a
potential regulator and play important roles in the regulation
of the carcinogenesis and progression of GBM.

Knock-down of HOXB-AS1 suppressed prolifera-
tion of GBM cells via inducing S phase cell cycle arrest.
It is well-known that rapid proliferation contributes to
fast progression of neoplasms. As we had explored that
HOXB-AS1 was highly expressed in GBM tissues as well
as cell lines, we further wondered whether HOXB-AS1 was
involved in the proliferation of GBM cells. To validate the
proliferation effects of HOXB-AS]1, we firstly knocked down
HOXB-AS1 in both U87 and U251 and stabilized cell lines
were established (Figure 2A). As shown in Figure 2B, knock-
down of HOXB-AS1 could significantly inhibit the prolif-
eration of both cell lines. Moreover, Edu assay revealed that
down-regulation of HOXB-AS1 decreased the proliferation
activity (Figure 2C). To further explore the mechanism, we
performed cell cycle assay using flow cytometry, and the cell
cycle was proved to be arrested in S phase in both cell lines
(Figure 2D).

Previous studies reported that the cell inhibition can be
induced not only by cell cycle arresting, but also by cell death
including cell apoptosis [21, 22]. Here, we performed cell
apoptosis assay to evaluate the effects of LncRNA HOXB-AS1
on cell apoptosis. As shown in Supplementary Figure 1, we
found no significant changes in cell apoptosis of both U87
and U251 cells after knock-down of HOXB-AS]I, indicating
that the proliferation suppression effect was mainly caused
by cell cycle arrest. In conclusion, our findings demonstrated
that knock-down of HOXB-ASI suppressed proliferation of
GBM cells via inducing S phase arrest.

Knock-down of HOXB-AS1 suppressed migration and
invasion abilities of GBM cells. Previous studies suggested
that the metastasis of GBM was one of the most impor-
tant factors that influence the prognosis of patients [23].
Some genes such as NEK2and microRNA-506, play impor-
tant roles in both proliferation, migration and invasion of
tumors, indicating a potential correlation between prolifera-
tion, migration and invasion [24, 25]. To further evaluate the
influence of HOXB-AS1 knock-down on the migration and
invasion of GBM cells, we performed transwell assay and
wound healing assay. As shown in Figure 3A, the transwell
assay indicated that down-regulation of HOXB-AS1 could
significantly suppress the migration of U87 and U251 cells.
And we also proved that silencing of HOXB-AS1 inhibited

the invasion abilities of cells (Figure 3B). Furthermore, we
found that the wound was much wider in the knock-down
group after scratching compared with control group in both
cell lines (Figure 3C). Based on above evidences, our results
suggested that HOXB-AS1 could regulate the migration and
invasion abilities of GBM cells.

HOXB-AS1 functioned as ceRNA via directly sponging
miR-885-3p. After showing that knock-down of HOXB-AS1
could significantly suppress the proliferation, migration and
invasion of GBM cells, we further explored the mechanisms.
Previous studies reported that the possible mechanism of
IncRNAs was closely associated with the subcellular locations
of IncRNAs in cells [13]. We firstly examined the subcellular
localization of HOXB-ASI in GBM cells. As shown in Figure
4A, HOXB-ASI was mainly located in the cytoplasm of both
cell lines, which indicated that HOXB-AS1 could function as
ceRNA via directly sponging microRNAs. Further bioinfor-
matic analysis found a potential binding site of miR-885-3p
on HOXB-AS1 sequence (Figure 4B). To validate the hypoth-
esis, we constructed full length HOXB-AS1 sequence with
wild type (Wt) and mutant type (Mut) microRNA binding
site into pMIR-GLO vector (Figure 4C). As shown in
Figure 4D, the luciferase reporter assay revealed the directly
target of miR-885-3p on HOXB-AS], as the relative luciferase
activity was remarkably decreased by miR-885-3p in Wt
group and showed no obviously change in Mut group. It has
been reported that Ago2 is a key component of RNA-induced
silencing complexes (RISC) [26], and we used an anti-Ago2
antibody to perform RNA immunoprecipitation (RIP).
The result showed that both HOXB-AS1 and miR-885-3p
were enriched with anti-Ago2 antibody compared with
IgG (Figure 4E). Finally, we showed that the expression of
miR-885-3p was significantly overexpressed after knock-
down of HOXB-AS1, which further demonstrated the combi-
nation of HOXB-AS1 with miR-885-3p (Figure 4F). Overall,
our results demonstrated that HOXB-ASI could function as
ceRNA via direct sponging miR-885-3p.

