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Background and Aims: Esophageal adenocarcinoma (EAC) patients usually have a poor 
prognosis without early diagnosis. In this study, we aimed to identify a novel signature to 
improve the prediction of overall survival (OS) in EAC.
Methods: Eighty-one and 68 samples from The Cancer Genome Atlas (TCGA) and 
GSE19417 dataset were included for discovery and survival validation, respectively. In the 
TCGA cohort, a total of 1,811 DEmRNAs, 1,096 DElncRNAs, and 31 DEmiRNAs were 
identified between EAC and normal esophagus tissues. A mRNA–miRNA–lncRNA ceRNA 
network of EAC was established, which consisted of 94 DEmRNAs, 13 DEmiRNAs, and 46 
DElncRNAs.
Results: In this study, we identified eight genes (UBE2B, LAMP2, B3GNT2, TAF9B, 
EFNA1, PHF8, PIGA, and NEURL1) which were related to survival in EAC. The indepen-
dent external microarray data from the Gene Expression Omnibus (GEO) was used to 
validate these candidate genes. The prognostic ability of the signature was also validated 
in EAC patients in our hospital. Patients assigned to the high-risk group had a poor overall 
survival rate compared with the low-risk.
Conclusion: The current study provides novel insights into the mRNA-related ceRNA 
network in EAC and the eight mRNA biomarkers may be independent prognostic signatures 
in predicting the survival of EAC patients.
Keywords: esophageal adenocarcinoma, signature, competing endogenous RNA, overall 
survival, TCGA

Introduction
Esophageal adenocarcinoma (EAC) is the eighth commonest cancer in the world and 
the sixth leading cause of cancer-related deaths.1 In the clinic, 80% of EAC occurs in 
North America and parts of Europe, and its 5-year survival rate is less than 20% due to 
approximately 95% of EAC patients being initially characterized as dysphagia. It 
usually occurs when the tumor becomes large and the esophagus is blocked before 
treatment and the EAC develops to the advanced stage.2 Currently, the diagnosis and 
prognosis of EAC are based on the clinical stage of the disease, histological type, 
tumor location, dietary habits, and genetic factors.3 However, clinical symptoms and 
pathological stages are of little value in the early stages of EAC, and their clinical 
outcomes are highly uncertain because of their heterogeneity. In addition, the 
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molecular mechanism of EAC has not been revealed. Hence, 
it is important to identify potential biomarkers or therapeutic 
targets for EAC.

With the increasing maturity of high-throughput tech-
nology, gene expression profiling is widely used to iden-
tify novel biomarker models. RNA-sequencing (RNA- 
seq), which is an efficient high-throughput sequencing 
tool to measure transcripts, can identify new transcripts 
and discover differentially expressed RNAs (DERNAs) 
between tumor and normal samples, as well as The 
Cancer Genome Atlas (TCGA), which is an open, large- 
scale cancer database that provides mass molecular 
expression and clinical follow-up information for 
a variety of cancer samples, its discovery and identifica-
tion of biomarkers have been applied in cancers,4–6 includ-
ing EAC.7 Several lncRNAs have been reported to be 
involved in EAC initiation and progression.8,9 Although 
the lncRNAs in EAC have been reported in published 
studies, the results are not very satisfactory due to the 
limitations of tissue samples. What’s more, studies with 
smaller sample sizes cannot statistically determine whether 
lncRNA was involved in survival or other clinical factors. 
The competing endogenous RNA (ceRNA) is a hypothesis 
by Salmena et al10 that proposed non-coding RNA can 
interact with messenger RNA (mRNA) as a novel regula-
tory mechanism.10 MRNAs contain miRNA response ele-
ments (MREs), which are the key components of ceRNA 
and play a crucial role in various pathological functions of 
tumors.11 The dysregulation of indispensable mRNAs in 
ceRNA networks also disrupts miRNA-mediated lncRNA/ 
mRNA ceRNA interactions, thereby promoting cancer 
tumorigenesis and progression.12,13 However, the informa-
tion of ceRNAs on EAC is rarely reported.

In this study, the transcriptome expression data of 151 
EAC samples and 18 adjacent non-tumor esophagus tis-
sues were obtained from TCGA and Gene Expression 
Omnibus (GEO) database. This new approach for predict-
ing cancer-specific genes and ceRNA networks can 
expound mRNA-mediated ceRNA regulation in EAC 
tumorigenesis and prognosis, and identify new mRNAs 
as potential diagnostic biomarkers or therapeutic targets.

