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Introduction

Colon cancer is one of the most prevalent carcinomas 
throughout the world, and the incidence of colon cancer has 
shown an upward trend in recent years (1-3). Recently, the 
5-year survival rate of colon cancer patients has improved, 
but the mortality of colon cancer remains high (4,5). The 
major causes of death are due to local recurrence and 
distant metastasis. Several genes have been associated with 
colon cancer metastasis such as vascular endothelial growth 
factor (VEGF), wingless-type MMTV integration site 
family, member 5A (WNT5α), and KAI1 COOH-terminal 
interacting tetraspanin (KITENIN) (6-8). However, the 
clinical value of these early molecular markers that predict 
colon cancer metastasis and clinical outcome needs further 

study. Therefore, there is an urgent need to identify a 
new biomarker that can be used to predict metastasis and 
prognosis of colon cancer patients.

Homeobox B9 (HOXB9), a member of the HOX gene 
family is frequently overexpressed in many tumors (9-14). 
Emerging evidence links the biological function of HOXB9 
to tumor metastasis. The studies have shown that the 
overexpression of HOXB9 in breast cancer and lung cancer 
may promote distal metastasis and is associated with clinical 
outcomes (13,15,16). These biological characteristics 
suggest that HOXB9 contributes to solid tumor invasion 
and metastasis. However, the exact roles of HOXB9 in 
colon cancer have not been clarified.

In this study, we confirmed that HOXB9 was overexpressed 
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in colon cancer. Higher expression of HOXB9 was found 
to be associated with metastasis and poor survival of colon 
cancer patients. In addition, a higher expression of HOXB9 
was observed in metastases of the lymph node than in non-
metastatic lymph nodes. Changes in HOXB9 expression 
impact the ability of colon cancer cells to invasion and 
metastases both in vitro and in vivo.

Materials and methods

Human samples

Approval from the Institute Research Ethics Committee 
was obtained for the use of these clinical materials for 
research purposes. Colon cancer tissues and adjacent tissues 
were collected from 128 patients who underwent surgery 
at the Jiangxi Cancer Hospital from January 2004 to July 
2008. One hundred and two samples of the 128 cases had 
lymph node metastasis. One metastatic lymph node and 
one non-metastatic lymph node were collected from each 
patient. All patients were followed up for five years. Follow-
up data were collected from the patient records and the files 
of Jiangxi Cancer Hospital. Patients were followed-up at 
least every four months from the time of primary resection 
for the first two years, followed by every six months for five 
years. But 12.5% of 128 patients were lost to follow-up.

Immunohistochemistry (IHC)

Detection of HOXB9 was performed on 5 mm paraffin 
sections with the indicated anti-HOXB9 polyclonal 
antibody (Santa Cruz Biotechnology, CA, USA; dilution 
1:250). A peroxidase/3,3'-diaminobenzidine (DAB) 
secondary antibody (Invitrogen, Carlsbad, CA, USA) was 
used according to the manufacturer’s instructions. HOXB9 
levels were subjectively graded as a function of relative 
nuclear staining intensity: no or low staining (0-1+) and 
moderate or high staining (2-3+).

Cell culture and cell line selection

LoVo and SW620 human colon cancer cell lines were 
purchased from the Shanghai Institute of Cell Biology. 
LoVo and SW620 cells were maintained in F12K (Sigma, 
St. Louis, Mo, USA) and L-15 (Gibco, Grand Island, NY, 
USA) growth media supplemented with 10% fetal bovine 
serum (FBS; Hyclone, Utah, USA) at 37 ℃ in a 5% CO2 
environment.

Stable knockdown of HOXB9 in SW620 and LoVo cells

pSIREN-RetroQ-TetH carrying the HOXB9 target 
sequence 5'-CAGACATCCACACACAGTA-3' within 
the coding sequence of HOXB9 was transfected into the 
indicated cells in 6-well plates using LipofectamineTM 
LTX (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. And then the shHOXB9 
of colon cancer cells was selected by their resistance to 
hygromycin (800 μg/mL) (Invitrogen, Carlsbad, CA, USA), 
and one control was included, colon cancer cells that 
received a negative control vector (shNC).

