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Abstract. Homeobox A (HOXA) cluster genes, members of 
the HOX family, perform an important role in normal organ 
development. It has previously been reported that HOXA 
gene expression in various types of cancer is associated with 
poor patient outcomes. However, the role of HOXA genes, 
as well as their expression, in colorectal cancers (CRC) 
remains unknown. Therefore, the present study investigated 
HOXA gene expression in patients with CRC and revealed that 
HOXA9 expression was significantly increased in tumor tissues 
compared with non-tumor tissues. Additionally, the functional 
role of HOXA9 was assessed by knocking down the HOXA9 
gene in CRC cells and by evaluating cell growth. Regarding 
gene expression, cases with positive HOXA9 expression (as 
detected by immunohistochemical staining) were significantly 
associated with higher TNM stage and positive lymph node 
metastasis, although no association was observed between 
increased HOXA9 levels and the rate of overall survival in the 
present cohort. Regarding the functional role, HOXA9 expres-
sion was demonstrated to be upregulated in patients with CRC 
and was associated with lymph node metastasis.

Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer in the United States (1). Over the past two 
decades, the lifetime risk of developing CRC has decreased 
in the USA, Europe and Japan (2). Screenings by fecal occult 
blood test or colonoscopy have been demonstrated to reduce 
the incidence of CRC and mortality (3). Early detection and 
treatment is known as the most effective measure to improve 
cancer mortality (4,5). However, despite recent advances 

in CRC treatment, once diagnosed, the overall prognosis 
remains poor (6,7). Treatment with several novel combination 
chemotherapies, including folinic acid (LV)/5-fluorouracil 
(5-FU)/oxaliplatin and LV/5-FU/irinotecan, exhibited high 
response rates and prolonged survival time in patients with 
CRC (8-11). However, patients with a positive response to 
chemotherapy remain as high as 50% of all patients with 
CRC (7). Additional molecular targets and biomarkers are 
required for improvements in chemotherapeutic effect and 
patient survival.

Homeobox A (HOXA) cluster genes, located on chro-
mosome 7p15, serve a fundamental role in embryonic 
development (12). HOXA genes are required for the develop-
ment of normal organs, including the central nervous system, 
axial skeleton, limbs, gut, hematopoietic and urogenital tract, 
and internal and external genitalia (13). Therefore, dysregula-
tion of these genes may potentially lead to the development 
of malignant tumors. Numerous studies have reported that 
HOXA genes are altered in various types of cancer, including 
leukemia and skin, prostate, breast, ovarian, gastric and 
esophageal cancer, and those alterations are associated with 
patient survival or clinicopathological factors (14-19). In 
addition, several HOXA genes are also altered in CRC, and 
those alterations appear to be associated with poorer patient 
prognosis (20,21).

In the present study, HOXA gene expression was inves-
tigated using reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR) or immunohistochemical (IHC) 
staining in surgically resected CRC tissues, and the biological 
significance of HOXA genes was examined by in vitro experi-
ments to clarify the function of HOXA genes in CRC.

Materials and methods

Clinical patient samples. A total of 231 patients with CRC, 
who had undergone surgical resection at Fukushima Medical 
University Hospital (Fukushima, Japan) between January 1991 
and December 2007 were involved in the present study. 
Specimens from all 231 cases were used for IHC staining. 
The mRNA was extracted from tumor and adjacent non-tumor 
tissues in 40 of 231 cases for PCR analyses. Information 
regarding age, sex, tumor-node-metastasis (TNM) stage (22,23) 
and pathological diagnosis, including lymphatic and venous 
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invasion, were retrospectively collected. The carcinomas at the 
time of primary tumor resection were staged according to the 
Union for International Cancer Control classification (22,23). 
The present study was approved by the Ethics Committee 
of the Fukushima Medical University (Fukushima, Japan; 
approval no. 1615). Written informed consent was obtained 
from all patients.

Cell line culture. The colon cancer cell lines (HCT116, 
LoVo, RKO, LS174T, Colo205, Colo201, SW620, LS180, 
SW837, SW480, HCT15, and SW48) used in the present study 
were originally obtained from the American Type Culture 
Collection (Manassas, VA, USA). RKO, LS174T and LS180 
cells were cultured in Dulbecco's modified Eagle's medium 
supplemented with 10% fetal bovine serum (both from 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). SW480, 
LoVo, HCT15, SW48, SW620 and HCT116 cells were cultured 
in RPMI-1640 (Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany) supplemented with 10% fetal bovine serum. The 
monolayer cells were maintained in a 37˚C incubator with 5% 
CO2, observed regularly under a light microscope (x40) and 
subcultured when 80‑90% confluence was reached.

