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Aberrant expression of long non-coding RNAs (IncRNAs) is associated with prognosis of gastric cancer, some
of which could be further evaluated as potential biomarkers. In this study, we attempted to identify a specific
IncRNA signature to predict the prognosis of gastric cancer.

The genome-wide IncRNA expression in the high-throughput RNA-sequencing data was retrieved from the
Cancer Genome Atlas (TCGA). Differential expression of IncRNAs was identified using the Limma package.
Survival analysis was conducted by use of univariate and multivariate Cox regression models. Functional en-
richment analysis of IncRNAs was based on co-expressed mRNAs. DAVID was used to perform gene ontology
and KEGG pathway analysis.

A total of 452 differentially expressed IncRNAs between gastric cancer and matched normal tissues were screened,
of which 76 IncRNAs were identified to be gastric cancer-specific from a pan-cancer analysis of 12 types of hu-
man cancer. Among these 76 gastric cancer-specific IncRNAs, 5 IncRNAs (CTD-2616)11.14, RP1-90G24.10, RP11-
150012.3, RP11-1149023.2, and MLK7-AS1) were significantly associated with the overall survival of patients
with gastric cancer. A gastric cancer-specific 5-IncRNA signature was deduced to divide the patients into high-
and low-risk groups with significantly different survival times (P<0.0001). Multivariate Cox regression analysis
showed that this 5-IncRNA signature was an independent predictor of prognosis. Functional enrichment analy-
sis of the 5 INncRNAs showed that they were mainly involved in DNA replication, mitotic cell cycle, programmed
cell death, and RNA splicing.

Our results suggest that this tumor-specific IncRNA signature may be clinically useful in the prediction of gas-
tric cancer prognosis.
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Material and Methods

Gastric cancer significantly contributes to cancer-related deaths
worldwide; in 2012, there were more than 950 000 new cas-
es and 720 000 deaths occurring globally [1]. Gastric cancer is
frequently under-diagnosed clinically, because disease-related
symptoms often appear late or are atypical during gastric can-
cer development, leading to most cases being diagnosed at an
advanced stage of the disease, thereby narrowing options for
therapy and worsening prognosis [2,3]. At present, surgery is
the best method of cure; however, patients with advanced-
stage gastric cancer may not be surgically cured, and chemo-
or radiotherapy in such patients often leads to resistance and
disease relapse [4]. Although recent advances in the under-
standing of biological properties and treatment strategies have
helped to reduce the incidence and mortality rates of gastric
cancer, the overall 5-year survival rate is still only approxi-
mately 25% [5,6]. Therefore, there is an urgent need to iden-
tify and evaluate molecular biomarkers for prediction of prog-
nosis and treatment response in patients with gastric cancer.

In the last few years, along with an extensive characterization
of the protein-coding genome in gastric cancer, increasing at-
tention has been focused on research on IncRNAs, which are
a class of non-coding RNAs with a length of more than 200
nucleotides. LncRNAs play a regulatory role at transcriptional,
post-transcriptional, and epigenetic levels to modify the ex-
pression of protein-coding genes [7], and they mediate vari-
ous biological processes, such as cell proliferation, differentia-
tion, signal transduction, and apoptosis [8-10]. Recent studies
demonstrated the significance of aberrant IncRNA expression
in human cancers [11] and as oncogenes or tumor suppres-
sors in cancer development and progression [12]. Several stud-
ies have assessed the aberrant IncRNA expression in gastric
cancer and explored their clinical relevance in diagnosis, pre-
diction of prognosis, and treatment efficacy [13-17]. Thus, a
tissue-specific IncRNA alteration could make them ideal bio-
markers for gastric cancer [18].

