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Background: Accumulating evidence suggests the involvement of long non-coding RNAs (IncRNAs) as oncogenic or tumor
suppressive regulators in the development of various cancers. In the present study, we aimed to identify a
IncRNA signature based on RNA sequencing (RNA-seq) data to predict survival in esophageal cancer.
Material/Methods: The RNA-seq IncRNA expression data and clinical information were downloaded from The Cancer Genome Atlas
(TCGA) database. Differentially expressed IncRNAs were screened out between esophageal cancer and normal
tissues. Univariate and multivariate Cox regression analysis were performed to establish a IncRNA-related prog-
nostic model. Receiver operating characteristic (ROC) analysis was conducted to test the sensitivity and spec-
ificity of the model. GO (gene ontology) functional and KEGG pathway enrichment analyses were performed
for mRNAs co-expressed with the IncRNAs to explore the potential functions of the prognostic IncRNAs.
Results: A total of 265 differentially expressed IncRNAs were identified between esophageal cancer and normal tis-
sues. After univariate and multivariate Cox regression analysis, eight IncRNAs (GS1-600G8.5, LINC00365, CTD-
2357A8.3, RP11-705024.1, LINCO1554, RP1-90J4.1, RP11-327J17.1, and LINCO0176) were finally screened out
to establish a predictive model by which patients could be classified into high-risk and low-risk groups with
significantly different overall survival. Further analysis indicated independent prognostic capability of the 8-In-
cRNA signature from other clinicopathological factors. ROC curve analysis demonstrated good performance of
the 8-IncRNA signature. Functional enrichment analysis showed that the prognostic IncRNAs were mainly as-
sociated with esophageal cancer related biological processes such as regulation of glucose metabolic process
and amino acid and lipids metabolism.
Conclusions: Our study developed a novel candidate model providing additional and more powerful prognostic information
beyond conventional clinicopathological factors for survival prediction of esophageal cancer patients. Moreover,
it also brings us new insights into the molecular mechanisms underlying esophageal cancer.
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Background

Esophageal cancer is one of the most common digestive malig-
nancies with the 5-year relative survival rate less than 20% [1],
ranking the fourth leading cause of cancer death among both
men and women in China [2]. Like most solid tumors, patholog-
ical tumor node metastasis (TNM) stage is still a main prognos-
tic indicator of esophageal cancer patient survival. However, the
molecular heterogeneity and complexity of esophageal cancer
make clinical outcomes difficult to predict and even patients
within the same stage present wide variations in survival [3].
Therefore, it is urgent to develop novel biomarkers or models
for survival risk prediction in esophageal cancer which would
provide patients more effective therapies.

Long non-coding RNAs (IncRNAs) are mostly defined as RNA
transcripts exceeding 200 nucleotides (nt) in length apparent-
ly without protein coding capacity [4]. Accumulating evidence
indicates that IncRNAs play critical roles in a spectrum of bio-
logical processes via transcriptional, post-transcriptional and
epigenetic mechanisms [5]. Dysregulation of IncRNAs has been
observed in various cancers, including breast cancer, colorectal
cancer, lung cancer, prostate cancer as well as esophageal can-
cer [6-10]. It has been reported that dysregulated IncRNAs are
associated with cancer pathogenesis and function as oncogen-
ic or tumor suppressive regulators in cancer development [11].
They have been shown to affect cell proliferation, migration,
and invasion through regulating the expression of genes in-
volved in various tumorigenetic pathways [11,12]. One of the
recent techniques used for transcriptome analyses is RNA se-
quencing (RNA-seq), a next-generation sequencing technique
with high-sensitivity, high-throughput and the ability of detect-
ing novel exons, splice sites, and transcripts [13,14]. However,
RNA-seq based work focused on the prognostic power of In-
cRNA signatures for survival risk of esophageal cancer pa-
tients is quite rare.

