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Abstract Due to the application of low-dose computed to-
mography screening, more and more early-stage lung cancers
have been diagnosed. Thus, it is essential to characterize the
gene expression profile of early-stage lung cancer to develop
potential biomarkers for early diagnosis and therapeutic tar-
gets. Here, we analyzed microarray data of 181 ecarly-stage
lung cancer patients. By comparing gene expression between
different tumor and lymph node metastasis stages, we identi-
fied various differentially expressed protein-coding genes and
long noncoding RNA (IncRNA) in the comparisons of T2 vs.
T2 and N1- vs. NO-stage lung cancer. Functional analyses
revealed that these differentially expressed genes were
enriched in various tumorigenesis or metastasis-related
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pathways. Survival analysis indicated that two protein-
coding genes, C7 and SCN7A, were significantly associated
survival of lung cancer. Notably, a novel IncRNA,
LINCO00313, was highly expressed in both T2- and N1-stage
lung cancers. On the other hand, LINC00313 was also upreg-
ulated in lung cancer and metastasized lung cancer tissues,
compared with adjacent lung tissues and primary lung cancer
tissues. Additionally, higher expression level of LINC00313
indicated poor prognosis of lung cancer (hazard ratio=0.658).
Overall, we characterized the expression profiles of protein-
coding genes and IncRNA in early-stage lung cancer and
found that LINC00313 could be a biomarker for lung cancer.
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Introduction

Lung cancer is the leading cause of cancer-related death [1].
According to the randomized controlled National Lung
Screening Trial (NLST), the lung cancer-related mortality
and overall mortality have decreased due to the application
of low-dose computed tomography (CT) instead of chest ra-
diography [2]. With the application of low-dose CT screening,
more and more lung cancer cases are diagnosed at early stage.
For patients with early-stage lung cancer detected by screen-
ing, concerns have raised about the appropriate treatment for
these patients [3—5]. Therefore, it is important to characterize
the molecular basis and understand the altered gene expres-
sion in early-stage lung cancer. Additionally, prognostic bio-
markers and makers that are predictive of metastasis and ben-
efit from chemotherapy are needed for early-stage lung cancer
[6, 7]. However, few studies have focused on these issues.
Gene expression microarray is a feasible and effective ap-
proach to characterize gene expression profile and searching
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messenger RNA (mRNA)-based biomarkers. For lung cancer,
microarrays have been widely used, which provide abundant
resource for data mining [8—10]. Due to the advance of high-
throughput technology, evidence has demonstrated that long
noncoding RNA (IncRNA) is actively transcribed from hu-
man genome and plays an important role in all aspects of
tumor biology [11-13]. Compared with protein-coding genes,
IncRNA exhibits stronger cell-type specific expression man-
ner [14], suggesting that IncRNA could be a potential bio-
marker [15]. Given that a number of probe sets were matched
with IncRNA, reannotation of published microarray data and
analyzed IncRNA expression profile is a feasible and widely
used method [16-18].

In this study, we performed data mining of the GSE50081
dataset [9], which includes gene expression data of 181 early-
stage lung cancer patients. We compared the protein-coding
gene and IncRNA expression profiles between different tumor
and lymph node stages and performed functional annotation
of the differentially expressed protein-coding genes. SCN7A,
C7, and LINCO00313 were associated survival of lung cancer.

Methods and materials
Dataset and calculation of differentially expressed genes

Gene Expression Omnibus is a public online database that has
various high-throughput data, including microarray. In the
present study, we selected the GSE50081 dataset for further
data mining [9]. The GSE50081 dataset consists of microarray
data of 181 lung cancer patients, including TNM stages and
survival data. The Affymetrix Human Genome U133 Plus 2.0
Array, which is widely used in various research areas, was
utilized in the GSE50081 data set. For microarray data analy-
sis, the processed series matrix file was first downloaded.
Since the series matrix data has already been background
subtracted and normalized by RMA method, the data was
subjected to differentially expressed gene detection. The dif-
ferentially expressed genes were calculated by the Limma
algorithm [19], and P value<0.05 was considered as signifi-
cant. RNA sequencing data of lung cancer from The Cancer
Genome Atlas (TCGA) were accessed through the website
IncRNAtor (http://Incrnator.ewha.ac.kr/).

