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Abstract. An increasing number of studies have indicated that
the abnormal expression of certain long non-coding RNAs
(IncRNA) is linked to the overall survival (OS) of patients with
lung adenocarcinoma (LUAD). The aim of the present study
was to establish an IncRNA signature to predict the survival
of patients with LUAD. The gene expression profiles and
associated clinical information of patients with LUAD were
downloaded from The Cancer Genome Atlas database. The
cohort was randomly sub-divided into training and verification
cohorts. Univariate Cox regression analysis was performed
on differentially expressed IncRNAs in the training cohort
to select candidate IncRNAs closely associated with survival.
Next, a risk score (RS) model consisting of 5 IncRNAs was
established by multivariate Cox regression analysis on candi-
date IncRNAs. Using the median RS obtained from the training
cohort as a cut-off point, patients were classified into high- and
low-risk groups. Kaplan-Meier survival analysis revealed a
significant difference in OS between high- and low-risk groups.
The survival prediction ability of the 5-IncRNA signature was
further tested in the verification and total cohorts. The results
proved that the 5-IncRNA signature had good reliability and
stability in survival prediction for patients with LUAD. The
univariate Cox regression analysis for the 5-IncRNA signature
in each cohort indicated that the 5-IncRNA signature was
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closely associated with survival. Multivariate Cox regression
analysis and stratification analysis proved that the prognostic
signature was an independent predictor of survival for patients
with LUAD. In addition, functional enrichment analysis indi-
cated that the 5 prognostic IncRNAs may be involved in the
tumorigenesis of LUAD through cancer-associated pathways
and biological processes. Taken together, the present study
provided a 5-IncRNA signature that may serve as an indepen-
dent survival predictor for patients with LUAD.

Introduction

Lung cancer, the biggest contributor to cancer-associated
mortality worldwide, has a severe impact on public health (1).
At present, the 5-year survival rate for lung cancer is only 18%,
which is in contrast with the stable increase in the survival rates
of other types of cancer (2). Among all lung cancer subtypes,
non-small cell lung cancer (NSCLC) accounts for ~85%. Of
note, lung adenocarcinoma (LUAD) is the most common and
malignant pathological type of NSCLC (3). Although the 5-year
survival rate of LUAD has increased with the emergence of
targeted drugs, the mortality rate remains high due to the lack
of effective diagnostic and prognostic biomarkers (4,5). To
reduce the mortality rate of patients with LUAD, it is therefore
essential to establish a good prognostic signature to guide the
patients' treatment and clinical management.

It has been reported that ~90% of mammalian genomes are
transcribed into non-coding RNA (ncRNA) (6). Long ncRNAs
(IncRNA) are one of the most important classes of the ncRNA
family and are >200 nucleotides in length (7). Accumulating
studies have suggested that certain IncRNAs have mutations or
changes in expression levels in various types of cancer (8-10).
Differentially expressed IncRNAs are involved in the aberrant
processes of cancer, including cell cycle, apoptosis and chemo-
resistance (11). These cancer-associated IncRNAs have a critical
role in tumorigenesis and metastasis through different mecha-
nisms, including regulating the gene expression by serving as
a guide to target chromatin-modifying complexes to a specific
gene location or acting as a competing endogenous (ce)RNA
that competitively binds to microRNA (miR) to regulate gene
expression (12). With the importance of IncRNAs in cancer
recognized, an increasing number of studies have explored the
function of IncRNA in NSCLC. For instance, certain signifi-
cant IncRNAs with a gene regulatory mechanism in LUAD
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were discovered through pathway crosstalk analysis (13) and
several of them were identified to have the potential to act as
therapeutic targets or diagnostic markers for NSCLC (14-16).
It is also critical to explore the association between IncRNAs
and cancer prognosis. To date, IncRNA-associated prognostic
signatures have been established in several types of cancer,
including gastric cancer (17), urothelial carcinoma (18) and
hepatocellular carcinoma (19). Numerous prognostic IncRNA
signatures have been reported for various lung cancer subtypes,
including lung squamous cell carcinoma (20), NSCLC (21) and
NSCLC in elderly subjects (22). Of course, numerous studies
have explored the association between IncRNA and the prog-
nosis of LUAD. IncRNAs serving as prognostic biomarkers for
LUAD were identified through a ceRNA network analysis (23).
A prognostic signature based on IncRNA suggested the exis-
tence of a tumor protein 53-dependent subtype of LUAD with
poor survival (24). Prognostic signatures for LUAD constructed
from IncRNA or IncRNA combined with mRNA have also been
reported (25,26). However, to date, no ideal IncRNA signature
has been developed for use in the clinical setting, possibly due
to limited sample size and lack of systematic investigation. The
IncRNA signature established in the present study may provide
a reference value for building the prognostic signature that may
be applied in the clinic.