Plasmid construction and transfection

The human HOXB9 mRNA sequence was obtained from 
GenBank (Accession number NM_024017.4). The forward 
primer sequence was 5'-CGCGGATCCTCCATTTCT
GGGACGCTTA-3', and the reverse primer sequence was 
5'-CCGGAATTCCTTTACTCTTTGCCCTGCTC-3'; 
a restriction site for BamH I or Xho I was added to the 5' end 
of the primers separately. The purified PCR product was 
then subcloned into a TA cloning vector and then into the 
pcDNATM5/FRT Vector (Invitrogen, Carlsbad, CA, USA). 
The transfections were performed as described previously (17). 

RNA isolation and quantitative real time PCR (qRT-PCR)

Total RNA isolation and qRT-PCR were performed as 
previously described (13,18). Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was used as an internal control 
for HOXB9 detection.

Western blotting analysis

Western blotting was performed according to the detailed 
procedure previously described (18,19), using rabbit 
anti-human HOXB9 polyclonal antibody (Santa Cruz 
Biotechnology, CA, USA). Protein levels were normalized to 
total β-actin, which was assayed using a mouse monoclonal 
anti-β-actin antibody (Santa Cruz Biotechnology, CA, USA).

Wound-healing assay

Cells were grown to 80-90% confluence in 60-mm cell 
culture dishes. A wound was made by scraping a pipette 
tip across the cell surface after 48 h. The cell movement 
during wound closure was measured by phase-contrast 
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photography at 37 ℃ for incubations of 0, 24, and 36 h, and 
3 separate experiments were performed

Cell migration and invasion assay

We used 24-well transwell plates with an 8-μm pore size (BD 
Biosciences, NJ, USA) to determine the effects of HOXB9 on 
colon cancer cell migration and invasion in vitro. The detailed 
procedure was performed as previously described (20).

In vivo metastasis assay

SW620 cells (5×106 cells) stably transfected with shHOXB9 or 
vector were inoculated subcutaneously onto the dorsal surfaces 
of BALB/c nude male mice (Shanghai SLAC Laboratory 
Animal Co., Ltd., China). Once xenografts were established, 
they were excised and minced into 1-mm3 pieces. One of 
these pieces was then orthotopically implanted at the ileocecal 
junction of other BALB/c nude mice. The mice were sacrificed 
35 d after tumor implantation (21). Animal study was approved 
by the Ethics Committee for Animal Experiments of the 
Second Affiliated Hospital of Nanchang University.

Statistical analysis

The results were presented as the x±s. The correlations 
between the HOXB9 expression levels and clinicopathological 
variables were analyzed using Pearson’s Chi-squared test. 
The survival curve of patients was calculated by the Kaplan-
Meier method. Statistical differences between groups were 
evaluated by one-way analysis of variance (ANOVA). A 
Fisher’s least significant difference (LSD test) was used 
for multiple comparisons. Test results were considered 
significant at P<0.05.

Results

HOXB9 expression is frequently upregulated in colon cancer

The protein expression levels of HOXB9 in 128 pairs 
of colon cancer and their corresponding non-tumorous 
colon were detected via IHC and Western blotting. The 
IHC results showed that high level of HOXB9 expression 
was observed in 50.8% (65/128) of the cancer tissues. 
While only 7.8% (10/128) of the cancer-adjacent normal 
tissues showed high expression of HOXB9 (Figure 1A,B). 

Figure 1 Immunohistochemistry (IHC) and Western blotting analysis of homeobox B9 (HOXB9) expression in colon cancer and adjacent 
normal tissues. (A) Representative IHC results of HOXB9 expression among the resected tissues in 128 colon cancer patients; (B) Statistical 
analysis revealed a higher expression of HOXB9 in colon tumors than in adjacent normal tissues; (C) Representative Western blotting 
analysis of HOXB9 protein expression (T, tumor, N, nontumorous colon); (D) The relative expression level of HOXB9 in 128 paired colon 
cancer and non-tumor tissues (*, P<0.05).
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The expression ratio obtained via Western blotting was 
consistent with the results of IHC (Figure 1C,D). These 
results indicated that there is overexpression of HOXB9 in 
colon cancer tissues compared to normal tissues.

