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Homeobox B5 (HOXB5), a member of the HOX gene family, has been shown to play an important role in 
tumor progression. However, the expression and functional role of HOXB5 in human non-small cell lung cancer 
(NSCLC) have not been defined. Thus, the purpose of this study was to elucidate the expression and functional 
role of HOXB5 in human NSCLC. Our results showed that HOXB5 expression was elevated in human NSCLC 
tissues and cell lines. The in vitro experiments demonstrated that knockdown of HOXB5 inhibited proliferation, 
migration, and invasion and prevented the EMT phenotype in NSCLC cells. In vivo experiments indicated that 
knockdown of HOXB5 attenuated the growth of NSCLC xenografts in vivo. Furthermore, knockdown of HOXB5 
suppressed the protein expression levels of b-catenin and its downstream targets c-Myc and cyclin D1 in A549 
cells. Taken together, for the first time we have shown that knockdown of HOXB5 significantly inhibited NSCLC 
cell proliferation, invasion, metastasis, and EMT, partly through the Wnt/b-catenin signaling pathway. These find-
ings suggest that HOXB5 may be a novel therapeutic target for the treatment of NSCLC.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related 
mortality in the world. The incidence of lung cancer in 
China has rapidly increased in the past years. Non-small 
cell lung cancer (NSCLC) is the dominant type of lung 
cancer, which accounts for 80% of all types1. Despite 
recent advances in diagnosis and treatment strategies in 
early diagnosis and therapy, including surgery, radiation 
therapy, chemotherapy, and/or targeted therapies2–4, the 
prognosis of NSCLC is still unfavorable, and the 5-year 
overall survival rate is still less than 15%5,6. Therefore, 
it is urgent that we elucidate the molecular mechanisms 
underlying NSCLC development for improving the diag-
nosis, prevention, and treatment of NSCLC.

Homeobox (HOX) genes are the family of transcrip-
tion factors that play a crucial role in modulating embry-
onic morphogenesis and cell differentiation in mammals,  
and a multistep process of carcinogenesis, including trans-
formation, proliferation, angiogenesis, migration, and metas-
tasis7–9. HOXB5, a member of the HOX gene family, has 
been demonstrated to play an important role in the survival 

and cell lineage differentiation of vagal and trunk neural 
tube cells during early development10,11. Recently, increas-
ing evidence indicates a critical role for HOXB5 in the 
regulation of tumor progression12–15. For example, Hong 
et al. reported that the expression of HOXB5 was signifi-
cantly increased in gastric cancer tissues compared with 
adjacent normal tissues, and overexpression of HOXB5 
induced invasion and migration activities in gastric can-
cer cells16. However, the expression and functional role of 
HOXB5 in human NSCLC have not been defined. Thus, 
the purpose of this study was to elucidate the expres-
sion and functional role of HOXB5 in human NSCLC. 
Here we report a novel function of HOXB5 in promoting 
NSCLC cell growth and metastasis.

MATERIALS AND METHODS

Patients and Tissues

This study was approved by the Institute Research 
Ethics, The Second Affiliated Hospital of Zhejiang Uni-
versity, School of Medicine (P.R. China). A total of 12 pairs 
of NSCLC tissues and their matched adjacent normal lung 
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tissues were obtained from patients who underwent surgery 
at The Second Affiliated Hospital of Zhejiang University, 
School of Medicine. Informed consent was written and 
obtained from all the subjects in our study.

Cell Culture

Human NSCLC cell lines (A549, H460, and H292) and 
a normal human bronchial epithelial cell line (HBE) were 
purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA). All cells were maintained 
at 37°C and 5% CO2 in Dulbecco’s modified Eagle’s 
medium (DMEM; Gibco BRL, Grand Island, NY, USA) 
supplemented with 10% fetal bovine serum (FBS; Gibco 
BRL), 100 U/ml penicillin, and 0.1 mg/ml streptomycin 
(Sigma-Aldrich, St. Louis, MO, USA).

Short Hairpin RNA and Cell Transfection

The specific short hairpin RNA targeting HOXB5 (sh-
HOXB5) and its negative control (sh-NC) were purchased 
from Invitrogen (Carlsbad, CA, USA). A549 cells (5 ́  104 

cells/ml) and H460 cells (5 ́  104 cells/ml) were seeded 
into 24-well plates and transfected with sh-HOXB5 or  
sh-NC using Lipofectamine 2000 (Invitrogen), respec-
tively, according to the manufacturer’s instructions. The 
relative knockdown efficiency was evaluated using West-
ern blot with the HOXB5 antibody.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

Total RNA was extracted from NSCLC cells using the  
TRIzol reagent (Invitrogen) and reversely transcribed 
into complementary DNA (cDNA) using the First-Strand  
cDNA Synthesis Kit (MBI Fermentas, Vilnius, Lithua-
nia) according to the manufacturer’s instructions. The  
following primers were used: HOXB5, 5¢-TGCATCG 
CTATAATTCATT-3¢ (sense) and 5¢-GCCTCGTCTATTT 
CGGTGA-3¢ (antisense); b-actin, 5¢-CCGTGAAAAGA 
TGACCCAGATC-3¢ (sense) and 5¢-CACAGCCTGGAT 
GGCTACGT-3¢ (antisense). Aliquots of the PCR prod-
ucts were electrophoresed on 1.5% agarose gels, and PCR 
fragments were visualized by ethidium bromide staining. 
Expression levels of the relative genes were calculated 
using the 2−DDCT method17.