In this study, we identified for the first time a RNA-seq based
IncRNA signature as a predictor of survival risk of esophageal
cancer patients using a cohort of more than 100 cases from The
Cancer Genome Atlas (TCGA) database. Cox regression analysis
and risk score model method were utilized to develop an 8-In-
cRNA signature which could distinguish patients with good and
poor survival. A higher area under curve (AUC) of the receiver
operating characteristic (ROC) curve confirmed good sensitiv-
ity and specificity of the prognostic model while multivariate
Cox regression analysis and stratified analysis indicated the in-
dependence of predictive capacity of the 8-IncRNA prognostic
signature from other clinicopathological factors. Furthermore,
our functional enrichment analysis suggested that the eight
predictive IncRNAs were probably involved in the progression
of esophageal cancer through exerting their roles in esopha-
geal cancer related biological processes and pathways, such
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as regulation of glucose metabolic process, positive regulation
of MAPK cascade, and amino acid and lipids metabolism. Our
results provided further insights into the predictive capacity
of IncRNAs underlying esophageal cancer.

Material and Methods

The esophageal cancer patient dataset

The preprocessed level 3 RNA-seq data and corresponding clin-
ical information of esophageal cancer patients were collect-
ed from The Cancer Genome Atlas (TCGA) database (http://
cancergenome.nih.gov/) (as of September, 2016). The patients
meeting the following criteria were included in the study: (1)
patients with complete information of IncRNA expression pro-
files and clinical characteristics (including age, gender, race,
stage, survival status and survival time) (2) the overall surviv-
al time was more than one month.

Differentially expressed IncRNAs screening between
esophageal cancer and normal tissues

According to the inclusion criteria, a total of 122 esophageal
cancer patients were enrolled in the study (Table 1). The gene
expression profiling data of the 122 esophageal cancer sam-
ples and 11 normal samples were downloaded from the TCGA
database. The package of edgeR [15] in R language was em-
ployed to identify the differentially expressed IncRNAs be-
tween esophageal cancer and normal tissues with the |log FC|
>2 and FDR <0.01 set as the threshold. Then the unsupervised
hierarchical clustering was performed based on the expres-
sion of these altered IncRNAs by the pheatmap package in
R (https://cran.r-project.org/web/packages/pheatmap/index.
html, version 1.0.8) [16].

Survival analysis and definition of IncRNA related
prognostic model

The association between the expression of differentially ex-
pressed IncRNAs and patient overall survival was evaluated
by univariate Cox proportional hazards regression analysis us-
ing the survival R package. Only those IncRNAs with p-value
<0.05 were considered as candidate variables and entered into
a stepwise multivariate Cox regression analysis tested by AIC
(Akaike Information Criterion, assessing the goodness of fit of
a statistical model) to identify the predictive model with the
best explanatory and informative efficacy. Then, a IncRNA-re-
lated prognostic model was established to evaluate each pa-
tient’s survival risk as follows:
k
SurvivalRiskScore(SRS ) = Z(C X V,)

i=1

i
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Table 1. Summary of esophageal cancer patient clinical
characteristics.

Patients (N=122)

Characteristic

Age category

<60y 54 44.26
 s0y e 5574
Gender
"""" Male 102 8361
"""" Female 20 1639
Race
"""" White 8 6803
 Asan 36 2951
"""" Black or African American 3 246
pathological stage
"""" Stagel 14 1147
"""" Stagell 63 sle4
"""" Stageml 39 3197
"""" Stage 6 492
Cvitalstaws
CAve 8 6967
"""" Ded 37 3033

where k is the number of prognostic IncRNAs, C, represents the
coefficient of the ith IncRNA in the multivariate Cox regression
analysis, V, is the expression value of the ith IncRNA. The In-
cRNAs with Ci >0 were defined as high-risk signatures while
those with Ci <0 were defined as protective IncRNAs.

Risk stratification and ROC curve

According to the predictive IncRNA signature model, the risk
score of each of the 122 patients was calculated. The patients
were then classified into high-risk or low-risk group using the
median risk score as the cutoff value. Overall survival curves
were generated using the Kaplan-Meier method, and two-sid-
ed log-rank tests were employed to compare the differences in
overall survival time between the high-risk and low-risk patient
groups. The sensitivity and specificity of the IncRNA prognostic
model to predict clinical outcome were evaluated by calculat-
ing the area under curve (AUC) of the receiver operating char-
acteristic (ROC) curve in the R package of “survival ROC” [17].
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Independence of survival prediction by the prognostic
IncRNA signature from other clinical variables

To determine whether predictive capacity of the IncRNA signa-
ture was independent of other clinical factors (including race,
gender, stage, and age) of esophageal cancer patients, multi-
variate Cox regression analysis was carried out using overall
survival as the dependent variable and IncRNA signature and
other conventional clinical factors as independent variables.
For clinical features with p-value <0.01 in Cox regression anal-
ysis, stratification analysis was further performed to determine
whether the IncRNA signature exhibit prognostic value within
the same clinical factor.