In the present study, a 5-IncRNA signature with good
reliability and stability in the prognostication of patients with
LUAD was successfully established. The predictive ability
of the prognostic signature was independent of other clinical
factors. The results of the functional enrichment analysis
demonstrated that the 5 IncRNAs may be involved in the
tumorigenesis of LUAD. In short, the present study provided an
IncRNA signature that may be utilized for survival prediction
of patients with LUAD.

Materials and methods

LUAD database and clinical information of patients.
The IncRNA expression profiles of 535 LUAD tumor and
49 non-tumor tissues, as well as the clinical information
of 504 patients with LUAD, were downloaded from the
official website of The Cancer Genome Atlas (TCGA;
https://gdc-portal.nci.nih.gov/). After excluding those patients
with incomplete clinical information, the data of 486 patients
were retained for analysis in the present study. The correlative
clinical information included overall survival (OS), age, sex and
TNM stage. The 486 patients were randomly divided into two
cohorts. Of these, 264 LUAD patients were used as a training
cohort to build a prognostic signature, while the 222 remaining
LUAD patients were used as the verifying cohort to test the
prognostic ability of the signature. Detailed information on the
cohorts used in the present study is provided in Table I.

Acquisition and processing of IncRNA expression profiles
for LUAD patients. The expression profiles were acquired
for 17,109 mRNAs and 1,787 IncRNAs after adding anno-
tation using the Ensemble database (http://asia.ensembl.
org/index.html). Next, the R package ‘edgeR’ (27) was used
to log,-transform the RNA-sequencing expression values
and normalize the data and differential expression analysis,
using log,lfold changel>1 and adjusted P<0.05 as the threshold
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to screen out differentially expressed RNAs. A total of 841
differentially expressed IncRNAs were screened.

Acquisition and processing of IncRNA expression profiles for
LUAD from the gene expression omnibus (GEO) database. A
total of three GEO datasets were downloaded, which contained
gene expression, clinical information and the platform
annotation file (GPL570-Affymetrix Human Genome U133
Plus 2.0 Array) from the National Center for Biotechnology
Information (NCBI) GEO database (http://www.ncbi.nlm.nih.
gov/geo). The average expression value of a gene was used
when it corresponded to multiple probes. After converting the
probe information to gene symbols, the three datasets were
merged and the expression levels of different batches were
normalized using the R package ‘sva’. A total of 418 patients
with LUAD were included in the present study, comprising
204 patients from the dataset GSE31210, 85 patients from
GSE30219 and 129 patients from GSE5008]1.

Construction of a prognostic IncRNA signature. In the
training cohort, univariate Cox regression analysis was used
to evaluate the association between the expression of each
differentially expressed IncRNA and the OS of patients with
LUAD. Considering the number of IncRNAs selected and their
association with prognosis, those IncRNAs with P<0.001 were
considered as candidate IncRNAs. These candidate IncRNAs
were further subjected to multivariate Cox regression analysis
to select a set of IncRNAs, thereby establishing an RS model.
The multivariate Cox regression analysis was performed
using a mathematical model based on the Akaike Information
Criterion (AIC) (28). The model based on the AIC was used to
construct a prognostic signature with the best predictive ability
but the least number of IncRNAs. The calculation formula of
the RS was as follows:

RS:Zf,f:l)(Expi x Coei), where N represents the total
number of prognostic IncRNAs, Expi the expression of a
certain IncRNA and Coei the regression coefficient obtained
from the multivariate Cox regression analysis for a certain
IncRNA numbered as i. Based on this equation, each patient
with LUAD had an RS and the median RS was treated as a
cut-off point to stratify the patients into low- and high-risk
groups. Univariate and multivariate Cox regression analysis
was performed using the Survival R package from the CRAN
package repository (https://cran.r-project.org/web/packages/).

Statistical analysis. Kaplan-Meier survival analysis and
two-sided log-rank tests were used to evaluate the difference
in OS between low- and high-risk groups in each cohort.
The Kaplan-Meier survival analysis was performed using
the Survival R package. After the patients with LUAD were
divided into multiple groups according to a certain clinical
factor, the Kruskal-Wallis test was used to analyze whether a
certain IncRNA was significantly influenced by this clinical
factor. The accuracy of the prognostic signature in predicting
the 5-year survival rate was assessed using time-dependent
receiver operating characteristic (ROC) analysis. ROC analysis
was performed using the R package ‘survivalROCR’ (29). The
area under the ROC curve (AUC) was calculated. Univariate
Cox regression analysis was performed in each cohort to test
whether the prognostic signature was associated with the
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Table I. Clinical characteristics of lung adenocarcinoma patients in the present study.

