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Abstract: Long non-coding RNA (lncRNA) has an important role in carcinoma progression and prognosis. However,
little is known about the pathological role of lncRNA HOTTIP (HOXA transcript at the distal tip) in colorectal cancer
(CRC) patients. This study attempted to investigate the association of lncRNA HOTTIP expression with progression
and prognosis in CRC patients. LncRNA HOTTIP expression was measured in 156 CRC tissues and 21 adjacent
non-malignant tissues using qRT-PCR. In present study, our results indicated that lncRNA HOTTIP was highly expressed in CRC compared with adjacent non-malignant tissues (P<0.001), and positively correlated with T stage
(T1-2 vs. T3-4, P = 0.001), clinical stage (I-II stages vs. III-IV stages, P = 0.003), and distant metastasis (absent vs.
present, P = 0.014) in CRC patients. Furthermore, we also observed that increased lncRNA HOTTIP expression was
an unfavorable prognostic factor in CRC patients (P = 0.001), regardless of T stage, distant metastasis and clinical
stage. Finally, overexpression of lncRNA HOTTIP was supposed to be an independent poor prognostic factor for CRC
patients through multivariate analysis (P = 0.017). In conclusion, lncRNA HOTTIP overexpression maybe serves as
an unfavorable prognosis predictor for CRC patients. However, a further larger sample size investigation is needed
to support our results.
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Introduction
Colorectal cancer (CRC) is one of the leading
causes of cancer deaths in the world [1]. The
prognosis for early stage CRC (Dukes’ Stages
A and B) is superior, with a 5-year survival
estimate of 97%. Unfortunately, about 60% of
colorectal cancer patients are first diagnosed
at an advanced stage (Dukes’ Stages C and D)
with an expected 5-year survival rate of 5%
[2-4]. Colorectal carcinogenesis is a complicated, multistep and multifactorial progress which
is caused by the interaction of many factors
such as dietary, lifestyle and genetic susceptibility [5, 6]. Therefore, cancer screening and
early detection have major importance in the
survival of CRC patients. Identification of novel
and improved markers is of great clinical value
for the diagnosis and treatment of CRC.
Recently, many studies highlighted a number of
long non-coding RNAs (lncRNAs) play essential
roles in carcinogenesis, and suggested that

these genes might be used as biomarkers in
carcinoma [7-9]. LncRNAs comprise the main
stream of transcripts that are larger than 200
nucleotides (nt) and not translated into proteins
[10], and also show emerging roles in the regulation of critical cellular functions, including
transcriptional, posttranscriptional, and epigenetic mechanisms of gene regulation [7, 11-13].
The HOTTIP lncRNA, located at the 5’ end of
the HOXA cluster, was recently functionally
characterized [14]. Recently, it was reported
by Quagliata et al that HOTTIP is a negative
prognostic factor in hepatocellular carcinoma
(HCC) patients, and increased HOTTIP expression was associated with enhanced HCC metastasis [15]. To date, however, little is known
about the significance of HOTTIP expression
and CRC prognosis.
In the present study, we investigated the
expression level of lncRNA HOTTIP in human
CRC tissue, and then explored the association
between HOTTIP expression and clinicopatho-
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Figure 1. Expression of lncRNA HOTTIP is increased in CRC tissues compared with non-malignant tissues through
qRT-PCR.

Table 1. Associations between lncRNA HOTTIP expression and clinicopathological characteristics in CRC
Characteristics
Age (year)
<60
≥60
Gender
Female
Male
Smoker
Yes
No
Drinker
Yes
No
T stage
T1-2
T3-4
Nodal stage
Negative
Positive
Distant metastasis
Absent
Present

11459

n

High expression
77

Low expression
79

89
67

43
34

46
33

0.764

53
103

27
50

26
53

0.776

72
84

33
44

39
40

0.415

92
64

45
32

47
32

0.894

69
87

24
53

45
34

0.001

73
83

30
47

43
36

0.053

115
41

50
27

65
14

0.014

P

logical characteristics. Our
results suggest that HOTTIP may represent a novel
indicator of poor prognosis
and may be a potential target for the diagnosis and
gene therapy of CRCs.
Materials and methods
Sample collection
156 freshly frozen colorectal cancer samples and
21 adjacent non-malignant
samples were obtained
from Department of general surgery, Affiliated Cancer
Hospital of Zhengzhou University, between January
2010 and May 2012. All
samples had been collected before any kind of therapeutic measures, and fresh
samples were immediately
preserved in liquid nitrogen. None of the patients
received treatment prior to
radical surgical treatment.
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Clinical stage
I-II
III-IV
Differentiation
Well
Moderate
Poor