Materials and Methods
Patients and Tissue Specimens
We collected paired tumor and adjacent normal tissues 
from 143 patients with EAC (between 2008 and 2011), 
from the Department of Thoracic Surgery, Chinese PLA 

General Hospital. The cases were included in the study 
only if follow-up was obtained and clinical data were 
available. Patients after esophagectomy and only those 
who died of EAC were included in the tumor-related 
deaths. Patients with severe post-operative complications, 
other tumors or death from other causes were excluded. 
This study was approved by the Ethical Committee of 
Chinese PLA General Hospital, and written informed con-
sent was obtained from all surgical patients to use resected 
samples and clinical data for research. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013).

EAC Patient Gene Expression Data
Level 3 (open-access) EAC gene expression and the 
corresponding clinical information can be downloaded 
from the TCGA database (https://portal.gdc.cancer.gov/, 
version 21, release time: December 10, 2019). Original 
data included 81 individuals with EAC in this study. 
Patients were selected according to the following cri-
teria. First, clinical information does not match the 
expression information. Second, diagnosis was denied 
as esophageal adenocarcinoma. Third, lack of complete 
clinical data. Finally, 81 samples were enrolled in this 
study. Ethical approval and informed consent are not 
required due to the data being extracted from the 
TCGA.

Data Processing and Differential 
Expression Analysis
The original EAC RNA sequencing (mRNA, miRNA, and 
lncRNA) reads were processed and normalized through 
the Fragments Per Kilobase per Million (FPKM). 
DESeq2 package in R (version 3.6.1) was used to identify 
the differentially expressed mRNAs (DEmRNAs), 
miRNAs (DEmiRNAs) and lncRNAs (DElncRNAs),14 

and the differential genes screening criteria were false 
discovery rate (FDR) <0.05 and the ratio of the FRKM 
value between the tumor and normal groups fold change>2 
(|logFC>2|). The heat map and the volcano plots were 
visualized through the ggplot2 packages and pheatmap 
package in R.15,16

Building the ceRNA Network
The mRNA-miRNA-lncRNA competitive endogenous 
RNA network was built based on miRNA sponge hypoth-
esis that the activity of mRNAs are inhibited by miRNA 
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sponge or directly interacted with and regulated by 
lncRNAs.17 Based on the above theory, we constructed 
the mRNA-miRNA-lncRNA ceRNA network from the fol-
lowing steps: 1) screening for EAC differentially expressed 
RNAs, the retention principle is P<0.05, |logFC>2|; 2) the 
online tools Starbase (http://starbase.sysu.edu.cn/),18 and 
MiRDB (http://www.mirdb.org/)19 were used to predict the 
potential target mRNAs of miRNAs, as well used to predict 
the miRNA-lncRNA interactions; 3) the mRNAs and 
lncRNAs which were negatively regulated by miRNAs 
were selected to construct the ceRNA network. 
GDCRNATools - An R package for evaluating and con-
structing ceRNA score.20 The visual ceRNA network was 
built by Cytoscape (version 3.6.1).

Gene Ontology (GO) Enrichment 
Analyses and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) Pathway
GO is a recognized bioinformatics tool for the analysis of 
biological processes of target genes and annotated genes.21 

The illative functional roles of DElncRNAs correspond to 
that of their targeted mRNAs. To explore the function of 
DEmRNAs, biological analysis was performed using 
DAVID online database (https://david.ncifcrf.gov/).22 Go 
terms with P<0.05 were considered statistically significant. 
Also, in order to describe the biological processes and 
functions of the DEmRNAs, KOBAS was used (http:// 
kobas.cbi.pku.edu.cn/kobas3/?t=1), a web tool that can 
make functional gene set enrichment.23 By putting the 
gene list to the Enrichment module, the KEGG database 
could generate enriched gene sets, P-value and passway 
name. The ggplot2 package was used to draw a bar chart 
for the visible results in R.15

Constructing a Protein-Protein 
Interaction (PPI) Network
STRING (http://string-db.org/), an online database could 
predict the PPI network that was based on gene symbols. 
An adequate understanding of the functional interactions 
between proteins can form a better insight of underlying 
mechanisms of cancer generation or development. In this 
research, the PPI network of DEmRNAs was constructed 
using the STRING database, with the combination score of 
>0.4, the difference was statistically significant. Then we 
visualized the molecular interaction network through 
Cytoscape.