HOXB-AS1 promoted the proliferation, migration
and invasion of GBM cells via HOXB-AS1/miR-885-3p/
HOXB2 axis. The above results proved that HOXB-AS1
could promote the proliferation, migration and invasion of
GBM cells, and can act as a ceRNA via directly sponging
miR-885-3p. We then explored whether the functions of
HOXB-AS1 could be rescued by miR-885-3p. As shown
in Figure 5A, the expression of miR-885-3p was verified
after HOXB-AS1 knock-down and miR-885-3p inhibition.
MTT assay showed that the inhibition of miR-885-3p by
inhibitor could reverse the proliferation suppression effect
induced by HOXB-AS1 knock-down in U87 and U251 cell
lines (Figure 5B). Furthermore, transwell assay suggested
that inhibition of miR-885-3p could rescue both migration
and invasion inhibition effects (Figure 5C). These results
demonstrated that HOXB-AS1 promoted the prolifera-
tion, migration and invasion of GBM cells via inhibition of
miR-885-3p.
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Figure 2. Knock-down of HOXB-AS1 suppressed proliferation of GBM cells via inducing S phase arrest. A) Both U87 and U251 cell lines were trans-
fected with sh-NC or sh-Lnc, and the efficiency of HOXB-AS1 knock-down was evaluated. B) Cell viability was measured by MTT assay in U87 and
U251 cell lines, and cell viability of cells with HOXB-AS1 knock-down was significantly inhibited. C) Edu assay was performed to examine the prolif-
eration activity of cells, and data showed remarkably reduced proliferation activity with HOXB-AS1 knock-down. D) The cell cycle of U87 and U251
cells was examined by flow cytomerty, and data indicated S phage cell cycle arrest after HOXB-AS1 knock-down. *p<0.05, **p<0.01, ***p<0.001.
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AS1 knock-down and miR-885-3p inhibition on mRNA and protein levels.
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To find the target genes of HOXB-AS1, we firstly
analyzed the correlation between the expression of
HOXB-AS1 and genes in GBM tissues based on TCGA
database. As shown in Figure 5D, we found that HOXB2
was positively correlated with HOXB-AS1, suggesting that
HOXB2 might be a potential target of HOXB-AS]1. Also, we
found that HOXB2 was a potential target of miR-885-3p,
indicating that HOXB-AS1 might function via HOXB2/
miR-885-3p pathway. qRT-PCR and western blot showed
that knock-down of HOXB-ASI suppressed HOXB2 and
inhibition of miR-885-3p could rescue the expression level
in both GBM cell lines, which further demonstrated that
HOXB-ASI1 could function via HOXB-AS1/miR-885-3p/
HOXB2 axis.

Discussion

In glioblastoma, a cluster of IncRNAs has been reported
to be essential for tumor development. For example,
IncRNA H19 can positively affect the tumorigenic proper-
ties of glioblastoma cells [27]. Knock-down of SOX20T
inhibited malignant biological behavior of glioblastoma
stem cells [28]. It is of great significance to further explore
the functions and mechanisms of IncRNAs. In our study,
we downloaded and analyzed the RNA-seq data and clinical
information from TCGA database and we showed that an
uncharacteristic IncRNA HOXB-AS1 was significantly
up-regulated in GBM tissues compared to LGG tissues
(Figure 1). HOXB-AS1 was also overexpressed in glioblas-
toma cells compared to normal HA cells, which further
suggested the important functions in tumorigenesis and
progression of GBM (Figure 1C). Moreover, we found that
patients with high expression level of HOXB-AS1 had poorer
prognosis in both LGG and GBM groups (Figure 1D). In
conclusion, our findings indicate that HOXB-AS1 is a
functional and prognostic IncRNAs which might regulate
malignant behavior of GBM cells.

