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Abstract: Homeobox genes (HOX genes) have been implicated in many tumors. As a member of HOX genes, HOXB5
is overexpressed in bladder cancer and contributes to the proliferation and invasion of breast cancer cells. However,
functions of HOXB5 in retinoblastoma remain elusive. In this study, we found that HOXB5 expression is upregulated
in retinoblastoma cell lines and tissues. Overexpression of HOXB5 promoted retinoblastoma cell migration and
invasion, but knockdown of HOXB5 suppressed the migration and invasion. Moreover, HOXB5 induced the activa-
tion of ERK1/2 and upregulated the production of MMP-3 and MMP-13. In addition, ERK1/2 pathway was required
for HOXB5-mediated retinoblastoma cell migration and invasion. Taken together, our study suggests that HOXB5
promotes the migration and invasion of retinoblastoma cells by inducing the activation of ERK1/2 and increasing
the production of MMP-3 and MMP-13. Therefore, HOXB5 may represent an effective target for treatment of retino-

blastoma.
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Introduction

Retinoblastoma is the most common malignant
tumor of the eye in the world [1, 2]. Poor prog-
nosis of retinoblastoma is closely related to the
invasive and metastatic tendencies [3], which
account for the major reasons of tumor-related
death. Therefore, it is urgent to uncover the
molecular mechanisms involved in the invasion
and metastasis of retinoblastoma.

Homeobox genes (HOX genes) are first charac-
terized in the fruit fly Drosophila melanogaster,
and are further identified in other species,
including mammals [4, 5]. HOX genes are 183-
bp sequences that encode highly conserved
61-amino-acid homeodomains. HOX proteins
are able to bind specific DNA sites and subse-
quently regulate the key pathways in the organ-
ogenesis and oncogenesis [6]. In human, 39
HOX genes are identified that are further
grouped into four clusters: HOXA, B, C, and D.
Each cluster contains 9 to 11 members that
located on four different chromosomes [7].
Many studies have reported that HOX genes

are involved in the progression of tumor.
Belonging to HOX genes, HOXB cluster plays an
important role in many tumors. It is reported
that HOXB9 promotes epithelial-to-mesenchy-
mal transition in gastric and hepatocellular car-
cinoma cells [8, 9]. Many studies have found
that HOXB13 is frequently overexpressed in
prostate and cervical cancers [10, 11], and pro-
motes the invasion of cervical cancer cells [12].
HOXB5, a member of HOXB cluster, has been
reported to be amplified in oral squamous cell
carcinoma [13]. However, functions of HOXB5 in
retinoblastoma are still not clear.

In this work, we detected the expression of
HOXB5 in retinoblastoma cells. We also tried to
uncover the molecular functions of HOXB5 in
retinoblastoma cell invasion and migration.

Materials and methods
Cell culture and reagents

Cell lines were obtained from Cell Resource
Center of the Chinese Academy of Medical
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Science (Beijing, China). The retinoblastoma
cell lines, including Y79, SO-RB50, and WERI-
RB1 cells, were grown in RPMI-1640 with 10%
FBS. Cells were allowed to culture at 37°C
in a humidified atmosphere of 5% CO,.
Antibodies against HOXB5, ERK1/2, and
GAPDH were purchased from Santa Cruz
(Camarillo, CA, USA). Antibody against phos-
pho-ERK1/2 was purchased from Cell Signaling
Technology (Danvers, MA, USA). ERK1/2 spe-
cific inhibitor U0O126 was purchased from
Sigma (St Louis, MO, USA).

Patients and tissue samples

Our study was approved by the Human Scientific
Ethics Committee of Hangzhou Medical College.
A total of 16 patients who were pathologically
diagnosed as retinoblastoma at the Zhejiang
Provincial People’s Hospital between 2010 and
2016 were recruited. Tissue samples were col-
lected from 16 primary human retinoblastoma
tissues and 8 normal pediatric retinas.