Construction of Risk Prediction Model of 
EAC
The overall survival (OS) of EAC patients was associated 
with DEmRNAs, DEmiRNAs and DElncRNAs in the 
ceRNA network that was determined through Log rank 
test and Kaplan- 
Meier. P-value is controlled within 0.05. In order to create 
a more confident model, in our model (number of simula-
tions = 5,000), we applied lasso regression to reduce 
independent variables and reduce potential overfitting. 
Multivariate Cox survival analysis was used to determine 
the independent prognostic factors in this model (stepwise 
regression method, P < 0.05). The formula is as follows: 
Risk score = expression of mRNA1 * β1mRNA1 + expres-
sion of mRNA2 * β2mRNA2 + ··· expression of mRNAn * 
βnmRNAn (where “β” is the regression coefficient 
obtained from the multivariate Cox regression model).24 

The EAC patients are divided into high-risk and low-risk 
groups with a median risk score as a threshold. The recei-
ver operating characteristic (ROC) curves access the spe-
cific mRNAs risk prediction rate between the two groups 
using the “survival ROC” package in R. To evaluate the 
effects of other clinical variables of EAC patients on OS 
risk scores through the univariate and multivariate 
analyses.

Cell Culture and Transient Transfection
Human EAC cell line BIC-1 was obtained from Shanghai 
Advanced Research Institute, Chinese Academy of 
Sciences. The cells were cultured in DMEM supplemented 
with 10% fetal bovine serum, and mycoplasma was tested 
every 3 months. For transient transfection, the cells were 
seeded in 6-well plates and transfected with siRNA using 
Lipofectamine 3000 (Invitrogen, Thermo Fisher Scientific, 
Waltham, MA, USA) according to the manufacturer’s 
instructions.

Transwell Assay
BIC-1 cells were treated as described above and seeded 
onto matrigel-coated transwell chambers for 24 hours. 
Transwell assay was performed according to the method 
previously described.25 Cells that had passed through the 
membrane were counted.

Independent Prognostic Factors
In order to determine prognosis-related independent fac-
tors, univariate cox regression analysis was performed on 
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age, sex, TNM stage and tumor histological grade. The 
factors of P < 0.05 were also included in the multivariate 
Cox regression analysis. This factor is regarded as an 
independent prognostic factor, if P < 0.05 in a multiple 
regression analysis.

Construction and Verification of 
Nomogram Model for Predicting the 
Survival Rate of EAC Patients
A nomogram model was built that included depiction 
of independent prognostic factors. In order to verify 

Figure 1 (A) Volcano plots show differential expression of RNAs (mRNAs, miRNAs and lncRNAs) in esophageal adenocarcinoma (EAC), which were drawn using the 
ggplot2 package. Red represents up-regulated, and blue represents down-regulated. (B) Heatmaps demonstrate differential expression of lncRNAs, mRNAs, and miRNAs 
between EAC and adjacent normal tissues, which were plotted using the pheatmap package; Blue represents normal tissues, while red stands for EAC tissues. The 
expression values are shown in line with the color scale.
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the predictive ability of the line diagram, the consis-
tency index (C-index) composed of independent prog-
nostic factors and Nomogram model (fitted by T, N, 
M-stage and risk group and Coxph model) was calcu-
lated. Significant P-values were calculated using the 
resampling technique. The fitting degree of indepen-
dent prognostic factors and compound factors to 
Coxph model was compared, and the calibration curve 
was derived from the component with the lowest 
P-value. The model with the best prediction ability 
was the model with a calibration curve as close as 
possible to 45°.

Statistical Analysis
SPSS software (Version 23.0) and GraphPad Prism soft-
ware (Version 7.0) were used to analyse data, and 
a P-value <0.05 was considered significant. Chi-square 
tests were performed to evaluate differences in categorical 

variables. All continuous data are presented as the mean ± 
standard deviation (SD).

Results
Identification of DEmRNAs, DEmiRNAs, 
and DElncRNAs
In the present study, we obtained the DEmRNAs, 
DEmiRNAs, and DElncRNAs from TCGA dataset in 
EC and adjacent-normal esophagus tissues and the 
thresholds were set at |logFC|>2 and P<0.05. In total, 
we obtained 1,811 DEmRNAs which included 1,096 up- 
regulated and 715 down-regulated, 31 DEmiRNAs which 
included 13 up-regulated and 18 downregulated and 
1,084 DElncRNAs which included 772 up-regulated and 
312 down-regulated to identify between EAC and adja-
cent-normal groups. The volcano plots and heatmap plots 
showed the variation of the differential RNAs expression 
(Figure 1A and B).

