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Abstract
AIM: To detect the expression of the long noncoding RNA HOTAIR in colon cancer and analyze its relationship with clinicopathological parameters of colon cancer. 
METHODS: Total RNA was extracted from 80 colon cancer tissues and matched tumor-adjacent normal colon tissues and reverse transcribed. Quantitative polymerase chain reaction was used to detect the expression of HOTAIR. The relationship between the expression of HOTAIR and clinicopathological parameters of colon cancer was analyzed. 
RESULTS: The expression of HOTAIR was significantly higher in colon cancer tissues than in matched tumor-adjacent normal colon tissues (P < 0.05). HOTAIR expression was significantly higher in cases with lymph node metastasis than in those without metastasis; in lowly differentiated and undifferentiated cases than in highly and moderately differentiated cases; and in stages Ⅲ + Ⅳ cases than in stages Ⅰ + Ⅱ cases (P < 0.05). 
CONCLUSION: HOTAIR expression is upregulated in colon cancer, suggesting that HOTAIR plays an important role in the tumorigenesis, development and metastasis of colon cancer. HOTAIR may act as an oncogene and represents a new molecular target for the treatment of colon cancer.
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Core tip: This study aimed to detect the expression of HOTAIR in colon cancer and analyze its relationship with clinicopathological parameters of colon cancer. Total RNA was extracted from 80 colon cancer tissues and matched tumor-adjacent normal colon tissues and reverse transcribed. HOTAIR expression was upregulated in colon cancer, suggesting that it may play an important role in the tumorigenesis, development and metastasis of colon cancer. HOTAIR might acts as an oncogene and could be a new molecular target for the treatment of colon cancer.

INTRODUCTION
Colon cancer is a clinically common, highly malignant tumor of the digestive tract. Although drugs targeting epidermal growth factor receptor (EGFR) and KRAS mutations have significantly extended the survival of some colon cancer patients[1-3], only a small number of patients can benefit from these drugs because of the complex etiology of this malignancy. Overall, the effects of current therapies for colon cancer are not satisfactory[4,5]. 
Long noncoding RNAs (lncRNAs) are non-protein coding transcripts of around 200 nucleotides, which exist widely in the genome and can regulate gene expression[6]. HOTAIR is one of the extensively studied lncRNAs in recent years. Many studies have indicated that HOTAIR plays an important role in breast cancer, pancreatic cancer, liver cancer, gastric cancer, esophageal cancer and non-small cell lung cancer[7-10]. Studies in colon cancer suggest that HOTAIR is an important oncogene that affects the biological behavior of colon cancer[11] and can serve as an independent risk factor[12]. The latest research suggests that the expression of HOTAIR is associated with tumor metastasis[13]. 
In the present study, we detected the expression of HOTAIR in 80 colon cancer tissue samples by quantitative polymerase chain reaction (qPCR). Based on the clinical and pathological parameters of colon cancer patients, we analyzed the possible role of HOTAIR in colon cancer development, metastasis and sensitivity to treatment, with an emphasis on the role of HOTAIR in colon cancer treatment. The findings will provide a theoretical basis for developing a new, targeted therapy for colon cancer.

MATERIALS AND METHODS
Clinical materials and reagents
Eighty patients with pathologically proven colon cancer who underwent surgery at our hospital from September 2011 to September 2013, and had complete clinical records, were included. All patients provided written informed consent, and the study protocol was approved by the Medical Ethics Committee of Zhengzhou University. The mean age of the patients was 64 ± 16 years. There were 46 patients with stage Ⅰ or Ⅱ disease, and 34 patients with stage Ⅲ or Ⅳ disease. Forty-one patients had well or moderately differentiated tumors, and 34 patients had poorly differentiated or undifferentiated tumors. No patients had undergone radiotherapy or chemotherapy before surgery. Tumor tissues and normal colon tissues at least 7 cm away from the tumor were taken, frozen in liquid nitrogen within 30 min and preserved for further use.
Trizol was purchased from Invitrogen. The reverse transcription kit and DNA ladder were purchased from Takara. Primers for qPCR were designed and synthesized by Shanghai GenePharma. The qPCR kit was purchased from Thermo.

RNA preparation and reverse transcription 
Tissue samples preserved in liquid nitrogen were put into an RNase-free mortar with liquid nitrogen and pulverized. For each 100 mg of tissue, 1 mL of Trizol was added. RNA preparation was then performed following the manufacturer’s instructions. The obtained RNA was dissolved in DEPC-treated water, and the RNA concentration was measured using a micro UV-Vis fluorescence spectrophotometer (e-spect, Malcom, Japan). The obtained RNA was preserved at -80 ℃ for further use.
RNA reverse transcription was performed using a reverse transcription kit in a 20-L system, containing 11 L of DEPC-treated water, 1 L of total RNA, 4 L of 5 × buffer, 1 L of RNase inhibitor, 2 L of dNTPs, and 1 L of reverse transcriptase. Reaction parameters were 42 ℃ for 60 min and 95 ℃ for 5 min. The obtained cDNA was preserved at -80 ℃ for further use.

qPCR: qPCR was performed in a 20-L system containing 1 L of cDNA, 10 L of 2 × Master Mix with 0.03 × ROX added, 1 L of forward primer (final concentration of 0.5 mol/L), 1 L of reverse primer, and 8 L of DEPC-treated water on a Mx3005p cycler. PCR amplification was performed in triplicate. Cycling parameters were 95 ℃ for 7 min, followed by 40 cycles of 95 ℃ for 15 s and 60 ℃ for 30 s. 