Overexpression of HOXB9 is associated with metastasis 
and prognosis in colon cancer

The correlations between the intensity of HOXB9 
expression and pathologic variables of the patients were 
analyzed. There was a significantly positive correlation 
between high HOXB9 expression and the number of lymph 
node metastases and distant metastasis (Table 1). Tumors 
with higher expression levels of HOXB9 were correlated 
with a lower 5-year survival rate (n=128, P=0.01) (Figure 2A). 

The expression of HOXB9 was also assessed in 102 
metastatic lymph nodes and 102 non-metastatic lymph 
nodes by IHC. The results revealed that 92.2% (94/102) of 
the metastatic lymph nodes showed high levels of HOXB9 
expression. Only 4.90% (5/102) of the non-metastatic 
lymph nodes exhibited high expression of HOXB9 
(Figure 2B,C), demonstrating that the overexpression of 
HOXB9 was observed in metastatic lymph nodes (P<0.01).

Our study further analyzed the expression of HOXB9 
in the 102 metastatic lymph nodes corresponding to colon 
cancer tissue samples. The results showed that for the 
57 colon cancer tissues with high expression of HOXB9, 
94.7% (54/57) of the corresponding metastatic lymph 
nodes have high levels of HOXB9 expression, and only 
5.26% (3/57) of these tumor samples have low expression 
levels of HOXB9. For the 45 colon cancer tissues with low 
HOXB9 expression, 88.9% (40/45) of the corresponding 
metastatic lymph nodes also have high expression levels of 
HOXB9, and 11.1% (5/45) have low expression of HOXB9 
(Figure 2D). These results suggested that, regardless of the 
HOXB9 expression levels in tumor tissues, the proportion 
of corresponding metastatic lymph nodes with HOXB9 
overexpression is very high.

Changes in HOXB9 expression in colon cancer cells affect 
cell migration and invasion in vitro

We next investigated the effects of HOXB9 on colon 
cancer cell migration and invasion. First, LoVo and SW620 
cells were stably transfected with the shRNA-HOXB9 
construct. The experiment included MOCK, shNC and 
shHOXB9 groups. The qRT-PCR and Western blotting 
results showed that HOXB9 mRNA and protein expressions 
were significantly down-regulated in the shHOXB9 group 
(Figure 3A,B). At the same time, we found that the artificial 
wound became significantly wider in the shHOXB9 group 
after 24 and 36 h (Figure 3C). The transwell assay also 
showed that the knockdown of HOXB9 could significantly 

Table 1 Correlation of HOXB9 expression with clinicopathologic 
characteristics of colon cancer patients

Characteristics
HOXB9 expression

P
Low (n=63) High (n=65) 

Age (year)

≤60 27 30 0.71

>60 36 35

Sex

Female 37 31 0.21

Male 26 34

Tumor location

Ascending colon 14 19 0.44

Transverse colon 18 13

Descending colon 11 16

Sigmoid colon 20 17

pT (invasion depth)

T1+T2 17 13 0.35

T3+T4 46 52

pN (lymph node metastasis)

N0 18 8 0.02

N1-N2 45 57

pM (distant metastasis)

M0 61 54 0.01

M1 2 11

TNM stage

I+II 16 8 0.06

III+IV 47 57

Differentiation grade

Well 2 4 0.54

Moderate 54 56

Poor 5 2

Mucinous 2 3

Preoperative CEA level

≤5 ng/mL 33 37 0.61

>5 ng/mL 30 28

HOXB9, homeobox B9; CEA, carcinoembryonic antigen.
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Figure 2 Overexpression of homeobox B9 (HOXB9) is associated with poor survival rate of colon cancer patients and lymph node 
metastasis. (A) Kaplan-Meier curves for overall survival are shown based on the expression of HOXB9 (P=0.013); (B) Representative 
micrographs of HOXB9 expression in colon cancer metastatic lymph nodes (m-LN) and non-metastatic lymph nodes (n-LN); (C) The 
expression levels of HOXB9 were significantly higher in m-LNs than in n-LNs; (D) The ratio of HOXB9 overexpression was high in colon 
cancer tissue-corresponding metastatic lymph nodes, regardless of the HOXB9 status in the corresponding tumors.

