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SUMMARY

Background: Lung cancer is one of the most common malignancies across the world. Long noncoding RNAs
(IncRNAs) play an important role in the pathology. This study was to compare the IncRNA and mRNA of lung
cancer. The aim of this study was to compare the IncRNA and mRNA expression profiles, their related biological
functions, and pathways in lung cancer.

Methods: Human lung cancer mRNA expression datasets were searched and downloaded from NCBI-GEO.
LncRNA expression profiles in lung cancer were detected by the Agilent Human LncRNA Microarray V3.0. Dif-
ferential expression analysis was conducted between cases and controls in mRNA and IncRNA. The starBase web
server v2.0 was used to decipher IncRNA-protein interactions. DAVID Bioinformatics Resources 6.7 was used to
perform GO Biological Processes and KEGG pathway enrichment analysis of these dysregulated mRNA and
IncRNA target genes.

Results: The study showed that differentially expressed IncRNA target genes included almost all of the differential
expression genes from mRNA. Furthermore, these dysregulated IncRNAs reflected more comprehensive impair-
ment in functional enrichment than dysregulated mRNAs. In addition, five top downregulated IncRNAs had more
remarkable fold changes than top downregulated mRNAs, especially FENDRR.

Conclusions: Amount of IncRNAs and mRNAs were differentially expressed in lung cancer. The degrees of differ-
ence in IncRNAs were more than mRNAs. It may provide valuable help for an effective strategy in diagnosis and
prevention.

(Clin. Lab. 2017;63:xx-xx. DOI: 10.7754/Clin.Lab.2016.160812)
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INTRODUCTION

Lung cancer is one of the most common malignancies
worldwide. Early diagnosis and effective treatment are
difficulties which have been supported by the death-sta-
tistics from the World Health Organization (WHO) da-
tabase between 2000 and 2010. After age-adjustment in
60 countries, the state of cancer mortality has been as-
sembled in several of the most common cancer types:
lung cancer, gastric cancer, breast cancer, colon cancer,
kidney cancer, and prostate cancer, etc. Globally, a total
of 696,000 of those patients died over past few years
(including 426,000 male and 271,000 female) [1].
Among them, the mortality of liver cancer and female
lung cancer has been demonstrated with a rising tenden-
cy. Within developed countries, many people have been
nagged by social risk factors (low income, low educa-
tion level, ethnic minorities, divorced family) which led
to risk scores increasing from 0 to 3, and even higher.
Unfortunately, they have to face more social pressure
which results in various cancers, tobacco-related cancer,
and lung cancer [2]. For another, the average census da-
ta in 2012 of Chinese population (ASIRC) and the
world's average population (ASIRW) showed that new
incidence of cancers has increased to 264.85/100,000
(289.30/100,000 in males, and 239.15/100,000 in fe-
males). This new cancer incidence of China has ac-
counted for 21.82% of global accumulation in 0 - 74
age range. Chinese cancer mortality has increased to
161.49/100,000 (198.99/100,000 in males, 122.06/
100,000 in females). It represented 12.61% cumulative
mortality rate worldwide in the same age bracket. Lung
cancer patients are a large group within representing
77.4% of new cancer cases, as well as 84.5% of deaths
[3].

Early diagnosis and proper treatments can effectively
improve lung cancer prognosis. A novel chromosome
5p15.33, based on the high- or intermediate-quality data
on death certificates according to the WHO mortality
database, showed the evidence of polymorphism in five
high-throughput sequencing projects [4]. ERK and
KRAS mutations, EGFR gene fusion, and PTEN gene
disorder which have been identified to be closely related
with lung cancer [5-7]. Nevertheless, the interactive
molecular mechanisms of lung cancer still remain poor-
ly understood.

Long noncoding RNAs (IncRNAs) which refer to a
group of RNAs with length more than 200 nucleotides
limit protein-coding potential. LncRNAs regulate the
expression of genes and play an important role in physi-
ological processes at epigenetic, transcriptional, and
post-transcriptional levels. They have various functions
such as RNA processing [8], structural scaffolds [9],

modulation of apoptosis and invasion [10], marker of
cell fate [11], reprogramming of induced pluripotent
stem cells [12], and chromatin modification [13]. In ad-
dition, IncRNAs can act as antisense transcripts or as
decoys for splicing factors leading to splicing malfunc-
tioning and as cancer-driving RNA regulators in gastric
cancer, bladder cancer, and breast cancer [14-16]. Lnc
RNAs are dysregulated in human cancers, playing either
an oncogenic or tumor-suppressive role. Also, as a vital
role in the development and prognosis of lung cancer,
they can be identified as a kind of early diagnostic bio-
marker and therapeutic target. It is clear from the fore-
going that there is increasing data demonstrating that
the IncRNA regulation mechanism is of great signifi-
cance, though lung cancer is considered to be a degrada-
tive disease.

