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Abstract
The aim of this study was toexplore the long non-coding RNA (lncRNA) expression pattern of non-small cell lung cancer (NSCLC) on a
genome-wide scale and investigate their potential biological function in NSCLC.
LncRNAs were investigated in 6 pairs of NSCLC and matched adjacent non-tumor lung tissues (NTL) by microarray. A validation

cohort was obtained from The Cancer Genome Atlas (TCGA) database and the effect of LINC01614 on diagnosis and prognosis in
NSCLC was analyzed. Gene set enrichment analysis (GSEA) was used to predict the potential molecular mechanism of LINC01614,
one identified lncRNA.
A total of 1392 differentially expressed lncRNAs were identified. LINC01614 was the most aberrantly expressed lncRNA in NSCLC

compared with NTL. We confirmed the significantly upregulated LINC01614 in NSCLC patients from TCGA database. Furthermore,
in TCGA database, LINC01614 was significantly upregulated in both adenocarcinoma and squamous cell carcinoma. And high
expression of LINC01614 indicated poor overall survival of NSCLC patients. A sensitivity of 93%was calculated conditional on a high
specificity of 95% for the discrimination of NSCLC tissues from normal tissues. Furthermore, the expression levels of LINC01614
were associated with the stage of tumor, but had no relationship with age and sex. Additionally, GSEA found that LINC01614 might
be involved in TGF-b-, P53-, IGF-IR-mediated, Wnt and RTK/Ras/MAPK signaling pathways.
lncRNAsmay play key roles in the development of NSCLC. LINC01614 is themost aberrantly expressed lncRNA in NSCLC tissues

in our experiment and is also significantly differentially expressed in NSCLC patients from TCGA database. LINC01614 could be a
prognostic indicator and has the potential to be a diagnostic biomarker of NSCLC.

Abbreviations: AUC = area under the curve, cDNA = complementary DNA, ES = enrichment score, GO = gene ontology, GSEA
= gene set enrichment analysis, KOBAS = KEGG Orthology Based Annotation System, lncRNAs = long non-coding RNAs, NSCLC
= non-small cell lung cancer, NTL = non-tumor lung tissues, OS = overall survival, PCC = Pearson correlation coefficients, qRT-PCR
= quantitative real-time polymerase chain reaction, ROC= receiver-operating characteristic, SEM= standard error of mean, TCGA=
The Cancer Genome Atlas.
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1. Introduction

Lung cancer is the leading cause of cancer death worldwide.[1]

Non-small cell lung cancer (NSCLC) which mainly consists of
adenocarcinoma and squamous cell carcinoma is a predominant
formof lung cancer, accounting for approximately 80%of all lung
cancers. Despite recent advances in the treatment of NSCLC, the
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prognosis of NSCLC is still unfavorable, with a 5-year overall
survival (OS) of 15.9%.[2] Thus,we still need a deep study tohave a
better understanding of the mechanisms of occurrence, develop-
ment, and progression of NSCLC to improve its prognosis.
Long non-coding RNAs (lncRNAs) are RNA molecules of

≥200 nucleotides in length.[3] They have limited or no protein-
coding capacity and mainly locate within nucleus or cytosolic
compartment.[3] LncRNAs are categorized into 5 categories
according to their relationship with protein-coding genes[4]:
sense, antisense, divergent, intronic, and intergenic. They can act
as decoys, scaffolds, signals, sponges, and guides and participate
in a wide range of cellular processes, including dosage
compensation, imprinting, transcription, mRNA splicing, trans-
lation, nuclear and cytoplasmic trafficking, and cellular localiza-
tion.[5] Thus, they are involved in epigenetic regulation,
transcriptional regulation, and post-transcriptional processing.[5]

Growing evidence indicates that lncRNAs play critical roles in
tumor initiation, progression, and metastasis by modulating
oncogenic and tumor-suppressing pathways.[6] A number of
specific lncRNAs have been found to be differentially expressed
in a variety of cancers.[7] As specific lncRNAs are involved
in tumorigenesis, they are becoming attractive treatment
targets.[8–10] Previous studies showed that lncRNAs were also
involved in the pathogenesis of NSCLC and these studies provide
new insights into the biology of NSCLC.[3,8,11]
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Table 1

Clinical and pathological characteristics of 6 NSCLC patients.