RT‑qPCR. Total RNA was extracted from tumor and non-tumor 
tissues from 20 patients and cells using TRIzol reagent 
(Thermo Fisher Scientific, Inc.) according to the manufactur-
er's protocol as previously described (24-26). Complementary 
DNA (cDNA) was synthesized from 5 µg of the total RNA 
with a random hexamer using the SuperScript III First-Strand 
Synthesis System (Thermo Fisher Scientific, Inc.) with the 
GeneAmp PCR system 9700 (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. The thermocycling 
conditions maintained were as follows: Denaturation, 65˚C for 
5 min; annealing, 25˚C for 10 min; elongation, 50˚C for 50 
min; and termination, 85˚C for 5 min and 37˚C for 20 min. 
Subsequently, the cDNA from CRC tissues were used for 
the measurement of expression of 11 HOXA family genes 
(HOXA1, HOXA2, HOXA3, HOXA4, HOXA5, HOXA6, 
HOXA7, HOXA9, HOXA10, HOXA11 and HOXA13). β-actin 

was used as an internal control. Primer sequences are shown 
in Table I. The PCR product was loaded onto a 2% agarose gel 
with 0.5 µg/ml ethidium bromide. Following electorophoresis, 
the product were visualized using an UV-transilluminator 
(E-Box-1000/20M; Cosmo Bio Co. Ltd., Tokyo, Japan).

PCR amplification using 4 µl of cDNA with the TaqMan® 
RT-qPCR kit (Thermo Fisher Scientific, Inc.) for HOXA 
family genes was performed with the 7500 Real-time PCR 
system (Thermo Fisher Scientific, Inc.) at 94˚C for initial dena-
turation for 5 min, followed by 25‑35 cycles at 94˚C for 1 min, 
55‑60˚C for 45 sec and 72˚C for 45 sec. Probes for TaqMan 
gene expression assays [HOXA9 (assay ID. Hs00266821_m1) 
and β-actin (assay ID. Hs99999903_m1)] were purchased 
from Thermo Fisher Scientific, Inc., and β-actin was used as 
an internal control. The primer sequences are listed in Table I. 
Relative HOXA9 gene expression was calculated using the 
2-ΔΔCq method (27), according to the supplier's protocol 
(Thermo Fisher Scientific, Inc.).

IHC staining and evaluation. IHC staining was performed on 
paraffin‑embedded histological sections (thickness, 4 µm) that 
were fixed in 10% buffered formalin, using a polymer peroxi-
dase method (Envision+/HRP; Dako; Agilent Technologies, 
Inc., Santa Clara, CA, USA) (24,25). Briefly, following depa-
raffinization with xylene and rehydration using a descending 
alcohol series, the tissue sections were treated with 0.3% 
hydrogen peroxide in methanol for 30 min at room temperature 
to block endogenous peroxidase activity. Following rinsing in 
PBS, the sections were incubated with anti-HOXA9 antibody 
(1:1,000; cat. no. NBP2-32356; Novus Biologicals, LLC, 
Littleton, CO, USA) at 4˚C overnight. An additional wash in PBS 
was followed by treatment with ready-to-use peroxidase-labeled 
polymer conjugated to goat anti-rabbit immunoglobulins (cat. 
no. SM801; ENvision + kit; Dako; Agilent Technologies, Inc.) 
as the secondary antibody for 30 min at room temperature. The 
staining was visualized with diaminobenzidine, followed by 
counterstaining with hematoxylin.

Expression of these proteins was evaluated using optical 
microscopy (BX43; Olympus Corporation, Tokyo, Japan) as 

Table I. Primer sequences for reverse transcription-quantitative polymerase chain reaction analysis.