Probe set annotation

Sequences of IncRNA were downloaded from the LNCipedia
(http://www.Incipedia.org/) and 79,586 IncRNA larger than
200 nt were downloaded. Sequences of Affymetrix Human
Genome U133 Plus 2.0 Array probe set were downloaded
from the Affymetrix website. The probe sets were
reannotated by Blast software, and 12,156 IncRNA
completely matched with probe sets were identified.
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Gene Ontology and KEGG pathway analysis

Gene Ontology (GO) analysis was applied to analyze the
main function of the differential expression genes according
to the Gene Ontology (www.geneontology.org), which can
organize genes into hierarchical categories and uncover the
gene regulatory network on the basis of biological process
and molecular function [20, 21]. Specifically, two-side
Fisher’s exact test and X* test were used to classify the
GO category, and the false discovery rate (FDR) [22] was
calculated to correct the P value; the smaller the FDR, the
smaller the error in judging the P value. The FDR was
defined as FDR = lf% where N, refers to the number of
Fisher’s test P values less than X* test P values. We com-
puted P values for the GOs of all the differential genes.
Enrichment provides a measure of the significance of the
function: as the enrichment increases, the corresponding
function is more specific, which helps us to find those
GOs with more concrete function description in the exper-
iment. Within the significant category, the enrichment Re
was given by Re=(n/n)/(N/N) where “n/” is the number of
flagged genes within the particular category, “n” is the total
number of genes within the same category, “N/” is the
number of flagged genes in the entire microarray, and
“N” is the total number of genes in the microarray [23].

Pathway analysis was used to find out the significant
pathway of the differential genes according to Kyoto
Encyclopedia of Genes and Genomes (KEGG). Still,
we turn to Fisher’s exact test and X* test to select the
significant pathway, and the threshold of significance
was defined by P value and FDR. The enrichment Re
was calculated like the equation above [24-26]. KEGG
pathway analysis allowed us to determine the biological
pathways for which a significant enrichment of differen-
tially expressed mRNAs existed (P<0.05 was consid-
ered statistically significant).

Statistical analysis

Kaplan-Meier survival and univariate Cox proportional
hazards regression analyses were conducted to explore
the prognostic value of differentially expressed coding
genes or IncRNA. According to the median expression
value of a specific target gene, patients were classified
as “high expression” or “low expression”, and survival
analysis was conducted between the two groups.
LINCO00313 expression level between lung cancer tis-
sues and adjacent lung tissues, primary lung cancer tis-
sues, and metastasized lung cancer tissues were calcu-
lated by Student’s ¢ test, and P<0.05 was statistically
significant. All statistical analyses were performed with
SPSS software (version 18.0, SPSS Inc.).
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Results
Differential expression profile between T2 and T1 stages

We first analyzed the gene expression among different tumor
stages. Compared with T1-stage lung cancer, there were 94
protein-coding genes upregulated and 228 genes downregu-
lated in T2-stage lung cancer. KEGG analysis showed that the
differentially expressed genes were significantly enriched in

the pathways of “cell cycle”, “p53 signaling pathway”,

“pathways in cancer”, and other cancer-related pathways
(Fig. 1a). For IncRNA, we found that 238 IncRNAs were
upregulated and 217 were downregulated in T2-stage lung

A KEGG Pathway Analysis
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cancer (with the threshold P<0.01). The top differentially
expressed genes were shown in Tables 1 and 2, and the full
lists were provided in the supplementary materials.

Differential expression profile between N1 and NO stages

Lymph node metastasis is an important prognostic factor for
NSCLC. By comparing patients with and without lymph node
metastasis, we found that 47 protein-coding genes were up-
regulated and 163 were downregulated in N1-stage patients
compared with NO-stage patients. On the other hand, 210
IncRNA were upregulated and 81 were downregulated in
N1-stage patients. Functional GO annotation analysis showed
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Fig. 1 Functional analysis of differentially expressed genes between
different tumor and lymph node stages. KEGG analysis for
differentially expressed protein-coding genes between T2- and T1-stage
lung cancer (a). Gene Ontology (biological process) analysis of
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differentially expressed protein-coding genes between N1- and NO-
stage lung cancer (b). The items with P<0.05 were considered as
significantly enriched. The top enriched items and enrichment score were
shown
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Table 1 Differentially expressed protein-coding genes between different tumor stages (T2 vs. T1)

Gene symbol P value FC Ensembl transcript ID  Transcript length ~ Description

SFTA3 6.84E-04 —2.969047  ENST00000521945 1116 Surfactant associated 3

SFTPC 398E-04 —2.907945  ENST00000318561 997 Surfactant protein C

AQP4 2.65E-05 —2.751084  ENST00000383168 5274 Aquaporin 4

CPB2 5.80E-07 —2.713209 ENST00000181383 1717 Carboxypeptidase B2 (plasma)

