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Purpose: Esophageal adenocarcinoma (EAC) is the most common type of esophageal cancer 

in Western countries. It is usually detected at an advanced stage and has a poor prognosis. The 

aim of this study was to identify key genes and miRNAs in EAC.

Methods: The mRNA microarray data sets GSE1420, GSE26886, and GSE92396 and miRNA 

data set GSE16456 were downloaded from the Gene Expression Omnibus database. Differen-

tially expressed genes (DEGs) and differentially expressed miRNAs (DEMs) were obtained 

using R software. Functional enrichment analysis was performed using the DAVID database. 

A protein–protein interaction (PPI) network and functional modules were established using 

the STRING database and visualized by Cytoscape. The targets of the DEMs were predicted 

using the miRecords database, and overlapping genes between DEGs and targets were identi-

fied. The prognosis-related overlapping genes were identified using Kaplan–Meier analysis 

and Cox proportional hazard analysis based on The Cancer Genome Atlas (TCGA) database. 

The differential expression of these prognosis-related genes was validated using the expression 

matrix in the TCGA database.

Results: Seven hundred and fifteen DEGs were obtained, consisting of 313 upregulated and 

402 downregulated genes. The PPI network consisted of 281 nodes; 683 edges were constructed 

and 3 functional modules were established. Forty-four overlapping genes and 56 miRNA–

mRNA pairs were identified. Five genes, FAM46A, RAB15, SLC20A1, IL1A, and ACSL1, were 

associated with overall survival or relapse-free survival. FAM46A and IL1A were found to be 

independent prognostic indicators for overall survival, and FAM46A, RAB15, and SLC20A1 

were considered independent prognostic indicators for relapse-free survival. Among them, the 

overexpression of RAB15 and SLC20A1 and lower expression of ACSL1 were also identified 

in EAC tissues based on the expression matrix in the TCGA database.

Conclusion: These prognosis-related genes and differentially expressed miRNA have provided 

potential biomarkers for EAC diagnosis and treatment.

Keywords: esophageal adenocarcinoma, differential expression genes, functional enrichment 

analysis, Kaplan–Meier analysis, Cox proportional hazard analysis

Introduction
Esophageal cancer is the eighth most common and sixth most fatal cancer worldwide.1 

More than 450,000 people are afflicted with esophageal cancer characterized by early 

metastasis and poor prognosis every year.2 Esophageal adenocarcinoma (EAC), a type 

of esophageal cancer, is the most common type in Western countries. Owing to the 

lack of adequate diagnosis methods, EAC is usually detected at an advanced stage. 

Despite improvements in diagnosis and treatment, the overall survival rate of EAC 
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is still lower than for other solid tumors. Thus, with regard 

to more efficient diagnostic methods in early stages and the 

molecular mechanisms underlying EAC, further research is 

needed to improve prevention, therapeutic strategies, and 

prognosis.

Molecular markers have potential as predictive and 

prognostic markers in EAC. Immunohistochemical results 

from a clinical study revealed that epidermal growth factor 

receptor expression in EAC is closely related to nodal metas-

tasis, pathological stage, and reduced overall survival.3 The 

expression of E-cadherin, α-catenin, and β-catenin in EAC is 

also associated with overall survival.4 In terms of blood-based 

biomarkers, the combination of Fas ligand and anti-NY-

ESO-1 was identified as a useful diagnostic method, with a 

sensitivity and specificity for detection of EAC of 88.9% and 

100%, respectively.5 As for miRNA biomarkers, miR-196a, 

miR-25, miR-93, and miR-221/222 are considered as onco-

genic miRNAs in EAC,6 while the combination of expression 

of miR-133a-3p, miR-382-5p, and miR-451a in plasma is 

thought to be an effective method to distinguish EAC from 

controls.7 However, these biomarkers are not suitable for 

clinical use owing to their low specificity and sensitivity 

or lack of clinical evidence. Accordingly, it is worth inves-

tigating the molecular mechanisms in EAC and exploring 

additional biomarkers for more effective diagnosis.

