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Abstract. Colorectal cancer (CRC) is one of the most common 
types of cancer in world and has a high rate of mortality. The 
majority of cases of CRC are sporadic; however, factors such 
as age, a family history of inflammatory diseases, diet, lifestyle 
and genetics increase the risk. HOX genes and lncRNAs are 
two classes of genes, and alterations in the expression levels of 
these genes are significantly associated with numerous different 
types of cancer. In the present study, the expression levels of 
HOXC10, HOXC‑AS3, HOTAIR, HOXC13 and HOXC13‑AS 
in tumor tissues were compared with normal healthy tissues 
in patients with CRC. Paired tumor and normal tissues were 
collected from 39 patients with CRC, and reverse transcrip‑
tion‑quantitative PCR was used the expression of HOXC‑AS3, 
HOXC13 and HOXC10 in the tumor tissues compared with 
the respective normal tissues. Expression of these genes were 
increased in the tumor tissues compared with normal tissues; 
however, the difference was only significant for HOXC10. 
Additionally, there was a strong and significant correlation 
between the expression of HOTAIR and HOXC13, a moderate 
and significant correlation between the expression of HOTAIR 
and HOXC13‑AS, and between HOXC13 and HOXC13‑AS 
genes. The expression of HOXC10 was significantly higher in 
tumor tissues compared with the normal tissues; whereas the 
upregulation of HOXC‑AS3 and HOXC13 were not significant. 
Only the correlation between the expression of HOTAIR and 
HOXC13 was strong and significant. As HOXC10 expression 
was significantly upregulated in the tumor tissues relative to 
normal tissues, it may serve as a biomarker for the diagnosis of 
CRC and as a potential therapeutic target.

Introduction

Colorectal cancer (CRC) is one of the most common types of 
cancer (1) and 880,792 CRC‑associated deaths were reported 

in 2018 (2). The prevalence of CRC is 9.2% in women and 
10% in men, and it is the second most common type of cancer 
in women and third most common type of cancer in men (3). 
In ~90% of cases, CRC is sporadic, and patients do not have 
any family history of the disease (4). Risk factors for CRC 
include age (higher in individuals >50 years), and a family 
history of inflammatory bowel disease (3.7% risk for CRC) 
and Crohn's disease (2.5% risk for CRC) (5‑7). Diet and life‑
style may increase the risk of CRC (8), such as smoking (9,10), 
consumption of red meat (11,12) and low levels of physical 
activity (13).

Mutations in various genes, alterations in DNA methylation 
and chromosomal instability have been identified as genetic 
causes of CRC. Analysis of gene expression profiles of cancer 
cells serves an important role in the diagnosis and treatment 
of patients with cancer and may result in improved insight into 
the dysregulated mechanisms associated with specific types of 
cancer. HOX genes are involved in the regulation of different 
cellular processes, including differentiation, angiogenesis, 
signaling, apoptosis, mobility and metastasis (14,15). HOXC 
genes (HOXC4, HOXC5, HOXC6, HOXC8, HOXC9, HOXC10, 
HOXC11, HOXC12 and HOXC13) are members of the HOX 
family of genes and are located on chromosome 12q13.3 (16), 
and HOXC13 is involved in the growth and formation of hair 
and nails (17,18).

Three long non‑coding RNAs (lncRNAs), HOTAIR, 
HOXC13‑AS and HOXC‑AS3 are located on the antisense 
strand of the HOXC gene cluster (Fig. 1). HOTAIR is a poly‑
adenylated RNA that binds to certain protein complexes, such 
as PRC2, and regulates the conformation of chromatin (19‑21). 
HOXC10, HOXC‑AS3, HOXC13 and HOXC13‑AS are located 
in close proximity to the oncogenic lncRNA, HOTAIR. Thus, 
it was hypothesized that there may be an association between 
these genes with HOTAIR and development of cancer. In 
the present study, the expression levels of these genes were 
assessed using reverse transcription‑quantitative (RT‑q) PCR 
in tumor tissues and matching healthy adjacent tissues in 
patients with CRC.

Materials and methods

Patients and tissue samples. A total of 39 pairs of tumor tissue 
and healthy adjacent tissue was obtained from patients. The 
median age of patients was 54 years old (range, 30‑79 years) 
and included 20 males and 19 females. Tissues were obtained 
from patients with CRC following surgery and immediately 
stored in liquid nitrogen. The present study was approved by 
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the Ethics Committee of Shahid Chamran University of Ahvaz 
(Ahvaz, Iran) and written informed consent was obtained from 
all patients.