Characteristics Training cohort (n=264)

Verifying cohort (n=222) Total cohort (n=486)

Vital status

Alive 163 (61.7)

Dead 101 (38.3)
Age (years)

<65 121 (45.8)

=65 143 (54.2)
Sex

Female 143 (54.2)

Male 121 (45.8)
Stage

I 143 (54.2)

I 58 (22.0)

v 63 (23.8)

145 (65.3) 308 (63.4)
77 (34.7) 178 (36.6)
95 (42.8) 216 (44.4)

127 (57.2) 270 (55.6)

120 (54.1) 263 (54.1)

102 (45.9) 223 (45.9)

120 (54.1) 263 (54.1)
59 (26.6) 117 (24.1)
43 (19.3) 106 (21.8)

Values are expressed as n (%).

survival of patients with LUAD. Multivariate Cox regression
and stratification analysis were further performed in each
cohort to test whether the prognostic signature had an inde-
pendent predictive value regarding survival. At the same time,
the hazard ratio (HR) and 95% confidence interval (CI) were
determined. At RT-qPCR data were analyzed using GraphPad
Prism 8.0 (GraphPad Software, Inc.). Significant differences
of reverse transcription-quantitative PCR (RT-qPCR) data
were analyzed using a unpaired Student's t-test, and P<0.05
was considered to indicate a statistically significant difference.

Predicting the functions and pathways of IncRNAs. The
Pearson's correlation coefficients for the correlation between
the prognostic IncRNAs and protein-coding genes were calcu-
lated in order to select co-expressed PCGs. Genes significantly
co-expressed with at least one of the prognostic IncRNAs were
treated as IncRNA-associated PCGs (IPearson's correlation
coefficientl>0.40 and P<0.01). Gene ontology (GO) enrich-
ment analysis for the co-expressed PCGs was performed using
the Database for Annotation, Visualization and Integrated
Discovery (DAVID) bioinformatics tool (https://david.ncifcrf.
gov/) (30) and the GO terms were limited to ‘Biological
Process’. Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis for the co-expressed PCGs was performed
using the KO-based Annotation System bioinformatics tool
(http://kobas.cbi.pku.edu.cn/) (31) with the entire human
genome as the background. The results of the functional
enrichment analysis with a P<0.005 were regarded as the
potential biological functions. Enriched GO terms with similar
function were clustered and the major categories of clustering
were visualized through the Enrichment Map plugin (32) in
Cytoscape (33). Significantly enriched KEGG pathways were
visualized with the R package ‘ggplot2’ (34).

RT-qPCR verification of IncRNA expression in LUAD tissues
and cell lines. A total of 14 paired LUAD and adjacent
non-tumor tissue samples were used in the present study,

which were collected at the Second Affiliated Hospital of Xian
Jiaotong University (Xian, China) between March 2017 and
December 2018. The study protocol was approved by the Ethics
Committee of the Second Affiliated Hospital of Xian Jiaotong
University (Xian, China) and ethics consent had been received
written informed consents from all participating patients.
Detailed clinical information of these patients are presented in
Table SI. The human lung cancer cell lines A549, PC-9 and
H1299 and the normal human lung epithelial cell line BEAS-2B
were purchased from the Type Culture Collection Cell Bank of
the Chinese Academy of Sciences (Shanghai, China). All cell
lines were cultured in RPMI-1640 (Hyclone; GE Healthcare
Life Sciences) containing 10% FBS at 37°C in a 5% CO,
incubator. Total RNA was extracted from lung tissues using
Fast1000 (Xfyangbio) and from cell lines using Fast 200
(Xfyangbio). The total RNA was reverse-transcribed using
the PrimerScript™ RT reagent kit (Takara Biotechnology
Co., Ltd.). The reverse transcription mixture was incubated
at 37°C for 15 min and 85°C for 5 sec. The TB Green® Premix
Ex Taq™ 1II (Takara Biotechnology Co., Ltd.) was used for
detecting the gene amplification and qPCR was performed
on the CFX96 Touch™ Real-Time PCR Detection System
(Bio-Rad Laboratories, Inc.). The qPCR reaction mixture was
incubated at 95°C for 30 sec, followed by 40 cycles of 95°C for
3 sec and 60°C for 30 sec. The PCR primers for the 5 IncRNAs
are listed in Supplemental Table SII. All experimental proce-
dures were performed according to the manufacturer's protocol
and all reactions were performed in triplicate. The 244¢4
method (35) was used to calculate the expression of IncRNAs
and P-actin was used as an internal reference.

Results

Construction of a 5-IncRNA signature to predict the OS of
patients with LUAD. First, each of the 841 differentially
expressed IncRNAs was subjected to univariate Cox regres-
sion analysis in the training cohort. A total of 7 IncRNAs were
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selected as candidate IncRNAs (P<0.001). These candidate
IncRNAs were then further subjected to multivariate Cox
regression analysis. Finally, five IncRNAs, including neuro-
peptide S receptor 1-antisense RNA 1 (NPSR1-AS1), opioid
growth factor receptor pseudogene 1 (OGFRPI), integrin
subunit beta 1 divergent transcript ITGB1-DT), LIM domain
7 downstream neighbor (LMOTDN) and protein kinase cyclic
GMP-dependent 1-antisense RNA 1 (PRKGI1-ASI1), were
selected to construct a risk model. According to the results
of the multivariate Cox regression analysis, an RS model
was successfully established, as per the following equation:
RS=(0.155 x NPSR1-ASI expression) + (0.419 x OGFRP1
expression) + (0.109 x ITGBI1-DT expression) + (-0.186 x
LMOTDN expression) + (0.151 x PRKGI1-AS1 expression).
The 5 IncRNAs were differentially expressed in 535 tumor vs.
49 non-tumor tissues (P<0.0005; Fig. S1). Detailed information
about the 5 IncRNAs is provided in Table II.