However, it is not yet clear whether IncRNAs have bet-
ter veracity and specificity than mRNAs in the diagno-
sis as bio-marker in lung adenocarcinoma. High expres-
sion of NEAT1 in non-small cell lung cancer was dis-
covered in the diagnosis area of a curve (AUC) was
0.684 (95% CI: 0.619 - 0.750, p < 0.001), which reveal-
ed that IncRNA can be a clinical diagnostic biomarker
[17]. Therefore, the aim of this study was to explore the
expression profiles, related biological functions, and
pathways of mRNA and IncRNA in lung cancer, as well
as evaluate the diagnostic efficiency between signifi-
cantly differentially expressed mRNA and IncRNA in
lung cancer.

MATERIALS AND METHODS

Study subject

This study recruited 5 lung cancer patients for microar-
ray analysis of IncRNAs. All patients were from Kun-
ming, China. The diagnosis of lung cancer was confirm-
ed by histopathology. This study was approved by the
Ethics Committee of the First Affiliated Hospital of
Kunming Medical University, Kunming, China. All pa-
tients who participated from 2012 to 2015 gave inform-
ed consent.

LncRNA detect and preprocessing

Total RNA was extracted from all the tumor tissues and
adjacent normal tissues using Trizol reagent (Invitro-
gen, CA, USA) according to the manufacturer's instruc-
tion. The quantity of RNA was assessed with the nucle-
ic acid/protein spectrophotometer (OD 260 nm, Eppen-
dorf, Germany), and RNA integrity was assessed using
standard denaturing agarose gel electrophoresis. The
Agilent Human LncRNA Microarray V3.0 is designed
for global profiling of IncRNAs in the human genome.
The microarray hybridization and collection of expres-
sion data were performed by CapitalBio, Beijing, Chi-
na.

Agilent Feature Extraction software (version 11.0.1.1)
was used to handle the tiff format image data after hy-
brid scanning to obtain the raw data files. Data normal-
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ization and QC analysis was done for each sample. We
detected a total of 37,000 IncRNAs.

Microarray data collection and preprocessing
Human lung cancer microarray datasets were searched
and downloaded from the NCBI-GEO database (http://
www.ncbi.nlm.nih.gov/geo) in January 2016. We used
the keyword of “lung cancer”, “lung adenocarcinoma”
and “lung tumor” to perform an accurate search. The
data selection criteria were: (1) all datasets were ge-
nome-wide; (2) the samples of each data set must in-
clude lung cancer patients and controls; (3) the tissue
must be lung; (4) non cell line samples and (5) raw data
were available. Based on the above criteria, we finally
chose 6 datasets for our integrated analysis (GSE7670,
GSE18842, GSE19804, GSE31547, GSE31552, and
GSE33532). The integrated datasets included 246 lung
cancer patients and 234 controls. The details of all data-
sets are listed in Supplementary Table 1.

R statistical software version 3.2.2 was used to perform
data preprocessing. We used the Robust Multichip Av-
erage (RMA) algorithm in the oligo package [18] to
normalize the raw expression data and generate normal-
ized gene expression intensity. Gene annotation, inte-
gration, and renormalization of different datasets were
carried out using custom written Python code. For de-
tails see the previous publication [19]. The distribution
of RMA processed and global renormalized gene ex-
pression values across all studies were shown in Sup-
plementary Figure 1 and 2.