SFTPA2 1.82E-03 —2.713209  ENST00000372325 2189 Surfactant protein A2

SCGB3A2 4.84E-03 —2.566852  ENST00000504320 440 Secretoglobin, family 3A, member 2

C160rf89 7.16E-04 —2.549121 ENST00000586629 576 Chromosome 16 open reading frame 89

C4BPA 1.37E-03  —2.496661 ENST00000367070 2243 Complement component 4 binding protein, alpha

PEBP4 3.74E-05 —2.479415 ENST00000256404 895 Phosphatidylethanolamine-binding protein 4

TOX3 9.07E-04 —2.378414  ENST00000407228 3124 TOX high mobility group box family member 3

TRIM29 5.61E-03 2.0705298  ENST00000341846 3328 Tripartite motif containing 29

LY6D 1.48E-03 2.0994334  ENST00000301263 804 Lymphocyte antigen 6 complex, locus D

CXCLS8 2.62E-04 2.1435469  ENST00000307407 1705 Chemokine (C-X-C motif) ligand 8

MMP10 3.63E-03 2.1435469  ENST00000279441 1758 Matrix metallopeptidase 10 (stromelysin 2)

KRT17 1.72E-02 2.1435469  ENST00000311208 1524 Keratin 17

MMP1 5.57E-03 2.1885874  ENST00000315274 1970 Matrix metallopeptidase 1 (interstitial collagenase)

S100P 6.01E-03 2250117 ENST00000296370 1279 S100 calcium binding protein P

KRT6B 1.44E-02 24283898  ENST00000252252 2282 Keratin 6B

SERPINBS5 2.70E-03 2.4452806 ENST00000382771 2783 Serpin peptidase inhibitor, clade B (ovalbumin), member 5
KRT6A 2.07E-03 3.7842306  ENST00000330722 2310 Keratin 6A

FC>0, upregulation; FC<0, downregulation

FC fold change

Table 2 Differentially expressed IncRNAs between different tumor stages (T2 vs. T1)

IncRNA P value FC IncRNA length chr Strand Start End
Inc-SFTA3-1:1 6.84E-04 —2.96904714 1116 chr14 - 36942411 36988726
Inc-DZIP1L-1:1 4.76E-04 —2.14354693 1128 chr3 - 137749544 137750672
Inc-NDNF-1:1 2.05E-04 —2.12874036 1897 chr4 - 121954486 121956383
Inc-AC009336.1-2:13 3.64E-05 —1.86218964 3812 chr2 - 177037916 177053686
Inc-SPINK2-4:1 7.20E-03 —1.73507737 2540 chr4 - 57544923 57547463
Inc-IRS1-3:1 3.88E-04 —1.72070526 1811 chr2 - 227867429 227869240
Inc-ZDHHCI11B-1:1 2.23E-04 —1.70290742 2733 chrs - 710474 732786
Inc-SNX13-2:5 9.61E-03 —1.68179283 2978 chr7 - 17472875 17496748
Inc-C100rf31-7:13 4.12E-04 —1.64832417 597 chr10 - 10826399 10836920
Inc-CHST10-2:1 9.44E-04 —1.64832417 6696 chr2 - 100889908 100898479
Inc-PHYHIP-2:1 4.77E-04 1.383190629 2989 chr8 - 22277141 22280192
Inc-GNB2L1-3:1 4.37E-03 1.390881972 599 chrs - 180630117 180630820
Inc-ANXAS8-1:1 1.85E-03 1.398616083 1872 chrl10 + 48276678 48279171
Inc-HPS4-4:1 3.98E-04 1.414213562 1233 chr22 - 26838762 26840941
Inc-HILPDA-1:2 3.99E-03 1.422077411 1370 chr7 + 128095956 128098472
Inc-CBX2-5:1 4.79E-03 1.434949535 2354 chrl7 + 77759428 77761782
Inc-PIGZ-2:1 3.58E-03 1.494849249 707 chr3 - 196728612 196729319
Inc-CCDC103-1:1 3.68E-04 1.62788637 1844 chrl7 + 43002078 43005641
Inc-GNB3-1:1 3.27E-04 1.669018562 1414 chrl2 + 6957943 6959357
Inc-MMP3-1:1 8.93E-03 1.960198831 1873 chrll - 102733466 102745764

FC>0, upregulation; FC<0, downregulation

FC fold change
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that the altered genes were associated with “cell migration™,
“localization of cell”, “cell motility”, “cell motion”, and
other metastasis-related biological processes (Fig. 1b)
while there were 210 IncRNAs upregulated and 81 down-
regulated in Nl-stage lung cancer (with the threshold
P<0.01). The top differentially expressed genes were
shown in Tables 3 and 4, and the full list was provided
in the supplementary materials.

