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Abstract
Background/Aims: Circulating long non coding RNAs (lncRNAs) have emerged recently as 
major players in tumor biology and may be used for cancer diagnosis, prognosis, and as potential 
therapeutic targets. We explored circulating lncRNA as a predictor for the tumorigenesis of 
non-small-cell lung cancer (NSCLC). Methods: In this study, we applied a lncRNA microarray 
to screen for a potential biomarker for NSCLC, utilizing RT-PCR (ABI 7900HT). A multi-stage 
validation and risk score formula detection analysis was used. Results: We discovered that 
three lncRNAs (RP11-397D12.4, AC007403.1, and ERICH1-AS1) were up regulated in NSCLC, 
compared with cancer-free controls, with the merged area under the curve in the training and 
validation sets of 0.986 and 0.861. Furthermore, the positive predictive value and negative 
predictive value of the three merged factors were 0.72 and 0.87. We confirmed stable detection 
of the three lncRNAs by three cycles of freezing and thawing. Conclusions: RP11-397D12.4, 
AC007403.1, and ERICH1-AS1 may be potential biomarkers for predicting the tumorigenesis 
of NSCLC in the future.

Introduction

Lung cancer is the leading cause of cancer-related mortality, with 1.4 million deaths 
reported annually worldwide [1]. Of these, non-small cell lung cancer (NSCLC) represents 
approximately 85% [2, 3] and has a dismal prognosis, with an overall 5-year survival rate 
of only 15% [4]. Therefore, identifying accurate predictive biomarkers is of great value in 
further understanding the biology of NSCLC and in developing novel therapeutic strategies. 
Thus, promising noninvasive biomarkers to identify high-risk individuals, in combination 
with diagnostic technology, is urgently needed.
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The long non-coding RNAs (lncRNAs) have been reported as a biomarker for diagnosis, 
prognosis, and metastasis in multiple diseases [5-7]. For example, researchers have 
identified three circulation lncRNAs in predicting human hepatocellular carcinoma through 
high-throughput screening [8]. Although numerous studies have investigated small RNAs 
such as microRNAs (miRNAs) as potential biomarkers for the diagnosis of NSCLC [9-11], the 
diagnostic utility of circulating lncRNAs in NSCLC has never been explored. In this study, by 
using both Affymetrix (CA, USA) lncRNAs microarrays and reverse-transcription quantitative 
polymerase chain reaction (RT-qPCR) assays, we aimed to explore the genome-wide lncRNAs 
expression profile in plasma from NSCLC patients as compared with cancer-free controls, 
and thus sought to identify plasma lncRNAs that might serve as a novel biomarker panel in 
the diagnosis of NSCLC

Materials and Methods

Samples
The study totally enrolled 302 patients who had been pathological diagnosed as NSCLC in the Putuo 

Hospital (Shanghai, China) between 2009 and 2013. Informed consent for blood analysis was obtained 
prior to surgery; the study was approved by the ethics committee at the Putuo Hospital. All research 
was performed in compliance with government policies and the Helsinki Declaration. Experiments were 
undertaken with the understanding and written consent of each subject.

RNA extraction and RT-qPCR
Blood samples were collected from each donor were placed in the EDTA- anticoagulant tube. The 

plasma were separated by centrifugation at 800g for 10 min at room temperature, followed by a 15-min high-
speed centrifugation at 10 000g at room temperature to completely remove cell debris. The supernatant 
plasma was recovered and stored at -80 °C until analysis. We extracted total RNA from 600μL plasma by 
Trizol reagent according to the protocol of manufactory (Invitrogen, CA, USA). During the progression of 
the RNA extraction, we added the cel-miR-39 into the RNA as the external normalization. The RNA has been 
qualified with a 260/280 value of 1.8-2.0. For the analysis of the expression levels of lncRNAs, both the 
internal reference (U6) and external normalization was applied for normalization. Reverse transcription 
was conducted by using random primer technology. RT-PCR was performed by using ABI 7900HT according 
to the protocol of manufactory in triplicate (ABI, CA, USA) as described previously [12].

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 protocols 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 random priming method.