In this study, we aimed to establish a tumor-specific IncRNA
prognostic signature for patients with gastric cancer. We used
RNA-sequencing data and clinical information of patients with
gastric cancer from TCGA. Our study design comprised: i) iden-
tifying differentially expressed IncRNAs between gastric can-
cer and matched normal tissue; ii) comparing differentially ex-
pressed IncRNAs with that of other 11 cancer types to identify
gastric cancer-specific IncRNAs; and iii) screening and evalu-
ating prognosis-associated IncRNAs as a combined signature
from gastric cancer-specific IncRNAs.

Data collection

LncRNA expression profiles of tumor and normal samples from
patients in TCGA were retrieved from the Atlas of Non-coding
RNAs in Cancer (TANRIC, http://bioinformatics.mdanderson.org/
main/TANRIC:Overview) database [19]. The database includes
12 727 IncRNAs identified within the TCGA RNA-sequencing
datasets. The TANRIC annotations relied on human IncRNAs
from the GENCODE Resource (version 19), and any IncRNAs
that overlapped with any given mRNAs were filtered out.
Reads per kilobase per million mapped reads (RPKM) values
were calculated using TCGA RNA-sequencing data in the BAM
files. The data also included an additional 11 TCGA solid tu-
mor types: thyroid carcinoma (THCA), prostate adenocarcino-
ma (PRAD), kidney chromophobe (KICH), invasive breast car-
cinoma (BRCA), kidney renal papillary cell carcinoma (KIRP),
head and neck squamous cell carcinoma (HNSC), hepatocellu-
lar carcinoma (LIHC), kidney renal clear cell carcinoma (KIRC),
lung adenocarcinoma (LUAD), lung squamous cell carcino-
ma (LUSC), and bladder urothelial carcinoma (BLCA), each of
which has more than 10 normal tissue samples available in
the database. Profiling of mRNA expression and clinical data
in TCGA data set were directly derived from the UCSC Cancer
Genomics Browser [20].

Patients and IncRNA data processing

Patients meeting the following criteria were included in the
study: i) a histological diagnosis of primary gastric cancer; ii)
having no history of neoadjuvant therapy; iii) IncRNA expres-
sion profile of tumor sample; and iv) available follow-up data.
A total of 254 patients with gastric adenocarcinoma (cohort
T) were included in the study, with corresponding clinical data
including sex, age, tumor location, American Joint Committee
on Cancer (AJCC) pathologic stage, invasion depth, lymph node
metastasis, distal metastasis, differentiation grade, microsat-
ellite instability (MSI) status, viral status, and relapse status
(Table 1). Among these 254 patients, matched normal gastric
mucosae were from 29 patients (cohort N). Another 11 cancer
types with more than 10 normal samples were included in the
pan-cancer analysis, and patients having tumors belonging to
any of the 11 cancer types were selected following the crite-
ria: i) a histological diagnosis of primary cancer and ii) avail-
able IncRNA expression profiles of tumor samples. Matched
normal samples for these 11 cancer types were from these se-
lected patients. The profiles of IncRNA and mRNA expression
were normalized as RPKM values. Since many IncRNAs had a
low expression level in certain tissues, IncRNA levels with a
mean RPKM value less than 0.3 across all samples were ex-
cluded from the data analysis.
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Table 1. Clinical characteristics of patients with gastric cancer.

Cohort T (n=254) Cohort N (n=29)

Category ) n (%) P-value*
Gender 0.28
""""""" Male 18 (220 21 (240
""""""" Female 9% @) 8 @s9
""""" Agelears . o
s 138 (5433 17 (8e)
""""""" @& 16 w@en 12 @3®
""""""" Medianage e e
""""""" Range 390  aes
""""" Tumorloaon . o6
""""""" Gastroesophagealjunction 12 @7) 6 (o)
""""""" Cardia/prosimal 38 (4% 3 (o3
""""""" Fundusibody 97 (819 13 (aa8d
 Antunvdistal 00 (93 7 @y
""""""" Unknown 7 @@ o
""""" ACCpathologicstage 0w
""""""" e T
""""""" . e @9 v Gse
""""""" w99 sy 6 (@oe)
""""""" v a2 @ 3 @39
""""""" Unknown 3 @ o
""""" masiondepth . ozm
o 0 Gy Lo
o e @) 10 (es®
s 105 @134 14 @828
. T R
""""""" Unknown 2 @™ o
""""" ymph node metastasis  om
""""""" N & a8 @sy
""""""" NG e @reou @rey
""""""" N s o) 10 (es®
""""""" NG s qeed o
""""""" Unknows 3 @ o
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Table 1 continued. Clinical characteristics of patients with gastric cancer.