Gene Forward primer (5'-3') Reverse primer (5'-3') Size, bp

HOXA1 CCCATGGAGGAAGTGAGAAA GGACCATGGGAGATGAGAGA 489
HOXA2 AGTCTCGCCTTTAACCTAGCA GGCCTCATACTGCTCTCAGG 571
HOXA3 AATGCCAGCAACAACCCTAC TGACCAGCGAATGCATAGAG 535
HOXA4 CCCTGGATGAAGAAGATCCA GAGGATCGCATCTTGGTGTT 265
HOXA5 GTGAAGAAGCCCTGTTCTCG AACGAGATTGAAGGGGGACT 244
HOXA6 CGCGCAAATGAGTTCCTATT GACCGAGTTGGACTGTTGGT 199
HOXA7 GGCTTGCCTGCTACTAGTG GAAGCTGGAAGCATCTCCAC 326
HOXA9 CCACGCTTGACACTCACACT TCGTCTTTTGCTCGGTCTTT 382
HOXA10 GGGGGAAAAAGCCATATCAT GGGAGAATTGTGGTGTGCTT 671
HOXA11 GCTTGGAAGCTTCTGGTGAC AATTGAGGACAGGCCAACAC 557
HOXA13 CTGGAACGGCCAAATGTACT AGAGATTCGTCGTGGCTGAT 386
β-actin GCTCGTCGTCGACAACGGCTC CAAACATGATCTGGGTCATCTTCTC 353

HOX, homeobox.
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positive when the nucleus of the cancerous tissue was stained. 
The staining of each specimen was evaluated at x40 or x400 
magnification by two investigators, Y.W. and K.S. (Fukushima 
Medical University School of Medicine, Fukushima, Japan), 
who were blinded to the sample name and the clinical 
outcomes. The rate of positive-stained cancer cells was evalu-
ated in three randomly selected areas (size, 200x200 µm) from 
the tumor specimens. When the average positive tumor rate 
was >10%, the tumor was defined as being positively stained.

Knockdown experiment and cell counting. The knockdown 
experiment was performed using a small interfering RNA 
(siRNA) method using HOXA9 Stealth RNAi siRNA 
(HOXA9-siRNA; cat. no. HSS142497; Thermo Fisher 
Scientific, Inc.) and Stealth RNAi siRNA negative control 
(NC‑siRNA; cat. no. 12935‑300; Thermo Fisher Scientific, Inc.) 
using Lipofectamine RNAiMAX (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. At 1 day prior 
to transfection, SW48 was seeded at 2x106 cells/well into the 

wells of a 10 cm plate. Transfection with a final concentration 
of 20 nM siRNA oligo was performed when the cell conflu-
ence reached 30‑50%. The cells were incubated at 37˚C 48 h 
prior to harvest. The number of cells was subsequently counted 
after 24 and 48 h siRNA transfection using a Countess II FL 
Automated Cell Counter (Thermo Fisher Scientific, Inc.). All 
experiments were repeated three times.

Public database. HOXA9 gene aberrations were investi-
gated using The Cancer Genome Atlas (TCGA) data portal 
(cBioPortal: http://www.cbioportal.org/).

Statistical analysis. Data are presented as the mean ± standard 
deviation. Statistical analyses were performed using GraphPad 
Prism 6 software (GraphPad Software, Inc., La Jolla, CA, 
USA). Wilcoxon signed-rank tests and unpaired Student's 
t-tests were performed to analyze the differences among 
groups. In addition, survival curves were generated using the 
Kaplan-Meier method and compared using the log rank test. A 

Figure 1. mRNA expression levels of HOXA cluster genes in patients with CRC. (A) The mRNA expression of HOXA genes in patients with CRC. A total of 
10 representative cases of tumor and non-tumor tissues were analyzed by RT-qPCR. β-actin was used as a loading control. (B) Differences in HOXA9 expres-
sion between tumor (n=40) and non-tumor (n=40) tissues, and HOXA5 and HOXA13 expression levels between tumor (n=20) and non-tumor (n=20) tissues as 
determined by qPCR and Wilcoxon matched pairs test. A log2 scale has been used for the y-axis. The mRNA expression in tumor tissues was normalized to 
the expression in non-tumor tissues. The horizontal bars indicate mean expression value. T, tumor; N, non-tumor; HOX, homeobox; CRC, colorectal cancer; 
RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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total of 226 patients were used in the Kaplan-Meier survival 
analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

HOXA9 expression is upregulated in CRC. To investigate 
HOXA gene expression in CRC, the mRNA expression of each 
cluster gene was investigated in 10 representative cases by 
RT-qPCR (Fig. 1A). Although all HOXA genes were detected 
in tumor and adjacent non-tumor tissue samples, HOXA9 
expression appeared to have increased in the tumor tissues 
compared with the non-tumor tissues as detected by PCR and 
gel electrophoresis. To investigate whether there is a differ-
ence in expression levels, RT-PCR was performed, and it was 
revealed that HOXA9 mRNA expression was increased in the 
tumor tissues by 4.71 fold compared with the non-tumor tissues 
(P<0.0001; Wilcoxon matched pairs test; Fig. 1B).

