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SUMMARY

OBJECTIVES: HOXB2 is a new prognostic indicator for lung cancer. But it is unclear whether HOXB2 holds an effect in glioblastoma (GBM)
progression. The purpose of this article was to probe the influences of HOXB2 on GBM pathogenesis.

METHODS: HOXBZ2 expression level and prognostic power in GBM patients were analyzed. Then the mRNA and protein expression levels
of HOXB2 in GBM cell lines were tested by gRT-PCR and western blotting. Cell proliferation, invasion, and migration were determined
by CCK8 and transwell assay, severally. The protein levels of PI3K/AKT-pathway associated proteins were analyzed by western blotting.

RESULTS: The results indicated that HOXB2 was distinctly overexpressed in GBM patients and high expression of HOXB2 was related
to a poor prognosis. Moreover, the expression of HOXB2 was higher in all GBM cell lines U251, U-87MG, GOS-3 than that in HEB cells
(normal control). Meanwhile, decreased expression of p-PI3K and p-AKT were identified after HOXB2 knockdown.

CONCLUSIONS: These data demonstrated that HOXB2 had a vital role in GBM progression and could serve as a promising target for

GBM treatment.
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INTRODUCTION

Glioblastoma (GBM) is the most prevalent and
aggressive malignant brain cancer®. Currently, the
standard treatment methods are surgery, chemo-
therapy, and radiation therapy?. A recent study found
that surgical resection extent in elderly patients with
glioblastoma has an impact on survival®. In recent
years, researchers have been working to explore
the molecular mechanisms of gliomas, discovering
telomerase reverse transcriptase and many other
molecules*®. The homeobox (HOX) genes, contain-
ing a 183-nucleotide sequence, are a regulated gene
family that encodes particular nuclear proteins into

transcription factors®. The HOX genes contribute to
the assignment of segmental identity in the develop-
ment of hindbrain’. In humans, there are four clus-
ters, i.e., HOXA, HOXB, HOXC, and HOXD, which are
organized by 39 HOX genes®. One piece of evidence
revealed that the expression of ectopic HOXB2 in pan-
creatic cancer may be related to a poor prognosis®.
However, there were few reports on GBM.

In the present review, we verified the role of
HOXB2 in GBM from the following aspects: i) Differ-
ential gene analysis and prognosis analysis; ii) the
effect of HOXB2 on GBM proliferation, invasion, and
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migration; iii) Study on the mechanism of HOXB2
on phenotype.

METHODS
Analyses of HOXB2 expression profile from
ONCOMINE

In this paper, the expression data of GBM patients
and healthy individuals were obtained from the
ONCOMINE (https://www.oncomine.org/resource/
login.html) database. According to the median expres-
sion value of HOXB2, GBM patients were distributed
into high and low expression groups. The statistical
significance was determined by the log-rank test.

Culture of GBM cell lines

Human GBM cell lines U251, U-87TMG, GOS-3 and
normal human astrocytes HEB were obtained from
ATCC (MD, USA). The cells were routinely cultured
in RPMI-1640 medium supplemented with FBS (10%),
penicillin (100 U/ml), and streptomycin (0.1 mg/ml)
with 5% CO, at 37 °C.

Cell transfection

RNA interference was utilized to silence HOXB2
expression in U251 cells. The scrambled siRNA was
used as a negative control. Full-length sequences
of HOXB2 were cloned into the pcDNA3.1 vec-
tor to over-express the HOXB2 level, termed peD-
NA3.1-HOXB2 and the negative control pcDNA3.1
were used to over-express HOXB2 expression in
GSO-3 cells. si-HOXB2#1, si-HOXB2#2, si-control, pcD-
NA3.1-HOXB2, and pcDNA3.1 were all synthesized by
Shanghai GenePharma Co., Ltd. (Shanghai, China) and
transfected into human clone cancer cells according
to the Lipofectamine2000 transfection kit (Invitrogen,
Shanghai, China). The siRNA sequences for HOXB2
were the following.

