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Abstract: Despite advances made in the diagnosis and treatment of human colorectal cancer (CRC), the long-term
survival for CRC remains poor. Long non-coding RNA anti-differentiation ncRNA (lncRNA DANCR) was identified to
be involved in carcinogenesis of hepatocellular carcinoma. While its expression in CRC and potential role in tumor
progression is still unknown. In the present study, we investigated the expression level of lncRNA DANCR as well as
its association with CRC progression and prognosis. The expression of lncRNA DANCR was detected by quantitative
real-time PCR (qRT-PCR) in 104 CRC specimens. The prognostic value of lncRNA DANCR was further analysis. Our
results showed that lncRNA DANCR expression was increased in CRC tissues compared with that in adjacent normal
tissues (P<0.05). In addition, tumors with high lncRNA DANCR expression was correlated with TNM stage, histologic
grade, and lymph node metastasis (P<0.05). Kaplan-Meier analysis showed that patients with high lncRNA DANCR
expression had a shorter overall survival (OS) and disease-free survival (DFS) compared with the low lncRNA DANCR
expression group (P<0.05). Moreover, in a multivariate Cox model, our results showed that lncRNA DANCR expression was an independent poor prognostic factor for both OS and DFS in CRC. Our data indicated that lncRNA DANCR
expression might be a novel potential biomarker for CRC prognosis.
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Introduction
Colorectal cancer is one of the leading causes
of cancer mortality and the third most common
malignant neoplasm all over the world [1]. Due
to the chemotherapy and radiation therapy, the
incidence and mortality of CRC are decreased
in recent years. But the 5-year survival rate of
CRC patients remains unsatisfactory due to
metastasis leading to poor outcomes [2, 3].
Therefore, it is important to identify novel biomarkers that can accurately identify the biological characteristics of tumors and predict
the prognosis in patients with CRC.
The human genome sequencing project has
found that 70% of the genome is transcribed,
but only up to 2% of the human genome serves
as blueprints for proteins [4]. Long non-coding
RNAs (lncRNAs) are defined as endogenous cellular RNAs more than 200 nucleotides in length

that lack an open reading frame of significant
length [5]. In recent years, lncRNAs have been
shown to be involved in carcinogenesis and
cancer progression [6, 7]. Long non-coding
RNA, anti-differentiation ncRNA (lncRNA DANCR
or ANCR), was found to be required for the
dedifferentiation of epidermal cells [8]. Zhu et
al found that downregulated lncRNA ANCR
expression could promote osteoblast differentiation by targeting EZH2 and regulating Runx2
expression [9]. Jia et al indicated that downregulated lncRNA ANCR could promote osteogenic differentiation of periodontal ligament
stem cells [10]. Recently, Yuan et al found that
high expression of lncRNA DANCR was involved
in the progression of hepatocellular carcinoma
[11]. However, the role of lncRNA DANCR in CRC
is still unknown.
In the present study, we investigated the expression level of lncRNA DANCR in CRC tissues and

LncRNA DANCR expression in CRC
DANCR sense: 5’-GCGCCACTATGTAGCGGGTT-3’;
DANCR antisense: 5’-TCAATGGCTTGTGCCTGTAGTT-3’; GAPDH sense: 5’-AGAAGGCTGG
GGCTCATTTG-3’; GAPDH antisense: 5’-AGGGGCCATCCACAGTCTTC-3’. All experiments were
performed using the 2−ΔΔCt method. Each experiment was performed in triplicate.
Statistical analysis

Figure 1. LncRNA DANCR expression levels assessed
by qRT-PCR in CRC tissue and adjacent non-tumor
tissues. LncRNA DANCR expression levels were normalized to GAPDH. Data are means ± SD,*P<0.05.