Figure 2 Protein–protein interaction of differentially expressed genes. A larger node means a higher degree. The red nodes represent the hub genes.
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Prediction of miRNA Target Gene 
Analysis and ceRNA Network 
Construction
We extracted as above differentially expressed RNAs 
to construct mRNA-miRNA-lncRNA ceRNA network. 
The relationships among 1096 DElncRNAs and 31 
DEmiRNAs were first figure out. Since lncRNAs could 
bind to miRNAs via MREs, the online tool miRDB was 
then used to detect potential MREs and then 13 EAC- 
specific miRNAs and 46 putative target lncRNAs were 
identified. The Starbase program was then used to predict 
the mRNA targets of miRNAs from the 31 DEmiRNAs 
and 1,811 DEmRNAs.

The mRNA-miRNA-lncRNA ceRNA network was 
constructed and visualized by Cytoscape that based on 
the above data. In a few words, 13 miRNAs (7 up-, and 
6 down-regulated, Supplementary Table 1), 46 lncRNAs 
(28 up-, and 18 down-regulated, Supplementary Table 2), 
and 94 mRNAs (43 up-, and 51 down-regulated, 
Supplementary Table 3) were involved in the proposed 
ceRNA network (Supplementary Figure 1). The ceRNA 
networks can be divided into two groups that under- 
expressed (Supplementary Figure 1A) and over-expressed 
(Supplementary Figure 1B) networks based on the expres-
sion levels of DEmRNAs, DElncRNAs, and DEmiRNAs.

Functional Enrichment Analysis
We analyzed the mRNAs of the ceRNA network and iden-
tified the GO terms for lncRNA regulation to improve 
understanding of the role of DEmRNAs in EC. Based on 
the sequence homology, DEmRNAs were divided into three 
functional groups (Supplementary Figure 2A). In the biolo-
gical process groups, the most enriched terms were signal 
release and extracellular structure organization. In the cel-
lular components groups, extracellular matrix and collagen- 
containing extracellular matrix were the most enriched 
terms. In molecular function groups, channel activity and 
passive transmembrane transporter activity were the most 
enriched terms. We also listed KEGG pathways in 
Supplementary Figure 2B. The results disclose that most 
of the annotated genes are enriched in metabolic pathways, 
pathways in cancer and esophageal cancer.

PPI Analysis and Cluster Identification
A PPI network was constructed based on STRING in 
Cytoscape (Figure 2). UBE2B, LAMP2, B3GNT2, 
TAF9B, EFNA1, PHF8, PIGA, ACACB, NEURL1 and 

PRKACB were the top ten DEmRNAs with highest 
degree (Table 1).

Survival Analysis
The Kaplan–Meier plotter was applied to evaluate the 
prognostic value of the ten hub genes from PPI. The OS 
of EAC patients was obtained based on the differential 
expression of the hub gene. The results showed that 
high expression of UBE2B, LAMP2, B3GNT2, TAF9B, 
EFNA1, PHF8, PIGA, NEURL1 were involved in worse 
OSs for EAC patients (P<0.05) (Figure 3A–H). Hence, 
we analyzed OSs in the TCGA to assess the prognostic 
value of the above genes in EAC patient survival.

Validation of the Eight Genes Signature 
for Survival Prediction
In order to confirm our findings in the risk score, we 
verified the characteristics of the eight-gene in the 
complete test set (TCGA) and test set (GSE19417). 
By using the same formula, 68 of 76 patients with 
survival time were divided into a high risk group 
(n = 34) and a low risk group (n = 34). Consistent 
with our previous findings, Figure 3I shows the 
Kaplan-Meier curve of both groups which further indi-
cate that the survival time of low-risk patients is sig-
nificantly longer than that of high-risk patients 
(P = 0.0059).