Microarray technology is widely used to analyze the 

expression of genes, miRNA, lncRNA, and DNA methylation 

to explore genetic alterations during tumorigenesis. In our 

work, to decrease the false-positive results, 3 mRNA microar-

rays and 1 miRNA microarray were analyzed to acquire 

differentially expressed genes (DEGs) and differentially 

expressed miRNAs (DEMs) between EAC tissues and normal 

esophageal squamous epithelium tissue samples. Functional 

enrichment and network analysis were applied for DEGs, 

and miRNA–mRNA interaction analysis, overall survival 

analysis, and clinical, pathological stage analysis were used 

to identify key miRNA and genes in EAC.

Material and methods
Microarray data
The GSE1420, GSE26886, and GSE92396 gene expression 

profiles and GSE16456 miRNA expression profile were 

downloaded from Gene Expression Omnibus (https://www.

ncbi.nlm.nih.gov/geo/),8 which was based on the platform of 

the Affymetrix Human Genome U133A Array, Affymetrix 

Human Genome U133 plus 2.0 Array, Affymetrix Human 

Gene 1.0 ST Array, and Agilent-016436 Human miRNA 

Microarray 1.0. The GSE1420 data set included 8 normal 

esophageal squamous epithelium (normal), 8 Barrett’s esoph-

agus, and 8 EAC tissues.9 GSE26886 comprised 69 samples, 

including 19 normal, 20 Barrett’s esophagus, 21 EAC, and 

9 esophageal squamous cell carcinoma tissues.10 GSE92396 

contained 21 samples, including 12 EAC and 9 normal 

tissues. GSE16456 comprised 32 samples, including 6 EAC, 

10 Barrett’s esophagus, and 16 normal-paired tissues.11 For 

these data sets, only normal esophageal squamous epithelium 

and EAC tissue samples were retrieved and analyzed.

DEG and DEM analysis
DEGs and DEMs in EAC tissue compared with normal 

esophageal squamous epithelium tissue were identified 

through the Linear Models for Microarray Analysis pack-

age (Limma; www.bioconductor.org/packages/release/

bioc/html/limma.html)12 in R software. Limma was used to 

analyze the p-value of each gene symbol. A p,0.01 and fold 

change (FC) .1.5 were used as the cutoff criteria of DEG 

analysis, and p,0.01 and FC .2 were used as the cutoff 

criteria of DEM analysis to identify a statistically significant 

difference.

Functional enrichment analysis of DEGs
Gene ontology (GO; www.geneontology.org)13 is widely 

used in bioinformatics and increases the possibility of identi-

fying the most correlative biological process (BP). The Kyoto 

Encyclopedia of Genes and Genomes (KEGG; www.genome.

ad.jp/KEGG)14 is used for understanding the most relevant 

pathway information of genes. To identify the biological 

significance of DEGs, GO BP analysis and KEGG pathway 

analysis were performed through the Database for Annota-

tion Visualization and Integrated Discovery (DAVID; david.

ncifcrf.gov/) online tool.15 A false discovery rate (FDR) #0.01 

and gene count .2 were used as the cutoff criteria.

Protein–protein interaction (PPi) 
network construction
The Search Tool for the Retrieval of Interacting Genes 

(STRING) is an online tool to predict PPI using the com-

bined score. Through the STRING database, DEGs with a 

combined score $0.7 were chosen to construct a PPI network 

which can be visualized using Cytoscape software (www.

cytoscape.org).16 The functional modules of the PPI network 

were then identified using the Molecular Complex Detection 

(MCODE), an app of Cytoscape software. The parameters 

of Cluster Finding in MCODE were set as follows: Node 

Score Cutoff, 0.2; K-Core, 2; and Max.Depth, 100. Then, 

the GO analysis and KEGG pathway analysis of identified 
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DEGs in modules with a score of node density .5 were 

performed using the DAVID tool again. An FDR ,0.01 and 

a gene count .2 were considered to identify a statistically 

significant difference.

Prediction of miRNA targets
The target genes of DEMs were predicted using miRecords 

(http://c1.accurascience.com/miRecords/),17 which is an 

integrated resource produced by 11 miRNA target predic-

tion databases, namely DIANA, MicroInspector, miRanda, 

MirTarget2, miTarget, NBmiRTar, PicTar, PITA, RNA22, 

RNAhybrid, and TargetScan. The genes predicted by 

miRanda, Pictar, and TargetScan simultaneously were identi-

fied as the targets of DEMs.