97
59

39
38

34
71
51

16
32
29

The PCR primers for lncRNA
HOTTIP or β-actin were as
58
0.003
follows: lncRNA HOTTIP for21
ward: 5’-GTGGGGCCCAGACCCGC-3’; lncRNA HOTTIP
18
0.418
reverse: 5’-AATGATAGGGA39
CACATCGGGGAACT-3’; β-actin forward: 5’-GAAATCG22
TGCGTGACATTAA-3’; β-actin reverse: 5’-AAGGAAGGCTGGAAGAGTG-3’. The relative expression of
lncRNA HOTTIP was calculated and normalized
using the delta-delta CT (2-ΔΔCt) method relative
to β-actin. Independent experiments were done
in triplicate.
Statistical analysis

Figure 2. Increased lncRNA HOTTIP expression predicts a poor prognosis in CRC patients.

The median duration of follow-up time was 46
months (range, 33-65 months). Written informed consent was obtained from all participants.
The study protocol was approved by the Ethics
Committee of the Affiliated Cancer Hospital of
Zhengzhou University in accordance with the
Declaration of Helsinki (2000). The histopathological diagnosis of all samples was, respectively, diagnosed by two pathologists. The clinical staging was based on the 7th edition of the
AJCC Cancer Staging Manual.
Quantitative real-time PCR
Expressions of lncRNA HOTTIP in CRC and
non-malignant tissues were detected. Total
RNA was extracted from cells using Trizol reagent (Invitrogen, San Diego, CA, USA) according
to the manufacturer’s protocol. The quantitative real-time PCR (qRT-PCR) was carried out
using a Roche Light-Cycler (Roche, Basel,
Switzerland) and SYBR Green reaction mix
(Qiagen, Germany) to detect the level of lncRNA
HOTTIP, with β-actin as a normalizing control.
11460

Statistical analyses were performed using
SPSS Statistics 13.0 (IBM Chicago, IL, USA).
The unpaired t test was applied to test the differential expression of lncRNA HOTTIP in cancer tissues compared to adjacent non-malignant tissues. The chi-square test was applied
to the examination of relationship between
lncRNA HOTTIP expression levels and clinicopathologic characteristics. Overall survival was
defined as the interval from the date of diagnosis to pancreatic cancer-related death. Survival
curves were plotted using the Kaplan-Meier
method and the log-rank test. The significance
of survival variables was analyzed using the
Cox multivariate proportional hazards model. P
value of less than 0.05 was considered statistically significant.
Results
LncRNA HOTTIP is highly expressed in CRC
In order to assess the role of lncRNA HOTTIP
in CRC, we performed qRT-PCR to examine
the status of lncRNA HOTTIP expression in 42
clinical fresh samples of CRC tissues and
non-malignant tissues. Compared with adjacent non-malignant tissues, colorectal cancer
tissues showed increased expression levels
of lncRNA HOTTIP (P<0.001, Figure 1).
Relationship between lncRNA HOTTIP expression and clinicopathological characteristics in
CRC patients
In the 156 CRC cases, there were 107 males
and 49 females with age ranging from 25 to 81
years. We further investigated the association
Int J Clin Exp Pathol 2015;8(9):11458-11463
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Table 2. Univariate and multivariate Cox regression of prognostic factors for overall survival in pancreatic cancer
Parameter
HR
Age (year)
<60 vs. ≥60
Gender
Female vs. male
Differentiation
Well vs. moderate vs. poor
T stage
T1-2 vs. T3-4
Nodal stage
Negative vs. positive
Distant metastasis
Absent vs. present
Clinical stage
I-II vs. III-IV
LncRNA HOTTIP
Low vs. high

Univariate analysis
95% CI

P

HR

Multivariate analysis
95% CI

P

0.879

0.561-1.373

0.652

1.325

0.568-1.676

0.440

1.223

0.673-1.542

0.659

3.536

1.458-5.519

0.001

2.648

1.423-3.384

0.045

2.573

1.578-4.127

0.005

1.320

0.563-2.893

0.522

3.153

1.357-7.475

0.003

1.672

0.458-3.349

0.220

3.451

1.354-5.620

0.005

1.463

0.562-2.375

0.136

2.896

1.635-4.378

0.001

2.151

1.306-3.415

0.017

HR: hazard ratio; 95% CI: 95% confidence interval.