The 5-IncRNA signature predicted the OS of patients with
LUAD in the training cohort. Based on the RS equation, the
RS of each patient with LUAD was calculated in the training
cohort. The results suggested that the median RS was 2.593.
The 264 patients with LUAD in the training cohort were
divided into high-(n=132) and low-risk groups (n=132) with
RS=2.593 as the cut-off point. The Kaplan-Meier survival
analysis indicated that the median survival of LUAD patients
in the high-risk group was significantly shorter (1.63 years)
than that in the low-risk group (1.91 years; P=1.418x10";
Fig. 1A). Specifically, the 3-, 5- and 8-year survival rates
were 47.5, 6.2 and 0.0% in the high-risk group, and 68.9,
45.1 and 31.6% in the low-risk group, respectively. From
the time-dependent ROC curve, it was determined that the
AUC value was 0.784 for the 5-IncRNA signature to predict
the 5-year survival rate in the training cohort, indicating
excellent reliability of the prognostic signature in predicting
survival. The ROC curve is presented in Fig. 1B. The risk
distribution and vital status of 264 LUAD patients from the
training cohort are presented in Fig. 1C, and heatmap of the 5
IncRNAs expression profiles in training cohort is presented in
Fig. 1D. Of these 5 IncRNAs, high expression of NPARI-ASI,
OGFRP1, ITGB1-DT and PRKG1-AS1 indicated to be associ-
ated with high RSs, while high expression of LMOTDN was
associated with a low RS. Furthermore, the number of mortali-
ties in the low-risk group was lower than that in the high-risk
group. Univariate Cox regression analysis was performed on
the 5-IncRNA signature in the training cohort. The results
suggested that the prognostic signature was significantly
linked to the survival of LUAD patients (P<0.001, HR=2.743,
95% CI=1.792-4.200). More detailed results are provided in
Table III.

Evaluation of the advantages of the 5-IncRNA signature. To
evaluate the possible advantages of the 5-IncRNA signature in
predicting the survival of LUAD patients, the same data and
methods as those above were used to analyze the differentially
expressed mRNAs. A total of 25 mRNAs significantly asso-
ciated with OS (P<0.001) were obtained. The top 7 mRNAs
were subjected to multivariate Cox analysis and a 5S-mRNA
signature, including family with sequence similarity 189
member A2, collagen type XXII alpha 1 chain (COL22A1),
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Clq and tumor necrosis factor related 6 (CIQTNFO),
neurotensin receptor 1 (NTSR1) and cell death inducing
DNA fragmentation factor subunit alpha like effector c,
was obtained. The AUC value of the 5S-mRNA signature to
predict the 5-year survival rate of LUAD patients was 0.726
(Fig. S2). Subsequently, the same data and methods were used
to analyze the differentially expressed IncRNA and mRNA
together, and a total of 32 genes closely linked to survival
were obtained (P<0.001). The top 7 genes were subjected to on
multivariate COX analysis, and a 4-gene signature consisting
of 2 IncRNAs (OGFRPI1 and LINCO01322) and 2 mRNAs
(COL22A1 and NTSR1) was obtained. The AUC value of the
4-gene signature in predicting the 5-year survival of LUAD
patients was 0.738 (Fig. S3). It is worth mentioning that 16
of the 25 mRNAs significantly associated with the prognosis
were included in the co-expressed PCGs of the 5 IncRNAs
obtained in the present study. The 5-IncRNA signature had a
higher AUC value compared with the 5S-mRNA and 4-gene
signatures, which indicated that 5-IncRNA signature was more
reliable in predicting prognosis. Considering the accuracy and
complexity of the predictive model, the 5-IncRNA signature
had certain advantages in predicting survival.