RT‑qPCR. A total of 50 mg frozen tissue from each patient 
was crushed and homogenized. Total RNA was extracted 
using TRIzol® Reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) and RNA was dissolved in diethyl pyrocarbonate. The 
RNA concentration of each sample was measured using a 
NanoDrop™ 2000/c spectrophotometer (Thermo Fisher 
Scientific, Inc.) and stored at ‑80˚C. RNA integrity was 
assessed using electrophoresis on a 1% agarose gel containing 
SafeStain (CinnaGen), and the 28S, 18S and 5S bands were 
observed. Extracted RNAs were treated using DNaseI (Takara 
Bio, Inc.). Primescript™ RT reagent kit (Takara Bio, Inc.) was 
used for reverse transcription of RNA to cDNA. A total of 1 µl 
random hexamers (100 µM) and 1 µl oligo(dT) primer (50 µM) 
were added to 1 µg DNase treated RNA and RNase free water 
was added to a final volume of 5 µl and incubated at 65˚C 
for 5 min. Subsequently, 1 µl reverse transcriptase enzyme 
(1 U/µl) and 4 µl 5X buffer was added, and RNase free H2O 
was added to a final volume of 20 µl and incubated at 37˚C for 
30 min for cDNA synthesis, followed by incubation at 80˚C for 
5 sec to inactivate the enzyme and cDNA was stored at ‑20˚C. 
For qPCR, the following reagents were mixed as follows: 10 µl 
SYBR Premix Ex Taq II (2X) (Takara Bio, Inc.), 0.5 µl each 
forward and reverse primers (10 pmol each; Macrogen, Inc.), 
2 µl cDNA and 7 µl DNase free water. The primer sequences 
used are presented in Table I. β‑actin was used as the loading 
control. The thermocycling conditions were: 95˚C for 30 sec; 
40 cycles of 95˚C for 5 sec and 60˚C for 32 sec; and a disso‑
ciation stage of 95˚C for 15 sec, 60˚C for 60 sec and 95˚C for 
1 sec. Relative expression of HOXC10, HOXC‑AS3, HOTAIR, 
HOXC13 and HOXC13‑AS was measured using the 2‑∆∆Cq 
method (22) for the 39 pairs of the tumor tissues and marginal 
normal tissues in patients with CRC. β‑actin was used as the 
reference gene.

Data analysis. All analysis was performed using GraphPad 
Prism version 5 (GraphPad Software, Inc.). Differences 
between two groups were compared using a Wilcoxon test. 
A Spearman's rank correlation coefficient was used for 
correlation analysis of relative gene expression with clinical 
parameters.

Results

Comparison of expression of HOX genes between tumor and 
normal tissues. Expression of HOX expression of HOXC‑AS3 
and HOXC13 in the tumor tissues was upregulated compared 
with the marginal normal tissues with a fold change of 4.65 
and 2.47, respectively. Although HOXC‑AS3 and HOXC13 
were upregulated in the tumor tissues, statistical analysis 
showed the difference was not significant (P=0.144 and 
P=0.78, respectively; Fig. 2). However, expression of HOXC10 
was significantly upregulated in the tumor tissues compared 
with the marginal normal tissues with a fold change of 2.07 
(P=0.0001; Fig. 2). Comparison of the expression of HOXC10, 
HOXC‑AS3, HOTAIR, HOXC13 and HOXC13‑AS in the tumor 
and normal tissues is shown in Fig. 2.

Correlation between the expression of genes. To determine 
the correlation coefficients, the fold change ratio of each gene 
was used. There was a significant positive correlation between 
expression of HOTAIR and HOXC13 (r=0.75, strong correla‑
tion; P=0.00000004); between HOTAIR and HOXC13‑AS 
(r=0.57, moderate correlation; P=0.001); and between HOXC13 
and HOXC13‑AS (r=0.43, moderate; P=0.006). There was 
positive correlation between HOTAIR and HOXC10 (r=0.306, 
moderate; P=0.058), and between HOTAIR and HOXC‑AS3 
(r=0.384, moderate; P=0.016). There was a significantly nega‑
tive correlation between HOXC10 and HOXC‑AS3 (r=‑0.331, 
moderate; P=0.039).