Patient no. Sex Age Pathological type TNM stage

1 Male 68 Adenocarcinoma IIA
2 Female 57 Adenocarcinoma IIB
5 Female 69 Adenocarcinoma IIB
6 Male 59 squamous cell carcinoma IIIA
7 Female 68 Adenocarcinoma IB
8 Female 57 Adenocarcinoma IB

NSCLC = non-small cell lung cancer.
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In this study, we characterized the lncRNA expression profile
in NSCLC by microarray analysis and identified the most
aberrantly expressed lncRNA, LINC01614. Then, we confirmed
the significantly upregulated LINC01614 in NSCLC patients
from The Cancer Genome Atlas (TCGA) database. Using
bioinformatics analyses, we found that high expression of
LINC01614 indicated poor OS and the expression levels of
LINC01614 detected in NSCLC and normal tissues showed a
Figure 1. The procedure of total RNA transforming into single-strand DNA la
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good diagnostic potential. We might expect the diagnostic
potential of circulating LINC01614 and suppose it could serve as
a biomarker for the diagnosis of NSCLC. In addition, Gene set
enrichment analysis (GSEA) found that LINC01614 might be
associated with the TGF-b, P53, IGF-IR-mediated, Wnt and
RTK/Ras/MAPK signaling pathways.
2. Materials and methods

2.1. Patients and tissue samples

The study was approved by the Ethics Committee of the First
Affiliated Hospital of Soochow University. Written informed
consent was obtained from each patient. A total of 6 pairs of
primary NSCLC tissues and matched adjacent normal tissues
were collected from patients who underwent surgery at the
Department of Thoracic Surgery of the First AffiliatedHospital of
Soochow University in November 2016. After removal, the
samples were collected immediately into EP tubes filled with
RNAlater (Qiagen, Venlo, The Netherlands), stored at 4°C
beled with Cy3-dCTP or Cy5-dCTP. lncRNAs = long non-coding RNAs.



Table 2

Dysregulated lncRNAs and mRNAs in NSCLC tissues.

mRNAs lncRNAs

Upregulated 1564 595
Downregulated 1697 1444
Total 3261 2039

lncRNAs = long non-coding RNAs, NSCLC = non-small cell lung cancer.
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overnight so that RNAlater could fully penetrate into the samples
and then stored at �20°C until use. All tumor specimens and
paired normal tissues were confirmed by experienced patholo-
gists. The clinical and pathological characteristics of each patient
were also collected (Table 1).
Figure 3. Hierarchical clustering shows a distinguishable lncRNA expression
profile (including 2039 —long non-coding RNAs) between non-small cell lung
cancer (NSCLC) tissues and paired adjacent normal tissues. 1-C represents
NSCLC tissues of patient no. 1; 1-N represents paired adjacent normal tissues
of patient No. 1 and so do 2-C, 2-N, 5-C, 5-N, 6-C, 6-N, 7-C, 7-N, 8-C, and 8-
N. And see the detailed information of patient no. 1, patient no. 2, patient no. 5,
patient no. 6, patient no. 7, and patient no. 8 in Table 1.
2.2. NSCLC expression microarrays and data analysis

The experiment was performed in the laboratory of the CapitalBio
Corp (Beijing, China). In brief, total RNA was first extracted by
Trizol reagent (Invitrogen, Carlsbad, CA) and then purified by the
NucleoSpin RNA Clean-up Kit (Macherey-Na-gel, Dϋren,
Germany). The purity and concentration of extracted RNA were
determined fromOD260/280 readings on a NanoDrop ND-1000
spectrophotometer (Thermo Fisher Scientific, Waltham, MA) and
the integrity was evaluated by 1% formaldehyde denaturing gel
electrophoresis. 1ug total RNA was used to be transformed into
single-strand DNA labeled with Cy3-dCTP or Cy5-dCTP (GE
Healthcare, Piscataway, NJ) through various steps (The procedure
was depicted in Fig. 1).The final products were hybridized to the
CapitalBio Jingxin lncRNA&mRNA Human 4�180K Gene
Expression Microarray V4.0 (CapitalBio Corp., Beijing, China),
which contains 40,916 lncRNA detection probes and 34,235
mRNAdetectionprobes.The datawere extracted using theAgilent
Feature Extraction and were summarized, normalized, and
quality-controlled using the GeneSpring GX software (Agilent
Technologies, Santa Clara, CA). To select the significantly
differentially expressed lncRNAs and mRNAs between NSCLC
and normal tissue samples, we used a threshold value of≥2 or�-2
fold change and a Student t test P-value �.05. The data of the
Figure 2. Distribution of differentially expressed l
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significantly differentially expressed lncRNAs were analyzed with
hierarchical clustering using the Cluster 3.0 software (Human
Genome Center, Tokyo, Japan) and the heatmap was performed
using the JavaTreeview software (StanfordUniversity ofMedicine,
ncRNAs in non-small cell lung cancer tissues.
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Figure 4. Volcano plots of the differentially expressed long non-coding RNAs
(lncRNAs). The red and green points in the plot represent the significantly
differentially expressed lncRNAs (including 2039 lncRNAs).
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Stanford, CA). The volcano plots of significantly differentially
expressed lncRNAs were performed by R�64 3.2.4 Revised
and the ggplot2 package. Based on the significantly
differentially expressed mRNAs between NSCLC and normal
tissue samples, the gene ontology (GO) and pathways enriched in
theBioCyc,KEGGPATHWAY,Panther, andReactomedatabases
were analyzed using the KEGG Orthology Based Annotation
System (KOBAS) software. The GO analysis was divided into
3 parts including molecular function, biological process, and
cellular component. P values <.05 were considered statistically
significant. In addition, the co-expression of lncRNA-mRNA
pairs was determined by calculating the Pearson correlation
coefficients (PCC) of each dysregulated lncRNA and mRNA
probe. The PCC <�0.90 or >0.90 and P values <.05 were
considered statistically significant.