si-control: F: 5>~ AATTCTCCGAACG GTCACGT-3’
si-HOXB2#1: F: 5-TACTGAATTAGCGTTTAATC-3’
si-HOXB2#2: F: 5-CAATCAAGGAGTCGACATTA-3’

gRT-PCR

The extraction of total RNA was carried out with
an RNA extraction kit following its instructions. After
reverse transcription into cDNA, the expression of
HOXB2 was detected by qRT-PCR. Actin was utilized
as an internal control. PCR reaction system: 95 °C for
5 min, 40 cycles of 95 °C for 30 sec, 60 °C for 45 sec,

and annealing at 72°C for 30 min. There were 3 sets of
holes in each group. The HOXB2 expression level was
calculated by the 2°AA® method. This was repeated
three times independently. The primer sequence was
as follows:

HOXB2: F: 5> CGCGAGATGGAAGGAGAGTC 3’
R: 5> AGGGCCTGTCTAGTCCTCTG 3’

ACTIN: F: 5’CCCGAGCCGTGTTTCCT 3’

R: 5’ GTCCCAGTTGGTGACGATGC 3’

CCK8

To measure cell proliferation, the number of via-
ble cells at 0, 24, 48, and 72 h after transfection was
assessed by Cell Counting Kit 8 (CCKS8; Dojindo Lab-
oratories, Kumamoto, Japan). The OD _ value was
measured by a microplate reader (Bio-Rad, CA, USA)
and the proliferation curve was drawn by GraphPad
Prism 7.0.

Transwell migration and invasion experiments

Transwell migration and invasion assays were
conducted in 24-well Transwell chambers. The upper
surface of transwell was precoated with (invasion
assay) or without (migration assay) Matrigel (BD
Transduction). The transfectants (1 x 10° cells per
well) were transferred into the upper chamber. In the
lower chamber of 24-well plates, 500 pl of complete
medium was added. Following 22 h of incubation, the
migrated or invasive cells on the lower surface of the
filters were fixed and stained with 0.1% crystal violet
for twenty minutes. After being washed by PBS, the
outcomes were photographed under the microscope
(Olympus, Tokyo, Japan) and 5 fields of view were
randomly selected. The stained cells were counted
directly in triplicate.

Western blotting

Cells were directly lysed in RIPA lysis buffer
(Thermo Scientific, Waltham, MA, USA). We used
10% SDS-PAGE, and 20 pg protein were separated.
Then the proteins were transferred onto a PVDF
membrane. After being enclosed with 5% non-fat
milk at room temperature for one hour, the mem-
brane was then hatched with the primary antibod-
ies at 4°C overnight and the secondary antibodies
at 37°C for two hours. Finally, the membrane was
visualized by ECL. QUANTITY ONE software to scan
the gray value and Tubulin was employed as an inter-
nal control.
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Data statistics

The outcomes were presented as mean + SD. All
data analyses were executed utilizing SPSS 22.0
software, and all histograms were drawn employing
GraphPad Prism version 7.0. Intergroup differences
were assessed by Student’s t-tests (between two
groups) or analysis of variance (between more than
two groups), as appropriate. Post hoc analysis was exe-
cuted utilizing the Bonferroni test. The outcomes were
considered as statistically significant when at P < 0.01.

RESULTS
Increased HOXB2 was discovered in GBM tis-
sues and related to worse prognosis in GBM
patients

In the paper, HOXB2 expression in GBM and nor-
mal tissues was investigated using the ONCOMINE
database. The results indicated that HOXB2 was
visibly up-regulated in GBM tissues compared with
normal tissues (Figure 1la, P = 2.93E-9; Figure 1b, P =
3.31E-9). Besides, based on the TCGA database, the
expression of HOXB2 in GBM patients was drawn
utilizing GEPIA. According to the median value of
HOXB2 expression, patients were distributed into
high and low expression groups. GBM patients with
HOXB2 high expression were related to worse overall
survival compared to those with low expression (P =
0.00076).

