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Circulating lncRNAs associated with occurrence of 
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Abstract: Screening for the potential biomarker of colorectal cancer (CRC) is necessary to improve the early detec-
tion. The aim of this study was to investigate the potential of circulating cell-free long non-coding RNAs (lncRNA) as 
biomarkers of CRC. In this study, we applied an lncRNA microarray to screen the potential biomarker for CRC with a 
multi-stage validation and risk score formula detection. We discovered three lncRNA, XLOC_006844, LOC152578 
and XLOC_000303, which were up-regulated in CRC comparing with the cancer-free controls with the merged area 
under curve (AUC) in training set and validation set of 0.919 and 0.975. The three lncRNAs might be the potential 
biomarker for the tumorigenesis prediction of CRC in the future.
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Introduction

Colorectal cancer (CRC) is the third leading 
cause of cancer deaths [1, 2]. CRC cases are 
treated through surgical resection as it is the 
only curative technique that is available till date 
[3]. Nevertheless, colorectal cancer is associ-
ated with high mortality as approximately 30% 
of patients are diagnosed when this cancer has 
reached an advanced stage [4, 5]. Screening at 
risk populations for CRC has significantly 
improved the outcome for patients, for instance 
diagnosis while the disease remains localised 
to the colon dramatically improves patient sur-
vival, and removal of early lesions such as ade-
nomatous polyps may prevent disease forma-
tion [6, 7]. Although cheap and non-invasive 
approaches has been explored, this test is vul-
nerable to false positive and negative results 
due to incorrect sample storage, or confound-
ing medical complaints [8]. The other examina-
tions involve more costly and invasive proce-
dures which although allow direct access to 
colorectal lesions also suffer from low patient 

acceptance and procedural risks such as perfo-
ration of the colon [9]. Therefore, we need to 
discover novel biomarker as this would ulti-
mately help us in improving the early diagnosis 
of patients suffering CRC and may improve the 
outcomes. 

The long non-coding RNAs (lncRNAs) have been 
identified as biomarkers for predicting occur-
rence and metastasis, and in the diagnosis of 
multiple diseases [10-12]. LncRNAs were char-
acterized with the relatively stable style with 
their secondary structure in body fluids, thus, 
the detection of lncRNAs in human plasma or 
urine was possible for researchers [13, 14]. 
Although numerous studies have investigated 
small RNAs such as microRNAs (miRNAs) as 
potential biomarkers for the diagnosis or metas-
tasis prediction for CRC [15-17], the diagnostic 
utility of circulating lncRNAs in CRC was rarely 
reported. In this study, we are approaching to 
investigate the potential use of circulating 
lncRNAs in plasma as biomarkers for CRC. By 
using lncRNAs microarray to characterize the 
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Table 1. Clinicopathological features of surgical 
colorectal carcinoma (CRC) and cancer-free con-
trol samples

CRC Control P 
value

N 290 250
Age Mean (SE) year 58.11 (0.79) 58.18 (0.12) 0.17a

Sex (male/female) 250/40 225/25 0.18b

Location
    Proximal colon 140
    Distal colon 150
Differentiation grade
    Well 97
    Moderate 102
    Poorly 91
Tumor Size (cm)
    ≤ 30 cm3 154
    > 30 cm3 136
Tumor Number
    Solitary 161
    Multiple 129
TNM stage
    I-II 133
    III-IV 157
Metastasis
    Yes 176
    No 114
aStudent t-test. bChi-square test.

genome-wide lncRNAs expression profile in 
plasma from CRC patients by comparing with 
the cancer-free controls, we sought to identify a 
panel of plasma lncRNAs that might serve as a 
novel biomarker for diagnosis of CRC.

Materials and methods

Samples

The study totally enrolled 290 patients who had 
been diagnosed as CRC in department of 
General Surgery in Qilu Hospital of Shandong 
University and Hepatobiliary Surgery in Binzhou 
Medical University Hospital between 2011 and 
2013. The study was approved by the Insti- 
tutional Ethics Committee of the Qilu Hospital 
of Shandong University and Binzhou Medical 
University. All research was performed in com-
pliance with government policies and the 
Helsinki Declaration. Experiments were under-
taken with the understanding and written con-
sent of each subject. 