Verification of the ability of the 5-IncRNA signature to predict
the OS of patients with LUAD. The ability of the 5-IncRNA
signature to predict survival was further assessed in the
verification and total cohorts. Based on the RS equation, the
RS of each patient with LUAD in the verification and total
cohort was calculated. With the median RS of 2.539 as the
cut-off point, 222 LUAD patients in the verification cohort
and 486 LUAD patients in the total cohort were classified into
high- and low-risk groups (n=113 and 109, and n=245 and 241,
respectively). The results of the Kaplan-Meier survival analysis
for the verification and total cohorts were consistent with those
in for training cohort. In the verification cohort, the median
survival of LUAD patients in the high- and low-risk group was
1.66 and 2.12 years, respectively (P=3.861x107; Fig. 2A). The
3-, 5- and 8-year survival rates were 44.3, 25.9 and 0.0% in
the high-risk group, and 71.0, 45.1 and 30.1% in the low-risk
group, respectively. In the total cohort, the median survival
of patients with LUAD in the high- and low-risk groups was
1.64 and 1.95 years, respectively (P=1.724x107; Fig. 2B). The
3-, 5- and 8-year survival rates were 47.3, 22.4 and 0.0% in
the high-risk group, and 71.0, 47.4 and 37.6% in the low-risk
group, respectively.

The risk distribution and vital status in LUAD patients
from the verification and total cohorts are presented in
Fig.2C and D, the heatmap of the 5 IncRNAs expression profiles
in verification and total cohorts are presented in Fig. 2E and F,
respectively. As expected, the patients with high-risk LUAD
had the tendency to express the high-risk IncRNAs, while
the protective IncRNA was upregulated in low-risk patients.
Mortality rate in the high-risk group was higher than that in
the low-risk group (verification cohort: 41.6% vs. 27.5%; total
cohort: 44.9% vs. 28.2%). Univariate Cox regression analysis
was performed on the 5-IncRNA signature in these two
cohorts. Similar results to those obtained in the training cohort
were obtained: The prognostic signature was closely associ-
ated with survival (verification cohort: P=0.005, HR=1.962,
95% Cl=1.232-3.127; total cohort: P<0.001, HR=2.225, 95%
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Table II. The five long non-coding RNAs significantly associated with prognosis of lung adenocarcinoma patients in the training
cohort.

Gene name Ensemble ID Chromosomal position Hazard ratio® Coefficient* P-value®
OGFRP1 ENSGO00000182057 .4 chr22: 42,269,753-42,275,196 1.52 (1.18-1.97) 0419 0.001
ITGB1-DT ENSG00000229656 chr10: 32,958,845-33,082,102 1.12 (1.01-1.23) 0.109 0.023
LMO7DN ENSG00000178734 chrl13: 75,871,038-75,883,811 0.83 (0.72-0.96) -0.186 0.014
NPSR1-AS1 ENSG00000197085.7 chr7: 34,346,512-34,871,582 1.17 (1.04-1.31) 0.155 0.008
PRKGI1-AS1 ENSG00000236671 chrl10: 52,230,742-52,314,507 1.16 (1.13-1.31) 0.151 0.015

“Derived from the multivariate Cox regression analysis of 264 lung adenocarcinoma patients in the training cohort. OGFRP1, opioid growth
factor receptor pseudogene 1; ITGB1-DT, integrin subunit beta 1 divergent transcript; LMO7DN, LIM domain 7 downstream neighbor;
NPSR1-AS1, neuropeptide S receptor 1-antisense RNA 1; PRKG1-AS1, protein kinase cyclic GMP-dependent 1-antisense RNA 1; chr, chro-
matin.

Survival curve (p=1.418e-06) ROC curve (AUC = 0.784)

o
A ’ B Cc?®
2 — high isk =
— low risk
{ ©
© ©
o P .
@
2 o
[ 2 o
g3 e g 8 s
g i ¥ 3
5 7}
a3 sz v :
3 N
£ .
: . /
° o ~
o L= S I ettt
° . y . ” c . . . . - o | em—
0 5 10 15 20 0.0 0.2 04 06 0.8 10 o | .
o~
Time (year) False positive rate ] ® Dead
® Alive
250 ? 2
, B ®
s
2s ES
£ o- e
= = . .
2 ° L] o4 °
2 ° e s . .
= ° :
@ © - e o % @ o aQe
l“. e o0 .oo .'.-{ .:- ‘. ® '00"'
o, °
el ’J"”*’d ‘. 'ff".e
= ‘ ” o
T |
0 50 100 150 200 250

patients with low risk score

Patients with high risk score Patients (increasing risk socre)

Figure 1. The 5 IncRNAs are able to predict overall survival in the training cohort. (A) Kaplan-Meier survival curves, (B) ROC curve for the training
cohort, and the AUC value more than 0.7 is considered to be reliable. (C) risk distribution, survival status of patients and (D) heatmap of the 5 IncRNAs
expression profiles in the training cohort. The ‘+” on the survival curves represents the censored data-points. IncRNA, long non-coding RNA; ROC, receiver
operating characteristic; AUC, area under ROC curve; OGFRPI1, opioid growth factor receptor pseudogene 1; ITGBI-DT, integrin subunit beta 1 divergent
transcript; LMO7DN, LIM domain 7 downstream neighbor; NPSR1-AS1, neuropeptide S receptor 1-antisense RNA 1; PRKGI-ASI, protein kinase cyclic

GMP-dependent 1-antisense RNA 1.

