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Background: Lung cancer is one of the most common malignancies around the world. The

lack of early diagnosis and effective treatment strategies contributes to the poor prognosis of

patients with lung cancer. Recent studies have implied the role of long non-coding RNAs

(lncRNAs) in oncogenesis. The purpose of our study was to identify specific lncRNAs which

were correlated with non-small cell lung cancer (NSCLC) and their potential functions.

Materials and Methods: The global plasma lncRNA profiling was performed using

LncPathTM Human Cancer Array, and 11 lncRNAs were then selected for quantitative

reverse transcription PCR (qRT-PCR) validation in 138 plasma samples from 69 NSCLC

patients and 69 healthy controls (HCs). A noteworthy lncRNA, RP11-438N5.3, the function

of which was previously unknown, was further explored on the aspect of the correlation of its

expression level with clinicopathological factors.

Results: The results revealed that plasma level of RP11-438N5.3 was significantly lower in

NSCLCs than that in HCs (p <0.01). Receiver operating characteristic (ROC) analyses showed

that the area under the ROC curve (AUC) for plasma RP11-438N5.3 was 0.814 (95% CI,

0.743–0.885; p<0.01). High expression of RP11-438N5.3 in plasma correlated with favorable

prognosis for NSCLC patients (Hazard ratio = 2.827; 95% CI: 1.036 to 7.718; p = 0.024; Cox

regression analysis). Moreover, we found that the plasma level of stromal interaction molecule

1 (STIM1) mRNA was remarkably higher in NSCLC compared with HC (p<0.01), and the

AUC for STIM1 was 0.753 (95% CI, 0.673–0.833; p<0.01), RP11-438N5.3 and STIM1 were

inversely correlated with each other.

Conclusion: Our results indicated that RP11-438N5.3 and STIM1 might provide a new

strategy for NSCLC diagnosis. Furthermore, increased circulating RP11-438N5.3 level holds

great potential in indicating a beneficial prognosis in NSCLC patients.
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Introduction
Lung cancer, which consists of small cell lung cancer (SCLC) and non-small cell lung

cancer (NSCLC), is the most common malignancy around the world and the main cause

of cancer-related deaths in China.1 NSCLC comprises more than 85% of lung cancer

cases.2 Although therapeutic advances have been achieved in surgery, chemotherapy or

radiation for patients with lung cancer over the past decades, the overall 5-year-survival

rate is still less than 15%.3 The main reason was that the majority of NSCLC patients

were inmiddle or advanced stages at the time of diagnosis, thus missing the opportunities

for radical surgery. Therefore, finding reliable markers for the early diagnosis and

effective treatment in NSCLC patients was of utmost importance.
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Circulating biomarkers have shown their potential role

in early lung cancer detection,4 including, among the others,

circulating tumor DNA,5 microRNAs6 and metabolomics.7

At present, accumulating evidence has implicated that long

non-coding RNAs (lncRNAs) are abnormally expressed in

many cancers, and are related to carcinogenesis, tumor

development, proliferation and invasion, and could be

used as important indicators for the early diagnosis, treat-

ment and prognosis of patients.8

A vast majority of non-coding RNAs exist in human

genomes, and they once were considered as “transcrip-

tional noise” since they were not able to encode proteins.

Non-coding RNAs include microRNAs, siRNAs, long

non-coding RNAs (lncRNAs) and so on. Owing to the

complexity and diversity of the regulatory mechanisms,

lncRNAs’ function has become a hot topic. Previous stu-

dies have shown that some lncRNAs could regulate cell

differentiation, growth, metabolism and many other biolo-

gical processes at various levels. Moreover, lncRNAs

might also take part in the regulation of oncogenesis,

such as H19, HOTAIR and MALAT19 which were abnor-

mally expressed in many cancers. However, studies focus-

ing on the relationship between lncRNAs and NSCLC are

lacking. To identify specific lncRNAs in NSCLC, we

investigated the expression patterns of lncRNAs in plasma

samples of NSCLC patients by lncRNA microarray

screening and subsequent qRT-PCR validation, and ana-

lyzed the correlation of selected IncRNAs with clinical-

pathological factors of NSCLC, hoping to discover a new

diagnostic and treatment approach for NSCLC.