Construction of DEM–DEG network
miRNAs regulate target gene expression through 

translational inhibition or mRNA degradation. The 

miRNA-targeted genes regulated by mRNA degrada-

tion are negatively correlated with the expression of this 

miRNA. Thus, opposite-trend DEM–DEG pairs (upregulated 

miRNA–downregulated DEG or downregulated miRNA–

upregulated DEG) were identified, and a DEM–DEG pair  

network was constructed.

Kaplan–Meier analysis of DEM-targeted 
Degs
The mRNA transcript per million of 89 EAC tissue samples 

and corresponding clinical parameters and follow-up infor-

mation for these patients were downloaded from UCSC 

Xena (https://xenabrowser.net/datapages/?host=https://tcga.

xenahubs.net), an integrated online tool based on The Cancer 

Genome Atlas (TCGA) database.18 Kaplan–Meier analyses 

were performed in Survival package (https://CRAN.R-

project.org/package=survival)19 in R software to explore the 

prognostic value of DEM-targeted DEGs based on overall 

survival and relapse-free survival. Patients with EAC were 

divided into low- and high-expression groups according to the 

median of each DEG expression. A log-rank p-value ,0.05 

was considered statistically significant.

cox proportional hazard analysis
The association between clinical parameters including age 

at diagnosis, alcohol history, Barrett’s esophagus history, 

and pathological TNM stage and survival was investigated 

using the univariate Cox proportional hazard (CPH) model. 

Based on Kaplan–Meier analysis, all variables that showed 

an effect (p,0.05) on survival in univariate analyses and 

prognosis-related genes were entered in a multivariate CPH 

model. The results of CPH models were presented as HRs, 

along with tests of significance and 95% CIs. Categorization 

of continuous variables was prespecified. A p-value ,0.05 

was considered statistically significant.

Validation of differential expression of 
prognosis-related genes
The expression level of all prognosis-related genes identified 

by Kaplan–Meier analysis and Cox proportional hazard anal-

ysis was performed in boxplots to visualize the relationship 

between EAC and healthy tissue based on data from TCGA. 

Data on only 8 precancerous lesions were found in TCGA 

database, although 104 EAC patients were included. The 

expression level was expressed as mean (standard deviation). 

A p-value ,0.05 was considered statistically significant.

Results
DEG and DEM analysis
In total, 2,669, 4,548, and 2,371 DEGs were identified from 

GSE1420, GSE26886, and GSE92396, respectively. As shown 

in Figure 1, 717 genes were screened out in all 3 data sets. 

Among them, 715 genes presented the same expression trends 

in these 3 data sets, including 313 upregulated genes and 

402 downregulated genes in EAC tissue compared with 

normal esophageal squamous epithelium tissue. In total, 

Figure 1 Identification of DEGs in mRNA expression profiling data sets GSE1420, 
GSE26886, and GSE92396.
Abbreviation: DEG, differentially expressed gene.
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25 DEMs were identified from GSE16456, consisting of 

12 upregulated miRNAs and 13 downregulated miRNAs 

in EAC tissue compared with normal esophageal squamous 

epithelium tissue.

Functional enrichment analysis
The GO BP analysis and KEGG pathway analysis were 

performed. The GO BP analysis results demonstrated that 

the upregulated DEGs were significantly associated with 

collagen catabolic processes, 2 types of interferon signaling 

pathway, cell adhesion, and skeletal system development, 

while downregulated DEGs were associated considerably 

with epidermis development, peptide cross-linking, kera-

tinocyte differentiation, and keratinization. Only 2 KEGG 

pathways of upregulated genes were identified, but no signifi-

cantly enriched pathways were identified for downregulated 

genes. The upregulated genes were enhanced considerably 

in the tumor necrosis factor (TNF) signaling pathway and 

extracellular matrix (ECM)–receptor interaction KEGG 

pathway. The detailed results are presented in Table 1.