Western blotting

Cells were harvested and cellular protein was
extracted with RIPA lysis buffer containing pro-
tease and phosphatase inhibitors (Applygen
Technologies Inc, Beijing, China). BCA protein
assay kit (Applygen Technologies Inc) was used
to measure the concentration. Equal amounts
of protein were separated electrophoretically
on SDS-polyacrylamide gel and transferred
onto polyvinylidene fluoride (PVDF) membranes
(Immobilon P, Millipore, Bedford, MA). The
membranes were blocked for 1 h at room tem-
perature in 5% BSA, and then were immunob-
lotted with the antibodies of HOXB5, GADPH,
ERK1/2 and p-ERK1/2 respectively, overnight
at 4°C. Next, the membranes were incubated
with secondary antibodies conjugated to horse-
radish peroxidase (HRP). Finally, the mem-
branes were detected by enhanced chemilumi-
nescence (Pierce, Rockford, IL).

Real-time PCR

Total RNA was isolated with TRIzol reagent
(Invitrogen). The cDNA was prepared by using
RNA of 2 ug, dNTPs, oligo dT and M-MLV reverse
transcriptase. PCR was performed using SYBR®
Green Real-Time PCR Master and primers of
MMP-3 (forward: 5-CTGGACTCCGACACTCTG-
GA-3, reverse: 5-CAGGAAAGGTTCTGAAGTGA-
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CC-3’), MMP-13 (forward: 5-CCAGACTTCACG-
ATGGCATTG-3’, reverse: 5-GGCATCTCCTCCA-
TAATTTGGC-3’) and GAPDH (forward: 5-GAG-
TCAACGGATTTGGTCGT-3’, reverse: 5-GACAA-
GCTTCCCGTTCTCAG-3’). Real-time PCR analy-
sis was carried out as follows: 95°C for 1 min,
40 cycles of 95°C for 15 s, 60°C for 1 min.
Finally, the threshold cycle number for MMP-3
and MMP-13 in each sample was normalized to
that of GAPDH.

Migration assay

Cells were plated on the upper chambers (1 x
10°% cells in 200 pl) of the 24-well Transwell
plates cell culture inserts (BD Biosciences, NJ,
USA). DMEM culture medium plus 20% FBS
was added into the lower chambers to serve as
a chemoattractant. After 18 h of culture, cells
that migrated through the filter were fixed with
methanol for 10 min and stained with eosin for
20 min. Finally, the stained cells were counted
under a light microscope in seven random
fields.

Invasion assay

The upper chambers of the 24-well Transwell
plates cell culture inserts (BD Biosciences, NJ,
USA) was coated with Matrigel basement mem-
brane matrix (BD) before the experiment was
performed. Cells at a density of 5 x 10° cells/
ml suspended in 200 yl DMEM were added into
the upper chambers, whereas the DMEM cul-
ture medium plus 20% FBS was added into the
lower chambers. After 18 h of culture, cells that
invaded through the filter were fixed with meth-
anol for 10 min and stained with eosin for 20
min. Finally, the stained cells were counted
under a light microscope in seven random
fields.

ELISA assay

Cell supernatant was collected and stored at
-80°C. MMP-3 and MMP-13 ELISA KIT were
used to measure the protein level of MMP-3
and MMP-13 (Boster, Wuhan, China), according
to the manufacturer’s instructions.

Cell transfection

Small interference sequence (siRNA) of HOXB5
(siHOXB5) was designed and purchased from
Invitrogen. A si-scramble RNA (siNC) was used
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Chicago, IL, USA). Statistical
significance was set at P<
0.05.

Results

HOXBS is significantly ex-
pressed in retinoblastoma
cell lines and tissues

Using western blotting, the
expression of HOXB5 in Y79,
SO-RB50, and WERI-RB1 ce-
lls was detected. The results
showed that HOXB5 expres-
sion was upregulated in reti-
noblastoma cells (Figure 1A).
Further, the mRNA expression
of HOXB5 in 16 tumor tissues
and 8 normal pediatric retina
were detected by real-time
PCR. The results showed that
the expression of HOXB5 was
increased in tumor tissues
(Figure 1B). These data imply
that HOXB5 may play a posi-
tive role in retinoblastoma.
Y79 and WERI-RB1 cells were
used in further study, because