Western Blot

The transfected cells were lysed in RIPA buffer con-
sisting of 50 mM Tris (pH 7.4), 150 mM NaCl, 1% 
NP-40, 0.5% sodium deoxycholate, and 0.1% sodium 
dodecyl sulfate. The cell lysates separated by 10% sodium 
dodecyl sulfate-PAGE and subsequently transferred to a 
PVDF membrane. The membranes were blocked with 
5% skim milk for 1 h at room temperature and then 
incubated with primary antibodies as follows: HOXB5, 

N-cadherin, E-cadherin, b-catenin, c-Myc, cyclin D1, 
and GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA) overnight at 4°C. The blots were then incubated 
with HRP-conjugated secondary antibody for 1 h at room 
temperature. Finally, the bands in the membrane were 
visualized using enhanced chemiluminescence reagents 
(Pierce Biotechnology, Rockford, IL, USA).

Cell Proliferation Assay

Cell proliferation was assessed using the 3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)  
assay. Briefly, the transfected cells (1 ́  105 cells/well) were 
seeded into 96-well flat-bottom microtiter plates (Pierce) 
and then cultured at 24-h intervals for 4 days. MTT solu-
tions (Sigma-Aldrich) dissolved in culture medium at a 
final concentration of 0.5 mmol/L were added to each 
well, and the plates were incubated for another 4 h; 100 µl 
of DMSO (Sigma-Aldrich) was added to dissolve the for-
mazan crystals. Finally, the optical density was measured 
on a Bio-Rad microplate reader (Bio-Rad, Hercules, CA, 
USA) using a test wavelength of 490 nm.

Cell Migration and Invasion Assays

A Transwell migration assay was performed using 
8-µm Transwell chambers (Costar, Cambridge, MA, USA). 
The transfected cells (1 ́  105 cells/well) suspended in 
serum-free DMEM were added to the upper chamber. 
In the lower chamber, 500 µl of DMEM including 10% 
FBS was added. Twenty-four hours later, the cells on the 
lower surface of the membrane were fixed, stained with 
crystal violet, and then counted under a light microscope. 
A cell invasion assay was performed using a Transwell 
chamber precoated with Matrigel (8-µm pore size; BD 
Biosciences, France).

In Vivo Xenograft Tumor Assay

A549 cells (1 ́  107 cells) transfected with sh-HOXB5 
or sh-NC diluted in 200 µl of PBS were subcutaneously 
injected into the right flank of 4-week-old male BALB/c 
nude mice (n = 6 per group). The tumor volume was 
measured every week and calculated using the formula: 
volume = width2 ́  length ́  0.5. Four weeks after injec-
tion, mice were euthanized, and tumors were dissected 
and weighed. All animal studies were approved by the 
Institutional Animal Care and Use Committee of The 
Second Affiliated Hospital of Zhejiang University, School 
of Medicine (P.R. China).

Statistical Analysis

Statistical analyses were performed using SPSS 17.0 
software (SPSS Inc., Chicago, IL, USA). Data were 
expressed as mean ± SD. The differences were analyzed 
by the Student’s t-test or one-way analysis of variance 
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and Student’s t-test. A value of p < 0.05 was considered to 
be statistically significant.

RESULTS

Expression Profile of HOXB5 in NSCLC Tissues 
and Cell Lines

To determine whether HOXB5 was expressed in 
NSCLC, NSCLC tissues and paired normal tissues were 
used to detect the expression of HOXB5. The expression 
of HOXB5 at both mRNA and protein levels was signifi-
cantly upregulated in NSCLC tissues, compared with the 

paired normal lung tissues (Fig. 1A and B). Furthermore, 
the mRNA level of HOXB5 was greatly increased in 
three human NSCLC cell lines (Fig. 1C). The protein 
expression of HOXB5 in the three NSCLC cell lines was 
in accordance with the mRNA expression (Fig. 1D).