PPI network analysis
Based on the STRING database, PPI network analysis was 

performed. The PPI network of DEGs was constructed 

by 317 protein interactions with combined scores .0.7 

(Figure 2). The functional modules were assessed using the 

MCODE plug-in. Three modules were identified. Module 1 

consists of 14 nodes and 78 edges including IRF8, IRF1, 

IFI35, IFITM3, and so on. Module 2 comprises 10 nodes 

and 41 edges consisting of COL1A1, COL1A2, COL3A1, 

COL5A2, and so on. Module 3 includes 9 nodes and 30 edges 

including CXCR2, BDKRB2, HCAR3, LPAR6, and so on. The 

functional enrichment analysis of DEGs in these 3 modules 

indicated that Module 1 enriches in the immune response and 

2 types of interferon signaling pathway in GO BP analysis; 

and during cell adhesion, viral myocarditis, and allograft 

rejection in KEGG pathway analysis. Module 2 enriches in 

collagen fibril organization, collagen catabolic process, and 

ECM organization in GO BP analysis; and ECM–receptor 

interaction, protein digestion, and focal adhesion in KEGG 

pathway analysis. Module 3 enriches in positive regulation of 

cytosolic calcium ion concentration and cell surface receptor 

signaling pathways in GO BP analysis; but no significant 

KEGG pathways were identified. The detailed results are 

presented in Figure 3 and Table 2.

DEM target prediction and DEM–DEG 
pairs
A total of 1,708 DEM-targeted genes were predicted using 

the miRecord database, comprising 897 genes targeted 

by downregulated DEMs and 811 genes targeted by 

upregulated DEMs. Among them, 19 genes targeted by 

downregulated DEMs were upregulated in EAC tissue, and 

25 genes targeted by upregulated DEMs were downregulated 

Table 1 Significantly enriched GO biological process terms and KEGG pathways

Terms Description Number of enriched genes FDR

Upregulated
gO terms

GO:0030574 collagen catabolic process 16 3.36×10-10

GO:0030198 ECM organization 24 7.97×10-10

GO:0022617 ECM disassembly 14 9.49×10-7

GO:0060337 Type I interferon signaling pathway 12 1.96×10-5

GO:0060333 Interferon-γ-mediated signaling pathway 12 6.05×10-5

GO:0007155 cell adhesion 27 2.14×10-4

GO:0001501 Skeletal system development 13 8.00×10-3

Kegg pathways
hsa04668 TnF signaling pathway 12 8.64×10-3

hsa04512 ECM–receptor interaction 11 9.18×10-3

Downregulated
gO terms

GO:0008544 epidermis development 20 4.89×10-11

GO:0018149 Peptide cross-linking 12 1.70×10-5

GO:0030216 Keratinocyte differentiation 14 1.99×10-5

gO:0031424 Keratinization 10 1.64×10-3

Abbreviations: ECM, extracellular matrix; FDR, false discovery rate; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; TNF, tumor necrosis factor.
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in EAC tissue. A DEM–DEG pair network was constructed, 

as shown in Figure 4.

Kaplan–Meier analysis of DEM-targeted 
Degs
The prognostic values of 19 upregulated genes and 25 

downregulated genes targeted by DEMs were assessed in 

R software. It was found that the high expression of FAM46A, 

RAB15, SLC20A1, and IL1A was associated with worse over-

all survival, while the high expression of FAM46A, RAB15, 

and SLC20A1, and low expression of ACSL1 were associated 

with worse relapse-free survival for EAC patients (Figures 5 

and 6). Among them, FAM46A, RAB15, and SLC20A1 were 

upregulated in EAC tissue, while IL1A and ACSL1 were 

downregulated in EAC tissue.

cox proportional hazard analysis
Based on overall survival, alcohol history, the presence 

of lymph-node metastasis, and higher pathological stage 

were associated with a higher hazard of death in the uni-

variate analysis, while alcohol history, pathological stage, 

and expression of FAM46A and IL1A were found to be 

independent prognostic indicators in multivariate analysis 

(Table 3). Based on relapse-free survival, only higher patho-

logical stage was associated with a higher hazard of relapse 

or death in the univariate analysis, FAM46A, RAB15, and 

SLC20A1 were considered as independent prognostic indica-

tors in multivariate analysis (Table 4).

Validation of differential expression of 
prognosis-related genes
Figure 7 demonstrates that RAB15, SLC20A1, and IL1A, but 

not FAM46A, significantly increased expression levels in EAC 

tissue compared to normal esophageal squamous epithelium tis-

sue, expressed as mean (standard deviation), (EAC vs normal, 

FAM46A, 10.53 (0.41) vs 10.75 (1.28), p=0.66; RAB15, 9.87 

(0.94) vs 8.87 (0.84), p=0.04; SLC20A1, 11.06 (0.88) vs 9.65 

(0.64), p=0.003; IL1A, 5.93 (2.35) vs 3.09 (2.67), p=0.04), while 

ACSL1 had significantly decreased expression levels in EAC tis-

sue (EAC vs normal, 10.72 (0.62) vs 11.45 (0.43), p=0.016).