Statistical analysis
The expression levels of HOTAIR in tissues are expressed as mean ± SD and were compared using a two-sample t-test. Statistical analyses were performed using SPSS13.0. P-values < 0.05 were considered statistically significant.

RESULTS
Agarose gel electrophoresis of qPCR products
The length of the expected PCR product for HOTAIR is 91 bp, and agarose gel electrophoresis showed that qPCR yielded PCR products of expected size (Figure 1).

Expression of HOTAIR is higher in colon cancer tissues than in tumor-adjacent normal colonic tissues
QPCR analysis showed that, although the expression of GAPDH showed no significant differences, the Ct value of HOTAIR was significantly lower in colon cancer tissues than in tumor-adjacent normal colonic tissues, suggesting that HOTAIR expression is upregulated in colon cancer. When the relative expression level is expressed as N (N = 2-∆Ct, ∆Ct = CtHOTAIR - CtGAPDH[14]), the relative expression level of HOTAIR was significantly higher in colon cancer tissues than in tumor-adjacent normal colonic tissues (P < 0.05, Figure 2).

Relationship between HOTAIR expression and clinicopathological parameters in colon cancer
HOTAIR expression was significantly correlated with lymph node metastasis, tumor differentiation and TNM stage (P < 0.05). HOTAIR expression was significantly higher in cases with lymph node metastasis than in those without metastasis, in lowly differentiated and undifferentiated cases than in highly and moderately differentiated cases, and in stages Ⅲ + Ⅳ cases than in stages Ⅰ + Ⅱ cases. By contrast, HOTAIR expression had no significant correlation with patient gender, age or tumor size (P > 0.05) (Tables 1-3).

Relationship between HOTAIR expression and survival in colon cancer
The Kaplan-Meier method was used to assess the impact of HOTAIR expression on survival of patients with colon cancer. The cumulative survival rate was significantly higher in patients with low HOTAIR expression than in those with high HOTAIR expression (P < 0.05) (Figure 3).

Risk factors for prognosis of colon cancer patients
Using prognosis of colon cancer patients as the dependent variable and factors possibly influencing the prognosis as independent variables, Cox multiple regression analysis was performed. The results showed that TNM stage, lymph node metastasis and HOTAIR expression were independent risk factors for prognosis of colon cancer patients.

Relationship between HOTAIR expression and prognosis in colon cancer
The relationship between prognosis of colon cancer patients after chemotherapy and HOTAIR expression was analyzed. The results showed that high HOTAIR expression was associated with poorer prognosis (Figure 4).

