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Silencing of HOXB9 suppresses cellular proliferation,
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The Homeobox B9 (HOXB9) is a homeodomain-containing transcription factor that participates in the progression of various malignancies. Nevertheless, the functional role of HOXB9 in prostate cancer cells is largely
unknown. Hence, we aimed to address the effect of HOXB9 on the progression of prostate cancer cells. Small
interfering RNA (siRNA) against HOXB9 was used to downregulate HOXB9 expression in PC3 and DU145
cells. Western blotting was performed to detect the expression levels of HOXB9 and other related proteins. Cell
proliferation was tested by the Cell Counting Kit-8 (CCK-8) and cell cycle and apoptosis were investigated by
ﬂow cytometry. Angiogenesis was examined using tube formation assays The Transwell assays were carried
out to assess the migratory and invasive capacities of cells. Here, we found that HOXB9 knockdown signiﬁcantly reduced cell proliferation via inducing cell cycle arrest at G1 phase. This treatment also reduced
angiogenesis, migration and invasion abilities of PC3 and DU145 cells in vitro. We also found that HOXB9
knockdown inhibits the activation of the PI3K/AKT signaling pathway in prostate cancer cells. In conclusion,
our ﬁndings revealed that HOXB9 promotes prostate cancer progression and might be a novel and effective
therapeutic target for human prostate cancer.
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1. Introduction
Cancer is a major public health problem worldwide and
is one of the main causes of death. In the Unites States,
prostate cancer is the most common malignant cancer
in men, with an estimated 161,360 men diagnosed each
year and accounting for almost 20% of new diagnoses.
Although death rates decreased annually due to early
diagnosis, treatment and prevention, it still ranks as the
http://www.ias.ac.in/jbiosci

third leading cause of cancer-related death (Siegel et al.
2017). While prostate cancer is not the most common
malignant tumor in China, its incidence has risen to the
top ten of men’s malignancies, in recent years, and as a
result of a wide-ranging prostate speciﬁc antigen (PSA)
testing (Chen et al. 2016). Several types of early
prostate cancers are localized, and their development
and progression is prompted by androgen, which
means that most early stage patients can be effectively
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treated by androgen deprivation therapy or radical
prostatectomy (Livermore et al. 2016). However, a
large number of patients eventually progress to castrate
resistant prostate cancer (CRPC) for which treatment is
limited and thus carries a poor prognosis (Antonarakis
and Eisenberger 2011; Chi et al. 2009). Therefore,
there is an extremely urgent need to identify novel
therapeutic targets for advanced prostate cancer.
HOXB9 is a member of the homeobox family of
transcription factors, that was ﬁrst discovered in Drosophila (Gehring et al. 1994). HOX genes encode a
highly conserved domain named homeodomain. As a
member of the HOX family, HOXB9 activates or
inhibits the expression of target genes through its
homeodomain binding to the speciﬁc DNA sites
(Garcia-Fernandez 2005). HOXB9 is an oncogenic
protein that regulates cancer progression and is frequently overexpressed in several human malignant
neoplasms, including breast cancer (Shrestha et al.
2012), lung adenocarcinoma(Kwon et al. 2015), colorectal cancer (Huang et al. 2014) and gliomas(Fang
et al. 2014). Several studies have discovered the
implication of HOXB9 in tumorigenesis. A study of
hepatocellular carcinoma showed that HOXB9 overexpression may promote distant metastasis via epithelial-to-mesenchymal (EMT) progression (Sha et al.
2015). Shrestha B et al. found that HOXB9 plays a
signiﬁcant role in breast cancer angiogenesis and
serves as a crucial regulator of growth factors function
(Shrestha et al. 2012). Additionally, earlier research
found, that the expression of HOXB9 in prostate cancer
tissues, was higher than para-cancerous tissues (de
Pinieux et al. 2001). However, the expression of
HOXB9 in prostate cancer cells is not well known.
Based on the above ﬁndings, we hypothesized that
HOXB9 might participate in the development and
progression of prostate cancer.
In this study, we demonstrated the functional role of
HOXB9 in prostate cancer by exploring its role in proliferation, cell-cycle, apoptosis, angiogenesis, migration
and invasion. We also preliminarily investigated the
underlying mechanisms through which HOXB9 realized
its function in prostate cancer progression.