2 5

2 |
o

s 4

o

9.3_

[Te}

om

S 21

I o
2 1- %
£ o
3

o

o

Figure 1. Expression of HOXB5 in retinoblastoma cells and tissues. A. Protein
level of HOXB5 in retinoblastoma Y79, SO-RB50, and WERI-RB1 cell lines. B.
Protein level of HOXB5 in retinoblastoma tissues. *P<0.05.

as a negative control. A HOXB5 open reading
frame was subcloned into the pcDNA3.1 vector
(VHOXB5), whereas a scrambled sequence was
subcloned into the pcDNA3.1 vector as nega-
tive control (vNC). Cells were transfected with
siRNA or pcDNA vector using Lipofectamine
2000 reagent. 36 h later, the expression of
HOXB5 was detected by western blotting.

Statistical analysis

All experiments were performed and repeated
independently at least three times. The results
are expressed as means * standard deviation
(SD). For differences between groups, analysis
was performed using Student’s t-test (two
groups) or one-way analysis of variance (ANOVA)
test (multiple groups). All data were estimated
with the software of SPSS 17.0 (SPSS Inc.,

1705
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that relatively lower HOXB5
expression in Y79 cells, but
higher HOXB5 level in WERI-
RB1 cells was observed as
compared to that in SO-RB50
cells.

Knockdown of HOXB5 inhibits the migration
and invasion of retinoblastoma cells

Then the role of HOXB5 in retinoblastoma cell
migration and invasion was examined. The
expression of HOXB5 in Y79 cells was greatly
inhibited after transfection of siHOXB5 (Figure
2A). Cell migration ability was detected through
migration assay, while cell invasion ability was
determined by invasion assay. After knockdown
of HOXB5 in Y79 cells using siRNA, the siNC
and siHOXB5 cells were subjected to migration
and invasion assays, respectively. The results
showed that knockdown of HOXB5 suppressed
the migration of Y79 cells (Figure 2B). Similarly,
invasion assay showed that knockdown of
HOXB5 inhibited the invasion of Y79 cells
(Figure 2C). However, knockdown of HOXB5 did
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Figure 2. Effects of HOXB5 knockdown on Y79 cell migration and invasion. A.
Y79 cells were transfected with siNC or siHOXB5 respectively, HOXB5 expres-
sion was detected by western blotting. B. Effect of HOXB5 knockdown on cell
migration. C. Effect of HOXB5 knockdown on cell invasion. *P<0.05.

not affect the growth of Y79
cells (Data not shown).

Overexpression of HOXB5
promotes the migration and
invasion of retinoblastoma
cells

Next, a pcDNA3.0-HOXB5 ve-
ctor was transfected into
WERI-RB1 cells. As shown
in Figure 3A, transfection of
vHOXB5 markedly increased
the expression of HOXB5 in
WERI-RB1 cells. Next, vNC
and vHOXB5 cells were allow-
ed to invade or migrate for 18
h. Using migration assay and
invasion assay, we found that
as compared with vNC cells,
overexpression of HOXB5 pro-
moted the migration and inva-
sion of WERI-RB1 cells, sug-
gesting that HOXB5 is involv-
ed in the migration and inva-
sion of retinoblastoma cells
(Figure 3B and 3C). However,
overexpression of HOXB5 had
little effect on the prolifera-
tion of WERI-RB1 cells (Data
not shown).

HOXB5 affects the activation
of ERK1/2 in retinoblastoma
cells

ERK1/2 pathway plays an
important role in tumor devel-
opment. EGF, a pivotal cyto-
Kine in tumor progression,
was used to activate ERK1/2
activation in retinoblastoma
cells. In siNC cells, we found
that EGF stimulation for 10
min greatly induced ERK1/2
activation. However, the EGF-
mediated ERK1/2 activation
was attenuated in siHOXB5
cells (Figure 4A). Also, overex-
pression of HOXB5 in WERI-
RB1 cells enhanced the EGF-
induced activation of ERK1/2
(Figure 4B). These data sug-
gest that HOXB5 can affect
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Figure 3. Effects of HOXB5 overexpression on WERI-RB1 cell migration and
invasion. A. WERI-RB1 cells were transfected with vNC or vHOXB5 respective-
ly, HOXB5 expression was detected by western blotting. B. Effect of HOXB5
overexpression on cell migration. C. Effect of HOXB5 overexpression on cell
invasion. *P<0.05.

the activation of ERK1/2 in
retinoblastoma cells.