between lncRNA HOTTIP expression and clinicopathological characteristics of CRC patients.
Based on a previous study [16], CRC tissue
samples were classified into low expression
group (n = 79) and high expression group (n =
77), according to the median expression level
of all CRC samples (median ΔCT value 7.52).
The association between lncRNA HOTTIP expression levels and clinicopathological characteristics in patients with CRC was showed in
Table 1. Overall, no statistically significant
association was observed between lncRNA
HOTTIP expression levels and patient’s age,
gender, smoking status, drinking status and
differentiated (P = 0.764, 0.776, 0.415, 0.894
and 0.418, respectively). Although high lncRNA
HOTTIP expression was more common in
advanced nodal stage patients compared with
low lncRNA HOTTIP expression cases (47/77
vs. 36/79), this result was not statistically significant (P = 0.053). However, lncRNA HOTTIP
was positively associated with clinical stage
(P = 0.003), T stage (P = 0.001) and distant
metastasis status (P = 0.014) in CRC patients.
LncRNA HOTTIP expression is associated with
overall survival in CRC patients
In order to assess the prognostic value of
lncRNA HOTTIP expression for CRC, we investi11461

gated the association between lncRNA HOTTIP
expression levels and overall survival (OS)
through Kaplan-Meier analysis and log-rank
test. In 156 CRC cases, we observed that
lncRNA HOTTIP expression was significantly
associated with CRC patients’ OS (P<0.001,
Figure 2). Moreover, we also observed that
lncRNA HOTTIP overexpression was an unfavorable prognostic factor in CRC patients (P =
0.001, Table 2), regardless of T stage, distant
metastasis and clinical stage. Finally, multivariate analysis showed that increased lncRNA
HOTTIP expression was an independent poor
prognostic factor for CRC patients (P = 0.017,
Table 2).
Discussion
To date, it has been estimated that approximately 15,000 lncRNAs are present in the
human genome [17]. Recent studies have also
demonstrated that lncRNAs play important
roles in carcinogenesis and cancer metastasis
and abnormal expression of lncRNAs has
been identified in CRC [8, 18]. In the present
study, we examined the expression of lncRNA
HOTTIP and its clinicopathological/prognostic
significance in 156 specimens of primary CRCs
and 21 samples of adjacent non-malignant
samples.
Int J Clin Exp Pathol 2015;8(9):11458-11463
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Recently, application of lncRNAs as cancer
diagnostic or prognostic biomarkers has been
reported in several studies [19]. Zheng and
colleagues investigated lncRNA MALAT-1 expression in 146 CRC patients and 23 paired
normal colonic mucosa samples. Their results
showed that expression of lncRNA MALAT-1
was up-regulated in CRC tissues, and a higher
expression level of MALAT-1 might serve as a
negative prognostic marker in CRC patients
[20]. In another study, Svoboda and colleagues
also observed that CRC patients had higher
lncRNA HOTAIR expression in circulation than
healthy controls. HOTAIR expression levels
positively correlated between circulation and
tumor, indicating circulation HOTAIR levels may
serve as a potential prognostic marker in CRC
[21]. However, there are still a number of common cancer-related lncRNAs, such as ANRIL
[22], HOTTIP [14], HULC [23] and MEG3 [24],
which functions associated with CRC have not
been reported.

between CRC and other malignancies, and the
underlying mechanisms of the heterogeneous
expression levels need to be extensively investigated in the future.

HOTTIP is located at the 5’ tip of the HOXA locus
and coordinates the activation of multiple 5’
HOXA genes [14]. In one previous study, Li and
colleagues observed that HOTTIP was one
of the most significantly upregulated lncRNAs
in pancreatic ductal adenocarcinoma (PDAC)
tissues compared with pancreatic tissues by
microarray analyses. Furthermore, this study
also showed that HOTTIP silencing resulted in
cell proliferation arrest by altering cell-cycle
progression, and impaired cell invasion by
inhibiting epithelial-mesenchymal transition in
pancreatic cancer [25]. A previous study also
showed that patients with higher lncRNAs
HOTTIP/HOXA13 expression had poorer prognosis in liver cancer [15]. A similar trend was
also seen in this study. We observed that
lncRNA HOTTIP was highly expressed in 21 CRC
tissues compared with adjacent non-malignant
tissues. Furthermore, we analyzed the association between lncRNA HOTTIP expression and
clinicopathological characteristics in 156 CRC
patients. We found that lncRNA HOTTIP was
positively associated with clinical stage, tumor
size and distant metastasis in CRC patients.

[1]

In conclusion, our findings indicated that
HOTTIP expression level has the potential to be
an independent unfavorable prognostic indicator for CRC patients. However, the functional
consequences of altered HOTTIP expression,
the different feature of HOTTIP expression
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