DISCUSSION
Colon cancer is a common malignancy[15,16]. With the development of diagnostic technology, advances in endoscopy and imaging techniques, as well as the clinical application of the carcinoembryonic antigen assay, have greatly improved the early diagnosis and treatment effect of colon cancer[17,18]. Patients with early colon cancer have localized lesions, and surgery with adjuvant radiochemotherapy is the preferred treatment, which is often associated with a good prognosis. However, because of the unbalanced regional development in China, many patients with colon cancer, especially those in rural regions, are diagnosed at advanced stages, and some patients even present with metastases as the first manifestation. Although drugs targeting EGFR and KRAS mutations have been effective in some patients with colon cancer[1-3], molecular targeted drugs, which often target only one or several molecules, are not suitable for all patients because of the complexity etiology of colon cancer. Therefore, there is an urgent need to find new therapeutic targets.
LncRNAs are non-protein coding transcripts of around 200 nucleotides that are widely distributed in the genome. Many lncRNAs can bind to DNA binding proteins and alter the chromosome state to participate in the regulation of many genes[6,19]. HOTAIR is an lncRNA located in the HOXC locus, and it can interact with polycomb repressive complex 2 and mediate the histone H3 lysine 27 methylation and lysine 4 demethylation in the HOXD locus, in which EZH2 also plays an important role[9,20,21]. HOTAIR can alter the state of chromosomes, thus affecting the expression of many genes. Researchers have found that HOTAIR expression is upregulated in cancer tissue samples from patients with breast cancer, pancreatic cancer, liver cancer, gastric cancer, or non-small cell lung cancer, and the expression is even higher in metastatic tissue. Both in vivo and in vitro studies have confirmed that upregulated expression of HOTAIR enhances the ability of tumors to invade and metastasize[7-9]. The aim of this study was to detect the expression of HOTAIR in tissue samples from patients with colon cancer, analyze the relationship between HOTAIR expression and clinicopathological parameters and explore the role of HOTAIR in colon cancer development and metastasis. 
The results showed that the expression of HOTAIR is upregulated in colon cancer, suggesting that HOTAIR may act as an oncogene in the development of colon cancer. We also discovered that HOTAIR expression was significantly higher in lowly differentiated and undifferentiated cases compared with highly and moderately differentiated cases; in stages Ⅲ + Ⅳ cases compared with stages Ⅰ + Ⅱ cases; and in cases with lymph node metastasis compared with those without. These results are similar to the findings of a previous study[22]; however, that study found that the expression of HOTAIR did not differ significantly between cases with and without lymph node metastasis, but was significantly higher in cases with liver metastasis compared with those without. The present study did not compare the HOTAIR expression between cases with and without liver metastasis. Low differentiation, late stage or lymph node metastasis in colon cancer are often associated with poor prognosis; therefore, our findings need to be validated by studies with a larger sample size. 
Although HOTAIR might affect response to therapy in some tumors; for example, HOTAIR is associated with resistance to chemotherapy in ovarian cancer and sarcoma[23,24], there have been no reports in colon cancer. Our study, together with previous research, found that HOTAIR has an impact on the biological behavior of colon cancer[13], and detecting the level HOTAIR in blood could be used to predict prognosis of colon cancer. We speculated that this finding may be related to the role of HOTAIR in chemotherapy resistance, and this, therefore, was the focus of this study. We found that tumors with high expression of HOTAIR tended to develop resistance to chemotherapy, which may be the reason that high expression of HOTAIR is associated with a poor prognosis.
This finding also suggested that it is essential to explore the relationship between HOTAIR and resistance to chemotherapy in vitro, as well as the impact of HOTAIR on the biological behavior of tumor cells. Several studies have revealed that HOTAIR has an important role in tumor metastasis. On the basis of these findings, our subsequent follow-up study will expand the sample size to conduct prognostic and survival analyses to further define the relationship between HOTAIR and tumor metastasis in colon cancer, to explore the mechanism of pathogenesis of this malignancy and provide new targets for molecular therapy for colon cancer patients. 
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FIGURE LEGENDS
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Figure 1  Quantitative polymerase chain reaction products of HOTAIR.
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Figure 2  Expression of HOTAIR in colon cancer. The expression of HOTAIR in colon cancer is significantly higher in colon cancer tissues than in tumor-adjacent normal colonic tissues.
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Figure 3  Relationship between HOTAIR expression and survival in colon cancer. The cumulative survival rate was significantly higher in patients with low HOTAIR expression than in those with high HOTAIR expression (P < 0.05). 
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Figure 4  Relationship between HOTAIR expression and prognosis in colon cancer. aP < 0.05 vs PD group.
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Table 1  Primers used for quantitative polymerase chain reaction
Primer
Sequence
HOTAIR

Forward
5'-CAGTGGGGAACTCTGACTCG-3'
Reverse
5'-GTGCCTGGTGCTCTCTTACC-3'
GAPDH

Forward
5'-GTCAACGGATTTGGTCTGTATT-3'
Reverse
5'-AGTCTTCTGGGTGGCAGTGAT-3'















Table 2  Relationship between HOTAIR expression and clinicopathological parameters in colon cancer
Clinicopathological parameter
No. of cases
HOTAIR expression
P value 
Age (yr)



   < 6
49
3.69 ± 1.94
0.188
   ≥ 60
31
3.45 ± 1.55

Gender



   Male
43
3.91 ± 1.85
0.761
   Female
37
3.23 ± 1.68

Tumor size (cm)



   < 7
38
3.59 ± 1.59
0.599
   ≥ 7
42
3.60 ± 1.81

Lymph node metastasis



   Yes
48
4.27 ± 1.54
0.024
   No
32
3.11 ± 1.92

Tumor differentiation



   High and moderate 
41
2.93 ± 1.62
0.019
   Low and undifferentiated
39
4.35 ± 1.82

TNM stage



   Ⅰ + Ⅱ
46
3.17 ± 1.77
0.034
   Ⅲ + Ⅳ
34
3.87 ± 1.66
































Table 3  Cox multiple regression analysis of risk factors for prognosis of colon cancer patients
Variable
Regression coefficient
SE
2
P value
OR
95%CI for OR






Lower
Upper
TNM stage
 0.732
0.345
4.489
0.034
2.0790
1.056
4.090
Lymph node metastasis
-2.512
1.088
5.325
0.021
0.0081
0.010
0.685
HOTAIR expression
-2.048
0.785
6.806
0.090
0.1290
0.028
0.601
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