2.3. The Quantitative real-time polymerase chain reaction
validation experiments for the microarray analyses results

We selected the most dysregulated lncRNA LINC01614 and
randomly selected 3 significantly differentially expressed
lncRNAs from the microarray analyses results for the validation
experiments. Total RNA of 6 pairs of primary NSCLC tissues
and matched adjacent normal tissues was respectively extracted
by Trizol reagent (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions. Around 1mg total RNAwas reverse-
transcribed in a final volume of 20mL using M-MLV Reverse
Transcriptase. Then, we used 2mL of the complementary DNA
(cDNA) for quantitative real-time polymerase chain reaction
(qRT-PCR). And b-actin was used as a reference gene for
normalization. The qRT-PCR was performed in a total reaction
volume of 20mL on a Roche real-time PCR kit. The qRT-PCR
included an initial denaturation step of 10 minutes at 95°C and
4

39 cycles of 10seconds at 95°C, 15seconds at 60°C, and 20
seconds at 72°C. All the qRT-PCR experiments were performed
in triplicate. The sequences of primers used for qRT-PCR
experiments were as follows: 50-ACCAAGTGAGAAACTGAA
GACCAG-30 (forward) and 50-TCC TCA TGGAGGGCT AGG
TTG-30 (reverse) for FENDRR-005; 50-GAG CTC CTT GGA
GAA TCG GC-30 (forward) and 50-ACA CGA AAG GCT GGA
AGT GTC-30 (reverse) for LINC00968-007; 50-TGC CGT TCT
CCA GCG C-30 (forward) and 50-CCT CAG GTG TCC TCA
TCT GGT AA-30 (reverse) for DLEU1; 50-TGT CAA CCA AGA
GCG AAG CC-30 (forward) and 50-CTT GGA CAC AGA CCC
TAGCAC-30 (reverse) for LINC01614; 50-ACAGGGGAGGTG
ATA GCA TT-30 (forward) and 50-GAC CAA AAG CCT TCA
TAC ATC TC-30 (reverse) for b-actin. Relative expression values
of the 4 lncRNAs were calculated by using 2�DDCt. Next, we
compared the expression levels of the 4 lncRNAs between
NSCLC tissues and matched adjacent normal tissues and
represented the results through the bar charts by using GraphPad
Prism 7.01 (GraphPad Software Inc., San Diego, CA).
2.4. Gene expression profiles of NSCLC patients in the
TCGA database and data analysis

The gene expression datasets of NSCLC patients including 594
adenocarcinoma patients providing 535 tumor tissues and 59
normal tissues and 551 squamous cell carcinoma patients
providing 502 tumor tissues and 49 normal tissues were
downloaded from the TCGA database (http://cancergenome.
nih.gov/) by using the GDC Data Transfer Tool. Then, the
datasets were processed using ActivePerl 5.24.1 and Perl
package JSON2.90. We analyzed the differential expression of
the genes from the processed datasets through using R�64
3.2.4 Revised and edgeR package. We also used threshold
values of ≥2 or �-2 fold change and P values �.05 to determine
the significantly differentially expressed lncRNAs and mRNAs
between NSCLC and normal tissues. We explored the
correlation between low/high LINC01614 expression level
(based on the median expression level of LINC01614) and
NSCLC patients’ OS through using R�64 3.2.4 Revised and
its hash and survival packages. P values <.05 were considered
statistically significant. Next, we randomly selected 100
adenocarcinoma patients’ tissues, 100 squamous cell carcinoma
patients’ tissues, and 100 patients’ tumor adjacent normal
tissues from the TCGA database and their clinical character-
istics and LINC01614 expression level in the tissues were listed
below (Table S1-3, http://links.lww.com/MD/D115). Then we
drew the receiver-operating characteristic (ROC) curve using
SPSS 22.0 (IBM, Armonk, NY) to evaluate the diagnostic
sensitivity and specificity of LINC01614. The area under the
curve (AUC) was calculated from the ROC curve and the best
cutoff point was determined using the Youden’s index.
Additionally, we extracted the clinical information (including
age, sex, and the stage of tumor) from Table S1 and Table S2,
http://links.lww.com/MD/D115 to explore whether the expres-
sion levels of LINC01614 in NSCLC tissues were affected by
clinical factors through using GraphPad Prism 7.01 (GraphPad
Software Inc.,San Diego, CA. P values <.05 were considered
statistically significant. Finally, we tried to investigate the
potential molecular mechanisms of LINC01614 in NSCLC and
gene set enrichment analysis (GSEA) was conducted, which is a
widely used method for predicting biological function of
unknown genes.[12,13]