Risk score analysis
Risk score analysis was performed to evaluate the associations between the concentrations of the 

plasma lncRNA expression levels. 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 NSCLC 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. We conducted the ROC analysis by using the total RSF value 
according to the case-control group in training set. We chose the 8.626 as the cutoff value because the value 
of sensitivity + specificity was considered to be maximal.
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Results

Microarray based detection of plasma lncRNAs
Human lncRNA Array (version 3.0, Agilent, CA, USA) was applied to detect the lncRNA 

derived from the plasma of 11 patients with NSCLC, and a cancer-free cohort consisting of nine 
individuals. The clinicopathologic relevance analysis (total of 507 patients) is summarized in 
Table 1. All 302 patients enrolled in this study were clinically and pathologically diagnosed 
with NSCLC. There were no significant differences in the distribution of age and sex between 
cancer patients and cancer-free controls.

A total of 803 lncRNA transcripts were specifically deregulated, including 601 up 
regulated lncRNA transcripts and 202 down regulated lncRNA transcripts; each p<0.05) in 
patients with NSCLC compared with cancer-free controls (Fig. 1A). In order to screen the 
biomarker predication to NSCLC tumorigenesis, a 4/0.25 fold change was used as the cutoff. 
We obtained 32 up regulated lncRNAs and 10 down regulated lncRNAs. Next, filtering all 
42 deregulated transcripts for high signal intensity (≥8) and at least fourfold deregulation 
yielded eight lncRNA candidates as listed (Fig. 1B). Eight candidate lncRNAs were selected 
to be validated in the 20 pairs of samples of the following training set.

Validation by training set and validation set
We further examined these differentially expressed lncRNAs by RT-qPCR in a training 

sample set, including 20 cases and 20 controls (including the same samples used in the 
microarray assays). As shown in Fig. 1B, this phase generated a panel of three lncRNAs 
(RP11-397D12.4, AC007403.1, and ERICH1-AS1) that were significantly up regulated in 
NSCLC samples.

To validate the accuracy and specificity of these three lncRNA as a NSCLC potential 
signature, we also examined their expression levels through a larger cohort of individual 
samples (232 cases and 135 controls). As shown in Fig. 2A, the expression of three lncRNAs in 
the plasma of NSCLC patients was significantly higher than in the control group. Throughout 
the multiphase testing and analysis phases, a profile of three lncRNAs might be considered 
to be the potential signature for NSCLC tumorigenesis.

Table1. Clinicopathological features of surgical non-
small-cell lung cancer (NSCLC) and cancer-free con-
trol samples. aStudent t-test, bChi-square test, csqua-
mous cell carcinoma, dadenocarcinoma

The risk score formula was applied 
to assess the diagnostic value of the three 
lncRNAs profiling system. First, the risk 
score of each plasma sample in the training 
set was calculated, as the basis of their 
risk scores and a set cutoff value; plasma 
samples were then divided into a high-risk 
group, representing the possible NSCLC 
group, and a low-risk group, representing 
the predicted controls. At the optimal cutoff 
value (8.626), with the value of sensitivity 
+ specificity considered to be maximal, the 
positive predictive value (PPV) and negative 
predictive value (NPV) were 95% and 100% 
in the training set, respectively. Similarly, 
when the same cutoff value was applied to 
calculate the risk score of samples in the 
larger validation sets, the PPV and NPV were 
72% and 87%, respectively (Table 2).

The ROC curves analysis was also 
conducted to assess the diagnostic sensitivity 
and specificity of the three lncRNAs signature 
for NSCLC by using risk score functions (RSF). 
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Single lncRNA and merged factors were analyzed. As presented in Fig. 2 (B and D), the areas 
under the curve (AUC) of RP11-397D12.4, AC007403.1, and ERICH1-AS1 and their merged 
factors were 0.900, 0.974, 0.875, and 0.996, respectively in the training set. In the validation 
set, the AUCs were 0.770, 0.868, 0.849, and 0.942, respectively (Fig. 2 C and E).

Double-blind test for validating the diagnostic capability
We tested another 100 plasma samples (50 NSCLC patients and 50 cancer-free controls) 

in a double-blinded fashion to validate the accuracy of the three plasma lncRNA biomarkers 
in diagnosing NSCLC. A clear separation of NSCLC cases from controls was observed, with an 
accuracy rate of 89%.

Stability expression of RP11-397D12.4, AC007403.1 and ERICH1-AS1 in human plasma
The expression of the three lncRNAs was detected from three healthy controls at room 

temperature for 12 and 24 h, or subjecting it to up to three cycles of freezing and thawing. 

