984

Neoplasma 63, 6, 2016

d0i:10.4149/neo_2016_618

A potential biomarker for colorectal cancer: long non-coding RNA RP1-13P20.6
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Long non-coding RNAs (IncRNAs) occupy the majority of the human genome. Their dysregulation is usually related with
the procession of diseases, including tumors. Abnormally expressed IncRNAs have been found in colorectal cancer (CRC),
but are not fully understood. In the current study, we determined the expression level of a novel IncRNA-RP1-13P20.6 in
99 pairs of CRC tissues compared to their matched normal adjacent tissues, using real time polymerase chain reaction. We
further assessed the correlation between their expression levels and their clinicopathological parameters, and determined
the potential of RP1-13P20.6 as a biomarker for CRC. The expression of IncRNA-RP1-13P20.6 in CRC tissues and cell lines
decreased significantly with an area under the curve (AUC) of 0.755 (p < 0.001). However, there was no significant difference
between the expression levels of IncRNA-RP1-13P20.6 and the clinicopathological characteristics. The abnormal expression
level and AUC values suggest that IncRNA-RP1-13P20.6 is a potential biomarker for CRC.
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Colorectal cancer (CRC) is the third most common cancer,
causing cancer-related deaths worldwide [1]. CRC has the
fifth highest incidence and presents the fifth leading cause of
cancer death in China [2]. In contrast to the increasing inci-
dence, the mortality rate of CRC has been decreasing due to
population-based CRC screening and improved treatments in
many countries. However, screening is only performed in a few
cities of China because of the large population and inadequate
resources [3]. Furthermore, the CRC patients have usually
reached a late stage of cancer when they are diagnosed, which
lowers the quality of life. Detection at an early time is signifi-
cantly beneficial to patients suffering from CRC. Therefore,
exploring the initial and developmental mechanisms of CRC,
and identifying novel molecular markers are critical.

Non-coding RNAs (ncRNAs), comprise up to 75% of the
entire genome in humans, which are disable to code proteins
and usually perform as significant regulatory roles in multiple
biological processes [4]. Long non-coding RNAs (IncRNAs),
which are defined as being longer than 200 nucleotides, rep-
resent the most prevalent class in ncRNAs [5]. LncRNAs are
poorly conserved compared to the small ncRNAs, and they
regulate the targeted genes at the level of chromatin modi-

fication, transcription and post-transcriptional processing
[6-7]. Recent years, the aberrant expressions of IncRNAs have
been reported in multiple cancers, such as in breast cancer,
hepatocellular carcinoma, gastric cancer, and glioma [8-11].
H19, GAS5, and CRNDE are typical cancer-related IncRNAs,
and the dysregulation of these IncRNAs is usually associated
with progression, invasion, and metastasis in cancers [12-14].
LncRNAs function depending on their locations in cancer
cells. They are located mainly the in nucleus [15], while a sub-
set of IncRNAs in the cytoplasm participate in the process
of tumor growth by regulating the location of proteins, the
translation of mRNAs, and the stability of mRNAs [16-17]. By
interacting with mRNAs, microRNAs and proteins, IncRNAs
participate in diverse biological processes [18-19]. However,
the exact mechanisms of IncRNAs acting on the targeted genes
are not fully understood.

RP1-13P20.6, one of the IncRNAs, is located on the
reversed strand in 1g21 region with a length of 1997 nts ac-
cording to the UCSC Genome Bioinformatics (http://genome.
ucsc.edu/index.html). Previous researches have revealed
that a cluster of genes in this region including S100 calcium
binding protein A (S100A) family and small proline-rich pro-
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teins (SPRRs) family play important roles in the genesis and
progress in colorectal cancer.[20-21] However, there isn’t any
evidence whether the IncRNA- RP1-13P20.6 in this famous
region relates to the colorectal cancer. This current study
investigated the relative expression of the novel IncRNA RP1-
13P20.6 in cancerous tissues and the relationship between the
expression level and the clinicopathological characteristics of
in CRC patients.

Patients and methods

Patients and tissue sample collections. The patients who
underwent primary CRC radical resection at The First Hos-
pital of China Medical University (Shenyang, China) between
2010 and 2011 were enrolled. Ninety-nine pairs of CRC tissue
samples were obtained with matched normal adjacent tissues
(NATs) that were distant from the tumor edges (> 5 cm). All the
samples were snap-frozen in liquid nitrogen and then stored
at -80°C for further use. All of the patients were diagnosed
by histopathological examination and none of the patients
received any preoperative treatment. Clinicopathological data
and follow-up information were obtained from the medical
records and the responses from the patients or their relatives.
Informed consent was obtained from all the participants, and
this study was approved by the Research Ethics Committee of
China Medical University.