http://cancergenome.nih.gov/
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Figure 5. Gene ontology (GO) and pathway analyses of long non-coding RNAs co-expressed mRNAs. (A) The top 20 significantly enriched GO terms in biological
processes, cellular components, and molecular functions, repectively. (B) The top 20 significantly enriched BioCyc pathway terms. (C) The top 20 significantly
enriched KEGG pathway terms. (D) The top 20 significantly enriched Panther pathway terms. (E) The top 20 significantly enriched Reactome pathway terms.

Sun and Ling Medicine (2019) 98:30 www.md-journal.com
3. Results

3.1. NSCLC expression microarrays and data analysis

Based on the criteria of P values �.05 and absolute fold change
≥2, we identified 2039 significantly differentially expressed
lncRNA probes and 3261 significantly differentially expressed
mRNA probes between NSCLC and paired adjacent normal
tissues (Table 2). We also analyzed the distinctive lncRNAs based
on their categorizations and the results are presented in Figure 2.
The categorization of most of these lncRNAs was intergenic.
Then we performed these significantly differentially expressed
lncRNAs through heatmap (Fig. 3) and volcano plot (Fig. 4).
Through heatmap and volcano plot, we could see these
significantly differentially expressed lncRNAs in NSCLC more
directly and visually.
To further explore the functions of lncRNAs in NSCLC, we

subjected the results of the lncRNA and mRNA chip analyses to
5

the PCC analysis, in which coexpression was considered at P >
.90 or P < –.90. The function of lncRNAs was annotated using
the GO and the BioCyc, KEGG, Panther and Reactome pathway
analyses (Fig. 5A–E). From the GO and pathway analyses of
lncRNA co-expressed mRNAs, we could see that these lncRNAs
were associated with angiogenesis, cell motility, cell migration,
cell localization, and cell adhesion, and participated in pathways
of PI3K-AKT, P53, EGFR, FGFR, VEGF, and microRNAs in
cancers. The results of the GO and pathway analyses confirmed
that lncRNAs might play important roles in the occurrence and
development of NSCLC.
Among the significantly differentially expressed lncRNAs

between NSCLC and paired adjacent normal tissues, we found
a most dysregulated lncRNA, LINC01614. Compared with
paired adjacent normal tissues, LINC01614 was upregulated in
NSCLC with an average increased fold of 22.92. LINC01614 is
a 648-nt intergenic lncRNA and its gene is located in the 2q35

http://www.md-journal.com


Figure 6. (A) Downregulation of FENDRR-005 in NSCLC compared with matched adjacent normal tissues. (B) Downregulation of LINC00968-007 in NSCLC
compared with matched adjacent normal tissues. (C) Upregulation of DLEU1 in NSCLC compared with matched adjacent normal tissues. (D) Upregulation of
LINC01614 in NSCLC compared with matched adjacent normal tissues. NSCLC = non-small cell lung cancer.
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region. LINC01614 had not ever been characterized and its
functional roles were unknown. We tried to determine the
functional roles of LINC01614 through the co-expressed
protein-coding genes of LINC01614 in NSCLC (Table S4,
http://links.lww.com/MD/D115). We found that among these
genes, ADAM12[14] and BMP5[15] were associated with TGF-b
signaling pathway, STEAP3[16] and NEDD9[17] were involved
Figure 7. High expression of LINC01614 (based on the median) indicated
poor overall survival. The threshold of “high” and “low” expression of
LINC01614 was based on the median expression level of LINC01614. We
defined “high” expression of LINC01614 when the expression level of
LINC01614 above the median and defined “low” expression of LINC01614
when the expression level of LINC01614 below the median.

6

in P53 pathway, Arl4C[18] was associated with Wnt signaling
pathway and growth factor-Ras signaling pathway, and
GPRC5A[19] is a lung tumor suppressor gene and inhibits
the activation of the oncogene EGFR of NSCLC. TGF-b
signaling pathway, P53, Wnt, and growth factor-Ras signaling
pathways are all classical pathways in the pathogenesis
of NSCLC.
Figure 8. ROC curves of normalized LINC01614. The best cutoff point,
according to the Youden Index, was 20.96 (fpkm value). ROC = receiver-
operating characteristic.