Materials and Methods
Patient Samples
This study was carried out from September 2014 to

August 2015 at the inpatient service of the Department of

Medical Oncology, Xian Yang Center Hospital. A total of 69

patients with newly diagnosed NSCLCwho had not received

any anti-tumor treatments, except for those patients with

secondary metastatic lung cancer, were enrolled. All the

selected patients were pathologically confirmed through

medical examinations (including fiber bronchoscope, percu-

taneous needle aspiration biopsy, lymph node biopsy, or

surgical resection). During the same period, an additional

69 age- and gender-matched healthy control participants

were recruited from the Physical Examination Center from

the same hospital. Individuals were excluded if he/she had

a history of malignancies in other organs, chronic

inflammatory diseases, or recent infections.Written informed

consent was obtained from each individual participant and

the experimental protocol was approved by the Clinical

Research Ethics Committee of Xian Yang Center Hospital.

This study was conducted in accordance with the Declaration

of Helsinki.

Sample Preparation, RNA Isolation
Venous blood (3~5mL) was collected from each individual

participant before treatments and one potion of blood sample

was used for preparing individual plasma samples by centri-

fugation within two hours post the venipuncture. To be brief,

the blood samples were centrifuged at 1900×g for 10 mins,

followed by centrifugation at 13,000×g for 10 mins to pre-

cipitate cell debris and genomic DNAs. The supernatant was

taken, aliquoted and frozen at −80°C until the time of assay.

Total RNAwas extracted from the plasma samples using

Trizol LSReagent permanufacturer’s instructions (Invitrogen,

CA, USA). Briefly, individual plasma samples (250 μL) were
mixed with 750 μL of Trizol LS. After centrifugation and

washing, the RNA pellets were resuspended in 25 μL of

nuclease-free water and stored at −80°C. Total RNA from

each sample was quantified with the NanoDrop ND-8000.

lncRNA Profiling
Using paired plasma samples from 3 NSCLCs and HCs,

lncRNA profiling was performed with LncPathTM Human

Cancer Array. Using Arraystar Flash RNA Labeling proto-

col (Arraystar), total RNA from each sample was amplified

and subsequently transcribed into fluorescent cRNA. The

labeled cRNAs were then hybridized onto the LncPathTM

Human Cancer Array (6x7K, Arraystar). After washing

slides, the arrays were scanned by the Axon GenePix

4000B microarray scanner. We used R software package to

perform Quantile normalization and data processing.

Volcano Plot filtering was used to identify differentially

expressed LncRNAs between two groups. The distinguish-

able LncRNAs expression pattern among those samples was

shown using Hierarchical Clustering.

qRT-PCR Validation of lncRNAs in Plasma
The relative levels of selected lncRNA transcripts were

quantified by qRT-PCR using specific primers. RNA was

firstly removed from genomic DNA and reverse transcribed

to cDNA using a PrimeScript® RT reagent Kit with gDNA

Eraser (Takara Code: DRR047, Japan). Then, with the

diluted cDNA as a template and β-actin as the internal

reference, qRT-PCR was carried out using SYBR® Premix
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Ex TaqⅡ (Perfect Real Time; TaKaRa Code: DRR081,

Japan) on ABI7500. DNA Amplification was performed

under the following conditions: 95°C for 30s, followed by

40 cycles of 95°C for 5s, 60°C for 30s and 72°C for 30s.

Melting curve analysis: 94°C for 60s; 37°C for 60s; 72°C

for 120s. Experiments were performed in triplicates for the

same reaction. The relative levels of lncRNA transcripts to

the control β-actin were calculated by 2− ΔΔCt.

Statistical Analysis
Data were expressed as means ± standard deviations

(SDs). The difference between groups was analyzed by

the Mann–Whitney of Kruskal–Wallis tests, ANOVA,

Student’s t-test or X2 test where applicable. The sensitivity

and specificity of the relative levels of plasma lncRNAs

for the diagnosis of NSCLC were analyzed by the receiver

operating characteristic (ROC) curves. All statistical tests

were performed using SPSS 16.0 software (SPSS Ltd.,

IBM, Armonk, NY) and GraphPad Prism 5.0 (GraphPad

Software, LaJolla, CA). A two-sided P value of <0.05 was

considered statistically significant.

Results
Demographic and Clinical Characteristics

of NSCLC Patients
A total of 138 participants, including 69 NSCLC patients and

69 age- and gender-matched HCs were recruited. The demo-

graphic and clinical characteristics of the 69 NSCLC patients

are summarized in Table 1. There were no significant differ-

ences in the distribution of age or gender between the two

groups.