adjacent non-tumor tissues. Then, the association of lncRNA DANCR with clinicopathological
characteristics and outcome of the CRC
patients was investigated.
Materials and methods
Tissue specimens
A total of 104 fresh colorectal cancer tissues
and paired adjacent non-tumor tissues were
obtained from patients who had undergone
surgical resection of colorectal cancer between
2007 and 2008 at the Qilu Hospital of
Shandong University, China. The colorectal cancer diagnosis was confirmed by an experienced
pathologist. All of the tissue samples were
washed with sterile phosphate-buffered saline
before being snap frozen in liquid nitrogen and
stored at -80°C until total RNA was extracted.
No patients had been treated with radiotherapy
or chemotherapy before surgery. This study
was approved by the Ethics Committee of
Shandong University and informed consent
was obtained from each patient involved in the
study.
RNA isolation and quantitative real-time PCR
(qRT-PCR)
Total RNA was isolated from CRC tissues and
cell lines using Trizol reagent (Invitrogen)
according to the manufacturer’s instructions.
The expression level of DANCR in CRC tissues
and cell lines was measured by qRT-PCR using
the SYBR-Green method (Takara) according to
the manufacturer’s protocol and normalized
using GAPDH. The primers were as follows:
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All statistical analyses were performed using
SPSS version 13.0 software. The measurement
data were analyzed by one-way ANOVA.
Randomized block design ANOVA was used to
analyze the statistical difference among different tissue types. Associations between DANCR
expression and clinicopathological characteristics were analyzed by Chi-square test. Survival
curves were plotted using the Kaplan-Meier
method, and differences between survival
curves were tested using the log-rank test.
Cox’s proportional hazards model was used to
identify the factors that have significant influence on survival. All data are presented as the
mean ± SD from at least three independent
experiments. P values lower than 0.05 was considered statistically significant.
Results
lncRNA DANCR is significantly up-regulated in
CRC tissues
We explored the expression levels of lncRNA
DANCR in 104 pairs of CRC tissues and adjacent non-tumor tissues. As revealed by qRTPCR analysis, lncRNA DANCR expression was
remarkably higher in CRC tissues compared
with adjacent non-tumor tissues (P<0.05,
Figure 1).
Correlations of lncRNA DANCR expression with
clinicopathologic features of CRC patients
To further investigate the association of lncRNA
DANCR with clinicopathological features of CRC
patients. The median value of lncRNA DANCR in
all CRC tissues was 2.94 and used as a cutoff
value, and all patients were divided into two
groups: high DANCR expression group (≥2.94;
n=52) and low DANCR expression group (<2.94;
n=52). The relationship of lncRNA DANCR with
various clinical features of CRC was analyzed
and is summarized in Table 1. The results
showed that expression of lncRNA DANCR was
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Table 1. Correlation between lncRNA DANCR expression and clinicopathological characteristics of colorectal cancer
Parameters

Group

Total

Gender

Male
Female
Age (years)
<60
≥60
Tumor size (cm)
<5 cm
≥5 cm
Histological grade
Well and moderately
Poorly
Local invasion
T1-T2
T3-T4
Lymph nodes metastasis
Negative
Positive
TNM stage
I-II
III-IV

64
40
48
56
59
45
61
43
43
61
75
29
37
67

significantly associated with TNM stage, histologic grade and lymph node metastasis
(P<0.05). However, there was no significant correlation of DANCR expression with other clinical
features such as gender, age, tumor size, and
local invasion (P>0.05). These results indicated
that lncRNA DANCR expression may play an
oncogenic role in colorectal cancer progression.
Prognostic values of lncRNA DANCR expression in CRC
To further investigate the correlation of lncRNA
DANCR expression with overall survival and
disease-free survival of CRC patients, KaplanMeier analyses were performed. We found that
overall survival time of high lncRNA DANCR
expression group was significantly shorter than
that of low lncRNA DANCR expression group
(P<0.05, Figure 2A). In addition, our results
showed disease-free survival of high lncRNA
DANCR expression group was also significantly
shorter than that of low lncRNA DANCR expression group (P<0.05, Figure 2B). Furthermore, in
multivariate Cox model, our results revealed
that lncRNA DANCR expression was an independent prognostic indicator for overall survival (HR=2.131, 95% CI, 1.157-7.058; P=0.009)
and disease-free survival (HR=2.397, 95% CI,
1.385-7.279; P=0.006) in patients with colorectal cancer (Table 2).
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lncRNA DANCR
expression
High
Low
33
31
19
21
20
28
32
24
28
31
24
21
23
38
29
14
17
26
35
26
31
44
21
8
12
25
40
27

P value
0.687
0.116
0.553
0.003
0.073
0.004

Discussion
CRC is a highly heterogeneous disease. Mainstream
tumorigenic processes involved in CRC are characterized by phenotypic multistep progression cascades
[12]. The reliable identification of CRC progressionspecific targets has huge
implications for its prevention and treatment [13, 14].
However, identification of
the molecular mechanisms
underlying tumorigenesis
still remains a challenge.