Upregulated HOXA9 expression is associated with poorer 
patient outcomes. HOXA9 protein expression was evaluated 
using IHC staining in 231 patients with CRC (Fig. 2A). HOXA9 
expression was detected in the nucleus of the CRC cells, and 
positive expression was observed in 161 cases (69.7%), and 
negative expression was detected in 70 cases (30.3%).

The association between HOXA9 expression and clini-
copathological factors was analyzed in patients with CRC 
(Table II). The rate of positive expression of HOXA9 was 
significantly associated with higher TNM stage (P=0.03) and 
positive lymph node metastasis (P=0.02). However, HOXA9 

expression was not associated with age, gender, tumor loca-
tion, histology, depth of invasion, venous invasion or liver 
metastasis. Furthermore, Kaplan-Meier analysis demonstrated 
no association between increased HOXA9 levels and overall 
survival rate (P=0.80; Fig. 2B).

Table II. Association between clinicopathological factors and 
HOXA9 protein expression as determined by immunohisto-
chemistry. 

 HOXA9 IHC, n
 ------------------------------------
Characteristics Total Positive  Negative  P-value

Total 231 161 70 
Age    1.00
  ≥60 years 174 121 53 
  <60 years 57 40 17 
Gender    0.77
  Male 136 96 40 
  Female 95 65 30 
Stage    0.03
  0 5 4 1 
  I 37 25 12 
  II 85 52 33 
  III 66 52 14 
  IV 38 28 10 
Tumor location    0.65
  Colon 165 113 52 
  Rectum 66 48 18 
Histology    0.82
  tub 203 142 61 
  por 28 19 9 
Depth    0.28
  T1 28 19 9 
  T2 27 22 5 
  T3 159 106 53 
  T4 17 14 3 
Lymphatic invasion    1.00
  Absent 48 34 14 
  Present 183 127 56 
Venous invasion    0.60
  Absent 50 33 17 
  Present 181 128 53 
Lymph node metastasis    0.02
  Negative 135 86 49 
  Positive 96 75 21 
Liver metastasis    1.00
  Negative 200 139 61 
  Positive 31 22 9 

P-values were calculated using Fisher's exact test or a χ2 test, where 
appropriate. T, tumor; HOX, homeobox; tub, tubular adenocarci-
noma; por, poorly differentiated adenocarcinoma.

Figure 2. HOXA9 expression and survival analysis of patients with CRC. 
(A) Immunohistochemical staining of HOXA9 in patients with CRC. 
Representative images showing positive (case 1) and negative (case 2) 
staining for HOXA9. Scale bar, 100 µm. (B) Kaplan-Meier survival analysis 
of 226 available cases in the present cohort stratified by HOXA9 expression 
in tumor specimens. HOX, homeobox; CRC, colorectal cancer.
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Knockdown of HOXA9 has no effect on growth in colon 
cancer cells. To evaluate the role of HOXA9 in colon cancer 
progression, gene knockdown of HOXA9 was performed to 
investigate cell proliferation. HOXA9 expression in 12 colon 
cancer cell lines (HCT116, LoVo, RKO, LS174T, Colo205, 
Colo201, SW620, LS180, SW837, SW480, HCT15 and SW48) 
was evaluated to select the appropriate cell line for subsequent 
experiments (Fig. 3A). As HOXA9 was most significantly 
expressed in SW48 cells compared with all other cells, they 
were chosen for subsequent knockdown experiments. HOXA9 
was subsequently knocked down by transfection with siRNA 
oligonucleotide in the SW48 cells (HOXA9-siRNA) (Fig. 3B). 
No morphological changes were observed in the HOXA9 
knocked down cells (Fig. 3C). Furthermore, cell proliferation 
was not decreased between HOXA9 knocked down cells and 
the negative control (Fig. 3D).