CI=1.636-3.027). More detailed results are listed in Table III.
In short, the results indicated that the 5-IncRNA signature
had good reliability and stability in predicting the survival of
patients with LUAD.

The 5-IncRNA signature is an independent predictor of
survival. Multivariate Cox regression analysis was performed
on the 5-IncRNA signature in each cohort to assess whether the
predictive ability of the prognostic signature was independent
of other clinical factors, including sex age and TNM stage.
In the multivariate Cox regression analysis, the OS was used
as a dependent variable and the other clinical factors were
regarded as covariates. The results indicated that the 5-IncRNA
signature was significantly associated with the OS of patients
with LUAD after adjustment by the other clinical factors in
all cohorts (HR=2.418, 95% CI, 1.566-3.736, P<0.001 in the

training cohort; HR=1.925, 95% CI, 1.201-3.085, P=0.007
in the verification cohort; HR=2.117, 95% CI, 1.550-2.891,
P<0.001 in the total cohort). More detailed results are listed
in Table III. However, it was indicated that the TNM stage
was also significantly associated with survival. Therefore, a
data stratification analysis was performed to evaluate whether
the prognostic signature still had a predictive value at the
same TNM stage. All 486 patients with LUAD were stratified
into three groups according to their TNM stage: The stage I
(n=263), stage II (n=117) and stage III/TV (n=106) groups. With
the median RS derived from the training cohort as a cut-off
point, the stage I, IT and III/TV groups were divided into high-
(n=122, n=59 and n=64) and low-risk groups (n=141, n=58
and n=42), respectively. Significant differences in OS were
observed between the high- and low-risk groups (log-rank
test P=9.377x10**, median survival: 1.67 vs. 2.08 years in the
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Table III. Univariate and multivariate Cox regression analysis in each cohort.

4857

A, Training cohort (n=264)

Univariate analysis

Multivariate analysis

Variables HR 95% CI of HR P-value HR 95% CI of HR P-value
Five-IncRNA risk score (high/low risk) 2.743 1.792-4.200 <0.001 2418 1.566-3.736 <0.001
Age (=65/<65 years) 1.006 0.680-1.490 0.975 1.013 0.681-1.508 0.949
Sex (female/male) 1.078 0.724-1.603 0.712 1.026 0.682-1.542 0.903
Stage

(ITvs. D) 3.028 1.855-4.943 <0.001 2.583 1.568-4.253 <0.001

II/IV vs. 1) 2.837 1.774-4.537 <0.001 2.517 1.563-4.054 <0.001
B, Verification cohort (n=222)

Univariate analysis Multivariate analysis

Variables HR 95% CI of HR P-value HR 95% CI of HR P-value
Five-IncRNA risk score (high/low risk) 1.962 1.232-3.127 0.005 1.925 1.201-3.085 0.007
Age (=65/<65 years) 1.369 0.860-2.181 0.185 1.442 0.886-2.283 0.145
Sex (female/male) 0.734 0.468-1.150 0.177 0.819 0.521-1.288 0.388
Stage

(ITvs. ) 1.655 0.944-2.902 0.079 1.692 0.948-3.020 0.075

(ITI/TV vs. 1) 4.297 2.458-7.429 <0.001 4515 2.571-7.929 <0.001
Total cohort (n=486)

Univariate analysis Multivariate analysis

Variables HR 95% CI of HR P-value HR 95% CI of HR P-value
Five-IncRNA risk score (high/low risk) 2.225 1.636-3.027 <0.001 2.117 1.550-2.891 <0.001
Age (=65/<65 years) 1.147 0.851-1.547 0.368 1.198 0.887-1.619 0.239
Sex (female/male) 0.909 0.677-1.220 0.524 0915 0.680-1.232 0.559
Stage

(II'vs. D) 2.318 1.606-3.347 <0.001 2.204 1.520-3.197 <0.001

(II/IV vs. 1) 3.371 2.370-4.795 <0.001 3.284 2.301-4.687 <0.001

HR, hazard ratio; IncRNA, long non-coding RNA.

stage T group, Fig. 3A; log-rank test P=8.543x10; median
survival: 1.73 vs. 1.90 years in the stage II group, Fig. 3B;
log-rank test P=5.078x10; median survival: 1.25 vs. 1.72 years
in the stage III/IV group, Fig. 3C). Although the P-value of the
stage II group was above the significance level, a significant
difference in median survival was observed between the
high- and low-risk groups. These results demonstrated that the
5-IncRNA signature was an independent survival predictor for
patients with LUAD.