Survival analysis

Given that all samples included in the GSES0081 dataset
were lung cancer tissues, it is unknown whether these
genes show a differential expression pattern between lung
cancer tissues and normal lung tissues. Thus, we used a list
of differentially expressed genes as validation set, which
were differentially expressed between lung cancer tissues
and corresponding adjacent tissues (these genes were iden-
tified by microarrays in our unpublished work, GSE66654).
Using the differentially expressed protein-coding genes be-
tween T and N stages as two independent training sets,
Venny plot revealed that 11 genes were common in the
three groups (Table 5 and Supplementary Figure S5). As
shown in Table 3, the 11 genes were not overlapped with

the gene signature in the original study. To test the poten-
tially prognostic role of these 11 genes, we analyzed
whether they were associated with the survival of lung
cancer patients. Kaplan-Meier curve and Cox regression
were performed for the 11 genes, and results indicated
that the expression level of two genes, SCN7A and C7,
were significantly associated with the survival of lung
cancer patients (Fig. 2). In addition, the predictive effi-
cacy was improved with the combination of C7 and
SCN7A (Fig. 2).

Given the specific expression nature of IncRNA, we
assessed whether the differentially expressed IncRNAs
could be predictive biomarkers of survival or metastasis.
First, the top differentially expressed IncRNAs between
different T and N stages were validated with TCGA
RNA-seq data sets (tumor vs. normal and metastasis
tumor vs. primary tumor by the IncRNAtor website).
Notably, we found a novel IncRNA; LINC00313 was
highly expressed both in lung cancer tissues and metas-
tasized lung cancer tissues (Fig. 3). Additionally,
LINCO00313 expression was predictive of lung cancer
survival, namely lung cancer patients with higher ex-
pression level of LINC00313 would have a shorter
overall survival (hazard ratio=0.658, Fig. 3).

Table 3  Differentially expressed protein-coding genes between different lymph node stages (N1 vs. NO)

Gene symbol P value FC Ensembl transcript ID  Transcript length  Description

PPP2R2C 0.0012214  2.0849315 ENST00000335585 4092 Protein phosphatase 2, regulatory subunit B, gamma

COLI11A1 0.0058083  2.0562277 ENST00000370096 7286 Collagen, type XI, alpha 1

PKP1 0.0176348  2.027919  ENST00000367324 5384 Plakophilin 1

MMP1 0.0186381  1.9710987 ENST00000315274 1970 Matrix metallopeptidase 1 (interstitial collagenase)

FGFBP1 0.0017837  1.9480085 ENST00000382333 1359 Fibroblast growth factor binding protein 1

MMP12 0.0135682 19145429 ENSTO00000571244 1874 Matrix metallopeptidase 12 (macrophage elastase)

S100A7 0.0155603  1.9118906 ENST00000368729 4279 S100 calcium binding protein A7A

DSG3 0.0315578  1.8842625 ENST00000257189 5525 Desmoglein 3

CLCA2 0.0238188  1.8416514 ENST00000370565 4025 Chloride channel accessory 2

GJB2 0.0155691  1.7568609 ENST00000382848 2250 Gap junction protein, beta 2, 26 kDa

C4BPA 0.0001547 —2.989698  ENST00000367070 2243 Complement component 4 binding protein, alpha

SCGB3A2 0.001508  —2.928171  ENST00000504320 440 Secretoglobin, family 3A, member 2

SCGB3A1 0.0025359 —2.602684  ENST00000292641 521 Secretoglobin, family 3A, member 1

ADHIB 0.0001915 —2.584706  ENST00000305046 4072 Alcohol dehydrogenase 1B (class I), beta polypeptide

SFTPD 0.000813  —2.584706  ENST00000372292 1281 Surfactant protein D

PIGR 0.0028138 —2.531513  ENSTO00000356495 4279 Polymeric immunoglobulin receptor

SCGB1A1 0.0142064 —2.411616  ENST00000534397 466 Secretoglobin, family 1A, member 1 (uteroglobin)