China). All cells were cultured in RMPI 1640 (Gibco,
NY, USA) medium, supplemented with 10% fetal
bovine serum (FBS, Invitrogen, Shanghai, China) at
37°C and in a 5% CO2 humidiﬁed atmosphere. The
following antibodies purchased from Abcam (MA,
USA) were used in this study: the polyclonal rabbit
anti-human HOXB9, HIF-1a, E-cadherin, N-cadherin,
Vimentin, VEGF and b-actin. The Polyclonal rabbit
anti-human P21, P27, Cyclin D1, Bax, Bcl-2, Caspase
3, MMP2, MMP9, p-PI3K, p-AKT, p-mTOR and
p-P70S6K, were purchased from Cell Signaling Technology (MA, USA). The polyclonal mouse anti-human
PI3K, AKT, mTOR and P70S6K were purchased from
Cell Signaling Technology (MA, USA). The horseradish peroxidase (HRP) conjugated goat anti-rabbit
IgG and goat anti-mouse IgG secondary antibodies
were purchased from Zhongshan Biotech (Beijing,
China).
2.2 Knockdown of HOXB9 by siRNA transfection
A sequence-speciﬁc siRNA against HOXB9 and a
scrambled non-speciﬁc control siRNA were designed,
synthesized and puriﬁed by GenePharma (Shanghai,
China). Prostate cancer cells were seeded into six-wells
plates, incubated for 24 h and transfected with HOXB9siRNA (2.5 ll) or scrambled non-speciﬁc control-siRNA
(2.5 ll) using the siLentFect reagent (5 ll) (Bio-Rad, CA,
USA) and according to manufacturer’s instructions. Six
hours after transfection, the medium was replaced with
fresh RMPI 1640 containing 10%FBS. After 48 h, the
cells were harvested to be used in follow-up assays. The
scrambled non-speciﬁc siRNA was chosen as the negative control. The transfection and knockdown efﬁciencies
were evaluated by ﬂuorescence microscopy (cells were
co-transfected with siRNA and GFP plasmids) and
Western blotting analysis. The sequences of HOXB9siRNA and negative control siRNA are as follows:
HOXB9 siRNA: Sense 50 -GCUGUCCCUACACCA
AAUATT-30 ; Antisense 30 -TTCGACAGGGAUG
UGGUUUAU-50 . Negative control siRNA: Sense 50 -UU
CUCCGAACGUGUCACGUTT-30 ; Antisense 30 -TTA
AGAGGCUUGCACAGUGCA-50 .

2. Materials and mthods
2.3 Western blotting
2.1 Cell culture and antibodies
The human castrate resistant prostate cancer PC3 and
DU145 cell lines and HUVEC were obtained from the
Cell Bank of Chinese Academy of Science (Shanghai,

Western blot analysis was used to detect the proteins
expression. The transfected cells were harvested for
proteins extraction using the radioimmunoprecipitation
assay (RIPA) lysis buffer (Beyotime Biotechnology,
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Nantong, China) containing phenylmethylsulfonyl ﬂuoride (PMSF, Beyotime Biotechnology, Nantong,
China) and protease inhibitors, and centrifuged at
14,000 g for 20 min. Protein concentration was gauged
using the enhanced bicinchoninic acid (BCA) Protein
Assay Kit (Beyotime Biotechnology, Nantong, China).
Equal amounts of proteins taken from different groups
were resolved on 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (Beyotime, Nantong, China) under 120 V and transfered to
nitrocellulose ﬁlter membranes (Milipore, MA, USA).
The membranes were blocked, at room temperature, for
2 h in 5% skim milk and separately incubated, at 4°C
overnight, in the following diluted primary antibodies
for HOXB9 (1:500 dilution), Vimentin (1:1000 dilution), VEGF (1:500 dilution), E-cadherin (1:1000
dilution), N-cadherin (1:1000 dilution), P21 (1:1000
dilution), P27 (1:1000 dilution), Cyclin D1 (1:1000
dilution), MMP2 (1:1000 dilution), MMP9 (1:1000
dilution), p-PI3K (1:1000 dilution), p-AKT (1:1000
dilution), p-mTOR (1:1000 dilution), p-P70S6K
(1:1000 dilution), PI3K (1:2000 dilution), AKT
(1:2000 dilution), mTOR (1:2000 dilution), P70S6K
(1:2000 dilution) and b-actin (1:10,000 dilution). The
milk containing the antibodies was removed and the
membranes washed prior incubation for 2 h in corresponding secondary antibodies solutions (1:10,000
dilution) at room temperature. After thorough washing
with washing buffer, containing Tween-20, the proteins
of interest were visualized using the enhanced chemiluminescence (ECL) detection kit (Tanon, Shanghai,
China) and analyzed by Image J software.