The paired student-test was used to compare 
differences in plasma lncRNA expression be- 
tween CRC groups and healthy control groups. 
Chi-square tests and the student’s t test analy-
sis of variance were used to evaluate statistical 
differences in demographic and clinical charac-
teristics. Risk score analysis was performed to 
investigate the effectiveness of lncRNA in CRC 
predicting. The upper 95% reference interval of 
each lncRNA value in controls was set as the 
threshold to code the expression level of the 
corresponding lncRNA for each sample as 0 
and 1 in the training set. A risk score function 
(RSF) to predict CRC was defined according to a 
linear combination of the expression level for 
each lncRNA. For example, the RSF for sample 
i using information from three lncRNAs was: rsfi 
= ∑3j-1Wj.sij. In the above equation, sij is the 
risk score for lncRNA j on sample i, and Wj is 
the weight of the risk score of lncRNA j. The risk 
score of three lncRNAs was calculated using 
the weight by the regression coefficient that 

Real time polymerase chain reaction

The plasma was separated by centrifugation 
at 800 g for 10 min at room temperature. The 
supernatant plasma was recovered and 
stored at -80°C until analysis. We extracted 
total RNA from 600 μL plasma by Trizol reagent 
according to the protocol of manufactory 
(Invitrogen, CA, USA) as described previously. 
We carried out RT-qPCR assay with a commer-
cial kit (TAKARA, Japan) as reported. 

Microarray analysis of lncRNAs

Total RNA from each sample was quantified by 
the NanoDrop ND-1000 (Thermo, CA, USA). 
For microarray analysis, Agilent Array platform 
was employed. The sample preparation and 
microarray hybridization were performed 
based on the manufacturer’s standard proto-
cols with minor modifications. Then, each 
sample was amplified and transcribed into 
fluorescent cRNA along the entire length of 
the transcripts without 3’ bias utilizing a ran-
dom priming method. The labeled cRNAs were 
hybridized onto the Human LncRNA Array v3.0 
(8 × 60K, Arraystar). After having washed the 
slides, the arrays were scanned by the Agilent 
Scanner G2505C (Agilent, CA, USA).

Statistical analysis
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Figure 1. LncRNA microarray and expression of candidate lncRNA in samples of 
training set. A. Hierarchical cluster analysis of lncRNA microarray. B. Expression 
of 8 candidate lncRNAs in 20 pairs of CRC patients and cancer-free controls. 
Data was presented as mean ± SEM. Data was analyzed with student t test. 
**Indicated P < 0.01. 
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was derived from the univariate logistic regres-
sion analysis of each lncRNAs. Statistical analy-

sis was performed using STATA 9.2, and pre-
sented with GraphPad Prism 5.0 software. 

Figure 2. Validation of the three lncRNA by RT-PCR and ROC analysis. A. Total 220 plasma from CRC patients and 
180 healthy controls were used in RT-qPCR analysis. Data was presented as mean ± SEM and was analysis with stu-
dent t test. **Indicated P < 0.01. B, D. ROC curve analysis was conducted for discrimination between CRC patients 
and control group in training set. C. ROC curve for the three-lncRNA signature to separate 220 CRC cases from 108 
controls in the validation set. 
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Results were considered statistically significant 
at P < 0.05.

Results

Screening of candidate lncRNA by microarray

Human LncRNA Array v3.0 was used to detect 
the lncRNA derived from plasma of 11 patients 
with CRC and the 9 cancer-free controls in this 
study. The clinicopathological relevance analy-
sis of total 540 patients was summarized in 
Table 1. All 290 patients enrolled in this study 
were clinically and pathologically diagnosed 
with CRC. There were no significant differences 
in the distribution of age and sex between the 
cancer patients and the cancer-free controls.

A total of 39 lncRNA transcripts were specifi-
cally de-regulated (25 lncRNA transcripts up-
regulated and 14 lncRNA transcripts down-reg-
ulated with the cutoff 4/025) in patients with 
CRC compared with cancer-free controls. Next, 
Filtering of all the 39 deregulated transcripts 
for high signal intensity (≥ 10) and at least 
4-fold deregulation yielded 8 lncRNA candi-
dates. All of the 8 candidate lncRNAs were con-
firmed to be consistently amplified in all indi-
vidual samples (Figure 1A). 

Training set and validation set analysis

We further examined these differentially ex- 
pressed lncRNAs by RT-qPCR in a training sam-
ple set including 20 cases and 20 controls 
(including the same samples used in microar-
ray assay). This phase generated a panel of 
three lncRNAs (XLOC_006844, LOC152578 
and XLOC_000303) that were significantly up-
regulated in CRC samples (Figure 1B).