Association between gene expression and clinicopathological 
features. The association between the expression of the five 
genes with clinicopathological characteristics of the patients 
was calculated. Statistical analysis showed that there was 
no significant association between sex, histological grade, 
tumor size (cm), Tumor‑Node‑Metastasis (TNM) stage (23), 
lymphatic invasion, vascular invasion and the expression of 
HOXC10, HOXC‑AS3, HOTAIR, HOXC13 or HOXC13‑AS in 
the patients with CRC (all P>0.05; Table II).

Discussion

In 2012, ~1.4 million new cases of CRC were diagnosed. 
By 2035, it is estimated that there will be >2.4 million new 
cases of colorectal cancer (24). In the present study, the 
expression levels of HOXC10, HOXC‑AS3, HOTAIR, HOXC13 
and HOXC13‑AS in matching normal and tumor tissues 
from 39 patients with CRC were assessed using RT‑qPCR. 
HOXC10, HOXC‑AS3, HOXC13, and HOXC13‑AS are located 
in proximity to the oncogenic lncRNA HOTAIR. Thus, it was 
hypothesized that there may be an association between these 
genes and HOTAIR in carcinogenesis. To evaluate this hypoth‑
esis, the correlation between the expression of these five genes 
with HOTAIR, and the association between these genes and 
certain clinicopathological characteristics were calculated. 
The results showed that the expression of HOTAIR was not 

Table I. Sequence of primers used in this study.

Genes Primer sequences (5'‑3')

HOXC10 F: CCAGACACCTCGGATAACG
HOXC10 R: GGCACCTCTTCTTCCTTCC
HOXC13 F: TCTCCCTTCCCAGACGTGGT
HOXC13 R: CGCTCAGAGAGGTTCGTGGT
HOTAIR F: GAAAGGTCCTGCTCCGCTTC
HOTAIR R: TCCTCTCGCCGCCGTCTG
HOXC‑AS3 F: CGATAGGCGGCTTTGG
HOXC‑AS3 R: CGTCTTGTGTGCTGGTTTCC
HOXC13‑AS F: CGGACATCGGAGCACTATG
HOXC13‑AS R: CGGCTGGTCTTCTTGAGG
β‑actin F: ATTGGCAATGAGCGGTTC
β‑actin R: TGAAGGTAGTTTCGTGGATG

F, forward; R, reverse.
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significantly altered in tumor tissues compared with marginal 
normal tissues, contrasting with previous studies which 
reported a significant increase in the expression of HOTAIR in 
CRC (25‑29). Kogo et al (30) studied 100 pairs of tumor and 
normal CRC samples and reported that there was no signifi‑
cant increase in expression of HOTAIR. Svoboda et al (31) also 
reported that the relative expression of HOTAIR between the 
tumor and adjacent normal tissue was not significantly different 
in patients with CRC. These differences may be related to the 
ethnicity of the individuals studied, their lifestyle, diet or other 

lifestyle factors. Upregulation of HOXC13 has been reported 
in odontogenic tumors, liposarcoma, metastatic melanoma, 
esophageal squamous cell carcinoma, lung adenocarcinoma 
and ameloblastoma (32‑37). However, the expression levels of 
HOXC13 in CRC was not significantly altered in the present 
study. Tatangelo et al (38) reported a significant upregulation 
in the expression of HOXC13 and HOTAIR in right (proximal) 
side of CRCs tissues.

Overexpression of HOXC13‑AS has been reported in 
nasopharyngeal carcinoma (39). To the best of our knowledge, 

Figure 1. HOXC10, HOXC‑AS3, HOTAIR, HOXC13 and HOXC13‑AS are located on the sense or antisense strands of chromosome 12.

Figure 2. Comparison of the expression of HOXC10, HOXC‑AS3, HOTAIR, HOXC13 and HOXC13‑AS in paired tumor and normal tissues. Only the expression 
levels of HOXC10 were significantly different between the two tissues. *P=0.0001.
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the present study is the first to evaluate the expression of 
HOXC13‑AS in CRC, and the results showed that there was 
no significant difference in the expression of HOXC13‑AS 
between normal and cancer tissues.