2.4 Cell proliferation assay
Cell proliferation was performed by the Cell Counting
Kit-8 (CCK-8, Beyotime, Nantong, China). CCK-8
reagent contains 2-(2-methoxy-4-nitrophenyl)-3- (4nitrophenyl)-5-(2, 4-disulfonic benzene)-2H-tetrazole
monosodium salt, which is degraded into formazan by
mitochondrial dehydrogenase with the electron carrier
1-methoxy-5-methyl phenazine sulfate dimethyl ester.
The amount of formazan formed is proportional to the
number of living cells. The light absorption value was
measured with the enzyme-linked immuno-detector at
the wavelength of 450 nm, which could indirectly
reﬂect the number of living cells.
Twenty-four hours after transfection, the cells were
plated into corresponding column wells of a 96-well
plates at a density of 4 9 103 cells and in 100 ll RMPI
1640 medium, supplemented with 10% FBS and
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cultured in an incubator. At 24 h, 48 h, 72 h and 96 h
time points, the medium was replaced with 100 ll of
RMPI 1640 medium containing 10 ll CCK-8 reagent,
and re-incubated for 1 h. Optical density (OD) values
were detected using the EELX-800 spectrometer reader
(Bio-Tek Instruments, Winooski, USA) at 450 nm. The
assay was repeated 3 times and the average values were
used for statistical analysis.
2.5 Cell apoptosis assay
Apoptotic cell death was detected by ﬂow cytometry
using an Annexin V-FITC/PI apoptosis assay kit
(KeyGen, Nanjing, China). After 48 h post-transfection, 1 9 105 cells were collected and washed twice
with ice-cold PBS, resuspended in a tube with 500 ll
binding buffer, and 5 ll of Annexin V-FITC and 5 ll of
PI were added and mixed prior incubation for 15 min at
room temperature and in the dark. The cells were
detected by FACSCanto Analyzer (BD Biosciences,
NJ, USA) within 1 h. The data were analyzed with the
FLowJo software (FLOWJO, LLC, PR, USA).

2.6 Cell cycle assay
Cell cycle was assessed using the Cell Cycle Detection
Kit (KeyGen, Nanjing, China). Brieﬂy, 48 h posttransfection, the cells were digested by trypsin, washed
twice with ice-cold PBS and ﬁxed in a pre-cooled 70%
ethanol at 4°C overnight. Eighteen hours later, the
ethanol was removed by centrifugation (2000 g for 5
min), and the cells were washed and centrifuged. The
supernatants were discarded, the pellets mixed with
100 ll of RNase A and incubated for 30 min in a waterbath at 37°C, prior the addition of 400 ll of PI and
incubation at 4°C in the dark. The cell cycle phases
were detected with the FACSCanto Analyzer (BD
Biosciences, NJ, USA). The data analysis was carried
out using the ModFit LT program (Verity Software
House, ME, USA).

2.7 Transwell migration assay
The cell migration assays were performed using the
Transwell chambers (8 lm pore size, Corning, NY,
USA), containing polycarbonate ﬁlters. After transfection for 24 h, the cells were resuspended in serumfree medium and 200 ll serum-free medium containing
4 9 104 cells were seeded into the upper chamber;
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while, 600 ll of RMPI 1640 medium, containing 10%
FBS, was added into the lower chamber as a
chemoattractant. After 18 h of incubation at 37°C, the
upper chamber cells, that did not cross through the
membrane, were manually scrubbed using cotton
swabs. The migrated cells on the underside surface of
the membrane, were ﬁxed with 4% paraformaldehyde
for 30 min and stained in 0.1% crystal violet (Beyotime, Nantong, China) for 30 min. Finally, the
chambers were washed three times with PBS and
images were scanned under an inverted microscope
with a 2009 magniﬁcation. The average number of
migrated cells was calculated from 5 random scans of
each chamber.