Bioinformatics analysis

Differential expression genes analysis used R statistical
software version 3.2.2 and Bioconductor Library. The
empirical Bayes algorithm (function “eBayes”) in the
limma package [20] was used to detect differentially ex-
pressed genes between lung cancer patients and con-
trols. GeneSpring GX software v12.0 was used to calcu-
late of differentially expressed IncRNAs. Up-regulated
genes and IncRNAs were considered as a logarithmic
transformed fold-change (log(FC)) > 1 and a false dis-
covery rate (FDR) adjusted p-value < 0.05. Down-regu-
lated genes and IncRNAs were considered as a log (FC)
< -1 and a FDR-p-value < 0.05. The starBase web serv-
er v2.0 (http://starbase.sysu.edu.cn/index.php) was used
to decipher IncRNA-protein interactions. We used
DAVID Bioinformatics Resources 6.7 [21] to perform
GO Biological Processes and KEGG pathway enrich-
ment analysis. The input parameters were differential
expression genes, differential expression IncRNA target
genes, and their overlapped genes. The enrichment sig-
nificance level was set as a p-value < 0.01. To compare
the results between differential expression genes and
differential expression IncRNA target genes, we used
the Venn diagram in the VennDiagram package to show
the up- and down-regulated genes as well as the GO Bi-
ological Processes results.
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RESULTS

Overview of differential IncRNAs and mRNAs

In total, we detected 1484 differentially expressed
IncRNAs in this study, including 535 up-regulated
IncRNAs and 949 down-regulated IncRNAs. The Inc
RNA-protein interaction results showed that 292 target
genes were up-regulated and 500 down-regulated. Addi-
tionally, the integrated results showed there were 187
up-regulated genes and 406 down-regulated genes. Both
results showed that the number of down-regulated genes
were more than up-regulated genes. The Venn diagram
of these differential expression genes is shown in Figure
1. The differentially expressed IncRNA target genes in-
cluded almost all of the differential expression genes
from mRNA (the mapped up- and down-regulated
genes were 186 and 402, respectively).

Enrichment analysis in IncRNA and mRNA

Figure 2 showed the GO Biological Processes enrich-
ment results. The enrichment results of differential ex-
pression of IncRNA target genes included almost all en-
richment results of the differential expression genes
from mRNA. The most significant Biological Processes
in three groups were response to wounding (p = 4.60E-
15, 4.40E-18, and 2.80E-18 for IncRNA target genes,
mRNA, and overlapped genes, respectively). Further-
more, the top 5 GO Biological Processes were the same
in the mRNA and overlapped genes. In addition to re-
sponse to wounding, the remaining are inflammatory re-
sponse (p = 1.60E-10 and 1.20E-10 for mRNA and
overlapped genes, respectively), vasculature develop-
ment (p = 9.20E-10 and 3.20E-9 for mRNA and over-
lapped genes, respectively), regulation of cell prolifera-
tion (p = 2.10E-9 and 1.50E-9 for mRNA and over-
lapped genes, respectively), and regulation of response
to external stimulus (p = 2.20E-9 and 1.90E-9 for
mRNA and overlapped genes, respectively). These Bio-
logical Processes were all significantly enriched in
IncRNA target genes.

The KEGG Pathway enrichment results are shown in
Figure 3. The common KEGG Pathways in three groups
were ECM-receptor interaction, complement and coagu-
lation cascades, cell cycle, cytokine-cytokine receptor
interaction, cell adhesion molecules (CAMs), PPAR
signaling pathway, focal adhesion, and TGF-f signaling
pathway. Three pathways were only significantly en-
riched in IncRNA target genes (chemokine signaling
pathway, leukocyte transendothelial migration, and p53
signaling pathway). The renin-angiotensin system was
only significantly enriched in mRNA. The gene expres-
sion profiles of these 12 pathways are shown in Figure
4. All these pathways showed serious effects. In p53
signaling pathway, ECM-receptor interaction and cell
cycle showed a large number of up-regulated genes.
Other pathways mostly showed down-regulated genes.
Compared to the enrichment results from the IncRNA
target genes and mRNA, the enriched KEGG Pathways
from IncRNA target genes presented a more compre-
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IncRNA
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Figure 1. Venn Diagram of differentially expressed IncRNA target genes and mRNAs in lung cancer.

The red cycle showed the up-regulated genes and the blue cycle showed the down-regulated genes.

IncRNA

Overlapped

Figure 2. Venn Diagram of enriched GO Biological Process (GOBP) in lung cancer.

The blue cycle represents the enriched GOBP using differentially expressed IncRNA target genes, the red cycle represents the enriched GOBP

using differentially expressed mRNAs, and the green cycle represents the enriched GOBP using overlapped genes.
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Figure 3. Enriched KEGG pathways in lung cancer.