http://links.lww.com/MD/D115


Figure 9. Expression level of LINC01614 between different age groups (including 187 ≥60 patients and 13 <60 patients) (A), sexes (including 118 male patients
and 82 female patients) (B) and TNM stages (including 147 I and II tumor stage patients and 53 III and IV tumor stage patients) (C) in 100 lung adenocarcinoma
patients and 100 lung squamous cell carcinoma patients from the TCGA database. P values were calculated by unpaired 2-tailed t test. Error bars represented
mean±SEM (standard error of mean). TCGA = the Cancer Genome Atlas.
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3.2. The qRT-PCR validation experiments’ results

To validate the microarray analyses results, 4 lncRNAs
(FENDRR-005, LINC00968-007, DLEU1 and LINC01614)
were selected and their expression levels were obtained by
qRT-PCR. As shown in Figure 6A–D, FENDRR-005 and
LINC00968-007 were downregulated in NSCLC compared
with matched adjacent normal tissues, and DLEU1 and
LINC01614 were upregulated in NSCLC compared with
matched adjacent normal tissues. Our validation
experiments’ results were in accordance with the microarray
analyses results.

3.3. Gene expression profile of NSCLC patients in the
TCGA database and data analysis

Through the usage of the TCGA database, we amplified the
quantity of NSCLC patients to validate whether LINC01614 was
still significantly differentially expressed in NSCLC. Then we
found that compared with tumor adjacent normal tissues,
LINC01614 was also significantly upregulated in NSCLC with
an average increased fold of 3.21 (Table S5, http://links.lww.com/
MD/D115). Furthermore, we found that LINC01614 was
Figure 10. Gene set enrichment analyses of LINC01614 in NSCLC (enrichment
enrichment analyses. The ranked list metric was generated by calculating the signal
the standard deviation. The larger the signal-to-noise ratio, the more distinct th
(Figure S1-3, http://links.lww.com/MD/D115) showed the enrichment of genes in t
(B) GO enrichment analysis of lung morphogenesis. (C) GO enrichment analysis
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significantly upregulated in both lung adenocarcinoma tissues
and lung squamous cell carcinoma tissues, with an average
increased fold of 3.72 (Table S6, http://links.lww.com/MD/
D115) and 2.95 (Table S7, http://links.lww.com/MD/D115)
respectively. Next, we investigated the prognostic value of
LINC01614 with a large dataset of NSCLC patients from the
TCGA database. High expression level of LINC01614 was
significantly associated with poor OS (Fig. 7).
To explore the diagnostic value of LINC01614, we randomly

selected 100 lung adenocarcinoma patients, 100 lung squamous
cell carcinoma patients, and 100 controls from the TCGA
database (Table S1-3, http://links.lww.com/MD/D115). Using
ROC analysis, an AUC of 0.98 (95% confidence interval: 0.97–
0.99) was obtained for NSCLC patients and controls (Fig. 8).
Using the maximum Youden Index, a best cutoff point of
LINC01614 value (20.96 [fpkm value]) was obtained with an
optimal diagnostic value of 93% sensitivity and 95% specificity.
Moreover, the expression levels of LINC01614 were positively
correlated with the stage of tumor (Fig. 9C), but had no
relationship with age and sex (Fig. 9A and B), suggesting that
LINC01614 could be a prognostic biomarker for NSCLC. The
information of NSCLC patients’ smoking status was incomplete
plot). The green line represented the enrichment score (ES) for the gene-set
-to-noise ratio, which was based on the difference of means scaled according to
e gene expression was for each phenotype. The corresponding heat maps
he gene sets. (A) Gene ontology (GO) enrichment plot of alveolus development.
of epithelial tube branching involved in lung morphogenesis.
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Table 3

The details of gene set enrichment analyses of LINC01614 in NSCLC.

Name Probe Rank in gene list Rank metric score Running ES Core enrichment

A. GO lung alveolus development
Row 0 TCF21 61 0.304294378 0.09259663 Yes
Row 1 FOXF1 63 0.303920269 0.18835704 Yes
Row 2 SFTPD 298 0.234613493 0.24952346 Yes
Row 3 BMPR2 350 0.22508657 0.31769568 Yes
Row 4 TNS3 424 0.21511358 0.38152045 Yes
Row 5 HOXA5 450 0.211584136 0.44685793 Yes
Row 6 GATA6 783 0.171287432 0.48269975 Yes
Row 7 MYOCD 990 0.154498667 0.5201403 Yes