Knockdown of HOXB5 Prevents the Proliferation 
of NSCLC Cells

To better understand the biological functions of HOXB5  
in NSCLC, we stably transfected A549 and H460 cells 
with sh-HOXB5, respectively. Compared with the sh-NC 
group, sh-HOXB5 evidently decreased HOXB5 protein  

Figure 1. Expression profile of homeobox B5 (HOXB5) in non-small cell lung cancer (NSCLC) tissues and cell lines. (A) The 
mRNA expression of HOXB5 in 12 paired NSCLC tissues (NSCLC) and their corresponding normal tissues (Normal) was detected 
using quantitative real-time polymerase chain reaction (qRT-PCR). (B) The protein expression of HOXB5 in 12 paired NSCLC tissues 
(NSCLC) and their corresponding normal tissues (Normal) was evaluated by Western blot. *p <  0.05 versus the Normal group. (C) The 
mRNA expression of HOXB5 in the normal human bronchial epithelial cell line (HBE) and three NSCLC cell lines was measured by 
qRT-PCR. (D) The protein expression of HOXB5 in the normal human bronchial epithelial cell line (HBE) and three NSCLC cell lines 
was measured by Western blot. Results were obtained from three independent experiments. *p <  0.05 versus the HBE group.
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expression in both A549 (Fig. 2A) and H460 cells 
(Fig. 2B). Furthermore, we examined the effect of sh-
HOXB5 on NSCLC cell proliferation using the MTT 
assay. The results indicated that knockdown of HOXB5 
significantly suppressed the proliferation rate of A549 
(Fig. 2C) and H460 cells (Fig. 2D), respectively.

Knockdown of HOXB5 Prevents the Migration 
and Invasion of NSCLC Cells

We investigated the potential impact of HOXB5 on cell 
migration using a Transwell migration assay. The num-
ber of cells that migrated was greatly reduced in A549 
cells transfected with sh-HOXB5, compared with cells 
that were transfected with sh-NC (Fig. 3A). Similarly,  

Transwell invasion assays showed that knockdown of 
HOXB5 markedly suppressed the invasive ability of A549 
cells (Fig. 3B). Furthermore, expression patterns of the 
EMT markers were evaluated in A549 cells transfected 
with sh-HOXB5. The results of the Western blot analysis 
demonstrated that knockdown of HOXB5 markedly upreg-
ulated the expression of E-cadherin while downregulat-
ing the expression of N-cadherin in A549 cells (Fig. 3C).

Knockdown of HOXB5 Suppresses Tumor Growth in a 
Xenograft Mouse Model

To further examine the effects of HOXB5 on tumor 
growth in vivo, A549 cells (1 ́  107 cells) transfected 
with sh-HOXB5 or sh-NC diluted in 200 µl of PBS were 

Figure 2. Knockdown of HOXB5 prevents the proliferation of NSCLC cells. A549 and H460 cells were transfected with sh-HOXB5, 
respectively. (A) The protein expression of HOXB5 in A549 cells was detected using Western blot. (B) The protein expression of 
HOXB5 in H460 cells was detected using Western blot. (C) Cell proliferation was detected using the MTT assay in A549 cells. (D) Cell 
proliferation was detected using the MTT assay in H460 cells. Results were obtained from three independent experiments. *p <  0.05.
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subcutaneously injected into the right flank of nude mice. 
The average tumor volume was significantly decreased 
in HOXB5-silencing tumors compared to the controls 
(Fig. 4A). Analysis of the tumor weights showed that 
knockdown of HOXB5 markedly reduced tumor growth 
after 4 weeks compared to the control tumors (Fig. 4B).

Knockdown of HOXB5 Suppresses the Proliferation 
and Invasion Through Inactivation of the  
Wnt/β-Catenin Pathway

To explore the molecular mechanism of HOXB5 in 
NSCLC growth and metastasis, we examined the effect of 

HOXB5 on the activation of the Wnt/b-catenin pathway in 
A549 cells in this study. Knockdown of HOXB5 dramati-
cally suppressed the protein expression levels of b-catenin, 
cyclin D1, and c-Myc in A549 cells (Fig. 5A). We next 
examined whether the Wnt/b-catenin pathway activa-
tor LiCl could regulate the proliferation and invasion in 
HOXB5 knockdown A549 cells. The results showed that 
LiCl significantly reversed the HOXB5 knockdown effect 
on cell proliferation (Fig. 5B) and invasion (Fig. 5C) in 
A549 cells. Furthermore, we observed that an inhibitor of 
the b-catenin pathway (XAV939) greatly inhibited A549 
cell proliferation (Fig. 5B) and invasion (Fig. 5C).