LncRNAs are a class of
non-coding RNA transcripts
longer than 200 nucleotides and are implicated in
a number of important
events, such as epigenetic regulation, transcriptional regulation, and post-transcriptional
regulation [15, 16]. Emerging evidence showed
that lncRNAs play an important role in tumor
progression and may serve as prognostic marker [17]. For example, Zhang et al showed that
upregulation of lncRNA MALAT1 correlated with
tumor progression and poor prognosis in clear
cell renal cell carcinoma [18]. Wang et al found
that overexpression of lncRNA HOTAIR promotes tumor growth and metastasis in human
osteosarcoma [19]. Cao et al showed that
lncRNA GAS5 was downregulated in cervical
cancer and association with cervical progression, moreover, they showed that decreased
expression of lncRNA GAS5 predicts a poor
prognosis in cervical cancer patients [20]. Shi
et al suggested that downregulated lncRNA
BANCR promotes the proliferation of colorectal
cancer cells via downregualtion of p21 expression [21]. However, the roles of lncRNA DANCR
in the carcinogenesis of CRC are still unknown.
0.008

In the present study, we investigated the
expression and clinical significance of lncRNA
DANCR in human colorectal cancer. Our results
showed that lncRNA DANCR expression in CRC
tissues was significantly high than that in
matched adjacent non-tumor tissues. Then the
relationships of lncRNA DANCR with various
clinical features of CRC were analyzed, we
found that lncRNA DANCR expression was prov-
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Figure 2. The correlation between lncRNA DANCR expression and the overall survival or disease-free survival of
colorectal cancer patients. Kaplan-Meier analysis of overall survival (A) or disease-free survival (B) was analyzed
according to lncRNA DANCR expression levels.

Table 2. Univariate and multivariate Cox regression analyses of overall survival and disease-free
survival in CRC patients
Overall survival
Hazard ratio
95% CI
Univariate analyses
Gender
Age (years)
Tumor size (cm)
Histological grade
Local invasion
Lymph nodes metastasis
TNM stage
DANCR expression
Multivariate analyses
Histological grade
Lymph nodes metastasis
TNM stage
DANCR expression

Disease-free survival
Hazard ratio
95% CI

P

1.274
1.764
1.582
2.916
2.675
3.172
2.822
2.491

0.739-3.107
0.525-4.928
0.605-4.035
1.662-6.952
0.804-7.112
1.417-8.629
1.014-6.275
1.335-7.264

0.254
0.197
0.312
0.013
0.081
0.023
0.019
0.008

1.196
1.558
1.375
2.743
2.541
3.429
2.725
2.614

0.712-2.959
0.486-4.527
0.574-3.856
1.792-7.174
0.856-6.784
1.767-9.264
1.145-7.152
1.572-7.715

0.198
0.136
0.322
0.009
0.073
0.016
0.014
0.004

2.604
3.052
2.502
2.131

1.537-6.408
1.375-8.309
0.974-6.014
1.157-7.058

0.017
0.028
0.022
0.009

2.434
3.215
2.417
2.397

1.625-6.791
1.631-8.657
1.027-6.827
1.385-7.279

0.011
0.019
0.017
0.006

en to be associated with TNM stage, histologic
grade, and lymph node metastasis, suggesting
that lncRNA DANCR might be involved in the
carcinogenesis of CRC. Furthermore, KaplanMeier analysis with the log-rank test indicated
that patients with a high level of lncRNA DANCR
expression had significantly shorter overall survival and disease-free survival compared to
those with a low level of lncRNA DANCR expression. In a multivariate Cox model, our results
suggested that lncRNA DANCR expression level
was independent prognostic factors for overall
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survival and disease-free survival of CRC
patients, indicating that high lncRNA DANCR
level was a promising non-invasive biomarker
for prognosis of CRC patients.
In conclusion, our data suggested that lncRNA
DANCR upregulation was associated with
aggressive progression and poor prognosis in
colorectal cancer. LncRNA DANCR was identified for the first time as an independent marker
for predicting the clinical outcome of colorectal
cancer patients. Further studies are needed to
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elucidate the mechanisms of action of lncRNA
DANCR in colorectal cancer.
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