Verification of the 5-IncRNA signature in GEO datasets. In
order to determine the value of the 5-IncRNA signature in
predicting survival, GEO datasets were analyzed. However,

when the 5 IncRNAs were searched in GEO datasets, the
expression data of ITGB1-DT appeared not to be available. The
4 remaining IncRNAs were analyzed in a cohort composed of
three GEO datasets (GSE30210, GSE30219 and GSES50081).
As expected, the results indicated that OGFRP1, PRKGI1-AS1
and LMO7DN were closely associated with the survival of
patients with LUAD (P<0.001; Fig. 4). Among them, OGFRP1
and PRKGI1-ASI1 were risk factors for patients with LUAD, as
their high expression was associated with poor survival, while
LMO7DN acted as a protective factor, whose high expression
was associated with a favorable outcome. Although there was
no significant association between NPSR1-ASI1 and survival
in this cohort, the median survival in the high-expression
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Figure 2. The 5 IncRNAs are able to predict the overall survival in the verifying and total cohorts. Kaplan-Meier survival curves for (A) verifying and (B) total
cohorts, risk distribution, survival status of patients for (C) verifying and (D) total cohorts, and heat map of the 5 IncRNAs expression profiles in the (E) veri-
fying and (F) total cohorts. The “+” on the survival curves represents the censored data-points. IncRNA, long non-coding RNA; OGFRP1, opioid growth factor
receptor pseudogene 1; ITGB1-DT, integrin subunit beta 1 divergent transcript; LMO7DN, LIM domain 7 downstream neighbor; NPSR1-AS1, neuropeptide S
receptor 1-antisense RNA 1; PRKGI1-ASI, protein kinase cyclic GMP-dependent 1-antisense RNA 1.

group (4.54 years) was lower than that in the low-expression
group (5.09 years) when the LUAD patients were divided into
two groups with the median value of its expression used as a
cut-off point. Based on the expression of the 4 IncRNAs in the
GEO datasets, the reliability of the 5-IncRNA signature was
further confirmed.

Role of ITGBI-DT in LUAD. Since the IncRNA ITGB1-DT
was not present in the GEO datasets examined and no literature
is currently available for it, it was assumed that this IncRNA has
remained largely unexplored. Therefore, the role of ITGBI-DT
in the tumorigenesis of LUAD was further investigated.
Kaplan-Meier survival analysis for ITGBI1-DT was performed,
revealing that its expression levels are closely linked to the
survival of patients with LUAD (P=3.416x10*; Fig. 5A). Next,

the association between ITGB1-DT and the TNM stage, tumor
stage and lymph node metastasis were analyzed, and the results
indicated that ITGB1-DT was significantly associated with the
tumor node metastasis (TNM stage; P<0.005; Fig. 5B), tumor
stage (P<0.005; Fig. 5C) and lymph node metastasis (P<0.05;
Fig. 5D). The LUAD patients with a higher TNM stage, tended
to have a higher expression of ITGB1-DT.

Functional enrichment analysis for 5 prognostic IncRNAs.
Pearson's correlation coefficients between the 5 IncRNAs and
PCGs were calculated in the total cohort in order to further
investigate the potential biological processes and pathways of
these IncRNAs in LUAD. The results indicated that a total of
1,068 PCGs were closely associated with at least one of the 5
prognostic IncRNAs (IPearson's correlation coefficient/>0.40
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and P<0.01). According to the functional enrichment analysis,
the 1,068 PCGs were mainly enriched in 51 GO terms and 37
KEGG pathways (P<0.005). These GO terms were clustered
into 5 major categories, including protein stability regulation,
DNA replication and repair, signal regulation, cell division
and cell cycle (Fig. 6A). A total of thirteen pathways were
regarded as being most closely associated with tumorigenesis,
including cell cycle, calcium signaling pathway, p53 signaling
pathway, pathways in cancers, DNA replication, central carbon
metabolism in cancer, homologous recombination, apoptosis
and ras signaling pathway (Fig. 6B). Most of these GO terms
and KEGG pathways have been indicated to be closely linked
to the occurrence and development of LUAD, suggesting that
the 5 IncRNAs may be involved in the LUAD-associated
biological functions through co-expressed PCGs.

Expression levels of 5 IncRNAs in LUAD patients and cell lines.
The expression levels of the 5 IncRNAs of the signature were
detected in 14 paired LUAD tissues and adjacent non-tumor
tissues using RT-qPCR. Among these LUAD patients, six were
female and eight were male; the average age was 58 years and the
median age was 59 years (range, 40-80 years). The expression

levels of the 5 IncRNAs in lung cancer cell lines and a normal
lung epithelial cell line were also detected by RT-qPCR. The
expression levels of the 5 IncRNAs in LUAD tissues and cell
lines were consistent with the results obtained with the TCGA
dataset. The results revealed that ITGB1-DT, NPSR1-ASI1,
OGFRPI1 and PRKGI-AS1 were significantly upregulated
in LUAD tissues and cell lines, while LMO7DN was down-
regulated in the LUAD tissues and cell lines compared with the
normal control tissues and the normal cell line, respectively.
The detailed information is provided in Fig. 7A-J.