Discussion
Despite advances in early diagnostic methods and medical 

therapy, the overall survival rate of EAC patients remains 

Figure 2 Protein–protein interaction network of DEGs. Green nodes present downregulated genes in EAC tissue. Red nodes represent upregulated genes in EAC tissue.
Abbreviations: DEG, differentially expressed gene; EAC, esophageal adenocarcinoma.
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unsatisfactory. Thus, understanding of the molecular mecha-

nisms underlying EAC progression is necessary. Microarray 

technology has developed rapidly in recent years and has been 

widely used to uncover genetic alteration in tumors. Thus, 

microarray analysis enables researchers to reveal biomarkers 

for the diagnosis, therapy, and prognosis of tumors.

In our study, a total of 715 genes were identified, com-

prising 313 upregulated genes and 402 downregulated 

genes. For the miRNA microarray, 25 DEMs were identi-

fied, consisting of 12 upregulated miRNA and 13 down-

regulated miRNA. In total, 1,708 genes were targeted by 

DEMs. According to the intersection between DEM-targeted 

genes and DEGs, only 44 genes and 56 miRNA–mRNA 

pairs were identified, comprising 19 upregulated and 25 

downregulated DEGs. Among them, 4 upregulated genes, 

COL1A1, COL5A2, COL3A1, and COL1A2, were included 

in functional Module 2, which was significantly associated 

with ECM-organized and catabolic processes. Kaplan–Meier 

analysis of these 44 genes revealed that high expression of 

FAM46A, RAB15, SLC20A1, and IL1A was significantly 

associated with worse overall survival, while high expres-

sion of FAM46A, RAB15, and SLC20A1, and low expression 

of ACSL1 were significantly associated with relapse-free 

survival. Among them, FAM46A and IL1A were found to 

be independent prognostic indicators for overall survival, 

while FAM46A, RAB15, and SLC20A1 were considered as 

independent prognostic indicators for relapse-free survival 

in multivariate Cox proportional hazard analysis. Notably, 

overexpression of RAB15 and SLC20A1 and lower expres-

sion of ACSL1 were not only correlated with worse prognosis 

but also identified in EAC tissue based on TCGA database 

and mRNA microarray. In addition, all enriched GO BP 

and KEGG pathways, especially the pathway enriched by 

DEGs in functional modules, may participate in mechanisms 

Figure 3 Protein–protein interaction network of DEGs in (A) Module 1, (B) Module 2, and (C) Module 3. Green nodes present downregulated genes in EAC tissue. Red 
nodes present upregulated genes in eac tissue.
Abbreviations: DEG, differentially expressed gene; EAC, esophageal adenocarcinoma.
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Table 2 Significantly enriched GO terms and KEGG pathways for modules

Description Number of enriched genes FDR

Module 1
GO:0060337 Type I interferon signaling pathway 11 1.04×10-19

GO:0060333 Interferon-γ-mediated signaling pathway 10 2.14×10-16

GO:0050776 Regulation of immune response 8 2.59×10-8

GO:0006955 immune response 8 1.06×10-5

hsa05416 Viral myocarditis 6 1.42×10-6

hsa04514 cell adhesion molecules 7 1.49×10-6

hsa05332 Graft-versus-host disease 5 2.42×10-5

hsa05330 Allograft rejection 5 3.89×10-5

hsa05166 HTLV-1 infection 7 5.21×10-5

hsa04940 Type 1 diabetes mellitus 5 6.58×10-5

hsa05320 autoimmune thyroid disease 5 1.58×10-4

hsa05169 Epstein–Barr virus infection 6 6.34×10-4

hsa04612 antigen processing and presentation 5 7.42×10-4

Module 2
GO:0030199 Collagen fibril organization 7 9.86×10-12

GO:0030574 collagen catabolic process 7 2.26×10-10

GO:0030198 ECM organization 8 1.05×10-9

gO:0071230 cellular response to amino acid stimulus 5 7.55×10-6

hsa04512 ECM–receptor interaction 7 5.72×10-8

hsa04974 Protein digestion and absorption 7 6.14×10-8

hsa04510 Focal adhesion 7 1.08×10-5

hsa05146 amoebiasis 6 2.60×10-5

hsa04151 PI3K–Akt signaling pathway 7 2.38×10-4

Module 3
gO:0007204 Positive regulation of cytosolic calcium ion concentration 6 1.95×10-6

GO:0007166 Cell surface receptor signaling pathway 5 5.45×10-3

Abbreviations: ECM, extracellular matrix; FDR, false discovery rate; GO, gene ontology; HTLV-1, human T-lymphotropic virus type 1; KEGG, Kyoto Encyclopedia of 
genes and genomes.