Functional enrichment analysis

To identify potential biological processes and pathways which
the predictive IncRNAs were involved in, functional enrichment
analysis was performed. First, the Pearson correlation coeffi-
cients between the expression profiles of the eight prognos-
tic IncRNAs and protein-coding genes (PCGs) were calculated
to determine the co-expression relationships of the IncRNAs
and PCGs. The PCGs with |Pearson correlation coefficient| >0.40
were considered to be IncRNAs-related PCGs. Gene ontology
(GO) biological process (BP) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analysis were car-
ried out for those PCGs using the Database for Annotation,
Visualization, and Integrated Discovery (DAVID, https://david.
ncifcrf.gov/, version 6.8) [18]. The p-value <0.05 was set as
the cutoff criterion for both GO and KEGG functional analysis.

Results

Differentially expressed IncRNAs between esophageal
cancer and normal tissues

According to the cutoff criteria, a total of 265 differentially ex-
pressed (including 112 upregulated and 153 downregulated)
IncRNAs were identified between esophageal cancer tissues
and normal tissues. The results of unsupervised hierarchical
cluster analysis in Figure 1 showed that the esophageal cancer
samples could be clearly distinguished from the normal con-
trols with the expression of differentially expressed IncRNAs.

Establishment of the 8-IncRNA signature associated with
overall survival of esophageal cancer patients

To identify prognosis-related IncRNAs, we first used univariate
Cox regression analysis to evaluate the associations between
the expression level of each of the differentially expressed In-
cRNAs and patients’ overall survival, and found that 13 IncRNAs
were significantly related to overall survival (p<0.05). Then a
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Figure 1. Unsupervised hierarchical clustering analysis of the differentially expressed IncRNAs between esophageal cancer and normal

tissues.

Table 2. Overall information of 8 prognostic IncRNAs associated with OS of esophageal cancer patients.

Ensembl ID Gene symbol

ENSG00000235385 GS1-600G8.5

Chromosome

Chr X: 13,266,048-13,303,452 (-)

Relative coefficient P value*

6.92E-04

ENSG00000196421 LINCOO176

Chr 20: 64,034,344-64,039,962 (+)

* Derived from the univariate Cox regression analysis

stepwise multivariate Cox regression analysis was performed
and eight IncRNAs therein (as shown in Table 2) were finally
screened out to establish a predictive model. As previously de-
scribed, the predictive model was defined as the linear com-
bination of the expression levels of the eight IncRNAs weight-
ed by their relative coefficient in multivariate Cox regression
as follows: survival risk score = (0.0398x expression value of

GS1-600G8.5) + (0.9990x expression value of LINC00365) +
(0.6216x expression value of CTD-2357A8.3) + (13.6225x ex-
pression value of RP11-705024.1) + (1.7105x expression val-
ue of LINCO1554) + (0.8297x expression value of RP1-90)4.1)
+ (-6.2336x expression value of RP11-327J17.1) + (-1.2226x
expression value of LINCO0176). Among these, G51-600G8.5,
LINC00365, CTD-2357A8.3, RP11-705024.1, LINC01554, and
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Figure 2. Prognostic evaluation of the 8-IncRNA signature in esophageal cancer patients. (A) The distribution of IncRNA-related
SRS and the expression heatmap of 8 prognostic IncRNAs. (B) Kaplan-Meier survival curve analysis for overall survival of
esophageal cancer patients using the 8-IncRNA signature. (C) ROC curve analysis of the 8-IncRNA signature.

RP1-90J4.1 showed positive coefficients in Cox regression
analysis, indicating high-risk signatures for these six IncRNAs
since their high expression signified a shorter overall surviv-
al of patients. For the remaining two IncRNAs, we observed
negative coefficients in Cox regression analysis, implying that
these IncRNAs could be regarded as protective IncRNAs since
patients with higher expression levels of these IncRNAs tend-
ed to have longer overall survival compared with those with
lower expression levels of these IncRNAs.