Table 1 List of Ten Hub Genes Identified in the PPI Network

Gene 
Symbol

Description

UBE2B Ubiquitin Conjugating Enzyme E2 B

LAMP2 Lysosomal Associated Membrane Protein 2

B3GNT2 Udp-Glcnac:Betagal Beta- 

1,3-N-Acetylglucosaminyltransferase 2

PHF8 Phd Finger Protein 8

TAF9B Tata-Box Binding Protein Associated Factor 9B

PIGA Phosphatidylinositol Glycan Anchor Biosynthesis 

Class A

ACACB Acetyl-Coa Carboxylase Beta

EFNA1 Ephrin A1

NEURL1 Neuralized E3 Ubiquitin Protein Ligase 1

PRKACB Protein Kinase Camp-Activated Catalytic Subunit 

Beta
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Validation of the DEGs in Clinical Tissue 
Samples
To confirm the reliability of the eight identified DEGs 
(UBE2B, LAMP2, B3GNT2, TAF9B, EFNA1, PHF8, PIGA, 
and NEURL1), we detected the protein expression of the above 
genes in clinical 143 EAC tissues and paired normal esopha-
geal tissues using qPCR. The results showed that all eight 
genes and proteins are significantly overexpressed in tumor 
tissues when compared with those in normal tissues (Figure 
4A). We also noticed that the expression of UBE2B, LAMP2, 
EFNA1, and NEURL1 were significantly higher in patients of 
stage II than stage I (Figure 4B). We concluded that these four 
genes may increase with EAC progression during early stage.

Knock Down of the Eight DEGs Inhibited 
Invasiveness of EAC Cells
The potential role of some identified proteins in EAC 
biology is unclear. Transwell assay was performed to 

study the effects of eight proteins on the invasiveness of 
EAC cells. The siRNA of eight genes were transfected into 
human esophageal adenocarcinoma cell line BIC-1. The 
results showed that knock down of the genes can markedly 
inhibit invasive ability of EAC cells (Figure 5) 
(Supplementary Figure 3). This suggested that these 
genes could enhance the invasive ability of EAC cells.

Establishment and Validation of the Eight 
Gene Signature
A total of 81 samples of EAC were divided into high-risk 
(n=40) and low-risk groups (n=41), respectively, according to 
their expression pattern. Also, the eight-gene expression along 
with the risk score in the distribution of overall survival status 
was visualized in Figure 6A. The 1-year, 3-year and 5-year 
ROC curves showed good prediction ability (Figure 6B). 
Kaplan-Meier survival curve was visualized to estimate the 
survival probability in the above two groups (Figure 6C). 

Figure 3 Kaplan–Meier curves of the eight prognostic proteins in the TCGA-ESCA cohort. Notes: Overall survival stratified by EFNA1 (A), LAMP2 (B), UBE2B (C), 
NEURL1 (D), PIGA (E), B3GNT2 (F), PHF8 (G), TAF9B (H) and validated in GSE19417 (I).
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Notably, the OS analysis showed that the high-risk group of 
patients had lower survival rates (HR=2.72; 95% 
CI=1.86–3.98; P<0.0001) than the low-risk group. In order 
to exclude any mRNA, that may not be an independent factor 
in the risk predictor, we performed a lasso regression 
(Figure 6D and E) to determine the candidate potential pre-
dictor. Therefore, the results of our analysis strongly suggest 
that genes regulated by the eight-gene signature are effective 
predictors of poor prognosis in EAC patients. In order to 
explore whether this eight-gene signature continued its pre-
dictive roles within EAC, the prognostic indexes and cut-off 
points of the TCGA cohort were used as independent valida-
tion in patients of our hospital to assess the impact of the 
prognostic risk scoring model on patient survival prediction 
(Table 2).

Independent Prognostic Factors
Independent prognostic factors were determined using 
multivariate Cox regression analysis. Analysis using both 

univariate and multivariate Cox regression analyses 
revealed only the risk group and TNM-stage groups had 
P-values of < 0.05 (Table 3), highlighting the utility of 
both these groups as independent prognostic factors.

Construction and Verification of 
Nomogram Model for Survival Rate 
Prediction of Patients with EAC
Annual survival rates at 3 and 5 years were predicted upon 
construction of a nomogram based on the derived inde-
pendent prognostic factors. Figure 7A shows a linetype 
model comprising of pathologic_TNM and risk groups. 
According to the nomogram, the 3- and 5-year annual 
survival rate of patients was accurately predicted based 
on the TNM-stage of the patients and the risk group. The 
C-index of the TNM-Stage, risk group and nomogram 
model (TNM-Stage + risk group) were contrasted, with 
the C-index of risk group and nomogram model (> 0.7) 
being higher than that of the TNM-Stage. Line diagram 

Figure 4 Differentially expressed genes/proteins in human EAC tissue and normal esophageal tissue. (A) The differential expression of UBE2B, LAMP2, B3GNT2, TAF9B, 
EFNA1, PHF8, PIGA, and NEURL1 in clinical human EAC tissue and normal tissue was detected by qPCR. (B) The expression of indicated genes in EAC tissue from patients at 
different stages. *P<0.05, **P<0.01.
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models were found to have the lowest P-value. The line 
chart model curve calibration shows that there is a good 
consistency between the predicted annual overall and 
actual survival rate in 3 and 5 years, which indicates that 
the line chart model has good predictive ability 
(Figure 7B and C).