Over-expression and ablation of HOXB2 in
GBM cell lines

We further studied the expression of HOXB2 in
GBM cell lines. HEB is a normal brain cell line that
we used to compare with five different GBM cell lines
U251, U-87 MG, and GOS-3. A significant over-expres-
sion of HOXB2 was found in these three GBM cell
lines compared to HEB cells. Furthermore, HOXB2
showed the highest expression in the U251 cell line
while exhibited the lowest expression in the GOS-3
cell line compared to other GBM cells using mRNA lev-
els for comparison (Figure 1a). Hence, in the following
experiments, detection of the HOXB2 knockout effect
was executed in the U251 cell line, and detection of
the influences of HOXB2 over-expression was carried
out in the GOS-3 cell line. The HOXB2 si RNA was
transfected into the U251 cell line, and the non-spe-
cific sequence si-control was transfected as a control.
After 48 h of transfection, the total RNA and protein
were extracted and detected by qPCR and western
blotting. The results indicated that si RNA-1 and si
RNA-2 could distinctly reduce HOXB2 expression both
in mRNA and protein levels in U251 cells, and si RNA-2
displayed the lower expression of HOXB2. We utilized
si-HOXB2#2, and the knockout efficiency was over
80% (Figure 1b-d). Furthermore, as illustrated in Fig-
ure le-g, pcDNA3.1-HOXB2 could remarkably elevate
HOXB2 expression both at mRNA and protein levels
in GOS-3 cells.

FIGURE 1. OVER-EXPRESSION AND KNOCKDOWN OF HOXB2 IN DIFFERENT GBM CELL LINES.
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Knockdown of HOXB2 represses U251 cell
proliferation, invasion and migration whilst
HOXB2 high-expression accelerates GOS-3
cell proliferation, invasion, and migration

For the purpose of studying the impact of HOXB2
on GBM cell proliferation, CCK-8 assay was executed.
As displayed in Figure 2a, the OD,_ value of U251
cells was lower in the si-HOXB2 group compared to
the si-control group, proving that HOXB2 deficiency
reduced U251 cell proliferation (P<0.01, P<0.01). The
influences of HOXB2 on the invasion and migration
of the U251 cells were investigated utilizing transwell
assays. The silencing of HOXB2 visibly decreased the
number of invasive and migrated crystal violet-stained
cells in the transwell assay (Figure 2b-c). Conversely,
the over-expression of HOXB2 sharply facilitated
GOS-3 cell proliferation after being cultured for 48
h and 72 h, but there was no significant effect at 24
h (P<0.01, P<0.01, Figure 2d). Moreover, HOXB2
high-expression distinctly increased the number of
crystal violet-stained GOS-3 cells in the transwell
assay (P<0.01, P<0.01, Figure 2e-f).

Down-regulation of HOXB2 suppresses the
PI3K/AKT pathway in U251 cells, and over-ex-
pression of HOXB2 promotes the PI3K/AKT
pathway in GOS-3 cells

The PI3K/AKT signaling pathway is an import-
ant signaling pathway in tumors. The western blot
results indicated that the p-PI3K and p-AKT expres-
sion levels were decreased significantly in U251 cells
transfected with si-HOXB2 compared to the si-con-
trol group (Figure 3a-b). Nevertheless, the protein lev-
els of p-PI3K and p-AKT were remarkably improved
by the over-expression of HOXB2 (P<0.01, P<0.01,
Figure 3c-d).

DISCUSSION

In this paper, we discovered that HOXB2 high
expression was linked to a poor prognosis of GBM
patients. Furthermore, knockdown of HOXB2 sig-
nificantly suppressed cell proliferation, invasion, and
migration, possibly by activating the PI3K/AKT path-
way in U251 cells.