Involvement of HOXB5 in
regulating MMPs production
in retinoblastoma cells

Matrix metalloproteinases
(MMPs) are a group of zinc-
dependent endopeptidases
that are crucial for tumor inva-
sion and metastasis [14]. By
performing real-time PCR, we
found that overexpression of
HOXB5 increased the mRNA
levels of MMP-3 and MMP-13
in WERI-RB1 cells, whereas
knockdown of HOXB5 de-
creased MMP-3 and MMP-13
mRNA level in Y79 cells
(Figure 5A and 5B). Similarly,
ELISA assay also showed th-
at MMP-3 and MMP-13 pro-
tein level was upregulated in
WERI-RB1 vHOXB5 cells as
compare to WERI-RB1 vNC
cells, but was downregulated
in Y79 siHOXB5 cells com-
pared with Y79 siNC cells
(Figure 5C and 5D). These
results confirm that the pro-
duction of MMP-3 and MMP-
13 can be regulated by HO-
XB5 in retinoblastoma cells.

ERK1/2 pathway is required
for HOXB5-mediated retino-

blastoma cell migration and
invasion

To investigate the role of
ERK1/2 pathway in HOXB5-
mediated retinoblastoma cell
migration and invasion, an
ERK1/2 inhibitor U0126 (100
nM) was used to suppress
ERK1/2 activation in WERI-
RB1 vNC and vHOXB5 cells.
Migration assay and invasion
assay showed that overex-
pression of HOXB5 promoted
the migration and invasion in
DMSO-treated cells, but inhi-
bition of ERK1/2 activation
blocked the HOXB5-mediated
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Figure 4. HOXB5 regulated EGF-induced activation of ERK1/2 in retinoblastoma cells. A. Y79 siNC and siHOXB5
cells were stimulated with 100 nM EGF for 15 min, ERK1/2 activation was detected by western blotting. *P<0.05
vs. siNC. #P<0.05 vs. siNC+EGF. B. WERI-RB1 vNC and vHOXB5 cells were stimulated with 100 nM EGF for 15 min,
ERK1/2 activation was detected by western blotting. *P<0.05 vs. vNC. #P<0.05 vs. vNC+EGF.

migration and invasion (Figure 6A and 6B),
implying that ERK1/2 pathway is involved in
HOXB5-mediated retinoblastoma cell migration
and invasion. Further, we found that overex-
pression of HOXB5 promoted the expression of
MMP-3 and MMP-13 at mRNA and protein lev-
els in DMSO-treated cells, whereas suppres-
sion of ERK1/2 activation attenuated MMP-3
and MMP-13 production (Figure 6C-F), sug-
gesting that HOXB5 affects MMP-3 and MMP-
13 production via ERK1/2 pathway.

1708

Discussion

The HOXB cluster has been implicated in many
disease processes, including tumor cell inva-
sion and metastasis [15, 16]. The functions of
HOXB cluster have been reported by many
researchers, in particular, HOXB9Q and HOXB13
[17]. However, the role of HOXB5 in tumor,
especially in retinoblastoma, is still unclear.
The major findings of this study are that HOXB5,
which is overexpressed in retinoblastoma cell

Am J Transl Res 2018;10(6):1703-1712
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Figure 5. Effects of HOXB5 expression on MMP-3 and MMP-13 production. A. Effect of HOXB5 expression on MMP-
3 mRNA level. B. Effect of HOXB5 expression on MMP-13 mRNA level. C. Effect of HOXB5 expression on MMP-3
protein level. D. Effect of HOXB5 expression on MMP-13 protein level. *P<0.05.

lines and tissues, promotes the invasion and
migration of retinoblastoma cells through
enhancing ERK1/2 pathway-mediated MMP-3
and MMP-13 production.