The green column represents the enriched KEGG pathways using differentially expressed IncRNA target genes, and the red column represents
the enriched KEGG pathways using differentially expressed mRNAs, and the green cycle represents the enriched KEGG pathways using over-
lapped genes.

—— Lung Cancer
—— Control
= Up-regulation Ganes

—— Down-regulation Genes
\
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Figure 4. Gene expression profiles of enriched KEGG pathways in lung cancer.
12 enriched KEGG pathways are represented by different rainbow colors. The length of the first layer lines outside the circle represents the

expression value in lung cancer patients and the length of the second layer lines within the circle represents the expression value in controls.
The up- and down-regulation genes are marked as red and green lines, respectively, in the third layer.
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Figure 5. Bar plot of the top five differentially expressed IncRNAs and mRNAs.

Panel A showed the fold-change of IncRNA. Panel B showed the fold-change of mRNA. All five IncRNA and mRNA were down-regulated. The

value of the fold-change showed in the top of the column.

hensive picture of the situation of the disease.

Top 5 differential expressed IncRNAs and mRNAs
Figure 5 was the fold-change (control/case) of the top 5
differential expressed IncRNAs and mRNAs. All these
IncRNAs and mRNAs were down-regulated. The most
significant down-regulated IncRNA was FENDRR (FC
= 293, p = 0.021). And the most down-regulated
mRNA was AGER (FC = 12.4, p = 1.0E-70). However,
the FC of the AGER was lower than the half of the FC
of FENDRR. This value (12.4) was the same as the FC
of LINCO00472, the fourth IncRNA in the top 5 Inc-
RNAs.

DISCUSSION

This study showed that differentially expressed
IncRNAs give a more comprehensive view in related
genes, biological functions, and pathways than differen-
tially expressed mRNAs. In addition, the FC of the top
5 differentially expressed IncRNAs was more than the
top 5 mRNAs, especially FENDRR.

In GO Biological Processes analysis, the response to
wounding, inflammatory response, vasculature develop-
ment, regulation of cell proliferation, regulation of re-
sponse to external stimulus and other 234 biological

processes were both enriched in differentially expressed
IncRNA target genes and differentially expressed
mRNAs. Additionally, we have identified several path-
ways such as the p53 signaling pathway, TGF-f signal-
ing pathway, PPAR signaling pathway, ECM receptor
interaction, complement and coagulation cascade, cell
cycle, and 6 other pathways that are closely related to
lung cancer. Among them, reports have demonstrated
that the mutant p53 protein in lung cancer can induce
specific humoral responses to enforce the existence of
the evaluation of serum antibody [22]. Epithelial-mes-
enchymal transition (EMT) gives a resistance to com-
plement dependent cytotoxicity (CDC) and promotes
lung cancer prognosis. TGF-f induced EMT and CD59
expression to produce tumor immune escape. Together,
CD59 inhibition can be used as adjuvant to enhance an-
tibody mediated therapeutic effect and the inhibition of
lung cancer metastasis [23]. Additionally, reducing
DNA repair response and interfering with the cell cycle
signal to inhibit apoptosis is significant for NSCLC re-
sistance treatment [24]. Furthermore, interstitial extra-
cellular matrix (ECM) is involved in tumor microenvi-
ronment such as collagen type I (Col) and promotes
IncRNA HOTAIR expression in non-small cell lung
cancer cells. In the present study, further investigation
of HOTAIR and other lincRNAs in lung tumorigenesis
is warranted.
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We identified the top 5 down-regulated IncRNAs
(FENDRR, TRHDE-AS1, LINC00842, LINC00472 and
U82670.4) and mRNAs (AGER, SFTPC, GKN2,
CLDN18 and CLEC3B) in lung cancer. The specific
molecular mechanism by which IncRNA regulates lung
cancer remains largely unknown. FENDRR is the spe-
cific gene which is expressed in mammalian embryo
[25]. A recent study found that its role in the formation
of body wall and myocardium in mice. Lacking this ex-
pression, the fetal cell differentiation process will be in-
duced by transcription factor expression stemming from
up-regulation of FENDRR [26]. LncRNA FENDRR
binds to both the PRC2 and TrxG/MLL complexes and
expression is decreased which is closely related to gas-
tric cancer metastasis [27]. In this study, we focus on its
specificity which is differentially down-expressed in
lung adenocarcinoma.