2.10 Statistical analysis
All the above assays were independently duplicated
three times. The data was presented as the mean ± standard deviation (SD). The statistical analyses were
calculated using independent samples t-test with the
SPSS 16.0 software (SPSS, Chicago, USA). Only the
values of p \ 0.05 were deemed statistically signiﬁcant. *, ** and *** were emblematized as p \ 0.05,
p \ 0.01 and p \ 0.001, respectively.
3. Results
3.1 Transfection efﬁciency of HOBX9-siRNA
in PC3 and DU145 cells

2.8 Matrigel invasion assay
The difference between the invasion assay and migration assay, is associated with the capacity of cancer
cells to penetrate the extracellular matrix gel. Accordingly, the top chambers were embedded with 50 lg
Matrigel (BD Bioscience, NJ, USA) that was diluted at
the ratio of 1:7 and incubated overnight in an incubator.
The following day, the transfected cells (4 9 104)
suspended in 200 ll serum-free medium, were seeded
on the surface of the top chamber and 600 ll RMPI
1640 medium with 10% FBS was ﬁlled into the bottom
chamber and incubated for 36 h in an incubator. The
subsequent procedures such as ﬁxation, dyeing and
imaging were identical to the migration assay
procedures.

We evaluated the transfection efﬁciency of HOXB9siRNA using western blotting and ﬂuorescence
microscopy. The percentage of green ﬂuorescence
protein (GFP) exceeded 90% (ﬁgure1A), which indicated that an efﬁcient transfection. Meanwhile,
HOXB9 protein level in the lysates from HOXB9siRNA transfected cells, was signiﬁcantly down-regulated compared to the negative control (p \ 0.001)
(ﬁgure 1B). Consequently, these data demonstrate, that
the expression of HOXB9 in PC3 and DU145 cells,
was efﬁciently reduced after HOXB9-siRNA
transfection.

3.2 Downregulation of HOXB9 expression inhibits
proliferation and induces G1/S cell cycle arrest
of prostate cancer cells

2.9 Tube formation assay
Prostate cancer cells were transfected with the
HOXB9-siRNA or the negative control for 24 hours,
then the culture mediums were replaced with serumfree mediums an additional 24 h cell culture and the
supernatants were centrifuged (2000 g for 5 min) and
collected for the following experiment. HUVECs were
cultured in RMPI 1640 medium containing 10% FBS,
and 2 9 104 cells were collected and mixed into 200 ll
of the extracted supernatants. When the cells grew to
85% conﬂuence, they were evenly plated into a
Matrigel pre-coated 48-well plate (200 ll per well) and
incubated for 6 h at 37°C. Ultimately, the tube formation was photographed with an inverted microscope
(2009 magniﬁcation) and tubes number was manually
counted in ﬁve random ﬁelds, and the mean number
was computed.

To investigate the effect of HOXB9 on cell growth,
HOXB9 was knocked down using speciﬁc siRNA in
PC3 and DU145 cells. The CCK-8 assay was performed on these cells and showed a substantial decline
in cell proliferation following HOXB9-siRNA transfection (ﬁgure 2A). To explore whether the proliferative inhibition was due to an increased apoptosis or cell
cycle arrest, we carried out a series of ﬂow cytometry
analyses using Annexin V and PI double staining of the
cells. We found that there is no difference between the
experimental and the negative control groups (ﬁgure 2B). We also detected the expression of crucial
apoptosis-related molecular markers, such as Bax, Bcl2 and Casepase-3 using western blotting. The results
also showed no statistical signiﬁcance between the 2
groups (ﬁgure 2D). Most noteworthy, the data of the
cell cycle assays pointed out that HOXB9
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Figure 1. Effects of HOXB9-siRNA on HOXB9 expression in prostate cancer PC3 and DU145 cells. (A) The image
photographed under ﬂuorescence microscopy was used to evaluate the transient transfection efﬁciency. The optical
micrographs and ﬂuorescence micrographs are list on the left (a and c) and the right (b and d) sides, respectively. The
intensity of green ﬂuorescence represents transfection efﬁciency. (B) The expression levels of HOXB9 protein was analyzed
by western blotting. b-actin was used as loading control. The results are presented as mean ± SD. All data were calculated
from three independent experiments. ***p \ 0.001.