Microarray Hybridization Data
A case-control study was designed to identify candidate

plasma lncRNAs that were differentially expressed between

NSCLC cases and normal controls. Plasma extracted from 3

NSCLC patients and 3 matched controls were subjected for

LncPathTM Human Cancer Array which was used for the

global profiling of human lncRNAs and protein-coding tran-

scripts. Plasms lncRNA andmRNA expression was compared

between the NSCLC patients and the healthy controls and

presented in Figure 1A and B. In all, 1728 lncRNAs and

1906 coding transcripts were detected. Scatterplot showed

that the distribution and expression pattern of lncRNAs and

mRNAs between NSCLC and healthy control groups were

similar but with some lncRNAs and mRNAs differentially

expressed (Figure 1C and D).

Analysis of Differentially Expressed

lncRNAs Associated with NSCLC
We next selected 11 lncRNAs, including 6 elevated lncRNAs

(RP11-440I14.2, RP11-164H13.1, TUG1, TIMM8AP1,

CD27-AS1 and RP11-131L23.1) and 5 decreased lncRNAs

(BC029835, RP11-149I2.4, CTD-2033A16.1, TCONS_000

14664 and RP11-438N5.3), for subsequent qRT-PCR valida-

tion with 138 plasma samples from 69 pairs of NSCLC and

HC samples (Table 2).We found that among the 11 differen-

tially expressed lncRNAs, the plasma level of RP11-438N5.3

in the NSCLC patients was significantly lower than that in the

HCs (p<0.01) but the level of stromal interaction molecule

1 (STIM1) was significantly higher (p<0.01) (Figure 2A and

B). Correlation analysis indicated that they were inversely

correlated with each other (r = −0.558, p=0.026) (Figure 2C).

The Relationship Between Plasma

RP11-438N5.3 Expression Level and

Clinicopathological Factors in NSCLC

Patients
We evaluated correlation between the expression level of

RP11-438N5.3 and clinicopathological factors including

age (<60 or ≥60), gender (male or female), smoking status

(absence or presence), EGFR status (wild type or mutation

type), tumor location (left or right lung), TNM staging

(I-II or III-IV), histological type (adenocarcinoma or squa-

mous carcinoma), lymph node metastasis (absence or pre-

sence) and distant metastasis (absence or presence). We

found that high levels of plasma RP11-438N5.3 was posi-

tively related to TNM (tumour, node and metastasis) sta-

ging (p=0.002) and distant metastasis (p=0.023) of

NSCLC. However, no statistically significant difference

was found in the distribution of age, gender, smoking

status, EGFR status, tumor location, histological type and

lymph node metastasis between RP11-438N5.3-high

Table 1 Basic Characteristics of Non-Small Cell Lung Cancer

(NSCLC) Patients and Healthy Controls (HCs)

Variable NSCLCs HCs p value

Number of samples 69 69

Age 0.750

median (range) 61 (46–78) 59 (48–79)

Gender 1.000

Male 48 49

Female 21 20
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Figure 1 Plasma lncRNA and mRNA expression profile was compared between NSCLC patients and healthy controls. The hierarchical clustering of lncRNAs (A) and

mRNAs (B) showed a distinguishable expression profiling among samples. (C and D) Scatterplot represented the distribution and expression variation of lncRNAs (A) and

mRNAs (B) between NSCLC and healthy control groups. The values of x-axis and y-axis in the scatterplot were the normalized signal values of each sample (log 2 scaled).

The green lines are fold change lines (the default fold change value given is 2.0). The lncRNAs above the top green line and below the bottom green line indicated >2.0-fold

change in expression of lncRNAs between the samples. “Red” denotes high relative high expression levels, and “blue” denotes relative low expression levels.
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expression and RP11-438N5.3-low expression groups

(p>0.05) (Table 3).