Our results showed that si-HOXB2 overtly reduced
the mRNA and protein expression levels of HOXB2
in U251 cells. HOXB2, as part of the HOX genes fam-
ily, affects normal vertebrate organ and limb devel-

t'°. Recently, Hoxb2 was identified as a target

opmen
gene of PLZF and may be associated with many
developmental systems, such as hematopoiesis and
the central nervous system (CNS)". There is evidence

to suggest that HOXB2 is expressed in the mature

FIGURE 2. HOXB2 DEPLETION RESTRAINED THE PROLIFERATION, MIGRATION, AND INVASION OF U251 CELLS, AND
THE OVER-EXPRESSION OF HOXB2 ACCELERATES THE PROLIFERATION, MIGRATION, AND INVASION OF GOS-3

CELLS.
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FIGURE 3. IMPACTS OF HOXB2 ON THE PI3K/AKT SIGNALING PATHWAY IN

GBM CELLS.

brain and is related to motor neurons in neuronal
cell lines™. According to a recent report, HOXB2 and
HOXB1 had genetic interaction during facial-nerve
motor-nuclear development®. Boimel et al." hold the
view that HOXB2 has a vital role in the regulation
of breast cancer growth. It has been indicated that
HOXB2 can be used as a novel biomarker for pancre-
atic cancer®. These data have motivated us to study
whether HOXB2 has a role in GBM. In our study, we
found that the down-regulation of HOXB2 suppressed
the proliferation, invasion, and migration of U251
cells, manifesting that HOXB2 had a promoting role
in GBM progression.

Studies have reported that the activation of PI3K/
AKT participated in the regulation of GBM prolifera-
tion®™. PI3K/AKT, as a significant signaling pathway in
reacting to extracellular signals, can mediate many
cellular processes including protein transcription,
apoptosis, vascular metabolism, production, and cell
viability™". As a major downstream PI3K effector,
AKT regulates the activity of many targets, including
transcription factors, kinases, among others™. AKT

participates in the modulation of cell proliferation and

anti-apoptosis™?°.

CONCLUSION

In summary, the present research demonstrated
that HOXB2 played a promoting role in GBM progres-
sion, partially through mediating the PI3BK/AKT path-
way. Thus HOXB2 may be a novel promising target
for GBM treatment. A limitation of our study is the
lack of in vivo experiments, which will be reported in
future studies.
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RESUMO

OBJETIVOS: A HOXB2 é um novo indicador prognéstico para o cdncer de pulmdéo. Mas ndo estd claro se a HOXB2 tem algum efeito na
progressdo do glioblastoma (GBM). O objetivo deste artigo foi sondar as influéncias da HOXB2 na patogénese do GBM.

METODOS: Foram analisados o nivel de expressdo e o poder prognéstico da HOXB2 em pacientes com GBM. Em seguida, os niveis de
expressdo proteica e mRNA da HOXB2 em linhagens de células de GBM foram testados por gRT-PCR e western blotting. A prolifer-
agdo, a invasdo e migragdo celular foram determinadas por CCK8 e ensaios transwell, vdrias vezes. Os niveis proteicos das proteinas
associadas a via PI3K/AKT foram analisados pelo método western blotting.

RESULTADOS: Os resultados indicaram que havia uma clara superrexpressdo da HOXB2 em pacientes com GBM e que a alta expressdo
da HOXB2 estava relacionada a um prognéstico negativo. Além disso, a expressdo da HOXBZ foi mais elevada em todas as linhagens
de células do GBM U251, U-87MG, GOS-3 do que nas células HEB (controle normal). Entretanto, a diminuigdo da expressao de P-PI3K
e p-AKT foi identificada apés a redugdo da expressdo da HOXB2.

CONCLUSOES: Esses dados demonstram que a HOXB2 desempenha um papel vital na progressdo do GBM, podendo ser um alvo
promissor para o tratamento do GBM.

PALAVRAS-CHAVE: Glioblastoma. Biomarcadores. Proteinas de homeodominio.
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