downregulation induces a considerable increase of cells
in the G1-phase and a corresponding decline of those in
the S-phase. No signiﬁcant changes were observed at
the G2-phase and M-phase (ﬁgure 2C). Subsequently,
we performed quantitative analyses of several proteins
involved in cell cycle progression from G1-phase to
S-phase and the data showed that HOXB9 knockdown
induced a reduction in Cyclin D1 expression and an
increase in P21 and P27 expression levels (ﬁgure 2E).
3.3 Downregulation of HOXB9 expression
restrains human umbilical vein endothelial cell
(HUVEC) tube formation
The tube formation assay is also called HUVECs
capillary-like tube formation, that is used for assessing
the angiogenesis ability of cells in vitro. Hence, we
carried out the tube formation assay to investigate the
inﬂuence of HOXB9 knockdown on prostate cancer
angiogenesis of in vitro. As shown in ﬁgure 3a,
supernatants from HOXB9 siRNA-treated group signiﬁcantly inhibited HUVEC tube formation when
compared to supernatants from the negative control
group. Additionally, it is well known that the vascular
endothelial growth factor (VEGF) and the hypoxia-inducible factor-1a (HIF-1a) play an irreplaceable role in
the activation of tumor angiogenesis. Thus, we used
western blot analysis and demonstrated that VEGF and
HIF-1a expression levels signiﬁcantly decreased in

PC3 and DU145 HOXB9 knockdown cells (ﬁgure 3B).
These results revealed that the silencing HOXB9 can
inhibit the angiogenic ability of prostate cancer cells
in vitro.
3.4 Downregulation of HOXB9 expression
reduces cell migration and invasion in vitro
To further explore the functional role of HOXB9 in
prostate cancer malignant progression and metastasis,
we employed transwell migration and matrigel invasion assays to assess whether HOXB9 had effects on
the migratory and invasive capacities of prostate cancer
cells. The results showed a signiﬁcant decrease in cells
that migrated through the membrane following
HOXB9 knockdown (ﬁgure 4A); whilst, the invasive
capacity of HOXB9 siRNA-treated group cells was
notably declined compared with cells transfected with a
control siRNA (ﬁgure 4B). In addition, several studies
conﬁrmed that the matrix metalloproteinases (MMPs)
and the EMT (Epithelial-Mesenchymal Transition)
process play a crucial role in tumor migration and
invasion. Accordingly, we performed a series of Western blots to examine the effects of HOXB9 knockdown on MMPs and EMT-associated proteins. The
Results showed distinct reductions in MMP2 and
MMP9 expression in the HOXB9 knockdown cells
when compared to control groups (ﬁgure 4C). They
also showed an increase of E-cadherin expression
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2. The knockdown of HOXB9 inhibits prostate
cancer cell proliferation and induces cell cycle arrest. (A)
Cell proliferation was analyzed with the CCK-8 assay. The
cell proliferation ability of PC3 and DU145 cells was
reduced after HOXB9-siRNA transfection. (B) Apoptosis
assay was performed using ﬂow cytometry technique after
Annexin V-FITC/PI double staining. The results show that
HOXB9 down-regulation has no distinct effect on apoptosis
rates. (C) Apoptosis-associated proteins (Bcl-2 and Bax)
levels were measured by western blot analysis, and the
results are consistent with apoptosis assay. (D) The Cell
cycle analysis of percent cell populations in diverse phases
was detected by EtOH ﬁxed PI/RNase staining and ﬂow
cytometry technique. Both PC3 and DU145 cells were
arrested in the G1-phase after treatment with HOXB9siRNA for 48h. (E) The protein expression levels of the
major molecules of the G1/S phase (Cyclin D1, P21 and
P27) expression were gauged by western blot analysis. The
results show that p21 and p27 protein levels were notably
increased; while, Cyclin D1 was markedly decreased. The
results are presented as mean ± SD of triplicates.
*p \ 0.05, **p \ 0.01, ***p \ 0.001, NS represents no
statistically signiﬁcant analyses.