RNA isolation from tissues. Total RNA was extracted from
tissue samples using TRIzol Reagent (Ambion, Thermo Fisher,
Waltham, MA, USA) according to the manufacturer’s protocol.
The quality of the RNA was determined by UV spectropho-
tometry using a nano photometer UV/Vis spectrophotometer
(Implen, Schatzbogen, Munich, Germany) and a standard of
A260 nm/A280 nm > 1.9.

Reverse transcription (RT) and real-time (RT)-polyme-
rase chain reaction (PCR). The residual DNA in the RNA
sample was eliminated and complementary DNA was synthe-
sized using a PrimerScript RT reagent kit (TaKaRa Bio, Inc.,
Otsu, Japan) according to the manufacturer’s protocol. The
relative expression level of IncRNA RP1-13P20.6 in all the
samples was determined using the SYBR Premix Ex Taq II
(TaKaRa Bio) on a Light Cycler 480 II Real-Time PCR system
(Roche Diagnostics, Basel, Switzerland) with the following re-
action conditions: one cycle at 95°C for 5 s, 60°C for 30 s, 72°C
for 30 s, and 45 cycles for all incubations. The level of relative
expression was normalized to glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) as an endogenous reference using the
ACt method. The primers used in this study were as follows:
GAPDH primer: 5-CGGATTTGGTCGTATTGGG-3' (for-
ward) and 5-CTGGAAGATGGTGATGGGATT-3' (reverse);
RP1-13P20.6 primer: 5-TCATGTTTCCAGCAGGGCAA-3’
(forward) and 5-GCAGCCACACTTCACACTTG-3’ (re-
verse).

Statistical analysis. The relative expression levels of
IncRNA RP1-13P20.6 in CRC tissues were calculated relative
to the NATS as controls using the 2-4“ formula and the rela-

tive expression was presented as the fold-change. ACt is the
difference between Ct values of the target and the endogenous
reference GAPDH (ACt = Ct,_.,-Ct_, ) and AACt is the
difference between the ACt value of cancerous tissues and
NATs (AACt = ACt_ - ACt ) All statistical
analyses were performed by SPSS software, version 19.0 (SPSS,
Inc., Chicago, IL, USA) and nonparametric tests were mainly
used in this study. The Wilcoxon test was used to analyze the
difference between the expression of IncRNA RP1-13P20.6 in
cancerous tissues and NATs. The correlation between IncRNA
expression and clinicopathological parameters was evaluated
by the Mann-Whitney U test and the Kruskal-Wallis test
for two groups and three groups or more, respectively. The
Kaplan-Meier method and the log-rank test were used to
depict the curves for survival and to analyze the statistical
difference of survival times between the highly expressed
group and poorly expressed group. Cox’s proportional hazards
regression model was used to calculate the hazard ratio (HR)
with 95% confidence interval (95% CI). A receiver operating
characteristic (ROC) curve was used to estimate the diagnos-
tic value of IncRNA RP1-13P20.6 for CRC. The Youden index
with corresponding sensitivity and specificity was calculated
according to the formula Youden index = maximum (sensitiv-
ity + specificity -1) = maximum (sensitivity-[1- specificity]).
Two-tailed p values were considered as statistically significant
when they were less than 0.05.

Results

General characteristics of the enrolled patients. Among
the 99 cases, the proportions of the male and female CRC
diagnosed patients were almost equal (51.5% vs. 48.5%, re-
spectively). The median age of the patients was 65 years (range,
28-84 years) and the median tumor length in diameter was
5.5 centimeters (range, 1.8-13 cm). The tumors were located
in the colon or rectum and the majority of the tumors were
diagnosed at well or moderately differentiated grades. All of
the patients were followed-up and examined on time. The
details of the patients are shown in Table 1.

Expression of RP1-13P20.6 in tissues. We determined the
relative expression levels of IncRNA RP1-13P20.6 in cancer-
ous tissues compared with their NATs. As shown in Figure 1,
IncRNA RP1-13P20.6 was downregulated significantly in
the cancerous tissues compared to NATS, as determine by
real-time PCR (p < 0.001) (Figure 1A). Of the cases, 83.8%
(83/99) showed downregulated expression of IncRNA RP1-
13P20.6 and 76 of them showed a reduction of more than
50% (Figure 1B).