Categort] CohortnT(;r;=2 54)
Distal metastasis

om0 28 (8976)
owm 16 (630
~ Umknown 0 (394
""""" Tumor differentiaion
a 5 (97
e e
e 168 (66.14)
© Umkown 5 (97
""""" wsistatus
owsw 48 (1890)
o owsl 20 (575)
o ows 165  (64.96)
© Umkown 1 (039)
""""" vital statws
o beath e @)
e 185 (71283
""""" Relapse status
© Relpse 2 (1653)
 Notrelapse 175 (68.90)
© Unknown 37 (as7)

Cohor: I(\i/o()n =29) P-value*
0.56
L
""""""""""" ey
""""""""""" 2 6%
"""""""""""""""""""""""""""""""""""""" 040
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"""""""""""""""""""""""""""""""""""""" 046
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2 gss9
""""""""""""""""""""""""""""""""""""" 0065
""""""""""" oG
3 @3y
""""""""""" s a9

*P-value was calculated using Chi-square test.
Statistical analysis

The differences of clinical variables (sex, age, tumor location,
AJCC pathologic stage, invasion depth, lymph node metastasis,
distal metastasis, MSI status, differentiation grade, viral sta-
tus, and relapse status) between cohort T and cohort N were
analyzed using the chi-square test. Differential IncRNA expres-
sion between tumor and normal tissues of the 12 cancer types
was analyzed using the R (version 3.2.2)/Bioconductor soft-
ware package Limma [21] with the criteria of adjusted P-value
<0.01 and fold change >2, respectively. The Limma uses lin-
ear models and empirical Bayes paired moderated t-statistics
and F-statistics. The unsupervised hierarchical cluster analy-
sis was carried out using heatmap.2 function of the R/pack-
age gplots with complete linkage.

The association of IncRNA expression with the overall sur-
vival of patients was analyzed using the univariate Cox pro-
portional hazards regression model. After selecting IncRNAs
with a criteria of P-value <0.05, multivariate Cox proportion-
al hazards regression model was used to calculate a relative
regression coefficient (ri) for each IncRNA and to combine In-
cRNA expression (Exp [i]) into a linear risk score model, risk
score = 3" Exp(i) *ri [22]. The Kaplan-Meier method and log-
rank test were performed to analyze the survival of patients.
Clinical variables were included in a univariate Cox regression
model to assess their association with overall survival. A mul-
tivariate Cox regression model of the risk score with clinical
variables was used to assess the independence of the IncRNA
risk score. Survival analysis was performed using SPSS soft-
ware (version 19) and R/package survival.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Ren W. et al.:
LncRNA signature in gastric cancer
© Med Sci Monit, 2016; 22: 3647-3657

Functional annotation of IncRNAs was based on co-expressed
mRNAs using a ‘guilt-by-association’ strategy [23]. LncRNA-
mRNA pairs with the top 1% absolute Spearman’s correlation
coefficient were filtered out. Gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrich-
ment analysis of these IncRNA co-expressed mRNAs were per-
formed using the Database for Annotation, Visualization, and
Integrated Discovery (DAVID, http://www.david.niaid.nih.gov)
(version 6.8) [24]. The enriched results were restricted to GO bi-
ological process and KEGG pathway terms, and terms were clus-
tered using the “the functional annotation clustering” tool. The
GO biological process and KEGG pathway terms with adjusted
P-value <0.05 were considered to be significant. In this study,
P-value was adjusted using the Benjamini-Hochberg method.