B. GO lung morphogenesis
Row 0 TCF21 61 0.304294378 0.086858466 Yes
Row 1 FOXF1 63 0.303920269 0.17688867 Yes
Row 2 TGFBR2 102 0.288217098 0.26024005 Yes
Row 3 HOXA5 450 0.211584136 0.30397105 Yes
Row 4 HHIP 947 0.157133013 0.32341036 Yes
Row 5 RSPO2 1510 0.12458998 0.3295927 Yes
Row 6 SPRY2 2054 0.100694068 0.32973155 Yes
Row 7 CTSZ 2238 0.093914345 0.34755665 Yes
Row 8 FGF10 2376 0.088911042 0.36641538 Yes
Row 9 STK40 2431 0.087378137 0.38936076 Yes
Row 10 SRF 2482 0.085791394 0.41205463 Yes
Row 11 MAPK3 2739 0.0778559 0.42112595 Yes
Row 12 CTSH 2992 0.070190229 0.42814395 Yes
Row 13 SPRY1 3275 0.061857667 0.43105078 Yes
Row 14 YAP1 3402 0.058844406 0.4415993 Yes

C.GO epithelial tube branching involved in lung morphogenesis
Row 0 FOXF1 63 0.303920269 0.15700544 Yes
Row 1 HOXA5 450 0.211584136 0.24761173 Yes
Row 2 HHIP 947 0.157133013 0.3034601 Yes
Row 3 RSPO2 1510 0.12458998 0.33852106 Yes
Row 4 SPRY2 2054 0.100694068 0.36200505 Yes
Row 5 CTSZ 2238 0.093914345 0.40158412 Yes
Row 6 FGF10 2376 0.088911042 0.44103572 Yes
Row 7 CTSH 2992 0.070190229 0.44448096 Yes
Row 8 SPRY1 3275 0.061857667 0.46172592 Yes
Row 9 YAP1 3402 0.058844406 0.48590562 Yes

ES = enrichment score, NSCLC = non-small cell lung cancer.
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in the TCGA database, so here we did not discuss whether the
expression levels of LINC01614 were correlated with smoking
status of NSCLC patients.
We then tried to further investigate the potential molecular

mechanisms of LINC01614 and GSEAwas conducted. As shown
in Figure 10A–C, Table 3A–C and Figure S1-3, http://links.lww.
com/MD/D115, TGF-b, P53, IGF-IR,Wnt, and RTK/Ras/MAPK
pathway genes were significantly enriched. And this result was in
accord with the result of previous analysis in this article,
suggesting LINC01614 may exert vital functions in NSCLC via
modulating TGF-b, P53, IGF-IR, Wnt, and RTK/Ras/MAPK
pathways.

4. Discussion

Recent studies have revealed the contribution of lncRNAs as
proto-oncogenes and tumor suppressor genes in tumorigene-
sis.[20,21] For instance, lncRNA-PVT1 is increased in gastric
cancer and promotes cancer cell proliferation by modulating
the P15 and P16 signal pathways.[22] MALAT1 is overex-
pressed in many cancers, especially in colorectal cancer, and it
promotes tumor growth and metastasis through binding to
8

SFPQ and releasing the oncogene PTBP2 from the SFPQ/PTBP2
complex.[23] However, research of lncRNAs involvement in
NSCLC is in its infancy and data about NSCLC-associated
lncRNAs are limited. Therefore, the identification of additional
NSCLC-associated lncRNAs is of great importance. They may
serve as new diagnostic and prognostic tools, even new
treatment targets.
With the development of high-throughput technologies, large

amounts of microarray and RNA sequencing data have been
obtained, but few studies have characterized lncRNA expression
profile in NSCLC. In our study, we characterized the expression
profile of lncRNAs in NSCLC by microarray analysis and
identified 2039 significantly differentially expressed lncRNAs
and 3261 significantly differentially expressed mRNAs between
NSCLC and normal lung tissues, as supported by Xu et al.[24]

From the GO and pathway analyses of lncRNAs co-expressed
mRNAs, we found that these significantly differentially expressed
lncRNAs were associated with angiogenesis, cell motility, cell
migration, cell localization, cell adhesion, and microRNAs in
cancers and participated in PI3K-AKT, P53, EGFR, FGFR, and
VEGF pathways. The results imply that they might play
important roles in NSCLC.

http://links.lww.com/MD/D115
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Among these significantly differentially expressed lncRNAs,
we observed that in the training set the most dysregulated
lncRNA was LINC01614. Then, we confirmed the upregulation
of LINC01614 in a validation cohort ofNSCLC patients from the
TCGA database. We investigated the prognostic value of
LINC01614 using a large dataset of NSCLC patients from the
TCGA database. We found that high expression of LINC01614
was significantly associated with poor OS. And the expression
level of LINC01614 was positively correlated with the stage of
tumor and had no relationship with age and sex. Because the
smoking status data were incomplete in the TCGA database, we
could not examine whether the expression level of LINC01614
was associated with smoking. Nevertheless, these data still
suggest that LINC01614 has the potential to be a prognostic
biomarker for NSCLC. In addition, ROC curve analysis showed
that LINC01614 could provide an effective screening method for
NSCLC tissues from normal tissues. As we know, many NSCLC
patients are diagnosed by percutaneous transthoracic needle
aspiration biopsy or bronchoscopic biopsy, but these methods
obtain relatively small amounts of tumor tissues and sometimes
tumor cells are crushed through these biopsy methods.
Consequently, the pathologicomorphological change of tumor
tissues could be not typical and difficult to be identified for the
pathologists. In these cases, detecting LINC01614 expression
level of biopsy tissues could be helpful for determining the nature
of the lesion.
Some studies demonstrated that cell-free nucleic acids, such as