Figure 3 Stable knockdown of homeobox B9 (HOXB9) inhibited colon cancer cell migration and invasion in LoVo and SW620 cells. (A) qRT-
PCR analysis of HOXB9 mRNA expression in HOXB9-knockdown colon cancer cells (*, P<0.05); (B) Western blotting analysis of HOXB9 
protein expression in HOXB9-knockdown colon cancer cells; (C) Wound-healing assay. Wound closure was delayed in HOXB9-knockdown 
cells compared to MOCK control and shNC at both the 24- and 36-h time points; (D) Representative images of the transwell invasion assays 
of LoVo and SW620 cells after knockdown of HOXB9 (*, P<0.05); (E) Representative images of the transwell migration assays of LoVo and 
SW620 cells after knockdown of HOXB9 (*, P<0.05).
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decrease cell migration and invasion (Figure 3D,E).
To further reveal the role of HOXB9 in the regulation 

of colon cancer cell migration and invasion, the pcDNA-
HOXB9 plasmid was transfected into LoVo and SW620 
cells. The experiment included MOCK, pcDNA-Vector 
and pcDNA-HOXB9 groups. The results showed that the 
expression of HOXB9 was significantly up-regulated in the 
pcDNA-HOXB9 group (Figure 4A,B). The wound-healing 
and transwell assay results indicated that increased HOXB9 
expression in LoVo and SW620 cells could significantly 
enhance cell migration and invasive ability (Figure 4C-E).

Stable knockdown of HOXB9 in colon cancer cell line 
suppresses metastasis in vivo

We next tested whether HOXB9 knockdown inhibits tumor 

metastasis in vivo. The SW620 cells with stable knockdown 
of HOXB9 were used to establish an orthotopic tumor 
model in nude mice (Figure 5A). The experiment included 
MOCK, shNC and shHOXB9 groups. Gross specimens 
and histological examination indicated that the number of 
metastatic nodules of the liver and lung was significantly 
decreased in shHOXB9 group (Figure 5B-D, Table 2). 
Together these results indicated that the knockdown of 
HOXB9 can suppress distant metastasis of colon cancer cells 
in vivo.

Discussion

In the present study, we report that HOXB9 was 
overexpressed in human colon cancer tissues. The 
overexpression of HOXB9 is significantly associated with 

Figure 4 Exogenous expression of homeobox B9 (HOXB9) enhances the invasive and migration ability of colon cancer cells. (A) The 
expression of HOXB9 mRNA in MOCK, pcDNA-vector and pcDNA-HOXB9 groups were detected by qRT-PCR (*, P<0.05); (B) The 
expression of HOXB9 protein in MOCK, pcDNA-vector and pcDNA-HOXB9 groups were detected by Western blotting; (C) Wound 
healing assay. pcDNA-HOXB9 cells showed increased migration ability relative to the MOCK control and pcDNA-vector at both the 24- 
and 36-h time points; (D) Representative images of transwell invasion assays in LoVo and SW620 cells after exogenous HOXB9 expression (*, 
P<0.05); (E) Representative images of transwell migration assays in LoVo and SW620 cells after exogenous HOXB9 expression (*, P<0.05).
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Figure 5 Stable knockdown of homeobox B9 (HOXB9) in SW620 inhibits metastasis in vivo. (A) The expression of HOXB9 protein was 
detected by Western blotting in a shHOXB9-transfected colon cancer cell line; (B) Metastatic nodules (arrows) on the surface of the liver 
gross specimens; (C) Hematoxylin and Eosin (H&E) staining of SW620 liver metastatic tumors (arrows); (D) H&E staining of SW620 lung 
metastatic tumors (arrows).