Results

Patient characteristics

All 254 gastric cancer patients in this study were histological-
ly diagnosed with gastric adenocarcinoma, without a history
of neoadjuvant therapy. The mean +SD of the overall survival
time was 13.47+12.06 months and the mean +SD of the re-
lapse-free survival time was 12.65+9.97 months. Among these
254 patients (cohort T), matched normal tissues from 29 pa-
tients (cohort N) were used for differential IncRNA expression
analysis between gastric cancer tissues and normal tissues.
As shown in Table 1, there was no significant difference be-
tween cohort T and cohort N in sex (P=0.28), age (P=0.66),
AJCC pathologic stage (P=0.14), invasion depth (P=0.37), distal
metastasis (P=0.56), MSI status (P=0.46), differentiation grade
(P=0.40), viral status (P=0.73), and relapse status (P=0.065).

Differentially expressed IncRNAs between gastric cancer
tissues and normal tissues

We identified 452 differentially expressed IncRNAs between
gastric cancer tissues and normal tissues based on the expres-
sion profile of INncRNAs with the criteria of fold change >2 and
adjusted P-value <0.01. As shown in Figure 1A, unsupervised
hierarchical clustering clearly divided the tumor and normal
samples with the expression of the altered IncRNAs. A total
of 100 IncRNAs showed more than 8-fold expression change;
the top 5 upregulated IncRNAs were HOTAIR, HOXC-AS1, RP1-
170019.14, RP11-400N13.3, and AC012363.4, while the top
5 downregulated IncRNAs were AC053503.6, PGM5-AS1, CTC-
276P9.1, CTD-2231H16.1, and SOX21-AS1 (Figure 1B).

Pan-cancer analysis of differentially expressed IncRNAs

We then assessed the tissue-specific alteration pattern of
these 452 aberrant IncRNAs in gastric cancer vs. the other 11

CLINICAL RESEARCH

types of cancer and their matched normal tissues. A total of
4006 tumor samples and 507 partially matched normal sam-
ples from the additional 11 cancer types were included in this
pan-cancer analysis. We found that 30 IncRNAs were differ-
entially expressed in more than 7 tumor types, 123 IncRNAs
in 5 to 7 tumor types, 223 IncRNAs in 2 to 4 tumor types, and
76 IncRNAs only in gastric cancer (Figure 1C). The 30 IncRNAs
that were differentially expressed in more than 7 tumor types
may have an oncogenic or tumor suppressor role in these hu-
man cancers; for example, PVT1 and FAM83H-AS1 have been
reported to be biomarkers in human cancers [18,25]. The 76
IncRNAs that were differentially expressed only in gastric can-
cer could be potential gastric cancer-specific biomarkers, al-
though their functions remain unknown.

Establishment of IncRNA signature associated with overall
survival of patients with gastric cancer

These 76 gastric cancer-specific IncRNAs were further assessed
for their association with the overall survival of patients with
gastric cancer. Five IncRNAs (CTD-2616J11.14, RP1-90G24.10,
RP11-150012.3, RP11-1149023.2, and MLK7-AS1) showed a
significant P-value of <0.05 (Table 2). Then, a relative regres-
sion coefficient was calculated by multivariate Cox regression
analysis for each IncRNA, and a linear model was generated
combining the 5 IncRNAs. A risk score was calculated for each
patient in the TCGA cohort using this model, and patients could
be divided into low- (n=127) and high-risk groups (n=127) us-
ing the median of risk scores as the cut-off value (Figure 2A).
Patients in the high-risk group had a poor median survival
time compared to those in the low-risk group (P<0.0001 us-
ing the log-rank test; Figure 2B). Recurrence data were also
available for 217 patients, and the IncRNA risk score was ef-
fective in dividing patients into high- and low-risk groups us-
ing the median as the cut-off value (P=0.021 using the log-
rank test; Figure 2C).