Correlations between RP1-13P20.6 expression in cancer-
ous tissues and clinical characteristics. We estimated the
correlation between the expression level and clinicopatho-
logical characteristics. As shown in Table 1, we analyzed the
expression level of IncRNA RP1-13P20.6 in different groups
that were classified according to tumor size, histological grade,
and pathological stage. However, there was no statistically
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Figure 1. Expression level of RP1-13P20.6 in 99 CRC patients. A. The expression levels of colorectal cancer (CRC) tissues compared with non-tumor
adjacent tissues (NATs) are detected by quantitative polymerase chain reaction and the data are presented as the meanz+ standard error of 3 times of
independent experiments. Being normalized to GAPDH, a higher ACt indicates a lower expression and the expression of IncRNA RP1-13P20.6 in CRC
tissues is lower than NATs. B. the relative expression of IncRNA RP1-13P20.6 in 99 CRC tissues are presented as log 2 transformed fold change and 83

of the 99 patients are decreased.

Table 1. The relative expression level of IncRNA RP1-13P20.6 and the
relationship with cliniopathological characteristics

No. of

Characteristics . Percent RP1-13P20.6* P value
patients

Gender 0.540

Male 51 51.5%  0.10(0.02-0.45)

Female 48 48.5%  0.07(0.11-0.44)

Tumor location 0.836

colon 45 45.5%  0.05(0.01-0.68)

rectum 54 54.5%  0.11(0.02-0.32)

Age 0.120

<65 47 47.5%  0.13(0.02-0.77)

>65 52 52.5%  0.06(0.01-0.27)

Tumor size 0.366

<5.5cm 48 48.5%  0.08(0.02-0.32)

>5.5cm 51 51.5%  0.11(0.01-0.77)

Histological grade 0.307

well differentiated 14 14.1%  0.05(0.01-0.23)

moderately differentiated 78 78.8%  0.10(0.02-0.48)

Poorly or undifferentiated 7 7.1%  0.15(0.05-1.79)

Tumor invasion depth 0.393

TI1+T2 15 152% 0.16(0.07-0.34)

T3+T4 84 84.8% 0.61(0.16-0.51)

Lymph node metastasis 0.579

negative 60 60.6%  0.09(0.02-0.35)

positive 39 39.4%  0.11(0.02-0.58)

TNM stage 0.617

stage I 12 12.1%  0.19(0.04-0.35)

stage II 49 49.5%  0.05(0.02-0.45)

stage IIT 37 37.4%  0.07(0.02-0.51)

stage IV 1 1% 0.60

*Median of relative expression, with 25th-75th percentile in parenthesis

significant difference observed between these groups (p >
0.05).

Correlations between IncRNA RP1-13P20.6 expression
level and patients’ survival. According to the median relative
expression level of RP1-13P20.6 in cancerous tissues, the 99
patients were divided into two groups: the high expression
group and the low expression group. The overall survival
time was used to assess the correlation with IncRNA RP1-13-
P20.6 expression. The survival curves are shown in Figure 2.
However, the differences in expression levels between the
two groups showed no statistical significance. The univariate
analyses demonstrated that lymphatic metastasis (p < 0.05) was
arisk factor for CRC patients’ survival. Nevertheless, univariate
did not reveal any statistical significance of prognostic value
of RP1-13P20.6 for CRC (Table 2).

Diagnostic potential of RP1-13P20.6 in CRC. The ROC
curve and area under the curve (AUC) were used to evaluate
the potential of IncRNA RP1-13P20.6 in diagnosing CRC.
The relative expression levels of RP1-13P20.6 were obtained
from the results of real-time PCR. The AUC was 0.755 (95%
potential, 0.688-0.823, p < 0.001) (Figure 3), the Youden index
was 0.425, and the sensitivity and specificity were 0.657 and
0.768, respectively.

Discussion

Non-coding genomic nucleotides are regarded as having
important roles in regulating tumor progression both in vitro
and in vivo. These RNAs stimulate or inhibit cell prolifera-
tion, apoptosis, differentiation, and metastasis by regulating
chromatin modification, transcription, and posttranscriptional
processing to affect the progression of multiple cancers [22-23].
LncRNA RP1-13P20.6 is a 1997 nt RNA with two exons and
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Figure 2. The survival curves of patients with different expressed level of
IncRNA RP1-13P20.6. The overall survival time of the patients enrolled are
divided into 2 groups: low expression group and high expression group.
There isn’t any significant difference between the two groups. (P=0.466).

one intron. In this study, we found that IncRNA RP1-13P20.6
was decreased significantly in CRC tissues.