aggressive phenotypes and adverse prognosis of colon cancer 
patients. The expression of HOXB9 in metastatic lymph 
nodes was significantly higher than that of non-metastatic 
lymph nodes. In addition, down-regulating the expression 
of HOXB9 inhibited the migration and invasion of colon 

cancer cells, and the exogenous expression of HOXB9 in 
colon cancer cells enhanced cell migration and invasiveness. 
We lastly also demonstrated that the knockdown of HOXB9 
can decrease colon cancer metastasis to the liver and lungs 
in an orthotopic model of colon cancer.
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HOXB9 belongs to the homeobox transcription factor 
gene family, which is critical for embryonic segmentation 
and limb patterning (22-25). Accumulative evidence suggests 
that HOXB9 is overexpressed in many solid tumors, 
including lung cancer, Hodgkin’s lymphoma and breast cancer 
(9-11). Elevated HOXB9 expression in breast carcinoma is 
correlated with high tumor grade, the number of pathologic 
nodal metastases and poor survival (13,15). In this study, we 
conformed that HOXB9 was overexpressed in colon cancer 
tissue. The overexpression of HOXB9 was also associated 
with number of lymph node metastasis, distant metastasis and 
poor 5-year survival performance of colon cancer patients. 
These results indicated that HOXB9 may be a potential 
metastasis and prognosis biomarker for colon cancer patients.

Lymph node and distant metastasis is the major cause 
of poor survival in patients with colon cancer (26-28). 
We therefore further assessed the expression of HOXB9 
in metastatic and non-metastatic lymph nodes of colon 
cancer. The results indicated that that higher expression of 
HOXB9 was observed in lymph node metastases than in 
non-metastatic lymph nodes. In addition, we also analyzed 
the expression of HOXB9 in 102 metastatic lymph nodes 
and their corresponding colon cancer tissue samples. The 
results suggested that 94.7% (54/57) of metastatic lymph 
nodes corresponding to high-HOXB9 tumors have high 
expression of HOXB9. Interestingly, we also found that 
88.9% (40/45) of metastatic lymph nodes corresponding to 
low-HOXB9 colon cancer tissues also have high expression 
of HOXB9. This result indicates that HOXB9 may play 
an important role in the lymph node metastasis of colon 
cancer, but the specific mechanism of this process needs 
further study. Because HOXB9 was overexpressed in the 
metastatic lymph nodes of colon cancer patients but largely 
absent from the non-metastatic lymph nodes, surgeons 
could potentially design fluorescently labeled probes 
specific for HOXB9 to distinguish metastatic lymph nodes 
and normal lymph nodes, guide intraoperative lymph node 
dissection, and improve the postoperative detection rate for 

lymph node micrometastases in colon cancer.
The exact molecular mechanism by which HOXB9 

regulates invasion and metastasis of malignant tumors are 
still not completely clear. The previous findings suggested 
that ectopic expression of HOXB9 could promote 
angiogenesis of breast cancer and distal metastasis of lung 
cancer (13,16,29). Our results showed that knockdown of 
HOXB9 can inhibit migration and invasion of colon cancer 
cells. In contrast, increased the expression of HOXB9 
could enhance cell migration and invasion. In addition, in vivo 
xenograft tumor metastasis assays demonstrated that the 
stable knockdown of HOXB9 in colon cell lines could 
also suppress tumor metastasis to lung and liver. These 
results indicate that HOXB9 plays an important role in the 
invasion and metastasis of colon cancer. 

In conclusion, our study demonstrated that the elevated 
expression of HOXB9 correlates with lymph node metastasis, 
distant metastasis and poor survival in colon cancer patients. 
This study also provided evidence that the expression level 
of HOXB9 is critical for colon cancer cell invasion and 
metastasis in vitro and in vivo. We speculate that HOXB9 may 
be a potential biomarker for poor prognosis and complete 
lymph node dissection of colon cancer patients.
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