b Figure

(epithelial marker) and a decrease N-cadherin and
Vimentin (mesenchymal mark) expression associated
with HOXB9 knockdown when compared with the
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controls (ﬁgure 4D). Taken together, these results
indicated that the silencing of HOXB9 inhibits the
migratory and invasive capacities of PC3 and DU145
cells.
3.5 Downregulation of HOXB9 expression
decreases proliferation, angiogenesis, migration
and invasion, and induces cell cycle arrest in part
by regulating the PI3K/AKT signaling pathway
The PI3K/AKT pathway is an important signaling
pathway that promotes tumor progression via regulating cell proliferation, apoptosis, cell cycle, angiogenesis, migration and invasion. Therefore, we
investigated the potential role of HOXB9 in the regulation of the PI3K/AKT pathway using western blot
analysis. For this, we examined PI3K, AKT, p-PI3K
and p-AKT protein levels of expression between the
experimental groups and their respective control
groups, in PC3 and DU145 cells. The results revealed a
decrease in p-PI3K and p-AKT levels of expression
upon HOXB9 knockdown when compared to the
controls. However, differences were observed in PI3K
and AKT protein expression (ﬁgure 5A). Furthermore,
we also tested the expression of HIF-1a key upstream

Figure 3. HOXB9 knockdown restreins HUVEC tube formation. (A) The Effects of HOXB9 knockdown on the
angiogenesis of prostate cancer cells in vitro, were assessed by the HUVEC tube formation assay. The Transiently downregulated HOXB9 notably inhibited HUVEC capillary-like tube formation. (B) Angiogenesis-associated protein levels, such
as VEGF and HIF-1a, were tested by western blotting. The results show, that VEGF and HIF-1a, were signiﬁcantly
decreased after HOXB9 siRNA treatment. Due to a problem with the antibody speciﬁcity, we obtained two bands for VEGF.
After comparing the molecular weight, we determined that the following band is located at 55 kDa and the lower band is the
correct band. All values are presented as mean ± SD of three independent experiments. **p \ 0.01, ***p \ 0.001.
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4. HOXB9 knockdown inhibits the migration and
invasion of prostate cancer cells. The migratory and invasive
capacities were evaluated by transwell assays and are
represented by the quantity of migrating or invading cells.
Representative images were taken in situ for migration (A)
and invasion (B) in PC3 and DU145 cells. (C) The
expression levels of MMPs (MMP-2 and MMP-9) in PC3
and DU145 cells were measured by western blot analysis.
(D) The western blot assay was carried out to determine the
changes in the expression levels of EMT-associated markers
(E-cadherin, N-cadherin and Vimentin) in HOXB9 knockdown cells and negative control group cells. The Results are
shown
as
mean ± SD.
*p \ 0.05,
**p \ 0.01,
***p \ 0.001.

b Figure

proteins, including both phosphorylated and total
mTOR and P70S6K. We found that p-mTOR and
p-P70S6K expression were prominently reduced;
while, the mTOR and P70S6K were not affected by
HOXB9 knockdown in prostate cancer cells (ﬁgure 5B). These data indicated that HOXB9 distinctly
inhibited the activation of PI3K/AKT signaling pathway knockdown in PC3 and DU145 cells.
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4. Discussion
HOXB9, a member of the HOX genes family of
homeodomain-containing transcription factors, is well
known for its functional role in embryogenesis, especially in posterior axis development (Javed and Langley 2014). It is a proto-oncogene that is highly
expressed in embryonic tissue and in several malignancies; while, it is absent or expressed at low level in
normal adult tissues and para-carcinoma tissues (Chen
and Sukumar 2003; Zhan et al. 2015). The aberrant
expression of HOXB9 in tumor cells can promote cell
proliferation, angiogenesis and distant metastasis
(Hayashida et al. 2010). Several studies demonstrated
the role of HOXB9 in the progression of various neoplasms; whereas, the biological functions of HOXB9 in
prostate cancer remain limited. In the present study, we
proved that the downregulation of HOXB9 expression
suppresses the proliferation, migration, invasion and
angiogenesis abilities of prostate cancer cells, and
reduces the activation of the PI3K/AKT signaling
pathway. Our research indicated that HOXB9 plays a
critical role in the development and progression of
prostate cancer.