DNA, microRNA, and lncRNA, are detectable in plasma and
serum of cancer patients.[25,26] More importantly, it has been
shown that lncRNAs can remain stable in blood circulation even
when subjected to hard conditions such as extreme pH and
RNase A digestion.[27] And the release of non-coding RNAs into
the blood is thought to be associated with apoptosis and necrosis
of tumor cells from the tumor microenvironment and is also the
result of secretion.[27] So it can be assumed that the content level
of lncRNAs in tumor tissues is paralell with the content in
patients’ blood. These features make lncRNAs have the potential
to become ideal noninvasive biomarkers for cancer diagnosis and
prognosis. For example, Tong et al[6] reported that the plasma
tumor-derived lncRNA POU3F3 could serve as a biomarker for
the diagnosis of esophageal squamous cell carcinoma. And a
recent study has also reported that detection of the lncRNA H19
in the plasma could be used to detect gastric cancer.[28] Whereas
LINC01614 showed excellent diagnostic performance in NSCLC
tissues, we will next make further efforts to validate the favorable
diagnostic efficiency of LINC01614 in patients’ blood.
Through bioinformatics methods, we found that LINC01614

might exert vital biological functions in NSCLC via modulating
the TGF-b, P53, IGF-IR, Wnt, and RTK/Ras/MAPK pathways.
Nevertheless, the biological functions of LINC01614 were based
on bioinformatics prediction and further experiments are needed
to validate these hypotheses and to investigate the more exact
underlying molecular mechanisms. Based on that LINC01614
may be associated with several signaling pathways involved in the
genesis and development of NSCLC, LINC01614 has the
prospect of becoming a new therapeutic target for NSCLC.
5. Conclusions

In conclusion, our study ascertained a set of lncRNAs was
differentially expressed in NSCLC compared with normal tissues
using microarray analysis. And the results of the GO and
9

pathway analyses showed that these lncRNAs might play key
roles in the development of NSCLC. Moreover, in these
lncRNAs, we found a most dysregulated lncRNA-LINC01614
in NSCLC. It could be used as a prognostic biomarker, and has
the potential to be a diagnostic biomarker and a new therapeutic
target for NSCLC. Although our findings are preliminary, we
may lay the foundation for further diagnostic, prognostic,
therapeutic, and functional research of lncRNAs in NSCLC.
Acknowledgments

The authors thank all of the donors who donated to the
Microarray Service at the laboratory of CapitalBio Corporation
(Beijing, China).
Author contributions

Conceptualization: Yan Sun.
Data curation: Yan Sun.
Formal analysis: Yan Sun, Chunhua Ling.
Investigation: Yan Sun.
Methodology: Chunhua Ling.
Project administration: Chunhua Ling.
Resources: Yan Sun.
Software: Chunhua Ling.
Writing – original draft: Yan Sun.
Writing – review & editing: Chunhua Ling.
References

[1] Jemal A, Bray F, CenterMM, et al. Global cancer statistics. Cancer J Clin
2011;61:69–90.

[2] Ettinger DS, Akerley W, Borghaei H, et al. Non-small cell lung cancer,
version 2.2013. J Natl Compr Canc Netw 2013;11:645–53. quiz 653.

[3] Ponting CP, Oliver PL, Reik W. Evolution and functions of long
noncoding RNAs. Cell 2009;136:629–41.

[4] Derrien T, Johnson R, Bussotti G, et al. The GENCODE v7 catalog of
human long noncoding RNAs: analysis of their gene structure, evolution,
and expression. Genome Res 2012;22:1775–89.

[5] Peng Z, Zhang C, Duan C. Functions andmechanisms of long noncoding
RNAs in lung cancer. Onco Targets Ther 2016;9:4411–24.

[6] Tong YS, Wang XW, Zhou XL, et al. Identification of the long non-
coding RNA POU3F3 in plasma as a novel biomarker for diagnosis of
esophageal squamous cell carcinoma. Mol Cancer 2015;14:3.

[7] Huarte M. The emerging role of lncRNAs in cancer. Nat Med
2015;21:1253–61.

[8] Esteller M. Non-coding RNAs in human disease. Nature reviews.
Genetics 2011;12:861–74.

[9] Sanchez Y, Huarte M. Long non-coding RNAs: challenges for diagnosis
and therapies. Nucleic Acid Ther 2013;23:15–20.