Discussion
We conducted an integrated study through the database of 
open-access to develop an eight-gene signature for the 
prognostic prediction of patients with EAC using powerful 
likelihood-based survival signature. A prognostic risk 
scoring system was further established and validated by 

Figure 5 Targeted genes/proteins contribute to invasiveness of EAC cells in vitro. Transwell assay in specific siRNA transfected control or BIC-1 cells.
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Cox regression analysis. Our results may have significant 
implications in the understanding of therapeutic targets for 
EAC and provide potential novel biomarkers for 
prognosis.

Recently, studies on gene signature of prognosis pre-
dictions in human cancers have been reported.26,27 They 
have developed different genomes using different 

methods. Using 370 hepatocellular carcinoma (HCC) sam-
ples from the TCGA database, for example, based on 
lncRNA expression profiling constructed a 5-lncRNA sig-
nature was identified to be significantly associated with 
patient HCC.24 Five lncRNAs correlated with the patient 
HCC with univariate Cox regression analysis. Next, sig-
nificant differences were identified in the survival rate 

Figure 6 Eight genes in EAC patients of the TCGA cohort with prognostic gene signature. (A) The expression differences of the eight-gene signature were shown in Risk 
score plot, scatter plots and heatmaps. Green represents low-risk and red high risk groups of TCGA-EAC patients. (B) The ROC of 1/3/5 years was displayed in TCGA-EAC 
patients. (C) Eight-gene expression along with risk score in distribution of overall survival status. (D and E) Lasso regression for mRNAs in univariate Cox regression.
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between samples in the high-risk and low-risk groups. The 
prognostic value of the five lncRNAs was independent of 
clinicopathological factors by multivariate Cox regression 
analysis. Wang et al26 demonstrated that a five-gene sig-
nature could as an independent prognostic factor in ovar-
ian cancer patients with OS.26 In this study, the 
computational methods and the methodology gave great 
inspiration to us. The focus of attention is on the enrich-
ment of five genes in the epithelial-mesenchymal transi-
tion (EMT) and Wnt/β-catenin signaling, which had been 
confirmed to be related to cancer. A likelihood-based 
strong survival model is designed to select genes 

associated with survival and utilize cross-validation tech-
niques that are essential for predictive modeling of data 
with large variability. Studies based on this method have 
also been reported for use in other human cancers. In non- 
small cell lung cancer, an eight-gene signature (DLGAP5, 
CCNB1, AURKA, CDC6, KIF11, RAD51AP1, OIP5, and 
NCAPG) was constructed that can predict the OS of 
patients.28 Wang et al29 verified a potential six-gene 
expression signature (LRRC8D, TNFRSF18, CTSW, 
PCSK4, IHH, and CDKN2A) for endometrial cancer.29 

Besides utilizing gene signatures, lncRNA and miRNA 
signature models have also been applied in several studies. 
In adolescent acute myeloid leukemia, a four-microRNA 
signature was selected with high feasibility. This four- 
miRNA signature can divide patients with significant 
prognostic differences and become a potential prognostic 
predictor for pediatric and adolescent AML patients.30 In 
gastrointestinal oncology, a study using the TCGA data-
base and this method to establish a prognostic 19-gene 
model can serve as a prognostic marker for colorectal 
cancer.31 What’s more, using the above method a seven- 
lncRNA signature was developed that can predict early 
lung adenocarcinoma patient survival based on the TCGA 
database.32

We identified and validated eight prognosis-related genes 
(UBE2B, LAMP2, B3GNT2, TAF9B, EFNA1, PHF8, PIGA, 
and NEURL1) of EAC in this study. Ephrin A1 (EFNA1, 
also known as B61, EFL1 and TNFAIP4), was a potential 
early detection and progression evaluation of hepatocellular 
carcinoma.33 It was discovered that over-expression of plant 
homeodomain finger protein 8 (PHD8, also known as 
KDM7B, JHDM1F, MRXSSD, and ZNF422), is associated 
with several forms of cancer.34 Interestingly, LAMP2 (lyso-
somal-associated membrane protein 2, also known as 