Figure 3. Knockdown of HOXB5 prevents the migration and invasion of NSCLC cells. A549 cells were transfected with sh-HOXB5 
for 24 h. (A) Cell migration was measured using the Transwell migration assay. (B) Cell invasion was measured using the Transwell 
invasion assay. (C) The expression patterns of E-cadherin and N-cadherin were measured using Western blot. Results were obtained 
from three independent experiments. *p <  0.05.
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DISCUSSION

In this study, we found that HOXB5 expression was 
elevated in human NSCLC tissues and cell lines. The 
in vitro experiments demonstrated that knockdown of 
HOXB5 inhibited the proliferation, migration, and inva-
sion, and also prevented the EMT phenotype in NSCLC 
cells. In vivo experiments indicated that knockdown of 
HOXB5 attenuated the growth of NSCLC xenografts 
in vivo in NSCLC cells. Furthermore, knockdown of 
HOXB5 dramatically suppressed the protein expres-
sion levels of b-catenin, cyclin D1, and c-Myc in A549 
cells, and the Wnt/b-catenin pathway activator LiCl sig-
nificantly reversed the HOXB5 knockdown effect on 
cell proliferation and invasion in A549 cells, whereas 
an inhibitor of the b-catenin pathway (XAV939) greatly 
inhibited A549 cell proliferation and invasion.

A large body of evidence has indicated that HOXB5 
is correlated to the progression of several cancers. A 
recent study showed that HOXB5 was highly expressed 
in breast cancer tissues, particularly from estrogen recep-
tor-positive (ER+) breast cancer patients. In these stud-
ies, silencing of HOXB5 significantly decreased cell 
proliferation and anchorage-independent cell growth in 
ER+ cells13. HOXB5 was also shown to be over expressed 
both in bladder cancer tissues and cell lines compared 
to normal bladder tissues and cell lines. Knockdown of 
HOXB5 markedly suppressed clonogenicity in vitro15. In 
line with these demonstrations, in the current study we 
observed that knockdown of HOXB5 markedly reduced 
the proliferation of NSCLC cells. Consistent with these 
in vitro data, we found that knockdown of HOXB5 in 
A549 cells also obviously attenuated tumor growth in a 
xenograft mouse mode, which further suggests a role for 
HOXB5 in NSCLC growth.

Metastasis is the major cause of death in patients 
with NSCLC18. Cancer cell migration and invasion are 
the critical steps in tumor progression and metastasis. 
EMT is considered to be a key element of cell migra-
tion and invasion in NSCLC19. During EMT, epithelial 
cells acquire mesenchymal, fibroblast-like properties 
including increased motility and decreased intercellular 
adhesion20. Lee et al. confirmed that overexpression of 
HOXB5 increased migration and invasion abilities, as 
well as reduced the protein levels of E-cadherin in breast 
cancer cells13. In agreement with these reports, our data 
showed that knockdown of HOXB5 inhibited migration 
and invasion, as well as prevented the EMT phenotype in 
NSCLC cells, suggesting that HOXB5 plays an important 
role in promoting NSCLC metastasis.

Increasing evidence has reported that the Wnt/b-
catenin signaling pathway is crucial in the regulation of 
cell proliferation, metastasis, EMT, and apoptosis21–23. 
The Wnt/b-catenin pathway is frequently activated in 
human NSCLC, and abnormal expression and activation 
of the Wnt/b-catenin pathway can induce NSCLC cell 
proliferation, survival, and metastasis24,25. b-Catenin is a 
main downstream effector of the canonical Wnt signal-
ing pathway, and accumulation of b-catenin activates the 
transcription of target pro-oncogenes, including c-Myc, 
cyclin D1, c-Jun, and fra-126. In the current study, we 
observed that knockdown of HOXB5 suppressed the 
protein expression level of b-catenin and its downstream 
targets c-Myc and cyclin D1 in A549 cells. In addition, 
the Wnt/b-catenin pathway activator LiCl reversed the 
HOXB5 knockdown effect on NSCLC cell prolifera-
tion and invasion. An inhibitor of the b-catenin pathway 
(XAV939) greatly inhibited A549 cell proliferation and 
invasion. These data imply that knockdown of HOXB5 
inhibited NSCLC cell proliferation, invasion, metastasis, 

Figure 4. Knockdown of HOXB5 suppresses tumor growth in 
a xenograft mouse model. A549 cells (1 ́  107 cells) transfected 
with sh-HOXB5 or sh-NC diluted in 200 µl of PBS were sub-
cutaneously injected into the right flank of nude mice. (A) The 
average tumor volume was monitored every week. (B) Four 
weeks after injection, mice were euthanized, and tumors were 
dissected and weighed. Results were obtained from three inde-
pendent experiments. *p <  0.05.
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and EMT, at least in part, through inactivation of the Wnt/
b-catenin signaling pathway.

In conclusion, we show for the first time that HOXB5 
may act as an oncogene in human NSCLC, and knock-
down of HOXB5 significantly inhibits NSCLC cell pro-
liferation, invasion, metastasis, and EMT, partly through 
the inactivation of the Wnt/b-catenin signaling pathway. 
These findings suggested that HOXB5 may be a novel 
therapeutic target in the treatment of NSCLC.
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