SFTPA2 0.0075866 —2.394957  ENST00000372325 2189 Surfactant protein A2

ST6GALNAC1 0.0002184 —2.378414  ENST00000592042 2657 ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-
acetylgalactosaminide alpha-2,6-sialyltransferase 1

GDF15 7.11E-06  —2.361985  ENST00000595973 890 Growth differentiation factor 15

FC>0, upregulation; FC<0, downregulation

FC fold change
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Table 4  Differentially expressed IncRNAs between different lymph node stages (N1 vs. NO)

IncRNA P value FC IncRNA length chr Strand Start End
Inc-CDHR1-1:1 0.00623008 -1.65634 486 chr10 + 85936273 85945040
Inc-GNB2L1-3:1 0.00121403 —1.46307 599 chr5 - 180630117 180630820
Inc-NEURL-3:1 0.00004936 —1.3435 2023 chr10 + 105506536 105515167
Inc-UAPIL1-2:2 0.0011911 —-1.31951 625 chr9 + 139948597 139957342
Inc-NES-2:1 0.00058676 -1.31768 3222 chrl - 156611457 156614679
Inc-GAS1-2:1 0.00485791 —1.30949 2012 chr9 - 89623369 89657041
Inc-KTN1-AS1-1:10 0.00112855 —1.29056 2007 chrl4 - 56247852 56263392
Inc-ATMIN-1:1 0.00988649 -1.27368 716 chrl6 + 81064374 81065090
Inc-SSTR4-2:6 0.00015019 —1.24833 2345 chr20 + 23168597 23170942
Inc-NES-2:1 0.00233602 —1.2466 3222 chrl - 156611457 156614679
Inc-CXCL17-3:4 0.00590134 1.555092 2850 chr19 - 43011546 43014396
Inc-SIK1-4:17 0.00516173 1.574616 525 chr21 - 44881991 44884696
Inc-ITGA9-1:1 0.000874 1.582275 1138 chr3 + 37864198 37867773
Inc-SNURF-1:17 0.00106063 1.615522 21686 chrl5 + 25241369 25365009
Inc-CALCRL-1:1 0.00314946 1.730273 1810 chr2 - 188328959 188330769
Inc-ADRB1-3:1 0.00057314 1.907919 3040 chrl10 + 115805528 115808568
Inc-THAP6-3:1 0.00023809 1.917199 2028 chr4 + 75973295 75975323
Inc-NDNF-1:1 0.0011861 1.975202 1897 chr4 - 121954486 121956383
Inc-FGFBP2-1:1 0.00176126 2.07053 2042 chrd - 15969852 15973568
Inc-TMC5-2:1 0.00181815 2.234574 273 chrl6 + 19421817 19441962

FC>0, upregulation; FC<0, downregulation
FC fold change

Discussion

Due to the wide application of low-dose CT screening, more
and more lung cancer patients are diagnosed at early stage.
However, there are many debates about the primary treatment
options for early-stage lung cancer [4, 27]. Nevertheless, it is
paramount important to characterize the altered gene expres-
sion profile and identify biomarkers predictive of survival or
chemotherapy, which will help understand molecular feature
of early-stage lung cancer. To date, researchers have

developed several mRNA-based biomarkers by microarray,
and several gene signatures have been confirmed effective as
prognostic biomarkers [7, 9, 28]. In these studies, the large
amount of microarray data offer valuable source for data
mining.

In the present study, we utilized a microarray series of 181
lung cancer patients and compared gene expression profiles
between different tumor and lymph node stages. Comparing
the expression data of patients with and without lymph node
metastasis, we found 210 differentially expressed genes, and

Table 5 Genes and original

Gene description

probe sets of the 11 genes for Probe set Gene symbol

survival analysis
206311 s at PLA2GIB
209763 at CHRDLI1
228504 at SCN7A
213317 at CLICS
226587 at PWARG
224061 _at INMT
228885 at MAMDC2
204712 at WIF1
206742 at FIGF
202992 at C7
223678 s at SFTPA2

Phospholipase A2, group IB (pancreas)

Chordin-like 1

Sodium channel, voltage-gated, type VII, alpha subunit
Chloride intracellular channel 5

Small nuclear ribonucleoprotein polypeptide N
Indolethylamine N-methyltransferase

MAM domain containing 2

WNT inhibitory factor 1

C-fos induced growth factor (vascular endothelial growth factor D)
Complement component 7