Discussion

In the present study, RT-qPCR analysis indicated that HOXA9 
mRNA was upregulated in CRC tumor tissues compared with 
non-tumor tissues. Consistent with the results of the present 
study, expression of HOXA9 has been reported to be signifi-
cantly increased in esophageal squamous cell cancer (17) and 

lung cancer (28) compared with normal non-tumor tissues. 
However, HOXA9 expression was decreased in hepatocel-
lular carcinoma, as well as ovary, lung and bladder cancer 
tissues (29-32). Such suppression was reported to be due to 
hypermethylation of the HOXA9 promoter CpG island (29-32).

Another known regulator of HOXA9 mRNA expression 
is microRNA (miR) (33). It has been reported that HOXA9 
is directly suppressed by upregulated miR-196b expression 
in non-small cell lung cancer cells (33). Although one study 
has reported that miR-196b is downregulated in cervical 
cancer (34), another study has suggested that HOXA9 is also 
downregulated in cervical cancer (35). These results indicate 
that the expression and aberration mechanisms of HOXA9 are 
tumor‑specific.

The authors of the present study investigated whether 
HOXA9 gene aberrations attributed to high HOXA9 expression 
using the publicly available cBioPortal. HOXA9 gene ampli-
fication resulting in high HOXA9 expression was observed in 
10/287 (3.5%) cases of stomach adenocarcinoma (36), 4/109 
(3.7%) cases of pancreatic cancer (37) and 12/184 (6.5%) cases 
of esophageal cancer (TCGA provisional). However, HOXA9 
gene amplification resulting in high HOXA9 expression was 
only detected in 1/212 (0.5%) cases in CRC (38). These find-
ings indicated that gene amplification may not be involved in 

Figure 3. In vitro analysis of the effects of HOXA9 knockdown. (A) RT-qPCR analysis of HOXA9 expression in colon cancer cell lines. Relative HOXA9 
mRNA expression levels to HCT116 (HCT116=1) are shown. The expression of targets genes was normalized to β-actin expression. (B) RT-qPCR analysis 
of HOXA9 expression in SW48 cells transfected with HOXA9 siRNA and the negative control siRNA. Data are presented as the mean ± standard deviation. 
*P<0.05. (C) Images of SW48 cells in the NC-siRNA and HOXA9-siRNA group, 24 and 48 h following transfection. Scale bar, 100 µm. (D) Cell counts of 
SW48 cells in the NC-siRNA and HOXA9-siRNA group, 24 and 48 h following transfection. Data are presented as the mean ± standard deviation. NS, not 
significant; HOX, homeobox; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; siRNA, small interfering RNA; NC, negative control.



WATANABE et al:  HOXA9 EXPRESSION IS ASSOCIATED WITH LYMPH NODE METASTASIS 2761

the increase of HOXA9 mRNA transcript levels in CRC. The 
underlying mechanism for the increase of HOXA9 mRNA in 
CRC tumors is yet to be elucidated. Notably, a similar upregu-
lation of mRNA in human tumors has also been reported with 
other members of the HOX gene family (12,13,39). However, 
the main mechanism involved in this process also remains 
unknown (12,13,39).

The present study investigated HOXA9 protein expression 
in CRC tumor tissues and found that ~70% of patients with 
CRC exhibited positive staining for HOXA9. Furthermore, the 
increase in HOXA9 expression was significantly associated 
with positive lymph node metastasis in the present cohort. 
Consistent with the present results, a number of studies have 
demonstrated the involvement of HOX genes in lymph node 
metastasis (13,20,39). HOXC6 expression was upregulated in 
lymph node metastasis-positive oral squamous cell carcinoma 
compared with lymph node metastasis-negative oral squamous 
cell carcinoma (40). By contrast, HOXB7 expression was 
downregulated in breast cancer with lymph node metastasis 
compared with lymph node-negative breast cancer (41). 
Notably, no association between HOXA9 expression and 
patient survival was observed in the present cohort. This 
may be due to differences in tumor stage, as the population 
comprised primarily stage II and III patients.

In conclusion, to the best of our knowledge, this is the 
first study to report that HOXA9 expression is upregulated in 
CRC and is associated with lymph node metastasis. Additional 
studies are required to reveal the role of HOXA9 and its 
viability as a candidate therapeutic target or biomarker.
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