Figure 5. Ablation of HOXB9 regulates the expression of the PI3K/AKT signaling pathway associated molecular markers.
(A) The representative western blotting image reveals the effects of HOXB9 knockdown on the PI3K/AKT pathway. (B)
Western blot analysis of the expression levels of mTOR, p-mTOR, P70S6K and p-P70S6K in PC3 and DU145 cells treated
with negative control siRNA or HOXB9 siRNA. The data are presented as mean ± SD. **p \ 0.01, ***p \ 0.001.
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It is well known, that apoptosis acts as a scavenger of
damaged cells and that the cell cycle is a process
controlling cell growth and cellular division. In this
regard, the key regulators in the control of cell proliferation, are cell cycle and apoptosis. Previous studies
reported that HOXB9 participates in the process of cell
proliferation (Nagel et al. 2007), apoptosis (Morgan
et al. 2012) and cell cycle, and in various cancers
Hence, we hypothesized that HOXB9 might also play
an important role in regulating cell proliferation,
apoptosis and cell cycle in prostate cancer. Subsequently, we performed CCK-8 assays to detect differences in cell proliferation between negative control
groups and experimental groups. Our data revealed that
cell proliferation was reduced after HOXB9 knockdown in PC3 and DU145 cells. We further performed a
series of ﬂow cytometry assays to identify whether
HOXB9 has effects on apoptosis or cell cycle. Interestingly, we found that the loss of HOXB9 expression
induces cell cycle arrest in G1 phase; while, no change
was observed in the apoptosis rate of cells that were
treated with HOXB9-siRNA. Consistent with previous
studies, HOXB9 was able to modulate the cell cycle
regulators of G1/S phase, such as P21, P27 (cyclin
dependent kinase inhibitor protein) and Cyclin D1;
while, it had no effect on BCL-2 and BAX, which are
well known anti-apoptotic and pro-apoptotic protein
markers, respectively. Moreover, the levels of P21 and
P27 expression increased after HOXB9 silencing by
siRNA; while, cyclin D1 decreased. These results
indicated that the downregulation of HOXB9 expression results in a lower proliferation of prostate cancer
cells, partly due to cell cycle arrest rather than an
increased apoptosis.
Angiogenesis is a pivotal player in the progression of
multiple tumors due to neovasculature formation,
which provides nutrients to meet the need for the rapid
growth of malignant tumors, and for cancer cells
spreading (Carmeliet and Jain 2011; Paduch 2016).
Numerous proangiogenesis and antiangiogenesis factors participate in the regulation of angiogenesis, such
as VEGF, VEGFRs, HIF-1a and ephrin (Zhao and
Adjei 2015). Additionally, a previous study demonstrated that an increased activation of HIF-1a induces
the increase of VEGF (Yen et al. 2017); thereby,
accelerating the progression of vasculogenesis (Frezzetti et al. 2017). It has been demonstrated that
HOXB9 has an effect on angiogenesis in several cancer
cells, including colon (Hoshino et al. 2014), ovarian
(Wu et al. 2016), breast (Seki et al. 2012) and hepatocellular carcinoma (Chiba et al. 2017). Consistent
with these ﬁndings, we found that HOXB9 knockdown