The Diagnostic and Prognostic Values of

RP11-438N5.3 and STIM1 in NSCLC
Receiver operating characteristic (ROC) analyses showed

that the area under the ROC curve (AUC) for detecting

NSCLC from HC for plasma RP11-438N5.3 was 0.814

(95% CI, 0.743–0.885; p<0.01), and that for STIM1 was

0.753 (95% CI: 0.673–0.833; P<0.01) (Figure 3A and B),

indicating the diagnostic values of RP11-438N5.3 and

STIM1 in NSCLC. In addition, using the Kaplan–Meier

and log-rank methods, we found that high plasma level of

RP11-438N5.3 was correlated with longer overall survival

(OS) in patients with NSCLC (hazard ratio = 2.827; 95%

confidence interval: 1.036 to 7.718; p=0.024), while the

plasms level of STIM1 was not associated with OS in

patients with NSCLC (hazard ratio = 0.642; 95% confidence

interval: 0.886 to 1.750; p=0.726) (Figure 4A and B).

Pathway Analysis and KEGG Analysis of

the Differentially Expressed mRNAs
Pathway analysis was used to identify significant pathways

according to the Kyoto Encyclopedia of Genes and

Genomes, Biocarta and Reatome databases. A total of 19

pathways were identified which showed significant differ-

ences due to differential gene expression. The upregulated

genes were involved in 9 pathways while the downregulated

genes were involved in 10 pathways. Predominant pathways

are shown in Figure 5A and B. The top 3 upregulated path-

ways were acute myeloid leukemia-homo sapiens pathway,

endometrial cancer and chronic myeloid leukemia pathway.

The top 3 downregulated pathways were cell cycle, patho-

genic Escherichia coli infection and shigellosis pathways.

Discussion
The discovery of long non-coding RNAs is a crucial fron-

tier in the post-genome era. LncRNAs, although not exhi-

biting protein coding potential, are involved in a wide

range of vital biological activities including embryonic

development, stress response, alternative splicing and

chromatin remodeling.10 They also have an important

impact on many cellular processes including cell prolifera-

tion, cell cycle regulation, survival and metabolism.11

LncRNA dysregulation has been reported to play impor-

tant roles in tumorigenesis, tumor progression and

metastasis.12

With the rapid development of genomic technologies

including high throughput sequencing and gene micro-

array, substantial efforts have been made to identify

cancer-related lncRNAs. However, research on lung can-

cer-related lncRNAs is still in its infancy. In our study,

we utilized LncPathTM Human Cancer Array to profile

the differentially expressed plasma IncRNAs between

Table 2 Differentially Expressed Long Non-Coding RNAs in

Plasma Samples

Transcript Name Gene Symbol Up/

Down

Fold

Change

ENST00000515178 RP11-440I14.2 Up 15.1

ENST00000553445 RP11-164H13.1 Up 23.0

NR_002323 TUG1 Up 9.5

ENST00000419283 TIMM8AP1 Up 10.8

uc001qob.2 CD27-AS1 Up 9.7

ENST00000426125 RP11-131L23.1 Up 24.1

uc001xvp.3 BC029835 Down 14.4

ENST00000578935 RP11-149I2.4 Down 24.3

ENST00000562696 CTD-2033A16.1 Down 10.4

TCONS_00014664 TCONS_00014664 Down 7.3

ENST00000529475 RP11-438N5.3 Down 3.1
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Figure 2 Analysis of differentially expressed lncRNAs associated with NSCLC. (A) The plasma level of RP11-438N5.3in the NSCLC patients was significantly lower than

that in the healthy controls. (B) The plasma level of STIM1 in the NSCLC patients was significantly higher than that in the healthy controls. (C) Plasma RP11-438N5.3 and

STIM1 expression was inversely correlated with each other by correlation analysis.
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NSCLC patients and normal healthy controls. Among

the 11 aberrantly expressed lncRNAs, we noted

a previously not reported lncRNA, RP11-438N5.3,

which was considerably down-regulated in NSCLC.

RP11-438N5.3, also called heterogeneous nuclear ribo-

nucleoprotein A1 pseudogene 76 (HNRNPA1P76), con-

sists of 509 bp. We further confirmed the expression

level of RP11-438N5.3 in another cohort of 69

NSCLC patients and 69 healthy participants by qRT-

PCR assay and analyzed its correlation with clinical

and pathological features. Based on qRT-PCR data, we

found that the expression level of RP11-438N5.3 was

correlated with TNM staging and distant metastasis of

NSCLC. ROC analyses showed that the AUC for

plasma RP11-438N5.3 was 0.814 (95% CI, 0.712–0.905;

P<0.01). Importantly, the expression of RP11-438N5.3

was also a biomarker for overall survival.

Additionally, we found a mRNA, STIM1, the plasma

level of which was remarkably higher in NSCLC (p<0.01)

compared with HC, indicating poor clinical outcomes.