Risk stratification and ROC curve indicate good
performance of the 8-IncRNA signature in predicting the
overall survival of esophageal cancer patients

For each of the 122 patients in our study, we were able to cal-
culate an 8-IncRNA expression-based survival risk score (re-
ferred to as “SRS”) and assigned them into a high-risk group
or a low-risk group using the median risk score of 1.058 as
the cutoff point. As a result, 61 patients were classified into
the high-risk group since their SRSs were greater than the
cutoff value, whereas the other 61 patients were assigned to

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

the low-risk group with their SRSs less than the cutoff point
(Figure 2A). The Kaplan-Meier overall survival curves of the
two groups based on the eight IncRNAs were notably differ-
ent (log-rank p=1.72 e-05 <0.001), showing overall survival in
9.89% and 50.5% at five years for patients with high-risk and
low-risk SRS, respectively (Figure 2B). The prognostic power
of the 8-IncRNA signature was evaluated by calculating the
AUC of ROC curve. Higher AUC indicates better model perfor-
mance and AUC more than 0.80 is considered good perfor-
mance. In our study, the ROC curve analysis achieved AUC of
0.845, showing good sensitivity and specificity of the 8-IncRNA
signature model in predicting esophageal cancer patient sur-
vival risk (Figure 2C).

Prognostic value of the 8-IncRNA signature is independent
of conventional clinical factors

Multivariate Cox regression analysis demonstrated that the
8-IncRNA signature risk score maintained an independent pre-
dictive ability from other clinical factors (HR=5.951, 95% Cl
2.577-13.741, p=2.95 e-05, shown in Table 3). Meanwhile, we

5167
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Table 3. Multivariate Cox regression analysis of overall survival.
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Variables HR 95% Cl of HR P value
Age 1.01 0.979-1.043 0.524
Race 0.903 0.553-1.474 0.683
Gender (Male vs. Female) 2.157 0.571-8.152 0.257
Stage (Il + IV vs. I+I1) 2.501 1.53-4.089 2.58E-04
Eight-IncRNA risk score (High vs. Low) 5.951 2.577-13.741 2.95E-05
* HR - hazard ratio; Cl — confidence interval.
A Survival curves of stage Il (p=0.015) B Survival curves of stage Il (p=0.003)
1.0+ 1.0 4
0.8 0.8
% 0.6 '_g 0.6
E E L
T 044 € 044
3 3
e
024 Low risk 029 —— Lowrisk
—— Highrisk —— Highrisk
0.0 4 0.04
T T T T T T T T T T T
0 1 2 3 4 5 6 7 0 1 2 3 4
Time (year) Time (year)

Figure 3. Survival prediction in stage Il and Ill patients. (A) Kaplan-Meier survival curves of stage Il patients with esophageal cancer
classified into high-risk and low-risk groups by the 8-IncRNA signature (p=0.015). (B) Kaplan-Meier survival curves of stage Il
patients divided into high-risk and low-risk groups (p=0.003).

also found that TNM stage was an independent predictor for
overall survival of esophageal cancer patients. Therefore, strat-
ification analysis was further carried out to examine wheth-
er the 8-IncRNA signature could provide predict value for pa-
tients within the same TNM stage. Because the sample sizes in
stage | and IV were too small to draw any reliable conclusions
(n=14 in stage | and n=6 in stage V), stratification analysis
was performed only in stage Il and Ill patients. Log-rank test
for patients in stage Il demonstrated that the 8-IncRNA signa-
ture could distinguish patients with significantly different sur-
vival (p=0.015, Figure 3A). Similar predictive value of the 8-In-
cRNA signature was observed for stage Il patients (p=0.003,
Figure 3B). Altogether, these results indicated that the prog-
nostic capability of the 8-IncRNA signature is independent of
conventional clinical factors for survival prediction of esoph-
ageal cancer patients.