[10] Ling H, Vincent K, Pichler M, et al. Junk DNA and the long non-coding
RNA twist in cancer genetics. Oncogene 2015;34:5003–11.

[11] Prensner JR, Chinnaiyan AM. The emergence of lncRNAs in cancer
biology. Cancer Discov 2011;1:391–407.

[12] Subramanian A, Tamayo P, Mootha VK, et al. Gene set enrichment
analysis: a knowledge-based approach for interpreting genome-wide
expression profiles. Proc Natl Acad Sci U S A 2005;102:15545–50.

[13] Tamayo P, Steinhardt G, Liberzon A, et al. The limitations of simple gene
set enrichment analysis assuming gene independence. Stat Method Med
Res 2016;25:472–87.

[14] Ruff M, Leyme A, Le Cann F, et al. The disintegrin and metalloprotease
ADAM12 is associated with TGF-beta-induced epithelial to mesenchy-
mal transition. PLoS One 2015;10:e0139179.

[15] Deng T, Lin D, Zhang M, et al. Differential expression of bone
morphogenetic protein 5 in human lung squamous cell carcinoma and
adenocarcinoma. Acta Biochim Biophys Sin (Shanghai) 2015;47:
557–63.

[16] Lespagnol A, Duflaut D, Beekman C, et al. Exosome secretion, including
the DNA damage-induced p53-dependent secretory pathway, is severely

http://www.md-journal.com


Sun and Ling Medicine (2019) 98:30 Medicine
compromised in TSAP6/Steap3-null mice. Cell Death Differ 2008;
15:1723–33.

[17] Rousseau B, Jacquot C, Le Palabe J, et al. TP53 transcription factor for
the NEDD9/HEF1/Cas-L gene: potential targets in non-small cell lung
cancer treatment. Sci Rep 2015;5:10356.

[18] Matsumoto S, Fujii S, Kikuchi A. Arl4c is a key regulator of
tubulogenesis and tumourigenesis as a target gene of Wnt-beta-catenin
and growth factor-Ras signalling. J Biochem 2017;161:27–35.

[19] Lin X, Zhong S, Ye X, et al. EGFR phosphorylates and inhibits lung
tumor suppressor GPRC5A in lung cancer. Mol Cancer 2014;13:233.

[20] Arab K, Park YJ, Lindroth AM, et al. Long noncoding RNA TARID
directs demethylation and activation of the tumor suppressor TCF21 via
GADD45A. Mol Cell 2014;55:604–14.

[21] Kotake Y, Nakagawa T, Kitagawa K, et al. Long non-coding RNA
ANRIL is required for the PRC2 recruitment to and silencing of p15
(INK4B) tumor suppressor gene. Oncogene 2011;30:1956–62.

[22] Kong R, Zhang EB, Yin DD, et al. Long noncoding RNA PVT1 indicates
a poor prognosis of gastric cancer and promotes cell proliferation
through epigenetically regulating p15 and p16. Mol Cancer 2015;14:82.
10
[23] Ji Q, Zhang L, Liu X, et al. Long non-coding RNA MALAT1 promotes
tumour growth and metastasis in colorectal cancer through binding to
SFPQ and releasing oncogene PTBP2 from SFPQ/PTBP2 complex. Br J
Cancer 2014;111:736–48.

[24] Xu G, Chen J, Pan Q, et al. Long noncoding RNA expression profiles of
lung adenocarcinoma ascertained by microarray analysis. PLoS One
2014;9:e104044.

[25] Schwarzenbach H, Hoon DS, Pantel K. Cell-free nucleic acids as
biomarkers in cancer patients. Nature reviews. Cancer 2011;11:
426–37.

[26] Schwarzenbach H, Nishida N, Calin GA, et al. Clinical relevance of
circulating cell-free microRNAs in cancer. Nature reviews. Clin Oncol
2014;11:145–56.

[27] Zhang K, Shi H, Xi H, et al. Genome-wide lncRNA microarray profiling
identifies novel circulating lncRNAs for detection of gastric cancer.
Theranostics 2017;7:213–27.

[28] Zhou X, Yin C, Dang Y, et al. Identification of the long non-coding RNA
H19 in plasma as a novel biomarker for diagnosis of gastric cancer. Sci
Rep 2015;5:11516.


	Analysis of the long non-coding RNA LINC01614 in non-small cell lung cancer
	Outline placeholder
	1 Introduction
	2 Materials and methods
	2.1 Patients and tissue samples
	2.2 NSCLC expression microarrays and data analysis
	2.4 Gene expression profiles of NSCLC patients in the TCGA database and data analysis

	3 Results
	3.1 NSCLC expression microarrays and data analysis
	3.3 Gene expression profile of NSCLC patients in the TCGA database and data analysis

	4 Discussion
	Author contributions

	References