RP11-438N5.3 and STIM1 were inversely correlated with

each other. The protein of STIM1 is an endoplasmic reticu-

lum (ER)-membrane protein that acts as an activator of

store-operated calcium entry (SOCE). It responds to ER

Ca2+ store depletion by forming multimers at ER–plasma

membrane junctions,13 where it activates Orai1 ion chan-

nels and therefore regulates cellular Ca2+ balance and Ca2+

signaling. The role of STIM1 in carcinogenesis has been

implicated in previous studies. Overexpression of STIM1

has been found in a variety of cancer cell lines and tissue

specimens including colorectal cancer (CRC), hepatocarci-

noma, and osteosarcoma cells and was associated with poor

prognosis of patients.14 STIM1 is critical for viability,

migration and invasion in hepatocarcinoma, osteosarcoma

and breast cancer cells.15 Knockdown of STIM1 or pharma-

cological inhibition of STIM1 suppressed tumor metastasis

in breast cancer xenograft models16 and sensitized NSCLC

cells to cytotoxic drugs such as Cisplatin.17

In conclusion, our study indicated that RP11-

438N5.3 and STIM1 might provide a new strategy for

NSCLC diagnosis. Compared with healthy controls

(HCs), plasma RP11-438N5.3 expression was signifi-

cantly lower while plasma STIM1 expression was sig-

nificantly higher. The expression of RP11-438N5.3 was

negatively correlated with STIM1. What’s more, ele-

vated circulating RP11-438N5.3 level might hold

a great potential in indicating a beneficial prognosis

in NSCLC patients. These lines of evidence indicate

that RP11-438N5.3 and STIM1 might be potential bio-

markers and targets of gene therapy for NSCLC.

Nevertheless, further experimental approaches are war-

ranted to explore how the dysregulation of their

expression would prompt tumorigenesis and the

mechanisms by which these lncRNAs function.

Ethics Approval and Consent to
Participate
Written informed consent was obtained from each indivi-

dual participant and the experimental protocol was

Table 3 Correlation of RP11-438N5.3 Expression Level with

Clinicopathological Factors in NSCLC Patients

Variable Number of

Patients

RP11-

438N5.3-High

RP11-

438N5.3-Low

P value

Age (years)

<60 24 11 13 0.676

≥60 45 23 22

Gender

Male 48 21 27 0.766

Female 21 10 11

Smoking

status

Absence 28 15 13 0.305

Presence 41 27 14

EGFR status

Wild type 46 27 19 0.606

Mutation type 23 12 11

Tumor

location

Left lung 28 18 10 0.893

Right lung 41 27 14

TNM staging

I-II 38 25 13 0.002

Ⅲ-IV 31 9 22

Histological

type

Adeno- 36 21 15 0.187

Squam- 33 14 19

Lymph node

metastasis

Absence 23 9 14 0.730

Presence 46 20 26

Distant

metastasis

Absence 19 10 9 0.023

Presence 50 12 38

Abbreviations: Adeno, Adenocarcinoma; Squam, Squamous carcinoma.
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approved by the Clinical Research Ethics Committee of

Xian Yang Center Hospital. This study was conducted in

accordance with the Declaration of Helsinki.

Data Sharing Statement
The datasets used and/or analyzed during the current study are

available from the corresponding author on reasonable request.
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Figure 4 Kaplan-Meier survival curves for patients with NSCLC plotted for plasma RP11-438N5.3 and STIM1 levels. The P-value was calculated using the Log rank test between

patients with high fold-change (>2) and low fold-change (<2). (A) The OS rate of patients with NSCLCwith high plasma RP11-438N5.3 expression was significantly higher than theOS

in the patients with low plasma RP11-438N5.3 expression (P=0.024). (B) Survival analysis showed that the expression level of STIM1 had no relationship with OS (P=0.726).

Figure 5 Pathway analysis and KEGG analysis of plasma RP11-438N5.3 in NSCLC patients. The upregulated genes were involved in 9 pathways (A) while downregulated

genes (B) were involved in 10 pathways.
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Figure 3 Diagnostic efficiency of RP11-438N5.3 and STIM1 in NSCLC. The area under the curve of the receiver operating characteristic curve was 0.814 for RP11-438N5.3

(A) and 0.753 for STIM1 (B) (both p < 0.01) in detecting NSCLC from HC.
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