Identification of the 8-IncRNA signature related biological
processes and pathways

We performed GO and KEGG functional enrichment analysis
for the PCGs co-expressed with the IncRNAs in the predictive
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signature to reveal the potential functions of the eight prognos-
tic IncRNAs. The results showed that co-expressed PCGs were
enriched in 73 GO BP terms, which mainly clustered in regula-
tion of diverse biological processes (such as GO: 0010906~reg-
ulation of glucose metabolic process, GO: 0010628~positive
regulation of gene expression, GO: 0043410~positive regula-
tion of MAPK cascade), transport of various substances (in-
cluding GO: 0071805~potassium ion transmembrane trans-
port, GO: 0035879~plasma membrane lactate transport, GO:
0098719~sodium ion import across plasma membrane) and
response to different stimulants (such as GO: 0042594~re-
sponse to starvation, GO: 0043627~response to estrogen,
GO: 0042493~response to drug) (The top 30 GO BP terms
were shown in Table 4). Fourteen KEGG pathways were en-
riched which mainly focused on digestive functions (includ-
ing hsa04971: Gastric acid secretion, hsa04974: Protein di-
gestion and absorption, hsa04972: Pancreatic secretion) and
basic substance metabolism (such as hsa01200: Carbon me-
tabolism, hsa00280: Valine, leucine and isoleucine degrada-
tion, hsa01100: Metabolic pathways and hsa00071: Fatty acid
degradation) (Figure 4).
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Table 4. Enrichment analysis of top 30 GO BP terms for IncRNA-related PCGs.

Term Count P value
GO: 0071805~potassium ion transmembrane transport 26 3.26E-07
| GO:0007586~digeston 8 378607
| GO: 0051453-regulation of intracellularpH 2 140E05
© GO: 0010906-~regulation of glucose metabolic process o 523605
| GO:0010107~potassium fon import o 355604
| GO:0010628-positive regulation of gene expression 33 azeE04
| GO:0001696-gastric acid secretion 5 584E04
| GO: 0042391-regulation of membrane potential 4 11103
| GO: 0035313~wound healing, spreading of epidermal cells 5 298603
| GO:0008152~metabolic process 3 304603
| GO: 0043401-~steroid hormone mediated signaling pathway 1 407603
| GO: 0035879~plasma membrane lactate transport 5 444603
' GO: 0098719~sodium fon import across plasma membrane | 5 444803
GO:0006811~iontramsport 18 577603
| GO:0031581-hemidesmosome assembly 5 631803
| GO:0007565~female pregnancy 15 64303
| GO:0042594~response to starvation 9 681E03
© GO: 0009083~branched-chain amino acid catabolic process & 690E03
| GO: 0055085-transmembrane transport 2 700603
| GO: 0007605~sensory perception of sound 8 780E03
' GO: 0051056-regulation of small GTPase mediated signal transduction 18 780E03
| GO:0022010~central nervous system myelination 4 gago03
| GO:0043627-response toestrogen 12 ge7E03
| GO:0006813-potassium fon transport 13 870E03
| GO:0042493-response to drug 3 o00ll6
| GO:0042853-Lalanine catabolic process 3 o017
| GO:0030036~actin cytoskeleton organization 7 o017
' GO: 0001937~negative regulation of endothelial cell proliferation 7 oo
| GO:0034765-regulation of fon transmembrane transport 15 0015
| GO:0043410-positive regulation of MAPK cascade 12 00199

* GO - gene ontology; BP — biological process; PCGs — protein-coding genes.

Discussion insufficient prediction for risk stratification and clinical out-

come estimations. Therefore, considerable efforts have been

Esophageal cancer is a global health threat with high morbidi-
ty and mortality [19]. Owing to the heterogeneity, convention-
al prognostic systems such as TNM staging system often show

This work is licensed under Creative Common Attribution-
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made in recent decades to develop novel prognostic signa-
tures to promote the prediction of esophageal cancer patient
survival [20-22].
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Figure 4. KEGG pathway for IncRNA-related PCGs.

As a new focused class of ncRNAs, IncRNAs were indicated to
participate in multiple biological processes including X chro-
mosome inactivation, genomic imprinting, and tumor relat-
ed alterations [23]. Accumulating reports have demonstrated
the dysregulation of IncRNAs and their potential as biomark-
ers in various cancers [24-26]. Li et al. have established a
3-IncRNA signature associated with the patient survival in
esophageal squamous cell carcinoma using microarray analy-
sis [27]. However, microarray technology has some undesired
shortcomings, such as the bias due to the probe selection and
the limitation of identifying only known transcripts [13,14].
Compared with microarrays, RNA-seq technique has been de-
veloped as an emerging sequencing technology with advan-
tages reducing these defects and standing out especially with
the ability of finding novel transcripts [14]. Nevertheless, re-
search investigating the impact of IncRNAs in esophageal can-
cer patient survival, which were based on RNA-seq technolo-
gy, are quite deficient.