Abnormal expression of HOXB5 has been
observed in a number of tumors. It is reported
that HOXBS5 is upregulated in bladder and ovar-
ian cancers [18, 19], and HOXB5 was amplified
in 93.3% oral squamous cell carcinomas [13].
The expression of HOXB5 in retinoblastoma is
elusive. Thus we here detected its protein level
in retinoblastoma cell lines and tissues. We
found that HOXB5 expression was overex-
pressed in both retinoblastoma cell lines and
tissues, indicating a pivotal role of HOXB5 in
retinoblastoma.

HOXB cluster has been reported to play an
important role in tumor development. Lee et al.
have found that HOXB5 acts as a positive mod-

1709

ulator by promoting cell growth and invasive-
ness in ER-positive breast cancer [20]. Hong et
al. have shown that HOXB5 induces invasion
and migration through direct transcriptional up-
regulation of B-catenin in human gastric carci-
noma [21]. However, the role of HOXB5 in reti-
noblastoma cell migration and invasion is
unknown. In our study, we found that HOXB5
could promote the migration and invasion of
retinoblastoma cells. To our knowledge, it is the
first time that the functions of HOXB5 are iden-
tified in retinoblastoma cells.

MMPs, a group of enzymes that account for the
degradation of extracellular matrix proteins,
play critical roles in tumor invasiveness [22].
HOXB cluster has been found to be able to reg-
ulate MMPs expression in tumor progression
[23], but whether HOXB5 can induce MMPs
expression is unclear. Here, we found that over-
expression of HOXB5 increased MMP-3 and

Am J Transl Res 2018;10(6):1703-1712
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Figure 6. Effects of ERK1/2 pathway on HOXB5-mediated migration, invasion, and MMPs production. A and B.
WERI-RB1 vNC and vHOXB5 cells were stimulated with 200 nM U0126 for 1 h, and then were subjected to cell mi-
gration assay and invasion assay. C and D. WERI-RB1 vNC and vHOXB5 cells were stimulated with 200 nM U0126.
MMP-3 and MMP-13 mRNA level was detected by real-time PCR 12 h later. E and F. WERI-RB1 vNC and vHOXB5
cells were stimulated with 100 nM U0126. MMP-3 and MMP-13 protein level was detected by ELISA assay 12 h
later. *P<0.05 vs. YNC+DMSO. #P<0.05 vs. vHOXB5+DMSO.
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MMP-13 production, whereas knockdown of
HOXB5 decreased the production of MMP-3
and MMP-13.

There are several cell signaling pathways that
can be activated by HOX family, including PI3K/
AKT, MAPK/ERK1/2, Wnt/B-catenin and Notch
pathways [21, 24-27]. ERK1/2 is a well-known
Kinase that can be phosphorylated by many
cytokines such as EGF and interferon family,
and then lead to the activation of ERK1/2 path-
way [28]. ERK1/2 pathway is involved in the
progression of tumor. In our study, we found
that knockdown of HOXB5 inhibited the EGF-
induced ERK1/2 activation of retinoblastoma
cells, whereas overexpression of HOXB5 en-
hanced the activation of ERK1/2. Further, we
found that inhibition of ERK1/2 pathway at-
tenuated HOXB5-mediated migration and inva-
sion of retinoblastoma cells, and suppressed
HOXB5-induced MMP-3 and MMP-13 produc-
tion, suggesting ERK1/2 pathway participates
in retinoblastoma cell migration and invasion
mediated by HOXB5 expression.

In conclusion, our study demonstrates that
HOXB5 is upregulated in retinoblastoma cells
and tissues. Further, HOXB5 induces MMP-3
and MMP-13 through activating ERK1/2 path-
way, which finally promotes retinoblastoma cell
migration and invasion. Thus, targeting HOXB5
may have a therapeutic potential against the
progression of retinoblastoma.
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