Association of clinical features with overall survival
and validation of 5-IncRNA signature as an independent
predictor

Univariate Cox regression analysis was performed to evaluate
the association between clinical features and overall survival.
We found that AJCC pathologic stage, invasion depth, lymph
node metastasis, and differentiation grade were statistical-
ly significant for the prediction of overall survival of patients
(P<0.05; Table 3 and Figure 3), whereas age, sex, tumor loca-
tion, and MSI status were not. However, the number of pa-
tients with distal metastasis was small, and the association
of distal metastasis with overall survival was not assessed.

We further performed multivariate Cox regression analysis in-
corporating the 5-IncRNA risk score with clinical features that
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Figure 1. Differentially expressed IncRNAs in gastric cancer vs normal tissues. (A) Unsupervised hierarchical cluster analysis of the
differentially expressed IncRNAs between gastric cancer and normal tissues. (B) The top 5 upregulated IncRNAs (red) and the
top 5 downregulated IncRNAs (blue). (C) Pan-cancer analysis of differentially expressed IncRNAs in gastric cancer and the
other 11 cancer types. Black bar represents differentially expressed IncRNAs in a specific cancer type.
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Table 2. Association of LncRNA expression with overall survival of gastric cancer patients.

Univariate Cox regression analysis

Ensembl ID LncRNA Chromo.some Rela'ti've
location 95% Cl of HR Coefficient P-value Ccoefficient
ENSG00000268889 (CTD-2616J11.14 19:51,897,742-51,906,904 0.325 0.128-0.827 =1.12 0.018 -0.89
ENSGO0000242082  RP1-90G24.10  22: 32,601,102-32,665,653 0299 0109-0818  -121 0019 082
ENSG00000254290  RP11-150012.3 8 37,454998-37,457,376 0752 0589-0958  -029 0021 022
ENSG00000253930  RP11-1149023.2 8 23,046,792-23,048,188  0.736 05460993  -031 0045 024
(ENSGO0000238133  MLK7-ASL  2:174,031,174-174,146764 0696 0498-0971  -036 0033  -029

HR - hazard ratio; Cl — confidential interval.
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Figure 2. Prognostic value of the 5-IncRNA signature in gastric cancer patients. (A) Risk score distribution (top), overall patient survival
(middle), and the expression heatmap of the 5 IncRNAs (bottom). (B) Kaplan-Meier survival curve analysis of overall survivals.
Patients with gastric cancer can be divided into high-risk (red) and low-risk (blue) groups by the 5-IncRNA signature.
(€) Kaplan-Meier survival curve analysis of relapse-free survival. Patients with gastric cancer can be divided into high-risk
(red) and low-risk (blue) groups. P-value was calculated using the log-rank test.

were significantly associated with overall survival, to assess
whether this 5-IncRNA signature was an independent prog-
nostic factor. The result showed that this 5-IncRNA risk score
(Hazard Ratio [HR]=2.34, P=0.002) was an independent prog-
nostic predictor for the overall survival of patients with gas-
tric cancer (Table 3).

Functional annotation of the five-IncRNA signature co-
expressed genes

Next, the ‘guilt-by-association’ strategy was used to predict
the functions of IncRNAs. For these 5 prognosis-associated In-
cRNAs, the Spearman’s correlation coefficients with each pro-
tein-coding gene were calculated and functional annotation
was completed according to those significant genes. Functional
enrichment analysis showed that co-expressed genes of the 5
IncRNAs were enriched in 30 GO biological process terms and 2
KEGG pathway terms (adjusted P-value <0.05), most of which
were grouped into 3 functional clusters of DNA replication, mi-
totic cell cycle and programmed cell death, and RNA splicing

(Figure 4). In addition, RP11-1149023.2 was localized at the
minus strand relative to a protein-coding gene TNFRSF10A, the
protein of which is a pro-apoptosis receptor to mediate the ex-
trinsic apoptosis pathway [26]. RP11-1149023.2 has a high co-
expression coefficient of 0.81 with TNFRSF10A, suggesting the
possibility of RP11-1149023.2 in cis-regulation of TNFRSF10A.
As is well-known, the apoptotic process is an important for-
mat of programmed cell death [27]; suggesting a potential role
of RP11-1149023.2 in the process of programmed cell death.