Discussion

In recent years, a growing body of evidence has suggested
that abnormal expression of IncRNAs is involved in various
cancer-associated processes (36,37). In addition, certain
IncRNAs have been indicated to be specific to tissues, disease
types and developmental stages (38,39). An in-depth study of
the association between IncRNAs and cancer is crucial for
obtaining a better understanding of cancer. At present, although
a large number of IncRNAs have been reported to have the
potential to act as diagnostic, prognostic and therapeutic
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targets, the clinical application of IncRNAs remains limited.
In the present study, a 5-IncRNA signature was determined in
order to provide a reference for identifying the ideal prognostic
signature for clinical application.

In the present study, the top 7 IncRNAs were selected as
candidate IncRNAs by analyzing the association between
differentially expressed IncRNAs and the survival of LUAD
patients using univariate Cox regression analysis in the training
cohort. Next, multivariate Cox regression analysis, which used
a model based on AIC, was performed on candidate IncRNAs.
The model based on AIC was applied to construct a prog-
nostic signature with the best predictive ability and the least
number of IncRNAs. The prognostic signature that contained
fewer genes is more likely to be applied in clinical practice.
An RS model consisting of 5 IncRNAs, including OGFRPI,
ITGBI1-DT, LMO7DN, NPSR1-AS1 and PRKGI1-AS1 was
successfully established. The 5-IncRNA signature was proven
to have good reliability and stability in predicting the prog-
nosis of patients with LUAD through testing in the verification
and total cohorts. Using multivariate Cox regression and data
stratification analysis in each cohort, it was found that the
5-IncRNA signature could independently predict the prognosis
of LUAD patients. The results suggested that the 5-IncRNA
signature has a high potential to act as a prognostic biomarker.

Among the 5 IncRNAs, OGFRP1, NPSR1-ASI,
ITGBI1-DT and PRKGI-AS1 were indicated to be risk factors
for the survival of patients with LUAD, while LMO7DN

was a protective factor. Of note, except for OGFRPI, these
IncRNAs have remained largely unexplored and they were
identified as prognostic cancer biomarkers for the first time
in the present study, to the best of our knowledge. The expres-
sion of the 5 IncRNAs was then verified in LUAD tissues and
cell lines. As expected, ITGB1-DT, NPSR1-AS1, OGFRP1
and PRKGI1-ASI were upregulated in LUAD tumor tissues
and cell lines, while LMO7DN expression was downregu-
lated compared with that in non-cancerous tissues and cell
line. Of note, no expression data for ITGB1-DT were available
in the GEO datasets examined. Further study on ITGB1-DT
indicated that it was significantly associated with tumor size,
lymph node metastasis and stage. In short, ITGB1-DT was
indicated to have a key role in the occurrence and develop-
ment of LUAD, and its in-depth study may provide novel
insight into LUAD. A previous study suggested that OGFRP1
may be involved in the progression of hepatocellular carci-
noma through the AKT/mTOR and Wnt/f3-catenin signaling
pathways (40). Different studies demonstrated that OGFRP1
may influence the development of endometrial cancer (41)
and NSCLC (42) by regulating miR-124-3p. OGFRPI has
also been identified as one of the IncRNA-associated signa-
tures for predicting the survival of patients with LUAD (26),
which further confirmed the potential value of the 5-IncRNA
signature in predicting patient prognosis. Further research
into the function of the other 4 IncRNAs may provide a better
understanding of LUAD.
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To date, an increasing number of IncRNAs have been  characterized in terms of their functions. It has been reported
identified due to the development of various technologies (6).  that IncRNAs may be involved in the biological processes
However, the great majority of IncRNAs, including the 5 by interacting PCGs (43), which implied that the biological
IncRNAs identified in the present study, have not been well ~ functions of IncRNAs may be predicted by analyzing the
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co-expressed PCGs. In the present study, a total of 1,068
PCGs were considered to be closely associated with at least
one of the 5 IncRNAs. A total of 5 functional categories and
13 KEGG pathways were obtained by performing functional
enrichment analysis on these PCGs. These functional catego-
ries and KEGG pathways were all closely associated with
tumorigenesis. For instance, the p53 signaling pathway has
been indicated to be a key pathway in the process of tumori-
genesis (44) and the cell cycle is a key biological process in
tumorigenesis (45). The present results indicated that the 5
prognostic IncRNAs have an important role in LUAD via
their involvement in these known cancer-associated biological
functions.

In conclusion, a 5-IncRNAs signature with the ability to
effectively predict the survival of LUAD patients was success-
fully established in the present study. The prognostic signature
was proven to have good reliability and stability in predicting
survival and maintain an independent predictive ability from
other clinical factors. Furthermore, the 5 IncRNAs were
indicated to involved in the tumorigenesis of LUAD through
cancer-associated biological processes and pathways. Overall,
the present results suggested that the 5-IncRNAs signature has
the potential to act as an independent prognostic biomarker for
LUAD and provide novel insight into the potential mechanisms
of LUAD.
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