Studies have shown that the expression of HOXC10 is 
significantly increased in thyroid cancer, breast carcinoma and 
lung cancer (40‑43). Kim et al (44) reported that expression of 
HOXC10 was upregulated in gastric cancer. They showed that 
upregulation of HOXC10 increases proliferation and migration 
of gastric cancer cells (44). In the present study the expres‑
sion levels of HOXC10 in CRC were assessed and the results 
showed that the relative expression in the tumor tissues was 
significantly higher compared with marginal normal tissues 
in CRC (P=0.0001). Zhang et al (45) showed that expres‑
sion of HOXC‑AS3 was upregulated in gastric cancer tissues 
compared with normal tissues, but in the present study, expres‑
sion of HOXC‑AS3 was not changed significantly altered in 
tumor tissues of patients with CRC compared with normal 
tissues. To the best of our knowledge, the present study is the 
first to assess the expression of HOXC‑AS3 in patients with 
CRC.

The association between the expression HOXC10, 
HOXC‑AS3, HOTAIR, HOXC13 and HOXC13‑AS with clinico‑
pathological characteristics, including sex, histological grade, 
tumor size (cm), TNM stage, lymphatic invasion and vascular 
invasion were calculated. Although there was no significant 
relationship between any of the genes evaluated and any of the 
clinicopathological characteristics, the correlation coefficients 
were positive for all the clinical parameters and expression 
data, suggesting that, whilst an association may exist it is not 
strong and not statistically significant. Therefore, upregulation 

of the studied genes may have weak or moderate effects on 
these characteristics. For protein coding genes, it may be 
possible that the expression levels of the protein products may 
be directly correlated with these characteristics. Additionally, 
upregulated genes may affect the initiation and progression of 
tumorigenesis, including increasing proliferation and reducing 
apoptosis (46).

To determine the correlation coefficient, the fold change 
ratio of each gene was used. There was a strong and significant 
correlation between the expression of HOTAIR and HOXC13; 
and a moderate but significant correlation between the expres‑
sion of HOTAIR and HOXC13‑AS, and between HOXC13 and 
HOXC13‑AS.

The correlation between the expression of HOTAIR 
and HOXC10 and between the expression of HOTAIR and 
HOXC‑AS3 were moderate but not significant. There was a 
moderate negative correlation between the expression of 
HOXC‑AS3 and HOXC10 and this difference was significant.

HOTAIR and HOXC13 appeared to exhibit similar expres‑
sion pattern as there was a strong correlation between them. 
The results of the present study suggest that these genes may 
affect expression of each other expression in cis; however, 
additional functional studies are required to determine 
whether this is the case. Due to the significant upregulation of 
HOCX10 in the tumor tissues, it may be used as a biomarker 
for the diagnosis and treatment of CRC.

Future studies should use larger cohorts and evaluate the 
expression of the studied genes in the serum and blood of 
patients. Additionally, the expression of these genes in other 
types of cancer and the expression of other HOX family genes 
in CRC should be assessed. To determine whether HOTAIR 

Table II. Association between expression of the selected genes and clinicopathological characteristics.

Characteristics n HOXC13 HOXC13‑AS HOTAIR HOXC10 HOXC‑AS3

Sex  0.66 0.37 0.56 0.42 0.83
  Male 20
  Female 19
Histological grade  0.3 0.57 0.4 0.07 0.57
  ≤2 33
  >2 6
Tumor size, cm  0.078 0.81 0.74 0.32 0.66
  ≤5 20
  >5 19
TNM stage  0.16 0.28 0.22 0.85 0.06
  ≤3 20
  >3 19
Lymphatic invasion  0.41 0.66 0.6 0.81 0.36
  Yes 20
  No 19
Vascular invasion  0.53 0.42 0.83 0.6 0.15
  Yes 19
  No 20

TNM, Tumor‑Node‑Metastasis staging system.
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influences expression of any of the HOX family genes, 
HOTAIR expression should be knocked down and the expres‑
sion of surrounding genes assessed.

In conclusion the present study showed that HOXC10 
expression was significantly higher in CRC samples compared 
with the normal adjacent tissues, but expression of HOXC‑AS3, 
HOTAIR, HOXC13 and HOXC13‑AS did not differ signifi‑
cantly. Based on these results, HOXC10 may be considered as 
a biomarker for diagnosis of CRC. Additionally the expression 
of HOTAIR and HOXC13 were strongly correlated and thus 
may share a regulatory mechanism of expression or one of 
these genes may regulate the expression of the other. Further 
functional studies are required to elucidate the mechanism 
underlying this correlation.
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