Discussion

In recent decades, considerable efforts have been made to im-
prove the clinical outcome of gastric cancer; however, the over-
all survival of patients with gastric cancer is still poor [28]. In
daily clinical practice, pathologic stage is still commonly used
to index prognosis estimation and guide treatment for gastric
cancer; however, tumor heterogeneity frequently occurs in pa-
tients within similar tumor stages [29]. Thus, reliable prognostic
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Table 3. Univariate and multivariate Cox regression analysis.

Univariate analysis
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Multivariate analysis

Variables
95% Cl of HR P-value
Age: >65 vs. <65 1.08 0.662-1.752 0.76
Gender: Male vs. Female 0.96 0.583-1.581 0.87
MSI: MSI-L+MSS vs. MSI-H 1.34 0.720-2.522 0.35
Pathologic Stage: Ill + IV vs. |+l 2.20 1.328-3.639 0.002 1.46 0.722-2.962 0.29
Grade: Grade 3 vs. Grade 1/2 1.81 1.041-3.148 0.036 1.42 0.775-2.627 0.25
Invasion: T3—4 vs. T1-2 1.89 1.070-3.355 0.028 1.20 0.632-2.283 0.58
Lymph node: N1-3 vs. NO 1.97 1.108-3.516 0.021 1.14 0.531-2.486 0.72
Location: Distal vs. Proximal 0.85 0.487-1.504 0.58
LncRNA risk score: High vs. Low 2.96 1.779-4.938 3.19E-05 2.34 1.361-4.036 0.002
HR - hazard ratio; Cl — confidence interval.
A B
100 100
80 - —1 . T142 (n=75) % 1 NO(n=87)
. —— T3+4(n=177) —— N1-3 (n=164)
f_g 60 ‘_gj 60 -
§ 40 - T 40 ~ L
3 S
20 20 )
0 Log-Rank P=0.031 0 Log-Rank P=0.023
T T 1 T T 1
0 50 100 150 0 50 100 150
C Time (months) D Time (months)
100 100
40 —1— Stage I+l (n=131) 80 — —1 Grade1+2 (n=81)
_ —— Stage lll+IV (n=120) —— Grade3 (n=168)
53 S
T 60 - 5 60 -
T w0- T 40 4
3 L T T S— S
20 20
. Log-Rank P=0.0024 0 Log-Rank P=0.039
T T 1
0 50 100 150 0 50 100 150
Time (months) Time (months)

Figure 3. Kaplan-Meier survival curves stratified by clinical covariates for patients with gastric cancer. (A) Invasion depth. T1+T2
vs. T3+T4. (B) Lymph node metastasis. NO vs. N1-3. (C) AJCC pathologic stage. Stage | + Stage Il vs. Stage Ill + Stage IV.
(D) Tumor differentiation: grade 1 + grade 2 vs grade 3. P-value was calculated using the log-rank test.
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Figure 4. Functional enrichment analysis of the 5-IncRNA signature. Significant gene ontology biological process and KEGG pathway
terms were grouped into 3 clusters, which were mainly involved in the regulation of DNA replication (cluster 1), mitotic cell
cycle and programmed cell death (cluster 2), and RNA splicing (cluster 3), respectively.

biomarkers are required. In this study, a 5-IncRNA prognostic
signature was identified after differential expression, as well
as pan-cancer and survival analyses, which was then confirmed
to be an independent prognostic predictor for patients with
gastric cancer. This study explored the potential of combined
IncRNA signature to predict the prognosis of gastric cancer.