Table 2 The Correlation of EC Clinic Pathological Variables with 
Gene Expression Level in Patients

Variables Low Risk 
(n=78)

High Risk 
(n=78)

P-value

Age (years) 0.63

< 60 34 37
≥ 60 44 41

Gender 0.863
Male 53 54

Female 25 24

Clinical TNM 
Stage

0.001***

I–II 46 26

III–IV 32 52

Smoking 0.004**

No 42 24

Yes 36 54

Alcohol 0.018*

No 34 20
Yes 44 58

Notes: *P<0.05,**P<0.01, ***P<0.001.

Table 3 Univariate Cox Regression Analysis and Multivariate Cox Regression Analysis for Clinical Factors

Univariate Analysis P-value Multivariate Analysis P-value

HR 95% CI Lower 
Limit

95% CI Upper 
Limit

HR 95% CI Lower 
Limit

95% CI Upper 
Limit

Age 1.2556 0.7630 2.066 0.37048

Sex 1.7687 0.6807 4.596 0.24177

T 2.0766 1.4872 3.379 0.00386** 1.3875 1.0298 2.379 0.0203*
N 5.1993 1.9560 13.821 0.00095*** 1.8529 1.0415 3.296 0.0358*

M 2.3343 1.2464 4.372 0.0081** 1.6271 1.0016 3.186 0.04186*

Smoking 0.5022 0.2116 1.192 0.11832
Alcohol 1.0861 0.5752 2.051 0.79901

Risk 2.7939 1.1608 6.724 0.00186* 1.5324 0.9856 2.1953 0.0265*

Notes: *P<0.05, **P<0.01, ***P<0.001.
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LAMPB, CD107b, LAMP-2, LGP-96, or LGP110), 
a member of a family of membrane glycoproteins, was 
also shown to be one of eight prognosis-related genes by 
Cox regression analysis in EAC, plays a crucial role in in 
tumor cell metastasis.35,36 It was associated with tumor 
differentiation and TNM staging and was identified as 
a novel tumor oncogene. In addition, higher expression of 
LAMP2 exhibited poor prognosis in patients through 
Kaplan-Meier survival curves.35 The roles of LAMP2 in 
EMT were demonstrated.37 The above three genes were 
not only involved in the pathogenesis of cancer, but also 
found in our study to be significant DEmRNAs, suggesting 

that these genes may play an important role in the develop-
ment and progression of EAC.

Based on the above results, we carried out GO enrich-
ment analysis of these eight genes. We found that they 
were significantly enriched in signal release, extracellular 
structure organization. Moreover, they were enriched in 
regulation of chromosome segregation and digestive sys-
tem development. Therefore, we reasoned that the 
mechanism of this eight-gene signature in EAC prognosis 
may be due to the regulation of structure organization 
and the biological activities of cells such as hormone 
transport.

Figure 7 Construction and verification of nomogram for OS of EAC patients. (A) Nomogram model, including TNM-stage and risk group predicted by 3/5 years OS. There 
are four components in this nomogram model: the T, N, M-stage and the risk group. Depending on the points and lines depicted, different parameters corresponded to 
different points. (B and C) The 3/5 year OS probability of certain patients can be derived based on the two-component total score of the above patients.
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In multivariate analysis, the prognostic value must be 
independent of other standard factors. Giving the sensitiv-
ity and convincingness of gene signatures, the reproduci-
bility and effectiveness of correlations are necessary in 
a separate group of patients.38 These may adapt to com-
mon problems about recent gene signature research. In this 
study, some deficiencies and limitations have been identi-
fied, this eight-gene signature, for example, should be 
further validated in a number of clinical samples and 
other experimental methods such as Western Blot.

In summary, we conducted an integrated study to 
identify an eight-gene signature which may serve as 
a novel and reliable biomarker for the prognostic pre-
diction of patients with EAC from the TCGA database. 
The Cox survival analysis verified the prognostic relia-
bility of the eight-gene signature. Patients in the high- 
risk group had significantly lower OS than the low-risk 
group based on this eight-gene signature. However, 
further functional investigations and studies are neces-
sary to explore the underlying mechanisms of these 
DEmRNAs in signature.
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