Fig. 1. Expression of the candidate lncRNAs based on the high throughput detection. (A) Hierarchical clus-
ter analysis of different expressed lncRNAs detected by high throughput microarray. (B) Total 20 paired 
plasma from NSCLC patients20 cancer-free controls were used in validating expression of eight candidate 
lncRNAs including AC058791.2, RP11-397D12.4, AL592284.1, RP11-362L22.1, AP000221.2, AC007403.1, 
ERICH1-AS1, RP11-115N4.1 during RT-qPCR analysis. Data was presented as mean ± SEM. Data was analy-
zed with student t test. ** indicated p < 0.01.
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Fig. 2. ROC curve analysis for predicting NSCLC. (A) Total 232 plasma from NSCLC patients and 135 can-
cer-free controls were used in RT-qPCR analysis. Data was presented as mean ± SEM and was analysis with 
student t test. ** indicated p < 0.01. (B, D) ROC curve analysis was conducted for discrimination between 
NSCLC and cancer-free controls by the three-lncRNA profile to separate 20 pairs in the training set. (C, 
E) ROC curve analysis was conducted for discrimination between NSCLC and cancer-free controls by the 
three-lncRNA profile in the validation set.
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We also detected the expression level of the three lncRNAs in three volunteers, in storage 
conditions of –80° C for 7 days. The expression of lncRNAs stored at –40° C and -20° C for 
48 h was also detected. The entire process had minimal effects on the concentrations of the 
three lncRNAs, demonstrating that they are sufficiently stable in human plasma (Fig. 3).

Discussion

In the present study, we demonstrated that the expression level of RP11-397D12.4, 
AC007403.1, and ERICH1-AS1 was significantly different among NSCLC patients and healthy 
volunteers, and that their expression profiles can be used to differentiate NSCLC from healthy 
controls. In addition, the diagnostic performance of the combination panel of these three 
lncRNA (AUC, 0.942) was significantly higher than that of CEA [13, 14].

By using detection analyses such as RNA sequencing and microarray, altered expression 
of lncRNAs has been reported in various malignancies. Multiple deregulated lncRNAs have 
also been implicated in physiologic and pathologic processes of lung cancer [15-18]. Based 
on deregulated lncRNAs expression profiling and their association with the biologic and 
clinical properties of lung cancer, specific lncRNAs could be utilized to distinguish benign 
and malignant lesions [19]. Given that lncRNAs are secreted from tumor cells into the 
circulatory system, they could be developed into a novel, reliable blood-based fingerprinting 
system for lung cancer diagnosis [20]. Herein, we performed a case-control study through 
the high-throughput lncRNA microarray, and discovered three novel lncRNA, RP11-
397D12.4, AC007403.1, and ERICH1-AS1, acting as predictive biomarker for NSCLC. The risk 
score analysis, including multistage validation, was employed to evaluate the association 
between NSCLC and the lncRNAs expression levels. Additionally, deep-sequencing based 
characterization of exosomal RNA from human plasma revealed that more than 3% of total 
exosomal RNA is represented by lncRNAs [21-23]. The exosome might be the possible 
vector of the lncRNAs in hematogenous dissemination. The mechanisms accounting for the 

Fig. 3. Stability detection of the three lncRNAs in human plasma. RT-qPCR was applied for detecting the 
expression level of the three lncRNAs. Human plasmas obtained from three healthy controls were incubated 
at room temperature for 12h, 24h, subjecting it to up to 3 cycles of freezing and thawing or stored at -80°C 
for about 7 days or at -40°C, -20°C for 48h. Data was presented as mean ± SEM. No significant difference was 
observed in each group.

Table 2. Risk score analysis of in NSCLC and 
cancer-free control plasma samples. aPPV, po-
sitive predictive value, bNPV, negative predic-
tive value
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stability of plasma lncRNAs are not well understood; they may be protected by exosome 
encapsulation, such as plasma microRNAs [24].

In conclusion, we identified three lncRNAs, RP11-397D12.4, AC007403.1, and ERICH1-
AS1, as potential fingerprints for tumorigenesis prediction. We propose that this panel of 
lncRNAs might be utilized to develop noninvasive screening tools for NSCLC. More in-depth 
studies are required to confirm the diagnostic values of the three lncRNAs in discriminating 
NSCLC from benign pulmonary disease.
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