In this study, we developed an 8-IncRNA signature which was
able to predict the clinical outcome of esophageal cancer. To

the best of our knowledge, this is the first IncRNA-related pre-
dictive model based on RNA-seq technology using a cohort of
more than 100 cases in esophageal cancer. The differential-
ly expressed IncRNAs were first screened out between esoph-
ageal cancer and normal tissues with the data downloaded
from TCGA database. Then the expression profiles of these In-
cRNAs of 122 esophageal cancer patients were analyzed by
univariate and stepwise multiple Cox proportional hazards re-
gression analysis. Then eight IncRNAs were finally identified
to establish a predictive model based on the linear combina-
tion of these IncRNAs. A distinctive separation was observed
in survival curves between patient groups with high-risk and
low-risk scores using the predictive model. And ROC analysis
achieved an AUC of 0.845 which demonstrated high sensitivi-
ty and specificity of the IncRNA signature model. When taking
other clinical factors together, multivariate Cox regression anal-
ysis revealed that the 8-IncRNA signature was independent of
these conventional clinicopathological factors including race,
gender, age, and tumor stage. Further stratification analysis
indicated favorable discrimination of the 8-IncRNA signature
in predicting different survival of patients in the same TNM
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stage. This might provide more references for clinical doctors
to select better individualized and effective treatment for pa-
tients with different survival risk.

The carcinogenesis of esophageal cancer is a multi-step pro-
cess hallmarked by a series of genetic alterations [28]. Although
growing attention has begun to focus on the study of IncRNAs,
the functions of most IncRNAs are still unknown. Computational
annotation of IncRNA functions through their co-expressed
mRNAs has been proven to be effective [29]. In the present
study, we performed GO and KEGG enrichment analysis for
the co-expressed mRNAs of the eight IncRNAs to explore the
functions of the predictive IncRNAs. The results showed that
the prognostic IncRNAs were involved in significant biologi-
cal processes such as regulation of glucose metabolic process,
positive regulation of gene expression, positive regulation of
MAPK cascade and enriched in KEGG pathways including gas-
tric acid secretion, amino acid metabolism (valine, leucine and
isoleucine degradation), and lipids metabolism (fatty acid deg-
radation). Studies have identified aberrant glucose metabol-
ic processes in esophageal cancer, including high plasma and
urine glucose levels [30], excessive glucose uptake and accu-
mulation [31] and alterations of glucose metabolism associat-
ed genes [32]. MAPK signaling cascade play significant roles in
converting external stimuli into broad cellular responses [33].
Inhibition of MAPK pathways suppresses proliferation and in-
duces apoptosis of esophageal cancer cells [34]. Higher gastric
acid secretion has been observed in gastroesophageal junction
adenocarcinoma, including Barrett esophageal cancer compared
to normal subjects [35,36]. Amino acid and lipids metabolism
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disorders, such as increasing leucine level [37] and highly ac-
tivated fatty acids metabolism [38], were also found to be re-
sponsible for the development of esophageal cancer. Therefore,
it is plausible to infer that the eight prognostic IncRNAs par-
ticipate in the progression of esophageal cancer through in-
teracting with PCGs in these esophageal cancer-related bio-
logical pathways. However, further experimental studies are
needed to confirm the functions of these IncRNAs.

Conclusions

This study identified a RNA-seq based 8-IncRNA signature which
could predict the survival risk of esophageal cancer patients.
The signature displayed independent prognostic capacity of
conventional clinicopathological factors and could robustly pre-
dict survival outcomes of esophageal cancer patients within
the same TNM stage. It could be used to identify patients with
high-risk scores who will benefit from more effective and indi-
vidualized therapy. It could not only serve as a novel potential
biomarker for esophageal cancer patient survival risk stratifi-
cation, but also provide us a better understanding of molecular
mechanisms involved in the development of esophageal cancer.
However, further clinical studies validating the predictive effi-
cacy of the signature and experimental research investigating
the functions of the prognostic IncRNAs need to be conducted.
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