Recently, aberrantly expressed IncRNAs have been found
related with CRC. As examples, IncRNAs such as CCAT1
[24-25], CCAT2 [26], HOTAIR [27] and MALAT1[28] are
increased in CRC tissues compared to NATs and have been
identified as oncogenes. The IncRNAs can regulate the expres-
sion of their target genes, activate some signaling pathways,
and promote cell proliferation, metastasis, and tumor recur-
rence [29-32]. However, IncRNAs such as MEG3, FER1L4 and
ncRAN are downregulated in both cancerous tissues and cell
lines [33-35]. These IncRNAs function as tumor suppressors
and inhibit the proliferative and invasive ability of tumor
cells. In our study, we observed that IncRNA RP1-13P20.6
was downregulated significantly in CRC patients and was
decreased by more than 50% in the majority of the patients.
Thus, we presume that IncRNA RP1-13P20.6 likely plays
a suppressive role in the genesis and development of CRC.
However, IncRNA functions in tumorigenesis are not clearly
understood because of their high tissue specificity and indi-
vidual differences. The mechanism of IncRNA RP1-13P20.6
in CRC remains unknown and requires further studies.

Although new treatments for CRC have been developed,
CRC still shows high mortality. Because of the unrecognized
symptoms, patients are often treated at an advanced stage
which leads to the 5-year survival rate still being 50%-60%
[36]. It is therefore vital to identify molecular biomarkers for
early diagnosis. Aberrantly expressed proteins and mRNAs
have been used as auxiliary tools in diagnosing multiple can-
cers. Recently, IncRNAs have also been identified as potential
indicators in diagnosing multiple cancers, such as gastric
cancer [37]. Because significant differences were observed
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Figure 3. Receiver operating characteristic curve (ROC) of CRC patients
based on the expression of RP1-13P20.6. The area under curve (AUC) is
up to 0.755. (P<0.001)

between cancerous tissues and NATs in this study, IncRNA
RP1-13P20.6 may be a potential biomarker for CRC. To our
best knowledge, the ROC and AUC are often used as tools to
evaluate diagnostic tests. The AUC of IncRNA RP1-13P20.6
in CRC was up to 0.755, with 0.657 and 0.768 for sensitivity
and specificity, respectively. This suggests that IncRNA RP1-
13P20.6 has good diagnostic accuracy in distinguishing tumor
tissues from normal tissues [38].

The cis effect is one of the common mechanisms of IncRNA
regulatory functions, suggesting that IncRNAs could regulate
the expression of proximal genes [39]. Based on bioinformatics
analyses, IncRNA RP1-13P20.6 is located at the chromosome
1q12 region, near the small proline-rich proteins-SPRR family
encoding region [21]. The SPRR gene is a kind of epidermal
differentiation complex gene that participates in the late dif-
ferentiation of epithelial cells and the formation of an envelope
to protect underlying tissues [40]. It has been reported that,
SPRRs are related to the allergic responses in gastrointesti-
nal mucosa and other tissues [41]. Aberrant expressions of

Table 2. Univariate analysis for overall survival of the 99 patients

Variables HR 95% CI P value
Gender 1.275 0.513-3.170 0.601
Age 1.017 0.973-1.062 0.458
Tumor size 1.070 0.878-1.304 0.504
Depth of invasion 2.635 0.768-9.048 0.124
Expression of RP1-13P20.6 1.400 0.562-3.484 0.470
Lymph nodes metastasis 3.834 1.453-10.115 0.007*

HR: hazard ratio, 95% CI: 95% confidence interval.
*Indicated statistical significance (P < 0.05).
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SPRRs were detected in esophageal squamous cell cancers,
small-cell lung carcinoma, CRC, and head and neck cancers
[42-43]. SPRR3 (one kind of SPRR gene) was upregulated in
CRC tissues and is closely related with lymphatic metastasis.
It was also reported that SPRR3 affected cell proliferation by
the AKT pathway, which suggests a new role in CRC genesis
[44]. Thus, we presume that IncRNA RP1-13P20.6 may take
part in the genesis and progression of CRC through regulating
SPRRs, especially SPRR3 which has been verified as related
with CRC and which has an oncogenic role. Because IncRNA
RP1-13P20.6 and SPRR3 are dysregulated in CRC, and IncRNA
RP1-13P20.6 is decreased, and SPRR3 increased, there may
be an inverse relationship between IncRNA RP1-13P20.6 and
SPRR3. A possible mechanism whereby IncRNA RP1-13P20.6
may regulate SPRR3 are as follows: IncRNAs act as precursors
of miRNAs to degrade mRNAs through assembly of RNA-
induced silencing complexes (RISC) [45-46] or impair the
stability of mRNAs [47]. However, the exact mechanism by
which IncRNA RP1-13P20.6 regulates SPRR3 is still unclear
and requires further investigation.

In conclusion, the expression of RP1-13P20.6 decreases
significantly in colorectal cancerous tissues and it could serve
as a potential biomarker and therapeutic target in CRC.
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