Considering the importance of IncRNAs in cancer development
and progression, the altered IncRNA expression may be an in-
dicator of the intrinsic characteristics of tumor cells. Altered
IncRNA exists in solid cancer tissue, digestive juice, plasma,
and urine, which is linked to the occurrence, progression, and
outcome of cancer [17,30]. To date, most cancer studies of In-
cRNA were designed for a general point of view and the tis-
sue-specific alteration pattern of IncRNAs was ignored, result-
ing in no assurance of finding more putative biomarkers. To
the best of our knowledge, ours is the first study to analyze
differentially expressed IncRNAs in 12 cancer types, including
gastric cancer, to distinguish gastric cancer-specific IncRNAs,
and a total of 76 IncRNAs were found to be only altered in
gastric cancer. Thus, further study of these 76 IncRNAs could
provide more information about their possible use as puta-
tive biomarkers for gastric cancer.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Previous studies have identified the association between com-
bined IncRNA expression and the prognosis of colorectal can-
cer [31], glioblastoma [32], breast cancer [33], lung cancer [34],
and esophageal cancer [35]. In gastric cancer, aberrant IncRNAs
have been shown to correlate with overall survival or treat-
ment response. For example, Hu et al. used microarray and in
situ hybridization analysis, and found that GAPLINC was high-
ly expressed in gastric cancer and defines a group of patients
with poor prognosis [31]. Zhang et al. highlighted the role of
TUG1 in regulating cell cycle and its overexpression in accor-
dance with poor survival [16]. GAS5 is decreased in gastric can-
cer, which is associated with poor prognosis [36]. Similar to
gene or miRNA expression signature for gastric cancer, a com-
bined IncRNA signature may substantially improve the predic-
tion of clinical outcome [37,38]. In the present study, a gastric
cancer-specific prognostic risk score model was constructed
using 5 differentially expressed IncRNAs and the TCGA cohort
was divided into low- and high-risk groups. We found that the
5-IncRNA risk score was independent of pathologic stage and
tumor differentiation. The HR of the signature was markedly
higher than that of AJCC pathologic stage (2.96 vs. 2.20). Owing
to the specificity of the 5 IncRNAs, the signature may be more
feasible to use in clinical practice. In addition, the risk score
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also showed its usefulness in predicting relapse-free survival,
indicating its value in assessing treatment efficacy.

The carcinogenesis of gastric cancer is a multi-step process
caused by changes in the genetics and epigenetics [39]. However,
as the functions of most IncRNAs remain unknown, computa-
tional algorithm analysis is an appropriate way to predict and
provide estimations for IncRNA function [40]. In our study, we
utilized this 5-IncRNA signature as an example to explore their
mechanisms using co-expression analysis of IncRNAs and mRNAs.
Functional enrichment analysis of IncRNA co-expressed mRNAs
revealed that this 5-IncRNA signature is mainly involved in DNA
replication, mitotic cell cycle, programmed cell death, and RNA
splicing. All these biological processes play essential roles in the
pathological progression of gastric cancer [41]. Further studies
are warranted to confirm the functions of the 5 IncRNAs and to
explore the underlying mechanism in gastric cancer.

Our study is just proof-of-principle and has some limitations.
For example, the follow-up period was relatively short in the
TCGA dataset and the censoring rate was relatively high, which
may have affected the reliability of the Kaplan-Meier esti-
mates. In addition, the clinical information of some patients
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was incomplete, which may have influenced the assessment
of the independence of the risk score model and reduced the
robustness of the survival study. Finally, this study was based
on the high-throughput RNA-sequencing profiles and data anal-
yses; therefore, clinical and biological studies are required to
validate these findings.

Conclusions

After analyzing TCGA cohorts, we identified a specific signa-
ture consisting of 5 IncRNAs for gastric cancer. Despite some
limitations, this gastric cancer-specific IncRNA signature is use-
ful for prediction of prognosis.
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