Surfactant protein A2///surfactant protein Al
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Fig. 3 Expression level of LINC00313. LINC00313 is highly expressed in lung cancer tissues compared with normal tissues (a) and metastasized lung
cancer tissues compared with primary tumors (b). Higher expression level of LINC00313 indicated poor survival of lung cancer (c)

functional GO enrichment suggest that the differentially
expressed genes were enriched in the biological processes of
“cell adhererion cell motily”, which were closely associated
with invasion and metastasis of cancer. By comparing data of
T2- and T1-stage patient, we found 322 differentially
expressed genes. Functional annotation analysis revealed that
many cancer-related pathways were enriched among the dif-
ferentially expressed genes, such as “Cell adhesion molecules

@ Springer

2

(CAMs)”, “Cell cycle™, “p53 signaling pathway”, “Pathways
in cancer”, and “Tight junction”. These results suggested that
gene expression profiles were different among patients with
different tumor and lymph node stages. KEGG pathway anal-
ysis and GO analysis are mostly used and powerful data min-
ing tools. By KEGG and GO analyses, we found and revealed
the altered pathways in different stages of lung cancer. Our
work may help understand the molecular basis of lung cancer.
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Since the dataset analyzed included only lung cancer pa-
tients, the expression profile of these genes between normal
lung tissues and lung cancer tissues is unknown. Thus, we
used a gene list of differentially expressed genes between lung
cancer and normal lung tissues (the data were from our un-
published work) as a validate gene set. Using Venny plot to
select genes which were common in three groups, 11 genes
were identified. By cox regression, we found that the two genes
(SCN7A and C7) were significantly associated with survival of
lung cancer patients. The original data set was designed to val-
idate the prognostic value and predictive efficacy of a 15-gene
signature. But, C7 and SCN7A were not included in the 15-gene
signature [9]. Additional literature review was performed for C7
and SCN7A, and reports about SCN7A and C7 in the paradigm
of cancer research were few. This indicated that the C7 and
SCNT7A are potential novel prognostic biomarkers of lung can-
cer, and they may play an important role in lung cancer. How-
ever, further studies are warranted to validate our results.

Due to rapid development of high-throughput transcriptome,
accumulating evidence suggests that at least 90% of the total
mammalian genome is actively transcribed while only less than
2% of the genome sequence is protein-coding genes [29]. And
numerous noncoding RNAs are transcribed from genome, of
which microRNAs (miRNA) and IncRNA are mostly investigat-
ed [30, 31]. It is widely known that IncRNAs play an important
role in cancer, such as the process of carcinogenesis, invasion,
and metastasis of cancer [13]. Dysregulation of IncRNA has
been found in many types of cancer, like breast cancer [32],
prostate cancer [33], and lung cancer [34]. Although several
genome-wide transcriptome studies have identified a lot of
IncRNAs, only a small proportion of IncRNAs has been well
characterized. The functional role and molecular mechanism of
several cancer-associated IncRNAs have been well character-
ized. Additionally, it was also found that these cancer-
associated IncRNAs could be potential biomarkers, as the dys-
regulated expression was associated with clinicopathological
characteristics, even prognosis.

In current study, we re-annotated the probe set of Human
Genome U133 Plus 2.0 microarray using the Lincpedia data-
base. Among the differentially expressed IncRNAs, we noted
that a novel IncRNA, LINC00313, which was upregulated
both in T2- and N1-stage lung cancer and could be a prognos-
tic biomarker of lung cancer. In addition, expression level of
LINCO00313 was also analyzed using TCGA RNA sequencing
data. In consistence, LINC00313 was highly expressed in
lung cancer tissues compared with normal tissues. Intriguing-
ly, compared with primary lung cancer, the expression level of
LINC00313 was higher in metastasized lung cancer tissues,
which was in accordance with the high expression level in N1
stage. These findings confirmed that LINC00313 could be a
potential biomarker for lung cancer while further in vitro stud-
ies are warranted to clarify the underlying molecular mecha-
nism. Many functional IncRNAs have been characterized in

lung cancer, and several of them were associated with prog-
nosis or other clinical characteristics. By data mining of the
dataset, we identified a set of differentially expressed
IncRNAs between different stages of lung cancer while further
studies are warranted to identify the functional roles and clin-
ical value of these IncRNAs.

To summarize, we performed data mining of a data set of
181 microarrays and found that a set of protein-coding genes
and IncRNAs was differentially expressed between different
stages. Additionally, SCN7A, C7, and LINC00313 were sig-
nificantly associated with the survival of lung cancer.
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