Figure 4 DEM–DEG pair network. Green nodes present downregulated genes or miRNA in EAC tissue. Red nodes present upregulated genes or miRNA in EAC tissue.
Abbreviations: DEM, differentially expressed miRNA; DEG, differentially expressed gene; EAC, esophageal adenocarcinoma.
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Figure 5 Prognostic values of FAM46A, RAB15, SLC20A1, and IL1A for overall survival in EAC patients. EAC patients were divided into low- and high-expression groups 
according to the median of each DEG expression. Among them, FAM46A, RAB15, and SLC20A1 were upregulated in EAC tissue, while IL1A was downregulated in eac tissue.
Note: n represents total number of patients in each group.
Abbreviations: DEG, differentially expressed gene; EAC, esophageal adenocarcinoma.

underlying EAC progression, while DEGs in functional 

modules or targeted by DEMs, notably overlapping DEGs, 

need high attention.

The ECM regulates tissue homeostasis, and its dysregula-

tion contributes to tumor progression by directing cell growth, 

survival, and migration, and modulating immune function 

and vascular development. Tumor progression in tissues is 

associated with an increase in rigidity due to the accumula-

tion of cross-linked collagen matrix.20 Many types of research 

demonstrate that the stiffened ECM is correlated with cell 

proliferation, invasion, and metastasis via intracellular ERK, 

PI3K, FAK, and RhoA/Rac signaling pathway, probably acti-

vated by collagen-receptor binding,21 while a collagen-rich 

ECM promotes pro-tumorigenic M2 polarization macrophage 

proliferation and activation, possibly by diminishing M1 

macrophage regulator TNF-α.22 Type I collagen increases 

in various types of tumor, such as pancreatic carcinoma,23 

breast cancer,24 and medulloblastoma,25 and fragments of 

type I collagen produced as a result of matrix metalloprotei-

nase cleavage may promote tumor invasion, metastasis, and 

survival.26 Type IV collagen expression is altered in many 

types of tumor tissues, such as colorectal cancer,27 pancreatic 
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Figure 6 Prognostic values of FAM46A, RAB15, SLC20A1, and ACSL1 for relapse-free survival in EAC patients. EAC patients were divided into low- and high-expression 
groups according to the median of each DEG expression. Among them, FAM46A, RAB15, and SLC20A1 were upregulated in EAC tissue, while ACSL1 was downregulated in 
eac tissue.
Note: n represents total number of patients in each group.
Abbreviations: DEG, differentially expressed gene; EAC, esophageal adenocarcinoma.

Table 3 Univariate and multivariate analyses of overall survival in esophageal adenocarcinoma patients

Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

age at diagnosis 0.925 (0.513–1.669) 0.796 – –
alcohol history 0.472 (0.263–0.849) 0.012 0.374 (0.171–0.816) 0.021
Barrett’s esophagus 1.068 (0.565–2.017) 0.840 – –
Pathological n stage 3.519 (1.417–8.741) 0.007 2.301 (0.698–7.584) 0.171
Pathological T stage 1.560 (0.769–3.164) 0.218 – –
Pathological stage 2.932 (1.763–4.876) 0.000 2.324 (1.238–4.362) 0.009
FAM46A 2.226 (1.197–4.139) 0.012 3.416 (1.488–7.839) 0.004
RAB15 1.921 (1.051–3.513) 0.034 1.466 (0.667–3.221) 0.341
SLC20A1 2.106 (1.154–3.845) 0.015 1.989 (0.922–4.293) 0.080
IL1A 2.142 (1.163–3.945) 0.015 2.437 (1.168–5.086) 0.018
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Table 4 Univariate and multivariate analyses of recurrence-free survival in esophageal adenocarcinoma patients

Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

age at diagnosis 1.074 (0.537–2.145) 0.841 – –
alcohol history 0.588 (0.254–1.361) 0.215 – –
Barrett’s esophagus 1.032 (0.479–2.233) 0.936 – –
Pathological T stage 1.527 (0.654–3.565) 0.328 – –
Pathological n stage 1.749 (0.643–4.755) 0.273 – –
Pathological stage 2.165 (1.135–4.129) 0.019 1.953 (0.926–4.12) 0.079
FAM46A 2.041 (1.002–4.158) 0.050 4.220 (1.320–13.492) 0.015
RAB15 2.354 (1.164–4.758) 0.017 3.349 (1.208–9.285) 0.020
SLC20A1 2.237 (1.115–4.489) 0.024 3.980 (1.499–10.572) 0.006
ACSL1 0.453 (0.219–0.936) 0.033 0.397 (0.155–1.018) 0.055
Notes: ‘’–’’ indicates the factors were not included in multivariate analysis due to no significance in univariate analysis.

cancer,28 and gastric cancer.29 The minor type IV collagen 

α5 has been shown to support lung cancer development via 

cancer cell autonomous and non-autonomous mechanisms 

activated by collagen IV–discoidin domain receptor-1 

(DDR1) binding. The loss of collagen IV α5 contributes 

toward delaying tumor progression and decreasing DDR1. 

However, both types of collagen have rarely been investi-

gated in EAC, while the other types of collagen mentioned 

here have hardly been researched in this tumor. Therefore, 

it is speculated that these collagens may be gene signatures 

of EAC and play an essential role in the progression of EAC 

through ECM–receptor interaction; however, further research 

into collagens and EAC is required.

RAB15, a member of the RAS oncogene family, is a 

protein-coding gene located at chromosome 14.23.3. Ini-

tially, RAB15 was identified as a brain-tissue specific RAB 

protein regulating the endocytic recycling pathway.30 More-

over, RAB15 is associated with the retinoic acid-induced 

differentiation of neuroblastoma cells.31 In addition, RAB15 

was significantly upregulated by early growth factor-4 

overexpression, which plays a critical role in cell prolifera-

tion in small cell lung cancer, while knocking down RAB15 

contributes to significant suppression of cell proliferation in 

small cell lung cancer.32 Solute carrier family 20 member 1, 

SLC20A1, is a protein-coding gene located at chromosome 

2q14.1, which imports phosphate into cells and maintains 

cellular phosphate homeostasis. It has been reported that 

SLC20A1 plays a crucial role in cell proliferation and tumor 

cell growth by its phosphate transport activity.33 Research 

has found SLC20A1 to be a powerful prognostic biomarker 

in estrogen receptor-positive breast cancer by information-

theoretical analysis.34 However, the oncogenic role and 

clinical significance of RAB15 and SLC20A1 for EAC have 

rarely been researched. Thus, further study of these 2 genes 

may reveal novel biomarkers for EAC.

Conclusion
The results of our study demonstrated that a total of 718 DEGs 

and 25 DEMs were screened out. Among them, 44 DEM-

targeted DEGs and 56 DEM–DEG pairs were identified. The 

enriched pathway, ECM–receptor interaction, may be closely 

related to EAC progression. RAB15, SLC20A1, and ACSL1, 

and their paired miRNA, such as has-let-7c, may be critical 

genes and miRNAs related to EAC. However, additional 

experiments including Western blot analysis and reverse 

transcription–polymerase chain reaction were not performed 

to verify the protein, miRNA, and mRNA expression of these 

signatures. Thus, further studies are needed to focus on the 

clinical application of these gene and miRNA signatures.
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Figure 7 Validation of differential expression of prognosis-related genes. Expression 
level of FAM46A, RAB15, SLC20A1, IL1A, and ACSL1 in eac (n=8) and paired normal 
epithelium tissues (n=8) based on data from TCGA. In the boxplot, the boxes show 
the median and interquartile range of data while error bars represent the minimum 
and maximum of data. The red bars present the expression level in EAC tissues while 
the blue bars present the expression level in paired normal epithelium tissues.
Notes: *p,0.05; **p,0.01.
Abbreviations: EAC, esophageal adenocarcinoma; TCGA, The Cancer Genome Atlas.
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