To validate the accuracy and specificity of these 
three lncRNA as a CRC potential signature, we 

also examined their expression levels through a 
larger individual samples (220 cases and 180 
controls). As shown in Figure 2A, the expres-
sion of three lncRNAs in plasma of CRC were all 
significantly higher than those in controls, 
which was consist with the results in training 
set. 

To assess the diagnostic value of the three 
lncRNAs profiling system, we used a risk score 
formula to calculate the risk score function for 
cases and control samples. First, the risk score 
of each plasma sample in the training set was 
calculated, as the basis of their risk scores and 
a set cut off, plasma samples were then divided 
into a high-risk group, representing the possi-
ble CRC group, and a low-risk group, represent-
ing the predicted controls. At the optimal cutoff 
value (Value = 5.828) with the value of sensitiv-
ity + specificity considered to be maximal, the 
positive predictive value and negative predic-
tive value was 95% and 100% in the training 
set, respectively. Similarly, when the same cut-
off value was applied to calculate the risk score 
of samples in the larger validation sets, the 
positive predictive value and negative predic-
tive value was 80% and 84% (Table 2). We also 
used the the ROC curves analysis to explorer 
the diagnostic sensitivity and specificity of the 
three-lncRNAs signature for CRC. Single As we 
presented in Figure 2B, 2D, the areas under 
the curve (AUC) of XLOC_006844, LOC152578 
and XLOC_000303 and the merged factor were 
0.783, 0.783, 0.891, and 0.919, respectively. 
In the validation set the AUC of which were 
0.804, 0.826, 0.891 and 0.975, respectively 
(Figure 2C, 2E). 

Double-blind test and stable expression valida-
tion 

The double-blind fashion was further applied in 
100 plasma samples (50 CRC patients and 50 
cancer-free controls) to validate the accuracy of 
the three plasma lncRNA. After analyzing the 
expression levels of the three lncRNAs in these 
samples, a clear separation of CRC cases from 
controls was observed, with the accuracy rate 
of the three-lncRNAs profile as a CRC biomark-
er being 85%. We next amplified the three 
lncRNAs in three healthy controls at room tem-
perature for 12 h, 24 h or subjecting it to up to 
3 cycles of freezing and thawing. As presented 
in Figure 3, all of the process had minimal 
effects on the concentrations of the three 

Table 2. Risk score analysis of in CRC and cancer-
free control plasma samples
Score 0-5.828 5.828-10.556 PPVa NPVb

Training set 1.00 0.95
    HCC 1 19
    Control 20 0
Validation set 0.80 0.84
    HCC 45 175
    Control 151 29
aPPV, positive predictive value. bNPV, negative predictive 
value.
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lncRNAs, demonstrating that these miRNAs are 
sufficiently stable in human plasma.

Discussion

Screening for the early detection of CRC is 
important to improve patient survival and facili-
tate cancer prevention through the detection 
and removal of polyps. The development of 
high throughput microarray and secondary gen-
eration sequencing have discovered some new 
biomarkers for CRC such as a miRNA panel 
which have been reported to be considerable 
clinical value in diagnosing early-stage CRC and 
to identify novel therapeutic targets [18, 19]. 
Not only the miRNA, but also the lncRNA have 
been annotated acting as a biomarker in pre-
dicting the feature of tumor [20, 21]. For exam-
ple, genomic mapping studies have identified 
lncRNA as a biomarker for predicting HCC [21].

The aim of this study therefore was to investi-
gate the potential of circulating cell-free 
lncRNAs as biomarkers of CRC. In our study, we 
performed a case-control study through the 
high throughput lncRNA microarray, and discov-
ered three novel lncRNA, XLOC_006844, 
LOC152578 and XLOC_000303, acting as the 
biomarker for predicting the occurrence of CRC. 
The risk score analysis including a multistage 
validation was employed to evaluate the asso-
ciation between CRC and the lncRNAs expres-
sion levels. It has been widely reported that 
cancer-specific miRNAs are detectable in 
blood, sputum, urine, and other biological fluids 
of cancer patients. Therefore, miRNAs have 
been investigated as potential biomarkers for 
cancer diagnosis and prognosis. Likewise, 
lncRNAs have demonstrated utility as fluid-
based markers of specific cancers. Serum and 
plasma harbor clinical discriminatory proteomic 
and transcriptomic biomarkers which can be 
easily assessed for clinical use. 

In conclusion, we have identified three lncRNAs 
differentially expressed in plasma of the CRC 
patients compared with those of healthy con-
trols. These findings indicate for the first time 
that the lncRNA in plasma might be used as a 
novel and a rapid diagnostic biomarker for CRC.
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