Among them, LINC00472 is one of the members which
expresses abnormally in breast cancer which is a novel
long intergenic non-coding RNA. One report has shown
that LINC00472 expression in breast tumor samples us-
ing RT-qPCR, performed a meta-analysis of over 20
microarray datasets from the Gene Expression Omnibus
(GEO) database, and the effect of LINC00472 expres-
sion on cell proliferation and migration in breast cancer
cells transfected with an expressing vector. High
LINCO00472 expression was associated with less aggres-
sive breast tumors and more favorable disease outcomes
and it had significantly reduced risk of relapse and
death compared to those with low expression. High
LINCO00472 was also associated with favorable molecu-
lar subtypes, Luminal A or normal-like tumors [28]. Its
expression has also been found more possible by pro-
moter methylation than by the alteration of gene copy
number, and that may have clinical implications in
breast cancer management [29]. It has rarely been seen
in lung adenocarcinoma research before.

AGER is a member of the immunoglobulin superfamily
of cell surface receptors. After survival analysis from
the 7 groups of patients of non-small cell lung cancer,
AGER and SFTPC show a difference in the adenocarci-
noma affecting prognosis. They have become lung bio-
marker candidates [30]. Likewise, SFTPC and SFTPB
mRNA levels were further validated by real-time re-
verse transcription PCR-based quantification in 16
NSCLC tumors samples. Several promising molecular
tumor cell markers were identified, including the new
SFTPC mRNAs [31]. It is sure that SFTPC exists in
lung cancer, but also difficult to test in peripheral blood.
In the study, genetic aberrations have shown that to-
bacco-related SFTPC was deleted exclusively in tumor
tissues (71%) [32].

CONCLUSION
Dysregulated IncRNAs showed more comprehensive

impairment of cellular biological functions and path-
ways than mRNAs in lung cancer. Furthermore, these
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top down-regulated IncRNAs had more remarkable fold
changes than top down-regulated mRNAs. Thus, we
speculate that IncRNAs may have higher sensitivity and
accuracy in lung cancer diagnosis and prevention than
mRNAs. A limitation in this study was that the IncRNA
samples were relatively small. Therefore, future studies
should verify these results in a larger population.
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Comprehensive Analysis of IncRNA and mRNA Expression Profiles in Lung Cancer

Supplementary Table 1. Summary of lung cancer datasets.

Series ID Contributor Samples ! Title
GSE7670 Su LJ, 2007 66 (54) Expression data from lung cancer
GSE18842 Ramos AS, 2009 91 (91) Gene expression analysis of human lung cancer and control samples

Genome-wide screening of transcriptional modulation in non-
smoking female lung cancer in Taiwan
GSE31547 Girard L, 2011 50 (50) MSKCC-A Primary Lung Cancer Specimens
Expression Data from human lung tissue of patients with non-small
cell lung cancer

Intratumor heterogeneity of gene expression profiles in early stage
non-small cell lung cancer

GSE19804 Lu TP, 2010 120 (120)

GSE31552 | Marquardt G, 2011 | 131 (125)

GSE33532 Meister M, 2011 100 (40)

' All samples of this dataset (samples used in this study).

Value Distribution Boxplot
o™ —
- T~ T B Lung Cancer
I 1 B contral
] | T T T T
I ! I I I I
o ! o o
-7 I ! I I oo
! P o
I ! I I I I
. P o
! P o
o - 1 I I I
I I
" I I
g
(]
=
o
I
I
I
I
- - I
1 ! !
] |
] |
] |
] |
o — 1 A
T T T T T T
GSETE70 GSE18842 GSE19804 GSE31547 GSE31552 GSE33532

Supplementary Figure 1. The distribution of RMA processed gene expression values of lung cancer datasets.

The orange box showed the distribution of gene expression values in lung cancer patients and the green box showed the distribution of gene ex-
pression values in controls. There was a relatively large deviation in the distribution of gene expression values across these studies.
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Supplementary Figure 2. The distribution of global renormalized (after RMA processed) gene expression values of lung cancer
datasets.

The orange box showed the distribution of gene expression values in lung cancer patients and the green box showed the distribution of gene ex-
pression values in controls. The distribution of gene expression values across these studies had a relatively consistent range.
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