As high speed of proliferation and metastasis of GBM
cells was a key factor influencing the prognosis of patients
[29], we firstly evaluated the effect of HOXB-ASI on cell
proliferation, migration and invasion. As shown in Figure 2,
we found that knock-down of HOXB-ASI significantly
suppressed GBM cell proliferation. Further, flow cytometry
data showed that inhibition of HOXB-AS1 induced remark-
able G2 phase arrest in both U87 and U251 cell lines, which
explained the mechanism of proliferation suppression.
To evaluate the influence of HOXB-ASI on metastatic
ability of GBM cells, transwell assay and wound healing
assay were performed. We found that the migrated and
invaded cells and wound width reparation were suppressed
in HOXB-AS1 knock-down group, which proved that
HOXB-AS1 could also promote migration of the GBM cells
(Figure 3). Our findings demonstrate that HOXB-AS1 is a
functional IncRNA which can regulate both proliferation
and metastasis of GBM cells.

After showing the functions of HOXB-AS1 in GBM
cells, we further explored the mechanisms. Previous studies
reported that IncRNAs could function via chromatin
remodeling, alternative splicing, mRNA stability, and
miRNA sponge, which might closely correlate with subcel-
lular locations of IncRNAs [13]. As shown in Figure 4, we
found that HOXB-AS1 was mainly located in the cytoplasm
of cells, which indicates that it might act as ceRNA via
sponging and blocking functions of miRNAs. Then,
the miR-885-3p binding site was found in the HOXB-
ASlsequence based on bioinformatic analysis (Figure 4B).
To verify the binding of miR-885-3p to HOXB-ASI1, full
length Wt or Mut HOXB-ASI sequence was cloned into
pMIR-GLO vector. The luciferase reporter assay showed that
miR-885-3p could directly combine with HOXB-AS1 and
anti-Ago2 RIP assay further confirmed this finding. Ago2
is a key component of RNA induced silencing complexes
(RISC) [30]. We detected expression correlation between
HOXB-AS1 and miR-885-3p. We found that knock-down
of HOXB-AS1 increased miR-885-3p expression level in
both U87 and U251 cell lines, which further proved the
existence of HOXB-AS1/ miR-885-3p/Ago2 complex.

After showing that HOXB-AS1 could function via
sponging miR-885-3p, we further verified whether
miR-885-3p inhibition could rescue the proliferation,
migration and invasion suppression caused by HOXB-AS1
knock-down. As shown in Figure 5, we found that knock-
down of HOXB-ASI significantly suppressed proliferation,
migration and invasion while addition of miR-885-3p inhib-
itor rescued it. As miRNAs may execute their functions via
degradation and/or blocking of translation of the mRNAs,
we found that HOXB2, a gene that was predicted to be
positively correlated with HOXB-AS1 expression, could be
targeted by miR-885-3p. Further, qRT-PCR and western
blot also confirmed HOXB2 as a target of miR-885-3p
(Figures 5E, 5F). Our results demonstrate that miR-885-3p
is a functional target of HOXB-ASI via inhibiting HOXB2
expression.

In conclusion, we discovered a novel IncRNA termed
HOXB-AS1 that regulates proliferation, migration and
invasion of GBM cells via HOXB-AS1/miR-885-3p/HOXB2
axis. Our research broadens our insights into the underlying
mechanisms in carcinogenesis and progression of GBM and
provides a potential biomarker for clinical diagnosis and
treatment of GBM patients.

Supplementary information is available in the online version
of the paper.
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Supplementary Figure 1. Effect of HOXB-AS1 knock-down on apoptosis of GBM cell lines.