in prostate cancer cells, effectively reduced HUVEC
tube formation, and that the expression of HIF-1a and
VEGF, were signiﬁcantly decreased. Hence, we suggested that HOXB9 downregulation can inhibit the
angiogenic ability of prostate cancer cells.
Tumor distant metastasis is the primary cause of
death in prostate cancer patients. Growing evidences
indicate, that MMPs are critical for cancer metastasis
(Shay et al. 2015). MMP-2 and MMP-9 belong to the
MMPs family of zinc-dependent endopeptidases, which
play a signiﬁcant role in invasion and metastasis
through extracellular matrix degradation (Rahman et al.
2017; Tsai et al. 2015). Herein, we revealed, that of
HOXB9 decreased expression markedly represses the
invasive ability of prostate cancer cells, which might be
associated with the reduction of MMP-2 and MMP-9
expression. EMT is a well-established mechanism that
is involved in embryonic morphogenetic conversion,
wound healing and cancer metastasis. During EMT, the
cells lose their epithelial phenotype and acquire a
mesenchymal phenotype, which can be detected using
molecular markers, such as E-cadherin (Epithelial
marker), N-cadherin and Vimentin (Mesenchymal
markers). This alteration has been conﬁrmed to lead to
the loss of cell-cell adhesion, cell motility and the
acquisition of the ability to evade apoptosis, allowing
cancer cells to metastasize (Singh et al. 2017; SuarezCarmona et al. 2017). Xue M et al.(Xue et al. 2017)
reported that the deregulation of HOXB9 expression
facilitates migration, invasion and EMT progression of
oral squamous cell carcinoma. In the present study, our
data indicated that HOXB9 knockdown reverses EMT
progression and restrains the migration of prostate
cancer cells. These results suggested that HOXB9
promotes migration and invasion of prostate cancer
cells by regulating the expression of MMP2 and MMP9
and EMT progression.
The PI3K/AKT signaling pathway is essential for
several cellular processes, including cellular proliferation, apoptosis, transcription, glycometabolism and differentiation (Hemmings and Restuccia 2012; Vivanco
and Sawyers 2002). For instance, the activation of the
PI3K/AKT pathway can trigger substantial downstream
effects, such as the activation of Cyclin D1 and the
downregulation of p21 and p27 expression, which promote cell proliferation by accelerating the G1-S phase
(Luo et al. 2017). This pathway also induces migration,
invasion and EMT progression in cancer cells (Xu et al.
2015). Moreover, the aberrant activation of the PI3K/
AKT signaling pathway stimulates the downstream signaling molecules mTOR and P70S6K, leading to the
activation of HIF-1a and VEGF and the initiation of
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angiogenesis (Claesson-Welsh and Welsh 2013;
Semenza 2003). Numerous studies have reported that
HOX genes take part in the progression of several
malignant cancers by regulating the PI3K/AKT signaling
pathway (Wang et al. 2016; Wang et al. 2015). Hence, we
carried out western blotting to investigate the expression
of related proteins and we showed that p-PI3K, p-AKT,
p-mTOR and p-P70S6K expression levels were markedly decreased in HOXB9-siRNA transfected cells,
suggesting that HOXB9 knockdown inhibited the activation of the PI3K/AKT pathway in prostate cancer cells.
Besides, it has been shown that the dysregulated
expression of AKT advances cell survival by inhibiting
the proapoptotic function of Bax and by activating the
antiapoptotic substrate Bcl-2 (Yang et al. 2017). Interestingly, our results indicated that HOXB9 knockdown
has no observable effect on the apoptosis of prostate
cancer cells. Considering that the pro-apoptosis and antiapoptosis processes are a pair of complex and contradictory processes, we hypothesized that HOXB9
knockdown may activate another compensatory apoptotic reaction. Therefore, further experiments are needed
to investigate this hypothesis.
Collectively, our study has demonstrated, and for the
ﬁrst time, that HOXB9 knockdown leads to the reduction
of cell proliferation by inducing cell cycle arrest at the G1
phase and to a decrease in cell migration and invasion
through inhibiting the expression of MMPs and EMT
progression in prostate cancer cells. It also shows that
HOXB9 knockdown decreases angiogenesis by reducing
the expression of HIF-1a and VEGF. Moreover, all these
processes are partly regulated via the PI3K/AKT signaling pathway. While these initial results are promising,
more systematic and detailed experiments are still needed, such as in vivo animal models and PI3K/AKT
pathway inhibitor assays. Hence, we suggest that
HOXB9 could serve as a novel and efﬁcient therapeutic
target for prostate cancer therapy.
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